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Summary 

Introducción: Medir con precisión la longitud de trabajo de un conducto radicular es 

imprescindible para el éxito de un tratamiento de endodoncia. La capacidad de un localizador de 

ápice para determinar con precisión la ubicación de la constricción apical tiene una correlación 

directa con el pronóstico del procedimiento. Por lo tanto, la capacidad de precisión de un 

localizador de ápices para ser preciso es esencial. Los localizadores de ápice ahorran tiempo y 

también reducen la cantidad de exposición a la radiación que experimentada por el paciente en 

comparación con el simple uso del método radiográfico. Hay muchas elementos que pueden 

mejorar y disminuir la precisión de un localizador de ápice, incluida la proximidad del 

localizador de ápice a la constricción apical, la presencia de irrigantes en el canal y las diferentes 

condiciones técnicas y clínicas del procedimiento endodóntico en sí. Objetivos: El principal 

objetivo de esta revisión científica es comparar la precisión entre los localizadores de ápice y la 

técnica radiográfica estándar. Los objetivos secundarios de esto están todos en relación con 

diferentes aspectos que podrían afectar la precisión de los localizadores de ápice durante un 

tratamiento de endodoncia. Metodología: La presente investigación se realizó a partir de una 

extensa revisión bibliográfica, utilizando Pubmed, Medline y la biblioteca en línea de la 

Universidad Europea. Conclusión: Los localizadores de ápice son más precisos que la técnica 

radiográfica. Sin embargo, esto no significa que la técnica radiográfica deba descartarse, ya que, 

con todo, el resultado más preciso y predecible se obtiene utilizando una combinación de los dos 

métodos.  Palabras clave: localizador de ápice, foramen apical, constricción apical, endodoncia, 

longitud de trabajo, generación, precisión, eficacia. 

 

 



Abstract 

Introduction: Measuring accurately the working length of a root canal is imperative to the 

success of an endodontic treatment. The ability of an apex locator to accurately determine the 

location of the apical constriction has a direct correlation to the prognosis of the procedure. 

Therefore, the ability for an apex locator to be accurate is essential. Apex locators are time 

saving and also decrease the amount of radiation exposure that the patient experiences in 

comparison to just using the radiographic method. There are many things that can improve and 

decrease the accuracy of an apex locator, including the proximity of the apex locator to the apical 

constriction, presence of irrigants in the canal and different technical and clinical conditions of 

the endodontic procedure itself.  Objectives: The main objective of this scientific review is to 

compare the accuracy between apex locators and the standard radiographic technique. The 

secondary objectives of this are all in relation to different aspects that could affect the accuracy 

of apex locators during an endodontic treatment. Methodology: The present research was carried 

out based on an extensive bibliography review, using Pubmed, Medline and the online library of 

Universidad Europea. Conclusion: Apex locators are more accurate than the radiographic 

technique, however this does not mean that the radiographic technique should be discarded as the 

most accurate and predictable outcome of an endodontic procedure is still produced using a 

combination of the two methods. Keywords: Apex locator, apical foramen, apical constriction, 

endodontics, working length, generation, accuracy, efficacy. 
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Introduction 
 

It is generally accepted that the elimination of pulp tissue, microorganisms and necrotic tissue 

followed by proper technique of root filling is necessary for a complete endodontic treatment and 

positively correlates to the prognosis of the treatment also (1,2). To achieve a successful 

endodontic treatment, it is imperative that an accurate working length is found, and the accuracy 

of this finding is critical to the success rate of the procedure (3). Failure to establish an accurate 

working length can lead to damage of periradicular tissues (4). Traditionally, the working length 

has been found using tactile sensation or radiographs (3). Nowadays electronic apex locators are 

used as a way of increasing the efficiency and precision of the endodontic procedure, efficiency 

in reference to the time taken to complete the procedure and precision in reference to the 

accuracy of the procedure (5). 

Apical foramen 

 

To understand the concept of the working length, an understanding of the apical anatomy is 

necessary. It is universally agreed that there are three aspects of the apex that require attention. 

