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Reproducibility of measuring tooth length using the bisecting-angle technique
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Objective: The bisecting-angle technique is accepted as the standard method for intraoral radiography
in textbooks. It is characterized by its ability to consistently measure the length of teeth radiographically.
Although it is theoretically possible to achieve this, it is often difficult in practice because of variations in the
size and form of the dentition, the examiner’s skill and the kind of X-ray unit being used. It is not estab-
lished whether the bisecting-angle technique is able to consistently measure the length of teeth radiographi-
cally. In this study, we considered a range of errors in the bisecting—angle technique.

Methods: We used three phantom heads with artificial bones. Radiographs were taken of the incisors
and canines in the maxilla and mandible. Radiographs were taken using the bisecting-angle technique by
oral radiologist A (with 3 vears’ experience) and oral radiologist B (with 30 years’ experience). Both
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radiologists took radiographs using the indicator and the normal technique. Size 2 imaging plates were used

for radiography using a digital imaging system. The length of the teeth was measured using an application

attached to the i1maging system. The teeth were radiographed and measured five times on different days.

The average values and errors were compared between samples, and the length was calculated using com-

puted tomography.

Results: The images were used to measure the length of the teeth of the three phantoms, and the aver-

age error was 0.0~35.4% (avg 8.2%). The largest average error was in the radiographs taken by oral
radiologist A without the indicator (10.1%). And the oral radiologist B with the indicator was 9.0%. The
average error of orval radiologist B without the indicator and oral radiologist A with the indicator were

almost the same (7.3%).

Discussion: In this study, use of the indicator decreased errors in the less experienced radiologist. How-

ever, the error of the more experienced radiologist without the indicator was lower than when using the

indicator. This suggests that the indicator limited the skill of the experienced oral radiologist.

Conclusion: The bisecting-angle technique resulted in a 10% error when measuring the length of the

tooth, irrespective of the clinical experience of the oral radiologist or the use of an indicator.

Key words: bisecting-angle technique, indicator, average error, experience

i
o X o B B Ix T <, Wilhelm Conrad
Roentgen 12 & > T X #EAFE L SN 72 B QI74E 121 4%
SrTE DR & 7 % 3RO X e 2B 2 i S
Nz’ Fz, FEEEICEOERZ ML 72O EE
NIZERFEZ A L C XM e B vy, REONE
B TET TRASN TS, NS OMTIZRE
LT, 19044E (21X Price 28 &40 2D\, 1920
412 McCormack A3 ATEEIZ DWW TY, 19254E12 Raper
AR A1) T ADZW & BIIREEIZ OV TR
LTwa", ZESmEE, ko (DL, sl 3
B) ETANL, A A=V T TL—bdbVIdEEYE
BiRmbd (o2 UT, milide35%) ondAE
AR S A 2R E L, O AR S TR S
XMERETIIREETH L. BIE LLOBEECBY
THEHER 2 TN O & ShTn g™ %45
MR ORRIE, B L, ROERESELWIIENES
NHZEZHY, EREFEEDIFINR TS, L, FE
BRI E OB 3 2 A otERe, &2
OOKRESREILED 73 EOBHEMOZERIZ LY, BRARB
Y ClIHow SN G ORR R ARG 12, 50
FEWIESTEOWMGIZ LI LIEEET 2. wikE
HICBOWTRADIREEZ IR T 572012138, HET
SO RGEERDLT XBEIROONL. FFICH
BHRRPIRERHEIIB VT, X ClIED AR
ES2BT LI LEIATRTH Y, ZFE5HLDA
WIS X R ENFE L o722 bd ),
ZESEDMED I CE 72 BURDY D 5.

il

182

1004E L LD FE R % 50 "%k Th 528, HFE
DT AN L x W7o rigiRiIcid, mesn

TGV BEOSERE G L o TW L NIZELT, »F
DRI SR TWiEho72"Y, FoBBo0E Dk, W
ROKEE R T H720121%, ML L LZEHOFEES
HABTOIHEROE ZIHANT /) T AR ETHIT S
VBB o722 ThDL, T2, 74NV Ax w7z
RS T30 X 40mm O/NE % 74 VLD L THD
R WD ER 720, FHIERICR & iR
AELLZELFRIN, HEEFEFRKTETT L0
HELWITORETH - 72,

