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Electronic apex locator: Principles,
Evolution, Comparative analysis, and
clinical applications in Endodontics
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Abstract

Electronic apex locators are devices designed to determine root canal working length by measuring changes in electrical
impedance within the canal. Since the initial concept based on electrical circuit principles introduced in 1918, electronic
apex locators technology has advanced significantly. Contemporary devices employ multi-frequency alternating current
and algorithm-based signal processing to improve accuracy. This review article aims to provide a comprehensive overview of
electronic apex locators, including their working principles, generational development, factors affecting measurement accuracy,

and recent technological innovations that enhance the efficacy of working length determination in endodontic procedures.
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Al 1 dnwaznienieinialugauaivesvans
s1nAY : (n.) siaUaresnilundn (major apical
foramen), (v.) YauAUAAUAIEARDISINTY (apical
constriction) %38 §\UaUa185NUTeY (Minor apical
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110 Hany M. A. Ahmed, Endodontic advances

and evidence-based clinical guidelines. 2022. (5)
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AN Nekoofar M. H wagmaadg. The fundamental
operating principles of electronic root canal length
measurement devices. Int Endod J 2006 Vol. 39
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Circuit Capacitor
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- CPE, fio avulnfialiou (capacitative reactance) vaniianaadsinilu (dentin walls) sauriuA1Augluih
MAnanUsIngn1sal Stray capacitance @sRoanuglihiiinannisiaaunlnihwuadniivinliianugliih

Windulagldlasdla
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- nWwisENaN uansrauERveIn I uiiuUsE (capacitor) Tuandnuaedsnaitesludiuduvesraosnily
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U%’Uﬂ@ﬂﬂﬂW%ﬂ Huang J-H wagmaly. Impedance characteristics of mimic human yooth root canal and its

equivalent circuit model. Journal of The Electrochemical Society. 2008 (22)
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4. A2NUUUTIVDILATDIIANIBUUIUANY

snnua28 Wi

fiduuzinisldiniesiasunyavanesinily
sl Al s nsdrudufiuaud (impedance ratio)
31nUsEm Tnsuuzilildiniesdioluaunansanius
APEX a1ntiunssundaiiunis 0.5 ung dmsuie
Root ZX® (25), Faiaw 1 dwsude Justy 1I® %30
dudivdes dwsuiive Endy 5000° (26) waiin1sdnen
Awvdadundadenanlinsafudiumnyaganauge
Uaneraassniiufiuiase (27) Tnenuinileldindos
TunsseymunisgauaugaaUalenaessIni uasdl
AU Iies 51-64.3% luvaziimnldlunisssy

)

vinaiegszninagdanaessinilundnuazsesasdl
Ayl 81-82.4% (26) uaziilotlulely
nsszyiumisglauangsinilundnaziianuwiugig
fla 96.2% Fennltlunsinanuenlunisianuuas
gouiuamuAaIALAAouTl + 0.5 N1, a1ngilavane
snilundn azfiedneglurasiivensuldnisadin (28)
3nitelunsAnuives Huang uazAmy WUI1AIY8
ufiuauditaldlurassmnilu agtusgfuszzsineain
Davaesiniiuses Fadudumisiiliuuueu uay

D et ™)

Hvanesuuuy Wy n13iivategnaen (multi constriction)
Judu drsmaraninainisszysundsdatasiniluy
Tindotie Jemrsiaidiumiagdnaasssiniiundn
FeluBaufod wurdilildindosdodlulussuy
AaosTIniluLazideusunsziianinseveanieain
susuatesnily uwansAndugudviouandinfegda
Uanesnituuda anduiedesuuiumisensadied
Tins9iugne1eds udususseginulaeanszezasan

duniniisala 0.5 ual. (22)

5. U99egNdINan oAUl ug1va91A5899A

o 1 }-%4
avusUatgsnHuneinii
5.1 Javgingavaenuaaadsinily (canal-related
factors)

a1sfieglunasssnilu (root canal content) laidl
BNTNARDAIDNINAIUDUNLAUTN IAAIBLATDIIAF LA
Uanesinilusmeliidawsigun 3 Aldudnnisdnsdiu
Sufiunuddusuly iseliiansieglunaessnituasiu
& oA A o9 P
Wawgalnssuseannily L@ MseuIe1a19PandsInily
PP A a & a = ' A A | )
Aflapenladanesn (e) Feasurazvdadawananeniu
o ~ A o P ~ A ) |
FIUANNITN 3 WHLdPUNUTANNITN 8 WiBNDRI1AIUY
Buiiuaud Arrsnladidnesndananivzgniaveuavaiu
v O % ~ ) | a a '3 A
Aatiuluvnenandnsdiuduiivaudaglidsuutasly
AUTTNVDIETIUAABITINTIL (21) AIHUANILVDILNGS
Uszamilu (pulpal status) Tumrasssiniunilileide
Uszamitundalidintuniiieweme laifinasennuuwsiuegn
TumsszyiunisgiUnUangsniluses Welameinsosin
FuntaUangsiniluaglniii (29, 30)

