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Abstract

Background and Aim: Determination of the exact working length is one of the most important steps in root canal
treatment. Various devices and methods, such as electronic apex locators, have been developed for the determination of the
working length. The present study aimed to compare the accuracy of four electronic apex locators, DTE, Denjoy, Woodpecker
and Coxo, in determining the actual working length.

Materials and Methods: In this descriptive study, fourty mandibular premolar teeth that fulfilled the inclusion criteria
were selected and examined. First, each tooth was measured with four apex locators. The electronic measurements were
performed following the manufacturers’ instructions within 0.5 mm, =1 mm and exactly at apical constriction. To calculate the
actual working length, 4 mm of the root end was buccolingually cut from buccal side of the canal, and the distance between the
coronal reference point and apical constriction was measured under a microscope. Then, data were analysed with Paired T test.
Results:. within £0.5 mm from the apical constriction and at the apical constriction, the accuracy of apex locators DTE,
Woodpecker, Coxo and Denjoy were 87% and 45%, 85% and 37%, 85% and 45% and 82% and 42%, respectively. All
specimens measured with four types of apex locators were within the range of -1 to +1 mm to the apex with an accuracy of
97.5%.

Conclusion: None of the four apex locators reported an accuracy of 100% at apical constriction. There was no statistically
significant difference between the working length measured by four apex locators and the actual working length.

Key words: Apical constriction, Electronic apex locator, Working length
*Corresponding Author: ezztk.edu@gmail.com
J Res Dent Sci.2024;21(1):27-34

ezztk.edu@gmail.com : S5 iSUl o oI55 eblS Al se 255 158 GllSe Jgtuns odinn g



O Ken g ol b)) S YA

1M

5o Gl ol 5 b gy bl go s adyy Loy 5o Jolie b e S (S (380 0,508 Jobo (sl T80 g Al
ol B anlin ol (g anlllae 5l Bua il sad (Biae 0,515 Job ni Cur 4 Sy xSl sla gy WSl ke )
Dy 2lg 0,515 Jsb ni 0 COXO s Woodpecker Denjoy DTE alex 5l iy xSl sla 92,5

WD gy g ol SBEL Sg55 Sla)lie Gob (JUIT ST Jusie Jaen s B chiosi 6 addlhas cnl )3 ile (g g 0lge
bowile &S558 Hgtws Beb «Sig il (6 5 o3l ol (615 ojlail S o LSO Lawgs plais pa JUIS 0 801 Jobo da]
Sz 50 JUB sleml I e (oo B eoaBly 0500 Jsb (65 ojlail S ol plowl JUBl 4S5 g tenke V B 110 bl
Sl 00ld s 2B (5 0l DSy See o) Sl 4SS g 12 e alali oo alols g wd ools (B JBTL o I SIS
s 5JuT Paired T test ool Lawgs

Denjoy ; Coxo Woodpecker DTE sla g5y (oSl cds (8ol 455 5 S0l 4K (6 yiondes /0 alols o iy aidly
& 039350 ;0 ;55 e) WSl olKiws T U b igas plos .09y LY g LAY 57 ¥0 9 7AD  Jlie ;0 /XY 5 7AD XD gAY S5 o
DA (6,5 o3Il LAV 8o by Sl (6 ks +) B -)

Jsb Ol g loline ()bl glis e ol i)158 Sl a8y 1, 7V e 2o 5S's) SOl ¥ Sl plaS e 16 S aos
Bl 929 (28lg 0,55 Jobo 9 5555 Sl T Lags oad (515570518

355 Jsbo o Sog Sl y9S gl Gl JBG) 455 il flg wals

1doddo

5 S« Setvgul ploys U=lie (nete 51 (S0
33 (e ook Aty slo JUB el 000 SIS
JUail Joe oS0 y985 Bl 5l all (o0 05,85 Jsbo
(Cementodentinal . lus  olew 5 gl

5 Cawl atinly Kileyo (6 w20 5 Cawlus 4 Y SSS
Lo, Jsb (S5 gsly jo a5 Jb o s sloel LB
G Sl b Ysero a5 058 (oo el SIS g0l S
s ool g osdle Vs Simlon JUIS sles) oo
oz I il sl g5l 56 co SIS0l pgal
Sx5 1B Sandae g lais clbs (S0l ool udee ]

