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Abstract 

The removal of all pulp tissue, necrotic material and 

microorganisms from the root canal is essential for 

endodontic success. Although radiography is the most 

commonly used diagnostic aid in endodontics, it is only 

able to provide reliable information on the location of the 

radiographic apex. The anatomical apex may or may not 

coincide with the apical foramen. 

The development of the electronic apex locator has helped 

make the assessment of working length more accurate. 

This in vivo study was performed for comparison of 

working length determination with four different apex 

locators (Propex II, Root Zx mini, I Pex, Apex ID) and it 

was observed that no statistically significant differences 

were observed among the results of all the four apex 

locators and it can be said that the use of EALs is a 

reliable method for determining root canal length. 

Introduction 

Electronic apex locators (EALs) have been used for over 

20 years for locating the canal terminus. The operation 

mode of EALs has evolved over the years, from 

measurement of electrical resistance with direct current, 

alternating current or high frequency current, to 

measurement of voltage gradients and calculation of the 

ratio between impedances.1 Accordingly, early generation 

EALs signal the contact of an intracanal probe with the 

periodontal ligament at the minor foramen2, whereas later 

generation EALs signal the point of the narrowest 

diameter of the canal at the apical constriction.3 

Depending on the method of assessment, the accuracy of 

canal length measurement by various EALs is in the range 

of 80-94%, as shown in vitro4,5 and in clinical 

evaluation.6,7 

Electronic apex locators (EALs) reduce the number of 

radiographs required, and are recommended to 

complement and assist radiographic methods of working 

length determination. Moreover, they can indicate cases 

where the apical foramen is some distance from the 

radiographic apex and might be helpful in detecting root 

canal perforations.8 

The EAL of Sunada (1962) used continuous wave current 

that gives a polarization effect on the electrodes, thus 

negatively affecting their performance.  
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This led to the development of EALs supplied by 

alternating current (Inoue 1973). These second generation 

EALs are characterized by a single frequency of 

alternating current to detect changes in the canal 

impedance. 

Despite considerable developments over the years, the 

major disadvantage with these EALs is related to the fact 

that the canal needs to be reasonably free of electrically 

conductive material in order to achieve an accurate 

reading (Ushijama 1983, Ushijama et al. 1988, Fouad & 

Krell 1989). The third generation of dual frequency EALs 

has attempted to overcome or minimize this problem; in 

fact these devices are also based on alternating current, but 

they operate on the principle that the impedance difference 

between electrodes depends on the signal frequencies 

used.  

The latest generation apex locators are based on the new 

multi-frequency principle, and are thought to be able to 

overcome previous drawbacks; however studies need to be 

conducted to evaluate the accuracy of the new generation 

apex locators. 

Therefore the aim of the study was the comparison of 

working length determination with four different apex 

locators (Propex II, Root Zx mini, I Pex, ApexID). 

Material and Method 

60 teeth, scheduled for extractions due to periodontal 

disease or orthodontic reasons were selected. Informed 

consent was obtained from each patient under a study 

protocol approved by an ethical committee from the 

Jodhpur national university. A standardized periapical 

radiograph was taken for each tooth to allow proper 

selection.  

After administration of local anaesthesia and isolation 

under rubber dam, the cusps were flattened with a tapered 

diamond bur using a high-speed handpiece under water 

irrigation to obtain fixed reference points if a flat 

reference point was not available. A conventional 

endodontic access was prepared using the access 

preparation kit to obtain a straight line access to the root 

canal. The cervical bulge of dentin was removed by using 

2-4 Gates-Glidden drills in a low speed handpiece with 

canals irrigated by 5 % sodium hypochlorite. Glide path 

was achieved using 10 k file and 17% EDTA.  

15 teeth were allotted under each group: 

Group 1- teeth whose working length was determined by 

Propex II 

Group 2- teeth whose working length was determined by 

Root Zx mini (J morita) 

Group 3- teeth whose working length was determined by I 

pex (NSK) 

Group 4- teeth whose working length was determined by 

Apex ID (Sybronendo) 

A 15 no k file was used for the working length 

determination. The file was attached to the apex locator 

and working length was determined following 

manufacturer’s instructions for all groups. Once the apex 

was detected by apex locators, silicon stop of the file was 

adjusted to the reference point and fixed to the shaft in 

place using cyanoacrylate glue. Now the working length 

was reverified through the apex locator and the glass-

ionomer cement was manipulated and carried by using 

plastic filling instrument. The file was fixed in the tooth 

by applying to 2-3 mm thick layer of glass-ionomer 

cement. The cement was allowed to set for at least 5 

minutes.  

The tooth was then extracted. The extracted teeth were 

stored in 5% sodium hypochlorite for 15 min and then 

stored in 0.2% thymol solution to remove any remaining 

organic tissue from the root.  

After a short rinse in tap water, the teeth were dehydrated 

by immersing them in 80% ethyl alcohol for 24 hours, 

followed by a 90% and 100% alcohol immersion for 1 
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hour periods. A final immersion in methyl salicylate for 4-

6 hours rendered the teeth transparent.  