VAEDOHRO X ikt o v ¥ o — ¥ il o1
HEWKEOREZZITTCWs, HHa— =24
CT (BLIF, CBCT &9 %) &, E\ZEM 5 EeE & 5
HREA O Z LPHE MG SN T2, 7Y
VXY AT AT, V7 7 ECH{$
TIRFRLZH) 2, RESRXRAEOFHIZEHICE D
BRZDBEINo 2,

FICRIGEL, TYSNVONEREY AT LR
WTHBREEET A OWNERGE 7 7~ b AaZ g L,
CT WA 5RO M BROWOER = Hi L LT
FEAHEIC X B ROFERTGZOBIEIC O W TRETT
AT EwHME LT

AL ik
1) ZEGTERES &Rl

FEERBAE S A AR X M 7 7 ~ b4 (RINN
54-6002, HHEA T4 v 7 RS, WD) 3% B
ke L7 (K1), 77> N AI3HEEHEEONN



P EZ I ATV L b OT, KIBLWRIEEDOE
BRAS R VAR ARSI & 2) 3 v EOERL WML E % i
ZTWA (M2). %77 LOWHIOLER KX
SUIERERIRICHRA TH 5.

COPEX IR EEIZY a — sa— v ¥ 4 TN
Wi (ALULA, WiHL v Mo T2, 5 %
A7z, Hogdefiid, EEE60kV, Eil0mA & L,
HESFIRE R EBAZ IS L D ARE L 72, Mehde e LC, %
R (SO F oy N—2H 4 X) O A=
771 — 1+ (Imaging Plate, LA\ IP & W&4) % fdifH
LT, TYFNVONERZE Y AT 4 (VISTASCAN,
DURRDENTAL, Bietigheim-Bissingen, Germany)
Y migERaE Lz (M3).

W, W E A (BRREEER 5 4, R R
& 3EHOLE), BLOTEED (HREER04E,
PR R TB 30 DX T T ) HER L7z Hor
L7200 FEEOA MBS, b, AR, B &
O T O E KB E, I, ZEHR o A6 5
MCThsb gL IPrREEOFREBELL
ZE (EZE20mm O 7T AF v 7 E) CHREFL @
Wig, BLUOBEERORREE ZESHEREZ D XM
A HHOERE A& LA vV r—% — (I
A Y r—4%—CID I, BCA$amrsenT, mheE)
AR L7 (DIRA v O r— 4 —g L iER) %
FEhi L7 (X4).

IP AR 2l CTHRAE L -HEEIE, 72200
WEHRE Y A7 oME» Y 7 by =7 (TROPHY
Windows, Trophy Radiologie, Chester, USA) TR
L, BSFEHIY — )V CH oSO & 3D & 245 A
P E R EHALZHORE S % 3 HEHI L CFgfHE
ko, WORSE L B, WEHEALBICX
A AR ERHINE, — AL L oMEE 1T
T 5 mlgEHE L 7z

Mo ThED»D, 77 A1, 77802, 772 M43

B ORI O A B

M2 WEART7 7 v b AOONEN
MAoThDrD, 772 A1, 770802, 772 M43

A B
. n
A LA
1 5

B3 MBENIRRE (A), IP AN KE (B)

M4 77> o FHEREOBETERE (A),
4T —%— 12k % (B)

2) CT #se & 5Hll

4 5 M 4 5 i %% CT (SOMATOM Emotion6
SIEMENS, Munich, Germany) (2T 7 7 ¥ ks &4 ®
W e B ol WM BEHEFHE O R
(2 U CEEEL20KV, Bid0mA & Lo R
(Field of view, FOV) X7 — 7 VEE#EIE, T
REZPR Y FEMI 2 Mg 2B oNbHEE L, WE (R
7 ¥ V) 4 Z03mm @ DICOM E{% > 1) — X7 —
7 (R 22— LWEET—%) B L TR L.
CT %1 % & HUf5 L 72 DICOM i (%7 — % % 2
v ¥ 2 —% (MacBookPro, 7 v 7 )V ¥ ¥ 2 —
%, Cupertino, USA) 2 Ht & A&, WARBNT Y 7