These are the apical foramen, the apical constriction and the tooth apex. Figure 1 shows the tooth 

apex (1), the apical foramen (2) and the apical constriction (3). The apical foramen usually is not 

found at the root apex and this is due to the modification of the of the shape of these structures 

with age. Primarily the apical foramen is located directly at the root apex and then it shifts, with 

time, more coronally as seen Figure 2.  As we can see in Figure 3 which illustrates the different 

apical constrictions that can be present in the apex of the tooth. 
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Figure 1: Anatomy of root apex, (adapted Kuttler 1955) 

(6) 

 

 

 

 

                               

 

Figure 2: Erroneous concept of apex (Gordon el al. 2004) (7)  

 

Figure 3: Topography of apical constriction (Dummer et al. 1984) (8) 
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Working length 

 

The working length is defined as the distance from a coronal reference point to the point at 

which canal preparation and obturation terminate, this termination usually corresponds to the 

apical constriction (9). Using anatomical study averages as well as the assumption that the 

cemento dentinal junction is at the apical constriction, we can determine that the working length 

is between 1-2mm short of the root apex (6). There are also differing shapes of apical 

constrictions which serve as an obstacle in obtaining an accurate reading for the working length 

(8).  

Tactile sensation technique 

 

Tactile sensation technique is known to be the oldest method of finding the working length (3). 

The advantages of this technique being the simplicity of the technique and the virtual 

effectiveness are factors that drive endodontic clinicians to still use this technique (10). This 

technique is performed by a clinician entering a number 15 K-file into the canal until tactile 

resistance is felt by the clinician, the rubber stop is then placed on the file at a point of reference 

(incisal edge) and the file is removed and the working length is measured using an endodontic 

ruler (10). This value is called the tactile working length (TWL) (11).  

Radiographic technique 

 

The radiographic technique is the standard measuring tool for acquiring the working length in an 

endodontic procedure (12). It is also known as the most commonly used method (13). Although 

it is the ‘standard’ when it comes to determining the working length, it does not come without its 

limitations. Some of these limitations include shortening, elongation, distortion and finally 

interpretation variability (14). An effort has been made to try and reduce these errors with 

techniques such as the paralleling technique, however even with this technique implemented a 
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study showed that 5% of radiographs taken still showed elongation (15). Therefore although the 

radiographic technique is relatively accurate, we strive to find a technique with less errors and 

more accuracy (14).  

Apex locators 

 

Apex locators are instruments used in endodontics to determine the working length of a canal 

undergoing an endodontic procedure. They are used as a supplementary tool alongside 

radiography (3). They are used to locate the apical constriction or cemento dentinal junction (8). 

Apex locators have evolved from the initial first generation of apex locators through to the latest 

fourth generation, each generation has used a more advanced electronic measurement to improve 

and make them more reliable (16,17). 

1st generation:  

These apex locators use resistance to determine the working length, these instruments measure 

the opposition to flow of direct current i.e. resistance (16). It is based on the principle that the 

resistance offered by the oral mucous membrane and the periodontal ligament is the same at any 

point and a constant value (6.5 K ohms) (17). Initially an alternating current of 150 Hz Sine 

wave was used but patients reported pain due to the high currents, therefore alterations were 

made, and machines were made using less than 5µA were introduced (6). However, the machines 

were not accurate and also gave false readings in the presence of irrigants, chelating agents, pus 

and blood in the root canal. Research in this field of endodontics continued (16,17). 

 2nd generation: 

These apex locators use the principles of impedance (16). Impedance is a measure of the overall 

opposition of a circuit to a current, how much the circuit impedes the flow of charge (6). They 

utilize the current of a single frequency to locate the apex (17). A major disadvantage of 2nd 
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generation apex locators is that the root canal has to be free of electro-conductive material to 

obtain accurate readings, especially irrigants (16).  

3rd generation: 

These apex locators use impedance also however they use two frequencies instead of one in 

order to find the working length (16). They are categorized as frequency dependent locators and 

are also called comparative impedance type locators (6). They use the fact that different sites in 

the canal give a difference of impedance, low values being 400Hz frequencies and high values 

being 8KHz (16). The difference in impedance is smallest in the coronal part and becomes 

greater and greater as you travel down the canal until you reach the cemento dentinal junction 

where it is the greatest difference (6). It determines a quotient value by dividing 8KHz value by 

400Hz value. The reading of the minor diameter is given i.e. the apex when the quotient is equal 

to 0.67 (16). 

