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ROC =2AIE 0|88t 24 2 FHusol

SHISLE HID?

IR ROE
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ROC(Receiver Operating Characteristic) analysist 94302 W3l cut-off valuedl A9 sensitivity 9
1-specificityell I8} 2 A& FHAo2A A o] LA 243, o8 A PSS vzsis 24
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TR 468 S Aoz FE TR X-A AN 292 L o431, ARy AZL T ¥4
BT L THFHRLH, o]F MF F4 2P 2570t B F2 X-AAZAANA 16719 A=3E
AAsAoH, o] AZYEEN T FAHILYGY AAE Yolrna 4% AZFEqNE I° HFog A
AZgEAHNE Imme] 2+ 02 sensitivity 9} specificity® F8 ROC curveE 2t} 1810 AZEEE
o] A v 2E Y8 ROC curve ot#fle] AL ATt

o k

Ad4E vhe1 2ol
1 Me ¥3ushe ddsle=d 9lol, “Wits” appraisalo]l e A& &4 wjs] o & Ad 2&8 2ok
2. AB plane angle, ANB angle, App-Bpp distance, AF-BF distance, APDI, N perpendicular to A ¢} Pog to
N perpendicular®] z}e}, maxillomandibular differential® & A 71X & BHEHC)
3. 3= AXNE Hriske 74]*5&%3 FAZY AY Z&L HAY
4. 3t Uz AZIEL HEAugte] wdel digh At 7pX7F ¥t

(=RU0 : ROC 2N, A 2 IZ B&ug)

I.M & o] gl & 50 7hAo) o]21 gltk. 12} of

‘ #H EAEEY I AA iE Hriy vus E2E

SR 75 X-A 74]"’\}7‘]'31 2L E}o E‘?JE‘ ol 7, FEuZ Zgon vt Q4 & 479 535

ol AWV E F wEes F e F83uE 7] 2 XAHses ASYEo] gHastn 2Evstie 4

B2 o] 5lon, odetde] JPuL A, A #A ZAE AASA FE3t ot

EAg 7, A8FolU F9 B7l Tl Eg o) & Receiver Operating Characteristic(ROC) analysis

Ha Jdoh o)A B S 3t 48 IdREL FE Ay 834 2431, 48 JduyEs

£ X-A ASARARe] ASHES ol &3t I & HmaE BYYor odaA i), ol U
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¥ 1. Sample distribution according to Angle classi-
fication

Class 1 30 80 110(22.2%)
Class 11 41 100 141(28 4%)
Class I 88 157 245(49.4%)
Total 159 337 49%

AA e Bofo A= 1992 Wardlaw” “7} FRARZ
32 AgslE o8 ASFEEE ROC analysisE 3
7tete ATE o, SHERZ3E Bse A
G0 7ok AFE obF gt o) AR Y
°) £3) =299 AN F8 F 2 4 &S X3}
= I8 +3uEs 54‘%5}*“3] ol &H 1 e A
NGRS Austy &7 E8FAE ROC an-

alysisE ol &3] wimatnz & 72 A Fsu

I. H7AIE 3 2

1. G-2kl=

Aegdga B A A8y wAHg] Ydg §
ARY B NP FE TR X-A ASAAH
A 2ae o) gt & 4967114 E2E At ¥
Angae] A BY3 8 52 X-A ASAR,

chart 5& ZAFSHY, 739 171*0“ oji} All1dh
Ao 4, TAR FAG Wol7} 2lk A4 B
WY BAAEE v FASS AINA, ALRT
2 Aol 9§ FAnGT £F AL 718}
22 P

gater AT BFRAE RPN FH
AZstal et ALRFAY ZAFS T Aot Al
g9 SAESRTYE dAse 4 FE 002 7]
Z3tich stk AlU7X 7 o W B4E
S(negative) 2 YENIR oM, T o R Wold 7
o= F(positive) 2.2 YEMIAT. AZX = caliper
Z 0.lmm 97t Fegen, F9¢9 JFE o
AFA7F ommd FHE 1§ FHIFTeE EF/
FHor, o8 Y2 75’%’—‘; 08§ FALFTLE,
gog UL AeE MF FHIFEE FFH3
ok Z %‘—7&31%—&94 By= g 13 g

