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Table 1. Case selection criteria

- Nongrowing patient

- No history of congenital defects or syndromes

- No previous orthognathic or cosmetic surgery
involving the middle and/or lower face

- Surgical procedure was mandibular setback with or
without advancement genioplasty

- No use of alloplastic augmentation material for
genioplasty

- Use of rigid internal fixation

Table 2. Descriptive patient information

BSSO group Genio group

Male Female Male Female

Number 10 10 10 10
Mean age (years) 22.3 21.6 235  20.3
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Table 3. Definitions of hard and soft tissue landmarks

thxlmE x| 38A 25, 20084

Landmark Definition

Sella S Center of bony contour of sella turcica

Nasion N Most anterior point of nasofrontal suture on midsagittal plane

Maxillary incisor Ul Most inferior point on most anterior maxillary central incisor

Mandibular incisor L1 Most superior point on most anterior mandibular central incisor

Infradentale Infra Most anterior and superior point of alveolar process of mandible at its labial contact
with mandibular central incisors

Supramentale B Most posterior point in midline of symphyseal outline of mandible in concavity
between infradentale and pogonion

Pogonion Pg Most prominent or anterior point on symphysis of mandible in median plane

Menton Me Most inferior midline point on symphyseal outline of mandible

Stomion superius Stos  Lowermost point on vermilion border of upper lip

Stomion inferius Stoi Uppermost point on vermilion border of lower lip

Labrale inferior Li Most anterior point on vermilion border of lower lip

Supramentale B’ Most posterior point in midline of outline of soft tissue of mandible in concavity

(labiomental fold)
Soft Tissue Pogonion Pg'
Soft Tissue Menton Me'

between lower lip and chin
Most anterior point on contour of chin

Most inferior midline point on soft tissue outline of mandible
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Fig 1. Cephalometric landmarks of hard and soft tissue
points and associated reference planes. 1, Ul ; 2, L1; 3,
infra; 4, B; 5, Pg; 6, Me; 7, Stos; 8, Stoi; 9, Li; 10, B'; 11,
Pg'; 12, Me'; 13, S; 14, Na.
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Table 4. Measurements of hard and soft tissue landmarks

Horizontal measurements of hard tissue

1. V-Ul The distance of Maxillary central incisor to vertical reference plane
2. V-L1 The distance of Mandibular central incisor to vertical reference plane
3. V-Infra The distance of Infradentale to vertical reference plane
4. V-B The distance of Supramentale to vertical reference plane
5. V-Pg The distance of Pogonion to vertical reference plane
6. V-Me The distance of Menton to vertical reference plane
Horizontal measurements of soft tissue
7. V-Stos The distance of Stomion superius to vertical reference plane
8. V-Stoi The distance of Stomion inferius to vertical reference plane
9. V-Li The distance of Labrale inferior to vertical reference plane
10. V-B' The distance of soft tissue B to vertical reference plane
11. V-Pg' The distance of soft tissue Pogonion to vertical reference plane
12. V-Me' The distance of soft tissue Menton to vertical reference plane
Vertical measurements of hard tissue
13. H-U1 The distance of Maxillary central incisor to horizontal reference plane
14. H-L1 The distance of Mandibular central incisor to horizontal reference plane
15. H-Infra The distance of Infradentale to horizontal reference plane
16. H-B The distance of Supramentale to horizontal reference plane
17. H-Pg The distance of Pogonion to horizontal reference plane
18. H-Me The distance of Menton to horizontal reference plane
Vertical measurements of soft tissue
19. H-Stos The distance of Stomion superius to horizontal reference plane
20. H-Stoi The distance of Stomion inferius to horizontal reference plane
21. H-Li The distance of Labrale inferior to horizontal reference plane
22. H-B' The distance of soft tissue B to horizontal reference plane
23. H-Pg' The distance of soft tissue Pogonion to horizontal reference plane
24. H-Me' The distance of soft tissue Menton to horizontal reference plane
Lip thickness
25. Ul-Li The distance of Maxillary central incisor to Labrale inferior
26. L1-Li Lower lip thickness at Labrale inferior
27. Infra-B' The distance of Infradentale to soft tissue B
28. B-B' Soft tissue thickness at B point, B to soft tissue B
29. Pg-Pg' Chin thickness
30. Ul-Stoi The distance of Maxillary incisor to Stomion inferius
31. L1-Stoi The distance of Mandibular incisor to Stomion inferius
Lip length
32. Me-Me' The distance of Menton to soft tissue Menton
33. Me'-Stoi Lower lip length
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Fig 2. Horizontal measurements of hard tissue landmarks.
1, U1; 2, L1; 3, infra; 4, B; 5, Pg; 6, Me.
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Fig 4. Vertical measurements of hard tissue landmarks.
13, U1; 14, L1, 15, infra; 16, B; 17, Pg; 18, Me.