F % = 7 (OsiriX, The OsiriX Foundation, Geneva,

Switzerland) (2 CFIR L7z, ZWimEEHEE (Mult

Planner Reconstruction, MPR) Hi{f€— K CTHOE
B0 - 72 IR TR 2 VR L TR0 & & % 3 \IEH
L, FHEERHA Lz (K5).

X5 : 77 ko EFHETH MPR
A BFHREIE RS OFH (R
B: FHAH ESoFHN (B

W O FHAY

3) T — ¥ AT

X#EPSFRHIIL 2o RS 25, CT B LD
WL72EDORS MM LT, DTIZL ) 28
FETHE L7 X G OBERZ RO 7.

1t

s |

(CAR LRI — SR fl) ALl |

T

FEHENTY 7 F =7 (SPSS.Verl9, IBM, Armonk,

USA) v, 2%0olEEOM, 3077k
LDM, AT r—9—DFE BIUOLTFFHDMT

AR L £9, £ 7T -8B LR
EHROIEH % Shapiro-Wilk #i%E THEE L, 7—7%
BIEBAA DN DE LT YN A1)y
2 72 T TdH A Kruskal-Wallis 1% TH =72 0 F i
AN BEEDSRDO LN LHEMOLEILEICIE
Tukey Dl EE Wiz, AEKEITTRTORET
5% & L7z,

ok
Ea

ES

77 ¥ b A VISR B AT R O AR B O
R E OPE X G2 RT. RO S5 mk
Bing DFRFEFIT R /N0.9% ~ 1 K229%, F3965% T,
RANDRBERIFEEBWA VIV r—¥ — % w7
LD, WADBRERIMEEADAA YV r—5—%
Az nwdoTho7z (M6-1, 2).

THOBRAEFITIHRANL0% ~ R KI52%, FI969%
T, WADOBRERIWMEEBNA P75 —5—%
Wb O, IKOBRERIFZE AN, I r—5 —
RV DTH -7,

184

77y bA2ORMEREREE L ONE X HGE%
R, 77 VN4 2 EEHOBRERIIR/N06% ~ KA
312%, Fi9120% T, Wm/NORERIIIEE B HA
U= —=FH0whhrolzb 0, RAKDOBRERL
WHEADPA P r—89—%2H20ndDTh-o7.
TEHORERIIR/N03% ~ T k354%, F1911.9% T,
RANDBERIFREEB VA YV r— -2 i
Molzbd, ADOBERIIHEEBVA v I 7 —
F—m Wiz DOTHho7 (K7-1, 2).

77 v ML 3OWERIFRES & O X g E R
T BREFIIR/AN00% ~ R K156%, TFIHT2%T,
RANDBRERIIWEE ADVA VO r—5 —2Hwiz
bO, MRKOBEFRIWEEANA VI r—9—%
Wb dTh o7z, THOREZRITRNN2%~
wK169%, F357% T, W/NDEEFIIFEE A
WA V= —FH072b 0, ROEAERIIRE
EBBA V= —FHwEnwbOThHo7 (K
8-1, 2).

3EDT 72 N AR BE LSS HEREICL S
WOR S OREROHEE - Wog T L 5 EER R
F. 77 v bASKRERAELERERE, &00%,
B K354%, FIH2% Thotz. A1 vV r—v—%H

W OISR, BRIRRBRO B VW isEE A
H79%, REIRFEBRO VI E B 539.0% Th - 72,
FREIZ, AP =% =%l DiRE
L, WEE A 2Y101%, WEE BA6T% TH o7,

WiwEALBM, BXOA YV r—F—0fiHER
EHOBEROMICHAEELRO -7 (M9).
77y MASKROBRERIE, 772 A 1569%,
275120%, 3764%THY, 77 v bA2OFRER
M77 2 MA1IBIO3 LML CHEEICKE RS
TWwWz, 77 hA1E 3OBREROBICIIEEER
Rd o7z (H10).

