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—— ABSTRACT

Subclassification of Skeletal Class Il Malocclusion of Korean Adults
Using Cluster Analysis

Kwang—Seok Ahn1, Hyoung—Seon Baik1, Kyung—Ho Kim2,
Baek—Il Kim’, Kee—Joon Lee™

Department of Orthodontics, School of Dentistry, Yonsei Um'versjty],
Department of Orthodontics, Gangnam Severance Hospital, Yonsei Universityg,
Department of Preventive Dentistry, School of Dentistry, Yonsei Universjtf

Skeletal malocclusion is the result of abnormal dimension and alignment of each skeletal
component, Understanding on these mechanisms may help to elucidate the etiology of skeletal
malocclusion and to establish population—oriented treatment plans, Attempts to subdivide the
Angle's classification have been performed for Class III malocclusion, while few studies have
been conducted for Class II malocclusion despite recent growing interests in Class II
malocclusion, 200 adults (88 male, 112 female) with skeletal Class II malocclusion were
collected and subdivided using cluster analysis, using the measurements representing the
dimension and the alignment of each facial skeletal component, The properties of each cluster
was grouped within the subjects and a comparison between the subjects and the control group
(88 male, 35 female) with normal occlusion was performed, Six clusters were finally
recognized in each male and female groups, The clusters in both genders were mainly
characterized by the cranial base alignment, dimension of the posterior cranial base,
dimension of the mandibular ramus and the degree of mandibular rotation, The results
implicate that active treatment of mandible rather than the nasomaxillary complex may be
primarily considered for the correction of Korean Class II skeletal pattern,

Key words . Cluster analysis, Determinants, Skeletal Class II malocclusion
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Horizontal reference plane(HP) :
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Table 1. Descriptive statistics on sample size, age and gender distribution

Test Control
Male (n=88) Female (n=112) Male (n=38) Female (n=35)
Mean SD Mean SD Mean SD Mean SD
Age (year) 22,56 5.28 23.75 5.35 18,92 1,44 19,91 2.80
A—Pog difference (mm) 17.33 4,14 17.10 3.95 1,48 2.38 1.68 2.25




Figure 1. Landmarks, reference planes and measurements
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Table 2, Differences between male and female group, Mean differences between Test and Control
group in each gender group