© yal e pld Sgl gt Syload Sy L a5 05l (oo 025 L]
JUS o s g alfis Seis S syl syl G SR o) Sl e
Loy VR8T Lo 55 b oalsl Ubsy ol el lis ay I (5L i e a5 el Sl S o

50 JL g5k esle] a5 el ¢l > Junction)

| .,
© 4 5 me ais JUS 5,515 Jsb oyeess > SUdana S oo e,

alasi alold (Sisogusl ey o 888 o5,
robad 5o plais WSOl A (eo)lse o b el S LS ol plese 2 go 05,8 Jsb

‘SLQ)LDLMJ 5 . S oae J;lﬁ g5">‘) " &beyo‘) (5)L"" °°L°T 9 w‘ )9"'“° Jli“" g“")}s 9 g_JL‘ﬁ; é")“’

S8l el 00 jaresl g Gl Syl (55, Seagil] ot b L abkis cpl o Wb ol 8,8, g JUIS
&l oaisS JUB ity Gloys 5o Calidge WS 0,55 Jsbo 330

oSy L Ll 0 emer b olSies ol 0 25 585 Job frti )0 CenSd ol pliy el
ool ) 5l oL wilses a5 (gag reflex) s D 598 SIL Slody s 4 yoxie Wlgs
& (Shp Oae b phlen eizmen 9 s 15 plas e 3925 3,515 Job e Cym ol sl ST
7zl ke 2l oo 05 el dpagi ol Tl and oSy Gl ey G aler 1wl
.Sy 7S sl 55}

AARPRWAL 3y Sl Jolo)leds] 055 5 G 0,90/ (Sl julais pole jo Gudod dlxo



oy JU 0,58 Jsbo ot 50 Scg iUl piS o oS0l Sz 280 (o) 2

Y4

SeBogal g p by plwis sla JUB Coxdse
Blo 455558 595 5 JUI 0925 5| Glebol cgz 0l asie
Mani Inc, Tochigi, ) V- o leis JBK <G (U e o
s Lo Y Ll JU s 0 5,y JUS SS1 6 (Japan
G 18 Sl Jloys yid o ¥ 5 78 aus o S gn

A osld ¢l g
Sk Sl Aty 95, Job Sy iUl bl e
Gy 0y g0 a5 0 ooliiul o St e 5l (gl alginl
alginl (9,0 bl 349 d 005 g lass ols 13 sl ]

ik 518 ) (SSI gl B ad p dle Jloy Jolora b

295259 (Sl 42 o o 0555 9 (30 (55 5 Joxo &l

515 53 suile Bl Cusb, 5 od St s e e
5 JUIS 585 Jsb ol ansls,» paper point s 4 JUlS
4 ado) gloyd paasie by 90 8 Sy Sl oS Jobo
Wood pecker, ) Woodpecker g5y S F SaS
FoshanCoxo Medical ) Coxo «(Foshan, China
Denjoy Dental Co. ) Denjoy .(Instrument Co
Wood Pecker, Foshan y DTE 4 (Changsha, China
A3 Lasise (China

Mani ) 10 o Lo stainless steel ws s K <G docl
oSl 5l ol 588lew o e 4 (Inc, Tochigi, Japan
e s 4>l a ol jsies Gib g 08 jsee (i
JUS ahi Sk lyie 4 35Sy oSyl by sad
() G (o +10) 9

» 6L s U (JGl elhsd &S o)lge 0 e
N IRVESRCTC SN IR A IS SN PO IR SR VR X SO
oSyl il sla Joao (SelS 2L 5 Llie «sokj wlallla
Cuje (np e 45 Sy (oo Yl il edged oy 1) b y9kS o)
Sl & Seagill SOl @8 Jome (e o oSl S
O il oo ST gol, oS!