WA % LR T iR 2 Ry, LFHOF
WIRAAEARIE86%, THOMESRIIZI%THY), LT
HOMICEEEZRBO Loz (H11).

e

oy

BEFD X M IS 3 5 lESE S -0,
NAIZE A [HRL > M vsE] T, 19166ED 2 & &
ENTWDY RSB 2 Wk O E D% <
b, IZIFFECEICHER S Tn . EiRo [HhE
Ly NP vl #BRT 2RI TE o /zhs, BN
WZE D BT TSN TV v b ok Y cig,
B 7 ANV ADPATICALE DT S N Wi a2 & 5%
LWESOWmGEE152 HiEE L TS0 MmRE1HEN
ENTV L. ZOHMIC T 2 HIEFETH D,



B ORI O A B

40
BALOr—2(1gEEA)
= LS —A(BEER)
30 - BigEEA
B igREs
25 1
&
20
]
B
15
10 -
0 !
2 12 11 21 2
mE
M6 77 bhAlOfEER
6-1 @ baEzeses
AT hr—4
(HEs=/A)
40 -
35 B A —S(REEA)
AT —S(RFEEB)
0 BigR-EA
25 B Ee )
]
W
# 15
10 +
5 ‘ l.i i
0
33 32 31 41 42 43

o
M6 77>l OmEs
6-2 @ TEHRAER

185



B AU~ (BEEN

€ 5 LU —5 ()
g m.:

35 1

30

REE(%)
(s )
o

15

10

L

WE
7 @772 A2 DfHER
7 1 : J:.vnﬁu}"\';lj:;?—‘

40
BALOr—32(BESEA)

35 ;
-4997~HE¥§M!

33 32 31 41 42 43
EE
K7 : 77> bA2DHER
7-2 1 TR

186



(=]

40 7

35 7

30

B2 (%)
& B8

=
=]

5

0

B ORI O A B

BALUir—a (s
B Lir—4a(BEEs)
BiREHA
BigfcEB

13 12 11 21 22 23

L

Jéaal;

8 : 77 ki 3DiaER
8-1 : L3R

B A =3 (mEEA)
WAL —a(REER)
BigFEEA
mig#EL

1 B)

8 : 77 ki 3DiER
8-2 ! THHAAEE

187



40
30
£
= 20
%
10—
0_
T T T T
AT — A 08— liEEFA SREEB
A 4B
WAk
K9 @ o Lo HikIC X hiaEss iR
* *
4 1
30
B
£ 20
%x -