/L
y
\ ”

24

< A

/5

7

Fig 5. Vertical measurements of soft tissue landmarks. 19,
Stos; 20, Stoi; 21, Li; 22, B'; 23, Pg'; 24, Me".
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Fig 6. Lip thickness measurements. 25, U1-Li; 26, L1-Lj;
27, Infra-B'; 28, B-B'; 29, Pg-Pg'; 30, U1-Stoi; 31, L1-Stoi.
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Fig 7. Lip length measurements. 32, Me-Me'; 33, Me'-Stoi.
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Table 5. Hard tissue landmark changes in BSSO group (unit: mm)

thxlmE x| 38A 25, 20084

T1 T1 - T2 T2 - T3 T1 - T3
Mean SD Mean SD Mean SD Mean SD
Horizontal changes
V-Ul 73.39 4.27 0.11 2.28 -0.72 2.49 -0.61 2.81
V-L1 79.30 4.35 7.15" 2.57 1.31 1.22 8.47 2.90
V-Infra 76.62 4.79 8.79° 3.18 -0.79 2.17 7.98 2.93
V-B 72.59 5.25 9.76" 4.02 -1.20 3.02 8.54" 3.35
V-Pg 75.62 5.67 9.42 4.13 -1.13 3.17 8.29° 3.83
V-Me 66.75 5.67 9.54" 6.27 -1.82 3.85 8.27 4.15
Vertical changes
H-Ul 79.87 3.27 -0.95 2.01 0.25 1.15 -0.70 1.97
H-L1 80.21 3.39 0.63" 1.54 0.60" 1.27 1.22° 1.74
H-Infra 92.26 3.86 0.72° 1.78 0.36 1.43 1.08° 1,35
H-B 100.95 4.17 1.69° 3.65 0.18 1.24 1.87° 2.80
H-Pg 115.27 4.26 0.87° 3.32 0.49 1.83 1.36° 2,75
H-Me 123.76 4.24 1.25° 2.81 0.36 2.14 1.61 1.94
SD, Standard deviation; “p < 0.05.
Tahle 6. Hard tissue landmark changes in Genio group (unit: mm)
T1 T1-T2 T2-T3 T1-T3
Mean SD Mean SD Mean SD Mean SD
Horizontal changes
V-Ul 74.46 5.10 0.37 2.37 -0.64 2.62 -0.27 2.69
V-L1 77.90 6.56 4.09 2.49 1.26 1.64 5.29° 3.05
V-Infra 75.81 7.41 5.12 4.12 -0.84 2.35 5.96" 4.07
V-B 72.89 8.52 7.19° 3.95 -1.05 2.94 6.14° 3.70
V-Pg 71.38 10.50 7.03 6.02 -1.15 3.35 5.88° 5.98
V-Me 63.90 10.66 6.76° 6.83 -1.59 3.75 5.17 6.71
Vertical changes
H-U1 80.73 4.11 -1.30 2.42 0.51 1.62 -0.79 1.95
H-L1 80.71 4.43 0.55 1.37 0.89° 1.64 1.44 2.03
H-Infra 93.94 5.07 0.45 1.15 0.58 1.26 1.03 1.37
H-B 105.99 5.80 1.10° 3.21 0.21 1.47 1.32° 2.23
H-Pg 120.64 5.25 -1.78" 3.47 0.52 2.01 -1.26" 2.82
H-Me 129.40 5.79 -1.91 3.32 0.74 2.14 -1.17 1.78

SD, Standard deviation; “p < 0.05.
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Table 7. Horizontal changes of Hard and soft tissue landmarks between each group (T1 - T3) (unit: mm)