2 a4E BAugy o) Add= ASY

B2 #AE H‘fﬂ 7] 1% Aojmg, RdAZA
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R 74]"6,}101] g ROC curvea

CHRIDEAl 2562 25, 1995H4

E 2. Condition of sample

SR BAE Holk AT PPl JE
Fog mgten, 1334 O3 -‘?—7&1@&% 933
Aol Q& Fo& FYHE 2

2. O

Z9d) o3 F9E 22 TR X-H ASAR
-"?-*}EE A4 5 AZHR ASYE(R 3, 2
3 1, 2 4339 KD 4300 Digitizer(Graphtec)
E 0]83 4 Trigem 286 computerd] 7] &3 & <
& 93t FA4" AZ programe ©|-&3 ZE,
Az gEL Ztzt 017, 01lmm B997AA SHIR
th 2FEA S AR SAESZ T AlaT
29 gFaFe FHFAY FHHE 94E 7T
A 2IFANFOP)LE BASAT

EA e = SPSS(Statistical Package of Social
Science) program& ©] &3], RE AZYF i
Jg¢s BEFUAE F331, ROC analysisdl=
BMDP(Biomedical program)& ©|&3t%t}. Z29
&7 98 4= A
< 10mme FARLE

2

2PEL 107, A ASFEE
cut-off Value% Q& om, °l°ﬂ & sensitivity
s} ‘gpecificity® Fatau. 283, AFYRETY
AR v 2E Y8 4 ROC curve ofe WA &
Al W,

3. ROC analysis

(1) 2 X 2 decision matrix

25 T2 X-A A2 48 A 5L &
#ke] oW ?J"J’-‘P‘ AU E Bdste A9 Eﬂ
EE o]£d & glEd, old /e A HLE
+ cut-off valueZ 7HAAl H 31, ©] cut-off valueE
71E 0.2 o @ g ¥ (positive)F &4
(negative) 0.2 #&+g ‘F 1=

o) EA Aeje] F5o) Ui Ad H2E] &
A, &4 @ g% 2 x 2 ®Hlolg &, decision

matrix® AY H2EY E2E Hrksle Wyoltt
(29 3). "ol el 27 4749 cell2 F7HA] AH
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H 3. Cephalometric measurement

. SNA angle

SNB angle

. ANB angle

. Facial angle

AB plane angle

. Palatal plane angle

"APDI

. 'Wits appraisal

AF-BF distance

. App-Bpp distance

. N perpendicular to point A

. Pog to N perpendicular

. N perpendicular to point A - Pog to N perpendlcular
. Effective mandibular length

. Effective midfacial length

. Maxillomandibular differential

SO 00D U WO =

el e B el e
OOV WD~

& 1. Angular measurement

Z @z 944 Ay A HAE A#7t e
#219] 58 vebdt. & g2 Ao F4 s
JAH oz AW 7Nz JYotdE g FA(true
positive)e] EH, HAEE dAolv a7t AHE
7t3 QA oW 7MA %A (false positive)o] HT}
B2 "HAE Z¥e Aoy AW dAHLeE
Vb 7HA 4 (false negative)©] W, HIAE
QaZAol 5 SAolA MA &4 (true negative)
o] g} ,

o] decision matrix®] 7Fg 2% 5AL sensi-
tivity ¢} specificity 2 ©|& &

16=14-15

& 2. Linear measurement'

T- (FN) (TN)

Condition
Present . Absent

(/7
g C+
S Positive True positive | False positive
t T+ (TP) (FP)
e
151 Negative |False negative| True negative
]
t

T8l 3. 2x2 table (or decision matrics)

True positive patients
Total patients with condition

TP
Sensitivity = TN

True negative patients
Total patients without condition

TN
Specificity = ™™ + FP =

¥4 2ue M
Bol: #R5E

Ae F A
2 UsrAcE, EA
%@Qaﬂwmhua°M&v
24 BAFE AWl gle F AR
ol®
t!

