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Figure 1. Distributions of EWLb—EWLa According to EWLa ......c.......... 9
Figure 2. Change of canal length according to FAF size .....cccccoovvennin. 10

Figure 3. Change of canal length according to the difference of FAF—IAF
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1 Fxd AAE flskel FR uF BeE Al g 84 F A oad

Aol|A %7283 (EWLa: before enlarge) & =743t o] 7| 243 (EWLa)
A7 o)A binding ©] A= 9] Alo]=E IAF (initial apical file) & A743}%1

o HA #15 2719 FUR glide path & A% 3 Ni—Ti(ProTaper) 39S ©]

rd
i

&3l o
of S d-dT F, IS IR Ay ‘Apex Mark’ & WEUE AH

| 232 (EWLb) A H

it
e
o,
_O‘L
38
)
o
o
N

oA F7]3#A (EWLb: after enlarge)

oA binding®] “=AX]&= ue 2] Alo]=E FAF (final apical file) & 243}t Z+



Zy Aol=29] A 2 F A e F@Ao] Wsle] dAE ddWEF B4 (One—way
ANOVA) & AH&&Fith. vol, A4, A o s} Zado] Wste] A= F F3
t #74 (two—sample T—test) & AF& sttt X2 WAV EAlF5F e R/
o = o 4 W 5 (bivariate analyses) Odds ratio & A stk &
Aol FAF ¢ Z3#4do] Wstege] A= v &4 WY < (bivariate analyses)

Mantel—Haenszel x2 test & A}g3F3

o
_|L'
%
[
rin
o

Az AL SPSS v18.0
software (IBM Corp, Somers, NY, USA) & o|&3th. A= 233 do] 4
H W] -0.24£0.67mm S YERHSICH, oo Holrt AL&E 18 il

FAF 9] 27] 8, FAF-IAF Atol7} S7haa= 3ol Wake #2f QU 57F

st oH(P<0.001).




I. A&

N

<34 do] A A (determination of root canal working length) 2 X #5-2] 7]

FARAA ) AR @),

rr

HowHE Iy AAeL TH FHo] o] FolA

A 2 do] A W SHLE ZHAAT AFol FFHA AN, I, dd &
T F419 FAHe] JEFS nFY, B AFAEo] o] ZHFH ] ojtytA| o] Fo

ZHof &x]of thafA] A3l kTt (Seltzer et al., 1963; Sjogren et al., 1990; Swartz
et al., 1983) dFACE= & FTAAZ FdF-5 WA UIEA] o AR AR

o 4 2mm ZS Wl (Seltzer et al., 1963; Sjogren et al., 1990; Swartz et al., 1983)

'~

71 Bl Z2BRAE AHFES HPon sfeA o FE apical constriction ©] 23

-1 -



U 7172 9 FHY o)y o R AAEI 3t (Dummer et al., 1984;
Hasselgren, 1994; Kuttler, 1955)

4 dolg SAs7] Y WwHoRE AFHoE WARHARe] Qlth. skARE
S| E ATETe] vFES A AR EE dobd g iglnh 19624

Sunada(Sunada, 1962) 7} A2 T@#Fdo] SHALHS Raust H2 dx 2#3

¥
il

58717F Aol 2 E L, ol %R W2 AlEEol Al AvlE o] didel AAl A

N

L5 3 ). (Czerw et al., 1995; Dunlap et al., 1998; Fouad et al.,, 1993; Frank
and Torabinejad, 1993; Katz et al., 1991; Pallares and Faus, 1994; Saito and
Yamashita, 1990)

shAIRE VA A, S3Ees S 29ES Asltds SHAR B oA
o] dolg #Ast Tw= IS % Aol ol In vitro € in vivo &9
(Caldwell, 1976; Farber and Bernstein, 1983) =%s°lA A4 <& 34 24

oA Zwg dol7k ek e Akl dojetal Baska gtk Weine 2 ©] ¢

@ @de waE 2R sgett HgelA wae] yeiel o wel AAHm i
o A3 AE 42 AT Andon 29 SRR oA A dan »