BSSO group Genio group
Mean SD Mean SD p value

Hard Tissue

V-Ul -0.61 2.81 -0.27 2.69 0.542

V-L1 8.47 2.90 5.29° 3.05 0.009"

V-Infra 7.98° 2.93 5.96 4.07 0.147

V-B 8.54° 3.35 6.14" 3.70 0.083

V-Pg 8.29° 3.83 5.88° 5.98 0.205

V-Me 8.27° 4.15 5.17° 6.71 0.143
Soft Tissue

V-Stos 1.10 2.81 1.24 3.16 0.893

V-Stoi 7.46° 3.47 5.19° 3.65 0.120

V-Li 7.36" 3.25 5.01° 3.59 0.092

V-B' 8.52° 3.71 5.06° 4.33 0.021"

V-Pg' 8.00° 3.84 3.54" 5.41 0.015"

V-Me' 8.46° 4.84 4.59" 5.98 0.053
SD, Standard deviation; “p < 0.05.
Tahle 8. Vertical changes of Hard and soft tissue landmarks between each group (T1 - T3) (unit: mm)

BSSO group Genio group
Mean SD Mean SD pvalue

Hard Tissue

H-Ul -0.70 1.97 -0.79 1.95 0.537

H-L1 1.22° 1.74 1.44 2.03 0.510

H-Infra 1.08 1,35 1.03 1.37 0.217

H-B 1.87 2.80 1.32° 2.23 0.016

H-Pg 1.36° 2,75 -1.26" 2.82 0.002°

H-Me 1.61 1.94 -1.17 1.78 0.005°
Soft Tissue

H-Stos -0.75" 1.37 -0.96" 1.12 0.725

H-Stoi -0.45" 2.16 0.26° 2.07 0.169

H-Li 1.04 1.91 1.52 1.85 0.077

H-B' 1.32 2.59 1.24 2.84 0.417

H-Pg' 1.08 2.27 -1.02 2.07 0.025

H-Me' 1.24° 2.44 -0.98" 2.52 0.007"

SD, Standard deviation; “p < 0.05.
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Table 9. Mean treatment changes (T1-T3) in lip dimensions (unit: mm)

BSSO Genioplasty
Mean SD Mean SD p value

Lip Thickness

Ul-Li 7.69° 3.11 5.87° 3.46 0.093

L1-Li -1.11° 2.11 -0.28 2.07 0.154

B-B' -0.02 1.53 -1.08 2.01 0.047

Pg-Pg' -0.29 1.31 -2.34" 2.29 0.006

Infra-B' 0.54 1.87 -0.90 2.44 0.017

Ul-Stoi 7.80° 3.72 6.05° 3.56 0.150

L1-Stoi -1.01" 2.11 -0.10 2.17 0.243
Lip Length

Me-Me' -0.96" 0.84 -1.20° 2.02 0.628

Me'-Stoi 2.58° 2.87 241 3.29 0.859

SD, Standard deviation; “p < 0.05.
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0.05) (Table 10).
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8.46 mme] 342l ©]%, -1.32 mm, -1.08 mm, -1.24
mme] 2 A2l o] 5 BTk Genowroll A= B3
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Table 10. Sexual differences of mean treatment changes between each group (T1 - T3) (unit: mm)