Tupasssnituiuautazdililiveny vuevamslu
AABITINHUILAINAANDANUBU UV ATDITARILIUS
Uangsinilumelnii lnesslurasssmniluruinién fe
Wwas 8 way 10 Winan1siniudugneglurasssinily
unlng Ao lwes 15 w3 20 Wesanazluaasssinilu
AN TVNANeR (snugly-fit) Augdnuatesnituses
dusglunsasnilurelrgenafinnsUdsuilagusis
veagUaamennilusesiararavihliinnisindaneuis
JiWnanesnthisessss (31, 32) Jnhlinsveneaaessnihy
drusunau (pre-flaring) AsLiinauudiugly (31, 33)
wazvlnvedlanevawLlunands Iy MIMUUSIIUALAY
WUUPENUNSEUIUNSUSUUTIeALSeu (heat-treated)
lldswananukduglun1sinanuevinauaglng
Pl9a0Irle (34)

Tufuffin11a3gludud (immature teeth)
~ A v .
NnaaseTInulianwuzuIuean (divergent canals)
P AIUBUUGIVDIATDIIARILAUIUAIETINHUA 28

o w =~

T ranasedsdidudrAgilefisuiuiuiiaigaud
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(mature teeth) (35) Imammsruaqmwmamm%uﬁ
g1auanmsiildvumdniilddudantnasssinily
soumuvilvinsadsudayealvih (impedance circuit)
T\]’mLﬂ%@ﬂﬁ@iﬂgﬂLﬁaL?j@UmHﬁﬂWulﬂjﬁMUuiiﬁ Wliieses
azlilanusansradunisivasunasvesdufiuaud
Uaeaaassnitulaegregnies wionsiesesdlofildin
anuemUFnLasddluUInaTegmogUnanesnily
Fanmii 6 ?éqmLW;Lﬁ@ﬂﬂﬂﬂﬁiLﬂéauLLﬂaﬂﬁﬂLmﬂﬂ'«qmmuejm
GuawmEJﬂaaaiwﬂﬁu?sjuumasﬂﬂé’wmﬁaﬁumﬁu Vil
pmevhnuinldieesesiniuisUaresnituge
Tihfianteaniiund fivanensfnendinuin Wewuie
Wusuaudnanvesgilauangsinitundniivuialvg
Al eaiugveaeiesiasumislaesinitushe i
svanas esanerlupasssniiulianunsadudanids
pavssInlulaseunu vinlinsdsdeygialniiszning
Tfudodevaresnilufindfisunadiunii (36) Tag
‘WU'mzL‘%MﬁmaﬁiammLszusJ’wLﬁaﬁummé’umu@uéﬂmq
veagUauanennfiunandvuinlngnin 1SO vum 60

A 6 mMsiadn (binding) veusdesiislurassinily
fifdnuazuiueen (divergent root canal) ANAT19AAR
Juigumis 2-3 uu. wideseogUaatesnity (apical
foramen) Ui"‘uﬂqam‘wmﬂ Kaufman N, Lagay.
A comparative ex vivo study on apex locator precision
in mature teeth and immature teeth with divergent
canals. 2024 (35)

ulaaag,
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Ston »+ \N\@

)
2 &
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(37, 38) My ¥nEuRemanduiovualng IS0 1A
70 (39) lianunsoTaldegrawiugudevneluanit 1SO
uIA 90 (40, 41) wazdziimupainiAfeulnds
2 89 5 wu. wheldnzluraosniluwuaiilngnivie
wof lewunm 1SO vuIm 100-150 (41)
Tuiuiifinnsazanedivessiniuusiiadais
(apical root resorption) WuinA3esiARUMLIUa1Y
sinttugneluih 8% Root ZX I° (J. Morita, generation 3),
Raypex 6° (VDW, generation 6) kag Endo-Eze Quill®
(Ultradent, generation 6) azdiauuiugnanas desn
nsinussaransveniioeuds (resorption lacunae)
yliAansAsuLUasiumisuazauaveasgdn
Jangsinflunanuazaawavgauatgnasesinily a8
Az ldedoaTadiundavatesiniludaelnii
Sfunmsdiiofiuanuwiug (42)
TuWuiifinasazanedivessini ud 1uuen
(external root resorption) WU31LA3BIIARILM
Uangsinilumelnihaunsalranuusiugrlunisivua
Auelun1situlafnngt anssduazninsed
MNIrULenYsdasuRnesuuulauly (cone beam
computed tomography: CBCT) (43) wad1%iu
nsUszgnalddmiunsiadumsesnggluiuid
Msazanefina wulnAsesTasuiianssnilugie
T#hdinanala (sensitivity) wavanuundedie (reliability)

'
o

i lneanizlunsdliinmsveqluuadnndi 0.5 uy. (44)

=

AUzl lgASe9 s2udu CBCT Wavawe

¥ [

Yo1inYBLAaEI0 (43)
Tuflufinunisfneinasssinilu (previously
treated tooth) uariinrusdudesiunssnensinitug
(retreatment) WU31ALLLUEBLATDITARILILA
Uanesnitusneliihanasdndesdiofeusuiiufilineg
lasun1ssnesaiiuml wikawana19iuAInan bl

WodAyneadd egslsiniu msmddnaissednse e

v oo A

AvanuTannvasnaslunaessinily Wy AnaUesen

q

o—

A A s =

#30TaLA05 TIDNVFINANDAINULNULIYDINITEIUAN
1NLA509 (45)

