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BA] BEY 2w S ATE 249 &
Aflol 2Be FHs= B4 2l
13459 o] FAQl 2RI A e 23
FHF-= ol ol d wopdo] Wi Aol
ot A EAsel"® PR = BF 3
T84 233 AR g o AR Mozt
theFste]l WA sint. o3 d SRS S
= e YAPIARIE o] &8hke W file
< AHg3le) gAe) el g Wy, AR
57719k o] 9] MY FIprof Y FA) 55
s T3

S7pe] Zztel) 2%k W2 fileo] S =
2EUE W AL =7e FEold Al A
Zt 5ol g3 2#GE AYshs e 3E
FolA vl dojRta & & 3ot
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Mg : 19984 7€ 1Y
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WAL S o] &3k Wide EE A2
o AR E o) fehs W &4l XA
ol g A7) & o) &3h= tRAg GgA| 2=l0]
b=

EE X2Y ARIARE o] &she WhEe
3AE A Q] ALEo] 2319 A gdnto g HAEE
o o2 93e WE 4 gla X2gFe] 294
HATHE 4§ en o8 AxE &Ys|ofok
AZEFol Aoola] Fof g7 AL & &
A A7 Brpesow ggix HEj BtE
A8l e Azt weke] R7HEQ o] Fgs)
T} E AR T3 we} s Jeld 4
ATH?, Chunn 92 WARAAA ] Hg 84 o
3l RustEed BAKE ZH BT #A el
Y file2 AA 2 o] SEZFEG A 33%, HYPE
golld 20%7F T wAUZE AeE vk
t}. & Kuttler®$t Green® X|2hgol %
&3 2T A ke A= 50%E 9A &g
tha g gl WRAPIARRIolekE SAITE S
<+ AR

A GAA AL WAL S AFEE
LA Aoz Ao 85 24, A%, &9, A
% 5ol 7Fs3 dAg 94E Aside A
7](detector), oFgZ -t ¥E7](analog
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to digital converter), HFE 121 48 &
g 93 2UH 32 e/ B8, o
Ag G 2dole YIS 9473724171 (digital
image sensor)®] 5ol whet F 7H] HEE U
H=d sh= charged coupled device(CCD)
&AM A A3 (imaging plate) &
/\]"%‘:6 t 7)—]\18,1920,21.22)0];}_. CCD_’%‘_ }\]'%6}:\2' 7}-1
de XA BAL AuA7F CCD HA|71el &fst
o A7NAY A5z AY AdsHE AlA"EY
Sens-A Ray", VIXA/Visualix®® %o} 1
CCD ZA71ol| =2=H AW XA WA E 7143
KMoz AZAI|E Al28Q RVGP?, Flash
Dent?7} lov] JATE Atddte Al2dle
Digora®®olt}. TAE A 2=de] Aoz
A glo] Al A e s ddF
7 (contrast enhancement)o]y} AZE ¥bA
(gray scale reversal) o2 A& 22 4 3l
o gzl HATA %238 E-speed filmol} ¥)
&) 60%7HA) ZHAAIZE § o,

CCD #A71& ol&shs Tl UAg 3
< "E9 &% o] glol =& T F 2o
BEEF I wEFS AL F U H
Hueanm Zoz o3 ZHAXF FEIEHE
A7t Bol A=HA oW dubatAARRI o b
ste] Hl& M43 ZA)71e] #)4de] 10 line
pairs/mmZ BR|H7E A7) 7t FAY
Z2}e}7] o2 $H® Aol foldkA] ¥ HP
a3 =E2AIZe] ELUG T F& YU ssow
ol R AAE,

FAIE o] B3l FdAI AL CCD #A
718 ol &dl= tRg YA 2Fe vlgf =FA]
7re] 7t 33] Yol Velders 522 9% =
EA7HE 95%7HA £ 4 vk s &
g CCD #A714 vl3le] Jdie 27171 #AA
shute] FAddel Hot 5 F-9o] 944 9]
& £7} it