Sensmvnyl“:

Aol gl #AE HEs +
g}, aes, A Adie)
s sensitiwtyﬂ- specificity7} &5 Eolo} gtz &
2= oJt}. T3 sensitivityE true positive rate® X &
%7 % &9, 1-specificity’ = false positive rate@ 1
ElH, o]& ROC curveol o]&dtt
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" typical ROC curve

-True Positive Rate (Sensitivity)

Oty ————r—py
0o 05 - 10

False Positive Rate (1-specificity)
&l 4. Typical ROC curve

(2) ROC curve

WH3lA 71 sensitivity 9} specificity = ®3}A HE
dl, ROC curve: ©1%A cut-off valueE W3 A
7k Ao g ¥ sensitivity 9} specificity® 784 1

B FAoth2d 4. YA ROC curveol A
Y%-& true positive rate & sensitivityS veRH,
XZ & false positive rate24] 1-specificity S Ve
t}. Cut-off point7t t& 9 (strict) & 4F, sensi-
tivity$} false positive ratet graph®| origin®l 7}7}
A3, a9F AW FHE A% r1geR Ed)
A =, g2 A7t Ao FAE Y yRte
Fdoz FASHA dok W E cut-off point7t =
&(lax or less strict)d 3¢, 29 -3 ko]
a2 A7 JehUA 99, A4 42 4$E g4
A FEFY AYFEL 28X Eeu.

ROC curveZ 27}4) o] At P ES vjng
F Qed" cut-off valueE WA A, sensitivity S
ZA 3t 2 JDGHEY false positive rated ¥
& = 9o =3 false positive rateE 2A st 7}
AGHE] sensitivityZ |2 5 vt AL HH
Al Bgoz oAy curved 28 curvezhd] H]
LE NPT § JrHH™ 5). ol 7+ H5
AAEE curvert 71 FL AGEA 7t g 7HAA
=, Z} cut-off pointoll X ¥ sensitivity®} R
false positive rateE 7FAtt.
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(@]
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" True Positive Rate (Sensitivity)

-5

O 05 10
False Positive Rate (I- specificity)

J& 5. Nonoverlapping ROC curves

ROC curved) A@8d 7FA & curve obgfe] #3
o2 A & gled, F W v Yed o |
Zo] 1.00] HH gdd A o2 A, false positive:
9} false negative7} 0°] ©t}. W] 05 o]3}Qd A+
E A9 7HE Z2A FaH, curvert 0BT #F
Al AXE AHo] AAFE A A= F
7yat A gk,

ol&4 ROC curver ¢t Wl eldAdg 2AA
3 = ¥ ol o] Id WHEDY HaE 7tF
stot. =3, & A W9 cut-off pointE 28 F
e 7I5% e, 78 388 cut-off valueE sen-
sitivity 9} specificity 7} BA19 ¥ 224, 28
29} 7H #H2 Fdo] 9E point7t B F UTh

. PR

4967 ¢] R i Ha g Hug, IS £ F
Az #3 Ae E 40) AANFAY

Ma FA2EY Bl o] &5 & 16718 ASHE
o digt ROC curve® 283, curve ote] HA&
FPorm E 500 AABIATE o] F “Wits” appraisal
9] gho] 0.8786= 7+ A st} AB plane angle®=
& A& HIJew, ANB angle, App-Bpp
distance, AF-BF distance= 0.85t¢] +A& B H}
4342 ASFFE BT ASS FE Foxe
APDI, N perpendicular to point A%} Pog to N
perpendicular®] 2], maxillomandibular differential
50] 082u19] tha e g BHIYAT, o] AS
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B 4. Descriptive statistics

. Minimum  Maximum

. SNA angle 720 90.1 80.35 343

1
2. SNB angle 66.3 94,0 79.60 458
3. ANB angle -91 97 0.72 356
4. Facial angle 710 P4 8.4 5.76
5. AB plane angle -137 14.3 -1.16 - bbb
6. Palatal plane angle -6.6 95 074 293
7. APDI « 66.5 113.2 , 88.23 9.19
8. Wits appraisal -246 9.2 -5.49 6.12
9. AF-BF distance -177 18.3 1.63 6.49
10. App-Bpp distance -17.0 16.7 1.09 6.57
11. N perpendicular to point A -11.6 85 -058 33
12. Pog to N perpendicular -284 219 -2.86 9.23
13. N perp. to point A - Pog to N perp. -216 285 2.25 8.08
14. Effective mandibular length 101.1 1444 121.06 840
15. Effective midfacial length . ‘ 720 986 85.42 4.70
16. Maxillomandibular differential 181 8.3 3H59 691

