
Japanese Orthodontic Society

NII-Electronic Library Service

Japanese 　Orthodontio 　Sooiety

385

奪 蠡畷癖 鞭 畿 轟窰認 瘻蠶疑勢響蔀

Diagnostic　indices　using 　multivariate 　analysis 　to　evaluate

skeletal 　and 　soft 　tissue　problems 　of 　orthodontic 　patients
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Abstract ：The 　purpose　Qf　this　cepha1Qmetric 　investi・

gati〔〕ll　was 　undertaken 　to　develop　a　severity 　index　of

hard　tissue　（SIH）　and 　severity 　irldex　Df 　s 〔，ft　tissue

（SIS）．The 　subjects 　were 　482　Japanese　female　patients
of 　the　perrnanent 　delltition．　All　the 　data “

厂cre 　derived

from　il／itiaHateral　 cephalometric 　 radiographs ．　From

the　many 　skeletal 　measurements 　currentl ｝
厂used 　wide ・

1y，　 we 　 llarrowed 　 down 　 this　 list　to　 select 　the　 mail 】

measurements 　that　charactcrize 　bo しh　skclctal 　and 　soft

tissue　problelns 　using 　multivariate 　analysis ．

　When 　SIH 　and 　SIS　were 　f〔，rmulated ，　distribution　of

discriminant　 scores 　 of 　SIH 　 and 　SIS　for　 IlormaI ，　Class

II　grc．）ups 　 were 　drawrl　for　c 】inica］use ．1）ecisioll 　for

Qrthogllathic 　surgery 　in　skeletal 　Class　Ili　patients 　was

also 　 applied 　 with 　these 　 SIH 　 and 　SIS．　 As　 a　 result ，

SIH ＝0．61 （Wits　 appraisal ）− 0．42 〔APDI ）十 37．52　and

SIS；1．41 （upper 　E −linc）− 0．26 （cant 　of 　uppcr 　lip）−

0．ユ2　（nasolabial 　angle ）十 1．54　（labiomenetal 　sulcus ）＋

lLO2，　 These 　 indicies　 were 　 f〔｝und 　 to　 be　 usef しll　 for

diagnosing，　 making 　treatment 　 plan　 and 　 evaluating

treatment 　 result ．

　Two 　treated 　cases 　were 　presented　 as 　examples 　to

sh 〔〕w 　how 　these　indices　 should 　be　 applied ．

　　　（J．Jpn．　Orthod．　Soc．54 （6）：385〜396，1995）

多変量解析 を用 い た 硬
・軟組織の診断指標

抄録 ：硬・軟組 織 の 難易 度 の イ ン デ ッ ク ス （SIH と SIS）
を 作成す る た め の 側方頭部 X 線規格写真 を用 い た研 究 を

行 っ た．SIH と SIS の 作 成 に 際 して，臨床 応 用 を 目的

に 正 常 咬合 とII級 咬 合群 の 判 別 分析 を行 っ た，　 III級患者

に 対 し て は，外科手術 の 適応を 判別す る た め に，SIH と

SIS を 使用 し た、資料 は 482名の 永 久
．
歯列 の U 本 人 女子

で あ る，す べ て の データ は，初 診 時 の 側 方頭 部 X 線規格

写 真 を用 い ．た．今 日広 く使 用 さ れ て い る 骨格的計測項 目

の 内か ら，多変量 解析 を用 い て 硬 ・軟 組 織 の 問題 と な る

特 徴 を 選 定 し た．そ の 結 果 ．SIH ＝ o．61　 （Wi 匸s

appraisal ）− 0．42 （APDI ）十 137．52，軟組 織 の 評 価 SIS二

1．41　（upper 　 E −line）− D．26　（cant 　 of　 upper 　lip）− 0．12

（nasolabial 　angle ）←1．54 （1abiomenetal　sulcus ）→ U 、02

で あ っ た ，こ れ ら の イ ン デ ッ ク ス は，診 断，治 療 計 画 の

立 案 お よ び 治療 結 果 の 評 価 に 有 用 で あ る こ とが 判 っ た．

　　　　　　　（日矯正 歯誌　54 （6）：385 〜396 ，1995 ）

Introduction

　Antero−posterior　 skeletal 　 discrepancy　 has　 been
evaluated 　 by　several 　 cephalometric 　 measurements

such 　 as 　ANB 　 anglei
，，　A 　B　plalle　 angle2

♪，　A 　to　N
−Po3 ），　 archial 　 concept4 ｝，　 Harvold

’
s　 triangle5），　Wits

appraisa16
）

，　APDP ，　and 　nasion 　perpendicular　to　A ＆

Ps｝．　These　analyses 　have　been　 clinically 　useful 　and

widely 　 accepted 　 for　 years．　 However ，　 except 　 for
APDI ，　the 　measurements 　were 　not 　devised　statisti一

cally 　 but　 simply 　 determined　 geometrically ．　 For

exalnple ，　ANBang ］e　was 　determined　as 　a 　Ineasure −

ment 　for　 assessing 　the　 antero 　posterior 　 jaw　 rela −

ti｛mship 　because　pDints　A 　and 　B　are 　geometrica 廴ly

anterior 　limlts（卸f　the 　upper 　and 　lower 　denture 　bag．e，
although 　no 　statistically 　proof 　has　been　given ．