BSSO group Genio Group
Male Female Male Female
Significance Significance
Mean SD Mean SD Mean SD Mean SD
Horizontal changes of Hard Tissue
V-Ul -0.72  2.24 0.05  3.37 NS -048  2.57 -1.24  2.89 NS
V-L1 8.16  3.65 8.78  2.05 NS 580  3.02 4.79  3.16 NS
V-Infra 7.27  3.72 8.70  1.77 NS 6.46  4.22 546  4.07 NS
V-B 7.93  4.33 9.16 2.04 NS 6.61 3.97 568  3.56 NS
V-Pg 8.20 5.15 8.38 2.12 NS 6.96 544 4.80 6.58 NS
V-Me 8.01 534 8.53  2.79 NS 7.00 592 3.34  7.25 NS
Vertical changes of Hard Tissue
H-U1 -0.83  1.82 -0.31 1.38 NS -0.94 192 -0.63 1.84 NS
H-L1 0.87  1.45 1.58 1.75 NS 1.66 1.60 1.21 1.95 NS
H-Infra 204 1,21 1.12 1.58 NS 1.18 1.70 0.94 1.17 NS
H-B 2.16  2.79 1.88  2.27 NS 1.43 242 1.25  2.39 NS
H-Pg 1.93 2,75 1.21 2.19 NS 1.28  2.65 1.04 225 NS
H-Me 1.84 1.86 1.57 1.65 NS 1.42  2.02 1.15 1.31 NS
Horizontal changes of Soft Tissue
V-Stos -0.70  3.08 0.50 2.51 NS -042  3.11 -0.07  3.37 NS
V-Stoi 7.26  3.80 7.67  3.30 NS 537  3.42 502 4.05 NS
V-Li 7.00  3.45 7.72  3.18 NS 5.38  4.00 4.65  3.30 NS
V-B' 8.54 449 8.51 2.98 NS 544  5.39 4.69  3.20 NS
V-Pg¢' 8.15  4.59 7.84  3.18 NS 3.81  5.65 3.26  5.44 NS
V-Me' 8.83 591 8.10  3.77 NS 514  5.00 4.04  7.07 NS
Vertical changes of Soft Tissue
H-Stos -0.52  1.13 -0.95 1.69 NS -1.06 1.04 -0.88  0.93 NS
H-Stoi -0.51  1.07 -0.39 1.30 NS 0.31 1.43 0.37 1.49 NS
H-Li 1.28 2.88 0.91 2.97 NS 1.65 1.78 1.37 1.44 NS
H-B' 1.39  2.96 1.34 276 NS 1.37  3.09 1.05  2.79 NS
H-Pg' 141 3.13 1.18 2.94 NS -1.34 2.88 -0.93  2.67 NS
H-Me' .13 1.95 1,32 2.12 NS -1.26  1.49 -0.94 1.26 NS
Lip Thickness
Ul-Li 7.72  2.86 7.67  3.50 NS 586  4.37 588  2.48 NS
L1-Li -1.16 231 -1.06 2.01 NS -042  2.79 -0.14 1.11 NS
B-B' 0.61 1.44 -0.66  1.40 NS -1.17  2.15 -0.99 1.98 NS
Pg-Pg' -0.04 1.01 -0.54  1.56 NS -3.15  1.99 -1.54  2.38 NS
Infra-B' 1.26  1.37 -0.19  2.09 NS -1.02 2.14 -0.77  2.82 NS
Ul-Stoi 7.98  3.86 7.61 3.76 NS 585  4.19 6.25  3.01 NS
L1-Stoi -0.91 2.39 -1.11 1.91 NS -043  2.40 0.23 1.97 NS
Lip length
Me-Me' -1.02  0.97 -0.90 0.72 NS -1.31 2.35 -1.09 1.75 NS
Me'-Stoi 245  3.56 2.70  2.15 NS 4.01  3.00 0.81 2.87 NS

NS, Statistically not significant; *p< 0.05.
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Table 11. Correlation coefficients between hard tissue and soft tissue horizontal changes for each group (T1 - T3)

U1AH L1AH InfraAH BAH PgAH MeAH

BSSO group
StosAH 0.630" 0.252 0.420 0.487° 0.419 0.517"
StoiAH 0.316 0.795" 0.840" 0.848" 0.852" 0.808"
LiAH 0.482° 0.771" 0.840" 0.866" 0.833" 0.848"
B'AH 0.187 0.877" 0.866" 0.911" 0.922" 0.891"
Pg'AH 0.091 0.814" 0.804" 0.888" 0.942" 0.940"
Me'AH 0.165 0.738" 0.797" 0.880" 0.909" 0.953"

Genio Group
StosAH 0.623" 0.604 0.708" 0.646" 0.459° 0.354
StoiAH 0.404 0.806" 0.849" 0.865" 0.845" 0.761"
LiAH 0.423 0.817" 0.838" 0.828" 0.775" 0.693"
B'AH 0.308 0.719" 0.833" 0.886" 0.799" 0.730"
Pg'AH 0.352 0.720" 0.837" 0.900" 0.924" 0.860"
Me'AH 0.280 0.575" 0.697" 0.813" 0.915" 0.912"

“p<0.05 Tp<001.

