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A CLASSIFICATION AND PROTOTYPING OF SKELETAL CLASS Tl
ON ETIO-PATHOGENIC BASIS

Soon-Xae Hong, Choong-Kook Yi
Department of Oral and Maxillofacial Surgery, College of Dentistry, Yonset Untversity

Skeletal class Hl had been classified by the position of the maxilla, the mandible. the maxillary alveolus,
the mandibular alveolus and vertical development. This morphologic approach is simple and useful for clin-
ical use, but it is insufficient to permit understanding of the pathophysiology of dysmorphoses.

The author hypothesizes that there are different patterns of mutual relation of the skeletal components
which have contributed pathologic equilibrium of skeletal class . The purpose of this study are threefold:
1) to classify skeletal class [l in subgroups, which can show the architectural characteristics of the defor-
mity, 2) to analyse the craniofacial architecture of each subgroup on etio-pathogenic basis, and 3) to char-
acterize and visualize the pattern as a prototype.

Materials used in this study were lateral cephalograms of 106 skeletal class I adults, which were
analysed with modified Delaire s architectural and structural analysis. Linear and angular measurements
of the individual subject were obtained and cluster analysis was used for the subgrouping. Data were eval-
uated for verification of the statistical significances. The following results were obtained.

1. By the modified Delaire s architectural and structural analysis and cluster analysis, skeletal class I
adults were classified into 7 clusters and presented as prototypes, which could show the pathophysiol-
ogy of the skeletal architecture

2. There was significant relationship in measurement variables of each cluster, which could reflect char-
acteristics of the skeletal pattern of growth. ‘

3. The flexure of cranial base had a close relationship to the anterior rotational growth of the maxilla
and contributes to understand the etio-pathology of skeletal class .

4. The proportion of craniospinal area in cranial depth, craniocervical angle and vertical position of point
Om had a close relationship to rotational growth of the mandible and direction of condylar growth.
They contribute to understand the etio-pathology of skeletal class [I.

In summary, the cranium and the craniocervical area must be considered in diagnosis and treatment

planning of dentofacial deformity. And the occlusal plane can be considered as a representative which
shows the mutua] relationships of the skeletal components.

Key words : Skeletal class I, Craniofacial growth, Classification
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C1 : craniofacial base line (M3 CT# & o] 4)
C2 : cranial height (AC1ell #3122 T3] 22
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C3 : superior line of the cranial base (M3A% Clp
A& FETA)
C4 : basal slope (ClpAalA 2457 M3 F4<d
o 22 M)

@R EME AT A (Fig. 1. 2)

CF1 : anterior line of craniofacial balance (FM%
3 FbAA A2e 4 1/3% 8 2/37F He A
dAg M)

CF2 : middle line of craniofacial balance (Br’d
Pts¥ < dAg M)

CF3 : posterior line of craniofacial balance (CF2¢
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CF4 : craniopalatal line (ANS®} OmAd& 94%
)

CF5 : theoretical facial height (ANSE A WHA A
CF4ell 23l 4)

CF6 : craniomandibular line (ACF1 73l Me&=

|

Fig. 1. Modified Architectural _and Structural Craniofacial
Analysis of Delaire (Z1Q81} 0|F=, 1991).
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Table 1. Results of Cluster Analysis.

Distance between

Cluster Frequency(=n) Proportion{%) Cluster Centroids
1 22 20.8 16.87
2 20 18.9 19.84
3 12 11.3 15.42
4 15 141 15.42
5 16 15.1 16.99
6 12 11.3 18.86
7 9 8.5 18.71
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Table 2. Cluster Means and Standard Deviation for Each Variable.