Custer?= 22 T MAEAY §902 &
e A AREI 2HFE de 249

A& 2ol EHE HAV1F o2 2H 3 9
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AE AZste Py de) Rasigon
Suzuki®7} AEH okel Thilol Aljld A
ST P et FaE dIFAlolole dFT
AZIAge] 2 FA}9Y. Sunada?=
ol g AXA S S A} A2 A
o+ Alololl = H 6.5k Adto] Fajel vl
<89 27, xote] Fyjol FAgle] YTt
33t AFoZ AriFoz 2agE FY%=
Wil dig) avhsiETt. A7A B AxE
BAEH 717 g o] AR E D Yl ole] HE
Aol talr e AT =] o] grt.
olol] WA o) 3 A7A3e] UelE o] &3t
AT HFEA 7= BN Az of 3k 3}
o3t F71U A3}, Aol AARE oY A
2algee 22 MR, EY Fo) EAT AL
oﬂ_:_:__ @Qi‘ﬂ_ %‘@o] 0121% %@6.35,36,3’7.38,39.40,41)2-
2 g de] o 85 Rt 1Al HE
de 23 AsAe 559 BAGle] FH o
7Fsdt FalrEq AAZRZSH7 A
ol HAEH ole 20 A= g& FuE 7}
A AFE AM3 olgA tE oL 7t
Al FAG F 719 O AYS 9 Hen @
< FIFAME B2 AYE, B2 FagdlA
W AE 44 gt ol @ F Y g
Age mio] X2t s APTLE BT Wol
AR gk g o] 2= F /N gl
o 4F& v &gE /IAA Heg 233e &
A 4 QA o2 gy ol 3 whEe X
9] S F8A T2} 4, TH;e] Bgo} =],
W (curvature)d] A, A=, WF F& &
e Sl ATk,

£ d79 BEAL dA AN 238EH
& 3l A & SlE EF TG WAMKIAL
&g, YR FGAI 2" Digora®, 39
&Y AATHEEZH Q] Root ZX°2 3%
o] ZAol& &3l Ao} THEIA ] A& 9}
v FA48le Ztzhe] Syl AT &
A& grlsta R filed] H7171 22t 2
AP vAE YIS golFozN 2




AR ATl Eas Faak ol ot
I. 937 g & ey

ot G M=

1 EASA A2lA A gl Hasio] Xo}
ol 531 TS g8 AAT 45709 A
Aot FAX 28N ool gle 2HEEH
7Fed 297H9] A I 27X 9] 29749 2
TE PO sl om dPAjohks BE 7
WEAMIARSY A2d Bav 94, 35 %
Aol glom AEAFE 71 e Aohthg

AT

2. oo m3PH
Ax2] dxe A3

A" AAE 2 AT nEEe 29
A AR F oz AAsle] A x|ole] Ao
s} file Aol A EA T A 93 o2}
g Fagsg. H4EEEL AT Py}
FARH Q= =8 9 ol2dY g 7159
AE 1:19] 8H]E&E 4J0)A 0] 2.5 cm, 7}2
3.5cm, A2 1.5 ecme 2712 104S A&
3 Zzte] BEd| 3749 Aol wiHo] A
I FPsieE sl on ARANZHLSHA
AZEEI} =ZEojof dng ZAHUMHE 7l
Z7o] BUIFEE vjg) ZF B2o) A2 3
T FHE AASY TG =E3AAT
(Fig. 1.). 9239 95E T4 2.0 cmd] o2
2Y g3 BE5S @79 xo} Aol YIXAIA
A&z}

sk APES 24 2

Lt G728l
1. A2 HARIALR S 0] 43t file o] &3
B FrE7I0l AUA] ke 7R B
9] Ektaspeed Plus(Kodak Co., Rochester,
USA) &5 ARS8t ) BAMIEg )&
=2A1] E8HY7E W 70 kVp, TmA, &
AA717F 0.7x0.7 mmel, Fod3}7} 1.5

mmAl¢! 12 inch® ZZAHE(long cone)©]
Zd FU BAAd #97] Heliodent
MD(Siemens AG, Germany)& AH&3slith,
99 BF AT WA d@3e
AHs8%37] Periomat(Diirr Dental GmbH &
Co., KG)E AME3I3 o, dddsn) Ao e
A3} Bo &S 1148 AL AFFWL
Readymatic A|¥(Kodak Co., Rochester,
USA)< AHE-8IE T