H 5. Areas under the ROC curves

V. S& 3 1ot
e : o Area -

Wits appraisal 0.8785 AREete] 3, ohEs V| EHHELS £
AN e g o A, 12w oF Wrkapr) 9 oz wasel

angle & = 3 - S .
App-Bpp distance 0.8567 el Ao So2 Q8 o2 AFY 29 A
AF-BF distance 0.8542 7be 2Rt gHEE o8 EAE F9 st
APDIL 0.8282 Ho] st} ASRL AFYH B2 JEAPL /A
N perp. to point A - Pog to N perp. 0.8255 - B3 up
Maxillomandibular differential 08244 AR A, B3 the o 2ol DA 24
SNB angle 0.7770 o) et FLF ASXNE BoV|& da, e FY
Facial angle 0.7710 3 o} Fo AZH BAV AR TE FEA A
Pog to N perpendicular 0.7675 2257 s s
Effective mandibular length 0.7161 = ~ = .
‘N perpendicular to A 0.5833 o}rgZe] £ Rz3lel FH X-A ASAP A ¢
Effective midfacial length 05830 o BA dis7re] 3 01] 3t o]He] dFEL
Palatal plane angle 05735 2 o sx o] Hrl o ola=
SNA angle : 05650 FRATS e FAH HHE FE ol 8o

e} B o el A A8 ROC analysise X &
ok & wFAAL ol 1 Lo WAH e

2o 2% ¥ Juety 5ge R 274 984 79 BAE Frheks A2E A
Sebzel @yt A4S el AZgEe 07 9 BARAY ARR 2§ Yok FH XA ASA

e £A& BYor, oo YA 2715 e Aol AZEEd ROC anaiysisgs H&% ZA=
W 323 palatal plane angles 22 WA S B d7 g AZFEENY ¥ AREH 18
At & Fristen 53 48 2HE AT F2 Yok

23 69+ “Wits” appraisal®] ROC curvest v+ ROC anaiysisE Hlolel ®A]7} 2td®83sta, 7

A 15709) &) 3 ROC curveE FHAIA Ye
yRig, gz F FF Jde] 3o] “Wits” appr-
aisal®] ROC curve® tH& A ga-5d) Hd o Y&
Ages F&S HoFa

curved] & o] 7b5dte) Ao tid a4 o)
A= AA-o] Itk ROC anaiysisE 999 skt
cut-off pointelA el FE A A&HHoZ W=
cut-off valueoll 42| ®o|elE YeR7] wj &l st
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Palatal plane angle

CHRILER 257 25, 1995

Facial angle

AB plane angle

8 6. ROC curves of the cephalometric measurements

9 2 % 2 Tables] &% dlolet £HuT § e #
Hupoldt & 4 gl

gtz A3y 2anE vy 94 £
AEHIL Yt AZFEH BHEE ROC curves

158

BrlsjE 23 “Wits” appraisale] th& ?’Z}E o H|
3 MF FAuT dg @8 s8] ¢ Y& 3o
2 Yyt B 3 A= “Wits” appraisal®] 7153

9.2 Jacobson®] Aol wat 715H AFPPFAEAE



Vol. 25, No. 2. 1995. Korea. J. Orthod. ROC 24 0|83 RHIEe ~HASLH 8D

APD!

