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£} Photographic subtractions
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1) Tracing :

TYE AL F2 FRUAME FFARR
29l 0003" viE o}A|E]o] E(matte acetate)
tracing 841 & 1A etn WEI} 4H AW L o] &
3k} F 46709 7124 3849 A S BAE
AFIEHL HEL (a) 2 29 29 2}, &
&4 T2E0 T/ doz vt A%E &
ZHE A3t A 1338, 4% 532,
AZ 9¥E, AFZ 435, 8 635, 2rdzy
6355 F BYEL st w2 Fgd A}
e olg 71EFHHEZAFEL (b 2
t}).

(a) Tracing®] o] &% 71&4¥3 A

1. S Sella. The center of the sella turcica

2. N Nasion. The most anterior point of the
frontonasal suture

3. Or Orbitale. The lowest point on the lower
margin of the bony orbit

4. Ar Articulare. Intersection point articularis
mandibularis and temporal bone

5. Po Porion. The midpoint on the upper edge
of the porus augusticus externus

6. Ba Basion. The midline point at the an-
terior margin of the occipital foramen

7. PNS Posterior nasal spine. The tip of the
posterior spine of the palatine bone in the
hard palate.

8. ANS Anterior nasal point. The tip of the
anterior nasal spine in the median plane

9. A Subspinale. The point of greatest con-
cavity on the anterior border of the maxilla

10. B Supramentale. The point of greatest



11.

12.
13.
14.

15.

16.
17.
18
19.

20.

21

concavity on the anterior border of the
symphysis :

il Incision inferius. The midpoint of the
incisal edge of the most prominent lower
central incisor

Ulaxis The axis of upper central incisor
Llaxis The axis of lower central incisor
Pog Pogonion. The most anterior point in
the contour of the chin

Go Gonion. The point on the mandible of
intersection of the ramus and mandibular
plane

Me Mentum. The most inferior point on the
symphyseal outline

AA The anterior tubercle of the Atlas
PA The posterior tubercle of the Atlas
CV2ap The apex of the odontoid process of
the second cervical vertebra

CV2ip The most posteroinferior point on
the odontoid process of the second cervical
vertebra

CV4ia The most anteroinferior point on the
corpus of the fourth cervical vertebra

. CV4ip The most posteroinferior point on

the corpus of the fourth cervical vertebra

. IO The deepest portion of inferior odontoid

process

. H The anterosuperior point of body of

hyoid bone

. Hpost The posterior point of hyoid bone

Haxds The long axis of hyoid bone
apw2 The anterior pharyngeal wall along
the line intersecting CVZia and H

. apw4 The anterior pharyngeal wall along

the line intersecting CV4ia and H

. ppw2 The posterior pharyngeal wall along

the line intersecting CVZ2ip and H

. ppw4 The posterior pharyngeal wall along

the line intersecting CV4ip and H

. ad The point of intersection of the posterior

pharyngeal wall and a line from PNS to Ba

. SP The most inferior point of soft palate
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33.
4.
3.

36.
37.
38.
39.
40.
41.

42.

43.
44.
45.

5

Ns The soft tissue nasion

P Pronale. The tip of nose

Sn Subnasale. The point at which the nasal
septum merges with the upper cutaneous
lip in the midsagittal plane

Ls labrale superius

Li labrale inferius

Pogs skin pogonion

NSL Anterior cranial base. The nasion sel-
la line

FH Frankfort horizontal plane. A horizontal
construction that joins porion and orbitale
N-Pog Facial plane. A vertical construction
that joints the N and Pog

ML Mandibular plane. The line through
ME and Go

MP Maxillary plane. The line through ANS
and PNS

N-Ba The line through nasion and basion
OPT Odontoid process tangent. The pos-
terior tangent to the odontoid process
through CV2ip

. CVT Cervical vertebra tangent. The pos-

terior tangent to the odontoid process
through CVd4ip

(b) Tracing &35

1.

5.

6.