35S S sl oltws (95 B ol (pl (B lej
ol ol ad e b 4 ke gl o8l cod ks
5 ool (b)) Cglie @ azgs b LaygiSsl S
Ol g Wl Dolds SeaSy b ls allar b alfgs sle (53
laygS) (Sl s 4 i e olfiws Sloogas ;o Dslis
Sl 0008 Jolate gla s g Dglaie slo b L il
Oy asb) jpax pas b jsas )0 byt Sel Syl iz
o o Ty sttt chs JUIS o log3T b b L
O as

aslllas 5l Bus ilides o oS o WSol slo Syl 4 4z g5 L
09iS el Gl eSS ol WSyl jles ¥ eds bl el s
,o Coxo s Woodpecker <Denjoy <DTE ale> I ;>

D91 lais JUS o SIS Jobo s

b g, g 3lge

S pale oKty Cgan @IS 05 335l ey aslllas oyl
0 alosl lendS bl

sy s Fo sl (IR.GOUMS.REC.1398.194)
L5yl oy e a4 @l Sl b JUIS S5 5 cpaly S
s lass i Gl wisgs oads capiS Jlsogs ; O
L S5 as5,e b 5 Wl o)y SIS0, L
0dplS 5l o (2B b (Bl Jlos s (SSs
a280 10 Soe 4 by lais ((Seaeas Cya e lass
w35 18 T OIVE Co S gn i Sgiginl Jeloe 5
2 S 8 b Jleg Jsle 53 b plass G
abhds U wad sadly b lais ClS Se s (g do o
g JBg,S (o yimd 0yh> ] Cavss Blo g ol g 0
L (Kometdental, Lemgo, Germany) ,sius ol ;5,3
A a5 Ol 0ot Sis oljen 4 Vb G p Gy

AARPNAL Sh Y

Sl Jol ojled] 050 5 Camnn o)so/é.‘in};il.\;'o pole )0 Babod ale



SIS PRSI RN

ool oK F L ot g pSeslul oS Jsb cglis
Srmoskee Ko g o 5 03995 )d JUB (A8l Jsbo 5 5555 o)
Lol SPSS18 l581 6 5 o)1y b ol 5 ol &b adyy WSO
o305 Shapiro-Wilk cus b e osls by 0wl 51 e
zhw ol oolitul b 0,5 o awslie slp Paired T

RIPCEI SISy PV P NIV

badl
Woodpecker DTE sla, g5y oSS! o) Jgo Gubo
0 B b ey ]y Sl &85 e Denjoy 5 Coxo
D alold o .oges Lasine 1 FYIO o 1 FO I YVIO

DTE  sloyess) oSyl JSl S5 i
AD ¢ AYIA c8s o3 5 4 Denjoy 4 Coxo Woodpecker

S wgel plod puzman iols GLaS 1 LAY 7 AD L
VB =) g odgamme ;o 5yl WSOl Y Lol (65 o5l
IR VN SUS VAR ) TN RV ¥ BPJC SO 19

JUCa! a8CT i 50 aliizro (s oliws cdo —) Jaus

oS! (5 yaslen ) aliold 53

Denjoy DTE Coxo Woodpecker ok L ol

(S 35S

CLEYIDVY (L EOA AT (L XYIOND oS5 e
Js!

CLAYIONY  (LAVIOYS (L AOYE (L ADYT -10 alols
Js!

CLAYIOYR (LAVIDYR (LAVIDYR (L AYIeYe Saghee | alols

ISl 4S5 5]

03931 b s2ly 0,505 Jsbo et gz 3l olSiss T Ayl
ol sa ools lis Y ooleis Jous o Paire T test
Joal b og je (oo YY/-A (ably 0,557 Jobo (uSiles
Sl oKiws b osad (5,8 ojluil 885, b Sl

Y.
Device Display Reading
0.5
DIE
Woodpecker i 0.8
Coxo | 05
o
(BN
Deni YL
njoy : #
| z & 05
| Wy ; -
Do’ ‘F”"‘
3 )90 r5S o WSl ¥

x5 ol B Jsb 5 ad )5 plass JUB 1 LB (e
oS gl 5las cod S sl oSS Jsb Glsie 4 g ws
sete Seagill GGl s JUI ceand 00250l e alols
Vol o s 95 G OBy b (Kl 05,5 Job e
58 S8 ISl e jo ad) bl s yenkes