4th generation: 

These apex locators use 2-5 frequencies (multiple) to measure the impedance to determine the 

working length (16). These measure the resistance and capacitance separately rather than the 

resultant impedance value of which some manufactures claim to be more accurate (17). There 

can be a difference in the combination of values of resistance and capacitance that provides the 

same impedance and therefore the same foraminal reading (6). This technology leads to less 

sampling errors and more consistent readings and for a clinician who searches for high reliability 

and accuracy regarding the working length this generation of apex locator can be trusted the 

most and therefore is the most ideal (16). 
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Electrical features of tooth structure 

 

Cementum and dentine surround the root canal in the tooth structure and act as electrical current 

insulators. However, located at the minor apical foramen there is a small hole which acts as an 

electrical channel and connects the conductive materials in the root canal to the periodontal 

ligament which is the conductor of the electric current. There are resistive materials in the canal 

which include tissue, fluid and dentine, and these components together create a resistor. The 

value of resistance is dependent on a number of factors which include cross-sectional area of the 

canal, length of the canal and the material’s resistivity. When the endodontic file enters the canal 

and advances toward the terminus of the canal there is a decrease in the resistance between the 

end of the instrument and the apical section of the canal, and this is a result of the effective 

length of the resistant material positioned in the root canal decreasing (18). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Anatomy of tooth during root canal treatment with regards to electrical conductivity 

and resistance (18) 
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Another important characteristic to understand is the capacitive characteristic of a tooth. A 

capacitator has two sides, in regard to the root canal treatment model the first side is the file 

inserted into the canal which has a specific surface area and the second side of the capacitator is 

the conductive material outside of the dentine which is the periodontal ligament. In between the 

capacitator there needs to be a separator. In the root canal model the separator is made up of 

tissue and fluid inside the canal as well as dentine and cementum of the canal wall. The separator 

between the capacitator plates is what we use to calculate the dielectric constant ɛ. Everything 

explained above combined forms the capacitator and a simplified model of said capacitator can 

be seen in Figure 6 (18). 

 

 

 

 

 

 

 

 

 

Figure 6: Capacitance model of a tooth during a root canal procedure (18)  

 

Tips for clinical success  

 

• Radiograph: A radiograph taken preoperatively is necessary to assess the anatomy of the roots 

and also the shape and number of the individual canals themselves (11). 
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• The cavity access: metallic restorations need to be removed to improve the accuracy of the apex 

locator and also to prevent electrical shunting. The pulp chamber needs to be dried sufficiently 

so it contains no fluids. This can be achieved with delicate drying using an air-jet device.  And 

then drying with paper points is recommended (19). 

• Irrigation: The presence of an irrigating material in the canal is necessary for the correct 

disinfection and cleaning of the root canal. However the irrigant should not be left to pool in the 

pulp chamber (4). 

• Endodontic file: The correct size file should be selected. This is a file that makes contact with all 

of the surface are of the wall of the canal. The type of metal that is used in the file does not 

affect the apex locators accuracy (17). 

• Apex reading: Advance the file into the canal until the visual analog shows apex or 0. At this 

point it is advised to retract the file 0.5mm – 1mm to provide the correct working length (20). 

• Reevaluating the working length: It is essential that the working length is revisited after the 

preparation of the coronal 2/3’s has been completed. When preparing the coronal 2/3’s there is 

a chance of altering the shape of the canal by altering the curvature, this may cause an 

alteration to the working length so it is imperative that it is rechecked (17). 

• Battery: using an apex locator that has low battery can cause low voltage errors, so ensure that 

the apex locator that you are using has sufficient charge to complete the procedure accurately 

(17). 

• Perforations: apex locators can be used to test the integrity of the root canal and therefore are 

able to detect canal perforations. When a perforation is detected and trying to be located it is 

important to use the apex locator with a small file to not cause further damage to the canal (21). 
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Objectives  
 

The basis of this paper lies in determining the accuracy of apex locators as well as providing 

information on how they can be used to increase the efficiency and precision of an endodontic 

treatment without decreasing the accuracy of the treatment. Therefore, the primary objective of 

this paper is: 

• To evaluate the accuracy of apex locators to measure the position of the apical 

constriction compared to the accuracy when measuring apical constriction using 

radiographic methods 

The research also aims to evaluate other deficiencies that apex locators may have, and the 

secondary objectives will be aimed towards looking into these deficiencies. These secondary 

objectives will include: 