Test Control Male Female
Male (n=88) Female (n=112) Male (n=38) Female (n=35) Mean Mean
Sig. Sig. | differences differences
Mean SD Mean SD Mean SD Mean SD (Test—Control) (Test—Control)
Distance(mm)
S-N 74,08 3.42 69,91 3.25 FEE 75,06 2,74 71,39 2.66 o -0,98 —1,48%
S—Ar 39.78 4,14 34,58 3.24 FEE 41,32 3.76 36.93 3.03 HEE -1.54 —2,35%¥*
VP—-Ar 17.03 3.51 14,92 2.89 EE 18,16 2.52 16,28 2.88 wE -1,13% —-1,36%
PNS-A 51,47 3.01 48,44 2.93 FEE 51,24 2.59 49,32 2.70 wE 0.24 -0.87
PNS-U1 57.65 4.87 55,55 4,61 wE 58.65 3.91 56.90 3.22 * -1.00 -1.35
HP-ANS 51,27 4,22 46,14 3.77 wEE 50,71 3.76 46.68 3.19 o 0.56 —0.54
HP-PNS 50,24 3.31 45,44 3.02 EE 50,80 2.60 46,72 3.05 o —-0.56 —-1,28%
Ul-PP 34.49 3.05 33.75 2.62 31.75 2.30 31,12 2.65 2,73%%% 2,63%%*
U6-PP 26,01 2.52 24,73 2.48 FEE 06,54 2.04 24,76 2.09 HEE -0.52 —-0,03
VP-PNS 21,34 2.76 20.70 2.56 24,08 2.55 22.47 2.29 wE —9,T3*** —1,78%%%*
Ar—Go 50.45 5.68 45,63 4,74 #HEE 60,00 5.73 52.97 4.28 o —9 55 —7.347%%%
Go—Me 76.80 5.20 72.97 5.36 HEE 84,28 4.64 80.97 4.09 o —7,48%%% —8,00%#*
L1-MP 51,32 3.28 48,59 3.19 FEE 47 35 2.87 4412 2.02 o 3,96%** 4,47
L6—MP 38.01 2.78 35.02 2.83 FEE 37,38 3.29 33.93 1.72 o 0.63 1,09%*
VP-Go 17.87 4,77 15.73 4,40 wE 11,72 5.90 11,77 4,57 6,14%%%* 3,95%%*
Angle(?)
ZSaddle 124,20 5,22 125,43 5,42 12456 3,29 12479 4,96 —-0.36 0.64
SN/FH 8.90 2.84 9.87 2.67 * 8.46 1,99 8.60 2.37 0,44 1.26*
FH/PP 1,08 3.29 0.78 3.27 -0,08 3.11 0,01 2.86 1.15 0,77
FH£UOP 12,90 4.16 13.58 3.81 7.38 2,77 9.24 3.25 * 5, 52%%* 4, 35%%*
UlZPP 64,10 7.72 64,86 8.46 60,43 6.33 61,16 5.09 3.67% 3,69%*
ZArticular 155,82  7.32 155.60  6.85 14754 576 148,93  5.88 8 27*¥* 6,67F**
/Gonial 122,02  7.03 12479 6.85 117,57 7.26 118.63  5.93 4,44%% 6.167%%*
MP/FH 33.11 6.01 35.94 5,91 wE 21,18 4,12 23.72 4,21 * 11,93%** 12,22%%*
FHZLOP 10,51 5.49 12,50 5.34 * 4,77 3.47 6.26 3.07 5, 73%%% 6,25%%*
L1£MP 99.74 6.89 99.19 7.08 96,37 6.10 96.15 6.74 3.37% 3,04%
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Table 3. Results of cluster analysis in each gender group
Male Female
Distance between Distance between
Cluster Frequenc % ) Cluster Frequenc % .
d v ? Cluster centroids d y ? Cluster centroids
1 4 4,55 18.03 1 21 18.75 17.76
2 10 11,36 19.30 2 18 16,07 16.65
3 6 6.82 18.55 3 10 8.93 17.87
4 16 18,18 18.06 4 28 25,00 18.26
5 45 51,14 19.64 5 24 21.43 17.70
6 7 7.95 18.09 6 11 9.82 16,90
Clustering test data male cluster=9 Clustering test data female duster=8
0.0 L — 0.0
Figure 2. Distances between each of male and female cluster,
o o] #HLe SHFEIAR Q] ZotHiAo] Cluster 5 (51,14%, n=45)
Aka1 slobA| o] A7])7F 2o gonial angle©] I} FEe0) i olke AASte FYCEA
wato] sfofzol FoplElAE P HE articular angleo] Zrout SHIEAA7 Aa s}
THTable 4,5, Figure 3C). ofo] 9| Elof QlTh. Aok AAE &3
AArEe] QAL st AXRE HEE Pl

Cluster 4 (18,18%, n=16)

Gonial angle ¥ mandibular plane angle©]

Apor} Aot AARe] HEG AE HAR arti-
cular angleo] THES}IL SjolTo] FF 17| wo]
Qow, 71E Angle HRel A I Al 279}

SASFATHTable 4,5, Figure 3D).

tH(Table 4,5, Figure 3E),

Cluster 6 (7.95%, n="7)

il A4z 27 ke ol Hls) 2
HYo|= &5l HEdt saddle angle2 <13
o djokzo] FU YAl AL

Z o
UE It Articular angle, gonial angle %



Figure 3. Examples of male clusters,
A: cluster 1, B: cluster 2, C: cluster 3, D: cluster 4, E: cluster 5, F: cluster 6,

mandibular plane angle 52 X5 Zloja| ot
W OORARS UERjjolon Alslol AR wrat
+ZAAE YERYQIcHTable 4,5, Figure 3F).