o AF& feiA] ApPAIIEE AFdhe
AHAL 2917} AR 83 Age 2 Tea}
1918 AA skl ]2 HAMAARIA A fileo]
22X 1 mm Golzl F9lo =2 w7t
G2 NEIHA filed] HAE A5 WAL
AARAA fileo] 2|24 1 mm7t oA
A AXERE o fileS SN Ao} filed]
ZolE AP EF XY RS
o] & file Z°] AL $l38lo digital
caliper(Mitutoyo Co., Tokyo, Japan)E AM&-&}
o 0.01 mm7HA 339t S a3t vl
£ 93t &5 ARG Bhesle] 23
#o 2 At file YdHoz 2TFA A
SW dolo] 2 o F2 AME 5 e
THAX S48 KAfile 159, 20, 258 AH-31%
o}, fileo] HASA 112 d7ix] WHEA o2 &
F= & P2 F e 242 Ha3E] )
Al o} 2ol 4 FAF zAsllA Edel
ek AP ESNN Hole} P3o A7 2
£ Adsks 77 2 amd] ol22Y g B2
AR BES A5 A F HPEy
Hel dejo} REE AP ES9] ol AW
wEHo] Ao N HPslA HEE 9
A7) B7-E A A FY3A R8P A
59 Eo] A E2 A3 YFAYEE x|
A7) ZEfelA =E3AI7H A tHete X gt
B iAol g oz dukAel &
Aol &R BP9 =F3AIZH 2L 0.25%
2 3l FgsItH(Fig. 2.).

437



2. Digora® system< ©] 43} file Zo} 24

OAg U YA Aoz sjatso] 6
line pairs/mm ©}/do|™ pixel 2717} 71X T1x
mek 223 Digora® system(Soredex Orion
Co., Finland)& AMH-8tAt}. 942 (imaging
plate)2 416X 560 pixels, 27+ 35x45%1.6
mms ¥ 4R1E FH EFEES AV} &
Abete] gate] 7ol Y olg ) ¥

A AN 4 Qe A8 AL AR

SGAUL, o] YABE Y& B3 TR
(protective bag)dl EolA &<dsigrt. &4
Fde FE WALHAR AL Digora®
systemell WAH0] Sl dlolx Az 25)
Jalrt, AFE 7132 486 DXoln 23 Az
g &ol3tA &) Y5 8MB RAMS A3
R, BUEE 17 91 3] 2UEHE 1024
768 pixels, 2568 %8 Vel £ glon i
t239] 832 GBS AL AMg-3laTt

HAMAAR 98 5 A2 AR
£ o183} filed] ZolE SHT o} TUG 2
Aoz FYF F 22 329 et
Digora® system®] #Azl¢} 4t &% ==z 732
(Distance and angle measurement program)
< |83l 0.1 mm7A] BUE AelA file 2
olE Ao H9F o Azxe 2F
=2 33 (grayscale controller program)< ©]
43t Z} #AAIY fileo] HRE B3]
< AEY B3xs) UReE REE AL 24
gt 231 H(Fig. 3.).

3. Root ZX®E o] 43 file Zo] 23

AT BEER & A8l Foe 2 AR
Z8#E35%71¢ Root ZX®(J. Morita Co.,
Japan)E AMEEINCH, ol AA AA U
AL BEGNN ZBFZH L 98]
A 08 ANl e TBAEA 7)ot}

2L 309 A QoA Root ZX®
£ ol&3le 2HEE S she 23 fARHA
AdE] flat] Seag Ao 2] 2eto] 9
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A€ Rolgtn AR Folo] THE En
o] T B3l AEAQ HAE e F ol
1A AFE ARl AP E2E 1 99
9s] g3 e A A Ad4s
Al ¥ A-+31 Root ZX®9] probed]
contrary electrode® o] M=o AR 3 file
holderdl filed 1A 3sle] AHEZ9] Ko} 23
W& o] EAZS 21X F2o] 0.5 mmo] £
& 74 fileE W AXAIZ] F rubber
stop2E 1 ZolE FAIZ & Aulo] 1 w9
file®] Zol& 2451 71231 cH(Fig. 4.).

