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ABSTRACT

Aim: This ex vivo study aims to compare the accuracy of two electronic apex locators, 
Wirele-X (Forum Engineering Technologies Ltd., Israel), tested in two modalities, 
alone and connected to the display screen and Dentaport ZX (J. Morita, Tokyo, Japan) 
in determining the working length.
Methodology: 15 single-rooted teeth were selected for this study. The actual micro-
scopic working length was measured using a size 10 K-file that was advanced until 
the tip of the file could be visualized just within the apical foramen under a stereo-
microscope. Then each tooth was placed into the alginate to simulate the clinical 
conditions. Wirele-X and Dentaport ZX were used according manufacturer’s instruc-
tions. Three measurements were performed for each tooth and each apex locator 
and modality and differences between the electronic and actual working lengths 
were calculated. Positive values indicated measurements that extruded beyond the 
apical foramen, while negative values indicated measurements that were short of 
the apical foramen. Means and standard deviation were calculated and the statis-
tical analysis was performed using One-way ANOVA and Tukey tests (P<0.05).
Results: The difference between electronic and actual working length was 0.05±0.34 
mm for Wirele-X alone, 0.003±0.37 mm for Wirele-X connected to the display screen 
and 0.08±0.35 mm for Dentaport ZX. No statistical differences were found among 
Wirele-X alone, Wirele-X connected to the display screen and Dentaport ZX (p>0.05).
Conclusions: Wirele-X in both modalities and Dentaport ZX showed a high accuracy 
in determining working length and were accurate to within ±0.5 mm, without any 
statistical differences among them.
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Introduction

T
he outcome of root canal treat-
ment depends on shaping, 
cleaning and disinfection, re-
moving the microorganisms 
from the entire root canal 

space, followed by an homogenous root 
canal filling (1).
The ideal end-point of a root canal therapy 
have been debated by many authors (2, 3). 
The cemento-dentinal junction is credited 
to be the ideal limit of a root canal therapy 
(4, 5), but this position is usually variable 
and cannot be clinically detected (3, 6). 
Clinically, the success rate of a root canal 
therapy increase when the shaping, clean-
ing and filling are located within 2 mm 
from the radiographic apex, in the region 
of the apical constriction (7, 8). However, 
the apical constriction, usually the nar-
rowest part of the root canal, is also not 
easily identified (6). 
Different methods have been used to es-
tablish the working length: radiography, 
tactile sensation, the anatomical average 
length of teeth and moisture of a paper 
point (5). The measuring of working length 
using radiographs has been used for many 
years and it had the limit of providing a 
two-dimensional image of a three-dimen-
sional complex structure. ElAyouty et al. 
showed that the use of radiographs alone 
in working length determination led to an 
overstrumentation in 33% of molars and 
56% of premolars (9). The introduction of 
electronic apex locators (EALs) has ena-
bled, in addiction to appropriate radio-
graphs, to determine a more predictable 
and accurate working length (10,11) and 
led to a reduction of the patient x-ray radi-
ation exposure (12). In the last decades, 
different generations of EALs have been 
developed. The first generation measured 
the electrical resistance while the last 
generations measure alternating current 
impendance using one or more frequencies 
(13). Several studies have been conducted 
on different EALs to evaluate their accu-
racy in different conditions (14-17). Denta-
port ZX (J. Morita, Tokyo, Japan) is a third 
generation EALs based on dual frequencies 
(8 and 0.4 kHz) and it is considered the 

gold standard EAL to which any new de-
vice should be compared. In fact, several 
studies have clearly demonstrated ex vivo 
(18) and in vivo (19) its precision. Among 
these studies, as an example, Puri et al. 
(2013) showed that Dentaport ZX had an 
accuracy in 93.3% of the samples and 
found a difference of the electronic meas-
urement with the actual working length 
of 0.05±0.25 mm (20). 
Wirele-X (Forum Engineering Technologies 
Ltd., Israel) is a new wireless EAL that can 
be used alone or in association with a 7” 
high-resolution touch display screen. The 
measurements are performed utilizing 
alternating current signals at two frequen-
cies (500 Hz and 8 kHz) and are transmit-
ted from the EAL to the display unit using 
Bluetooth technology. The manufacturer 
claims that the frequencies are alternated 
and not mixed, thus canceling the need 
for signal filtering and eliminating the 
noise caused by non-ideal filters. The signal 
measuring method utilized in Wirele-X 
has been patented (US Patent No. 6,425,875). 
To calculate file tip position, the RMS (Root 
Mean Square) level of the signal is used 
and not signal amplitude or phase. The 
RMS value, representing the energy level 
of the signal, is much more immune to 
various kinds of electromagnetic noises 
then other parameters of the measured 
signal.
To our knowledge, scientific data on this 
new EAL are still not available in the lit-
erature. Thus, the aim of this ex vivo study 
was to compare the accuracy of two EALs, 
Wirele-X in two modalities, alone and 
connected to the display screen and Den-
taport ZX in determining working length 
in extracted teeth.