Table 12. Correlation coefficients between hard tissue and soft tissue vertical changes for each group (T1 - T3)

UlAV L1AV InfraAV BAV PgAV MeAV

BSSO group
StosAV 0.054 0.292 0.024 0.281 0.154 0.408
StoiAV 0.224 0.305 0.059 0.425 0.261 0.310
LiAV 0.273 0.142 0.094 0.215 0.407° 0.210
B'AV 0.405 0.060 0.417 0.347" 0.536° 0.247
Pg'AV 0.035 0.264 0.043 0.163 0.430° 0.481°
Me'AV 0.111 0.308 0.132 0.561" 0.738" 0.770"

Genio Group
StosAV 0.059 0.104 0.316 0.096 0.032 0.034
StoiAV 0.232 0.014 0.066 0.101 0.329 0.285
LiAV 0.115 0.221 0.457 0.178 0.219 0.469°
B'AV 0.158 0.018 0.224 0.116 0.536° 0.473"
Pg'AV 0.018 0.318 0.162 0.192 0.425 0.547
Me'AV 0.294 0.303 0.193 0.512+ 0.835" 0.872"

*p< 0.05 Tp< 0.01.
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2] BZ, Pogonion, Menton®] $]2]7} =4 $of 7+
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5.06 mm, 3.54 mm, 459 mm&] FHZA 2 o|F, -1.24
mm, 1.02 mm, 0.98 mm2] &%l o]FS BT}
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sh Abelell= o AT HEEAT (Tables 11
and 12).
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Table 13. Ratio of horizontal and vertical changes of soft tissue as percentage of hard tissue changes

BSSO group Genio group
B'AH/BAH 99.7 % 82.4 %
Pg'AH/PgAH 96.5 % 60.2 %
Me'AH/MeAH 102.2 % 88.7 %
B'AV/BAV 70.5 % 87.8 %
Pg'AV/PgAV 79.4 % 80.9 %
Me'AV/MeAV 77.0 % 83.7 %

AH, Horizontal changes (T1 - T3); AV, Vertical changes (T1 - T3).
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Fig 8. Mean treatment changes (T1 - T3) in lip thickness
(uint: mm).
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Soft tissue changes associated with advancement
genioplasty in skeletal class Ill individuals receiving
mandibular set-back surgery

Keun-Ryoung Kim, DDS, MSD,? Seong-Sik Kim, DDS, MSD, PhD,b
Woo-Sung Son, DDS, MSD, PhD,® Soo-Byung Park, DDS, MSD, PhD¢

Purpose: The purpose of this study was to assess the hard and soft tissue changes associated with
mandibular bilateral sagittal split osteotomy and genioplasty. Methods: This is a retrospective study of
40 patients who underwent either bilateral sagittal split osteotomy for mandibular setback (BSSO group,
n = 20) or in combination with advancement genioplasty (Genio group, n = 20). Lateral radiographs,
were taken before and immediately after surgery, and at least 6 months after surgery. Results:
Comparing hard and soft tissue changes between the BSSO group and Genio group, there were
significant differences in the lower incisor, soft tissue B point (B'), and soft tissue Pogonion (Pg') (p <
0.5). The mean ratio of hard and soft tissue changes for B/B', Pg/Pg’, and Menton/soft tissue Menton
after surgery in the BSSO group was 0.997, 0.965, and 1.022 respectively, and 0.824, 0.602, and 0.887
respectively in the genio group. Significant differences were found between the two groups. There were
significant differences in lip thickness (B-B', Pg-Pg’) in the Genioplasty group between pre and
postsurgery, but not in the BSSO group. Pogonion to Labrale inferior and B' had a correlation coefficient
of 0.833, 0.922, respectively for the BSSO group, and 0.775, 0.799 for the Genio group. Conclusions:
The results indicate that there is a significant difference between bilateral sagittal split osteotomy with
or without genioplasty in the lower facial esthetics values. The combination of mandibular setback and
genioplasty had a smaller change in soft tissue thickness of the symphysis area after surgery than that
of mandibular setback only. (Korean J Orthod 2008;38(2):104-20)
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