M1 N-S-Ar The flexion of the cranial
base. Nasion, sella, articulareA}e]e] 2t

. M2 S-N-Ba The flexion of the cranial

base. Sella, nasion, basionAte]e] 2zt

. M3 S-N-A Maxillary prognathism. Sella,

nasion, subspinaleAto}®] 2zt

. M4 S-Ar-Go Mandibular prognathism.

Sella, articulare, gonionAte]e] zt

M5 S-N-B Mandibular prognathism. Sella,
nasion, supramentaleAto]¢] zt

M6 A-N-B Saigttal jaw relation. subs-
pinale, nasion, supramentalex}e]e] z}

. M7 ML-Llaxis Lower incisor inclination.

Mandibular plane®} L1 axisAleo]e] Z+

. M8 S - Ar Posterior cranial base. Sellaol] 4]



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. H5 FH1 H FHel| W He
. H6 NSL {Hpest Nasion-sella lineol] gt

articulare?te] A

. M9 S - N Anterior cranial base. Sellaol] A

nasion?te] Az

M10 Na - A Anterior upper facial height.
Nasionol| 4] subspinalezte] A&

M11 S-Go Posterior facial height. SNeoij
g gonion? FAAE

M12 Ar - Go Mandibular posterior height.
Articulare®) 4] gonion7t9] A

M13 Go - Mn Mandibular body length.
Gonion®| 4 mentum?zte] A=

Cl1 NSL/OPT Craniocervical angulation.
NSL¥} OPTA}lele] z+

C2 NSL/CVT Cervical vertebral tangent.
NSL# CVTAleld] z+

C3 OPT/CVT Curvature of cervical col-
umn. OPT$ CVTA}e| 9] 7}

C4 AA-PA/CV2ap-10 AAS} PAX 3 CV2
ap¥} 1093 FAd== Fabizt

C5 CV2ap-CV4ip CV2apet CVdip Ato]9]
A

Hl FH 1 Po1 H FH)| W38} porionol| A 2&
FAd i3 HY £AAE

H2 N-Pog 1 H Facial planed] th§ HY 4
AAE

. H3 ML_1H ML} W& Hel #4432
. H4 NSL L H Nasion-sella lines} W& He

F4A
+aA

posterior point of hyoid boneg] X A#
H7 FH /Hpost FHell i@ posterior point of
hyoid boned] 4472

H8 Haxs/y ML The long axis of hyoid bone
7} mandibular planed] 4%

. H9 H.xs/ BaNa The long axis of hyoid bone

7} basion-nasion planed] Z}&=

. P1 PNS - AA PNS¢ AAA}ole] Ag
. P2 PNS - ad PNS$} adAtel9] Ag
. P3 apw2 - ppw2 apw29ll A ppw27HA] 9] A

2]

. P4 apw4 - ppwd apw4dl A ppwd7t=|¢] A

g

32. T1 Tongue template” (1) ii-sp line®} A 1
W7z A4™e] thtes AL 7|&(@a¥ 1)

33. T2 Tongue template (2) ii-sp line=} A 19
T d4™e] st HE 7 E

34. T3 Tongue template (3) ii-sp lined} A 1t}
T 4Ho] B HE JE

35. T4 Tongue template (4) ii-sp line®} A} 1th

73 f4He] s AL JE

TS5 Tongue template (5) ii-sp line® A 1t}

T3 94¥e] e AL VE

T6 Tongue template (6) ii-sp line®} A 1t}

T2 dAde] e HE V1§

S1 FH 1 Ns FHell ti & soft tissue nasion®ll

A9 £4AE

S2 FH.L P FHo th&} pronaleol| Al ] 4=

2]

S3 FH .1 Sn FHol| ti @ subnasaledl A} &

AAz

S4 FH 1.Ls FHell th & labrale superiusol| A

9] #AAE

. S5 FH L Li FHel| W43t labrale inferiusol Al

o] FAA=
. S6 FH 1 Pog’ FHell th§t soft tissue pogo-
nion| A 8] A 2]

36.
37.
38.
39. FAA
40.

