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Purpose: The aim of this study was to evaluate and compare the accuracy of working length 
(WL) determination when using the conventional electronic WL (EWL) technique versus 
using the novel Apexoconnection technique involving EWL with a connector (EWLc).
Materials and Methods: Sixty extracted posterior teeth with a total of 118 root canals were 
selected for the study. The real WL (RWL) of each canal was verified using a dental 
microscope under 25.6x magnification. Root canal lengths were measured with an apex 
locator using the attachment device directly attached to the hand file in the root canal and 
then adding another hand file as a connector between the attachment device and the file in the 
root canal. The distance from the file’s stopper to its tip was measured using a digital caliper. 
Statistical analysis was carried out to analyze the data between experimental groups.
Results: The results of the statistical test showed that the differences in the WL determined 
by either technique and the proper length as determined under the microscope were not 
statistically significant. The results of the statistical test comparing the groups were also not 
statistically significant.
Conclusion: In this in vitro study, both the novel and conventional techniques were equally 
accurate for determining WL when compared with the RWL.
Keywords: electronic apex locator, electronic working length, endodontics, root canal 
treatment, working length determination

Introduction
One of the goals of endodontic treatment is to maintain or restore the health of 
periradicular tissues by ensuring adequate cleaning and shaping of the root canal 
system.1,2 Hence, treatment success is defined by factors, such as the correct determi
nation of root canal working length (WL).3 The WL is the interspace between two 
reference points: (1) One point is located coronally and (2) the other point is located at 
the terminal in which the canal preparation and obturation terminate.4 Preferably, the 
cementodentinal junction (CDJ) should be considered as the point at which the 
obturation ends; however, it is impossible to clinically identify this histological struc
ture. The position of the CDJ is highly variable from one tooth to another and even from 
one wall to the opposite wall of the same root. Therefore, the apical constriction (AC) is 
considered an acceptable terminus for canal preparation.5,6

Procedural errors and mishaps, such as over- or under-instrumentation, may occur 
because of inaccurate determination of the root canal WL, which causes a worse 
prognosis with respect to endodontic treatment.7,8 The possible injuries caused by over- 
instrumentation with enlargement of the AC include periradicular inflammation, post- 
operative pain, and injury to the periapical tissues, resulting in delayed or absence of 
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healing processes.9,10 In contrast, under-instrumentation 
leaves parts of the root canal inadequately cleaned and con
taminated with bacteria, which will affect the quality of the 
root canal filling and root canal treatment outcomes.5,11

In many studies, confinement to AC in instrumentation 
and obturation shows better histological outcomes has 
been reported.5,12,13 Therefore, accurate determination of 
the WL is crucial for successful endodontic treatment.

Several methods have been established for calculating the 
WL. These methods include the use of radiographs, anato
mical identification, tactile sensation, and moisture on paper 
points. Using radiographs is the most common technique for 
WL determination.14 Radiographs aid in identifying the anat
omy of the root canal, the number of roots, and the presence 
of lesions.15 The disadvantage of this method is not being 
able to determine the position of the AC by radiographs 
because of the internal morphology of the root canal.16,17 In 
addition, many recent studies have proven the inaccuracy of 
the radiographic method.18 Dummer et al concluded that 
locating the AC clinically with certainty is impossible 
because of its position and topography.19

Electronic apex locators (EALs) have been introduced in 
endodontics for electronic WL (EWL) determination. EWLs 
use the human body for completion of an electrical circuit.20 

This circuit is completed by attaching the apex locator’s clip to 
the oral mucosa of the patient and a K-file or nickel titanium 
file (NiTi file) using the attachment device.3,20 Use of these 

files has become very common due to their highly accurate AC 
locating rates. They also significantly help in overcoming the 
drawbacks associated with radiographs.3,21 The accuracy of 
the EWL technique has been confirmed by several studies.17,22 

Some studies have demonstrated that EWLs provide a more 
precise estimation of WL than do radiographs.17,23,24

In routine daily practice, a few problems, such as space 
limitations in which the attachment device metal shaft can
not be inserted, are commonly encountered with attachment 
device usage to calculate the EWL (Figure 1). In addition, 
the attachment device may not be capable of accessing the 
posterior teeth in cases in which short files are used. 
Moreover, a false-positive will result when the root canal 
treatment is performed for a tooth through a metal crown or 
amalgam restoration.25 These kinds of clinical obstacles 
result in difficulties and extended treatment times, which 
increases the overall costs. To overcome these limitations, 
many companies have introduced new attachments that can 
facilitate the insertion of a hand file.26 One such clinical 
technique that has been used by some practitioners to help 
eliminate these limitations uses a hand file as a connector 
between the attachment device and the file in the root canal. 
However, and to the best of our knowledge, this process has 
not been discussed or evaluated in the scientific literature.