13T (Weine et al., 1975)
olgA el AR Fopdt 2w oo ML B AT AuEo]
(Caldwell, 1976; Davis et al., 2002; Farber and Bernstein, 1983; Thompson and

Dummer, 1997) QA 9F t)F-Eo] in vitro A2 =Fo|1, AAZE AioA 2aFA 2



I. A8 9 9y

ol £27H(S J Lee) Z#A 8 A33E 1354 7o 23S Ao g2 skt k119

)
o
oX,
[UE
)
N
o
il
1o
N
B
o
ot
1
offl
to
bt
fu)
™
rE
olo
O]

cel 2o SR, AZEA

AAfetw AdAdATF Ao 93] (The Institutional Review Board of the Yonsei
University Health System) oA A7 S Ao 3t FHsgieh (e W

12-0146(2—2012-0061))

= gA T Az 238 =%7] (Root Zx; Morita, Tokyo, Japan)e] #10%=+=
#15 #AE A (K-type) = dAste] sds SR Adsie] A4 o33 574

717k " Apex Mark’ & 3% o4 MHA yehdl= AFAM %7 Z97F



(EWLa : electronic working length before enlarge) & =435tk =4 A 7|54
(Reference point) < 3@ <33 718 7M7ke 89 A5 3d ¥ (rubber
stop) & o|&3 FEHFS AASFT. AT 3 HYS A JE AH AAF

S+ 1 FF (rubber stop) ©] FHEHA A HE ANFDS 7P oz AR, &

o3
¥
B
|
2
ki
(]
v
o
j)
[oN
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=
=
(@]
2
ru\ru
o
ofo
ofr
o
2
Ho
2
o
i
o
N}
1
8
8
)
BN
(03
i
|\
o
ol
o
2

o SA% 27 23 (EWLa) A FANA 7= #ZH(binding) ©] =AXA = 349

Alo] 2= TAF (initial apical file) 2 27439},

rlr

gitke] A9 Ni— Ti #d& At ou IAF 9 A717F #35 o3 24
A=A S o]gsto] 3etAolA} A7V 2 LS MAF 2 A4 & 232 HAAE
e} 0.5mm %4 & Ilmm A CE 3dAolA Aual 28X WS (step—back

technique) Al3+F 3L 72 Ni—Ti file (ProTaper Sx file, Dentsply, Ballalgues,

oX

Switzerland) RFO.2 ASHE J4 St

IAF ¢ 2717k #35 olatd A5 HAa #15 279 gdzE 27 <33 (EWLa)
Zo] 7kA 9] glide path & FH o o]F 2.5% NaOCl ©] A7 efollA Ni—-Ti o}
o (ProTaper file, Dentsply, Ballaigues, Switzerland) 2 d%=7]9 (X—SMART;
Dentsply Maillefer, Ballaigues, Switzerland) ol &3] =32 45tttk 3dE

T 350rpm=, torque = 3.5Ncm = FA 3%t &

i
Z
[
=
“
e
flo
@
=
—
job)
i)
o

el A 7170 22k spl ot A ol S1 9d& glide path 94 HH o= Ach

ofl

S 1Imm 7FF FIAHT 23S Fdo 277 WA= wultt 2.5% NaOCIZ Al

de AR A o= &3 9454 (Canal patency) = IAF Xt} sk @A =z

il

A| 2

o

& Aol ze] el o gdtel sk Tx FH A4 2 A% %

IAF 3t =Z7]01739 stde 238 S4 7|0 ddste]  “Apex Mark’™ oA %7



233 (EWLD: electronic working length after enlarge) & &743}% ). o] 7] &
2 XA A 71 ZHZF(binding) ©] =AAE $d2] Alo]=ZE FAF (final apical
file) & AAsAct o] 7] ZAFZ(EWLb) oA %7 Z#F(EWLa)S W S