 

• To evaluate the effectiveness of apex locators to measure the apical constriction in dry 

canals verses canals containing irrigants 

• To evaluate the relationship of proximity to apical constriction to accuracy of reading  

• To evaluate the different technical and clinical conditions that affect the accuracy of apex 

locators 
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Methodology 

This study was carried out exclusively based on a thorough bibliographical review of the 

literature on apex locators. The online library of Universidad Europea was used as the principal 

source of information and through this Medline was accessed, as well as PubMed. Initially, the 

limit for the year of publishing of the articles was set at a maximum of 10 years, i.e. between 

2010-2020. However, to get a complete understanding of early radiographic methods, apex 

locators and apical anatomy, these limits were discarded, taking into consideration the 

difference in relevance of findings between the older articles compared to the newer ones. 

Other inclusion criteria for the articles were: publication in the English language, adult sample 

population and a preference for experimental and original studies. Exclusion criteria were: 

studies conducted on animals and studies published in a language other than English. 

Additionally, Google scholar was consulted to find additional articles on the various aspects of 

the topic presented in this research. The chosen articles were searched for through the 

‘advanced search’ option in the online library of UEM and the following keywords were used: 

Apex locator, apical foramen, apical constriction, endodontics, working length, generation, 

accuracy, efficacy. 
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Discussion 
 

The correct determination of the working length is a critical part of the endodontic treatment. 

Both techniques used to determine the working length have their own disadvantages. Regarding 

the radiographic technique there are many disadvantages. Brunton et al stated that there are too 

many radiographic images taken whilst a root canal retreatment is performed, the use of 

radiography solely would be insufficient in determining the working length, and that the patient 

would be exposed to excessive radiation (22). The determination of the working length is based 

around an estimation of the location of the apical constriction. This estimation is made from the 

knowledge from former literature (23). It is impossible whilst using the radiographic technique to 

detect the minor and major foramina or the cemento-dentinal junction (24). They only provide a 

two dimensional image of a three dimensional structure and they provide very little information 

of the curvature of the root within the plane of the film, visualisation of the file in the canal can 

also pose a challenge when the patient presents very dense bone and also around anatomical 

structures such as the zygomatic process (25).  It is also limited as the apical foramen and the 

apical constriction cannot be seen using the radiographic technique (26). The disadvantage of the 

electronic apex locator is that it cannot identify the apical constriction in 100% of the cases and 

therefore cannot be relied on solely (23). They can also give inaccurate measurements of the 

length because of dentinal debris present in the canal caused by a lack of patency or other 

anatomical pathologies such as calcification. Other aspects that effect the accuracy of the reading 

of an apex locator are generally caused by the presence of something in the canal, this can 

include vital tissue, blood and inflammatory exudate all of which can conduct an electric current 

and therefore will effect the accuracy of the reading. Short circuiting can occur in the presence of 
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caries, metallic restorations, saliva or ,in the situation with multiple root canals, an instrument in 

an adjacent canal (25). 

 

Accuracy of radiographic technique vs electronic apex locators 

 

The main objective of this review was to compare the accuracy of apex locators against the 

accuracy of the standard radiographic method in regard to calculating the working length of a 

root canal. Both of these techniques have been described in the introduction 

Studies in the past by Stavrianos et al, have provided data that shows with regards to the latest 

generation of apex locators could accurately determine the working length from 75% - 96.5% of 

the time whilst measuring teeth with mature root apexes (27). A more recent study has taken 

place by S Vijay Singh et al, and their results have corresponded with the study previously. 

However their results have been able to be more specific and they have factors that cause this 

range between 75% - 96.5%. Their study has shown that the electronic apex locator has a 75% 

accuracy when the measurement is taken at the minor constriction but when the measurement 

was taken 0.5mm short of the minor apical constriction the accuracy increased 90% (25). 

Whereas the clinical estimated working length showed a 25% accuracy of working length at the 

minor apical constriction, 45% when the working length was considered at or 0.5 mm short of 

the minor apical constriction and 30% beyond the minor apical constriction. The least amount of 

accuracy of working length was observed with operative adjusted working length using the 

radiographic method, in which only 10% accuracy of working length at the minor apical 

constriction, 45% when the working length was considered at or 0.5 mm short of the minor 

apical constriction, and 45% beyond the minor apical constriction thereby showing more 
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accuracy than the operator adjusted radiographic working length taken by the operator using a 

radiographic method of  determining working length (25). 