　 The 　 APDI （Antero−posterior　 d｝
・splasia 　 indica・

tor），on 　the　other 　hand ，　was 　derived　fr（，1n　the 　corre −

latlon　 coefficiellt 　 to　 molar 　 displacement　 and 　 its

value 　 was 　the　sum 　of　the　facial　 angle ，　A 　 B 　plane

angle 　 and 　 palatal　 plane　 angle ．　 A 　 combination 　 of

N 工工
一Eleotronio 　Library 　
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such  statistical]y  significant  measurements  sheuld

provide a  better differential diagnosis. However,
the  parent group  age  to devise APDI  was  from  8 to

14 years in both  sexes  that included growth  differ-

ences.

  Sassouni and  Nandag)  reported  that  young  people

have  smaller  morphological  differences than  adults

because the  clifferences are  exaggerated  with

growth.  Therefore, sample  age  should  be unified

and  adult  must  show  the  group  characteristics  clear-

ly. Moreover, the initially listed cephalometric

measurements  of  the APDI  study  were  only  13

variables  that seemed  to be selected  basicallv from

authors  clinical  experience.  Furthermore, although

corre]ation  coefficient  values  and  the statistica]

power  of  each  measurement  were  different, resul-

tant  formula was  simply  sum  of  those  measurement

value.

  Therefore, probably, there has been no  ce-

phalometric  method  derived pure  statistically

except  our  previous studyi"),  "ie  have  developed

sever{tv  {ndices for Class II and  Class III maloc-      -clusions
 separately  and  feund  to be  effective.  In that

study,  how･ever, dcntal as  well  as  skeletal  variables

were  inc]uded for deciding treatinent  method.  As a

result, the most  major  variable  to discriminate the

severit}, was  overjet,  which  was  clinically  a  matter

of  course,

  The  purpose  of  this cephalometric  investigation is

to understand  the skeletal  factors which  cause

antero  posterior prublems  to devise a severity  in-

dices both in hard (SIH) and  soft  (SIS) tissues.

When  SIH and  SIS wi]1  be formulated, distribution

of  discriminant scores  of  SIH and  SIS for Normal

occlusion,  Class II and  Class III groups  will  be

drawn  for clinical  use,  In order  to test if SIII can  be

applied  for a decision to take  orthognathic  surgery

instead of  orthodontic  treatment  in Class III cases,

discriminant scores  and  frequency of  those treat-

ment  selection  will  be drawn.

           Subjects  and  Methods

I. Subjects

  The  subjects  for this  investigation were  482

female patients who  visited  the Department of

Orthodontics, School  of  Dentistrv, Aichi-Gakuin

University and  other  related  orthodontic  clinics  in

Nagoya. Fifty patients were  diagnosed with  Nor-
mal  occlusion,  216 patients were  diagnosed with

Angle's Class II division 1 malocclusion  with  rnore

        

        
        

       
        

        

       
        

       
      1S  25  Gn  49
      2Na  26  Me  50

      3  Rhl 27  L-Peg  5I

      4 Rhl 28 L-B  52

      5 0r  29  1nf' 53
      6 ANS  30 L-Go  54
      7A  31 Go  55
      8 Pr 32 P-Go  56

      9  U-1 33  R2  57

     10  U-IR  34  DCI  58

     11 Pr' 35  Ar  59

     t2 P3  36 P-Cd  60
     L3  P6  37  Cd  61
     L4  PNS  38  A-Cd  62
     15  DCI  39  DC2  63

     16 Cl 40 P-R3  64
     17 MCI  41 R3 65
     18 L-1  42  A-R3  66
     19  L-IR  43  Cr 67
     20  lnf 44  L-Cr  6B
    21B  45  Rl  69

    22 Pm  46  Po  70

    23  R-Peg  47  Ba 71
    24  Peg  48  Pt  72

         Fig.1

than  6mm  of  overjet  and

negative.  IVe defined
which  show  Angle's Class

jet and  overbite,  Age  of  the

18 and  30 years old.  All

initial Iatera] cepha]ometric

teristics of  the 3 groups  are

then, 2 epposite  group$,

groups  will  be compared

variables  to differentiate

ancy.  Normal  occlusion  in

test if those individuals

",ith  the average  being O.