UaNN1T WUIN15 waznisuszyneldmisrfidnuawmsaeTnsuudsUatusnilusiuluia _
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5.2 thseihgatasnuiniasindunisargsiniy
(device-related factors)
isesinsuvisUaesnituluin Judl 1 wag 2
aadisuazliinsndavseldaumeiuanssuludagiu
uazliusnguumsAnyanuann 20 Uk (46)
$198991n015991 1 Annsmunamssanssuegadu
szuulag Nasiri wazanie Tud A.d. 2022 nudnguves
\3peiarumaatesnily (generation of the apex
locator) lufiarnuunnmseg19dded1Agyn19ada
Tusuauiuglun15A1mMuAANEMIIU 539N
wadeatndiunisatssiniudaglui1isdguiivia
nsAne (Uil 3-6) (46) uazannsAnwilvg 9 ftu
Wisuiflsuiniesguunnsgruildiuegaunsvaty Ao
Root ZX® Aulrdesiulmainiisinusendianit Wy Root
ZX Mini®, PiXi®, Innvopex—1®, Woodpex II®, Rooter®
way E pex pro® wuina3es Root ZX° HEPRHITUIERGR
fgn udlifiauuandiaduegsiidoddynisada
SoiSsuiiisuiuiulszndadailingoan (9, 47)
wdostadiuny satesinil ud el 171d
walulaglnyd 9 wu wuuldaeydalddyyraugys
wudanuusiugliwansstuiedesfusnasgiu (48)
viieidenawnasioulanoufniisiutuiedesindum
Yangsiniu (integrated-endomotor apex locator)
AanisnisinaiesindiwnusUatesindlud el
s fuademensranssnfiunuulduawmes (49)
fusgansnnlunismuauldliiiureunvesniswsey
Uaneaaessnity wuldanuudugveilendunisnge
Fuumeaaassnity (50) uaslirnuwiEuasanundede
liunnssuinTesiunmsgiu (51) uluedessiafng
umdeufuszuudashiiunduiianuydeiouas
mnusiugeniaTesfuinnsgIu (52)
msluedasiaduntsuaesnituluszezen
(long service) laldsmasianinuudugn Tuadasiildanumn
1 6 U dlawieuifisuiuniesdildemtosndi 6 U
Jeaguiieesdimmunn@ofowilfnuanidussoznanny
mnlasunisauakardssnwIn LUzt veHEn (53)

5.3 ﬁ@ﬁ’yﬁﬁmﬁmn@gﬂ"z’fmu (operator-dependent
factors)

Usraunisaluazinailavesd iy (experience
and technique) lidsmasnanuuiugiveniodin
frundslanesiniludagliiy leweuifisusening
Aldeuiaansngu fe {idervgdubulanoufng
fifiuszaunsnl 20 U uasiinfnuistumunmdduaniine
JURTRuisaesnguansolinadns ilndidsstu
Tunsldipsesiiesingn Fuwandlidiuin Uszansam
YOUATDI lﬁlﬁﬁua&Jf‘ﬁ’wsgaumiﬂiﬁumpﬂsﬁmu wndl
nsUURmumuuzivenaneguasnsa (54)

WA AU U NNATANITITITUIINATTAN YN
289 Monisha uazani (55) TSsuifisumatin 2 wuu
Tun19inAuEIY SErINg

1. wadarild (conventional technique) A®
Wldldadlupasssnilulnensaas Tasunisaunsei
ARessEYy TisnnengaUaBRanisInil Tsususnsadiey
WinseiugndneBauusiaiiu

2. wAtdAn1990u (indirect technique) g
T dulndaenadosinmuntslatesinilugelndi
Jurulnddndanids uwdrhlududasulndildaslu
AapITINHLWIY (N NF 7)

27 7 awanaes “mallanieeeu (indirect technique)”
AIUNSANEIVDY Monisha (55)
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wuatausiauusug lunisinagliunnaneiuy
usaswmatiansgenyinlilenglunisinlaalnalAesiu
IULLﬁiazlﬁwmam (inter-rater agreement) qqgﬁu L‘daﬂmﬂ
ansnanAudesiigndalauszideunan Tnslane
Tunsdifiraassnilugnviednisdidsaia