Therefore, the aim of this study was to evaluate and 
compare the accuracy of WL determination when using 
the conventional technique (EWL) and when using a novel 

Figure 1 Limited space for conventional attachment device.
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Apexoconnection technique for calculating the EWL with 
a connector (EWLc) to solve any given problems. The null 
hypothesis states that no significant differences in length 
measurements between the EWL and EWLc approaches 
will be found, and all measurements will be within the 
clinically accepted margin of error of ± 0.5 mm.

Materials and Methods
The study was registered in the Research Center of Riyadh 
Elm University and received ethical approval from the 
Institutional Review Board (number: FUGRP/2020/176). 
Written informed consent was obtained from all patients 
whose teeth were used in this study, in accordance with the 
Declaration of Helsinki.

Teeth Selection and Preparation
Sixty teeth (12 upper molars, 6 lower molars, 22 upper 
premolars, and 18 lower premolars) with a total of 118 
canals of the roots of all teeth that had recently been 
extracted because of periodontal diseases or for orthodontic 
reasons, were selected. In order to reduce variables, teeth 
selection was based on various exclusion criteria 
(Table 1).8,14,21,27,28 Standardized pre-operative diagnostic 
periapical radiographs were taken for each tooth to confirm 
meeting these criteria. All teeth were placed in 2.5% sodium 
hypochlorite solution (NaOCl; Diaa, Saudi Arabia) for 2 
hours to remove organic residues and then stored in sterile 
0.9% saline solution (PSI, Saudi Arabia) until further use.

The teeth were numbered, and the occlusal surfaces were 
flattened using a wheel bur that provided a Flat surface 
perpendicular to the long axis of the roots to simplify obtain
ing the length measurements. Standard access preparations 
were performed, and the coronal portion of the canals was 
flared using #2 and #3 Gates-Glidden burs (MANI Inc., 
Tochigi, Japan) that allowed the file to reach the AC easily 
and facilitate WL determination.14,29 Next, the canals were 
irrigated with 5 mL of 2.5% NaOCl, and the patency of the 

apical foramen was confirmed with a #8 stainless steel K-file 
(MANI Inc., Tochigi, Japan).21 The major foramen of each 
root was reached by inserting a #10 stainless steel K-file 
(MANI Inc., Tochigi, Japan) into the root canal to establish 
the actual root canal length (RL). Proper positioning was 
verified using a dental microscope (OMS 2350, Zumax, 
Jiangsu, China) under 25.6x magnification (Figures 2 and 3).

By reaching the apical foramen with the file tip, the sili
cone stopper was adjusted coronally. The distance from the 
file’s stopper to its tip was measured using a digital caliper. 
The measurements were repeated twice by two operators, and 
the average was taken as the actual length (RL). The real WL 
(RWL) was established by subtracting 0.5 mm from the RL of 
the canal. Teeth were placed in plastic containers and 
embedded in alginate (Kromopan, Lascod, Florence, Italy) 
along with the lip clip of the apex locator with the aim of 
producing similar clinical conditions (Figure 4).30 To preserve 
and ensure the humidity of the alginate, all measurements 
were taken within 30 minutes of model preparation.

Working Length Measurements
Each root canal (n = 118) was measured using the attachment 
device directly attached to the hand file in the root canal and 
then using another hand file as a connector between the 
attachment device and the file in the root canal. Root canals 
were irrigated with 2.5% NaOCl. All of the manual mode WL 
measurements were performed according to the 

Table 1 Exclusion Criteria for Teeth Selection

Obvious caries

Coronal restorations

Resorptive defects
Curvatures

Open apices

Root canal obliteration
Perforation

Incomplete root formation Figure 2 K-file inserted into the root canal under the microscope, exceeding the 
apical foramen.
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manufacturer’s instructions.27 The apex locator’s (Denta Ports 
ZX, J. Morita MFG, CORP, Kyoto, Japan) attachment device 
was attached to a #15 stainless steel K-file (MANI Inc., 
Tochigi, Japan). Within the root canal, the file was inserted 
to the apex point indicated by the apex locator device. The file 
was then withdrawn until the audible signal at the 0.5 point 
was heard, indicating that the AC had been reached. The 
measurements were considered valid if they were stable for 

5 seconds or more. The distance from the file’s stopper to its 
tip was measured using a digital caliper. A mean value of two 
measurements obtained from two operators was recorded for 
each canal as the EWL. The same procedure was carried out 
using a #15 stainless steel K-file attached as a connector to the 
to the apex locator’s attachment device to touch the #15 
stainless steel K-file that was within the root canal, and 
a mean value of two measurements obtained from two opera
tors was recorded for each canal as the EWL using a connector 
(EWLc).