Cluster Ht/Dp CFA SPA CrSp CrFc MzA MnA Ht/CrSp
1 87435 230416 1174440  48.1x23 519423  300%16 219421 182.3+14
2 89.1+4.6 242423 113.1+36 492420 510423  30.7+1.8 20.3£2.0 181.8+13
3 89.3%5.0 23.7+16 1146+44  465+2.1 53.3+2.1  30.3%1.7 23.1+1.8 192.3%17
4 90.0+5.0 21.9+16 117.3%26  46.0%19 53.1+26  30.9+1.4 22.3+29  195.9x14
5 90.6+4.4 224+21 120136 457428 54.3+29  314%17 231424 197.0+18
6 86.5+4.7 2492+23 119.124.3  492+3.2 50.3+3.2  30.7£29 204+1.7 175.5+17
7 89.2+5 6 206+24 120360  46.3+2.8 53.9+2.2  31.4%18 22.3+1.9  193.7=18
mean 88.7+4.6 226123 117.1+447 475428 524+28  30.7+19 21.7+2.4  187.6%17
Cluster Ht/CrFe AMxP PNS-CF4 0d-CF4 OM-CF4 M-AC CF1-CF5  RA
1 168.8+7 87.5+3.1 0.9+28 2.7+5.0 2.1%4.6 9.7+2.8 10.9+2.8 6.5+3.8
2 175.4+9 93.0+3.1 0.3+19 7.3+4.1 -2.3%5.2 9.7+34 15.3£3.7  14.8%46
3 168.2+8 92.3+18  -0.3+29 0.9+3.9 -1.6+3.6 9.3+2.5 13.8£2.5 8.3+4.3
4 169.5+12 88.3+2.2 1.7+1.8 1.0£25 468+54 9.3+21 11.3+3.4 8.5+4.4
5 165.3+8 89.1+3.5 1.6+1.3 5.9%45 5.2+55 9.0+2.8 11.3+35  10.9+4.2
6 172.6+10 84.8+2.0 3.0+3.1 1.5+3.7 6.4+44 73+14 7.9+46 7.6x+4.7
7 165.8+10 85.0+4.3 3.3£2.6 8.2+4.2 9.7+44  10.0£26 9.3+3.7 4.0+3.1
mean  169.7+9 88.9+4.0 1.3+26 4.4+4.9 2.846.1 9.242.7 11.7+4.0 9.1%5.2
Cluster OP MNP Me-CF1 N-ANS ANS-Me ANS-U1 Ul-Me UlA
1 21437 29+38 1.7+35  41.7+23 58.3+23  41.9*+18 58.1+16 117.8+44
2 4827 22457  19.9%51 42.5+1.9 576+1.9  41.0+24 59.0£2.4 110.6+44
3 88+26 -719+4.2 §4+45  428+15 572415  40.3%22 59.7+2.2 125.7+46
4 5.3%£2.3 -11.245.7 8.1+6.3  445+18 55.5+1.8  416%+19 584+19 1172448
5 3.7%2.7 -1.0£5.7 8.0+42  43.3+22 56.8+2.2  41.0+14 59.0+1.3 119.5+58
6 2.5+30 8.5+3.1 27£70  41.9+20 58.1x2.0  420%21 580421  122.0+48
7 1.9+2.4 -1.8+29  -3.0+7.2  429+17 571417  41.2+26 58.8+26 115.2+4.9
mean 3.5%4.1 -1.8+7.1 75486 427421 572421  41.3+21 58.7+2.1 118.6+6.2
Cluster L1A OB 0J U1-CF5 OPT CVT
1 85.3+6.7 -0.1+26  -39+34 0.8+2.8 86.5+39  829%39
2 74.4+6.7 1.0£25  -4.8%30 4.0+2.8 945+34  892+35
3 91.3+4.4 -0.4+16  -1.2+15 5.3%3.0 89.0+4.2  86.9+4.0
4 84.5+5.1 19426 22423 1.9+20 88.1+443  853+4.1
5 81.2+4.8 14428  -29+22 24434 97.7+39  91.2+24
6 71.8+55 -1.1+3.3  -54%46 0.3+3.1 89.3+36  84.0+28
7 84.3+6.6 -0.7£2.7  -19%19 -0.7+1.8 76.9+40  741+27
mean 81.6+8.2 04+27  -3.4+3.3 2.1+3.3 89.7+10.3  85.5%56
€ A48l cHTable 2). (M-AC), AuFollA A7 ] =2Ae v
& Had sl B3 F #3& Addle 1 gl #9 (ANS-U1), dePdA kol Med7bA1e] 2A el H]
A= Aol & Ho|=A] Table 244= ¢ + ¢}, 4 9 (Ul-Me), H9IA=(0J), +RIANZ(OB) =4 o
ojx 3 MErt 02 29 2 wpo oy apiAdo] gl M e B 37 vlaedAM fesle Aelrt gle AL
=A gotdy| Sl Fle T3 HAEABS o] &3l 2 Uepoh v FAE S (0PT.CVT), shetE®

L e B

& o] dial] FelaE 0.054A dulgls

(MNP),

TEHA(OP), AMed A FHY A (Me-CF1)

