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APEX LOCATORS – REVIEW 

Dr. Husain Abbas Chhil (MDS- Conservative Dentistry & Endodontics) 

 

Endodontic treatment has evolved 

leaps and bound in the last century 

improving the prognosis and 

outcome of root canals. The 

important endodontic protocols 

provided by the European Society of 

Endodontology (ESE) 1, American 

Association of Endodontics (AAE) 1, 

Canadian Association of 

Endodontics (CAE) 1 gave stepwise 

treatment towards the more 

predictable and successful outcome. 

Various methodologies among which 

root canal working length (WL) is 

one of the most important step which 

has been followed. 

 

According to Kuttler, Root canal 

working length (WL) is defined as 

the distance from a coronal reference 

point to the point at which canal 

preparation and obturation should 

terminate.6  

Accurate determination of root canal 

length is particularly important to the 

success of root canal treatment. The 

success rate of conventional root 

canal treatment is predictably high, as 

long as the basic principles of 

endodontic treatment are followed. 

Cleaning, adequate shaping and 

complete filling of the root canal 

system cannot be accomplished 

unless the correct working length is 
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established, and if the canal length is 

known, damage to the periapical 

tissues and procedural accidents such 

as ledging can be avoided by 

confining instruments and root filling 

materials within the root canal 

system.  

Grove stated that the proper point to 

which root canals should be filled is 

the junction of the dentin and the 

cementum and that the pulp should be 

severed at the point of its union with 

the periodontal membrane.2 The 

cementodentinal junction (CDJ) is 

the anatomical and histological 

landmark where the periodontal 

ligament begins and the pulp ends. 

Root canal preparation techniques 

aim to make use of this potential 

natural barrier between the contents 

of the canal and the apical tissues.3 It 

is generally accepted that the 

preparation and obturation of the root 

canal should be at or short of the 

apical constriction. 

 

 An in vivo histological study found 

that the most favourable histological 

conditions were when the 

instrumentation and obturation 

remained short of the apical 

constriction and that extruded gutta-

percha and sealer always caused a 

severe inflammatory reaction despite 

the absence of pain.4 

The cemento-dentinal junction 

(CDJ), where the pulp tissue changes 

into the apical tissue, is the most ideal 

physiologic apical limit of the 

working length. It is also referred to 

as the minor diameter or the apical 

constriction. However, the CDJ and 

apical constriction do not always 

coincide, particularly in senile teeth 

as a result of cementum deposition, 

which alters the position of the minor 

diameter. Therefore, setting the 

apical constriction as the apical limit 

of the working length, where it is 

easy to clean and shape or obturate 

the canals, is recommended.4, 5 
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The major apical foramen is not 

always located at the anatomical apex 

of the tooth. The apical foramen may 

be located to one side of the 

anatomical apex, sometimes at 

distances of up to 3.0 mm in 50-

98%.6-8 Kuttler reported that the 

distance between the apical 

constriction and the apical foramen is 

0.659 mm in adults, whereas it is 

0.524 mm in young people.6 

Various methods are used to assess 

the working length in root canal 

treatment such as:- 

1. Paper point method. 

2. Reliance on tactile sensation to 

“feel” the apical constriction. 

3. Knowledge of the average length 

of a tooth as a guide. 

4. Apical periodontal sensitivity. 

5. Electronic apex locators 

6. A variety of radiographic 

techniques such as:- 

a) Grossman’s formula. 

b) Ingles method. 

c) Weine’s method. 

d) Radiovisiography.  

e) Xeroradiography. 

The radiograph is one of the 

traditional methods for the 

determination of the root canal 

length, but it is difficult to achieve 

accuracy of canal length because the 

apical constriction cannot be 

identified, and variables in technique, 

angulations and exposure distort this 

image and lead to error.9-10 Thus, in 

addition to radiographic 

measurements, electronic root canal 

working length determination has 

become increasingly important. 