Statistical Analysis
A one-way analysis of variance (ANOVA) test was calcu
lated to compare the readings for RWL, EWL, and EWLc. 
Statistical analyses were performed using Statistical 
Package for Social Sciences (IBM-SPSS version 25, 
Armonk, NY: USA). A value of p < 0.05 was considered 
significant for all the statistical analysis purposes.

Results
The result of the Cronbach’s alpha test to determine inter- 
examiner reliability was 0.97, which was excellent. Tests of 
normality indicated normal distribution of the canal lengths 
among different groups data (p > 0.05) as shown in 
(Table 2). The descriptive statistics of canal lengths mea
sured using Microscope, EAL, and EALc are displayed in 
(Table 3). The mean WL obtained using the EWL at 
17.88 mm and using the EWLc at 18.01 mm were compar
able to the real working lengths determined under the endo
dontic microscope (RWL) at 17.98 mm. The EWLc 

Figure 3 Under the microscope, the K-file was inserted into the root canal at the 
most cervical edge of the apical foramen.

Figure 4 Alginate apparatus for electronic working length determination.
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measurement of the canal length was found to be nearer to 
that of the microscopic measurement of the canal length. 
However, a one-way ANOVA comparison of canal lengths 
using the microscope (RWL), the conventional technique 
(EWL), and Apexoconnection (EWLc) did not yield any 
statistically significant differences (F = 0.133, p = 0.876) 
as shown in (Table 4). Tukey’s post-hoc tests for the pair
wise comparison of the mean canal length results indicated 
no statistically significant differences (Table 5).

Discussion
Accurate determination of WL is critical to the success of 
endodontic treatment.3 Overestimation of WL can cause 
delayed healing by injuring the periapical tissue, while WL 
underestimation may result in bacterial contamination, caus
ing failure of the root canal treatment.3,11 Both over and 
underestimation of the WL can significantly jeopardize the 
prognosis of root canal treatment.7 Numerous generations of 
EALs are available for clinical use. However, the third 

Table 2 Normality Assessment of the Data Using Kolmogorov–Smirnov and Shapiro–Wilk’s Tests

Canal Length Groups Kolmogorov–Smirnov Shapiro–Wilk

Statistic df p Statistic df p

RWL 0.082 118 0.050 0.984 118 0.188

EAL 0.078 118 0.077 0.981 118 0.101
EALc 0.062 118 0.200* 0.978 118 0.050

Note: *p > 0.05.

Table 3 Statistics Values of Real Working Length and Length Determined by the Two Techniques

Canal 
Length

N Mean SD Std. Error 95% Confidence Interval for Mean Minimum Maximum

Lower Bound Upper Bound

RWL 118 17.98 2.02 0.19 17.61 18.35 12.86 23.43

EAL 118 17.88 1.95 0.18 17.53 18.24 13.1 23.05
EALc 118 18.01 1.91 0.18 17.66 18.36 13.93 23

Total 354 17.96 1.95 0.10 17.75 18.16 12.86 23.43

Table 5 Results of Tukey’s Post-Hoc Tests

Tukey HSD

(I) Groups (J) Groups Mean Difference (I-J) Std. Error p 95% Confidence Interval

Lower Bound Upper Bound

RWL EAL 0.09386 0.25502 0.928 −0.5064 0.6941

EALc −0.03271 0.25502 0.991 −0.6329 0.5675
EAL RWL −0.09386 0.25502 0.928 −0.6941 0.5064

EALc −0.12657 0.25502 0.873 −0.7268 0.4737

EALc RWL 0.03271 0.25502 0.991 −0.5675 0.6329
EAL 0.12657 0.25502 0.873 −0.4737 0.7268

Table 4 Results of One-Way Analysis of Variance (ANOVA) Test

Sum of Squares df Mean Square F p

Between Groups 1.019 2 0.509 0.133 0.876

Within Groups 1346.775 351 3.837

Total 1347.793 353
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generation EAL has become a cornerstone since its 
introduction.22,31 DentaPort ZX, a third generation EAL, 
functions by measuring the quotient between the impedance 
of two different frequencies (8 KHz and 400 Hz) in the 
canal.31 An electrical current is passed from the EALs into 
the file inside the canal through a conductive attachment 
device to complete the circuit.21

A few obstacles, such as blocked vision and a lack of 
space for the attachment device to reach the file shaft when 
using short files in posterior teeth, may be encountered by 
clinicians (Figure 1).25 Another problem is the pulling force 
of the attachment device, which may eliminate the tactile 
sensation; frequently, the device ends up totally inside of the 
tooth chamber. This force may also shorten the circuit in 
teeth restored with amalgam or metal crowns, resulting in 
a false-positive response due to the restoration’s electrical 
conductivity.