41.

‘Illc

Fig. 1. Template of tongue recording
2) Photographic subtraction

AW Y 2R SRS FHAR S XA
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Fig. 2. Reference points and planes of tracing

A% (masking film)< A 9 vbd - H
o] 7]et-8] 2% (Sella turcica-nasion)d-& 7|&
o2 FHA FPg A FHAIZ F o] ¥
A& ZARIEY. 582 F 1919 EH & A
g3la] $7] 945, AR 535 4F 3¥E, <
73 185, 3 1329 APt} as 53
Hol AN E FYete F4e 0o, ¢4
3 ZHERA ol A4, T2 48 b=
29 mmAH =z ST Oled g 23
FEL (a) F Y 39 2.

(a) Photographic Subtractionol] ©|-&¥® 7]&4
3 2492
1. Mpl N Nasion
. Mp2 P-T The top of pterygo-maxillary
fissure
Mp3 Ar Articulare
M4 A Subspinale
. Mp5 Ul Upper incisor edge
. Mg6 L1 Lower incisor edge
. Mp7 U6 The distal proximal contact point
of upper first molar
8. M8 Pog Pogonion

DN

N OO s W
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Fig. 3. Reference points of photographic sub-
traction

9. M9 Go Gonion

10. Gl CVZ2ap. The apex of the odontoid
process of the second cervical vertebra
Cp2 CV2ip. The most postero-inferior point
on the corpus of the second cervical
vertetra

Cp3 I0; The deepest portion of inferior
odontoid process

Cd CVdip The most postero-inferior point
on the corpus of the fourth cervical
vertebra

Cod 104 The deepest portion of inferior
fourth cervical vertebra

Hpl Hswp The most superior point of body
of hyoid bone(AZ#4))

16. H,2 Hant The most anterior point of body of
hyoid bone(AF%A)

Hp3 Hint The most inferior point of body of
hyoid bone(“33t&A4})

P, PH CV2ip%} H @243} W+ pos-
terior pharyngeal wall

Ty T Tongue dorsum. The contact point of
distal root of upper first molar

11

12.

13.

14.

15.

17.

18.

19.



3) AW

& Aol SR TR FHAR tracing2)
FAA) Aol & Zt G EER HF, FFHAAE A
A3t REFHALE o] 83le] EEAE AT
(EFL2AHS.E)=SD./n, n=2ANA4). Photo-
graphic subtraction®ll €J& ZAF 4] JPH T
Zt FEY HE, FFARE AMEHY =23
FANE, AR, AE A5, 8, 2Rdz3 23
2 AR R HF, FEEUA}, FFLAE A4
atc

WY @ AH(method error)] &3 & Dahlberg
8? Se=V3(d)?/2n & o &3] AN, d
T 22 ARE BE 23 98 g atol& T
31, n'e ¥HE ZF3 ARRFE it &
AT g8 23 AR dFUT F 259
= 992 A9 AFgsrt

LT s |

I. ¢4y
Zt &Eo] o tracing® photographic
subtraction®l] ¢}3+ Ade g3 Zo.(d
mm)

1) Tracingol &3 &35 (A A3 £H A
Arzle] z}ol)

a. FHE

A BEE(N-S-Ar, S-N-Ba)e] HF 2
EFAaE 039060, 022102593, 4ot A
E(S-N-A)Z 3t A E(S-Ar-Go/S-N-B)&
Z}+z} 0.27+0.35, 0.66+0.70, 03210518 Ebs:
ok AR digt 4FBA(A-N-B)= 024
0.40, 3l2t A2 AALE(ML-Llaxis)E 033+
049, % F/HA ZAol(S-Ar)e 0261042, A
W F0A Zol(S-N)+ 02410469 &S BY
o AW Aget HaANa-A), ¥
(S-Go), 3tHA) Eo)(Ar-Go)E 0451032, 058
+1.48, 048+0674%}. stetA 2 o](Go-Mn)9l
Z3A e 046+059AUTHE 1). FAHZ g
ZHA(MI-M13) $EL 03410629 @& 2
AHE 2).
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b. A%