Cluster 5 (51,14%, n=45)
TR0 Hul o)Ak
articular angle®| 2+o
ofo] 91| wlof Qlgith. Aot A
AALEo] Qla1 dfe} AxH= FuZE ofAto|)

TH(Table 4,5, Figure 3E).
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Cluster 6 (7.95%, n="7)

Aelet 71429 2t B 2 e 2
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Table 4. Comparison of each variable among male clusters

[=]
=N

fjo

il

~

weto| ok

Cluster
Variables
Mean+SD
Distance(mm)
S-N no statistical significance between clusters
S—Ar 5 6 4 2 1 3
41,22+3.36 40,38+2.41 40,11+3.41 38,65 £4.04 34,21+4,02 33.05+3.93
VP—Ar 6 5 2 4 3 1
20.55+2.61 18.23+2.99 15,96 +2.55 15.79+2.08 12,99+3.10 10,96 £3.17
PNS-A 6 5 3 4 1 2
53,04£3.43 52,53+2.82 51.75+2.41 50.24+1,69 50.12+2.15 47,92+2 .43
6 5 3 4 2 1
PNS-U1
60.63+4.70 60.04+4.42 56.11+4.01 53.89+2.27 53.85+3.08 52.36+1,99
4
HP-ANS ° 6 ! 2 3
52.98+4,09 52.12+3.76 51,40+4.10 49.18+1.26 47,85+4.55 47.16+3.70
4
HP-PNS 0 6 ! 2 3
51,26+2 54 51.21+£2.80 48,97+2.22 48,97+2.37 48.67+3.68 45.11+4,06
Ul-PP no statistical significance between clusters
U6—PP 5 6 2 1 3 4
26,99+2.17 26.83+1,93 26,05+2.96 24,89+0.59 24,59+2.54 23,67+1,97
VP-PNS no statistical significance between clusters
Ar—G 6 5 4 1 3 2
© 59.29+1.88 52,08+4.14 48.15+4.46 47.92+4 .46 46.54+5.14 43.87+5.11
Go-M 5 6 4 2 1 3
ome 78,53+4.55 717.77+5,47 77.24+4.46 73.85+4.23 72.47+4.44 69.30+4.34
Li-MP 1 5 2 3 4 6
53,38+3.37 52,41+£2.96 51.17+2.87 50.59+2.16 49.56+2.91 47.89+3.71
L6—-MP no statistical significance between clusters
VPG 4 6 1 5 2 3
© 20.39+3.85 19.59+3.55 18,76 +5.32 17,94+4.71 15,76 £4.17 11.39+2.96
Angle(°)
6 5 2 3 4 1
ZSaddle
128,99+4.10 124.88+5.27 123.99+4,56 124.10£5.12 121.34+4.30 120.10£4.70
SN/FH no statistical significance between clusters
FH/PP no statistical significance between clusters
FHZUOP L 3 4 2 ° 6
19.05+2.77 16.85+2.88 15.86+3.79 11,80+4,37 11,40£3.25 10.47+2.76
ULLPP 1 4 3 2 5 6
75,59+10.69 69.52+6.72 68.11+7.09 64,13+3.56 61,16+6.81 60.49+5.56
 Articul 1 4 2 3 5 6
rewar 171.33+7.94 162.33+4.89 155.41+6.23 155.21+7.02 153.42+5.11 148,49+3.86
. 3 2 5 1 4 6
/ Gonial
131.09+3.03 130.01£6.44 122,46 £5.39 120.54+2.55 116.43+4.66 113,50+3.91
1 2 3 5 4 6
MP£FH 40.34+5,06 39.87+5.22 39,43+5.22 32,14+3.69 32,02+4.31 22.57+3.12
1 3 2 4 5 6
FHZLOP 17.72+3.34 16.63+4,95 12,16 +£5.65 11,14+4.57 9.194+4.95 5.69+3.73
6 1 5 4 3 2
L1ZMP
111,04 +6.87 100.35+1.98 100.00+5,81 99,93+5.46 98.54+3.42 90.82+3.91




Table 5. Variables showing significant differences among male clusters (Bonferroni t—test, p{0.05)