II. Cephalometric  analysis

  Ninetv-six

ing to find average  tracing

2-a, 2-b and  2-c). Fifty-f

surements  of  the skeletal

frorn the following methods

1 ) 8 values  from  VvrylieiOi

2 ) 12 values  from Coben'i)

 Ptm  73  SL[
 Xi 74  Ps'

 D-U6  75  Ps
 U6  76  Ps'
 M-U6  77  U-MeS

                          D-L6  78 GnS
                          L6  79  L-MeS
                          M-L6  80  Hyol
                          Gla  81 Hyo2
                          Gla' 82  Hye3

                          NS  83  Hyo4
                          ln 84 C2-1
                          NTd  85  C2-2
                          NT  86  C2-3
                          Prn  87  C2-4
                          Prn 88 C2-5
                          Cm  89  C3-1
                          Sub  90  C3-2
                          SLS  91 ¢ 3-3
                          LS  92  C3-4
                          LS'  93  C4-1
                          Stom  94  C4-2
                          Ll' 95  C4-3
                          Ll 96  C4-4

               Cephalometric landmarks

                         the same  size  of  216

patients with  Angle's Class III in which  overjet  was

                   normal  occlusion  as  subjects

                         I molar  relation  with

minimum  crowding  or  rotation  and  2-3 mm  of  over-

                         subjects  were  between
                     the data were  derived from

                          radiographs.  Charac-

                          first of  all, described

                      that are  Class Ir and  tll
                        to obtain  the  effective

                       antero-posterior  discrep-

                       dividuals will  be used  to

                      distributed in the middle

            ]andmarks  were  plotted on  each  trac-

                        of the  3 groups  (Fig. 1,

                        our  cephalometric  mea-

                         pattern were  selected

                         :
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[ij)lr

-

b

a. An  average  tracing of  adult

   female Normal  occlusion

   group  (N=5e)

f

b. An  average  tracing  of  adult

   female CIass II group  (N=
   216)

          Fig.2

c . An  average  tracing of  adult

   female Class III group (N=
   216)

3 ) 10 values  from Graberi2)

4 ) 14 yalues  from Ricketts]")

5 ) N-S-Ar  from Bjo"rki`,

6) 3 values  from  Kimi5]

7) 2 va]ues  from Kamiyama  and  TakiguchiiG)

8 ) 3 va]ues  from McNamaraS}

9 ) the "rits appraisal  from Jacebson6)
  Twenty-nine cephalometric  measurements  of  the

soft  tissue were  selected  from  the following

methods  ;
1 ) 7 values  frem  Kimura  et al.i7)

2 ) 13 values  from  Legan  and  Burstone'S)

3 ) 2 values  from RickettsLS'

4) 1 value  from McNamaraS)

5) 1 value  from  MerrifieldiY)

6) 3 values  from  Powell  &  Humphrey20)

7) other  two  values.

  After landmarks  and  reference  planes were

drawn, the data were  inputted to a personal  com-

puter  (PC-486, EPSONTTM  with  the use  of  a  digit-

izer, KD3200"i", GJraphtec). The  locution of  each

landmark  on  the x  and  y axes  was  calculated  with

a  cephalometric  analyzing  program  (Versa STAT.

Yasunaga  Laboratory Co., Ltd) and  statistical  pro-

gram  (HALBOU,  Gendaisugakusha).

  Three step  statistical  mode  was  applied  to se]ect

significant  variables  to making  simple  formulae

(Fig. 3).

III. Statistical analysis

  Because rnost  major  above  measurements  were

first of  all  listed in order  to avoid  personal thinkings

or  clinical  experiences  and  to make  this study  been

Fig.3

t test

eeCluster
 analvsis

    
-
 E･

      i'

Discrirninant
  analvsi$

/

       
'/tt{t' t'

       
t.t.t

  Seve-tv  indicator

Three  step  mode  statistical

selection  of  variables

more  scientific,  three step  statistical  mode  was

applied.  This  procedure  may  select  significant  d{ag-

nostic  measurements  that distinguish Class Il and

Class III skeletal  characteristics.  Normal  occlusion

samples  were  excluded  in this procedure  to make  it

easy  to identify the characteristics  that differenti-

ate  the  antero-posterior  skeletal  problems.

IV. T-statistics

  The  mean  differences between C]ass II and  Class

III groups  in each  measurements  were  calculated

using  t-tests. We  then selected  variables  tu discrimi-

nate  the  Class II and  Class III groups  using  signifi-

cant  values  (p<O.OOI) from the t-tesL There should

be many  variables  that have sirnilar  bio]ogical
meanings  in the  variables  that  were  selected  with

t-test. Therefore,  c]ustering  sirnilar  variables  to one



Japanese Orthodontic Society

NII-Electronic Library Service

JapaneseOrthodonticSociety

388J,  Jpn. Orthod  Soc. 54(6):385--396,  1995

group  is required  for the next  step.

V. Cluster analysis

  The  object  of  this analysis2i)  is to see  whether  the

individuals or  variables  can  be formed into any

natural  system  of groups. The  number  of groups

may  not  be specified  in advance.  The  individuals or

variables  can  be grouped  in an  entirely  arbitrary

",ay,  but the investigator seeks  a system  such  that

the  individuals within  a  group  resemble  each  other

more  than do individuals in different groups.  Six-

clustering  methods  have been tried first for group-
ing multivariate  data  in this study.  Among  the

results  of  the  6 different cluster  analyses,  the den-

drogram of group average  method  was  found to be
the  most  reasonable  in cephalometrically  biological
meanmgs.