5.4 UaseiiduauraInanIngIngsu (environmental
or external factors)

wé’ﬂmﬁsuaaaﬁﬁagjslmammﬂ‘Wu lydigndwa
AoA18RIIdIuBUTLAUT ATAR18LA3 09 TAR LI
Uanemnifugeliihdausiui 3 Wuduly denndosiy
nMInumssanssusgraduszuulag Tsesis uagmuy
(56) TnennsAnwInuInvinvesiiendrsnasssiniy
L finanssnusenuundugiveinisindisniesin
sundsUangsnitumeliin wasdiaenndosiunisane
Pyinimanenisinenfinui thendsrasssnity Téun
Tpenlalupanlss (sodium hypochlorite, NaOCl),
AaBsLENTAY (chlorhexidine, CHX) %38 nsALo7aY
Talefiulnnszua@fn (ethylenediaminetetraacetic
acid, EDTA) luflnansznusoninuuiud voaniasin
sursuangsiniunaglnin (9, 57-59) Wwulhenu
funisildenrseidedelnswszamilulunasssiniiu
visenswasuwdasmsiliihweadodelneseusinilu
(conductivity of surrounding tissues) Wi n15HsOYLTA
souUanenilu (periapical lesions) LiifinasoaNuiue
Yauasaiamunlslatesiniudaelaia (57, 60)
WANU31ANAL AN (repeatability) vadiATasin
sundsvatesiniunelni anaseg19iidodfey
Tungquiisiseelsaseutaesnilu ewteufunguitlaid
50813A (normal periapex) LL@%IUﬂdMﬁﬁi@ﬂIﬁﬂi@U
Ua1e51nHunuALLANF195EMI 9N sTansnazas
firedsfind 191t Feonadswan oAUkl ugIves
115%8 eiduuzdnisrtunsinenasssndiuluiu
fifsoslsaseuvaresinilu arsiiansanldindesin
fumsUanesnilusuiuisiasudu Wy msdeningsd
Judu (60)

ulaaag,
Thai Endod J (3

P Thai Endodontic Association

Ston »+ \N\“b

O\ )
Plong 15

nsiifanysaueitanansatiluinle wu n1sdl
AsaUNY (base-metal crown) n3e Jangaiusiy
pwilany (amalgam filling) ildanmnuusiug ves
w3eeTadunisUatesiniwdeofiouiuiuiigaiiu
Hudeitusssuvd (natural crown) widosszalnge s
Ll arufiluiveslndlududalausdansves
aseuilseTangailueriary dwenavhliAnnsdnises
denasonuuilugvenaiesinfumalatesinily
aeliinla Jsiduugilily nsly “isolating rubber
stopper” fan1nit 8 unindeniidlunisiiiu
anuaiatereenIsuaning wilifinadeaiuudug
(61) d@runisiinseuiusiasiiinaiu (all-ceramic
crown) Taealulidswanonisldauaenniestn
Fundslarssndludagliii dosnTagdanain
fiaruduniulvingeunn Wwdndidounladainn
(lithium disilicate) (62) %38 Wwoslawly (zirconia) (63)
wazdingAnssuduawulnirluannznismeedin

299 8 anuansddlauafevivasvuelddulua
] aa <@
9717 21 1Y, LagAININALEAILATIS19UeRalauaRoU
Waesilasunisusuuslaenisiiiuduauiu (Aue1:
8 1., ANUNUIVBIHTL: 0.2 uu.) USuUganImann
Kowollik S, Sonntag D. Accuracy and consistency of
electronic root canal length determination with

electrically isolating rubber stoppers. 2019 (61)

WANN1S WAIUIN1S LLa:miUs:qnﬁmeﬂﬁﬁﬂmaqm'%aﬁmﬁlﬂLLumUa'msﬂanﬁm‘Lwﬂﬂ
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aduwmdnluiasunauainnisidauisnlu
(electromagnetic interference of smartphones)
Lﬁ@ﬁﬁﬂﬂi‘wIWuﬁlu Samsung Galaxy Note Edge,
iPhone 55 way Samsung Galaxy S5 Lﬁaazﬂﬂé’w‘%a
wsiuiduiaineg fuinsesindumisatssniludae
it veusinseseglulumalvng (calling mode) Alsid
nas oA ukiug lunIsTaAueIus e e TR
surtsUanasnitusglai (64, 65)

6. A2UUaBANE TUN1SIYITULATDIIAATLIALY
argsniludlglniriugUaeniinisldiees

nszﬁuﬁ’ﬁﬂﬂﬁ’l (cardiac pacemaker)
n1sldaunsaldidnnselindilslussvuiilauay
vaealdon WU 1A3oenszduiale (pacemakers),
ww3eanseanlaiiialeilsldRmids (subcutaneous
implantable cardioverter defibrillators) %3
\A3esYIsUSUSameiila (cardiac resynchronization
therapy devices) flwualiufindueg19un (66)

% [

fuanifldgunsnimaniinagldfumuusiiliaeiase T
dedosduiatvauuudvdnluit daeimnided
anufnafsafunissuniureadosindunsuane
snituseliviogunsaldildnmsedndiildlusyuuiile
agglsfinrunatenisfnwilunisiesufifinisuas
neaddnlywunissuniunisinauvesgunsal
Sidnnsedindfiilsluszuuiile wazagUldinaiesin
sundslatgsniualelniraiunsaldaulaegig
Uaensedmiufiheiifaunsaididnnsedndilslussuy
il wisgalsinufidwusdilivinwuwnndlsaila
Usgddgtheneuriingnis (66-68)