SH56 Y G g b ool b » (Jota, Switzerland) csls
SaS b owlowil 6 Y e Pile BL s il
S sl lis Jiale 4y ol 56 b ailoy >z &
bk < rw (handle No 3 with blade NoO 15) sq2
O Sk Jl S g aleols 15 JUI 950 Ve o)led
L (8ly 0,58 b v (nl 4 g dem) S84l (5 ahas
OPLiX, ) 58y Sogs sl 25 Sl 455 rdiins oalice

o e Voo olesS,5 L (Penpix Z3, China

Vo oylouds BB L JCul a8 51 81,5 9,50

Y4 glo/VFeY

)LQJ'/ le o)Lo.Cfa/ r‘,S.u 9 S o)5é/g§<¢i}}:;.il~.\5b (:51.(: BN d,..a:u 4.1;90



)

adgy JUB 0,515 Jsb uand 0 S Sl )9S o Sl oz <8 )

5 6950, by cdes 5l 0y Jleix| frizen 050 oo
av)

IRVX P | R PR PRI o
sl o b o )giSo) (SOl ilides lo Jous pol> b 50
G axg bl odds ds e calize slo 5,0 lawg Dglase
pae 5 oslitnl Shag doygiSyl Sl ossils, S
Oalais (JUIS U3 sla songd g dlge 4 ol
SV B b S e L) leysnSel Sl hles
Lol asls

Q]

2 IS8T g oluls 7 o SKee 5 Malueg ass 5l
ol S Cred 4 05yl e 5 Lo ygn Sl LuSGT s
OMSie Lais a5 glaglus ) asdllas ol slaaiges alos oS

W ‘5)51@9 sl JL.).)}.’).’ L: 6....:.)5.:)‘
in-vivo sls s, sblye o, Sl
osalic (izman 5 Ghalojl Lulps g b aised g JpuS
AEalesT byl s o ol adllas Y JISLT 455 puditas

9,8 Sgew sy

oles 7 les sEbrahim . alKile)l asllhe 5 o
o 56 b Sl WSl e, JIS,T patency as wsls
pas 5l olebl sl k=10 L6 51 jshaie cnl gl 5,38
s 5o Sl 5l 6 uSsl sl il ealiiul JUIS sl
e e bl i b,y oSl Lawgs ol (g S0l
av L. Y& . &

N s 9808 558 o L

Sl Lol s Jeen b ady, Gol> o asllae o
5 Stoll 4 ™Y o Sen 5 AKISUE a5 jshilen siuds
JU lst b Ll eles a5 wis,s o)hs OV ol Sen
Sy Sl B8 e Sl sl slls ol ady,
dalllas cpl o Lo e 4 g 0500 (3l Jli...] )
Sl Sl poms S L g (Souwn Hs g b by plass
g 5k ) Ken g PlAtINO s aslllas 3l .aios bl
= G apex locators cés , wsliial 5,90 bl iz
. o . = _ Y. L

plos e i1 4% 5 5l pFsl> sln wcnlnle (a8
Sloa b (JUS S5 ol S8 Jsen sla o) s aiges

YY/-f .55 4 Denjoy 4 DTE Coxo Woodpecker
RUOSNECEE B < WASRWICONRI N 4 70 PR A A SRR A 70 &
Cox0 DTE slo olfiws lawg ool 3,15 0,515 Jsb
<[+ 0F +VAY /- YD w5 a4 Denjoy 3 Woodpecker
onds (535 0,5, Job les (5 loline glis g + VAN g
Jsb 9 DTE 5 Woodpecker sla,sSy WSOl lawgs
Soles cplaS J 0 (P>4/+0) ot (5,155 Bl 0,58

(P<-1-0) g Jlobis o3 555yl S0l g5 ¥ 5o

b ooh (5 5 03Il 3 &Blg 3,5, Jab leo gl —Y Jguz

s“.s .s" s“.g..
oseylPaired T Jsb 5l aels 55 ejlail Jgb
i 5,58 SES L ean
Actual
Sig Sl
575 length
P T Sl Sl Sl Sk
value
)lf:-*-" )L:-“
- - - - \iiZ4 YY/-A
IYAY /ST RY\ S Y YN 4 /%) YY/NE Woodpecker
ARYERS S VAR 4 <Y </yay \iias YY/YA Coxo
VY. SYEN O IEYY efeYD YISY YY/N DTE
AEYEAT R 7\ 08 SEERYL /Y YAV YIOA YYIVE Denjoy
&
-

.