  Measurenients within  each  cluster  with  the high-

est  t value  were  selected  as  representatii,e  vari-

ables  of the clusters.

VI. Discriminant analysis

  Explanatory N,ariables  were  selected  with  partial

F statistic values  more  than 10.0 by using  stepwise

modes.  The  coefficients  of  the formula to calculate
SIII and  SIS were  determined by this analysis.

  Finally, ranges  of clinical  norrns  for SIH  and  SIS
were  determined;if  the discriminant score  of a

certain  patient  was  outside  of  one  standard  devia-

tion of Class II or  Class III group  toward  normal

side  (zero), the individual would  be classified  as

norn]al,

Vll. Application  of  SIH  and  SIS for Class II and

   CIass Ill cases

  Case l was  a  female patient who  ",as

        at  the initial visit. Conx,entiena] ce-

phalometric  evaluation  revcaled  skeletal  Class III
and  diagnosed  as  Angle's Class III malocclusion.

Two  jaw surgery  ",ith  non-extraction  orthodontic

treatment  was  planned.

  Case 2 ",as  a  fema]e  paticnt who  was

        at  the initial visit.  Conventional ce-

phaloinetric ex,aluation  revealed  skeleta]  Class II
and  diagnosed as Ang]e's Class II division 1 maloc-
clusi{}n.  Extraction ef  fc)ur first bicuspids followed

by edgewise  appliance  with  LIead gear  and  Class II
e]astic  use  were  planned.

                  Results

 I T-statistics

  The t-tests revealed  39 significant  measurements

out  of  the initial 54 (p<O.OOI) for skeletal  measure-

ments  (Table 1) and  20 out  of  29 measurements  for

soft  tissue evaluation  (Table Z).

ll, Cluster analysis

  Sixteen clusters  "Jere  selected  by  means  of  cluster

analysis  (group average  method)  for skeletal  mea-

surements  (Table 3) and  8 clusters  for soft  tissue

ineasurements  (Table 4). The  skeletal  measure-

ments  with  the  highest t-N,alues  ",ere  selected  frorn

each  cluster  as  follows : APDI, Ramus  position,

Corpus length, Ar  C}o, XVits appraisal,  Ramus  to

SN, rv'Tandibular arc,  Ptm-,aL, N-S, Ba N,  Porion

location, S Ar, Y  axis  to SN, ,ALns-Me,  Gonial

angle,  and  Cranial deflection. The  soft  tissue mea-

surement  with  the highest t-values, on  the other

hand, were  selected  as  follows ; pt'Ierrifield's Z

angle,  Cant of  Upper Lip,Stom-",Is, Upper E.-line,

Nasofacial angle,  lvJerti. Iip chin  ratio,

Labiomental sulcus,  and  Nasolabial angle.

III Discriminant  analvsis

  Results of  discriminant analvsis  for skeletal  and

soft  tissue  measurements  are  shown  in Tables  5 ancl

6. The  explanatory  variables  derived through  the

above  3 stepwise  statistical  analyses  were  finally

the following cephalometric  measurements  ; for
skeletal  measurements,  APDI  and  "Jits appraisal  :

and  fur soft  t{ssue measurements  : Upper  E  line,

Cant of Upper Lip, Nasolabial angle,  and

Labiomentalsulcus.  For  skeletal  measurement,  the

estimated  discriminant  error  rate  was  2,060/o, the

apparent  error  rate  was  98,15%, which  indicated
high rate  of discrimination between C]ass II and

Class III from the confusion  matrix2S'.  Mahalanobis

generalized  distance between Class II ancl  Class III
was  16.69. For soft  tissue measurements,  the esti-

mated  cliscriminant  error  rate  was  4.100ffe, the  appar-

ent  error  rate  was  96,5396, and  Mahalanobis gener-
alized  distance between Class II and  Class III was
IL.10. These  numbers  are  the  mean  differences

between the  two  groups, and  is called  Mahalanobis'

generalized  distance. Large apparent  error  rate

indicates that this formula can  be reliable,
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Tablel  Parent  groups

Valuable

XVylie
 N-S
 N-Me
 N-Ans
 Ans-pt'Ie
 A'-Ptm'
 Cn-Cd

 Pog'-Go
 Cd-Ge
Coben
 Bk-N
 Ba  S
 Ar  Po
 Ar  GJo
 Go  Po
 Ptm･ A
 N-M
 N-,ALns
 Ans-M
 S-Ar
 S-Go
 S-GnNorthwestern

 SNA
 SNB
 SNP
 ANB
 FH  to SN
 NF  to SN
 Y  axis  to SN

 pt'Ip to SN
 Genial angle

 Ramus  to SN

Jacobson
 WiLs appraisal

Kim
 A-B  to Mp
 ODI
 APDIRicketts

 Faeial axis

 Facial depth

 pt'Iandibular plane
 Lower facial height
 Mandibular arc
 Totul facial height

 Convexity
 Cranial deflection

1 descriptive and  inferential statistics  for skeletal  measurements

-.
ClassII(N--216)iClassIII(N=.216)t-value

MeanS.D.pt'IeanS.D.
Sig.