Hlwrt 7 F 238 B(pair) 22 JEPRUTHTable
3). FAFE 0.05904 <Jn|7t e #A HlaE AAEH
dedl, dEE59 Ht/CrRcdEd] diaide 2363 23
5gk oulgle ¥lwrt JHsstn, vl FA vne &
ggle Aol7t g&g vldtt. SAANLY g Flx
A9 v (Ht/Dp), $AHZANA 427t ARd= b
(MxA), MAAA Aldw AFE ZAura9 37
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Table 3. Tukey s Studentitized Range Test for Cluster Table 4. Significance of each variable for Clusterization
Comparisons. Cluster Analysis ANOVA
Variabl Cluster Comparisons Significant Variable STD R-squared p value
arianie -
at p=0.05 Ht/Dp 4.63 0.082 '
Ht/Dp ) CFA 2.30 0.273 0.0001
CFA 6-4,6-2, 6-7, 3-2, 3-7, 1-7 SPA 471 0.318 0.0001
SPA 7-3,7-6, 53, 56, 2-6, 16, 4-6 CrSp 2.80 0.274 0.0001
CrSp 2-3,2-4. 2-5, 64, 65 CrFe 2.82 0.226 0.0002
CrFe 56, 52, T2 MxA 1.91 0.066 *
MxA * MnA 2.46 0.245 0.0001
MnA 3-6, 3-2, 56, 52,42 Ht/CrSp 17.3 0.199 0.0015
Ht/CrSp 52, 4-2 Ht/CrFe 9.9 0.129 0.0454
Ht/CrFe 65 AMxP 4.05 0.494 0.0001
AMxP 65, 64, 6-1, 6-7, 34, 3-1, 3-7. 3-2, 57, 52, 4-2 PNS-CF4 261 0.182 0.0033
PNS-CF4  7-6,7-3, 2-6. 2-3 0d-CF4 4.90 0.322 0.0001
Om<CF4  7-1,7-3,7-6, 2-3, 2-6, 5-3, 56, 4-3, 4-6 Om-CF4 6.12 0.399 0.0001
M-AC * M-AC 2.75 0.086 *
CF1-CF5 64, 6-5, 6-1, 6-7, 6-2, 3-2 CF1-CF5 4.08 0.314 0.0001
RA 7-5, 76, 1-5, 1-6, 2-6, 36, 4-6 RA 5.26 0.390 0.0001
OoP 3-4. 36, 3-5, 3-1, 3-7, 3-2, 4-1. 4-2. 6-2. 52, 1-2, 72 OP 4.19 0.534 0.0001
2-5,2-7,2-6, 2-3, 24, 16, 1-3, 14, 5-3, 54, MNP 7.14 0.585 0.0001
MNP 74 63,64 Me-CF1 862 0.643 0.0001
Me-CF1 6-3. 64, 6-5, 6-2, 6-1, 6-7, 3-1, 3-7, 4-1, 4-7, 5-7, 1-5 N-ANS 215 0.166 0.0055
N-ANS 4-2.4-1 ANS-Me 2.15 0.166 0.0055
ANS-Me 14, 24 ANS-U1 2.10 0.084 *
ANS-U1 * Ul-Me 2.11 0.101 *
Ul-Me * UlA 6.23 0432 0.0001
UlA 35, 3-1. 34, 3-7. 3-2. 67, 62, 5-3, 5-2, 1-2, 4-2 L1A 8.29 0.526 0.0001
LI1A 3-5, 3-6, 3-2, 1-6, 1-2, 46, 4-2, 7-6, 7-2, 56, 5-2, OB 2176 0.132 *
0B ' OJ 3.33 0.186 0.0029
0J ! U1-CF5 3.29 0.303 0.0001
UI-CF5 34, 31,32 317 61.62, 67 OPT 10.36 0.864 0.0001
52, 5-3, 54, 5-1, 5-7. 6-2, 6-3, 64, 6-1, 6-7, CVT 5.62 0.639 0.0001
OPT 07,3747, 11
53, 54, 52, 51, 57, 6-4, 62, 6-1. 67, - i p20.05
CVT

3-1,3-7,4-7.2-1.1-7

* : No comparable clusters at p=0.05.

