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Table 1. Number, gender, and mean age of sample
in anterior segmental osteotomy/bilateral sagittal split
ramus osteotomy group (ASO/BSSRO) and Le Fort |
osteotomy/bilateral sagittal split ramus osteotomy
group (Le Fort I/BSSRO)

G N Gender M ( )
TOUu] ean age (range

P (M/F) £¢ e
ASO/BSSRO 14 4/10  25y7m (20y2m - 45y4m)
Le Fort I/

15 11 24y7m (17y7m - 49y6

BSSRO 4 yim (I7y7m = 49y6m)

BSSRO <& 157 ] A= ¢l31, ASO/BSSRO T2

A} 49, o421 107, HAE -2 254 7ol
™, Le Fort /BSSRO T2 A} 49, oIz} 117,
TAH S 244 77/0L0]QUTh (Table 1). ANB 2}
ASO/BSSRO oA Hit —1.6412.06°, Le Fort If
BSSRO oA B —198£1.92°% o F o] &
A ASA] Atelel] zpel 7} A=A ol 7] $13) un-
paired ttestE Al A7} BAHCZ FolA U&=
7(]'01 Eo] - 7:”'_‘ ]L. H}\Oiq (Table 2)
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Table 2. Presurgical measurements in anterior segmental osteotomy/bilateral sagittal split ramus osteotomy group
(ASO/BSSRO) and Le Fort | osteotomy/bilateral sagittal split ramus osteotomy group (Le Fort I/BSSRO)

ASO/BSSRO (n = 14) Le Fort I/BSSRO (n = 15)
Variables Significance
Mean Standard deviation Mean Standard deviation

Horizontal linear (mm)™

ANS to VRL 73.22 4.89 72.78 6.50 NS
PNS to VRL 21.76 3.98 21.03 3.52 NS
A point to VRL 70.01 551 69.52 6.75 NS
SD to VRL 75.44 6.15 73.86 7.80 NS
UIE to VRL 78.03 747 76.30 8.15 NS
Pn to VRL 98.84 552 99.95 6.82 NS
Cm to VRL 90.59 5.77 91.49 6.99 NS
Sn to VRL 84.29 5.74 84.16 6.76 NS
SLS to VRL 86.78 6.00 85.77 7.21 NS
LS to VRL 91.38 6.20 90.48 7.88 NS
Vertical linear (mm)"
ANS to HRL 50.29 2.10 50.78 3.14 NS
PNS to HRL 4798 3.17 4848 3.26 NS
A ponit to HRL 56.85 3.13 58.16 3.50 NS
SD to HRL 69.75 471 69.32 5.07 NS
UIE to HRL 82.76 4.82 82.08 5.78 NS
Pn to HRL 43.39 3.36 43.89 3.88 NS
Cm to HRL 52.95 3.62 53.66 4.14 NS
Sn to HRL 55.31 3.07 56.14 3.59 NS
SLS to HRL 62.82 4.36 63.19 4.22 NS
LS to HRL 67.98 562 68.74 5.05 NS
Angular (°)
SNA 81.26 293 81.29 4.18 NS
SNB 82.90 4.29 83.27 5.14 NS
ANB -164 2.06 -1.98 1.92 NS
Occlusal plane angle 711 4.69 7.28 6.31 NS
Palatal plane angle 9.41 3.14 9.88 13.98 NS
Nasolabial angle 81.12 6.77 82.19 715 NS
Ul - SN 109.62 6.07 111.63 712 NS
Upper lip length (mm)™
Sn to Stms 24.61 3.34 23.69 248 NS
Upper lip thickness (mm)
Sn - SnH 1371 1.75 14.46 1.10 NS
SLS - SLSH 14.13 2.07 14.65 1.22 NS
LS - LSH 16.10 2.29 16.61 1.45 NS