Cranial length anterior
Cranial length posterior

 Posterior facial height
 Ramus  pesition
 Porion location

 Corpus length
]v'IcNamara

 Nasion  perp, point A
 Co Point A
 Pog  to Nasion  Per.
Bjork
 N-S  Ar
Kamivama   J
 SN, Ar-Gn
 FH  to NF

{nun)(mm)(mm)(mm)(mln)(mm)(mm)(mm>(mm)(lnn])(mni)(mm)(mm){mm)(lnnl)(:nm)(mm)(nlm)(nlm)(mm)

(･(((.((.(.{

 
.･(･(.

))))))))))

(mln)

({(
･)･},)(.)(.)(･)(

 
.
 )(.)(･}(Inm)(･)(mm)(mm)(mm)(･)(mm)(mnl)

(mm)(mrn)(mm)(･}(･(.))

69.4131.859.576.549.7115.676.258.1109.248.6108.546.777.450.0130.458.871.6,o,L?.679.0127.:l79.273.372,8

 5,912.511.477.843.1124.898.2

4.772.171.076.280,285.830.651.429.866.96.730.858.7tt)O.668.374.,142.26

 7･ .3

 2.086.3-9.2127.962-1.9z

3.06.22.95.82.95.44.45.34.02.7i,.6i,.64.62.85.82.95.12,96,45,63.43.53.82.42.8?,

 .14.37.i)7.45.63.3

5.7.4.9194.63.36.95.35.76.23.

 ,D,2.22.62.95.7323.13.83.44.37･

 .45.15.32.8

67.6131.458.674.147.5125.581.661.6le6.648.1119.051.282.647.7]31.157.973.231.681.5135.1

79.080.880.1-L812.811,872,339.8128.791.1-9.757.056.095.086.693.427.0i)O.527.565.2-1.831.757.i)49.167.381.340.076.62.84.･7,o24126.5

58.6-1.0

3.07.13,25.83.36.14.43.84.43.16.04.04.43.37.13.15.63.04.96.63.63.73.82.83.23.64.26.47.65.7

4.56.z5.4454,53,35,74.95.65.73.52.7L.73.34.74.02.94.33,84,67･

 .25.44.73.1

6.4O.63.04.37.717.712.77.8

6.61.818.79.51].87.9L23.03.23.64.613.2O.721.519.830.9O.8

 1.313,4q,95,413.2

38.22t5.621.437.414.623.95.8

 1,94,33,O26.1

 3.7
 4.7
 ･i.9
 2.019.9

 7.523.8o.o4.923.7

2.78.8O.6

***

 ********************************

 **

 ***********

*********

************

************************

 **************

  **********

******

*****

*:P<O.05,  **:P<O.Ol,***:  p<o.eol
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Table2  Parent  groupsIdescriptive  and  inferential statistics  forsoft  tissue measurements

Valuable
ClassII(N=.216)ClassI[I(N=216)

MeanS.D.MeanS.D.t-valueSig.

Soft tissue (Horizontal)
  Na  perp. Gla

 Gla perp. SN

 GIa perp. In

 Gla perp. Pn

 Gla perp.  LS
 GIa pep.  LI

 Subna  perp. Pn

Legan  &  Burstone

 Facia] convexity  angle

 Maxillary prognathism

 Mandibular  pr{)gnathism
  Gla-Sub

  Sub-Ms
  Vert. II. rat

  Nasolabial angle

  Upper lip protrusion
  Lower  lip protrusion
  Labiomental  sulcus

  Sub-Stem

  Stom-Ms

  Vertical ]ip-chin ratio

Ricl{etts

  Vpper E-line

  Lower E-line

McNamara

 Cant  of  Upper Lip

"･lerrifield

  )･lerrifield]s Z angle

Pewell &  Humphreys

  Nasofrontal angle

 Nasofacial angle

 Nas{)mental angle

 Gla'Subna  to FII

 GIa'Spog  to FH

(mm)(mm)(mm)(mm)(rnm)(mm)(rnm)

{･)(rnm)(mm)(mm)(mm)

(･>(mm)(mm)(mm){mm)(nlm)

(mm)(mrn)

(･)

(.)