<3 WAstsF (EWLb—-EWLa) &2 7|53t FAF + IAF ¢ 2 wo=s &%

ot
o

Lo A2HHRE =457 93 9% HO=E MAF (master apical file) 9F F+&
3t7] $18Fe] FAF & &5 A3ttt A5 THdS 9% MAF & FAF oA
0.5~1mm Zt< ZdololA FAF oA AHg¥ 31 ®o}h Hojw 3 & 3dd& AHE-

st

= A APAARL Y] A2 B Alel=E WY F7EAE BF skl AL

A AR el Ald a7

_,d
_l U
o
i
D)
5
rr
o
o
N
Ja

AR AR A g Sto] AT

QEe WAzt 3mm ols o A%, WA 717 3mm E% Smm oldk 9 At

=
Mol 2717 smm Z3E A9 FEsrdh

4, A £4

7k Aopzo] 1A W 3 QA ZdHo] W] A= ddWE A
(One—way ANOVA)S& AFE akQlvh. vho], A, A&y ol Zado] wiste
A= F Z¥E t A4 (two—sample T—test) & AFE sFAATh X 2w W7 E4)
Fieel wE 3ol WEkEe] oA W& ud 24 W F  (bivariate
analyses) Odds ratio & A& 3tk EWLa 9F 2#-4o] WEae #AAE 433
7142 (Linear regression analysis) < AFE33itt. FAF 9F 3do] wstgko] 3
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m. 23

13547019 +#HE9 %7] <% (EWLa: electronic working length after

yul yul

opening) ¢ B 18.26+2.27mm ©°]3, S ITH= B THHo] Wt

(EWLb— EWLa) & —0.24£0.67mm ©]3lt}(Tablel).

Table 1. Mean EWLa, EWLDb by millimeters in total cases

N Average SD Min Max
EWLa 1354 18.26 2.27 10.0 29.0
EWLbDb 1354 18.02 2.28 10.0 29.0
EWLb—EWLa 1354 -0.24 0.67 —4.75 2.50

EWLa (electronic working length before enlarge)
EWLb (electronic working length after enlarge)

SD( standard deviation), Min (minimum value), Max (maximum value)



QFABE FTE 1354 9 28 F 71S0] FaE 2ue] $E 1256 Ao

[
ofy
3
oz
e
K
o
30
e
oY
o
e
w
>~
N
ﬁ
o
)
e
K
o
o)
e

A= 9157 ¢k
2ote]l 9 H Zusy AF ool wWElge Aol AT 7F 4 How (-

0.34*0.71mm) &t} AAH ¢ 7} 29ktt (-=0.0570.61mm) (Table2).

Table 2. Mean difference between EWLb—EWLa of Tooth position by

millimeters

N average SD Min Max
Mx. Anterior 128 -0.18 0.58 —2.00 2.50
Mx. Premolar 150 -0.34 0.72 —-2.25 2.50
Mx. Posterior 482 —0.28 0.66 —4.75 1.75
Mn. Anterior 59 —0.05 0.61 —-1.50 2.50
Mn. Premolar 63 -0.18 0.92 —4.75 2.00
Mn. Posterior 472 —0.23 0.65 —2.75 2.00

‘=" Value means EWLD is shorter than EWLa
Mx (maxillary), Mn( mandibular), SD(standard deviation), Min(minimum value)

Max (maximum value)



2. 7] 283 BE TBo| WP

Az T 27 THZF(EWLa) o BF 1 dolrt des I3 dA4

T3 S &3
o] Mslgfo] {9 YA S7HES glslth(Figl)- (P<0.001).
(rm)
—-4.0-
o
o
tho o
o © o 9
- 2.0 00 OO0 000 O
0,82 %%
. o oo o0odd oooooqpooo
o ®°PDD
E o ©00 ocncnanooooo 000 o
(14] OO 'o
i 00 00000
f. & .llu".
E 0.0+ o
(o] 26 4300 650 .. %8 oo o
oooo-%-?ﬁhﬁ%oooooqpo
® 908
oooandb 00000 00
o
00 © o
o)
o
2.0 o ° o
o o
1 1 I ] 1
10.0 150 20.0 250 300 (mm)
EWLa

Figure 1. Distributions of EWLb—EWLa according to EWLa.