Cluster 1 2 3 4 8 6
1
VP-Ar
FH£UOP
2 / Articular
/Gonial
/ Articular S—Ar
3 /Gonial
S—Ar HP-ANS S—Ar
VP-Ar / Articular HP—-ANS
MP/FH /Gonial HP-PNS
4 MP/FH Go—Me
L1ZMP VP-Go
/Gonial
MP/FH
S—Ar PNS-A S—Ar PNS-U1
VP-Ar PNS-U1 VP-Ar U6-PP
PNS-U1 HP-ANS HP-PNS Ar-Go
FHZUOP Ar—Go Go—Me L1-MP
5 UP/PP /Gonial VP-Go FH~UOP
£ Articular MP/FH FH£UOP UPZPP
MP/FH L1/ZMP / Gonial / Articular
FHZLOP MP/FH /Gonial
FHZLOP
VP-Ar VP-Ar S—Ar VP-Ar Ar—Go
PNS-U1 PNS-A VP-Ar PNS-U1 L1-MP
Ar—Go PNS-U1 Ar—Go U6-PP / Gonial
FH~2UOP Ar—Go Go—Me Ar—Go MP/FH
6 UP£PP /Gonial VP-Go ZSaddle L1£ZMP
/ Articular MP/FH FH~2UOP FH~ZUOP
MP/FH L1ZMP /Gonial / Articular
FHZLOP MP/FH MP/ZFH
L1ZMP FHZLOP L1ZMP
L1ZMP
(2) A= gt FejE LERHSItHTable 6,7, Figure 4A).

Cluster 1 (18,75%, n=21)

Saddle angleo] zrou} 3HF Zolx7) &1 3}

OFx|7} &om I3t articular angle 2 man-—

dibular plane angleZ 3}tZo| &5l 3=

Cluster 2 (16.07%, n=18)
Saddle angle®] 11 s}efo] THFQX|E]|o] 9l o
o Aol 7|AES AR oR & Aol arti-

- 10 -
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cular angle 9

T HopA] wehE P ey lct
£ 2274l

mandibular plane angle 5 &

afot 7A R

Q1% tHTable 6,7, Figure 4B).

Cluster 3 (8.93%, n=10)
orzo] £4 £HHOR AT T
B Fohago] Ao o)z s siet
o FAYSNE P2 depuision, 59 2

HI

Mg Eot st=2Q1 Mol 274 K 18 E™uEtel olER
Cluster 4 (25,00%, n=28)
T}=3t saddle angleZ Q18] dlelzo] TH) €14

= HehzA, o}OPJ—O] S5 A Al gonial angle
2 A Yep oL}, vl A9 cluster 29k=
o] ook oy ail:}(Table 6,7, Figure 4D).

Cluster 5 (21,43%, n=24)

EAZ O 7 gonial angle ¥ mandibular plane
angleo] =8| sletZo] FaltaAdE FHE
ehUlgle). SO Aol sjok AT} HuE

Figure 4, Examples of female clusters,
A: cluster 1, B: cluster 2, C: cluster 3, D: cluster 4, E: cluster 5, F: cluster 6,