107 E
0_
T T T
27 bA 7 kA2 77 kL3
27 b LKS
F10: 77 ¥ Ak BEEERDER
* <005 CTHEZENRD LN

40
30
=
= 20
10—
T T
L5 T
ETHE

BI1L : b (BF5H) 12X 23R 0ER

188

TEEED S B OSERIREP O PICEER SN T 20
LI ENTEDL., e 7 AND T FATIAEA T
LTI T Al b b oA, AT Y
AL S T e,

AT THGE T 2856, IPEN TRl & FATI2 7 A
VAR T L 0DFHENUEL D, OENTO
TANLORFEE X HERMEMTIRREBWE L
WA A vV r— s —1d, I E CICHREED &
KENTWE . KT FATERE D200 1
D=5 =D NEENL VD, OFEORCHE
NCTHATERGE 2 B2 ) &, BEICHRE S 2720
MR TEN IS E & T IO &R G s n
otz ) TAHIEICRBEY. 20w, HATIEZ
L HEOMINERTET T & XKMAS H IS T
RRTENIA V= =D EN TV S, RIS T
e v — & — & TS TERE O&MER
P23 NB L) SN DTHL. 714
L&AV OWNEXBEEIZB D058 Tl d %745,
Bhakdinaronk 5" i, B OMA TR S22
DERONEXHREETHOES %/ FATRHIIL
PR ICIRE SN ROEREEZF L FATEHIL
THGEOREZHRET L TWD. 1o HRE L2
rix, A v —F = ATERE, 1Y
T—F =% A8 RE, BLXOIETZ AV
LERFFL I ZESHENRGE TH D, MRELT, P
ITHEIRFEOREE D B EFAFRD LA, FETTA
WA RFE L 2SR 2 50T, MoRSHE
ORI NN L 2EEZ IR P o7z WAL
TWh, FANVLEGEE TV 7 IWIRFEDECED S D
® @, Bhakdinaronk 57 @513 AN O H L5
AETHLDOTHY, 1V r—s—0FHIEROEE
WS ORBEN L3R wb oL Bbhs. KRif
FEDFER, T A EZ IO SN o2 b DD,
FREEBROF IR E A TIEA vV — 7 — IS
LD FRZEEREMPMET T LA, BRERO RV iy
B Cldts LAMRERN LA T 2 HAIZ R LTz, 2
g, Bk 25Ok E S RLTROMEANZEABIRT
Lb0EEZL. Thbb, BEMALOWEFIZIEA
U= —lEETADDERBEE R LD Y, =
NGB BT L -0 Tld v b Bbi s,

L2rL, EPERICHE 2 AN TSR %2 RIS 5 7208
ISR E R L BECHILARO Y72 5 O ENIZE R
RFALBEIVRL . DX BBEOERD
B & o 7B R H IS X e AT 5 2 L2k
L RBOPIEE WO MR EER DL, 4 2T —
Y —DFHZOL DTG EFEHERSNLRETH A
I, HHLY X, SESHECTEREINIZXBT AV



2% Wuehrmann OFHIiZERE™ (2 X DR L, #5510
Ha—2hy PRBRETANLIZNES ho72X
MEEE K] LHET L L, 10MEaEeIcs
WTEE—ADY A BOFMPE L B EHE L Tw
L, SIS LTEFS" 1L, 4V r—4—0fH
WX D Fog R BT ARG L TR, e
Db A vV r =5 —OEELRFTERbN 5.

FINEE X e 2 W e 2 IR ) R 1w 3 5 A L
L CHURBHGE EIFIEND S DD 557, iy &
wET) YT ANy Y RETHIR L EE % N
WA = =IO A, woTHRE UALET
B OWNERENTEDL L)ICEEEINZLDOTH
5. F o HEIIHAEE OMr Vg RIZREE T L7720
HE R ORI X A HE L Vo2 b e iEt L7z D
THILIZHD. WD SR L7y ik &
Ak L, MR L N XS, WEAE X U0H
HiER 2 W3\ ALE O Tiioe L 72 =B I2 B wTig,
A LAV OFHI 721 T S OSREIRZICE LT
L, IEFICEVEESSEONS Z EAREIN TS,
L7 L IS0 R B w R CFEITS 51213 T
MAD05 9 ZICEFOWHRL /NS v, 72, &
BEOIAEREIZB O TEOZELE IS 2 HELS
HAEECEEDLNDA, HOE SFHIlZM D) K
LTBIh)r—2AFELICCL, ARERIERICE
T HEREIXERWE B,

WA X e 072 5 WABIZ1990FE A B - C
BY, FUSNVOANEREIZL 2EOE S OFHIEE
IZOWTHMET STV BB =5 L TN ER
U AT AMERML SNSRI, 7YY IVIEEOM
FY A X13005mm FBETH ) 7 1 )V 4 OFRIER T O
I SIFBR IR N &S, M VIRE DS T
REB L OFHIBEOKTALE S 7z, L2 L, 78R
HHET L2k e LT, FYUYIVEGEOREEIZT AL
NERENPZENLDETH L Z EPRES N TVDEY,
UL, WA EEICIER L TS TE 5D THRD
REOFHIARA ¥ N 2 IEMEIZREETEE, &5 VW Idmig
DPELERTY N FA NIV Ea—FE=F ETH
R RE & Vo 227V 7 VG ORI S ABIFR L T
WHLDEERDL. T2, ONERE 7 A VLD
Ty MEIFELNLLTESICHITONL DI LT, 7
DY IR O TP R R AR AR < Tl e v
VDD L. ONEEEOREE LY E 2 56
MR DSBS o TEIT 5139 PHER & B iligs
HEE L CTHENMET S E0)EZTHTRELR K
T, AHEEDEE  THIATS 2\ T ) AR EE ST O IR
HICHERBROSERENTELZEIEZLNL.
KRWFRAIZBWCTHIL72R Y CTlE, Bi#FHoMh» ) 2