F73% ZHNSL/OPT)9] B# 2 EFHAE
1281175, A% HAAXANSL/CVD)E 155+235
o #& JeEdTh B35 BHF5(0OPT/CVT)
© 06720.78, A 1 A3, Aokt Z1=(AA- PA/
V2ap-10)= 1.18%157, 735 ZAoJ(CV2 ap-
CV4ip)& 040+0512 JEGTHIE 1). 3%
A (C1-C5) L 1021598 THE 2).

=

c. AF&HX

) AZ FH9A £3x2A FHLPoLHS N1
PoLHS #Ha 2 BFHUAE 1784205 154+
1.889] & HATHE 1)

i) 4F #39X+= 4z MLLH 160+2.04,
NSL/H 131%1.74, FH/H 125+187, NSL.L
Hpost 0.81£0.15, FH/Hpos: 07310969 3t& Y
ERACHE 1)

i) 4F ZAAIEE HaxisML 1.75+203,
Haxis/BaNa 154+1848 JeRRATHE 1). 4
T 94X ZHAHI-HY) 39 HF 2 ¥
e 1371784 THE 2).

oyl

d 9%

H|QI% ZAZ32 o] (PNS-AAPNS-ad)e] #
T 2 EFAAE 42 0321058, 0.271046R
ot Q1%9] 0] & Yehl & apw2-ppw?2, apwd-
ppwids 0951164, 0.66+£1.408 JERRATHE
D. J15% ZA3 X (P1-P4) 32 055+ 1.160|}
(£ 2).

e 3

3 AL ii-SPA/e] Aot Al 1 di7x9] 9
A 2L 71202 /&R (template) & o] &
3] 2338t 71€% 93 A, B,C,D,E F
oA Aole} FF 2 FFUAE 47 039+
094, 0.38+1.06, 042122, 063£1.83, 0.79%=
217, 047+£148& JERHATHE 1). & ZH X
(T1-T6) %2 051*t151°IctHE 2).

h

FRdzy
FEdz2e 97 ¥ EFUx%e 42 FHL
Ns 0.08+0.26, FH1P 008013, FHSn 0.12



Table 1. The differences between the first and second recording by tracing(mm)

Mean SD. S.E. S@)
M1l 0.39 0.60 0.08 0.45
M2 0.22 0.25 0.03 0.70
M3 0.27 0.35 0.06 0.40
M4 0.66 0.70 0.10 0.61
M5 0.32 051 0.07 0.55
M6 0.24 0.40 0.06 0.25
M7 0.33 049 0.07 0.23
M8 0.26 042 0.06 1.21
M9 0.24 0.46 0.06 1.20
M10 0.70 0.32 0.05 1.12
M1l 0.58 148 0.21 0.49
Mi12 0.48 0.67 0.09 1.41
M13 0.46 0.59 0.08 142
Cl 1.28 1.75 0.24 175
C2 155 2.35 0.33 1.61
C3 0.67 0.78 0.11 0.51
C4 1.18 157 0.22 192
C5 0.40 0.51 0.07 1.48
H1 1.78 205 0.29 0.93
H2 1.54 1.88 0.26 0.76
H3 1.60 204 0.29 0.81
H4 1.31 1.74 0.24 0.68
H5 1.25 1.87 0.26 0.96
H6 0.81 1.05 0.15 158
H7 0.73 0.96 0.13 0.58
H8 1.75 2.03 0.28 1.94
H9 154 1.84 0.26 1.83
P1 0.32 058 0.08 0.20
P2 0.27 046 0.06 0.21
P3 0.95 1.64 0.23 041
P4 0.66 1.40 0.20 0.33
Tl 0.39 0.94 0.13 0.20
T2 0.38 1.06 0.15 0.23
T3 0.42 1.22 0.17 0.22
T4 0.63 1.83 0.26 1.37
TS 0.79 217 0.30 1.47
T6 0.47 1.48 0.21 1.30
S1 0.08 0.26 0.04 037
S2 0.08 013 0.02 0.46
S3 0.12 0.21 0.03 0.40
S4 0.16 0.32 0.06 0.31
SH 0.25 0.59 0.08 0.33
S6 0.20 043 0.06 052