7. n1suwmalulaguidszendldlunisia

mmmmammnﬁu
mslendusansivrag (ultrasonography)
N15AN®IYDY irem Eren Wag Yesim Deniz
Tud A.A. 2024 (69, 70) tAeafuUsEANSNINVOS
gans19179 (ultrasound) lun1sinAueIAaRITINTY
sislunmsAnulumetosUfoAnig (in vitro) wagmsaddn
WuhSansEIs aansalinansTafifisusihiuesesta
fundavaresiniuaelai1 waglufinauunneang
atheiifudfeyseinsandisd mslidanmend v
AMNAIN T lUANSUBATIUUANETINTHULUUANNEANRS S
(real time) 3afluszlovilunsdififinisazatosives
nsranuUIMUaesInily viseilseslsaseuuatesinily
sunlng wasgslsimunddidedidadsliaiunse
TWawlddlunsdifinnunuivesnszgnassifindg
waznisanwrduduianizi un18edeaanasle
ultrasound probe fetug dostinivoiiuinluann
addnfidudauniniy wu Mundmienasssiniluy
filassasedudou

n5ldlg1vseawg (artificial intelligence; Al)
Jayyusehug 2111508284 fAL LY uE

anvelianainvosnywd wavylslinisidaduuas

msseaulalunenaindululfegedivssansnmaniy

a '3

win1sldau fedlndayausefvgriiudunaunisiney
(training) lngo1AegIudeyavuinlngvosninssd
waznmad CBCT (71) laeiindnnisiSeuinateguuuy
' = v = . . b~
WU N1938UIVBIATEY (machine learning) 138
a Y oa = . & i
N13158U3189EN (deep learning) 1193UKUU 1AT9Y1Y
Usga ey (artificial neural networks, ANNs) Lag
lasstheuszamuuumauligiu (convolutional neural
networks, CNNs) (72, 73)
Tunissnwimadulansufind Jgygiusshivg
a1unsarlelinisinaiueivinauliug iy lngende
v A 1 v a < a <
An3edsaudunisuseatananiadiannsetind (74)

1ny CNN wag deep learning @1u150AT29WIAMALUS
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sWavaesniluldlaesnlud@ andefianaindiingn
n1suUanavesuyee (71) Saghiri WagAm 31891431
Yy Usehivg aunsoimunaiueg1Iviney lawsduen
fe¥osay 96 LsuduiununmdfiTervqiinaue
Weesosay 76 (75) Qiao wazAmdg 14 CNN 3LAs1gi
A CBCT WU’jﬂﬁﬂ’mﬂJLLﬂJIUET%j\‘iﬂ’J'WLﬂ%@x‘l’?@ﬁ%mﬁﬂ
Uanesaniiudaelai lunsdissuuaaessnilud
ANUFUTou Wy AaesINugukuuRIg (C-shaped
root canal) wiemasssnilufiinisuiusen iesain
Tuwma CNN fanana Tesunisilinduannain CBCT 3slsk
319az188a1T3lATsas1990sRanssIniuluLuy 3 06
ilanunsauszifiuaiueilausiuglaglignsuniu
ndadedu (75) nsityUsehivg UL PTIRTEY
Aukiugkaranauaatnedeulun1sin da1unsn
gnsEAvNINTFIUNITThEITINTAuluneedlin uazele
Tums$nulfinndsdu (76)

8. ayU
ww3aIam kU sUaesInHua1etWi N vinau
1A8N15ILATIEINSUREULUAURIAIAULATUNIU b

a A

Buiiaud (impedance) nelupasssiniludiovaulng

1A o |

pgiisiunlIInnengauesUatesInily nanasiioili
A3eetndunisvatesiniludaelnia Wwadesde
fuduguaziiuszansamlunisiivuaninueiienu
Fadudaduddyueinissnwnasssnily egidlsinnm
Anukugvaaadesealdunanseuainvanedad
WU ANwUENIEINIAYEIRaRITINHY nsisIniluazane
flufiiiunissnuirasssnilu Juveaaiosiadiumi
Uaresindu vurnvesiia nsiiseslsauatesiniluy
wen1nil nsiaunluswaalagldiniosdansienas
waznsnaunauiulyUsehivg Aninastivenseu

=

NAANSYRINITINANLE1IAABRISINHULARDITU

Acknowledgment
laidl

é\)‘ﬂﬂﬂ[/y

Thai Endod J [Z
S
%%m [

Ston »+ \N\@

P Thai Endodontic Association

Funding source
Laigd

Conflict of interest
Hideuvayuseniadnliiinalseloviiudaun

1Y)

WU W8N

LONETE14D

1. Ricucci D, Siqueira JF, Jr. Biofilms and apical
periodontitis: study of prevalence and association
with clinical and histopathologic findings.
J Endod. 2010;36:1277-88.

2. Gulabivala K, Ng YL. Factors that affect the
outcomes of root canal treatment and
retreatment—A reframing of the principles.
Int Endod J. 2023;56:82-115.

3. Ng YL, Mann V, Gulabivala K. A prospective
study of the factors affecting outcomes of
nonsurgical root canal treatment: part 1:
periapical health. Int Endod J. 2011;44:583-609.

4. Gambarini G, Krastl G, Chaniotis A, et al.
Clinical challenges and current trends in
access cavity design and working length
determination: First European Society of
Endodontology (ESE) clinical meeting:
ACTA, Amsterdam, The Netherlands, 27th October
2018. Int Endod J. 2019;52:397-9.

5. Hany M. A. Ahmed aPMHD. Endodontic
Advances and Evidence-Based Clinical
Guidelines. USA: John Wiley & Sons; 2022.

6. Kuttler Y. Microscopic investigation of root
apexes. J Am Dent Assoc. 1955;50:544-52.

7. Pineda F, Kuttler Y. Mesiodistal and buccolingual
roentgenographic investigation of 7,275 root
canals. Oral Surg Oral Med Oral Pathol.
1972;33:101-10.