Materials and Methods

15 freshly extracted single-rooted teeth 
were selected for this study. Teeth were 
collected, debrided and disinfected in 
5.25% sodium hypochlorite (NaOCl) for 2 
hours and then stored in normal saline 
(0.9% NaCl) until used.
Two digital radiographs were taken in a 
bucco-lingual and mesio-distal direction 
to exclude samples with two canals, open 
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apices, amalgam or composite fillings and 
previous root canal treatments. An access 
cavity was performed and size 10 and 15 
K-files were inserted until the apex to 
confirm patency. When a size 20 K-file 
reached the apex, the tooth was excluded 
and replaced.
The actual microscopic working length 
(AWL) was measured using a size 10 K-file 
that was advanced until the tip of the file 
could be visualized just within the apical 
foramen under a stereomicroscope Zeiss 
Axiophot (Carl Zeiss Jena Gmbh, Zeiss 
Group, Jena, Germany) connected with a 
digital camera (Moticam Pro SMP) at a 20X 
microscopic magnification (Figure 1). 
Double stoppers were positioned for all 
measurements taken to decrease the pos-
sibility of stopper movement during all 
measurements.
Then each tooth was placed in a contain-
er filled with alginate that was obtained 

mixing the alginate powder with physio-
logical solution to replicate the electric 
conductivity and simulate the oral envi-
ronment. The teeth were inserted leaving 
5 mm of the coronal root surface exposed 
(21). The lip clip was placed into the algi-
nate and the wire of the EAL was connect-
ed to the file (Figure 2). 
Wirele-X and Dentaport ZX were used 
according to the manufacturer’s instruc-
tions. When the Wirele-X was used alone 
without the Bluetooth connection with the 
display unit, the size 10 K-file was insert-
ed gently until the last red bar appeared 
on the device and then retracted until the 
apical position was reached (orange bar at 
the mark “0.0”) (Figure 3). When the Wire-
le-X was used connected via Bluetooth 
with its display unit, the size 10 K-file was 
gently advanced until the red “blood drop” 
icon appeared on the screen and warning 
sound designated that the file has passed 
the Apex and then withdrawn to the red 
bar at the mark “0” and reading “APEX” 
(Figure 4). For Dentaport ZX the size 10 
K-file was inserted until the apex reading 
was reached at the first red bar and then 
withdrawn to the last green flashing bar 
on display (Figure 5). Measurements were 
considered as valid if the reading remained 
stable for at least 5 seconds. Each meas-
urement was repeated three times for each 
tooth and each EAL and modality and all 
working lengths were measured on the file 
using a digital caliper. 
Differences between the electronic work-
ing length (EWL) and the AWL were cal-
culated. Positive values indicated meas-
urements that extruded beyond the apical 
foramen, while negative values indicated 
measurements that were short in the api-
cal foramen. Means and standard devia-
tion were calculated for each group and 
the statistical analysis was performed 
using One-way ANOVA and Tukey tests 
with a significant difference set at P<0.05.

Results

Considering the margin of accuracy ±1 
mm, all the EALs showed an accuracy of 
100%. When considering the margin of 
accuracy ±0.5 mm, Wirele-X alone, Wire-

Figure 1 
The determination of the 

actual working length (AWL) 
under stereomicroscope at 

20X magnification. The file is 
visible through the major 

apical foramen.

Figure 2
Image showing the experi-

mental set-up.
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le-X/Display and Dentaport ZX showed an 
accuracy of 88.8 %, 82.2% and 86.6% re-
spectively. The main difference between 
EWL and AWL was 0.05±0.34 mm for 
Wirele-X, 0.003±0.37 mm for Wirele-X/
Display and 0.08±0.35 mm for Dentaport 

ZX (Figure 6). No statistical differences 
were found among Wirele-X alone, Wire-
le-X/Display and Dentaport ZX (p>0.05).

