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ARTICLE INFO  ABSTRACT 

Article Type: Original Article  Introduction: Apex locators are important devices that can be used to determine working 
length during root canal treatment. However, it is not known whether electronic devices with 
various wave length frequencies influence the accuracy of apex locators. The aim of this study 
was to determine whether a cordless phone set, MP4 player, FM radio, asymmetric digital 
subscriber line (ADSL), or a mobile phone could influence the accuracy of working length 
determination by the Dentaport ZX apex locator. Methods and Materials: In this study, twenty-
four sound intact single-rooted extracted human teeth were used. After determining the root 
canal length with a file and a microscope, the canals were measured with three separate 
Dentaport ZX apex locators while one of the test devices (ADSL, MP4, FM radio, mobile phone, 
and cordless phone) was used at a distance of 50 cm from the apex locator. Bland–Altman plots 
was used for reliability and consistency. Results: Except for the FM radio, all other devices 
showed significant difference with actual working length (P<0.05). ADSL and MP4 player 
showed the least consistency compared to the other devices. Conclusion: Based on this in vitro 
study, the use of ADSL, MP4 player, mobile phone, and cordless phone during root canal 
treatment may influence working length determination with the Dentaport ZX apex locator. 
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Introduction 

he aim of root canal treatment is to eradicate all possible 
bacteria, irritants and necrotic tissue from the root canal 

space [1]. To achieve this, it is crucial to determine the root 
canal length and keep the instruments, irrigants and 
medicaments confined to within the root canal space during 
the procedure [1, 2] since even when the instruments confined 
within the canal all techniques and irrigants can result in some 
extrusion beyond the apical foramen[3-5]. Numerous 
investigations have shown that errors in determining the 
working length may influence not only outcome of the root 
canal treatment but also they may have an impact on the 

amount of pain and discomfort following the procedure [6-8].  
Several methods have been described for working length 

determination and these include tactile sense, radiographic 
measurement, employing cone-beam computed tomography 
and using electronic apex locators (EAL) [9-13]. Investigations 
of EAL have shown that they are reliable devices that can be a 
reasonable adjunct to radiographic techniques to simplify 
working length determination. It is generally accepted that 
using EAL can help clinicians decrease the number of 
radiographs taken during root canal treatment [9].  

The Dentaport Root ZX (J. Morita Corporation, Kyoto, 
Japan) apex locator belongs to the third generation of apex 
locators and has been shown to be reliable [2].  
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Figure 1. Working length measurement with EALs 

 
Nowadays, there are many devices that use radio frequency with 
different wave lengths and these are commonly used in most 
urban environments from offices to homes. Most investigations 
regarding impact of electronic devices on the accuracy of 
working length measurements of electronic apex locators used 
cell phones or cordless phones for this purpose [14-16]. The aim 
of the present investigation was to determine the effect of 
asymmetric digital subscriber line (ADSL), MP4 player, cordless 
telephone, mobile phone and frequency modulation (FM) radio 
wave on an apex locator. 

Materials and Methods 

In this study, 24 single-rooted freshly extracted human teeth were 
collected from dental clinics of the Kerman city. The teeth were 
initially examined under a dental operative microscope (Carl Zeiss 
Surgical GmbH, Oberkochen, Germany) and any teeth with apical 
resorption, root tip fracture, a curved root, had previous 
endodontic treatment or an open apical foramina were excluded.  

The teeth were decoronated at the cemento-enamel junction 
level in order to have a standard access and stable reference point 
for working length determination. The actual working length 
(AWL) 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 to determine when the 
file tip reached the apical foramen. The rubber stopper was then 
positioned at the level of the reference point. The working length 
was then set at 0.5 mm less than the length observed.  

