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Determination of Working Length by Electronics: 

 Electronic devices have been designed to determine canal length by “reading” when vital tissue 

has been reached by the file tip at the apical foramen. The electronic principle is relatively simple 

and is based on electrical resistance. In 1918, Custer was the first to report the use of electric 

current to determine working length. The research used direct current discovered that the 

electrical resistance between the periodontal ligament and the oral mucosa was a constant value 

of 6.5 Kilo-ohms. They used a simple direct current ohmmeter to measure a constant resistance 

of 6.5 kilo-ohms between oral mucous membrane 

and the periodontium regardless of the size or 

shape of the teeth. The device used became the 

basis for most apex locators. The principle is 

based on the electrical resistance of different 

tissues. When the circuit is complete, resistance 

decreases and current begins to flow. 

Apex locators function by using the human 

body to complete an electrical circuit. One side 

of the apex locator's circuitry is connected to an 

endodontic instrument. The other side is connected to the patient's body, either by a contact to the 

patient's lip or by an electrode held in the patient's hand. The electrical circuit is complete when 

the endodontic instrument is advanced apically inside the root canal until it touches periodontal 

tissue. The display on the apex locator indicates that the apical area has been reached. According 

to the device, this event is signaled by a beep, a buzz, flashing light, digital readout, or a pointer 

on a dial.  
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Old types were affected by the presence of saliva, blood inside the canal while recent types are 

not affected by them and work efficiently in their presence. As recent types depend on the 

electrical impedance which is the different electric resistance between the cervical and apical 

dentin. 

 

Generations of   Apex locator 
 

First generation: 
 Also called resistance apex locators. This measure the opposition to electrical current i.e 

resistance. It is based on the principle that resistance that offered by periodontal ligament and oral 

mucous membrane is the same (6,5 Kohms). It is called as sonoexplorer. These locators are easily 

operated and can be used with K-file. 

Although these devices were accurate under dry conditions, their accuracy decreased when 

electrolytes, pulp tissue, inflammatory exudate or excessive hemorrhage were associated with the 

RCS.  As soon as the file tip touched an electrolyte, the direct current (DC) voltage would polarise 

the tissue, complete the circuit and incorrectly register that the PDLS had been reached. It requires 

good contact with lip clip, furthermore, the use of a DC would often cause an electric shock 

sensation to be felt by the patient which is clearly disadvantageous. 

Second generation: 
It works on the principles of impedance; hence they are also called as impedance apex locators. 

Work by measuring apposition to flow of alternating current or impedance (e.g. Endocater). 

However, like most IBALs, it was found to be inaccurate in the presence of conductive irrigants 

(with different diaelectric constants). Presence of the electro conductive irrigants change the 

electrical characteristics and lead to inaccurate reading. These locators difficult to operate and 

need insulator file. 

Third generation: 

They are also called as frequency dependent apex locator. Work in the principle of frequency or 

comparative impedance. They are based on the fact that different sites in canal give difference in 

impedance between high (8 KHz) and low (400 Hz) frequencies. The difference in impedance is 

least in the coronal part of canal. As the probe goes deeper into canal, difference increases. It is 

the greatest at cement dentinal junction (e.g. Root ZX). This locator can operate in presence of 

fluids, easy to operate with K-type file 

 



 

Fourth generation: 
These measure the resistance and capacitance separately rather than resultant impedance value. 

There can be difference in the combination of values of capacitance and resistance that provide 

the same impedance, thus the same foraminal reading. But by using 4th generation apex locators 

this can be broken down into primary components and measures separately for better accuracy 

and thus less chance of occurrence of errors. 

Fifth generation: 

It uses multiple frequencies rather than dual frequency as in third and fourth generation of apex 

locators, so it works in dry and wet canal and requires no calibration (e.g. Raypex) 

 

Sixth generation: 

Also called adaptive apex locators, multifrequency operating system. Sound operated device can 

produce different kinds of sound to indicate the difference position of the file in the root canal. 

Dry and wet conditions are also available for accurate reading.  

 

Uses of apex locators: 
 
1-They are useful in conditions where apical portion of canal system is obstructed by: 

a-impacted teeth, b-zygomatic arch, c-excessive bone density, d-tori, e-overlapping roots, f-

shallow palatal vault. 

In such cases, they can provide information which radiographs cannot. 

 

2-They are useful in patient who cannot tolerate X-ray film placement because of gag reflex. 

 

3-In case of pregnant patients, to reduce the radiation exposure, they can be valuable tool. 

 

4-They can also be used in children who may not tolerate taking radiographs, disabled patients 

and patients who are heavily sedated. 

 

5-They are helpful in root canal treatment of teeth with incomplete root formation, requiring 

apexification and to determine working length in primary tooth. 

 

Contraindications: - 
The use of apex locators and other electrical devices such as pulp testers, electrosurgical 

instruments and desensitizing equipment, is contraindicated for patients who have cardiac 

pacemakers. Electrical stimulation to the pacemaker patient can interfere with pacemaker 

function. The severity of the interference depends on the specific type of pacemaker and the 

patient's dependence on it. In special cases, an apex locator may be used on a patient with a 

pacemaker when it's done in close consultation with the patient's cardiologist. 

 

 



Whatever is the generation of apex locator; there are some 

basic conditions, which ensure accuracy of their usage 

 Canal should be free from debris 

 Canal should be relatively dry 

 No cervical leakage 

 Proper contact of file with canal walls and periapex 

 No blockages or calcifications in canal 

 

Thank you…... 