189

B ORI O A B

72, BAWVIIEAR L HOFERBE ORI 2 ME L 725t
ITifgE1d 7% <, SHROMIEREIC R L LD,

WOR SFHINEE T 2 EAROERE L TdER
DHYIERERL W OEF S E 2 5N b, KL T,
FHHETHHOMIZIEHOR SRHIOBRERICHEEE

ROwMo720s, 77 v b AOMEH TIEAEZEDR
HHNTz ZiUE, BEEETIOKRE S RHEN TN

DT ORBEIIRELEET LI L ERETHL DL
FERL. EE, AMEOHRTIRERNEH hoTw
277 bA21E M2IRT LI 77 b Al B
L3 EHB L THRWEYS RS, Bl E# b
D7 7> FAEIZRLEDLTHA D Z EDAIRIYIZE
BTXL. HHIIOKRESRILE, &2 Idshilho e
DM NZENR EOREONTEIRFEOREE I EET L Oh
X, EROWTE DGO TEHROBGTREE Lzowv,
CT Wif§IZ & 2 ZWIcetill s m Wi E 2 Fo 2 L i
JFHEAYICHEW R 4 27T ¥ N ORTEIRAE D & 7%
LTHRORESFHNSLHEEEROBEICBVTLEHE
FAMEDTE NS E D HE SN T W R F e e
R A% LA CBCT 13 B E O IRG &/ &
WIZEERREHELTEY, MORIZRKDL7DI
CBCT #2352 L bBLFEM R RINTIEH S L H
bitd. UL, HEFEEMEWEIEE-> TN
BMOr OWBRIIRET Sz v, 512, B (5
#iPH) 2K E 702 & e b B ST 5 2 &
Mo EEICFHEINLENETHD. 72, 3KIT
CTHEDSHOES ZRD L 720121, Rif7ETH
o RIS, BRI % RO BENZE - 72 MPR Hi{%
wCVWRWIERT 20BN D 5. Fog SN EERo
T EFCHOEZIDRHITREZ Xfiffoz L ik L & s
SAMEFITH 2 NI REP G HNLE A THA .
B ERN S &, B X ORI ER TERIC
MR  ANLERE 52 W2 &% BIFd 2 51308
I I XMREIRLENLTHDY. Lrl, AUy
MRO XK CHE* AF ¥ V3O REEM2 S, /3
/T XAREHR O REI BT 72 5 TR E S5 1R
EACEHRMTRELRERYY, HORS % EHIIT
LRBICIEE L TWARWwE SN TE, UL T
B L < B%E S N2 O E B R  2 &
Be 7 NI THEMNC LY, IERE A BRI AT RE 2
IN) TRXBYATALEBER L TwLYY, Ihbh,
EEE ORGSR, SHREE 7 L — 20 ETHI S
7230000 E EDFEMAEL D 7 L — A W{ET— % % ~ &
Ty v A E ) GRS CLEL L 728 T
~WETIE, WiREAEICBIETE S [l on
SEMEEICETE L CHBAGHEE & R DB Z Fo =K
JEZER EIC~ vy KV 7T 5 2 ENMRETH L. T DI



J I RBBEZRITY v €0 FHEICBIT % HEEEHI T
ZIRTCZEM AR O 2 2\ 2 BT 5720, HifR
DRI B SN T IIEME L R L RO 2 H TS
b, N IREE=RITT~ v ¥ ¥ 7 EOWIG & 55
ORI D SROMET — <1l h b EER L.

f

FUE I ESETEC X B INEREOREIZ DWW
T, CTHEL)PUS LR EREZ I L L T
L7-#ER, RMOFERWEZOREICHE L CUTOIHE
RIS 7z

1) BSERiBA Y — 5 — ORI

2) WoE ORI EE S N v,

3) WEREHIOEERLKE SITRBEIND.

