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Abstract

The establishment of a gect working length is one of the fundamental parameters for endodontic success.
Traditionally this has been determined using radiogragiut electonic apex locators & increasingly

being used. Eleabnic apex locatorsaduce the number of radiographsquired and assist wher
radiographic methods eate difficulty The use of an elecinic apex locator in combination with the
radiograph is geater pecision in the determination adot canal length. The aim of this paper is¢giew

the electonic determination of the length of theot canal.

Introduction

The success rate of conventional root canal treatmeri@gistriction (AC) cannot be identified, and variables in
predictably high, as long as the basic principles &chnique, angulations and exposure distort this image
endodontic treatment are followeAccurate and lead to errérThus, in addition to radiographic
determination of root canal length is particularly importafifeasurements, electronic root canal working length
to the success of root canal treatment: cleaning, adeq@igtermination has become increasingly important.

shaping and complete filling of the root canal systemlectronic apex locators (EALsS) have been used
cannot be accomplished unless the correct workiggnically for more than 40 years as an aid to determine
length is established, and if the canal length is knowthe file position in the canal. These devices, when
damage to the periapical tissues and procedutdnnected to a file, are able to detect the point at which
accidents such as ledging, zipping, elbow formation, etge file leaves the tooth and enters the periodontium.
can be avoided by confining instruments and root fillingn electronic method for root canal length determination
materials within the root canal system was first investigated by Custemn 1962, Sunada
The radiograph is one from the traditional method f&onstructed the first EAL. Since then, different
the determination of the root canal length, but it is difficuienerations of EALs have been developed to measure

to achieve accuracy of canal length because the apigdt canal lengthltis mostimportant advantage over
radiography is that it can measure the length of the root
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diameterTherefore, setting thpical Constriction as 2. Determination Of The Working Length Using
the apical limit of the working length, where it is easy tBlectronic Apex Locators

clean and shape or obturate the canals, Iiﬁ'storyof Electronic Apex Locators

recommended y y-
Although the term “apex locator” is commonly used and

The majoAF is not always located at the anatomicg|{;5 pecome accepted terminoldgyme authors have
apex of the tootiiheAF may be located to one side 0f;seq other terms to be more precise such as electronic
the anatomical apex, sometimes at distances of Updgt canal length assuring instruméts electronic

3.0 mm in 50-98%. Kuttler reported that the distangg,na| length measuring devices. These devices all
between thé\C and theAF is 0.659 mm in adults, qempt tolocate the apical constriction, cement-dentinal
whereas itis 0.524 mm inyoung pediilégure 1) jnction, or the apical foramen. They are not capable of
routinely locating the radiographic apex.

In 1918, Custémas the first to report the use of electric
current to determine working length. In 1962, Sufada
reported that there is a constant value (6.5 k&!) of the
electrical resistance between the mucous membrane and
the periodontium, and he stated that it is possible to use
this value of resistance in the estimation of the root length.
The device by Sunada in his research became the basis
for most EALS.

How to measure the root canal by using EAL?

EALSs function by using the human body to complete

an electrical circuit. One side of the apex locator
Figure 1: Anatomy of the root apex (A) dentin, (B) circuitry subsequently is connected to the oral mucosa

cemento-dentinaljunction (CDJ), (C) minor foramen through a lip clip and the other side to a file. When the

(AC), (D) major foramen (AF) and (E) cementum file is placed into the root canal and advanced apically
until itis tip touches periodontal tissue at the apex, the

1. Determination of the working length using g|ectrical circuit is completed (Fig 2). The electrical
radiography resistance of the EAL and the resistance between the
The working length is most commonly determined usirfie and oral mucosa are now equal, which results in the
radiographyThe practitioner places an endodontidevice indicating that the apex has been reached.
instrument into the root canal to the depth corresponding
roughly to théAC, and then a radiograph is tak€he
working length is considered to be between 0.5 a
1.0 mm from a radiographic profile of the apax. **
radiograph for root canal length determination has be
reported to be accurate in only 80% of cases.

