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Article Type: Original Article  Introduction: Electronic apex locators are among the most acceptable instruments for determining 
root canal length. The present study aimed to evaluate the effect of long service life on the accuracy 
of the Dentaport Root ZX (DP ZX) electronic apex locator (EAL). Materials and Methods: In this 
study, fifty single-rooted freshly extracted human teeth were used. After determining the root canal 
length with a K-file and a dental operative microscope, the canals were measured with four separate 
DP ZX apex locators (two with more than 6 years of life service while two others had less than 6 
years of life service). Data were analyzed by repeated ANOVA measurement. Results: No significant 
difference was found between the EALs with different years of life services (P=0.62). All EALs could 
determine root canal length with high accuracy of more than 94%. Conclusion: Based on the results 
of this in vitro study, the long service life had no significant impact on the accuracy of DP ZX EALs 
in terms of root canal length determination. 
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Introduction 

or successful root canal treatment, it is essential to remove 
pulp remnants and necrotic tissues as well as bacteria and 

their by-products from the root canal space [1]. One of the 
important steps in endodontic practice is working length 
determination in order to keep root canal instrumentation 
inside the root canal to prevent post-operative pain and keeping 
irrigants and root canal obturating materials inside the root 
canal [2] . Several methods have been introduced for working 
length determination including: tactile sensation [3, 4], 
employing paper points [5, 6], radiography, electronic apex 
locators (EAL), cone-beam computed tomography (CBCT), and 
apical sensitivity during file penetration [7-9]. 

Currently, EAL and periapical radiography are two 
important tools for determining working length during routine 
root canal treatment. An important advantage of using EAL is 

the fact that it would decrease radiation dose during endodontic 
treatment by helping accurate measurement of tooth working 
length. Moreover, EALs are more predictable than the 
radiographs in determining the apical constriction since they are 
indicating location of the apical foramen; however, a periapical 
radiograph represents radiographic (anatomic) apex [10]. 

Root ZX EAL (J. Morita Corporation, Kyoto, Japan) is an 
apex locator that had been known as one of the most reliable 
EALs [11]. The manufacturer has declared that the service life 
time may affect accuracy of the device [12]. Therefore, one of the 
variables that may affect reliability of previous investigations 
might be the service life of an EAL.  

Most investigations on determining working length using 
EALs had been focused on comparing accuracy of various brands 
of the device [13-16], working length determination in presence 
of different solutions inside the root canal space [17-20], the 
accuracy of the device on detecting root perforations [19, 21], 

F 

https://orcid.org/0000-0003-0370-4997
https://orcid.org/0000-0003-2899-3262
https://orcid.org/0000-0001-5344-536X
https://orcid.org/0000-0002-1118-5819
https://orcid.org/0000-0003-1687-1962


 

IEJ Iranian Endodontic Journal 2022;17(4): 195-199 

 This open-access article has been distributed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0). 

196 Parirokh ert al. 

the accuracy of EAL in straight and curved root canals [22], the 
effect of the type and the size of root canal instruments on the 
accuracy of EAL [23, 24], the effect of root length [25], and the 
effect of root canal anatomy on EAL accuracy [26] in both 
primary and permanent dentition [19] and impact of apical 
patency on accuracy of EAL [27] and the impact of electronic 
devices on the accuracy of the EAL [28]. However, none of 
previous investigations considered the impact of long-time 
service as a confounding factor that may affect EAL accuracy. 

The present study aims to evaluate the effect of the working 
life of Dentaport ZX (DP ZX; J. Morita USA, Inc., Irvine, CA, 
USA), as the latest version of the Root ZX EAL, on the root canal 
working length determination. The hypothesis was as follows: 
the device service life had no significant impact on the accuracy 
of working length estimation.  

Materials and Methods 

This study was performed at the Kerman Dental School. Fifty 
single-rooted freshly extracted human teeth with one canal 
were used. All teeth were examined under a dental operating 
microscope (Carl Zeiss Surgical GmbH, Oberkochen, 
Germany) and any teeth with cracks, root tip fracture, apical 
or lateral resorption, a curved root, or open apical foramina 
were excluded.  

The teeth were decoronated at the cemento-enamel 
junction in order to have standard access and stable reference 
points for working length determination. The actual tooth 
length of each root was determined by inserting a size #10 K-
file (Mani, Tochigi, Japan) into the root canal and observing it 
under the microscope under 25× magnification. The working 
length determined when the file tip reached the apical 
foramen. The silicon rubber stopper was positioned at the level 
of the reference point and the file was removed from the canal 
and then measured. The working length was set at 0.5 mm less 
than the length observed.  

Each root was then fixed into a plastic bottle. The DP ZX lip 
clip was also fixed in the bottle so that a complete electronic circuit 
was established. Each bottle was filled with 0.9% normal saline 

 
Table 1. The frequency of accurate length estimation with different 

Dentaport ZX EAL N (%) 
                  Device 
DAL* 

ZJ3290 ZJ 3288 RK3041 WJ3174 

0.5 mm 47 (94) 49 (98) 48 (96) 47 (94) 
1 mm 3 (6) 1 (2) 2 (4) 3 (6) 

* Distance from the actual length; ZJ3290, ZJ 3288(older than 6 years electronic 
apex locators); RK3041, WJ3174 (lower than six years electronic apex locators 

as a conducting medium. Before starting the electronic root canal 
measurements, the cervical part of the root canals was enlarged 
with Gates Glidden drills #2 and #3 (Mani, Tochigi, Japan). 