(.)(･)(･)(･)(･)

 87-16-262(}

 9135

 8413.4

 18.1

 7.6-6.476.575.8

 1091.4

 9.l

 8.9

 5.225
 548

 9

 O.5

2.55.3

21.5

60.2

142.9

 32.1130.5

 95.787.5

1.61,O1.5334.45.417

 58

 :l 7

 81

 51

 51

 Ol11
 ,o,

 l8

 32

 13244.2O.1

2.43.4

7.9

8.8

6,23.749293L)

 9.0-1.5-2.321.714.016.4

 13.9

 2.2

 7811
 477.27

 7･ .5
 LO87

 3

 54

 6.7

 3.523,154.3

 04

-3.9

 1.2

24.8

79.3

142 526
 2141
 O95.894,8

L7111.7:1

 .94,9601.8

 60

 44

 75

 52

 52

 Ol11
 1

 l,72,3

 Ll2.84.0O.1

222.7

8.5

7.8

633.9.rn.I3.43.2

 L8

 L6

 1,4

 21
 11I4

 53.1

27 8

 0623
 5

 13

 3.6

 1.7

 3821,9

 8415
 3

 9.413

 417
 O

28.313,6

4.2

24.1

 O.616.321.7

 0323,6

*

***

 **

***

***

***

*********************

******

***

***

******

***

*I  P<O.05.  **  : I]<O.()L ***  : l] <O.OOI

IV. Severity indices

  Explanatory variables  were  selected  to develop

indices to describe anteru-posterier  problems  of

skeletal  and  soft  tissues. The proceclure  was,  first ef

al],  to conduct  discriminant ana]ysis.

  The  resulting  fonnula for Slll is as  follow･s;
SIII=O.61  ("'its appraisal)-O.42  (APDI)+,',7.52
and  that  for soft  tissue;SIS=1.41  (Upper E
-line)

 
-O.26

 (Cant of  Upper  Lip) -O.12 (Nasolabia]
angle)  il.54  (Labiomental sulcus)  +11.02. Further-

more,  the possibility of  clinical  application  for these
indices was  investigated by using  the  present sam-

ples. As  shown  in Figures 4 and  5, the  frequencies of

Class II cases  are  located in the right  hand side,

where  discriminant score  is positive, and  those  of

Class III cases  are  Iocated in the negative  score  side,

and  Normal  occlusion  individuals distributed in the
middle  with  the average  being zero.  MoreoN,er, as

shown  in Figure  6, the frequenc}, of  orthognathic

surgery  increased as  discriminant score  clecreased.
Means  and  standard  deviations of  discriminant
scores  in Class III and  Class II samples  for SIII
were  

-8.34
± 4.49 and  8.34± 3.61 respectively.  Those

for SIS were  
-6.05

±3.39 and  6.05± 3.55 respective-
ly. Therefore, ranges  of  c]inical  nerms  for SIH and

SIS may  be determined  as  discriminant scores
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Table  3Cluster  analysis  of  skeletal  measurements(group  average  method)

t-va]ue/

Facialdepth 23.9

PogtoNasionPer, 23.7
iAIjDI 37.4

GlSNB ZI.5

SNP 19.8

Facialaxis l4.6

G2'RamusPosition l9.9

/
Pog7-Go 12.7

Go-Po 11.8

Gn-Cd 17.7

Gi3Ar-Po 18.7

S-Gn 13.l
*Corpuslength 23.8

CdGo 7.8

G4*ArGo 9..5

SGo 4.6

'/

ANB 30.9

Convexity 26.1

G5'Witsappraisal 66.6

A-BtoMp 38.0

ODI 25.6

/

/

G6'RamustoSN 13..7.

G7'Mandibulararc 4.3

A'-Ptm' 7.7

G8'PtmA 7.9

Co-Point.nL 4.9 /

/*N-S 6.4

G9Craniallengthanterior tl.7

'Ba-N 6.6

GIOCraniallengthposterier 4.9

Gll'Porionlocation 7.5'

G12'S-Ar 3.6
'Y-axistoSN 13.4

SN,ArGn 8.8

G13MptoSN 4.9

Mandibularplane 5.8'
G14*Anspt'le 4.?,'

G15'Gonialangle 5.4

G!6'Cranialdeflection 3.7

' : rL･Ieasurements within  each  cluster wjth  the hightcst t

toward  normal  side  from Class III and  Class II by

one  standard  deviation. Discriminant  score  outside

of one  standard  deviation toward  zero  (normal
side)  for Class III and  Class II groups  were  larger

than  -3.9 and  smaller  than  4.73, which  weuld  be

clinical  norm  of  discriminant  score  for SIH, For

SIS, clinical  norm  of  discrirninant score  would  be

larger than  
-2.7

 and  smaller  than  2.5 as  a  clinical

norm.

V. Examples  to evaluate  treatment  changes  using

   SIH  and  SIS

  Case 1 received  two  jaw surgery  with  non

vattte

-extracted orthodontic  treatment.  Treatment

period was  2 years  5 months.  Fig. 7 shows  ce-

phalometric  changes  during the treatment. Table  7

shows  SII! and  SIS scores  at the initial visit,  just
before surgery,  and  at the encl of  the treatment.

  SII{ and  SIS scores  at  the initial visit  was  
-19.5

and  -8.Z which  indicated severe  skeletal  Class III,

whereas  SIH  aiter  the  orthodontic  treatment  com-

bined with  surgery  was  -9.5 which  still  indicated

skeletal  Class III. IIowever, SIS after  the treatment

was  -1.9 which  is within  a  normal  range.