Currently direct digital radiography has not been show
to exceed conventional radiograph in quaditeen with
enhancement and measuring features, but is useful fi
is speed and lower doses of radiation. This innovati Lip iy
was achieved because new hardware and software was
available to evaluate the metrical data created by micro Ei o . I

: : i ig. 2. Typical circuit for electronic determination of
CT, thus allowing geometrical changed in prepared working length
canals to be determined in more détail

EAl
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There is evidence that electronic devices measure maity! Nird Generation Electronic Apex Locators

the impedance of the probing electrode (contact (3GEALS)

impedance with the same fluid) rather than tissdéird-generation EALs use multiple frequencies to
impedance itself. In 1987, Huahgeported that the determine the distance from the end of the canal. These
principle of electronic root canal measurement could baits have more powerful microprocessors and are able
explained by physical principles of electricity alone. Ot® process the mathematical quotient and algorithm
the other hand, Ushiyama and colleagues presentedadieulations required to give accurate readings.

“voltage gradient method” that could accurately measyt& ample : 1.Root ZX (J.MoritaTokyo, Japan)

working length in root canals filled with electrolyfe.
major disadvantage with this method was that it usea Mini Apex Locator (Sybron Endénaheim, CA,

special bipolar electrode that was too large to pass in

narrow root canals. 4, Fourth Generation Electronic Apex Locators
CLASSIFICATION AND ACCURACY OF ELECTRONIC ~ (YCEALS)
APEX LOCATORS Fourth generation apex locators using two or more non-

: . . simultaneous continuous frequencies in order to measure
1. First Generation Electronic Apex Locators . )
(1GEALS) the difference or ratio between two currents

First-generation EAL devices, also known as resis-ta Examples L. Propex I (DentsplyMaillerfeBallaiques,

apex locators, measure opposition to the flow of dlren%N itzerland)

current or resistance. When the tip of the file reachéd!-ROOT (E-Magic Finder)(S-DentiSEoul, South
the apex in the canal, the resistance value is 6.5 k&forea)

The disadvantage of IGEAL devices is the pain wgs Fifth Generation Electronic Apex Locators
often felt due to high electric currentf®@day most (3GEALS)

1GEAL devices are out of the market. Fifth generation apex loctors measures the capacitance

Example: 1. Root canal meter (Onuki medicahnd resistance of the circuit separately

Co.tokyo, Japan) Examples: 1. Apex Locator Joypex 5 (Henan, CBD

2. Dentometer (Dahlinectromedicine, CopenhageNeihuan Road, Zhengzhou, China)

Denmark) 2. Raypex 5 (VDWunich, Germany)

2. Second Generation Electinic Apex Locators  «ouBINATION OF APEX LOCATOR WITH
(2GEALS) ENDODONTIC HANDPIECE

Second-generation EALS, also known as |mpedan1:ﬁe Root ZX has been combined with a handpiece to

apex locatgrmeasure opposition to the flow fmeasure canal length when a rotary file is used. This is
alternating current or impedance. The m j

arked as thd@ri Auto ZX (J. Morita Co., Kyoto,
disadvantage of 2GEALS is that the root canal has to Pa?pan) The handpiece uées nickel- tltanlu?/n rotary
reasonably free of electroconductive materials to obt truménts that rotate at 240 to 280 rpm. Kobayashi et

aICCl:rate ;Iea?_mg_s._ Th? priﬁence ?f rtllssue £k suggested that “to get the best results, it may be
electroconductive irrigants In the canal changes cessary to use some hand instrumentation” in

electrical characteristics and leads to inaccurate, usually 1ination with thai Auto ZX_ d epending on the

shorter measurements difficulty and morphology of the root canal being treated.
Examples : 1. Foramatron IV (Parkell Dental, TheTri Auto ZX has a reported accuracy similar to the
Formingdale, Nework, USA). Root ZX of 95%Alves et al. evaluateinh vitro the

2. Digipex I, II, 1l (Mada Equipment Co., Carlstadt) capacity of thd'ri Auto ZX to locate théF following
removal of root filling material during root canal
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treatmentThey found that thé&ri Auto ZX was accurate root perforations within a range of clinically acceptable
to 0.5 mm in more than 80% of teeth when usedriations.

following removal of rootfilling. The electronic measured canal length (2GEALS) is