After a short rinse in tap water, the teeth were dehydrated 

by immersing them in 80% ethyl alcohol for 24 hours, 

followed by a 90% and 100% alcohol immersion for 1 

hour periods. A final immersion in methyl salicylate for 4-

6 hours rendered the teeth transparent.  

Electronic working length determination was done with 

the help of four different apex locators. The file with 

which working length was determined was fixed in the 

root canal and the teeth were extracted, cleaned and 

evaluated under stereomicroscope. 

Result 

Fisher’s exact test and Pearson Chi- Square test were 

performed to statistically analyze qualitative data. 

The expected count for the file at the anatomic apical 

foramen was 9 for each group, was 4.5 for files protruding 

beyond the apical foramen and was 1.5 for the files short 

of the apical foramen.   

The Pearson Chi-Square statistic revealed the value of 

5.111. After calculating the probability value (P) 

associated with the obtained Chi- square statistic of 5.111, 

the result showed P= 0.530, which suggested that there 

was no significant difference between all the four apex 

locators used in this study. A P-value of < 0.05 is 

considered statistically significant.   

 Root Zx 

mini 

 n=15          

% 

Propex II 

 n=15        

% 

I pex 

 n=15       

% 

Apex ID 

 n=15         

% 

At the 

anatomic 

apical 

foramen 

10 66.6 7 46.6 8 53.3 11 73 

Protruding 

beyond the 

4 26.6 7 46.6 4 26.6 3 20 

apical 

foramen 

Short of the 

apical 

foramen 

1 6.6 1 6.6 3 20 1 6.6 

Discussion 

A number of methods have been used to evaluate 

electronic root canal length measuring instruments.9,10 

Many clinical studies have determined the accuracy of the 

EALs with radiographic techniques11, whereas, in other 

studies, instruments were used clinically and following 

tooth extraction, the actual lengths of canals were 

measured.12 

The present in vivo study was performed to evaluate the 

accuracy of four EALs under authentic clinical conditions.  

Several earlier investigations used radiographic lengths as 

a reference.13,14 Exact determination of the position of the 

file tip or the actual root canal length is only possible if 

the teeth are histologically examined after extraction.15 

Modern apex locators are able to determine an area 

between the minor and major apical foramen by 

measuring the impedance between the file tip and the 

canal with different frequencies and enables tooth length 

measurements in the presence of electrical conductive 

media in the root canals.12 

In the present study, the results obtained from the root 

canal length determinations using the 4 EALs are in 

agreement with those in the literature.  Propex II located 

the apical foramen precisely in 7 teeth out of 15 teeth. 

(46.6%) which was in agreement with previous reports on 

the accuracy of the Propex II.16 

The Root Zx mini device located the apical foramen 

precisely in 10 teeth (66.6%). The endodontic file 

protruded beyond the foramen in 4 teeth (26.6%) and was 

short of the apical foramen in 1 tooth (6.6%). The Root Zx 
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mini has been object of numerous ex vivo and in vivo 

studies (Gordon and Chandler 2004, Kim and Lee 2004).  

The results of the present study are in agreement with 

previous in vivo studies evaluating the accuracy of EALs 

in determining the apical constriction.17, 18, 19 

The I pex located the apical foramen precisely in 8 teeth 

(53.3%). The endodontic file protruded beyond the 

foramen in 4 teeth (26.6%) and was short of the apical 

foramen in 3 teeth (20%). The accuracy of the electronic 

measurements with the Ipex was similar to that reported 

by other authors using various EALs.20 The results of 

present study was in agreement with previous reports on 

the accuracy of the I pex.21, 22 

The Apex ID located the apical foramen precisely in 11 

teeth (73%). The endodontic file protruded beyond the 

foramen in 3 teeth (20%) and was short of the apical 

foramen in 1 tooth (6.6%). The present study showed the 

accuracy of 73% that was not in agreement with other 

study23 that showed accuracy of 93%. 

Our results support the claims made by the manufacturers 

and results obtained in other investigations that the 

accuracy of the EALs lies approximately between 50-

88%.  Our analysis also suggested that if a tolerance of 0.5 

mm was given, the accuracy would increase considerably 

between 69.6-91.2% which has been reported in other 

studies also.12, 24 

These findings raise the question of whether the WL 

should be established at the point where the EAL indicates 

the apical foramen or at some distance coronal to that 

point. 

Under the conditions of this study, no statistically 

significant differences were observed among all the four 

apex locators and it can be said that the use of EALs is a 

reliable method for determining root canal length.  

However further in vivo studies need to be done to 

substantiate the accuracy of EALs in modern endodontic 

therapy 

Conclusion 

This study concluded that no statistically differences were 

observed among all the four apex locators and it can be 

said that the use of EALs is a reliable method for 

determining root canal length. It is advocated to use 

electronic apex locators as an adjunct to radiography and 

should not encourage its use as an alternative due to its 

various shortcomings such as inability to visualize root 

curvature, root length and extra canals. While apex 

locators currently lack the capacity to be a single baseline 

entity in endodontic treatment, radiography must be 

supplemented with apex locators to deliver the best 

possible endodontic care to the patients. Nevertheless, 

further researches need to be conducted to study the role 

of EALs. 
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