  There  was  a  big skeletal  improvement because of

orthognathic  change.
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Table 4Cluster  analysis  ef  soft  tissue(group  average  method)

tvalue
Mandibularprognathism 23.5
Gla-SPogtoFH 23.6

GlGlaperp.Li 14.5
'Memmifield'sZangle

24.1
Nasomentalangle 21.7

GZ'CantofUpperLip 4.2
Sub-Ms 3.6

G3'Etom-)'Is 13.4'
Lowerlipprotrusion 8.4
LowerE-line 13.6

G4Upperlipprotrusion 21.9
'UpperE-line 28.3
Facialcom,exityangle 27.8

G5'Nasofacialangle 16.:l
Sub-Stom 9.4

G6'Xierti.lip-chinratie 17.0
/

G7'Labiomentalsulcus 15.3
G8'Nasolabia]angle :3.8

'

 : rL･Ieasurements within  each  cluster  with  the hightestt-value

Table5  Discriminallt analysis  of  skeletal

        measurements

Table6  Discriminant  analysis  of  soft  tissue

MeasurementDiscriminant
 coeffic{ent

F  value

MeasurementDiscriminant
 coefficient

F'value

API)IWits

 appraisal

Constant

-O
 4Z

 O 61

37.52

77.2293.97

Upper  E-line

Cant  of  Upper I.ip

Nasolabial angle

Labiomental  sulcus

Constant

 1.41-O.26-O

 12

 1.54

 11.02

609.8IS

 69,64
 2. 6.84110.10

Mahalanobis' genera]ized  distance

            Class I group

            Class III greup
Estimated  discrirninant error  rate

Apprent  error  rate

    16,69

 8.34± 3.61
-8.34

± 4.49

    2.06%

   98.15%

Mahalanobis' generalized  distance

            Class I group

            Class III group
Estimatecl discriminant  error  rate

Apprent error  rate

   12.10

 6.05± 3.55
-6

 05=3.39

    4.10%

   96.53%

  Case 2 was  diagnosed as Angle's Class II division
l inalocclusion.  Four first bicuspids were  extracted

to start  with  edge",ise  appliances.  Treatment period
was  3 years.  Fig. 8 shows  cephalometric  changes

during the treatment, Table 8 shews  SIH and  SIS
scores  before and  after  the treatment.

  SI}I and  SIS scores  at the  initial visit  was  15.1

and  8.9 which  indicated severe  skeletal  Class II,
whereas  those after  the orthodontic  treatment  was

7.9 and  4.8 which  still indicated skeletal  Class II.
Dental compensation  to  camouflage  this skeletal

discrepancy  was  found to be  performed.

                 Discussion

I. Sample  distribution

  In the present  study,  the  subject  size  of  Class II
and  Class III were  even  and  216, so  that mean

discriminant score  became zero.  Sample  size  of

each  group  should  be more  than  3 times, hopeful]y 5
times  of the number  of  variables  if the  parent  group

would  show  normal  distribution when  multivariate

analysis  would  be performed  as  described bv
Foley23). The  resultant  numbers  of the present  three

statistical  mode  analysis  for SIII and  SIS were  2
and  4, which  are  smal]  enough  not  to decrease
reliabilities  of  the  analyses.

II. Selection of  measurements

  From  the many  skeletal  measurements  in wide

use  today, we  narrowed  do",n this Iist to select  the

mam  rneasurements  that characterize  skeletal  prob-
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Severity indet of  hard tissue I SIH
Frequensy
100
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 60,

 40
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  o

ClassIII ClassII

tttt
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Fig.4 Distribution of  discriminant Scores for Class III, Normal  and  Class II groups.

                       Severity indet ef  $oft  tissue ] SIS
Frequency
70

6e
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40

30
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1,
 .1tt
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l''
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------- 's･tt's..'g
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s''X

kijs'

                                              
'l

                            i                                            //･

                                            
'il'

             o

                                                    3-4

           Fig. 5 Distribution of  discriminant Scores for Class III, Normal  and  Class II

lems. In order  words,  experimental  ancl subjective  scribed  with  this analysis,

factors were  eliminated  and  a  three  step  selection  Two  common  skeletal  measurements  were  APDI

was  applied  from both statistical  and  objective  and  and  Wits appraisal,  APDI  is the sum  of  facial plane

stand  points. The  first step  was  a t-test with  only  angle,  A-B  plane angle  and  palatal plane to F. H.

significant  measurements  being selected  (p<O.OOI). plane angle.  However, we  found  that sum  of these

The  second  step  was  cluster  analysis  (group aver-  angles  was  actually  the  same  as  angle  of A-B

age  method),  and  with  this, measurements  with  high plane  to palatal plane geometrically, Therefore,  the

degrees  of  similarity  were  classified  in the same  resulting  formula for SIS is as  follows ; SIS=:O.61

group.  Then, those with  high t-values  in each  clus- (VLJits appraisal)-O.42  (A-B plane to palatal

ter were  selected.  The  third step  was  discriminant plane)+37.52.  0n the other  hand, Upper  E-line,

analysis,  performed  in stepwise  mode  for each  Cant of  Upper Lip, Nasolabial angle,  and

measurement  zzrith a  signtficant  partial  F-value Labiomental sulcus  were  the significant  measure-

more  than  10.0. Morphological  factors were  de- ments  for soft  tissue antero-posterior  evaluation.