 

Before any root canal treatment is 

commenced, a high-quality 

radiograph should be taken by the 

paralleling technique. This will 

reveal the number of roots and canals 

present, their shapes and curvatures, 

all factors relevant to canal length 

determination. It will also indicate 

the approximate length of the root 

canal. 
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The working length is most 

commonly determined using 

radiography. The practitioner places 

an endodontic instrument into the 

root canal to the depth corresponding 

roughly to the apical constriction, and 

then a radiograph is taken. The 

working length is considered to be 

between 0.5 and 1.0 mm from a 

radiographic profile of the apex. A 

radiograph for root canal length 

determination has been reported to be 

accurate in only 80% of cases.15 

 

Currently, direct digital radiography 

has not been shown to exceed 

conventional radiograph in quality, 

even with enhancement and 

measuring features, but is for it is 

speed and lower doses of radiation.16 

Electronic apex locator (EAL) is an 

electronic device used in endodontics 

to determine the position of the apical 

foramen and thus determine the 

length of the root canal space. 

Electronic apex locators have been 

used clinically for more than 40 years 

as an aid to determine the file 

position in the canal. These devices, 

when connected to a file, are able to 

detect the point at which the file 

leaves the tooth and enters the 

periodontium. An electronic method 

for root canal length determination 

was first investigated by Custer.11  

In 1962, Sunada constructed the first 

EAL.12 Since then, different 

generations of EALs have been 

developed to measure root canal 

length.13 The electronic method 

eliminates many of the problems 

associated with radiographic 

measurements. Its most important 

advantage over radiography is that it 

can measure the length of the root 

canal to the end of the apical 

foramen, not to the radiographic 

apex.14 

 

An electronic method for root length 

determination was first investigated 

by Custer (1918).17 The idea was 

revisited by Suzuki in 1942 who 

studied the flow of direct current 
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through the teeth of dogs. He 

registered consistent values in 

electrical resistance between an 

instrument in a root canal and an 

electrode on the oral mucous 

membrane and speculated that this 

would measure the canal length.18 

Sunada took these principles and 

constructed a simple device that used 

direct current to measure the canal 

length. It worked on the principle that 

the electrical resistance of the 

mucous membrane and the 

periodontium registered 6.0 ohms in 

any part of the periodontium 

regardless of the person’s age or the 

shape and type of teeth.12 Using 

direct current caused instability with 

measurement, and polarization of the 

file tip altered the measurement. 

All EALs function by using the 

human body to complete an electrical 

circuit. One side of the apex locator’s 

circuitry subsequently is connected 

to the oral mucosa through a lip clip 

and the other side to a file. When the 

file is placed into the root canal and 

advanced apically until it is tip 

touches periodontal tissue at the 

apex, the electrical circuit is 

completed. The electrical resistance 

of the EAL and the resistance 

between the file and oral mucosa are 

now equal, which results in the 

device indicating that the apex has 

been reached. There is evidence that 

electronic devices measure mainly 

the impedance of the probing 

electrode (contact impedance with 

the same fluid) rather than tissue 

impedance itself.  

 

In 1987, Huang reported that the 

principle of electronic root canal 

measurement could be explained by 

physical principles of electricity 

alone.19 On the other hand, Ushiyama 

and colleagues presented the 

“voltage gradient method” that could 

accurately measure working length in 

root canals filled with electrolyte.20-22 

A major disadvantage with this 

method was that it used a special 

bipolar electrode that was too large to 

pass into narrow root canals.  
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A broad classification of electronic 

apex locators according to its 

generations are as follows:- 

1. First generation apex locators 

(resistance and alternate 

current). 

2. Second generation apex 

locators (single frequency 

impedance type). 

3. Third generation apex locators 

(single frequency impedance 

type). 

4. Fourth generation apex 

locators (ratio type). 

5. Fifth generation apex locators 

(dual frequency ratio type). 

6. Sixth generation apex locators 

(adaptive apex type). 

 

Electromagnetic interference from 

dental equipment including 

electronic apex locators has the 

potential to interfere with cardiac 

pacemakers.23 The manufacturers of 

electronic apex locators specifically 

warn against their use with patients 

with cardiac pacemakers.24 As there 

are many therapeutic uses and types 

of pacemakers some may not be 

influenced by apex locator use. 