Zzt So] 2RI E o Qo] A=do] & FJEER e Table 5. Stepwise Discriminant Analysis.
5 . Vari A ed
2 L 2 glEe TolAI T 5l & Aol H
At e W ge AR de SAnRs M o Al o
(Ht/Dp). SAAEIA AokRr} A s ¥(MxA), M > b 09109 0.0001
oA A AFE Ad9dnz e 9 Az (M-AC), 3 MeCFl 0.2829 0.0001
A S FAAX DAY F2 AR (ANS-UL), &t 4 LA 0.3390 - 0.0001
AN MedANS $4A2(UI-Me) o2 vhgp 5 UlA 0.3369 0.0001
v} 6 Om-CF4 0.3972 0.0001
: _ _ 7  AMxP 0.4078 0.0001
SN 2 2R A A AledE RS WA o R 0001
2 Zohyy7) &) dAE HEARENS AYeged, 1 E 9 H/CrSp 0.4361 0.0001
3 A2 5 HFAHAA ABEZ ) S 291 AC3 10 0d-CF4 0.4520 0.0001
3 Wy o] %= ZA=(OPT)7} % WA A=, st 11 op 0.4587 0.0001
HA(MNP), MeA 2 ACF19l %72 (Me-CF1), set 12 OB 0.4700 0.0001
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A3 A%ZHL1A), BHEA AF2(U1A), OmAH A
CF42l 272} (Om-CF4) 59 Z SAlolA e 2 A
S = ArHTable 5).

2. Delaire’s AnalysisZ 0|28t prototype

tH(Fig. 4~10). AAIE prototypes
5 #3agael 4 498 FHdR

279 B4 olalst 2ot

1) @3 1 (Cluster 1, 228)

AR, FHAY 22 T F4HA HY el e
U, FAAZANA Aehs(MxA) S sl (MnA) 7t 234
AN FARFFIE AR B & (CrSp)el diE
o2 AA stetabd 9H(glenoid fossa) 7} AH$I x| Ho] Uk
(Fig. 4). 3% o] o]F& 2¥HHL Delaired ol mdt
o ZA HouR] GowA(+2.17  AAHTE+3.5")
A3 YA BANME ZAHY BAE o F1 k. a8
u, 7 JAE st ks A sl ramal axis7}

2 clustere] w]3) AWAA} Aol AoH6.5  AAH T
9.1°). 54H 22 ot X &Zo] B 85 2, Ko} ¥
A7170] At oj& o] - 718 el Fa3
EA4o|t}.

2) 3 2 (Cluster 2, 208)

TN EN A FAZAFEI} AR 8= B &(CrSp)e] Bl
Aoz Am, HYPZHSPA)L 113" (HAHH 117.10)=2
FAHAZL 2F(flexion)B&FE o] Fo] FENA(ACH)7}
AWAAE o] F1 JHFig. 5). st e A WY
so] dxn, FFF SAd(H0m)L FHF oz =
o it} stetE e RE FHZ 7 2 gonial angle2 B
°]®A ramal axis(RA)E 14.8 (AAHF 9.1°)2 7V
2 AMAALE Hol1 St} RE 7#AF slotZe AW ¢
A H=Me-CFD)7F 7V A3, et AA(U1A)
AR ol F1, gt MA(L1A)E A 45 A4t
HA BAlsta gl

. A~
i
=
=

=
=
o]

Cluster 2

Cluster 3

Fig. 5.
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3) 4 3 (Cluster 3, 124)

FANEN A FAZRFEIL 2R3t Bl&(CrSp)e] 3
Aoz zon FAE F3(Flexion)Ho] HEZH(SPA)
o] Az Fu(114":AAHT 117.1°), TFAAX
C4)7F AAALE | F2 3ltHFig. 6). 5E clusters A
gaetEst AC39 ol e ZH(AMxP)eol 71 AA
(92.5":AAH T 88.9") etz A3 A (anterior
rotation) o] At T wHHe] Delaire®] o} da
ggdo] sl 71-¢ 73] 3 (hyper-rotation) & 274 3|
Ao} (FF+8.83 AR +355) Ak, HAF= A
4 A A oA sletAe ol Add ez 7

Pgolu, oo AH B £5744E Hol 3 Urk

4) 73 4 (Cluster 4, 152)

FAAEAA FAAFE7E AA sk Bl & (CrSp)e] 2He
™ 735 da £/l 249 v&(Ht/CrSp)o] & F
Mg FdeE 2u iek(Fig. 7).

4etZ & 73 A (hyper-rotation)=Ho] wHHo] A4
W 314 Eo] (+5.33°) 9, EAH SR gonial angleo] 4
ez o2 FHuc 2, stegude] -11.2° (A
HE-1.8)2 Y A slAase] Q. o) B4l
ate} kA 17 (ANS-Me)©] 22 4 8g Bolx it

5) 73 5 (Cluster 5. 168)

SFAASE g FH2Ae 8&(Ht/CrSpiel & F
NZe] FelE 7HEA, AEZHSPA)L 120° = FHA7E
414 (extension) 5ol FFMA (ACA) 7t FBBAE o F
I tHFig. 8). FANAF A5 S4& ¥, o=