UaNN1T WUIN15 waznisuszyneldmisrfidnuawmsaeTnsuudsUatusnilusiuluia

Wa Wil WA, ollan FEgITIM



54

)
2
“odontic P

10.

11.

12.

13.

14.

15.

é\)‘ﬂﬂﬂ[/y

% Thai Endod J

S
$

< Thai Endodontic Association |

Orosco FA, Bernardineli N, Garcia RB, et al.
In vivo accuracy of conventional and
digital radiographic methods in confirming
root canal working length determination
by Root ZX. J Appl Oral Sci. 2012;20:522-5.
Mohan M, Verma MR, Jain AK| et al. Comparison
of Accuracy of Dentaport ZX, Rootor and
E-Pex Pro Electronic Apex Locators in Two
Simulated Clinical Conditions: An In Vitro Study.
J Conserv Dent. 2022;25:58-62.
Martinez-Lozano MA, Forner-Navarro L,
Sanchez-Cortés JL, et al. Methodological
considerations in the determination of working
length. Int Endod J. 2001;34:371-6.
Mahmoud O, Awad Abdelmagied MH,
Dandashi AH, et al. Comparative Evaluation of
Accuracy of Different Apex Locators: Propex 1Q,
Raypex 6, Root ZX, and Apex ID with CBCT
and Periapical Radiograph-In Vitro Study.
Int J Dent. 2021;2021:5563426.

Stein TJ, Corcoran JF. Anatomy of the root
apex and its histologic changes with age.
Oral Surg Oral Med Oral Pathol. 1990;69:
238-42.

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;
82:89-93.

Berman LH, Hargreaves KM. Cohen's pathways
of the pulp. 12th ed.: Elsevier Health Sciences;
2020.

Saha D, Mazumdar D, Biswas M, et al.
Comparative evaluation of efficacy in working
length determination: Radiography versus

Electronic apex locators using in vivo and

16.

17.

19.

20.

21.

22.

23.

24,

ex vivo methods with stereomicroscope
validation. J Conserv Dent Endod. 2024,
27:790-4.

Kaur G, Thomas AR, Samson RS, et al. Efficacy
of electronic apex locators in comparison
with intraoral radiographs in working length
determination- a systematic review and meta-
analysis. BMC Oral Health. 2024;24:532.

Kim E, Marmo M, Lee CY, et al. 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:e79-83.

Custer LE. Exact Method of Locating the Apical
Foramen. Dent Regist. 1918;72:420-5.

Suzuki K. Experimental study on iontophoresis.
Jpn J Stomatol. 1942;16:411-29.

Sunada I. New method for measuring the length
of the root canal. J Dent Res. 1962;41:375-87.
Nekoofar MH, Ghandi MM, Hayes SJ, et al.
The fundamental operating principles of
electronic root canal length measurement
devices. Int Endod J. 2006;39:595-609.

Huang J-H, Yen S-C, Lin C-P. Impedance
Characteristics of Mimic Human Tooth Root
Canal and Its Equivalent Circuit Model.
J Electrochem Soc. 2008;155:P51.

Dahlin J. Electrometric measuring of the apical
foramen. A new method for diagnosis and
endodontic therapy. Quintessence Int Dent
Dig. 1979;10:13-22.

Dimitrov S, Roshkev D. Sixth generation adaptive
apex locator. Journal of IMAB-Annual
Proceeding (Scientific Papers). 2009;15:75-8.

— Volume 4 (1) Jan - Jun 2025



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

ROOT ZX Il Canal Measurement Module: Operation
Instructions. J MORITA MFG CORP. Japan2012.
Hoer D, Attin T. The accuracy of electronic
working length determination. Int Endod J.
2004,37:125-31.

Ounsi HF, Naaman A. In vitro evaluation of the
reliability of the Root ZX electronic apex locator.
Int Endod J. 1999;32:120-3.

Shabahang S, Goon WW, Gluskin AH. An in vivo
evaluation of Root ZX electronic apex locator.
J Endod. 1996;22:616-8.

Dunlap CA, Remeikis NA, BeGole EA, et al.
An in vivo evaluation of an electronic apex
locator that uses the ratio method in vital
and necrotic canals. J Endod. 1998;24:48-50.
Vajpayee A, Khandare PD, Dutta SD, et al. In vivo
Study to Evaluate the Effect of Instrument
Size on the Accuracy of Three Different
Apex Locators when Various Irrigation Solutions
are used in Vital and Non-Vital Teeth. J Pharm
Bioallied Sci. 2023;15:51156-59.

Saritha V, Raghu H, Kumar TH, et al. The accuracy
of two electronic apex locators on effect
of preflaring and file size: An in vitro study.
J Conserv Dent. 2021;24:46-9.

Siddiqui AY, Alothmani OS. Influence of Hand
File Size on the Accuracy of Root ZX and iPex
Electronic Apex Locators: An In Vitro Study.
Cureus. 2023;15:e39662.

de Camargo EJ, Zapata RO, Medeiros PL,
et al. Influence of preflaring on the accuracy
of length determination with four electronic
apex locators. J Endod. 2009;35:1300-2.