4. Aote] Az} X|ote] myPdN ZHY
AE7R] 9] AA| do) 23

<Ho| AA ZolE FHs] ek uA A
HEZAA Hol2 £ g ZHEE low-
speed straight angleol| green stone disk& #
Zeje] R of 58] 1 7S 28T SR
3 23] EAHA Y2 A XA A 3]
of 2L =BT 7he ALEE o] 88l 2
Fol & HolHA AR o] YIS dAnlsigi).
Aofe] YuA] 58-9] 49 s]Feh= FE-2 high-
speed fissure bur®} diamond burZ ©]£3}
Aolg P WFo 7 AEYA At ke
low-speed°ll F&% stone diskeh AFEE o] 4
3] AT Avlsle Paah e &
HIFAF-2 o} H 3] B S)sle] A<ty
&0 (x1080) o2 #AsPEA 3919 X))o
AL A Aolol|Ae] 2] ZolE digital
caliper(Mitutoyo Co., Tokyo, Japan)& AM&-3}
o} 0.01 mm7HA] F W8 335 249 HF
2 AA 2989 Zelz2 HeAtkFig. 5. #
Z).

o} 22 AEL B3lA HA YN F2
23 e SEEFSHEHL] WA o) &
e WY (B 229 PAMAR, Digora®
system)Z+ Root ZX®E o}-4-5h= WhyS o)-&8}
o £33 filee] Zolot 2&F Zol(Xoke]
oA ZHYARAR Y Zo))e] RolE B



Fig. 5. Schematic illustration of apex of the tooth

C : Apical Constriction (Physiological foramen)

A : Anatomical foramen
R : Radiologic apex

HgozA Are] 2HEPIES] 3R
QA Aol $8492 Bl oled B
At filed] F17k ZAzle] SRASAPR
S 93 2 2RRSPPEL SR Alo]
o 2fol7} A= Hrtalsict.

L

M. 913 AN

Jt SRESHAHOI B XI2T BAMARK,
Digora® system, Root ZX®0IA S&S!
file Z0/0 H&T HIt
Al o] XT}ejAlrt 29709 Aol fileo] H

718 g3l A 7KK 23S BE

22 HAMARA, Digora® system, Root ZX®

£ o83l A2 filed] 2ol A mFHA

THPARTIA 9] Zol & vlwal] Zzhe] &4

Wi AT E FriaT. 74 23S

o AL HITel] A3 file Hol9) 33

of BEA (D ZRAZ YA ZH 2 file

ZololA AA] AP AR7AQ] Dol & Wl Zhe]

Hgh el k] paired t-testE Al 69

XS AR 3= Table 134 2}, 2 X2

D IAMEAR (HF LA -0.449+0.444 mm)
} Digora® system(B T 2At : -0417+0415
mm)AE TR file] F719 FAIGlel =
£ 5N BAFgHE fold e Helzt
UAATHP<0.05). ZLe{vt Root ZX®(HTA -
0.12310.458 mm)olM = 20 9] file S AHE-3E
g Ho] AL 3T L AYstae BE
750l BAH oz FoA Sl Aolrt fld
H(p>0.05). H2Ate] £4A7= Digora®st
BF AT ARG = HEF L&) (-) gk
< Ueho] BAMAAE S o] 83 2RSS
HellMe #Avta oz AA 2HZAR7R 9 2
ol it} AA Ugkon, Root ZX®E o] &3 A%
o ol FEFLATE (+) 3k VieEhfo] Al
ZHYFAFA Y HolEtt 47 SAHUG
(Table 1).

Lt 2 EE}IF§X‘IHH§9| QIAIA XN=0|

EF A2 HARAR, Digora® system,
Root ZX®el|X 543 gt A ZHY R
o] Azle o) Auigte] X Table 29 2
o} dH 2 387153 2491 0.5 mmE 7]
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Table 1. Comparisons of the mean errors and standard deviations of observers measurements of file
length in the Digora® System, Conventional periapical radiographs, and Root ZX® (mm)

Digora® System | Periapical radiograph Root, ZX®
No. of file Observer ME ME SD ME SD
A -0.445* 0473 -0.338* 0.510 0.083 0427
#15 B -0.659" 0.343 -0.655* 0421 0.162 0477
C -0.267"  0.441 -0.366* 0.522 0069 0534
A -0.450* 0.441 -0.438* 0.524 0.100 0.450 .
#20 B -0.597*  0.443 -0.690" 0.409 0.255* 0479
C -0.297"  0.491 -0.331* 0418 0.090 0478
A -0.369* 0434 -0.290* 0441 0.093 0477
#25 B -0.369* 0.481 0.717"  0.396 0.179 0.546
C -0.303* 0.422 -0.217"  0.363 0072 0511

ME : average value of difference between measurements and real canal length

8D : standard deviation of ME

* © statistically significant difference between measurements and real canal length at p<0.05