Table 6. Comparison of each variable among female clusters

Cluster
Variables
Mean+SD
Distance(mm)
S—-N no statistical significance between clusters
S_Ar 6 2 5 4 1 3
36.77+2.88 35.71+2.89 35,49+2.59 35.04+2.72 33.01£2.80 29,93+2.52
VP—Ar 2 4 6 5 1 3
17.17+2.01 16.53+2.37 14.81+2 42 14,75+2.05 12,42+2.38 12,08 +2.55
PNS-A 2 4 5 6 1 3
50.06+£2,17 48.79+2.65 48.69+3.61 48.19+3.04 47.46+2.34 46.25+2 52
PNS—UL 2 5 4 1 3 6
58,46 +2.59 56.50+4,64 56.31+4.04 55,77+3.30 53.55+3.65 48.11+3,57
HP—ANS 1 5 2 6 4 3
48.28+2.98 46.58+3.72 46.37+3.10 45.87+3.57 45,05+4.47 43.49+2.07
HP-PNS 6 5 1 2 4 3
47.75+2.39 46.82+2.59 46.21+£2.76 45.24+3.16 44.00+2.46 42.29+2.09
Ul-PP no statistical significance between clusters
U6—PP 5 2 1 4 6 3
25.72+2.75 25,26+1,92 25,04£2,06 24.76+2,42 22,85+2.39 22.67+1,85
VP-PNS no statistical significance between clusters
Ar—G 2 6 4 3 5 1
o 51.12+2.71 46.41+2.60 45,74 +4 97 45,52+3.17 44,21+3.21 42.03+4.66
GoM 4 1 5 2 6 3
omve 75.90+3.23 74,08+5.99 73.14+4.10 72.71+3.76 71.33+3.74 64.27+6.37
Li-MP 5 1 4 2 6 3
49,72+3.39 49.05+2,99 48,85+3.04 48.82+2,28 46,37+3.11 46,19+3.34
L6—-MP no statistical significance between clusters
VPG 4 1 6 2 3 5
© 20.27+3.62 16.71+3.36 15.63+2.45 14.87+3.14 12,25+2.38 11.68+2.65
Angle(°)
4 2 5 3 6 1
ZSaddle
129.39+4.69 128.44+4.60 124,34 +4.07 124,32+3.90 123.00+4.05 120.60+4.62
4 3 5 2 6 1
SNAFH 11,20£3.02 10.55+2,03 9.75+2.14 9.56+2,04 9.19+3.04 8.49+2.60
1 3 2 4 5 6
FHZPP 2.3742.39 1,40+2.50 1214188 110+4.36 ~0.25+3.12 -2.09+1.90
6 3 4 1 2 5
FHAUOP 16,49+3.08 14,.83+2.86 14,31£3.31 13,97+4,25 12.67+3.32 11,20+3.67
ULLPP 6 4 3 2 5 1
83.56+6.56 63.76+£6.03 63.73+£3.77 63.52+5.85 62.51+£5.95 60.87+5.48
/ Articular ! 6 4 3 > 2
cua 163.90+3.91 157.17+5.09 156.61+4.32 156.40+7.72 151,44 +3.95 148.47+4.89
. 5 3 1 2 6 4
/ Gonial
133.45+4,92 126.93+5.80 126.06+£3.68 122.65+5.05 119.72+2.73 119.00£3.79
1 5 3 4 6 2
MP£FH 42,06+4.23 39.46+3.99 37.09+4.62 33.79+4.08 30.68+3.60 29.98+3.55
1 3 4 5 6 2
FHALOP 16.60+4,10 16.18+2.35 12,99+4,25 12.62+4.04 8.07+5.61 7.46+4,99
L1/ MP 2 3 4 6 1 5
104.81+4,58 103.73+£7.08 102.27+5.89 96.73+5.52 95.02+5.34 94.22+6.14
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Table 7. Variables showing significant differences among female clusters (Bonferroni t—test, p{0.05)

Cluster 1 2 3 4 5 6
1
S—Ar
VP-Ar
Ar—Go
/Saddle
2 / Articular
MP~/FH
FHZLOP
L12MP
HP-ANS S—Ar
HP-PNS VP-Ar
Go—Me PNS-A
VP-Go PNS-U1
3 / Articular Ar—Go
MP/FH Go—Me
L1ZMP / Articular
MP/FH
FHZLOP
VP—Ar Ar—Go S—Ar
HP-ANS VP-Go VP-Ar
Ar—Go Z Articular Go—Me
VP-Go MP/£FH VP-Go
ZSaddle FHZLOP ZSaddle
4 SNZFH /Gonial
Z Articular
/Gonial
MP/FH
L1£MP
S—Ar VP-Ar S—Ar HP-PNS
VP-Ar Ar—Go VP-Ar VP-Go
VP-Go VP-Go HP-PNS ZSaddle
/ Articular / Gonial U6-PP FH~UOP
o / Gonial MP/FH Go—Me / Articular
FH/LOP FH/LOP L1-MP / Gonial
L1ZMP / Gonial MP/FH
L1ZMP L1/ZMP
S—Ar PNS-U1 S—Ar PNS-U1 PNS-U1
PNS-U1 Ar—Go PNS-U1 HP-PNS U6-PP
Ar—Go /Saddle HP-PNS VP-Go L1-MP
FH/PP UlZPP Go—Me /Saddle VP-Go
6 UlZPP / Articular Ul£PP Ul/PP /Saddle
/ Articular L1ZMP / Gonial / Articular FH~ZUOP
/ Gonial MP/FH FHZLOP Ul£PP
MP/FH FHZLOP / Gonial
FHZLOP MP/FH
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