 

Accuracy of apex locators in dry canals versus canals containing irrigants 

The way that a lot of studies have decided to test the accuracy of electronic apex locators 

accuracy in dry canals versus canals containing irrigants is the ability of the apex locator to 

detect the location and size of the root perforations, which we know is a key factor in successful 

root perforation treatment (21,28). A study was performed in which they tested three different 

apex locators on 30 extracted straight mandibular premolars all containing a single root. The 

three different apex locators (Root ZX mini, iPex and Epex pro) were then tested in four 

different canal environments which were in a dry canal, in a canal containing NaOCl, in a canal 

containing Chlorhexidine and a canal containing EDTA. All three of the canals produced 

clinically acceptable detection of the root perforations in all of the study conditions. Each apex 

locator produced the most accurate results in the dry canal when compared to the results with the 

canals containing solutions. However it was only with Root ZX mini that showed a significant 

difference comparing its accuracy in a dry canal compared to the canals containing solutions and 

even though the discrepancy was significant it was not significant enough to make the reading 

clinically unacceptable (21). Other literature has also provided information that shows very 

similar results that the presence of irrigants had no effect on the accuracy of different types of 

apex locators in determining the location or size of perforations of root canals (29). However one 

specific study did have contrasting results, which stated that the contents of the root canal did 

have an impact on the accuracy of the apex locator that they tested, which was a Root ZX apex 

locator (30). Even though this study has a contrasting result there are many other studies that 
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have disproved it using different devices, irrigants and methodologies that can explain the 

discrepancies shown in the previous study. Duran-Sindreu et al conducted a study that reported 

that using chlorohexidine or NaOCl had no influence on the measurements attained with the 

Root ZX or iPex (31). A study conducted by Koçak et al using Vdw gold electronic apex locator 

to measure the working length in dry conditions produced an accuracy reading of 83.5% which 

produced an acceptable level of quality of the root canal filling (32). Shabahang et al were 

evaluating electronic apex locator accuracy in detecting root perforation in the presence of 

NaOCl and came to the conclusion that the largest deviation of accuracy was in the presence of 

NaOCl (33). Shin et al produced a study that looked at the different concentrations of solutions 

used as irrigants and tested how the different concentrations would effect the electronic apex 

locator accuracy. They concluded that the electrical conductivity of water is 100-1000 μS/cm and 

when you compare that to the electrical conductivity of 1% NaOCl which is 1,72,420 μS/cm this 

shows a significant difference and these significant differences are stated to affect the accuracy 

of electronic apex locators in their determination of the working length (30). In one specific 

study where they concentrated on the accuracy of an iPex apex locator in the dry canal it showed 

a deviation of 0.76mm from the actual length of the perforation site, in the presence of 3% 

NaOCl it showed a standard deviation of 0.7mm from the actual length of the perforation site 

and in the presence of 2% chlorohexidine a standard deviation of 0.13mm from the actual 

perforation site (28). This was explained because of the lower electrical conductivity of 

chlorohexidine which is much lower than any of the other irrigants used in the study and this can 

be stated as the main contributing factor (28,30). When using the iPex apex locator in the 

presence of 3% NaOCl and 2% Chlorohexidine, NaOCl  and chlorohexidine both present great 

evidence towards a null hypothesis (P<0.05) and the same is to be said in a dry canal (P=0.02). 
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However these studies need to be recreated in more clinical trials to present more realistic and 

accurate results (28). 

Relationship of proximity to apical constriction to accuracy of reading 

 

As stated before electronic apex locators have an accuracy rating rated between 75% and 96.5% 

with mature apices (18,25). These studies mention the difference between the accuracies 

depending on the reference point but is not the main objective of the studies. Many authors 

measure from the minor constriction (apical constriction) (25,34), whereas others measure from 

the major constriction (35). Electronic apex locators have allowed a certain amount of acceptable 

error in locating the terminal part of the canal, because of this there are many different ranges 

that have been used to evaluate the accuracy of an electronic apex locator (18). It is widely 

accepted that the minor constriction measured by electronic apex locators to be between 0.5mm 