Garofalo et al. conducted a bench top 

test using five-third generation 

electronic apex locators and 

concluded that all except the Bingo 

1020 did not cause inhibition or 

interference with normal pacemaker 

function, and that electronic apex 

locators can be used safely in patients 

with pacemakers.25 As this study was 

not clinical it might be prudent to 

confer with the patient’s cardiologist 

prior to treatment. 

 

Lack of patency, the accumulation of 

dentine debris and calcifications can 

affect accurate working length 

determination with electronic apex 

locators. It has been suggested that 

preflaring of root canals as used in 

modern crown-down preparation 

techniques would increase the 

accuracy of readings.26 Immature or 

‘blunderbuss’ apices tend to give 

short measurements electronically 

due to the instruments not touching 

the apical dentine walls. Biological 
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phenomena such as inflammation can 

still have an effect on accuracy.27  

 

Intact vital tissue, inflammatory 

exudate and blood can conduct 

electric current and cause inaccurate 

readings so their presence should be 

minimized before accepting apex 

readings. Other conductors that can 

cause short-circuiting are metallic 

restorations, caries, saliva and 

instruments in a second canal. Care 

must be taken if any of these 

variables exist. 

 

In the clinical situation most often the 

root canal comprises of vital pulp 

tissue which may be normal, vital, 

healthy or inflamed, hemorrhagic, 

semi necrotic, non-vital, necrotic, 

purulent, abscessed or containing 

various irrigating solutions during 

the course of treatment. These 

situations pose a challenge to the 

endodontist at various steps wherein 

accurate working length 

determination in these various 

scenarios needs to be done accurately 

increasing the prognosis and 

outcome of the endodontic treatment. 

Ideal endodontic treatment is defined 

as the removal of infected pulp and 

cleaning, shaping, and disinfecting 

the root canal system.28 

Subsequently, a three-dimensional 

filling can be provided. To achieve 

this goal, an essential stage is the 

assessment of the correct length of 

the root canals.28,29 Working length is 

defined as the distance between the 

coronal/incisal reference point and 

the area that has been prepared and at 

which the filled canal should end.6 

 

Failure to determine the root 

canal length can result in both over- 

and underestimation of the root canal 

length. Overestimated working 

length can result in preparation 

beyond the apical isthmus, which can 

damage the peri-apical region.30 

Underestimated working length and 

inadequate debridement can cause 

unsuccessful treatment and 
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dissatisfaction of both the patient and 

dentist.31 

 

Radiography is a common method 

for determining the apical isthmus, 

which is 0.5-1 mm shorter than 

radiographic apex.29 The 

radiographic method has its 

advantages, such as direct 

observation of the root canal system 

and the canal curvature and of the 

existence of peri-apical lesions,29 but 

radiography cannot determine the 

apical isthmus, because it provides a 

two dimensional picture of a three-

dimensional object.29,31 In addition, a 

disadvantage of radiation is that it can 

be dangerous to both patients and 

dental staff. 

 

Owing to the advantages of 

electronic apex locators (EAL), such 

as the elimination of radiographic 

obstacles and EAL’s accuracy and 

convenience, the application of EAL 

has developed. 

 

Electronic apex locators were 

introduced way back in 1962 and 

have evolved ever since and thus 

been classified in various 

generations. Each generation being 

an improvement on the earlier ones as 

far as accuracy and results are 

concerned. 

 

First generation apex locators 

(resistance and alternate current) 

such as Root Canal Meter (Onuki 

Medical Co., Tokyo, Japan) was 

developed in 1969 used the resistance 

method and alternating current as a 

150 Hz sine wave. Pain was often felt 

due to high currents in the original 

machine, so improvements were 

made and released as the Endodontic 

Meter and the Endodontic Meter S II 

(Onuki Medical Co.) which used a 

current of less than ohms.14 Other 

devices in the first generation include 

the Dentometer (Dahlin 

Electromedicine, Copenhagen, 

Denmark) and the Endo Radar 

(Elettronica Liarre, Imola, Italy). 