Heo KY, Hwang HK; Jo HH. Accuracy of electronic
apex locators using heat-treated Ni-Ti file.
Aust Endod J. 2023;49:111-6.

35.

36.

37.

38.

39.

40.

a1.

az.

\%\)‘ﬂﬂﬂy%

54

F\\

Thai Endod J

P Thai Endodontic Association

Stion,

3
%
Plong 15

Kaufman N, Fux Noy A, Slutzky-Goldberg I.
A Comparative Ex Vivo Study on Apex Locator
Precision in Mature Teeth and Immature Teeth
With Divergent Canals. Cureus. 2024;16:
e69116.

Kim YJ, Chandler NP. Determination of
working length for teeth with wide or immature
apices: a review. Int Endod J. 2013;46:
483-91.

Ebrahim AK, Yoshioka T, Kobayashi C, et al.
The effects of file size, sodium hypochlorite
and blood on the accuracy of Root ZX apex
locator in enlarged root canals: an in vitro
study. Aust Dent J. 2006;51:153-7.

Herrera M, Abalos C, Planas AJ, et al. Influence
of apical constriction diameter on Root ZX
apex locator precision. J Endod. 2007;33:
995-8.

Ebrahim AK, Wadachi R, Suda H. Ex vivo
evaluation of the ability of four different
electronic apex locators to determine the
working length in teeth with various foramen
diameters. Aust Dent J. 2006;51:258-62.
ElAyouti A, Kimionis I, Chu AL, et al. Determining
the apical terminus of root-end resected
teeth using three modern apex locators:
a comparative ex vivo study. Int Endod J.
2005;38:827-33.

Herrera M, Abalos C, Lucena C, et al. Critical
diameter of apical foramen and of file size using
the Root ZX apex locator: an in vitro study.
J Endod. 2011;37:1306-9.

Broon NJ, Palafox-Sanchez CA, Estrela C, et al.
Analysis of Electronic Apex Locators in Human
Teeth Diagnosed With Apical Periodontitis.
Braz Dent J. 2019;30:550-4.

UaNN1T WUIN15 waznisuszyneldmisrfidnuawmsaeTnsuudsUatusnilusiuluia

Wa Wil WA, ollan FEgITIM



54

)
2
“odontic P

43,

44.

45,

a46.

a7,

48.

49.

é\)‘ﬂﬂﬂ[/y

% Thai Endod J

S
$

< Thai Endodontic Association |

Hasheminia SM, Jahadi S, Moghaddam FG, et al.
Comparison of the accuracy of apex locator,
digital radiography, and cone-beam computed
tomography in root canal working length
determination in teeth with external root
resorption: An in vitro study. Dent Res J
(Isfahan). 2024;21:8.

Adibi A, Sobhnamayan F, Ostovar Zijerdi N,
et al. Comparison of the Accuracy of CBCT
Images and Apex Locator in Detection of
External Root Resorption with Perforation.
J Dent (Shiraz). 2022;23:445-51.

Tufenkci P, Kalaycr A. Evaluation of the accuracy
of different apex locators in determining
the working length during root canal retreatment.
J Dent Res Dent Clin Dent Prospects. 2020;
14:125-9.

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;34:11-20.
Sayed A, Dighole S, Lobo WMV, et al. Comparative
evaluation of the accuracy of six different apex
locators in working length determination of
molars using intraoral periapical radiographs:
An in vivo study. J Conserv Dent Endod. 2024,
27:695-700.

Brand L, Dunlap CA, Scott R, et al. An in vitro
evaluation of the WIRELE-x electronic apex
locator. Aust Endod J. 2023;49 Suppl 1:41-5.
Abidi SYA, Azfar M, Nayab T, et al. Accuracy of
working length measurement with endo motor
having built-in apex locator and comparison
with periapical radiographs. J Pak Med Assoc.
2020;70:437-41.

50.

51.

52.

53.

54.

55.

56.

Klemz AA, Cruz ATG, Piasecki L, et al. Accuracy
of electronic apical functions of a new integrated
motor compared to the visual control of the
working length-an ex vivo study. Clin Oral
Investig. 2021;25:231-6.

Topuz O, Uzun O, Tinaz AC, et al. Accuracy of
the apex locating function of TCM Endo V in
simulated conditions: a comparison study.
Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2007;103:e73-6.

Barakat RM, Almohareb RA, Alharbi AO, et al.
Comparative Accuracy and Reliability of Three
Electronic Apex Locators in Determining the
Apical Constriction of Molar Canals: A Micro-CT
Evaluation. J Clin Med. 2024;13.

Parirokh M, Manochehrifar H, Shahravan A, et al.
The Effect of Long Service Life on the Accuracy
of Dentaport ZX Electronic Apex Locator.
Iran Endod J. 2022;17:195-9.

Cimpean S|, Chisnoiu RM, Colceriu Burtea AL,
et al. In Vitro Evaluation of the Accuracy
of Three Electronic Apex Locators Using
Different Sodium Hypochlorite Concentrations.
Medicina (Kaunas). 2023;59.

Monisha R, Sivakumar A, Chittrarasu M, et al.
Comparative evaluation of accuracy of working
length determination with fifth-generation apex
locator using two different techniques: An in
vitro study. J Conserv Dent Endod. 2024;
27:240-5.