– 1mm and this is considered to be highly accurate (20). This range has been seen as acceptable 

as there is a large range of different shapes in the anatomy of the apical third and in many studies 

the apical constriction is placed in between the mentioned range of 0.5mm – 1mm (24), 

Regardless of the apical limit the device must be able to be used accurately and must be reliable 

and repeatable over many operators (36). Radiographic estimations of the anatomic foramen can 

be located anywhere from 0.0mm – 3.0mm. A study was completed by Luigi Cianconi et al, that 

agreed with previous studies in which 15 of 22 files (68.2%) that appeared to be short on the 

buccolingual projection on the radiographic apex in fact had the tip of the file exceeding the 

desired working length (37). These results are in agreement with other studies that state that the 

accuracy of electronic apex locators are 10% - 40% more accurate than radiographic methods in 

locating the minor diameter (38). There was also an interesting relationship between diameter of 

the apical endpoint and the size of the file used. Many manufacturers of electronic apex locators 
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recommend to used the largest file that registers a working length value. Briseño-Marroquin et al 

conducted a study that measured the accuracy of four different electronic apex locators that had 

three different instrument sizes of hand files.  They concluded that there was no difference in the 

accuracy of the determination working length when using the file sizes #08, #10 or #15 (39). In 

vitro studies have shown that the RootZX when within 0.5mm of the minor diameter to be 

between 62.7% - 68% accurate, however when we move to within 1mm of the minor diameter 

the accuracy improves and is between 90% - 97.5%. (38,40) Siu et al proved in an in vitro study 

that the average distance to the minor constriction was between 0.16mm – 0.22mm (40). Lucena-

Martin et al also did an in vitro study which tested the accuracy of three electronic apex locators 

which provided the data that in 5% of the canals the measurements that were recorded exceeded 

the apical foramen (41). These results agree with another study undertaken by Luigi Cianconi et 

al which proved that in canals where the apex was marked on the dial the file tip was found past 

the apical foramen in 51.4% of said canals of extracted teeth used in their study (37). These 

findings must be seriously considered as it shows the comparison of results between clinical 

trials and in vitro studies, there is a larger variation that can be expected due to ideal and 

favourable circumstances for more accurate readings that are not available clinically and 

therefore an overestimation of the working length would result in a poorer prognosis of the 

treatment (42). This raises the question of whether the apical foramen should be stated at where 

the electronic apex locator states it to be, or some distance should be subtracted coronally from 

this calculated point to increase the prognosis of the treatment. Mayeda et al provided 

information that each individual operator would need to correlate their own radiographic and 

clinical findings with the reading provided on the analogue dial of the electronic apex locator to 

calculate where on the dial the operator would like to call his apex. (43) Using this method 
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authors are in agreement that withdrawing the electronic apex locator 0.5mm – 1mm has been 

advised and this will assure that the tip of the file does not extend past the apical constriction and 

therefore root canal overpreparation is avoided (44,45). 

 

Technical and clinical conditions that affect the accuracy of apex locators 

 

A study was conducted by De Camnargo et al examining the effect that preflaring had on the 

accuracy of finding the working length using four different electronic apex locators. There 

results showed that preflaring increased the accuracy of the Root ZX And Root ZX mini apex 

locators but did not have an effect on the accuracy of the other electronic apex locators in their 

study (40). The method of coronal flaring was also tested by Morgental et al and they concluded 

that for increased accuracy of finding the working length, the determination should be performed 

after coronal flaring (46). It must be stated that preflaring only improved that accuracy of some 

apex locators (47). Carneiro et al conducted a study that compared the accuracy of Tri Auto ZX 

devices in root canals that had been prepared by ProTaper instruments versus root canals 

prepared by routine methods. They concluded that the canals prepared with the ProTaper 

instruments produced a shorter working length that those prepared by the routine methods, 

however the differences were was not significant enough to be of clinical significance (48). Two 

studies were performed by Thomas et al and Briseno-Marroquin et al that both were examining 

the effect of different sizes of files used on the accuracy of the apex locators and both study were 

in agreement with the conclusion that there was no significant difference in the accuracy of the 

apex locator regardless of the size or type of file used (39,49). Ding et al and Tang et al held 

similar studies that examined the effect of root anatomy including curvature, tooth type, tooth 

location, apical anatomy and calcification of the canal and came to a conclusive conclusion that 
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these factors did effect the accuracy of electronic apex locators and also made accessing the 

canal in the form of canal preparation more difficult (50,51). However a study performed by 