S.E. : standard error
S(i) : method error
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Table 2. The difference between first and second recording of skull, cervical vertebra,hyoid bone,
pharynx, tongue, soft tissue profile by tracing(mm)

Mean S.D. SE.
Skull 0.34 0.62 0.02
Cervical column 1.02 1.59 0.10
Hyoid bone 1.37 1.78 0.08
Pharynx 0.55 1.16 0.08
Tongue 0.51 151 0.09
Soft tissue profile 0.15 0.36 0.02

S.E. : standard error

Table 3. The differences between the first and second radiograph by photographic sub-
traction. (mm)

Mean SD. SE.
Ml 001 0.07 001
M2 0.01 0.07 0.01
M3 0.01 0.07 0.01
My 0.01 0.05 0.00
M5 0.03 0.17 0.02
M6 0.10 0.38 0.05
M7 0.25 141 0.20
M3 0.11 0.46 0.06
M9 0.24 050 0.07
Gl 0.38 0.84 0.12
C2 083 1.24 0.17
C3 048 058 0.08
CA 101 1.06 0.15
C5 0.80 1.02 0.14
H,l 122 055 0.22
Hy2 1.23 155 0.22
H,3 122 18 - 0%
P, 053 0.86 0.12
T, 0.27 041 0.20

S.E. : standard error

Table 4. The differences between first and second radiograph of skull, cervical vertebra, hyoid
bone, pharynx, tongue, soft tissue profile by photographic subtraction.(mm)

Mean S.D. SE.
Skull 0.09 0.35 0.05
Cervical column 0.70 0.9 0.13
Hyoid bone 1.22 1.33 0.23
Pharynx 053 0.86 0.12
Tongue 0.27 0.41 0.20

S.E. : standard error
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+021, FH1Ls 016%0.32, FHLLi 025+059,
FH.Pog’ 02010.43& YeERIUHE 1). &&
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(& 2.

2) photographic subtractiono] &% 23|

H| 24 (Nasion)?] H# 2 ZFHAE 001+
007% Yeplidz, 9ddde HAHAM=
0.01+0.07°1 Rtk olE]Felel (Articulare), A%
(subspinale)& Z+zt 0.01+0.07, 0.01+0.059] #
< 29 dotdR] ddd2 003+017, 3t
Ax Add e 0101038 A A 1 g7 ¢
A& 02511419 323 (Pogonion) &
o}z+A (gonion)< Z+zh 0.11+0.46, 02410508
ettt A8 CV2ap, CV2ip, 10, CViip,
10,2 247 038+0.84, 0.83+1.24, 048%=058,
1.01£1.06, 0.80+1.02% ¢t 49| Hup, Han, Hint
¥ 7247+ 1.221055, 1.23+1.55, 1.22+1.88°| ATt
W QI (PH)OA & 053+0.86% L 3 wj®
027041 HE 3).

T2E £9< 37 2 2FuAE 4F FA
2 009%£035 A 0701095, 4E1.22+1.33,
AF7 053£086, 3 02710418 YERNAT
(E 4.

rio ot

v.