As EWLa increases EWLb—EWLa also increases. Linear regression ratio is (y=—

0.041x+0.495).
EWLa( electronic working length before enlarge)
EWLb (electronic working length after enlarge)



< B9 (Figure?2) (P<0.001). IAF 9 Z7]= Z3-do] ¥M3lel AwAo] gt &)
AR FAF-IAF A717F S7185E 2#@do] Wags Fr7iste A4S Ho
(Figure3) (P<0.001).
{mm)
—1.07
—0.8
~
o |
= 0.5
w
£
-
=
w
—0.3
0.0
T T T T T T .
10 20 30 40 50 60 (size)

FAF

Figure 2. Change of canal length according to FAF size.

As size of FAF increased Mean canal length change (EWLb—EWLa) increased,
too.

FAF, Final apical file

EWLa (electronic working length before enlarge)
EWLb (electronic working length after enlarge)

-10 -



(mm)

—1.57]

—1.01

EWLb-EWLa
3
g

0.0

T T L T R
20 30 40 (size)

FAF-IAF

o -
-
(=}

Figure 3. Change of canal length according to the difference of FAF—IAF.

As FAF—-IAF size increased, mean canal length change (EWLb—EWLa) increased,
too.

IAF (Initial apical file), FAF (Final apical file)
EWLa( electronic working length before enlarge)
EWLb (electronic working length after enlarge)

4. 71 9 849

i

< 8do] W3

1354 712 2% F WA AFKo] Q= 1340 79 ZdoA 2w WA 2l

HA ks 2 69370 o]l WARHAR Aol A gkl T st A WA EAE

(P>0.654)
AT 7, AU, ol 8 Aokl 91X, Zuel A, A TEAR oFE B

AR or Fdddo] Wste] &

tlo

TFA ke



V. 1%

ol Aol T A ¥ dolo] Migld2 Hd —0.24mm = 7]E°] Ni—Ti

g ol olste] el Waks S =53t fARE dokE Yl Dean
9 4% Profile GT Ni—Ti H& 93 o]gste] aFPA o] Wals S48

2 v —0.22mm & Z2¥4do] 7AE B3 o (Davis et al, 2002), Caldwell 52
(Caldwell, 1976) stainless steel = 3L o] &3] ZHHANET =435to] Aot -3

<4 #3523 -0.35mm, stet A @523 —0.29 mm & HaEkiT

AR ougy AT 27 2Rd Lol (EWLa) 7t A5% =@do] w3l

dlo
o
]

Askgint. o] e Aozt

# (EWLb—EWLa) ©] S7lste 3ol 3l

ry
o
N
B
—_
4
N
u
ﬁl{
rl
1o
rﬂ
aiJ

W3 (curvature) @ ¥E74 (radius) ©] Y3 H#EE A
o] EAEFE 7R A7 "ol A spEA o] EolAth (Pruett et al., 1997) ©]

2 8 A3 BAE (taper) o AR 23 UEFE dA4 A ZFe A0 A

il

(curvature) A5 HA A% (taper) o weh 2FA|Ro] 718

L/
A
lo,
\:I
JH

27 238 Aol (EWLa) 7} A5 o] W3t gt (EWLb—EWLa) o] Aa¥t7)]
= AXe® 2dF A y=-0.041x+0.495 2= J2HZE BH sbssitt o] B
25mm °)ge Hdols M= ¥ A 15mm 9 HolE 7HAE ¥l Hldto]

~0.41mm ¢ 2golk WHER YA olF melslor Fe AT

EAAOE ouglE thE AnEE FAF A7) W, FAF-IAF & #}ole] A7|7 &
WAt wepA Frbske S Bl o] e AdE

-12 -



FAF @717} S71e=

%

Ao FAgo] Haste] v e dS o wo] F
A3t Al7| 22 (Camps et al,, 1995) <& ok matd F7H3e 7ol Sith
HEo mdo] orshx] oA AddTye T sAS Aol Zuh (apical
constriction) & 3 stal EFLF e EFE FAsHA Pt (stripping). ©]#&e] gkof
A e FHE AW Addy el 34 F Fio] 9ol apex sign = WAl H
of 71E9 &3 dolBth(Fig.4A) 714 22 o o #2 <#dol & (Fig.dB)