Table 2. Distribution of absolute values of difference between observers’ measurements of file length

and real tooth length

Digora® System Periapical radiograph Root ZX®
Range(mm)
n percentage n  percentage n  percentage
0<D<0.5 151 57.8% 140 53.6% 197 75.5%
0.5D<1.0 95 36.4% 97 37.2% 56 21.5%
D1.0 15 5.8% 24 9.2% 8 3.0%

D : absolute value of difference between measurements and real canal length (mm)

n : number of measured teeth



To2 B, 26170 AT BE AT WAL
AA M E 14078(53.6%), Digora® system
adMe 15170(57.8%)1A 0.5 mm °Jdle] &
A8 BHH o Root ZX®AAM = 19770(75.5%)
olA 2217} 0.5 mm ol 2 YRt exbt 1
mm ©|’3¢ A= EF DT HAMIARI A
2470(9.2%), Digora® systemo|A 1574
(5.8%), Root ZX®llX& 870(3.0%)%te] 1
mm ©]/39] 238 B HTable 2).

Ch. fileQ V10 (U2 2t 2EZHLUHO| =

g0l X0l 1T

Z}zte] file w719l wet 2+ 28-S
ZH gkl a7k YEAE Golry) A 4
SHPES ol &l FAANE Al A&
A= Table 33 2t} 1549 file} 209 filed
¥ w3t A3} Digora® SystemolX = HF P}
-0.010+0.269 mm, £ X2 WAMIARI |
A= HFL2A7F 0.03320.289 mm, Root ZX®
dNE BFLA7} -0.044+0.243 mm= Ve

U BAgHoE {4 e Aelzt AUt
(p)0.05). 203 file®} 25% fileS- ¥ w3t A=
Digora® SystemelX+ 32271 -0.010+
0.324 mm, ¥F A2 AR = HT
2271 0.078+0.300 mm, Root ZX®ol|A+=
A 2271 0.033+0.297 mmE YR SAIE
Aoz {4 e Aol7F GATHp)0.05). 25
Hy 15U S Hwg AFAME Digora®
SystemelA & B 2271 0.109+0.339 mm,
EE ST ARG = HTE A7}
0.045+0.313 mm, Root ZX®X = HF LA}
7} 0.010+£0.286 mmZ Yeh} BAGH o=
94 sl Aolzt AAHp)0.05) (Table 3).

2. 2} DRREBULOl £310] X0l HID
AR GFAIE A3 B2E el
R L EL R SRS
A e 23g0] A2 ol A= thex %7
ok @ Wart siek, ol et file) #7152
Ashe ABRle) 2t 2P 2

Table 3. Comparisons of difference in measurements among Digora® System, Conventional periapical
radiograph, and Root ZX® according to No. of file (mm)

No. of Digora® System Periapical radiograph Root ZX®

0. ot e ME SD ME SD ME SD
#15 vs #20 -0.010 0.269 0.033 0.289 -0.044 0.243
#20 vs #25 -0.010 0.324 -0.078 0.300 0.033 0.297
#25 vs #15 0.109 0.339 0.045 0.313 0.010 0.286

ME : average value of mean error between two measurements

SD : standard deviation of ME
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ol9] Aol & Brlslsitt. 2t ST kel ¥
AR el BARRA Y tEul ey g o]
g3l FAEAME 3 AT Table 49 2t}
HEF X2 HAMIARIZ Digora® system< Y]
wE Ade FToAH(Z ZBFSAHWHNA

£ ESFUE] Aolo] H)7} 0.032+0.338
mmZ 794 U Ael7t fATHp)0.05). 2
1t Root ZX®¢} B X2 HARIARS o]
2 A3 BF A7t 0.572+0.496 mmeolH

TAARLE 4 U= Ael7t AN (pC0.05),
Root ZX®9} Digora® system< Bl 238l9S W=
Had e&7F 0.539+£0.511 mmeold EA8H3
o2 {94 U= Aot AN (p<0.05)
(Table 4).