NS, Not significant; VRL, vertical reference line; HRL, horizontal reference line; SD, supradentale; UIE, upper incisor
edge; Pn, pronasale; Cm, columella; Sn, subnasale; SLS, superior labial sulcus; LS, labrale superius; Stms; stomion
superius; SnH, subnasale horizontal; SLSH, superior labial sulcus horizontal; LSH, labrale superius horizontal.
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Fig 1. Reference lines & cephalometric landmarks. 1,
Sella (S): the center of the sella turcica; 2, Nasion (N):
the most anterior point of the frontonasal suture; 3,
Porion'' (Po): the most superior point of contour of ex-
ternal auditory meatus; 4, Orbitale (Or): the lowest
point of the lower margin of the bony orbit; 5, Anterior
nasal spine (ANS): the tip of the anterior nasal spine
of the palatal bone in the hard palate; 6, Posterior na-
sal spine (PNS): the tip of the posterior nasal spine of
the palatal bone in the hard palate; 7, Subspinale (A
point): the most posterior point on the anterior contour
of the upper alveolar process; 8, Supradentale (SD):
the lowermost point on the alveolar portion of the pre-
maxilla; 9, Upper incisor edge (UIE): the incisal edge
of the upper central incisor; 10, Supramentale (B
point): the most posterior point on the anterior contour
of the lower alveolar process; 11, Pronasale (Pn): the
most anterior projection of the nose; 12, Columella™
(Cm): the most anterior soft tissue point on the colum-
ella of the nose; 13, Subnasale' (Sn): the point at
which the columella merges with the upper cutaneous
lip; 14, Superior labial sulcus (SLS): the point of great-
est concavity in the midline of the upper lip; 15,
Labrale superius (LS): the point indicating the mucocu-
taneous border of the upper lip; 16, Stomion superius
(Stms): the lowermost point on the vermillion of the up-
per lip.

ZA I AxA ] ZF ASHAA A=A
AelE 57 3taL (Fig 2) SNA 7,

7}, ANB 7}, Wiz, izt vz,
UI-SN 7H& ﬁ]%é}gilﬂr (Fig 3). m3EHAZe
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= 7o 2 SHst9 o, B¢zt Cm-Sn- LS9
Zhg S8R Ao Zole snolA FH7IE
A Gt A4S a5lE w 2 A3 Stme] 2 A

£ =339t} (Fig 4). 49 7= Sn, SLS,
LSolA 3 7|&EX He)st A4S x5S uwf Aret
Ao 74 %213} vh= A S subnasale horizontal
(SnH), superior labial sulcus horizontal (SLSH), labrale
superius horizontal (LSH)©|2} % &}3L Sn - SnH, SLS
- SLSH, LS - LSHe| Ag]& S84t} (Fig 4). A
S5 193 2T} (Figs 2 - 4).

w4, ¥ Az B Az Zgen
(Tables 3 and 4) F 9] <% & WH3}FS v)ws}
AT} (Table 5). 7432 Wy} Ax2 WstaF A}
olo] FHAA 9} HslEo el ZALSFAT) (Tables
6 and 7). T3+ Le Fort I/BSSRO ol A] posterior im-
paction okd] wrE Al Ax| W Algo] 421 W3
2 AetAR| o] zted s}, walygwztal 2wzt
/\}O]-/] AHAA E WskEe gl golrskth
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X AFE AAstA. A8 A
ASO/BSSRO 9] EE ASIES FHAE U=
s}l 2™, Le Fort I/BSSRO 9| AZYE 5 palatal
plane angle, U1-SN Z}, Sn to stms, LS to LSH”} 3
TFEES w2 °‘°LD} Xéﬁ"—riﬂ e AS
ol tialiAl, ZF oA Y] s A, T Aol vl
A] paired t-testS AH8-ste] 9173 ” ARekdaL,
T Abole] Fa H, & WsEF H] A] unpaired
t-testS A]’%“’]‘M——Eﬁ], OJ‘ZJI %g}‘%k-‘/]’ ﬁ?ﬁ;—q H
s} Atolo] AABAE ttestE B3t Hrheke]
o A EEE mEA ge ASYE dalAe
7 o Ae] & A, & zpo] Hlal A Wilcoxon
Aesga, ® 7 Aele &