Each root was fixed into a plastic bottle and the Dentaport 
ZX lip clip was also fixed in the bottle so that a complete circuit 
was provided. Each bottle was filled with 0.9% normal saline as a 
conducting medium. Before starting the measurements, the 
cervical part of the root canals was enlarged with Gates Glidden 
sizes 2 and 3 (Mani, Tochigi, Japan) (Figure 1). 

All initial measurements with the Dentaport ZX apex 
locators were performed in a room after making sure that there 

were no known devices with radio waves (such as wireless 
systems, cordless phones, mobile phones, MP4 player, TV 
remote control) present. Each root canal was filled with 2.5% 
sodium hypochlorite and a size 10 K-file was inserted into the 
root canal to determine the working length with the Dentaport 
ZX apex locator. The root canal length was then determined by 
an experienced operator with three new Dentaport ZX devices 
(serial numbers: ZJ3290, ZI3073, ZJ 3288) when one of the 
following devices was on: MP4 player (Creative, Mozaic, EZ 300, 
Shenzhen, China), FM radio (Stereo-Radio cassette carrying 
component system, FM 87.5 MHz, Aiwa-CA-WR77, Tokyo, 
Japan), ADSL (D-Link, Wireless N 150 ADSL2+Modem router, 
DSL-2730u-2.4 GHz, China, 1C7EE54F1945), or ringing: mobile 
phone (Nokia, C5-03, Hungary), a cordless telephone ( KX-
TG3721BX, Panasonic System Network Co. LTD, Malaysia) at a 
distance of 50 cm from the electronic apex locators. The 
Dentaport ZX was used in accordance with the manufacturer’s 
instructions and the electrode was connected to a size 15 K-type 
file. The instrument was inserted into the root canal and 
advanced just beyond the major foramen as indicated by the 
flashing APEX bar on the monitor of the Dentaport ZX. The 
instrument was then slowly withdrawn until the monitor showed 
a flashing bar between ‘‘APEX’’ and 1 to indicate a 0.5 reading. 
All measurements were assumed correct if the instrument 
remained stable for at least 5 sec[17].  

In order to measure the effect of nuisance devices on apex 
devices measurement the Bland–Altman method with repeated 
measure was used. At first, the difference between microscope 
and apex devices measurement (error) for each tooth was 
calculated to remove the effect of different apex devices and teeth 
by applying random effect models. Finally, mean of error, P-
values for null hypothesis and the Bland–Altman plots was 
presented. In all analyses, P<0.05 was considered as significant. 

Results 

Almost all of measurements with the apex locators were less than 
the AWL. The minimum and maximum differences were 
observed during exposure with a ringing telephone (0.52 mm) 
and a working MP4 player (0.83 mm).  

The mean of error is significantly different from zero in 
presence of mobile, ADSL, cordless telephone, and MP4 player 
device noises (Table 1). Also the Bland–Altman plots shows that 
the errors are slightly tends to be on top of zero line (Figure 2). 

Except for FM radio, all of other electronic devices tested 
showed significantly higher errors and disperse results at ±0.00 
mm distance from AWL (Table 1).  
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Figure 2. Bland–Altman plots of various electronic devices and differences in working length to the gold standard (microscope) 
 

Discussion 

The present study has shown that except for FM radio, all other 
electronic devices had significant influence on determining the 
working length of root canals with the Dentaport ZX apex locator. 

Previous investigations on working length determination using 
electronic apex locators indicate that an error range of more than 
±0.5 mm distance from the AWL is clinically unacceptable [18-
20]. However, recent investigations simply compared AWL with 
working length measured by the apex locator [28]). Based on these 
previous investigations, the results of working length 
determination with the Dentaport ZX when mobile phone, 
cordless phone, ADSL and MP4 player devices were used within 

50 cm of the measuring device were unacceptable.  
In the present study, the Dentaport ZX was used because 

previous investigations have shown that this device is very accurate 
in determining working length and many studies have compared 
new apex locators with this device [21-24]. 