Recently the Dentaport ZX (J. Morita Co., Kyoto,adversely affected by different circumstances such as
Japan and J. Morita Mfg. Co., Irvine, California, USAbhe diameter of th&F. In 1987, Huangused 2GEALs
was introduced to the Japanese and United Stadesl found that when the size of the major foramen was
markets . The Dentaport ZX is comprised of tweess than 0.2 mm measurements were not affected, even
modules: the Root ZX and thii Auto ZX. The inthe presence of conductive irrigants, but as itincreased
handpiece uses nickel-titanium rotary instruments tretove 0.2 mm measured distances from the foramen
rotate at 50 to 800 rpm. increased. Stein et al. also concluded that as the width
Other apex-locating handpieces: of th_e major foramen incrgased the distance betwe(_en
. TIhe file tip and the foramen increased. They found thatin
1. Kobayashi et al' reported the development o rﬁeasuring the CDJ to the probe tip, 31 of the 47 canals
new ultrasonic system calle_d SOFY ZX (J 66%) were short of the CDJ. Measuring from the major
Morita Co., Ky_o 0, Japan_), which USES the Roé&amen opening to the probe tip, 43 of the 47 canals
Z.X t_o elef:tronu_:ally monltor_the location of the 91%) were short of the major foramen opening.
flletlp during "?1" |_nst_rumentat|on procedures. Th brahim et al. evaluated four 3GEALs: Root ZX,
dev!ce minimizes the danger OfForamatron D1pex NRG and\pit 7, to determine
overinstrumentation. the working length in teeth with various foramen
2. The Endy 7000 (lonyx SA, Blanquefort CedexdiametersThey reported that as the diameter oftRe

France) is available in Europe. increased, the length measured with small size files
PROBLEMS ASSOCIATED WITH THE USE OF became shortefFhis suggests that the size of the root
ELECTRONIC APEX LOCATORS canal diameter should be estimated first and then a

Most studies have reported that pulpal vitality or can%rl]ugflttlng file should be chosen for root canal length

i eterminatiof?. The four EALs were unreliable in
irrigants do not &&ct 3GEALSs accurac¥an et al. used determining the working length of teeth with a wie

different diameters of glass tubules in their study to mlm\;\%en using a small size file. The Root ZX and Foramatron

L%ﬁ;ﬁig\iigg_?g? ytt:se;/uglrlwe;s g;/i ﬁ a dnr?se\rlwvltgr(ljii 10 showed significantly better scores thariex
ydrogenp G andApit 7, and may be reliable todetermine the

the accuracy of the real length 1.0 mm was 75-100% " . e P
despite the izcrease i tubulg diamatéren they filled working length of teeth with a widd- if a tight-fit file is

3
the canals with strong electrolytes such as 0.9% salllfwse(':‘_d -
solution, 2.5% sodium hypochlorite solution and 179N in vivostudy has evaluated the usefulness of an
ethy|enediamine tetraacetic acid (ED’Tthe accuracy 2GEALs in endodontic treatment of teeth with

of the Root ZX decreased as the tubule diameiBgomplete root formation requiring apexification. They
increased. reported that in all cases, the Exact-A-Pex apex locator

.was 2 to 3 mm short of the radiographic apex at the

IlnelEg:Eé ?(;Jr:jae?scﬁ%%fﬁg?f;?:ﬂgngl\k,)vlgtsy lgft;rswl])%ginning of apexification therapi/hen the apical
P ' closure was complete, the EAL was then 100%

reported that 2GEALSs could accurately determine the
location of root or pulpal floor perforations. The metho%ccuraté"
also aided in the diagnosis of external root resorptidfcDonald recommended the use of files with sizes
that had invaded the dental pulp space or internal ré@mparable with the root canal diametéiming that
resorption that had perforated to the external roéis would resultin more accurate readings. The length
surface. Zmener et al. found that fhe Auto ZX Of the enlarged canals was measured using small-sized

(3GEALSs) was able to detect and measure endodorites and lage size files matching the canal diaméteey
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found that the Root ZX was accurate even when the filack of patencythe accumulation of dentin debris and
was much smaller than the diameter of the canal and tiadcifications can affect accurate working length
measured lengths obtained with small and large size fitgtermination with 2GEALS. It has been suggested that
were comparabte Ebrahim et al. evaluatédlvitro  preflaring of root canals as used in modern crown-down
the effect of file size on the accuracy of Root ZX whepreparation techniques would increase the accuracy of
sodium hypochlorite or blood was present duringeadings. This was found to be true for tactile sensation
electronic measurements in enlarged root canals. Tty accuracy with the Root ZX. Canal patency appears
found that as the diameter of the root canal increastalbe more important, as dentin debris may disrupt the
the measured length with the smaller size files becaelectrical resistance between the inside of the canal and
shorterA file of a size close to the prepared can#he periodontal ligament. Constant recapitulation and
diameter should be used for root length measurementitgation ensures accurate electronic length readings
the presence of blood, and possibly serum or pusduring instrumentatich