Al Wilcoxon rank sum testS ]—

signed rank testE
d, & Ak v
£3FAth A program ©. 2= SAS system Version
8.02 (SAS Institute Inc., NC, USA)E A}-&3} ).
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Fig 2. Horizontal and vertical linear measurements. HRL, Horizontal reference line; VRL, vertical reference line; A,
1, ANS to VRL; 2, PNS to VRL; 3, A point to VRL; 4, supradentale to VRL; 5, upper incisor edge to VRL; 6, prona-
sale to VRL; 7, columella to VRL; 8, subnasale to VRL; 9, superior labial sulcus to VRL; 10, labrale superius to VRL;
B, 1, ANS to HRL; 2, PNS to HRL; 3, A point to HRL; 4, supradentale to HRL; 5, upper incisor edge to HRL; 6,
pronasale to HRL; 7, columella to HRL; 8, subnasale to HRL; 9, superior labial sulcus to HRL; 10, labrale superius

to HRL.
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Fig 3. Angular measurements. 1, SNA; 2, SNB; 3,
ANB; 4, FH-occlusal plane; 5, SN-palatal plane; 6, na-

solabial angle (columella-subnasale-labrale superius);
7, U1-SN.
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Fig 4. Upper lip length and thickness. HRL, Horizontal reference line; VRL, vertical reference line; A, 1, Subnasale
to stomion superius; B, 1, subnasale to subnasale horizontal; 2, superior labial sulcus to superior labial sulcus hori-

zontal; 3, labrale superius to labrale superius horizontal.
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Table 3. Skeletal and soft tissue changes in anterior segmental osteotomy/bilateral sagittal split ramus osteotomy
group (n = 14)

Pre-operative Post-operative Difference
Variables Standard Standard Standard Significance
Mean deviation e deviation Mean deviation
Horizontal linear (mm)™
ANS to VRL 73.22 4.39 7257 5.02 -0.65 1.38 NS
PNS to VRL 21.76 3.96 21.82 392 -0.04 0.92 NS
A point to VRL 70.01 551 67.50 5.77 -2.51 1.15 T
SD to VRL 75.44 6.15 71.49 6.37 -3.95 1.28 f
UIE to VRL 78.03 747 73.22 7.29 -4.81 1.68 T
Pn to VRL 98.84 5.52 99.07 5.03 0.22 0.88 NS
Cm to VRL 90.59 5.77 90.30 5.19 -0.29 1.35 NS
Sn to VRL 84.29 5.74 84.00 5.75 -0.29 1.04 NS
SLS to VRL 86.78 6.00 34.81 6.14 -1.97 0.85 T
LS to VRL 91.38 6.20 88.21 6.45 -3.17 1.14 f
Vertical linear (mm)™
ANS to HRL 50.29 2.10 50.13 1.86 -0.16 0.70 NS
PNS to HRL 4798 3.17 4799 2.99 0.01 0.58 NS
A point to HRL 56.85 313 57.14 2.56 0.29 154 NS
SD to HRL 69.75 471 69.39 4.35 -0.37 1.35 NS
UIE to HRL 82.76 4.32 82.33 4.35 -043 1.85 NS
Pn to HRL 43.39 3.36 42.99 3.26 -0.40 1.08 NS
Cm to HRL 52.95 362 52.82 3.35 -0.14 0.99 NS
Sn to HRL 55.31 3.07 55.73 3.03 0.42 091 NS
SLS to HRL 62.82 4.36 63.69 397 0.87 1.20 .
LS to HRL 67.98 5.62 69.91 4.76 193 2.26 T
Angular (°)
SNA 81.26 293 79.62 3.04 -1.65 0.89 T
SNB 82.90 4.29 78.87 394 -4.03 1.29 T
ANB -1.64 2.06 0.75 1.87 2.38 1.47 f
Occlusal plane angle 7.11 469 6.30 462 -0.81 1.99 NS
Palatal plane angle 9.41 3.14 9.36 2.73 -0.05 0.97 NS
Nasolabial angle 81.12 6.77 96.51 5.97 15.39 462 f
Ul - SN 109.62 6.07 105.79 7.30 -3.87 561 .
Upper lip length (mm)*
Sn to Stms 24.61 3.34 2511 3.17 0.50 117 NS
Upper lip thickness (mm)™
Sn - SnH 13.71 175 15.58 2.19 1.87 158 T
SLS - SLSH 14.13 2.07 15.64 2.24 151 2.01
LS - LSH 16.10 2.29 16.23 2.33 0.13 1.86 NS