All measurements with the DP ZX apex locators were 
performed in a place free of any electronic device that generated 
radio waves [28]. The irrigant used was 2.5% NaOCl [17]. A #10 
K-file was inserted into the root canal to determine the working 
length with the DP ZX apex locator. The root canal length was 
then determined by an experienced operator with four DP ZX 
devices, two older than six years (11 years) working service 
(serial numbers: ZJ3290, ZJ3288) while two others had lower 
than six years (5 years) working service (serial numbers: 
RK3041, WJ3174). Therefore, for each tooth, four 
measurements were obtained with different EALs. The 
practitioners who perform measurements with the devices were 
not aware of the device working service time. 

The DP ZX was used in accordance with the manufacturer’s 
instructions. The electrode was connected to a #10 K-type file which 
was then inserted into the root canal to reach just beyond the major 
foramen as indicated by the flashing red sign of APEX bar on the 
monitor of the DP ZX. The instrument was then slowly withdrawn 
until the monitor showed a flashing bar between ‘‘APEX’’ and 1 to 
indicate a 0.5 reading. Measurements were recorded when the 
instrument remained stable for at least 5 sec [29].  

In order to analyze the data obtained from four apex locators, 
estimated length obtained from all EALs were compared to the 
length obtained by direct visual observation (the “gold standard”).  

A measurement was considered satisfactory if its difference 
with the AL was within ±0.05 mm from the AL. Data were 
analyzed by repeated ANOVA measurement. In all analyses, 
P<0.05 was considered as significant level.  

Results 

The results of the present study showed that the accuracy of 
working length determination among DP ZX EALs were 
between 94 to 98% (Table 1). Table 2 shows the mean distance 
between the actual length and the mean distance obtained with 
different devices. There was no significant difference on working 
length accuracy determination among the devices with more 
than six years life time service compared to the devices with 
shorter working life time (P>0.05). 

Intra-class Correlation Coefficient (ICC) for brand newer 
devices were 98.5% and 97.8%, respectively. To compare the 
agreement between the apex locators with the dental operating 
microscope (DOM) which considered as the gold standard, the 
Bland-Altman plots have been prepared (Figure 1).  



 

IEJ Iranian Endodontic Journal 2022;17(4): 195-199 

 This open-access article has been distributed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0). 

197 Apex locator: long service life and accuracy 

 
 

Figure 1. A-D; Bland-Altman Plot for ZJ3290T, ZJ3288T, RK3041T, WJ3174 versus DOM 
 
Discussion 

The results of the present study confirm our hypothesis that the 
service life of a DP ZX had no significant impact on the accuracy 
of working length determination of the device. 

The Bland-Altman Plot that compared the apex locators to the 
microscope showed that overall the apex locators provided 
underestimate root length compared to the DOM (Figure 1). 
Comparing to the DOM, the underestimated root length measured 
by the newer apex locators was more frequent compared to the 
older apex locators; however, it was not statistically significant.  

During in vitro evaluation of EALs, actual tooth length has 
been using as a gold standard [30-32]. Actual tooth length is 

 
Table 2. Mean difference between actual length and the length obtain 

with different DP EALs 
                     DAL¹ 
Device Mean (SD) 

ZJ 3290 2 0.233 (0.035) 
ZJ 3288 2 0.244 (0.027) 
RK 3041 3 0.208 (0.032) 
WJ 3174 3 0.212 (0.035) 

¹DAL: Distance from actual length; ² ZJ3290, ZJ 3288(older than 6 years electronic 
apex locators); 3 RK3041, WJ3174 (lower than six years electronic apex locators) 

defined by the visual observation of a file tip at the apical foramen 
under magnification and measurement of the distance between 
the reference point and the file tip. 

Most studies considered measurement between ±0.5 mm 
precise and ±1 mm acceptable [30-32]. Results of the present 
study showed that a majority of measurements were precise and 
none of them was unacceptable. Therefore, the service life had no 
influence on the accuracy of DP ZX measurements.   

In the present study, apical foramen has been considered as 
the anatomic land mark because it could be consistently located 
in all teeth [13, 33, 34]. Apical constriction could also be used as 
an anatomic landmark [35]. The apical constriction is defined as 
the narrowest region of the apical portion of the root canal system 
[36]; however, due to inflammatory resorption in necrotic teeth, 
it might be altered or even not found in some occasions [37, 38]. 

For root canal measurement using EAL, it has been 
suggested to use the largest file that registers a working length 
reading. Greater instrument size may influence EAL accuracy on 
determining root canal length [24, 39]. However, it has been 
shown that there was no significant difference among #8, #10, 
and #15 K-files on the accuracy of working length reading [40]. 
Therefore, in the present study, #10 K-file was used for actual 
tooth length measurement. 
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In the present study 2.5% NaOCl was used as an irrigant 
because previous investigations reported that the solution did 
not affect accuracy of the EAL working length estimation [17, 
20, 41, 42]. 

During recent past decades, technologic improvements have 
influenced endodontic practice in terms of diagnosis, root canal 
preparation as well as magnification. Using EALs is a progress 
to decrease the number of radiographic images during 
endodontic treatment and to obtain more reliable working 
length compared to the radiography [10, 35]. From the 
economic standpoint, it is very important for a dental 
practitioner to know if the purchased device has had reliable 
working consistency even years after working service.  

It has been shown that the number of practitioners using 
modern technology such as EAL has been significantly growing 
[43]. The results of the present study showed that EAL would be 
a reliable device even years following purchase. 

In the present study, DP ZX with more than 6 years in service 
was selected as the long term working device because in the 
catalogue of the device, the manufacturer declared this period as 
the maximum service life of the device.  

Conclusion  

In conclusion, the result of the present in vitro study could not 
show any significant difference in working length determination 
when long term service DP ZX EAL compared to the recently 
employed devices.   
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