YolZof ZHE ol 2HY 15 PEDEAIS] £79 1 prototype HAIE #IEF o

AAE o] & T5AA (AC4) & AFE7] A5E 9lH (dor-
sal) 22 AAAA FAZEFZH(OPT, CVT)ol & 2345
Uelldoh, 35 31 (d0m)& FAe AA wet 4
x5 gt} sltEAdss 244 3§ 2 F M
TR = gl gy, FAAFZe] AA, 7|=8E
2 99 stz Aoz 49 ramal axis(RA)7F A
ARAAE Hol"dA ol &7t A s} gt (Me-
CF1). -

6) T3 6 (Cluster 6, 128)

FNAEA FAASFR7E AA sk W& (CrSple] 2
1, 3feteg] Bl (MnA)ol o} sretiAEest A 94|
so] it} F78A = 214 (extension) ¥ o] A& ZH(SPA)e]
H 119° (AAZE T 117°) 2 eEbscHFig. 9).

dE L BE clusterd A (anterior maxillary
pilla)7} 4C39 st o|F& Z=rt 71 2a(84.7:
HAFGd 88.9°), ACF4(Craniopalatal plane)ell thgt
HYF(ANS), A4E719 BH(0dH), FF5 4 (0Om
Aol A A TR A& APEIAH U,
T3 18FHe| Delaired] o]daEHHel dis] A3A
(hypo-roration) & %3 AA(-2.45 AAH T
+3.55° )50l k. et AFZHUIAE duAeR
TNSHAAE o F1L gt

aHetE 2 old Wl AEH ] 9ot ramal axis(RA)

& Fould Aoz AWEAL Agko] A &
sebdA AZZ(L1A)E BE clusters 7H Ao A

AZA3AE ol 52 sl

o i

o,

i'

Cluster 4

<
(= g
< 0—>

Cluster b
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Cluster 6

g-”

N

S

Cluster 7
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=W/ =

A
~J—1

Fig.9.

T 23 7 (Cluster 7, 93)

TR, SRS & AfolE Bola YAIgeY HE
ZHSPA)°] (H¥ 120.3°)2 FHAZ AR FHEA%
(Ac4)7t FaAE] Qlth(Fig. 10). A2 A 4
o (AMxP)7} HC3%} o] F+& Zto] Zto} FHMA|Eof gl
on, F5F 3 (0mA)H A4E7] AR (0dR)Y 43
A A& ACF4d tal 25 235 71 A 9x)5 o
ok AR o2 FAFZHOPT, CVTel 22 76.9°,
74.1°(AAQHF 89.7°, 85.5° )2 BE cluster® 7H¢ &
o AF7F TAHALE ol B9 wet dlefE R b 34
510} ramal axis(RA)E 4.0°(RAHF 9.1°)2 =&
clusterg 71 22 AWHALE Holw jlon, MeF:
M HlE) P o] ik

FAY AFE gutd o skeletal Class 119 @ Ejo)
7V7& A (extension)® FHE Holxn, Ats w3
ot (AMxP)7F A C3el thal) 34 AAb=of gioh, =3 4
AAUIAE Ao B T2 PHSHEAE o F
A (LIA)E E471AE HolX| Yol Az ez
ZBAE o] F1 it} B FHL o E UHR| 67 23
& 02 AT BAE HoldA Unz] 2350
o HFH o FAA o2 A FAMIe]
22 Hojale Zo|th(Fig. 3).
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Fig. 10.

B ADNE B Ao Fasitin A Ao i}
Precious®} Delaire’' & 53], T/ 33443
Z8% AL FAFAT AFQ 5oy o3t &
S7okA BdAe] et 24 g4 50 AR 2%
&g g9 e ¥ ool 3 AN o] E HAolE
ol U F83ttn sttt £ T

N
o

].

oyt

4 A4%E oA gon 74 2283 §7144 B
kil Age A& AA sty e,
FEE 71F Aot Wk i FE, A,
S =
o
%

2 oX
e
2
A=)

3

ot 2 tio

T L
rob off rok {o o™ 12 41 48 rio

X

1
p

she HA SRS 1 8 S3H0] B
A9 F942 AAAQT. §9, AEDE F29 7

c

=3
ra

& olgje] A2 Bz EAl7t Yirka A
HHA T RIS o1FAY 233 24250 BAY
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= Qe 279 BAE TH 4 9, FAEHE o
48 72 Mackay 500 244 I3 ¥4 a¥Ael
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Fig. 11. Distribution of individual occlusal planes accord-
ing to the difference between Delaire’s ideal occlusal
plane and real occlusal plane.
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