NS, Not significant; VRL, vertical reference line; HRL, horizontal reference line; SD, supradentale; UIE, upper incisor
edge; Pn, pronasale; Cm, columella; Sn, subnasale; SLS, superior labial sulcus; LS, labrale superius; Stms; stomion
superius; SnH, subnasale horizontal; SLSH, superior labial sulcus horizontal; LSH, labrale superius horizontal. p <
0.05; Tp < 0.01; Tp < 0.001. Negative values indicate posterior or superior movement.
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Table 4. Skeletal and soft tissue changes in Le Fort | osteotomy/bilateral sagittal split ramus osteotomy group (n =
15)

Pre-operative Post-operative Difference
Variables Standard Standard Standard ~ Significance
Mean o Mean . Mean L
deviation deviation deviation
Horizontal linear (mm)™
ANS to VRL 72.18 6.50 71.75 6.68 -1.03 1.60 i
PNS to VRL 21.03 3.52 21.74 354 0.72 1.48 NS
A point to VRL 69.52 6.75 67.39 6.79 -1.63 147 T
SD to VRL 73.86 7.80 71.69 7.99 -1.67 1.65 :
UIE to VRL 76.30 8.15 74.08 894 -2.22 1.99 T
Pn to VRL 99.95 6.82 100.46 7.12 0.51 0.77 NS
Cm to VRL 91.49 6.99 9191 7.16 041 1.02 NS
Sn to VRL 84.16 6.76 84.72 7.25 0.56 0.92 NS
SLS to VRL 85.77 7.21 85.52 7.89 -0.25 1.27 NS
LS to VRL 90.48 7.88 89.00 850 -1.47 147 T
Vertical linea (mm)™
ANS to HRL 50.78 3.14 50.57 3.65 -0.21 1.48 NS
PNS to HRL 4848 3.26 43.56 3.96 -4.93 2.07 T
A point to HRL 58.16 3.50 57.71 4.20 -0.45 2.39 NS
SD to HRL 69.32 5.07 68.91 462 -041 1.89 NS
UIE to HRL 82.08 5.78 82.23 513 0.15 1.98 NS
Pn to HRL 43.89 3.88 43.47 4.01 -0.43 1.26 NS
Cm to HRL 53.66 4.14 53.47 4.02 -0.19 1.18 NS
Sn to HRL 56.14 3.59 56.16 3.67 0.02 0.79 NS
SLS to HRL 63.19 4.22 63.74 4.16 0.55 1.29 NS
LS to HRL 68.74 5.05 69.57 5.00 0.83 2.09 NS
Angular (°)
SNA 81.29 4.18 80.21 4.13 -1.08 1.37 T
SNB 83.27 5.14 79.29 5.32 -3.99 155 T
ANB -1.98 1.92 0.92 197 2.89 1.49 T
Occlusal plane angle 7.28 6.31 1051 571 3.23 250 i
Palatal plane angle 9.88 3.98 15.25 498 5.37 251 T
Nasolabial angle 82.19 7.15 92.72 7.21 10.53 6.76 T
Ul - SN 111.63 7.12 106.66 7.04 -4.98 442 T
Upper lip length (mm)™°
Sn to Stms 23.69 248 24.42 2.65 0.73 2.33 NS
Upper lip thickness (mm)™°
Sn - SnH 14.46 1.10 16.24 117 1.78 1.17 T
SLS - SLSH 14.65 1.22 15.77 1.42 112 1.17 f
LS - LSH 16.61 1.45 16.35 2.72 -0.26 2.72 NS