Numerous companies have introduced new attachment 
devices, such as touching probes and file holders.26 These 
devices function by touching the file to complete the 
circuit. However, their lengths are not clinically effective, 
their metal shanks are relatively wide, the connection must 
occur in one direction only, they cannot be bent, and their 
costs may indicate that they cannot be widely used.

We adopted the Apexoconnection (EWLc), which is 
a clinical technique that aids the process of the root canal 
length determination by connecting the inserted file within 
the canal to the conventional attachment device via 
another endodontic file. This process helps overcome the 

above-listed obstacles (Figure 5). The concept behind the 
Apexoconnection technique is introduction of an ultrathin 
and flexible conductor, that of the endodontic file, to 
complete the apexlocator’s electrical circuit. The recent 
EAL generations depends on alternating current of two 
or more frequencies and on generating impedance instead 
of resistance.21 This concept explains the hypothetical 
accuracy of the EALc technique since the resistance of 
an extra conductor (the endodontic file) will not interrupt 
the mechanism of recent EAL generations.

The aim of this study was to evaluate the accuracy of the 
WL determinations when using EWL and EWLc and compar
ing these determinations with the real WL (RWL), which was 
measured and recorded under a microscope. In the present 
study, a sample size of 118 canals (60 teeth) was measured, 
which is a much larger sample than those used in previous 
studies, to assess the accuracy of apex locators.2,11,17,22 The 
study results support the previous findings, which showed that 
the EWL results were comparable to RWL results. Plotino et al 
found that EWLc is a reliable method for WL determination 
within the ± 0.5 mm clinically accepted margin of error from 
the AC.22 An in vivo study has shown that no statistical 
difference between radiographic WL and WL determined by 
apex locators could be found.3 In addition, this study showed 
that both K- and NiTi files could be used with EWLs. In our 
study, the mean length of the EWLc was found to be more 
similar to the RWL length but without a statistically significant 
difference (Table 4). The mean lengths of RWL, EWL, and 
EWLc were 17.98, 17.88, and 18.01, respectively (Table 3). 

Figure 5 Apexoconnection technique shows clinical significance when limited space is available.
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As mentioned above, the pulling force of the conventional 
attachment device may be the reason for the shorter mean 
length in the EWL measurement. This finding may emphasize 
the clinical significance of using the Apexoconnection techni
que to determine WL conveniently in the least possible 
amount of time in daily practice.

Different embedding media, such as agar, alginate, and 
saline, have been used to simulate the clinical situation and 
to complete the electrical circuit. Alginate is a good elec
troconductive material, mimics the periodontal ligament, is 
easily prepared, and has low cost.8,30 These features made 
alginate the medium of choice as it is considered to be 
ideal for in vitro investigations.21,30,32

During length determinations, the examined teeth were 
irrigated with NaOCl. It has been found that NaOCl is clini
cally safe and accurate when using EWLs in WL determina
tion when compared to other solutions.20 To negotiate the 
canal to its terminus clinically, the EWL measurement is 
usually established with a small-size files.33 Thus, size #8 
stainless steel K-files were used to confirm the canal patency, 
size #10 stainless steel K-files were used to establish the actual 
length of the canal, and size #15 stainless steel K-files were 
used for determining the electronic working lengths of the 
canal in the present study. It was previously found that the 
accuracy of K-file sizes #10, #15, and #20 are comparable and 
do not influence the electronic measurement with EWLs.10

The major limitation of this technique is the possibility of 
injury to the oral mucosa. This possibility can be avoided by 
cautiously placing a rubber dam or simply by placing a one- 
sided rubber stopper at the connector file’s tip. The study 
results need to be confirmed in an in vivo study since the 
control conditions are not available clinically and higher 
variables are expected in contrast to in vitro studies.

Conclusion
Under the conditions of this in vitro comparative study, no 
statistically significant difference was found between both 
techniques, and both revealed high accuracy in determining 
root canal length. Therefore, the Apexoconnection technique 
should be recommended in daily practice, not only because it 
efficiently determines WL, but also because its simplicity, 
convenience, and reliability.

Abbreviations
WL, working length; CDJ, junction of the dentin and the 
cementum; AC, apical constriction; EWL, conventional 
technique; EWLc, apexoconnection technique; NaOCl, 

sodium hypochlorite; RL, actual length; RWL, real work
ing length.
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