OF. RERII0] 2t DPRERLUHO| ZH3t 7}
0l Bl
BEAZe o)} 7t 2BREA R &

Table 4. Comparisons of difference in measurements according to canal length measuring methods

(mm)
Canal length measuring method ME SD
Digora® vs Periapical radiograph 0.032 0.338
Root ZX® vs Periapical radiograph 0.572* 0.496
Root ZX® vs Digora® 0.539* 0.511

ME : average value of mean error between two measurements

SD : standard deviation of ME

* ! statistically significant difference between two canal length measuring methods at p¢0.05

Table 5. Comparisons of difference in measurements among Digora® System, Conventional periapical
radiographs, and Root ZX® according to observers (mm)

Observer Digora® System Periapical radiograph Root ZX®
ME SD ME SD ME SD
AvsB 0.122 0.340 0.332 0.341 -0.107 0.439
BvsC -0.2563 0.395 -0.383 0.262 0.122 0.409
CvsA 0.131 0.341 0.051 0.312 -0.015 0426

ME : average value of mean error between two measurements
SD : standard deviation of ME

A, B, C : Observers
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A "X e TS Golrr) st & 53
2 EA42)3l] B8 A= Table 59 &
o}, #3232 A BE vlme ZAH Digora®
SystemellX & FF A7t 0.122+0.340 mm,
EE ATY GARIAR N = HF oAt
0.332+0.341 mm, Root ZX®X= FF LA}
7} -0.107+0.439 mmz Veh} A 202
24 e Aol7t A (p)0.05). B CE
v) 578k 27= Digora® SystemolAE B4t
7} -0.253+0.395 mm, EF G WARIAL
G e B 271 -0.383+0.262 mm, Root
ZXPo e HHF LA} 0.122+£0.409 mmZ
e} EAgHoz FoA U= Al gl
(p)0.05). C9+ AZ v 3 A& Digora®
SystemellX= H&A7F 0.131+0.341 mm,
EF A2d YAAIA G s BE 237t
0.051+0.312 mm, Root ZX®NME HF 24}
7} -0.015+0.426 mm= Yeht SASH oz
$2lA Y= Fol7t glATHp)0.05) (Table 5).

V. 0 d 52

A3 ZAANEZE SJsiMe FA% £z
A AR o2 X 229 &A%l EHE
Aoz Aol 1?2 olF sire
283 ZRA] Aol wig Fo3tP. F gt
T WoiM e 717283 4L X2uz3
o) £43& Yed vi$- T80 adosn 2
#HAE T o] YoM g% FL& I&E
(regeneration)?] B42& WEO & & U
049 Palmer V2 ZBFFY N =] B ¥
e 8Q1o g Aol B} HAolg ¢ A¢, &4
HAMARA, B30 2 g e X 2Erg e 7
A= a3 FEFA e 3 58 EQU o
AR TG oot AAR] A2 Y
ABg g 3sba 2P Aolzt sledl Burch
590 o5l AT Ht 92.4%7} g
A AR gL A ATdoa IR
Kuttler'®& dj%-8td ZHFoA 0.524 WA

0.659 mm Al X2¢ F2R7) S
9t Levy$ Glatte® & A2¢39
66.4%7} S5 ZAA WolHo] jinta
&t} = Kuttler''s 9#o] S7184E ]
@& apical center25-E Hol7F AdjA=H|
ol x| Wekdel &) F7HA 7|Q1ehH
)2 ek & & voldlA Ha 0.5 mmo]
2 volrt EUA AA Fvigtia st
Lengeland®& X|2@-3o] 3/ WAMIALZI S|
A #gAE £ e ol ofddn Fx
Heuer®ol] oJ3ld X|2etbge uAeha 2%
A 1~2 mm Bl 3o, HAMAEEo R
R4S 3 E Yol PAIEH 22N
B oF 1 mmE A3 HolE SHHSE H3A
Hed ol AT o2 NIYF
o] WolZ 1T 0.5 mm, 21 A2EFH
ZREAY A 9] FFARS 0.5 mmE 9
Zojolr},

23 $3H e AMEe B AT Y
APAARA L 2239 294 BMATE Hole
22913 Q) ARE A FslY Tt X2HF
o] ¥9E 7] 93 /1A #Ede] et
1 g @A) A SEEAT a8
An] 5o] B71AQ |7t dasiet ol &
HE B $isk] o] o] A7 avls
o gt WA WA S o] 83ltt= AL 2
gk HIALA So)] AFEE A 8417 YAE 3A]
28 A XA & AR e AAN=
CCD(charge coupled device)?A1719} |/¢%
(imaging plate, IP)S AHE-3R= AlAgle] i},
Velders $*®< direct sensor system< 7] ¢
220} 10 2HA 2L filed] Aol Yyt
HRARKALR ) W3 F7de] Fo] F FojAlH A
ob$-AE AFAS 15W ZAXNFE filleS H
7¥e o dut ARIAR B} pEEtetar st e
™ ARt HARAALR ] BlE] w=EwFe] HL o)
< YWa 3= gzt Ages Ay
HAe] Baiwel REE A7 F Yt 3}
Ht.
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CCD ZAI71E °]48 7% AH AFE
dA4so] AAIZE 44 £3 (real time image
display)°l 7}est WAMdde] ZAlLE £49
A7 A7) REE W x2S EY TR
Ak, a2y CCDe 1/Re] FXUWA] 270e) A
A& sk 22 272 BFE AT A
ARRE FUg e S A7 HsiM e £t
AQ ool Wo3) YAE AlxHle] & ARF
o] shiel &) ZadE B3ER g =
FA7] "o el $R1A17171¢0 of2Ee]
glu],lﬁ,?ﬂ).