NS, Not significant; VRL, vertical reference line; HRL, horizontal reference line; SD, supradentale; UIE, upper incisor
edge; Pn, pronasale; Cm, columella; Sn, subnasale; SLS, superior labial sulcus; LS, labrale superius; Stms; stomion
superius; SnH, subnasale horizontal; SLSH, superior labial sulcus horizontal; LSH, labrale superius horizontal. p <
0.05; Tp < 001; T p < 0.001. Negative values indicate posterior or superior movement.
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Table 5. Comparative postsurgical changes in anterior segmental osteotomy/bilateral sagittal split ramus osteotomy
group (ASO/BSSRO) and LeFort | osteotomy/bilateral sagittal split ramus osteotomy group (Le Fort I/BSSRO)

ASO/BSSRO (n = 14) Le Fort I/BSSRO (n = 15)
Variables Standard Standard Significance
Mean . Mean .
deviation deviation
Horizontal linear (mm)™
ANS to VRL -0.65 1.38 -1.03 1.60 NS
PNS to VRL -0.04 0.92 0.72 1.48 NS
Apoint to VRL -2.51 1.15 -1.63 1.47 NS
SD to VRL -395 1.28 -1.67 1.65 T
UIE to VRL 481 1.63 -2.22 1.99 T
Pn to VRL 0.22 0.88 0.51 0.77 NS
Cm to VRL -0.29 1.35 0.41 1.02 NS
Sn to VRL -0.29 1.04 0.56 0.92 NS
SLS to VRL -1.97 0.85 -0.25 1.27 T
LS to VRL -3.17 1.14 -1.47 1.47 T
Vertical linear (mm)™
ANS to HRL -0.16 0.70 -0.21 1.48 NS
PNS to HRL 0.01 058 -493 2.07 T
A point to HRL 0.29 1.54 -0.45 2.39 NS
SD to HRL -0.37 1.35 -0.41 1.89 NS
UIE to HRL -0.43 1.85 0.15 1.98 NS
Pn to HRL -0.40 1.08 -0.43 1.26 NS
Cm to HRL -0.14 0.99 -0.19 1.18 NS
Sn to HRL 0.42 0.91 0.02 0.79 NS
SLS to HRL 0.87 1.20 0.55 1.29 NS
LS to HRL 1.93 2.26 0.83 2.09 NS
Angular (°)
SNA -1.65 0.89 -1.08 1.37 NS
SNB -4.03 1.29 -3.99 1.55 NS
ANB 2.38 1.47 2.89 1.49 NS
Occlusal plane angle -0.81 1.99 3.23 2.50 T
Palatal plane angle -0.05 0.97 5.37 251 T
Nasolabial angle 15.39 4.62 10.53 6.76 )
Ul - SN -3.87 561 -4.98 442 NS
Upper lip length (mm)™
Sn to Stms 0.50 1.17 0.73 2.33 NS
Upper lip thickness (mm)™
Sn - SnH 1.87 1.58 1.78 1.17 NS
SLS - SLSH 151 2.01 1.12 1.17 NS
LS - LSH 0.13 1.86 -0.26 272 NS

NS, Not significant; VRL, vertical reference line; HRL, horizontal reference line; SD, supradentale; UIE, upper incisor
edge; Pn, pronasale; Cm, columella; Sn, subnasale; SLS, superior labial sulcus; LS, labrale superius; Stms; stomion
superius; SnH, subnasale horizontal; SLSH, superior labial sulcus horizontal; LSH, labrale superius horizontal. ‘p <
0.05; Tp < 0.01; Tp < 0.001. Negative values indicate posterior or superior movement.
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Table 6. Ratio of horizontal change of soft tissue to
hard tissue in anterior segmental osteotomy/bilateral
sagittal split ramus osteotomy group (ASO/BSSRO)
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Table 7. Ratio of horizontal change of soft tissue to
hard tissue in LeFort | osteotomy/bilateral sagittal split
ramus osteotomy group (Le Fort I/BSSRO)