@ p2 g ileSh ) Glops Ul (e 5 (S
Olayd Gasjlis Caddge o a5 Conl flads aiy, JUIS sl
Bl aly, by 0 ol Gas ol ol Coeal
Sl Sl sl Aty JUS Sl s el g S
U Geds Jsb e oyshiie ol sl Vel lass JUlS
e 10 Aol Ul UK Job ples ccalio aln, by
JUS 55 Syge slo (50 b 355 joa oSl S 51 (550
U5 5551 sl cslyn b Lab ol Calgs o tig i
SN Jsb @B Jsb (et pus 098 (0 (23S0l 4y

0286 e po g underfilling ¢ JSoT pio 990 4 e

LA NPFIWYAR 2 ¢

S Jolo)lead 105G 5 G 0,90/ (S plais pole jo Gudod dloxe



SIS PRSI RN

Yy

RS TS TR T T e
AW w5

ygiwd Gl alllae ol o colaiwl 550 sl ,glS o WS
o A s JUS sl 1y JUS ek 5 Sl ol
oSyl E5 Lk cds alie adllas ol 5l Gas VS
Gsree Sl 0oly99) Sl 485 cold (il 52 w092 ,55's)
G5 3,55 il oo s sl < JUIS sle e &
sl Job pled (rSem £552 5l GpSelx lp
W ‘_g)..f o)"..\.i‘ 0d

e a0y YO LYY 5l anlllas ol o o Ol WSOT cdo
o ,5S sl WSOl cdo as wisle lis Gldlas 3l solass og
(¥-Y2)

oW oo AR-¥Y J&u] a5 3y d)LL:.’ Sy90 4O

Dentaport ,s.5e) WSSl cés
cds 9 wo,S awlis |, Element jRaypex5 ZX

¥Y)
oK 4Pascon

M55 4 Coas jte e o/ 0 odgama ;o 1, LYY

S 5 SISl

T ) Som gWrbas « iN Vivoasdlas 5 4o

Root cés
g 00,5 objyl ady, SO las Yo o |, Raypexd ZX
U e ho o0 odgamme o 1) joie Sl (pel)sd Jxe
@S 20,5 555 doye A g sy VO (JISLT s

ol cdllas T ISom 5 WIDAS gl b pols asllas
hpls ey ad) oloys ple @iddS glo ans Job o

iy JUB (0 5B 5 (LS (o s 0ph> 4 Sl e
Sl sla (599 156 Cou ity JUI 05 5 Wl
@ 0ly oo 1y SEe Sl slayginSy) SOl ol ad S 13
oo 53 sl eSS 5l Gl asgemmen; Ole

Sy el 8 sslads

Loy gooxe Slllas o 55 ojlail K-15 L
3929 4S5 ab odaline ¢ ob plxl o, Ken gVasconcelos
b WSl B Wil oo JUI 50 00iad 4 g o Slge
bl ol e TV 58y Ll Gl gle s cilie gl
JUS o8 S 3l e addllas ol o byg puSoslal ples

s plol

Jsb e a5 wisls las ™ K. 5 Shabahang
a oty B ol ey 5 JSal oelysd 5 B 50 oS5
Db Syl sy e b WSy Sl e e 10
S5l iz o

D ) S b BB JIT a5 s sl caslllan ol o
2505 ISl olys® & sy o 5 Sl S5 5 e e
Fo s [0) oaizle Jesdlygins Gillae b s 0l olo
Sk ol a b BT baugs o5 o) sl 4 ()
Sl e +IB) Sy 090 00l asine JUST aball o 5
65 o3l 3aBo ot sl T s S 250 s 5 (o,
s ooliiul e e o) S8 b edoS 5l asdllas ol )5 s
ooled 50 (St 00 Sumdge (ST (YL Z80 2925 L
o9 gl o las sl el cal (Sas udsS b

b g b epiiome 5l goland g Vs,lal s aslllas 5.l
oSl 288 (6,5 o3lwl 51 L JUS > gjle oolel aie
asy anllas ol o b g8 ojlul soles 0TV a5
g Diemer s adllas a5 wix ,o b pll JUIS (g5l oolel
Wl cos S e b gl g o a5 ol olis T ) S
Aol S 5L S el WSOl s

APEX Lawgs 05 Jsbo (et 9590 53 0l Slalllas

JUI slel alais SO Slalllas ol 4o 20,10 o4 5lOCaAtOrs
5 JUsyS ad o abold pliine 5 (S ad ad S Sl s
Wl 03,8 3, JUI kel abais glsie 4 ) ST oS
e a1y ol JSuT olysd Koo (Sp o8 Jo 5o T

Y4 glo/VFeY

)LQJ'/ le o)Lo.»fa/ pS.t 9 S 0)5.)/&;..3};.1‘&0 f“?l'c » d"‘"’“ dbu



vy

adgy JUB 0,515 Jsb uand 0 S Sl )9S o Sl oz <8 )

References:

1-Martins JN, Marques D, Mata A, Caramés J. Clinical
efficacy of electronic apex locators: systematic review. J
Endod. 2014;40(6):759-77.