4) WEFH ORISR A T — 7 —OF I

Wb B T2 DiRETE .

SCHK

SN7pw,

Catching BH. Roentgen X-ray finds a missing tooth.
Dent Rev. 1897; 2: 22-23.

Price WA. The technique necessary for making a
good skiagraph. Dent Items Interest. 1904; 26: 161-171.
McCormack FW. A plea for standardized oral
radiography. J Dent Res. 1920; 11: 467-501.

Raper HR. Practical clinical preventions dentistry
based upon periodic roentgen-ray examinations. J
Am Dent Assoc. 1925; 12: 1084-1100.

WISF A7, /bR B EHEE—RT HE. SRR
5 ML Wl kR kA, 2013 1 97-120
K%\ MR RS = a7V, WL il
4. 2006 : 26-30.

Bhakdinaronk A and Manson-Hing LR. Effect of
radiographic technique upon prediction of tooth
length in intraoral radiography. Oral Surg Oral Med
Oral Pathol. 1981; 51: 100-107.

OO R CT o, BTE, k. HOYMES
2013; 58: 706-717.

Mozzo P, Procacci C, Tacconi A, Martini PT and
Andreis IA. A new volumetric CT machine for
dental imaging based on the cone-beam technique:
preliminary results. Eur Radiol. 1998; 8: 1558-1564.
Arai Y, Tammisalo E, K, Hashimoto K
and Shinoda K. Development of a compact
computed tomographic apparatus for dental use.
Dentomaxillofac Radiol. 1999; 28: 245-248.

Watanabe H, Wagatsuma T, Nomura Y, Honda E
and Kurabayashi T. Spatial resolution of FineCube, a

10) Twai

11)

newly developed cone-beam computed tomography
system. Oral radiology. 2010; 26: 56-60.

12) AHZE—HE, UMM, ik B BRI RS

190

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

RKHEFW #F. 7PNV T T4 A M) —  EFEEHR
EFTV L OVER BAM. Rl kCRENE. 2015.
Woolhiser GA, Brand JW, Hoen MM, Geist JR, Pikula
AA and Pink FE. Accuracy of film-based, digital,
and enhanced digital images for endodontic length
determination. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2005; 99: 499-504.

Athar A, Angelopoulos C, Katz JO, Willilams KB
and Spencer P. Radiographic endodontic working
length estimation: comparison of three digital image
receptors. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2008; 106: 604-608.

Kal BI, Baksi BG, Dundar N and Sen BH. Effect
of wvarious digital processing algorithms on the
measurement accuracy of endodontic file length.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2007; 103: 280-284.

ZIENAR. DODSER RS O HITIED. R
M. 1996; 36: 191-8.

Langland OE and Langlais RP. Early pioneers of oral
and macillofacial radiology. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 1995; 80: 496-511.

BN A Ly M7 B R WA
1940: 84-160.

Rudolph DJ and White SC. Film-holding instruments
for intraoral subtraction radiography. Oral Surg Oral
Med Oral Pathol. 1988; 65: 767-72.

B F, FFRwER, @dFRAME R J)0 ERGETT
MiRRE HAa 7 7 4V L)V 5 — O, R
1977 ; 17 : 32-35.

Mamoun JS. Assembly and clinical use of the XCP
dental x-ray film holder and orientation devices in
dentistry. Dent Assist. 2011; 80: 8-14.

BUEW, HAOEG, KPims, BEEE, A
T MR RE OEAME, DNEESEZER, KO 1
KW IR, fEARRE, BITEN, KD P REEKHE
BRSO TN 1 B 3 2 AT R eRT . SRR
1973 ; 13 1 153-165.