APn to 4Sn to 4SLS to 4LS to

Variables
VRL VRL VRL VRL

APn to 4Sn to 4SLS to 4LS to

Variables
VRL VRL VRL VRL

AANS to VRL 035 045 3.06 492
4A to VRL -009 012 079" 127
4SD to VRL  -006  0.07 050 0.80"
AUIE to VRL 005  0.06 041 0.66"

AANS to VRL 050 054" 0247 143
4A to VRL -031" 034" 015" 069
4SD to VRL  -031"  -033" 015" 068"
AUIE to VRL 023" -025" 011" 066

Pn, Pronasale; VRL, vertical reference line; Sn, sub-
nasale; SLS, superior labial sulcus; LS, labrale supe-
rius; A, A point; SD, supradentale; UIE, upper incisor
edge. ‘p < 0.01; Tp < 0.001.

Pn, Pronasale; VRL, vertical reference line; Sn, sub-
nasale; SLS, superior labial sulcus; LS, labrale supe-
rius; A, A point; SD, supradentale; UIE, upper incisor
edge. ‘p < 0.01; Tp < 0.001.

Table 8. Ratio of change of measurements to amount of posterior impaction in LeFort | osteotomy/bilateral sagittal

split ramus osteotomy group (Le Fort I/BSSRO)

Variables AUIE to VRL

4LS to VRL

A0Occlusal plane  4dPalatal plane
angle angle

4U1-SN

Posterior impaction -047 -0.31

-1.10 0.69 110"

UIE, Upper incisor edge; VRL, vertical reference line; LS, labrale superius; HRL, horizontal reference line. ‘p < 0.05;
T p < 0.001. Amount of posterior impaction: 4PNS to HRL - 4ANS to HRL.
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ORIGINAL ARTICLE

Soft tissue changes associated with ASO/BSSRO and
Le Fort I/BSSRO in skeletal Class III malocclusion
with upper lip protrusion

Ju-Man Kang, DDS, MSD," Yoon-Ji Kim, DDS, MSD, PhD,” Je-Uk Park, DDS, MSD, PhD;’
Yoon-Ah Kook, DDS, MSD, PhD*

Objective: The objective of this study was to compare maxillary soft tissue changes and their relative ratios to
hard tissue changes after anterior segmental osteotomy (ASO)/bilateral sagittal split ramus osteotomy (BSSRO)
and Le Fort I/BSSRO in skeletal Class Il malocclusion with upper lip protrusion. Methods: The study sample
comprised the ASO/BSSRO group (n = 14) and the Le Fort I/BSSRO group (n = 15). The Le Fort I/BSSRO group
included cases of maxillary posterior impaction only. Lateral cephalograms were taken 2 months before and 6
months after surgery. Linear and angular measurements were performed. Results: The anterior maxilla moved
backward in both groups after surgery, however the amount of change was significantly larger in the
ASO/BSSRO group (p < 0.01). The ratios of hard to soft tissue change were 79% (SLS to A point), 80% (LS
to A point) in the ASO/BSSRO group, and 15% (SLS to A point), 68% (LS to A point) in the Le fort I/IBSSRO
group. In addition, there was a 3.23° increase of the occlusal plane in the Le Fort I/BSSRO group. Conclusions:
When two-jaw surgery is indicated in skeletal Class Ill patients with protrusive lips, ASO may be a treatment
of choice for cases with more severe upper lip protrusion, while Le Fort | with posterior impaction may be consid-
ered if an increase of occlusal plane angle is required. (Korean J Orthod 2010;40(6):383-397)
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