EbUIAl & Aolr}, Fd, gl Xoki= Alelghd Ity (major foramen) I} 34

%

A ¥ (anatomic root apex) ©] ¥ 9] (deviation) ¥¢] ¢1+=d (Burch and Hulen,

1972) =71 71924 Hell= Yol w9l (deviation) & e} Z#4S ZH A

[¢]

AvzAe Adw ALGF o HFHL o] WIo] A o) Folt HFAE o] 4

AgE A2Z el Hol 2adol i

Figure4. Destruction of apical constriction makes oval shape apical foramen. As
the file tip touches the most coronal margin of the oval exit, the unit shows the
apex sign. (O) Initial sign of apex. (T) Sign of apex after canal preparation.

- 13 -



1y
L

7 A & 2ol WEF(EWLb-EWLa)o] =7F3FS HQl Aol A

rlr
\\]
]
(@)}

/1355 Ao~z AA| &2 20.37% o Gt} ol T A Fof ZHo] 23]
H dojfe guistng o F #HY sheAol Atk o] 2 Aol fdelogE A

2w 54 Al (EWLa, EWLb) Ax 3 54719 27/H9 0.5mm(Dunlap et

A

al., 1998; Frank and Torabinejad, 1993) o]WeolA EWLa oA & &S 2ol

lo

ks EWLD cld= 21 S3as SAsele 7ol ot A 238 5747

)

LFHYQ 0.5mm TS AT A 69/1355 Ao AR 5.09% o AL oF

A, YA eR EWLa & 54 Al 23] gH o] QA ool 2@ Y& A%

& F7F e AU goh 28 el Al 22l A B 23 Aol ghol &

Fo &3 dol7k (EWLb) 717 %22 A By dojx= d4}o]
o] & F #o ¥ B T Aoty AFARYH {5, L3 gABA, AAEH, ol
= AR E AdAdo]l Ao HARA ARG A Q1] JMEsE WAyt A8 A

Z#Zdo] W (EWLb-EWLa)o] Z71 atE eH7F Ue 7bsAo] Eobxith

o

(Odds Ratio 1.40 P<0.05) (table3). ©]2] ¥<lo 2= WAl A3 49 IAF size

7 T EAHA Fe ARy ¥ ZaH (AR ARe] gAY TAF size 7F 7]

rlr

25 ¢S 91Ao] A A8]) (P<0.05) (tabled). IAF 9 size =, A2¢ 39 =77}

iy

7-$- Herrera 59| (Herrera et al.,, 2007) 7%+ vlo]] wp=2w X2k F 9] 7]

- 14 -
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} 242 ROOT Zx ° A%rrl WolArke A7 Ads} ook wahy o= <lg)

=49 957 Ugke 7Fsel vk

Table 3. Number of cases with and without lesion at positive value and
negative value

EWLb—EWLa
Positive Negative total
Lesion present case 157 490 647
absent case 129 564 693
total case 286 1054 1340

Positive value means EWLa > EWLb

Neagative value means EWLa < EWLb

EWLa( electronic working length before enlarge)
EWLb (electronic working length after enlarge)

Table 4. Mean IAF size between with and without periapical lesion

Lesion N Mean SD
Present 612 20.07 12.34
Absent 651 17.90 9.85

IAF (Initial apical file), SD( standard deviation)

27t Aobgo] 2wdde] Wik ghe BAMOR fo) A7 QUoich Aok 2FA Y A

&2 XolEHrt & WEF(—-0.340mm/n=150) = HJF1 AoH(—0.178mm/n=128)