2-Heo MS, Han DH, An BM, Huh KH, Yi WJ, Lee SS, et
al. Effect of ambient light and bit depth of digital
radiograph on observer performance in determination of
endodontic file positioning. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2008;105(2):239-44.
3-Dummer PM, McGinn JH, Rees DG. The position and
topography of the apical canal constriction and apical
foramen. Int Endod J. 1984;17(4):192-8.

4-Eikenberg S, Vandre R. Comparison of digital dental X-
ray systems with self-developing film and manual
processing for endodontic file length determination. J
Endod. 2000;26(2):65-7.

5-Sunada I. New method for measuring the length of the
root canal. J Dent Res. 1962;41(2):375-87.

6-Tamse A, Kaffe I, Fishel D. Zygomatic arch interference
with correct radiographic diagnosis in maxillary molar
endodontics. Oral Surg Oral Med Oral Pathol.
1980;50(6):563-6.

7-Bahrololoomi Z, Soleymani AA, Modaresi J, Imanian
M, Lotfian M. Accuracy of an Electronic Apex Locator for
Working Length Determination in Primary Anterior Teeth.
J Dent (Tehran). 2015;12(4):243-8.

8-Diwanji A, Rathore A, Arora R, Dhar V, Madhusudan
A, Doshi J. Working Length Determination of Root Canal
of Young Permanent Tooth: An In vitro Study. Ann Med
Health Sci Res. 2014;4(4):554-8.

9-De Moor RJ, Hommez GM, Martens LC, De Boever JG.
Accuracy of four electronic apex locators: an in vitro
evaluation. Endod Dent Traumatol. 1999;15(2):77-82.
10-Lin S, Winocur-Arias O, Slutzky-Goldberg 1.
[Electronic Apex Locator as a dental instrument]. Refuat
Hapeh Vehashinayim (1993). 2009;26(2):26-30, 46.
11-Ushiyama J. New principle and method for measuring
the root canal length. J Endod. 1983;9(3):97-104.
12-Siddiqui TA, Rehman A, Rajput F, Tahir A, Memon
AA. Comparison of the effectiveness between preoperative
Ibuprofen verses placebo on the success of the inferior
alveolar nerve block in patients with irreversible pulpitis:
preoperative Ibuprofen verses placebo effect in irreversible
pulpitis. Pakistan J Health Sci. 2023:38-42.

13-Malueg LA, Wilcox LR, Johnson W. Examination of
external apical root resorption with scanning electron
microscopy. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 1996;82(1):89-93.

14-Kim E, Marmo M, Lee CY, Oh NS, Kim IK. An in
vivo comparison of working length determination by only
root-ZX apex locator versus combining root-ZX apex
locator with radiographs using a new impression
technique. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2008;105(4):e79-83.

15-Huang L. An experimental study of the principle of
electronic root canal measurement. J Endod.
1987;13(2):60-4.

(G S Al

285 giSel WSl B 5l plaS gm 45 oy s alllas oyl
el sl g ol i Sl &S5 e 1, Y
oSl B Ly sl (5155 0S5 b e s)lsline
2l sy ol S5 e 5 5553

JLCWOSYRY-]
9 S o585 (Shisilas oladss S el alewy cpos

é}.w <° G:la)..\s

LA NPFIWYAR 2 ¢

S Jolo)lead 105G 5 G 0,90/ (S plais pole jo Gudod dloxe



SIS PRSI RN

Y'Y

16-Ebrahim AK, Wadachi R, Suda H. In vitro evaluation
of the accuracy of five different electronic apex locators
for determining the working length of endodontically
retreated teeth. Aust Endod J. 2007;33(1):7-12.