Uzan et al studied the effect of the presence of lateral canals and its effect on the accuracy of 

apex locators and they came to the conclusion that the presence of lateral canals did not have an 

effect on the accuracy (52). Herrera et al conducted multiple studies that investigated the 

correlation between the size of the file used in the determination of the working length and the 

size of the apical constriction itself. They concluded that when a file with the diameter of 0.6mm 

was used that all of the outcomes were accurate, when files of diameters 0.7mm and 0.8mm for a 

measurement with the exact working length measurement the file size needed to be the same 

diameter as the apical constriction and finally whilst using a file with the diameter of 0.9mm 

regardless of the correlation with the diameter of the apical constriction the accuracy of the 

determination of the working length was low. The conclusion of their studies was that for a best 

outcome with regards to acquiring an accurate working length determination that the file 

diameter should be approximately the same as the diameter of the apical constriction (53,54). 

Goldberg et al investigated the effect of root resorption on the accuracy of the Root ZX apex 

locator and came to the conclusion that it did not have an effect on the accuracy of this apex 

locator (55). With regards to the effect of pulp conditions on the accuracy of apex locators there 

have been some contrasting studies. Pommer et al tested the accuracy of apex locators in both 

teeth with vital pulp and also teeth with necrotic pulp. They came to the conclusion that 

electronic apex locators were more accurate in vital teeth (56). However Ansiue et al concluded 

that the pulp condition did not have an effect on the accuracy of the Novapex apex locator when 

they performed their study (57). Piasecki et al performed a study in which they were testing the 

Root ZX II apex locator accuracy when preforming apical foramen detection in teeth with apical 
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periodontitis. They concluded that the accuracy was not effected when locating the apical 

foramen in these teeth with apical periodontitis (58). However Kuzminski et al had a 

contradictory opinion from the results that they acquired from their study in which they stated 

that apical lesions do have a negative effect on the accuracy of electronic apex locators (59). 
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Conclusions 

 
The conclusions of this review are as follows: 

• The use of electronic apex locators to measure the position of the apical constriction is 

more accurate than the radiographic measures. However, the recommended technique 

is still to use a combination of the electronic apex locators and the radiographic 

measure to utilize the advantages of both techniques which will produce the most 

chance of a successful treatment.  

• The use of electronic apex locators does show a disparity in accuracy when used in a dry 

canal versus a canal containing irrigants. The studies reviewed have shown that the apex 

locator preforms more accurately in a dry canal. However, the difference in the 

accuracies is not significant and the apex locators perform within the range of clinical 

acceptance.  

• Based on the studies that have been reviewed to produce the most accurate reading for 

the apical constriction it is advised that the 1mm should be deducted from the point 

marked as the apical constriction when using an electronic apex locator, as this showed 

this number gave the greatest increase in accuracy when applied in the studies 

reviewed.  

• Based on the studies reviewed in this review the technical and clinical conditions do not 

have a profound affect with any clinical significance on the efficacy of apex locators in 

general however there is variability between brands of apex locators therefore it would 

be wise to identify the technical and clinical conditions that do affect your specific apex 

locator to achieve the most accurate result. 
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Responsibility 

 
The current research is looking into increasing the accuracy and identifying limiting factors in 

apex locators. With an increased level of accuracy and less limiting factors of apex locators this 

will allow for a decreased number of radiographs needed to be taken during a procedure and also 

less radiographs needed to be taken in general. This will not only benefit the social aspect of 

responsibility as the patients who undergo endodontic treatments will be exposed to less x-ray 

radiation but also environmentally as less x-ray radiation will be produced. With a higher level of 

accuracy of apex locators this can ensure a higher rate of successful endodontic procedures as the 

prognosis percentage will be increased which will result in less failures and therefore less 

retreatments needing to be performed. By increasing the success rate of RCT and, therefore, 

retaining more teeth there is less need for more complex restorative procedures such as 

bridgework or implants to replace missing teeth following extraction which reduces costs to 

patients. Also maintaining occlusal function for patients by avoiding spaces when teeth are 

extracted benefits them. 
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