FHHG—, EIBONL, 4 R4S, TS03RgIc &
LGN X MG (1080E) oM o % 8
MYEFAG. SRR, 1990 5 30 : 145-151.
Wuehrmann AH. Evaluation criteria for intraoral
radiographic film quality. JADA. 1974; 89: 345-352.
SR, KRR, SH—F, WEMT i
Cone Indicator D EEREFAM. BEAFHETRL. 19715 11 ¢
123-124.

NGy A= I X ORI & 2 o RIS .
FHBCHHE. 1962 5 3 1 7-13.

MR —, =%, PEFEN HR # H10%
FE LA X B EEORE. R, 1962 ;
31 18-23.

B D OWEE X SIREICE T 5 XBAHGED



29)

30)

31)

32)

33)

34)

35)

FRNY = B LI TREBIIOWT, B
1984 ; 24 : 48-62.

Hishikawa T, Izumi M, Naitoh M, Furukawa M,
Yoshinari N, Kawase H, Matsuoka M, Noguchi T
and Ariji E. The effect of horizontal X-ray beam
angulation on the detection of furcation defects of
mandibular first molars in intraoral radiography.
Dentomaxillofac Radiol. 2010; 39: 85-90.

Li G, Engstrom PE, Nasstrom K, Lu ZY, Sanderink
G and Welander U. Marginal bone levels measured
in film and digital radiographs corrected for
attenuation and visual response: an in vivo study.
Dentomaxillofac Radiol. 2007; 36: 7-11.

Sheaffer JC, Eleazer PD, Scheetz JP, Clark S] and
Farman AG. Endodontic measurement accuracy and
perceived radiograph quality: effects of film speed
and density. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2003; 96: 441-448.

Larheim TA and Eggen S. Determination of tooth
length with a standardized paralleling technique and
calibrated radiographic measuring film. Oral Surg
Oral Med Oral Pathol. 1979; 48: 374-378.

Basso MD, Jeremias F, Cordeiro RC and Santos-
Pinto L. Digital radiography for determination of
primary tooth length: in vivo and ex vivo studies.
Scientific World Journal. 2015; 939045-939046.
Santos-Pinto L, Cordeiro Rde C, Zuanon AC, Basso
MD and Goncalves MA. Primary tooth
determination in direct digital radiography: an in
vivo study. Pediatr Dent. 2007; 29: 470-474.

Sherrard JF, Rossouw PE, Benson BW, Carrillo R
and Buschang PH. Accuracy and reliability of tooth

length

and root lengths measured on cone-beam computed

36)

37)

38)

39)

40)

41)

42)

B ORI O A B

tomographs. Am J Orthod Dentofacial Orthop. 2010,
137: 100-108.

Bagis N, Kolsuz ME, Kursun S and Orhan K.
Comparison of intraoral radiography and cone-
beam computed tomography for the detection of
periodontal defects: an in vitro study. BMC Oral
Health. 2015; 15: 64-65.

fEHE—, R, BEE— #FASD, B
AT BAMER, MUEF]. 2 EEOKBH I - E—
2 CT OWIM R & ERhfa 2B § 285, B
MERE. 20125 68 © 216-225.

XA 78 < XKooV A > A S LT,
Iz k=45, 2012; 38: 117-128.

KISy, SHTEL, B, KIEES. 7Y 8
737 I KR O 2T & 2 05% 7 7 ~ b
L DOFGE. ERHRESEL 2012 5 52 1 47-60.

Ogawa K, Langlais RP, McDavid WD, Noujeim
M, Seki K, Okano T, Yamakawa T and Sue T.
Development of a new dental panoramic radiographic
system based on a tomosynthesis method.
Dentomaxillofac Radiol. 2010; 39: 47-53.

Katsumata A, Ogawa K, Inukai K, Matsuoka M,
Nagano T, Nagaoka H and Yamakawa T. Initial
evaluation of linear and spatially oriented planar
images from a new dental panoramic system based
on tomosynthesis. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2011; 112: 375-382.

Kitai N, Mukai Y, Murabayashi M, Kawabata A,
Washino K, Matsuoka M, Shimizu I and Katsumata A.
Measurement accuracy with a new dental panoramic
radiographic technique based on tomosynthesis.

Angle Orthod. 2013; 83: 117-12

191







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