Discussion

The goal of this study was to evaluate ex 
vivo the accuracy of the new Wirele-X EAL 
in two modalities, alone and connected to 
the display screen and compare it to the 
Dentaport ZX. Many authors have evalu-
ated the accuracy of EALs considering the 
apical constriction (22) or the major fora-
men (23), which seems to be more repro-
ducible (24).
Several materials have been proposed by 
many authors to simulate periodontal 
ligament to test in vitro EALs: gelatin (25), 
agar-agar (26), saline (27), flower sponge 
soaked in saline (28) or alginate (21). Alg-
inate as a substitute for periodontal liga-
ment was investigated by Lipski et al. who 
showed a 100% rate of correct measure-
ment (29). On the contrary, gelatin, agar-
agar, saline and flower sponge soaked in 
saline showed a rate of 96.7%, 76.7%, 
73.4% and 63.4% respectively (28). For this 
reason, alginate was used in the present 
study to ensure the best medium possible 
for testing the EALs ex vivo.
In the present study, single-rooted teeth 
with narrow root canals were selected to 
standardise the samples and a size 10 K-file 
was used to obtain all the AWLs and EWLs. 
In fact, Ebrahim et al. reported that, when 
the diameter of a root canal increased, the 
electronic measurement with a small K-file 
become shorter (30).
The accuracy of the majority of the latest 
generations of EALs is not affected by ir-
rigants within the root canal (31). Çınar et 
al. compared in vivo the accuracy of Propex 
Pixi, Mini Root ZX, Raypex 5 in determin-
ing working length in presence of blood-
pulp tissue or sodium hypochlorite using 
micro-computed tomography. There were 
no differences among working lengths 
measured in different conditions. In a 
systematic review and meta-analysis Tse-
sis et al. similarly stated that the presence 
of vital or necrotic pulp has not effect on 
the precision of EALs (32). In the present 
experiment, conducted in normal condi-

Figure 3 
The orange bar at the mark “0.0” of Wirele-X device that appears when the file 

reached the apical position.

Figure 4
The display unit connected 

via Bluetooth to Wirele-X 
device with the screen 

showing the red bar at the 
mark “0”.  

Figure 5
Dentaport ZX showing the 
last green flashing bar on 

display.
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tions, the EWL measurements have been 
very accurate for both Wirele-X, alone or 
connected to the display screen, and Den-
taport ZX.
Regarding the accuracy of Dentaport Zx, 
the results of the presence study are gen-
erally consistent with previous in vivo and 
in vitro investigations. Saatchi et al. in 
vivo found that Dentaport ZX showed an 
accuracy within ±0.5 mm of 93.8% and 
93.3% in presence, or not, of apical perio-
dontitis (33). Piasecki et al. showed in vivo 
that the apical foramen was accurately 
located by Root ZX II within ±0.5 mm in 
83% of the teeth with apical periodontitis 
and in 100% of vital teeth (34). Comparing 
working length determination in vivo and 
in vitro, Duran-Sindreu et al. reported that 
Root ZX was accurate 74% of the time to 
±0.5 mm in vitro and 78.3% of the time to 
±0.5 mm in vivo (35). Connert et al., using 
Micro-CT to calculate the distance be-
tween the K-file and the minor and the 
major foramen, found an accuracy of 
Dentaport ZX of 99% and 100% in detect-
ing  major foramen, within a tolerance of 
±0.5 mm or ±1 mm respectively (14). Stöber 
et al., under in vivo clinical conditions, 
measured a mean distance from the AWL 
to the file tip of 0.146 ± 0.43 mm and an 
accuracy of 72% within ±0.5 mm and 
100% of the time within ±1 mm (36). Pas-
con et al. reported, within a tolerance of 

±0.5 mm or ±1 mm, an accuracy of Denta-
port ZX of 39% or 90% respectively (18). 
The results obtained in the present study 
are in agreement with most of the men-
tioned studies. The different percentages 
obtained in all these studies for the accu-
racy of Dentaport XZ could be explained 
by the method used to establish the actual 
working length (AWL).
Wirele-X was tested for the first time in 
the present study as no previous scientific 
literature has been published on this EAL, 
which has obtained comparable results 
with Dentaport ZX in both modalities 
tested (p>0.05). Wirele-X/Display showed 
the best results concerning the difference 
between EWL and AWL, demonstrating 
that the connection via Bluetooth has not 
affected the accuracy of this EAL. Possible 
advantages in the use of Wirele-X EAL can 
be the notably small size of the EAL unit 
and the possibility to attach it to the dental 
dam for a more comfortable and ergonom-
ic use. The Wirele-X shows the movement 
of the file inside the canal from the begin-
ning of the measurements to the end, 
providing uninterrupted feedback. Propri-
etary software algorithms are used for 
calculations of file tip position and file 
movement in different parts of root canal. 
Clearly distinguished graphical readings 
in the apex region accompanied by audio 
signals enable better control over the file 

Figure 6
Distribution of positive and 
negative values of electronic 
working length (EWL), 
standard deviation and the 
actual working length (AWL).
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advance. In case of over-instrumentation a 
red “blood drop” icon and warning sound 
designate that the file has passed the Apex. 
Numerical values changing from +0.1 to 
+0.5 indicate relative depth of over-instru-
mentation, a useful feature for patency 
testing. If the file tip penetrates deeper, the 
“OVER” reading appears.

Conclusions

Under the limitations of this ex vivo study, 
Wirele-X, alone and connected via Blue-
tooth with its display, and Dentaport ZX 
showed high accuracy in detecting the 
working length and were accurate to with-
in ± 0.5 mm, without any statistical differ-
ences among them. 

Clinical Relevance

All apex locators tested in this study can 
be recommended for clinical practice.
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