- 15 -



8 shel A (-0.051mm/n=59) ¢ F¢ BE AolEntt AL W FE WA
B EANCE FoF Aol A

QyHoz guzt 9 Aeletn

%
p
i
|
ru
r |
iy,
©
E
oy
ol
o
|
o
o
l
S
o
8
B
i

Holt T M &S MG A% At AT AL BB AokEe| wste] -

Fo] FA}(6.67%) (P<0.05). o)== dAtoA Aot A5 A uf ZAFA A
I Fof o] dol7f thE HotEsef Hls] Adldoe Rz A5 WS e Ads 1L

#alof g AlAbatt,

WA ARl A2k WA (lesion) o A7 AAE 3ol Wl kS vlA

2AHAHQ AP ARORE A Aok @ 2o wHE S @At Ak

AR5 Q7] W (Chunn et al., 1981) o]¥ oA Xo}e] whari-i= ZAFA}E o

ol d&s] JAA7]+= 87 AAdFY. Sjogren 5=(Sjogren et al.,
1990) ¢#FdE] WAMA AR 29 2mm ol AXEA HW dETEo] 94%
ojAINE ik o]Fo AT B I AEEo] 76% il Btk 2mm BT O
AA AT F¢E 68%2 Ay &5 HATh Seltzer (Seltzer et al., 1963) ¢

Swartz (Swartz et al., 1983) & A3 2= Hu3ta Q) ¢Sgo] HALA

- 16 -
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ATE

9

+11 9Jth. (Harrison et al., 1983) o] & 7]&

5|

a5 ®Hal

M

)

oj

Mo

B

R

Y

SHAR A NTFEI A

N

A

A=

¥

FH ek,

S

cleaning ¥ ¥} shaping Z}g oAl #7go] Fropxlich

%

Az ko]

=
=

SEEIEE

_&.O

wh

N

ol
X
Nfo
i

—_—

X
1

587

4 7ol 43 AT 7

719-o]t}. (Davis et al., 2002)
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Abstract

Canal length change between pre—instrumentation
and post instrumentation

. In vivo study using electronic apex locator

Jaeman Lim
Department of Dentistry,

The Graduate School, Yonsei University

(Directed by Seungjong Lee, D.D.S., M.S.D., Ph. D.)

The purpose of this study was to evaluate the canal length change between
pre—instrumentation and post—instrumentation measured by electronic apex
locator. The treatment data were collected from 1354 canals of patients with a
history of Root canal treatment performed by one operator between March 2004

and March 2012. After anesthesia access opening was made with occlusal
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reduction in molar teeth. Electronic Working Length was measured twice before
enlarge (EWLa) and after enlarge (EWLb). After access opening #10 or #15
size hand file (K—type) was connected with electronic apex locator, and file was
guide to apex. When electronic apex locator signs ‘Apex Mark’ EWLa (electronic
working length before enlarge) was determined. At EWLa position IAF (initial
apical file) size was determined with binding sensation. Similarly, At
EWLb (electronic working length after enlarge) position FAF (final apical fie) size
was determined with binding sensation. Pre—operative and in—treatment factors
were recorded. The relationship between canals were evaluated by One—way
analysis of variance (ANOVA). The relationship between Age, gender, vitality
canal length change were evaluated by two—sample T—test. The relationship
between EWLa and canal length change were evaluated by Liner regression
analysis. The associations between the canal length and canal length change
were examined by bivariate analyses Mantel—Haenszel x2 test. All statistical
analyses were performed with SPSS v18.0 software (IBM Corp, Somers, NY)
The mean length change of the total canals was —0.24mm (EWLb—EWLa).
Maxillary premolar showed the largest canal length change with a mean value of
—0.34*0.71mm (P<0.05)While Mandibular anterior teeth showed the least it’ s
change with a mean value of —0.05£0.61mm. As the length of EWLa increased,
the canal length change increased, too. As the size of FAF or the difference
between FAF—IAF size increased, the canal length change increased, too. There

was no correlation with TAF size and canal length change. There was no
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difference between vital and non—vital teeth, Gender, age, Position of the teeth,

Canal, Re—RCT or Initial RCT

Key words : Tooth, Root canal length, Canal shaping, Electronic apex locator,

Clinical evaluation, Endodontic therapy.
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