o o zet

Of

25 SR FAARY AEA S A
2 oz, A RxE o4}, &MU o4 7
FH712 22, 9§ »yds 9§ A, A3V
i, tracing 58 A5 AR 2RE 4TS
A BpP,

1947 Bjork™ & A =Z 2219 Z4 o)
HE g eatith 840 Hrta Husts
t}. 19539 Steiner™ & % 1A 7j0) RE T2
go] % AR fAsHE Rol o, T
HEAA = sldstd ¥aE Bty AHafe
o), 19779 Show™$} 1980'd Aouda, Johnson™
2 FRIA 7o Yt ®sle o Ao
1 AEA93, 19804 Gron™e 559 34 W
37 A AEA 0.8%2 2ol & Vel 319
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t}. 19749 Midtgard5™ e $% 13 7]o) A<
BAAAZ A7 23}E AFsld FAYAE
HHEAIA #Y P29 3l olF Ao &
£ dlden 19863 Houston52e 28 H1
ALY AR 3be ol Hm dA A
T gonzg FY WA AR S tracingd of
velde ARt e 34 Ao A8

19839 van Aken®& Z# 9| Zo| Fjold 9
3 & LAE HAs Y B BE
kel A7t olF Zojof dtn FAsIH o
19679 Carlsson®2 ZA9t W71 AE
155cm, 300cmol A #9438 AL S A&sg o
EARoZ {93 Aole glAtz A

B AFoMe TS AN, AE, AFH, &,
2d2A5E X9 tracing® photo-
graphic subtraction®] 2714 WS o] &3}
ZAIAY. TR EFANAN s AE
(S-Ar-Go:0.66+0.70), F A 27 (S-Go:0.58+
1.75), 3t9HA E0l(Ar-Go:0.48+0.67), 3ot =
°o](Go-Mn0.46+059)¢] el EAHe= &
& ol & Yehfz e ojE 191 Cooke
Bol] 2 RN FAAA AS Qo] #
g =FoA ] Al FAUYT B
1% Ao A¥E & Ak AW FIA 2
o](S-N), A4 Ao} oA 17 (Na-A), 3t 2
0](Go-Mn) 2ol Z+z} 0.24, 0.70, 0.46°1 &l
19743 Midtgard®e] $7420] A& o3 AT
oo A et dHBANa-A) SR 6%
o] 9AE HAFld AEAHoZ AW FA 2
o] 396} stk Zo] 1.7%H T HEAjo] BHE
sttt A48T £ AP Al FAA
ZAoj(Na-A)7t Th& &3 FEHOE= & 3
£ ez gtk

1993 Huggare®s 28 SRUAA FHA}
2 #Z&GgAale] A FH] o] B AFedA
BH ARE YAes FAE ZHNSL/OPT)
& Z£A3to] 1.359] @& AA3, 1971 Solow,
Tallgren®& 1.439] € At & AFAAE
1289 FAE SAAE AUt T3 AR 2
o}(CV2ap-CV4ip)oll &3t 1976 Solow™&
FRAX S} T/ QtHA k] FI A oM A
Hol Zojg FEHAXY AF wixel Aagl



o] dF 3ty Handlym, & AN HF 3}
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-ABSTRACT-

EVALUATION OF THE REPRODUCIBILITY IN CEPHALOGRAPHY
USING ROENTGENOCEPHALOMETRICS AND
PHOTOGRAPHIC SUBTRACTION

Seon-Doo Jeon, Kyung-Soo Nha

Department of Dental Radiology, College of Dentistry, Pusan National University

The reproducibility of cephalography in repeated exposures were studied by tracing and photographic
subtraction. The materials consisted of 50 pairs of ‘same day’ radiograph taken under identical conditions. The
evaluation included skull, cervical column, hyoid bone, pharynx, tongue, soft tissue profile resulting 43 items
in tracing, and 19 items in photographic subtraction.

The results obtained from the differences between each pair were as follows:

1. The means and standard deviations by tracing of skull, cervical column, hyoid bone, pharynx, tongue,
soft tissue profile were 0.34£0.62mm, 1.02%1.59mm, 1.37+1.78mm, 055 1.16mm, 0.51*15lmm, 0.15*
0.36mm each.

2. The means and standard deviations by photographic subtraction of skull, cervical column, hyoid bone,
pharynx, tongue were 0.09%+0.35mm, 0.70£0.95mm, 1.22+1.33mm, 0.53%0.86mm, 0.27+0.41mm each.
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