Three unused brand new Dentaport ZX apex locators were 
used in this study because the manufacturer has claimed that the 
working life of the device is six years following production (Root 
ZX manual). In addition, three different apex locators of the same 
brand and manufacturer were used as one may argue that using 
one apex locator may not be conclusive in terms of influence on 
determining working length determination in presence of the 
devices with interrupting potential. The results of this study have 
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shown that, except for FM radio, all of the other electronic devices 
provided significantly different results in AWL determination with 
Dentaport ZX during their activity in 50 cm distance from the 
measuring devices. Different apex locators from the same brand 
are supposed to show the same working length measurement 
without significant difference during root canal preparation. 
However, in the present study, obtaining significantly different 
results among three used apex locators showed that the FM radio 
may have some influence on apex locators even when the same 
brand of device produced by the same manufacturer were used.  

AWL was established as 0.5 mm less than the distance between 
the coronal reference point and the apical opening as observed 
under a microscope according to several previous investigations 
[21, 22, 25]. 

Electronic devices that are likely to be used in many dental 
offices around the world were tested. Wireless systems, such as 
ADSL, are now commonly used in dental offices as well as houses, 
shops and so on. Three previous investigations reported neither 
types of cell phones could significantly influence on the accuracy 
of measurement by the EALs [14, 16]. The reason the cell phone 
was included again in this study was the difference between the 
frequency ranges of those cell phones [14, 16] with the one that 
was used in the present study. No significant impact found in 
those studies [14, 16] was in contrast with the results of the present 
study may show that different frequency ranges could have some 
impact on the accuracy of EALs.   

The cordless and mobile phones were tested when ringing 
rather than in actual use because it would be unethical to answer a 
phone call when a practitioner is treating a patient but he/she 
might set the mobile phone in silent tone or vibrate mode in 
his/her pocket. Similarly, the patient or other staff members may 
have a phone switched on whilst the treatment is in progress. 

Overall, the working lengths in the presence of a working FM 
radio were comparable with previous reports regarding the 
accuracy of Dentaport ZX [2, 19]. 

In the present study, none of the measurements were over-
estimated which was in accordance with two previously published 
ex vivo studies that showed no over-estimation during working 
length determination [18, 26]. 

Previous ex vivo investigations of apex locators have used 
either alginate or normal saline as the conducting medium. A 
recent investigation compared both media and reported that when 
the Dentaport ZX was used, there was no significant difference 
between the media in determining working length [27]. Hence, in 
the present study 0.09% normal saline was used as the medium as 
it is simpler and cheaper.  

The cervical part of the root canals was enlarged with Gates 
Glidden drills before using the Dentaport ZX because Ibarrola et 

al. [28] reported that pre-flaring the canal before using the Root 
ZX improved the efficacy of the apex locator.  

The manufacturer of the Dentaport ZX have declared in their 
catalog that “the Dentaport ZX is intended for use in an 
electromagnetic environment in which radiated radio frequency 
disturbances are controlled”. The manufacturer also recommends 
that a minimum distance from the transmitters should be 
maintained, based on their maximum output power [29]. A 
distance of 50 cm from the measuring device was chosen because, 
in theory, radio waves may interfere with the device’s performance 
in determining working length when devices with various wave 
lengths are placed near an apex locator. The results of the present 
study have shown that for ADSL, mobile phone, cordless phone 
and MP4 player, careful attention should be made to prevent their 
presence near the Dentaport ZX during root canal measurement. 
Another study should be done to determine the safe distance for 
each device as most dental offices, practitioners or patients have 
wireless devices switched on during daily activities. In addition, it 
is necessary to evaluate other forms of apex locators and compare 
them with the Dentaport ZX in order to understand whether they 
are also influenced by electronic devices. 

Conclusion  

In conclusion, based on the results of this study, electronic devices 
such as ADSL, MP4 player, mobile phone, and cordless phone 
may have some influence on working length determination with 
the Dentaport ZX.  
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