the presence of sodium hypochlorite, the Root ZX Wa$y yymer et al. comparéavivothe influence of the

highly accurate even when the file was much smaller thfy; canal status on the determination of the root canal
the diameter of the canal length by an 3GEAL in vital and necrotic canals and
An in vitro study evaluated the accuracy of the Rocotinals with root canal obturation retrieval. They stated
ZX in determining working length of primary teeththat theAFA Apex Finder is a reliable tool for determining
Electronic determinations were compared with diretiie root canal length in vital and necrotic teeth, with an
anatomic and radiographic working lengths. Thegccuracy of 86% within 0.5 mm range of the radiographic
reported that the electronic determinations were simi@pex. Goldbey et al. evaluatedvitro the accuracy of

to the direct anatomic measurements (—0.5 mnthiree 3GEALSs in determining theworking length of teeth
Radiographic measurements were longer (0.4 to @uring retreatment. They found that the ProPex,
mm) than electronic determinatioAs in vivo study NovApex, and Root ZX were accurate within 0.5 mm
Kielbassa et al. reported that the Root ZX can [88%, 85%, and 95% of the time, and within 1.0 mm
strongly recommended for clinical implementation d5%, 95%, and 100% of the time, respectively

endodontics in primary teeth, particularly when treatingpgx LOCATORS IN CARDIAC PACEMAKER

fidgety childrer’. . . :
_ ] Electrical devices such as electric pulp tegat s, and
Nahmias et al. and Chong & Pitt Ford reported thatdfectrosurgical instruments has been potential interfere

there is any connection between the root canal and {3&, cardiac pacemakeys there are many therapeutic
periodontal membrane, such as root fracture, cracks s and types of pacemakers some may not be
interna}l or external root resorption, it would beqfuenced by electric pulp testeruseA 1996 case
recognized by the EALAzabal et al. found the Justy Il \enorted on a patient with a fixed-rate cardiac pacemaker
apex locator (3GEALs) was able to detect simulatggqiring root canal treatment. Under consultation with
horizontal root fractures but was unreliable wheg,o patient cardiologist, an EAwas usedThe patient
measuring simulated vertical root fractures. experienced no adverse effects immediately or with
It does not appear that the type of alloy used in thalow-up. In 2002, Garofalo et al. reported that four
instrument for length assessmefeets accuragyvith  out of five 3GEALSs tested with a single cardiac
the same measurements obtained in the same root cpaaemaker showed normal pacing and only one
using stainless steel and nickel-titanium instrum&ntgproduced an irregular pace recording on an
Nekoofar et al. evaluated the accuracy of Neosonscilloscop&. RecentlyWilson et al. was determiire
Ultima EZ apex locator (3GEALS) using nickel-titaniunvitro if EALS or electric pulp testers interfere with the
and stainless steel files. The accuracy of the nickélinction of implanted cardiac pacemakers or
titanium and stainless steel was 94% and 91%grdioverter/defibrillators. They found that no evidence
respectivelyand there was no statistically signif-icantf any interference was encountered when the 3GEALs
difference.
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or electric pulp tester were used as described by patients considerations in the determination of working
with working, implanted cardiac devices. They concluded
that EAL or electric pulp testers are safe for use i
patients with cardiac pacemakers or cardioverter/defi-
brillators.

Conclusions

11.

The EAL device has attracted a great deal of attention
because it operates on the basis of the electrical
impedance rather than by a visual inspection. EALs ayg
particularly useful when the apical portion of the canal

system is obscured by certain anatomic structures, such

as impacted teeth, tori, the zygomatic arch, excessive
bone densityoverlapping roots, or shallow palatal vaults.

In the presence of metallic restorations, severe]
undermined caries, serous, purulent or hemorrhadé'
exudates or when there are cracks, root fractures,
internal or external root resorption, wide-canal, or a
wide-open apex —a comparison of the EAL readind-
with the radiograph will assist practitioners to achieve

predictable results.
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