Tsesis |, Blazer T, Ben-lzhack G, et al.
The Precision of Electronic Apex Locators in
Working Length Determination: A Systematic
Review and Meta-analysis of the Literature.
J Endod. 2015;41:1818-23.

n Volume 4 (1) Jan - Jun 2025



57.

58.

59.

60.

61.

62.

63.

Cinar F, Ustin Y. Ex Vivo Evaluation of the
Accuracy of 3 Electronic Apex Locators in
Different Environments: A Micro-Computed
Tomography Study. Eur Endod J. 2020;5:
226-30.

Yahya EM, Alchalabi AS, Alkhalidi EF. Effect of
Different Electroconductive Root Canal
Irrigations on the Accuracy of Different Apex
Locators: An In Vitro Comparative Study.
J Int Soc Prev Community Dent. 2024;14:
211-7.

Karunakar P, Reddy MSR, Faizuddin U, et al.
Comparative evaluation of working length
determined using integrated apex locator and
root ZX mini under various irrigating solutions:
An in vivo study. J Conserv Dent Endod. 2023;
26:590-4.

Adorno CG, Solaeche SM, Ferreira IE, et al.
The influence of periapical lesions on the
repeatability of two electronic apex locators
in vivo. Clin Oral Investig. 2021;25:5239-45.
Kowollik S, Sonntag D. Accuracy and consistency
of electronic root canal length determination
with electrically isolating rubber stoppers.
Aust Endod J. 2019;45:33-9.

Jakovac M, Zic M, Pavi¢ L, et al. Electrical
Properties of Two Types of Lithium-Based
Glass Ceramics. Acta Stomatol Croat. 2022;
56(3):281-7.

Borik MA, Chislov AS, Kulebyakin AV, et al.
Data on physical and electrical properties
of (ZrO(2))(1-x)(Sc(2)0(3))(x)(CeO(2))(y)
and (ZrO(2))(1-x-y-z)(Sc(2)0(3))(x)(CeO(2))(y)
(Y(2)O(3))(z) solid solution crystals. Data Brief.
2019;25:104061.

64.

65.

66.

67.

68.

69.

70.

71.

72.

\%\)‘ﬂﬂﬂy%

54

F\\

Thai Endod J

P Thai Endodontic Association

Stion,

3
%
Plong 15

Sidhu P, Shankargouda S, Dicksit DD, et al.
Evaluation of Interference of Cellular Phones
on Electronic Apex Locators: An In Vitro Study.
J Endod. 2016;42:622-5.

Silva E,Muniz B, CarvalhoN, et al. Electromagnetic
interference of smartphones on apex locators:
An in vivo study. ENDO. 2016;10:161-5.

Niu Y, Chen Y, Li W, et al. Electromagnetic
interference effect of dental equipment
on cardiac implantable electrical devices:
A systematic review. Pacing Clin Electrophysiol.
2020;43:1588-98.

Beach CW, Bramwell JD, Hutter JW. Use of
an electronic apex locator on a cardiac
pacemaker patient. J Endod. 1996;22:182-4.
AlRahabi MK, Ghabbani HM. Influence and
safety of electronic apex locators in patients
with cardiovascular implantable electronic
devices: a systematic review. Libyan J Med.
2019;14:1547071.

Eren |, Deniz Y. The usefulness of ultrasonography
as a dynamic measurement system for visualizing
root canal working length: an in vivo study.
BMC Oral Health. 2024;24:801.

Eren I, Sariyitmaz O, Eren H, et al. Can
ultrasonography be used to determine working
length in endodontic treatment? An in
vitro study. Odontology. 2024;112:453-9.

Lai G, Dunlap C, Gluskin A, et al. Artificial
Intelligence in Endodontics. J Calif Dent Assoc.
2023;51.

Umer F, Habib S. Critical Analysis of Artificial
Intelligence in Endodontics: A Scoping Review.
J Endod. 2022;48:152-60.

UaNN1T WUIN15 waznisuszyneldmisrfidnuawmsaeTnsuudsUatusnilusiuluia _

Wa Wil WA, ollan FEgITIM



\%\)‘ﬂﬂﬂy%
‘[@' % Thai Endod J

"»%domsf Thai Endodontic Assaciation 4

%,

o ayy

73. Aminoshariae A, Kulild J, Nagendrababu V.
Artificial Intelligence in Endodontics: Current
Applications and Future Directions. J Endod.
2021;,47:1352-7.

74. Ourang SA, Sohrabniya F, Mohammad-Rahimi H,
et al. Artificial intelligence in endodontics:
Fundamental principles, workflow, and tasks.

Int Endod J. 2024;57:1546-65.

75.

76.

Khanagar SB, Alfadley A, Alfouzan K, et al.
Developments and Performance of Artificial
Intelligence Models Designed for Application in
Endodontics: A Systematic Review. Diagnostics
(Basel). 2023;13.

Ahmed ZH, Almuharib AM, Abdulkarim AA, et al.
Artificial Intelligence and Its Application in
Endodontics: A Review. J Contemp Dent Pract.

2023;24:912-7.

Volume 4 (1) Jan - Jun 2025