e G Fujirlel 23l A5 ¥}
HAn el 2o ALHAY, AT
gA5ld FEF uE 202 ol 35}
& (europium-activated barium fluorohalide
compounds)® FAE ¥tolz= ZAA A
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-ABSTRACT-

The Accuracy of the Digital Imaging System and the Frequency
Dependent Type Apex Locator in Root Canal Length Measurement

Byoung-Rib Lee, Chang-Seo Park
Department of Dental Radiology, College of Dentistry, Yonsei University

In order to achieve a successful endodontic treatment, root canals must be obturated three-
dimensionally without causing any damage to apical tissues. Accurate length determination of
the root canal is critical in this case. For this reason, I ve used the conventional periapical
radiography, Digora®(digital imaging system) and Root ZX®(the frequency dependent type apex
locator) to measure the length of the canal and compare it with the true length obtained by
cutting the tooth in half and measuring the length between the occlusal surface and the apical
foramen. From the information obtained by these measurements, I was able to evaluate the
accuracy and clinical usefulness of each systems, whether the thickness of files used in
endodontic therapy has any effect on the measuring systems was also evaluated in an effort to
simplify the treatment planning phase of endodontic treatment. 29 canals of 29 sound premolars
were measured with #15, #20, #25 files by 3 different dentists each using the periapical
radiography, Digora® and Root ZX®. The measurements were then compared with the true

length.
The results were as follows:

1. In comparing mean discrepancies between measurements obtained by using periapical
radiography(mean error : -0.449+0.444 mm), Digora®(mean error : -0.417+0.415 mm) and
Root ZX®(mean error : 0.123+0.458 mm) with true length, periapical radiography and
Digora® system had statistically significant differences(p<0.05) in most cases while Root ZX®
showed none(p>0.05).

2. By subtracting values obtained by using periapical radiography, Digora® and Root ZX® from
the true length and making a distribution table of their absolute values, the following analysis
was possible.

In the case of periapical film, 140 out of 261(53.6%) were clinically acceptable satisfying the
margin of error of less than 0.5 mm, 151 out of 261(53,6%) were acceptable in the Digora®

452



system while Root ZX® had 197 out of 261(75.5%) within the limits of 0.5 mm margin of
error.

3. In determining whether the thickness of files has any effect on measuring methods, no
statistically significant differences were found(p>0.05).

4. In comparing data obtained from these methods in order to evaluate the difference among
measuring methods, there was no statistically significant difference between periapicel
radiography and Digora® system(p>0.05), but there was statistically significant difference
between Root ZX® and periapical radiography(p¢0.05). Also, there was statistically significant
difference between Root ZX® and Digora® system(p<0.05).

In conclusion, Root ZX® was more accurate when compared with the Digora® system and
periapical radiography and seems to be more effective clinically in determining root canal length.
But Root ZX® has its limits in determining root morphology and number of roots and its accuracy
becomes questionable when apical foramen is open due to unknown reasons. Therefore the
combined use of Root ZX® and the periapical radiography are mandatory. Digora® system seems
to be more effective when periapical radiographs are needed in a short period of time because of
its short processing time and less exposure.

Key words : Root canal length measurement, Digora® system, Standard periapical radiograph,
Root ZX®, Frequency dependent type apex locator, Apical constriction
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Fig. 1. Plaster Block
Fig. 2. Preparation for X-ray taking on E-speed film with paralleling technique

Fig. 3. A view for canal measurement using distance and angle measurement program of Digora®
system

Fig. 4. Experimental equipment for root canal length measuring by Root ZX®

Fig. 6. Sectioned tooth
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Fig 6