These devices were found to be 
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unreliable when compared with 

radiographs, with many of the 

readings being significantly longer or 

shorter than the accepted working 

length.34 Innovative practitioners in 

the UK designed a home-made 

resistance type apex locator with 

simple materials from an electrical 

supplier and reported comparable 

results to commercially available 

machines.35 

 

Second generation apex locators 

(single frequency impedance type) 

used the impedance measurements 

instead of resistance to measure 

location within the canal. Impedance 

is comprised of resistance and 

capacitance and has a sinusoidal 

amplitude trace. The property is 

utilized to measure distance in 

different canal conditions by using 

different frequencies. The major 

disadvantage of second generation 

apex locators was that the root canal 

had to be reasonably free of electro 

conductive materials to obtain 

accurate readings. The presence of 

tissue and electro conductive 

irrigants in the canal changed the 

electrical characteristics and lead to 

inaccurate, usually shorter 

measurements.36 

An increasing number of second 

generation apex locators were 

designed and marketed but all 

suffered similar problems of 

incorrect readings with electrolytes 

in the canals and also in dry canals. 

Examples of second generation of 

electronic apex locators are Root 

Canal Meter (Onuki Medical Co., 

Tokyo, Japan), Endodontic Meter S 

II (Onuki Medical Co., Tokyo, 

Japan), Sono-Explorer Mark II 

(Hayashi Dental Supply, Tokyo, 

Japan). Sono-Explorer Mark II Junior 

(Hayashi Dental Supply, Tokyo, 

Japan), Endocator (Yamaura 

Seisakusyo, Tokyo, Japan). 

 

Third generation electronic apex 

locators (single frequency impedance 

type) were similar to the second 

generation except that they used 
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multiple frequencies to determine the 

distance from the end of the canal. 

These units had more powerful 

microprocessors and are able to 

process the mathematical quotient 

and algorithm calculations required 

to give accurate readings. Examples 

of third generation of electronic apex 

locators are Apit/Endex (Osada 

Electric Co., Tokyo, Japan), The 

Root ZX (J. Morita Co., Kyoto, 

Japan), Justwo or Justy II (Yoshida 

Co., Tokyo, Japan), Mark V Plus 

(Moyco/Union Broach, Bethpage, 

New York, USA), Endy (Loser, 

Leverkusen, Germany). 

 

Fourth generation apex locators 

(ratio type) determined the 

impedance at 5 frequencies. These 

devices do not process the impedance 

information as a mathematical 

algorithm, but instead takes the 

resistance and capacitance 

measurements and compares them 

with a database to determine the 

distance to the apex of the root canal. 

It uses a composite waveform of two 

signals, 0.5 and 4 kHz,  

The signals go through a digital-to-

analogue signal, which then goes 

through amplification and then to the 

patient circuit model which is 

assumed to be a resistor and capacitor 

in parallel. The feedback signal 

waveforms are then led into a noise 

reduction circuit. The manufacturer 

claims that this allows less sampling 

error per measurement and more 

consistent readings. A significant 

disadvantage of fourth generation 

device is that they need to perform in 

relatively dry or in partially dried 

canals. In some cases, this 

necessitates additional drying, and 

with heavy exudate or blood the 

method becomes inapplicable. 

Examples of fourth generation of 

electronic apex locators are Root ZX 

II, Propex II, Elements Diagnostic 

Unit (SybronEndo, Anaheim,CA, 

USA), The Bingo 1020/Ray-pex 4 

(Forum Engineering Technologies, 

Rishon Lezion, Israel). 
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Fifth generation electronic apex 

locators (dual frequency ratio type) 

are known to perform very well in 

any root canal condition (dry, wet, 

bleeding, saline, EDTA, NaOCl). 

Examples of fifth generation of 

electronic apex locators are Joypex 5, 

EMF 100 DELUX, ROOTs 

 

Sixth generation electronic apex 

locators (adaptive apex type) have 

come up in the market recently and 

its efficacy in the long-term use is yet 

to be established. It eliminates the 

necessity of drying or moistening of 

the canal and achieving high degree 

of measurement precision in the 

presence of blood, NaOCl, or while 

manipulating dry canals. Example of 

sixth generation of electronic apex 

locator is Adaptive apex locator. 
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