17-Meares WA, Steiman HR. The influence of sodium
hypochlorite irrigation on the accuracy of the Root ZX
electronic apex locator. J Endod. 2002;28(8):595-8.
18-Akisue E, Gratieri SD, Barletta FB, Caldeira CL,
Grazziotin-Soares R, Gavini G. Not all electronic foramen
locators are accurate in teeth with enlarged apical
foramina: an in vitro comparison of 5 brands. J Endod.
2014;40(1):109-12.

19-Stoll R, Urban-Klein B, Roggendorf MJ, Jablonski-
Momeni A, Strauch K, Frankenberger R. Effectiveness of
four electronic apex locators to determine distance from
the apical foramen. Int Endod J. 2010;43(9):808-17.
20-Plotino G, Grande NM, Brigante L, Lesti B, Somma F.
Ex vivo accuracy of three electronic apex locators: Root
ZX, Elements Diagnostic Unit and Apex Locator and
ProPex. Int Endod J. 2006;39(5):408-14.

21-Vasconcelos BC, Matos Lde A, Pinheiro-Junior EC,
Menezes AS, Vivacqua-Gomes N. Ex vivo accuracy of
three electronic apex locators using different apical file
sizes. Braz Dent J. 2012;23(3):199-204.

22-Shabahang S, Goon WW, Gluskin AH. An in vivo
evaluation of Root ZX electronic apex locator. J Endod.
1996;22(11):.A-111

23-de Vasconcelos BC, Verissimo Chaves RD, Vivacqua-
Gomes N, Candeiro GT, Bernardes RA, Vivan RR, et al.
Ex Vivo Evaluation of the Accuracy of Electronic
Foramen Locators in Root Canals with an Obstructed
Apical Foramen. J Endod. 2015;41(9):1551-4.

24-Ibarrola JL, Chapman BL, Howard JH, Knowles KI,
Ludlow MO. Effect of preflaring on Root ZX apex
locators. J Endod. 1999;25(9):625-6.

25-Tselnik M, Baumgartner JC, Marshall JG. An
evaluation of root ZX and elements diagnostic apex
locators. J Endod.. 8-+ V:(Y)¥);Y 0

26-Diemer F, Plews E, Georgelin-Gurgel M, Mishra L,
Kim HC. Effect of Sodium Hypochlorite Concentration on
Electronic Apex Locator Reliability. Materials (Basel).
2022;15(3):863.

27-Krajczar K, Marada G, Gyulai G, Téth V. Comparison
of radiographic and electronical working length
determination on palatal and mesio-buccal root canals of
extracted upper molars. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2008;106(2):e90-3.

28-Nekoofar MH, Ghandi MM, Hayes SJ, Dummer PM.
The fundamental operating principles of electronic root
canal length measurement devices. Int Endod J.
2006;39(8):595-609.

29-Cianconi L, Angotti V, Felici R, Conte G, Mancini M.
Accuracy of three electronic apex locators compared with
digital radiography: an ex vivo study. J Endod.
2010;36(12):2003-7.

30-Mancini M, Felici R, Conte G, Costantini M, Cianconi
L. Accuracy of three electronic apex locators in anterior
and posterior teeth: an ex vivo study. J Endod.
2011;37(5):684-7.

31-Real DG, Davidowicz H, Moura-Netto C, Zenkner Cde
L, Pagliarin CM, Barletta FB, et al. Accuracy of working
length determination using 3 electronic apex locators and
direct digital radiography. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2011;111(3):e44-9.

32-Nasiri K, Wrbas KT. Accuracy of different generations
of apex locators in determining working length; a
systematic review and meta-analysis. Saudi Dent J.
2022;34(1):11-20.

33-Pascon EA, Marrelli M, Congi O, Ciancio R, Miceli F,
Versiani MA. An in vivo comparison of working length
determination of two frequency-based electronic apex
locators. Int Endod J. 2009;42(11):1026-31.

34-Wrbas KT, Ziegler AA, Altenburger MJ, Schirrmeister
JF. In vivo comparison of working length determination
with two electronic apex locators. Int Endod J.
2007;40(2):133-8.

Y4 glo/VFeY

)LQJ'/ le o)Lo.»fa/ pS.t 9 S 0)5.)/&;..3};.1‘&0 f“?l'c » d"‘"’“ dbu