Pog to N perpendicular

N perp.to A~ Pog to N perp.
8 6(Cont'd). ROC curves of the cephalometric measurements

AHgER e, ol RRaFd £3 YeEhtE A Hol] A 9] “Wits” appraisal®] #2 494 g3

Ao HiE T AYE2 A3 duky wgHA oMo gt AadAZ ewH, 271 W EBF

QAR e QB Zo|7] Y& Ao} “Wits” appraisalel AHg-0] 7bsdttta R
a#u, Thayer” o] Ao} ostd 715 agy “Wits” appraisalZ 9t&9] 3] &7} nasion?] 9
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Maxiliomandibular differential

CHXIDEAl 2567 25, 19964

Effective midfacial length

T8l 6(Cont'd). ROC curves of the cephalometric measurements

1Hsl 2 o]gt ANBzte] B-RAZAHE ZaAl77] 9
3 wFHoz WAy er, ANBZto] Xofe} ofFj
A Ag7t A nasiono] thE BAQY WHHE, “Wits”
appraisale ZA 97} $AH o2 AN E AH F ¥
o F2& 3 9ot 1Yu, “Wits” appraisal-& 2§
we] AT Do £ IF Lo, 3
A BEXdolgly] BoE XEd #AE FEolgn
2 2= 9)d}. Jacobson “Wits” appraisal®] X 5] &
ol ot 082 YehFE AL ofun, AdiH
ol Agr)|Folgty] Bite & BAGE] 714U
AzRz Agss Aol vigdsn .
mg 2A32gEe Bdsie=d o, “Wits” app-
raisal T2 2 & AB plane angleo] ¥ J98H
¢S Yehiged, 1 99 43tz ASHE
BE o]43 ASYERE vaA & AURH &
< B
A A8 Gl AT FHAAE A
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ga4 UEA RRTa uBEele ANBAL 2
Aol AuA g By & Btk

- QOktay'”¢} ANB, Wits, AF-BF, APDI 7+¢] vl s+

o)A Bm, ANBZol SN length, SN-GoGn angle,

- OP-SN angle 5% $AA daAl A4, s

g ugty] Wi 7stHes 1 7kxE Wt
ZA9 =AERE Aold AFE Yehix Aok &
A3 ANBZE Zdd weh #3E49 o327k 9471
= Au EA4HQA AFAH}E ANBLY F848&
A Fi ]l

APDI®| & ROC analysis®] 23 Kim®l &1
gh= Aolgith KimPe] A4 @Y AZA 9
3 BMRTE ol AEXEY 2FA AFE 7
3to] Ak O §8F AHE 4& F vk 3
Qou, ¥ A AE AB plane angleo] APDIRT
ME 3ARFL 6L & 3T A0z Yk
t}. APDIY & 24¢ facial angle2 A=Y 72
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COMPARATIVE STUDY ON THE HORIZOTAL MEASUREMENTS
OF SKELETAL CLASS I MALOCCLUSION
USING THE ROC ANALYSIS

Hee-Young Choi,‘D.D.S., Young-il Chang, D.D.S..M.8.D..Ph.D.

Department of Orthodontics, College of Dentistry, Seoul National University

In this study, Receiver Operating Characteristic(ROC) analysis was used to evaluate the ability of cephalometric
measurements to identify patients with Class I malocclusions. ROC analysis is the method for determining the
validity of a diagnostic measure and for evaluating the relative value of diagnostic tests.

The sample consisted of 496 patients with malocclusion. Class I malocclusion is defined as the dental
relationship for which The mesiobuccal groove of the lower first molar is deviated mesially from the mesiobuccal
cusp of the upper first molar. Of the total sample of 496 patients, 245 had Class Il malocclusions.

16 cephalometric measurements were selected, each of which was treated as a diagnostic test. The ROC curves
were generated for each cephalometric measurement with intervals of 1.0 ° for angular measurements, 1.0mm for
linear. measurements. The area under the ROC curves was measured for direct comparison among different
diagnostic tests.

The results were as follows;

1. The “Wits” appraisal was found to be a better diagnostic criterion for the presence of Class I malocclusion-
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than any other commonly used cephalometric measurement.
2. AB plane angle, ANB angle, App-Bpp distance, AF-BF distance, APDI, Distance of point A and Pog to N

perpendicular, maxillomandibular differential had high diagnostic value.
3. Cephalometric measurements which evaluate the position of the mandible had moderate diagnostic value.
4. Cephalometric measurements related to the maxilla discriminated least betweenpatients with and without Class

I malocclusion.
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% Key words : ROC analysis. diagnostic value, Class I malocclusion
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