1
l

 15-

 groups.
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(%)100

 80

60

 40

 lo

  o--16
 -15--l2  -11--8  

-7--4

                    Discriminant score

    -Orthognathic surgery  D  Orthodontic treatrnent

         Number  on  each  bar indicates sample  size

   Fig.6 Clinical application  of  S. I. H, for Class III cases

-3-

Fig.7Cephalometric  superimposition  of  case  1.

             Table7  S. I. H. and  S. I. S.

     Fig.8 Cephalometricsuperimposition

sceres  of  case1  (Class III case)

of  case  2.

Initial Presurg.AfterTx.ClinicaNorm

APDI"[itsappraisal 112.5-16.0 111.0 101.0
-16.5 -7.5

83.4-L8

S.LH. -19.5 -19.2 -9.5 -3.9-"4.7

UpperE-line -4.5 6.0 -3.o -2.o

CantefUpperLip 53.0 40.0 35.o 17.3
Nasolabialangle 50.0 64.5 67.o 91.4

I.abiomentalsulcus 4.5 5.0 5"r) 4.7

S.I.S. -8.2 -7.9 -1.9 -2.7--2'5

Severity indices for ske]etal  and  soft  tissues as

antero-posterior  evaluation

  Severity indices were  deve]oped using  the

scriminant  coefficients  shown  in Tables 5 and

an

di.6.

Therefore,  each  significant  variable  can  describe its
ewn  

"weight".

 As  can  be seen  in Figures 4 and  5,
the function assigned  negative  scores  to most  C]ass
III patients and  positive  scores  to most  Class II
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Table8  S. I. H. and  S. I. S. score  of  case  2

       (Class II case)

InitialAfterTx.ClinicalNonn

APDIW'itsappraisal 66.59.069..O-1.0 S3.4-1.8

S.I,H. 15.1 7,9-3.9---4.7

UppeE-line

CantofUpperLip

Nasolabialangle

Labiomentalsulcus

6201034.o.o.o.5113994.5 -2.0

.O 17.3

.e 91.4

.5 4.7

S.I.S. 8.9 4.8-2.7-L.5

patients. Moreover,  the  higher the score  goes, the

-severer the skeietal  pattern and!or  soft  tissue pro-

file go. Because the two  opposite  parent  groups

were  of  equal  size  and  of roughly  equal  variance,

the mean  discriminant score  was  zero.  Normal

occlusion  individuals  with  intermediate di-

scriminant  scores  (clustering around  zero)  indicate

the  ones  who  have nermal  antero-posterior  skeletal

position for SIH, and  for SIS, those scores  indicate

normal  soft  tissue  profile.

  Means  and  standard  deviations of  discriminant

scores  in Class III and  Class II samples  for SIH

were  -8.34± 4.49 and  8.34± 3.61 respectively.  Those

for SIS were  -6,05i3.39 and  6.05± 3.55 respective-

lv. The  ranges  of  clinical  norms  for SIH  and  SIS

were  between -3.9 ancl 4.73 and  between  -2.7 and

2.5,

Application of SIH  and  SIS for diagnosing  skeletal

severity

  Case 1 was  a skeletal  Class III patient who

received  two  jaw surgery,  whereas  case  2 was

skeletal  Class II patient who  received  orthodontic

treatment  with  four bicuspid extraction.

  SIH  of  case  1 at  the in{tial visit  was  -8.2, where

almost  half of  the present Class III $amples  received

surgical  correction  (Fig. 6). Surgical correction

with  some  dental compensation  was  required  to

 camouflage  the skeletal  discrepancy to improve  soft

 tissue  profile, As shown  in figure 6, SIH  score  can

 predict possibility of surgery.

  In Case 2, conventional  cephalometric  evalua[ion

 revealed  skeleta]  Class II and  diagnosed as  Angle's

 CIass II division 1 malocclusion.

  Four  first bicuspids were  extracted  to start  with

edgewise  appliances.  Table  8 shows  SIH  and  SIS

scores  before and  after  the  treatment. SIH  and

SIS scores  at the  initial visit  was  15.1 and  8.9 which

indicated severe  skeletal  Class II cases,  whereas

those after  the orthodontic  treatment  was  7.9 and  4.

8, which  stilL  indicated skeletal  Class II. Dental

compensation  with  tooth extraction  to camouflage

this skeletal  discrepancy  was  performed.  Therefore,

long term  retention  may  be necessary  to prevent
relapse.

  Discriminant score  outside  of  one  standard  devia-

tion toward  zero  (normal side>  fer Class III and

Class II groups  -,ould  be very  difficult for orth-

odontic  treatrnent. If those  scores  after  the treat-

ment  are  still  deviated side.  relapse  may  tend  to

occur.
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