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Accuracy of three electronic apex locators
in the presence of different irrigating
solutions

Abstract: The present study compared the accuracy of three electronic
apex locators (EALs) — Elements Diagnostic®, Root ZX® and Apex DSP®
— in the presence of different irrigating solutions (0.9% saline solution
and 1% sodium hypochlorite). The electronic measurements were car-
ried out by three examiners, using twenty extracted human permanent
maxillary central incisors. A size 10 K file was introduced into the root
canals until reaching the 0.0 mark, and was subsequently retracted to
the 1.0 mark. The gold standard (GS) measurement was obtained by
combining visual and radiographic methods, and was set 1 mm short of
the apical foramen. Electronic length values closer to the GS (+ 0.5 mm)
were considered as accurate measures. Intraclass correlation coefficients
(ICCs) were used to verify inter-examiner agreement. The comparison
among the EALs was performed using the McNemar and Kruskal-Wal-
lis tests (p < 0.05). The ICCs were generally high, ranging from 0.8859
to 0.9657. Similar results were observed for the percentage of electronic
measurements closer to the GS obtained with the Elements Diagnostic®
and the Root ZX® EALs (p > 0.05), independent of the irrigating solu-
tions used. The measurements taken with these two EALs were more
accurate than those taken with Apex DSP®, regardless of the irrigating
solution used (p < 0.05). It was concluded that Elements Diagnostic® and
Root ZX® apex locators are able to locate the cementum-dentine junc-
tion more precisely than Apex DSP®. The presence of irrigating solutions
does not interfere with the performance of the EALs.

Descriptors: Dental Instruments; Odontometry; Root Canal Therapy;
Endodontics.

Introduction

Correct determination of working length is a key factor that can in-
fluence the outcome of root canal treatment.!”

The cementum-dentine junction (CD]J) is thought of as the ideal limit
for endodontic instrumentation because of the small diameter of the root
canal at that point. Moreover, it has been established that endodontic
procedures should take place inside the root canal and should not affect
the cementum, thereby preserving the remaining apical periodontal tis-
sue.®”?

Establishing the exact limit of the CD]J is not simple, as shown in the
classic study by Kuttler.!® Using 268 extracted teeth, it was observed that
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the distance between the CD]J and the apical fora-
men varied from 0.5 to 0.6 mm. In addition, studies
have concluded that the location of the apical fora-
men is also variable, usually 0.3-3.80 mm distal to
the anatomic apex of the tooth root.""'* The use of
radiographs is associated with several limitations,
such as exposure of patients to radiation, difficulties
in image interpretation due to the superpositioning
of anatomic structures, and the frequent impossibil-
ity of determining the exact location of the CDJ or
apical foramen.!*13

The use of electronic apex locators (EALs) in
clinical practice is well established, and several stud-
ies have compared the results obtained from differ-
ent models of EALs to others obtained from radio-
graphic findings.!:34711

On the other hand, few studies have focused on
the influence of different irrigating solutions used
along with such devices.!*' Therefore, the objective
of this laboratory study was to compare the accu-
racy of three different EALs (Elements Diagnostic®,
Root ZX® and Apex DSP®) in the presence of two
irrigating solutions (0.9% saline solution and 1%
sodium hypochlorite).

Materials and Methods
Sample selection and preparation

The study was approved by the Research Ethics
Committee of the School of Dentistry at Universi-
dade Paulista, Sdo Paulo, Brazil. Twenty extracted
human permanent maxillary central incisors were
randomly selected from the tooth bank of the School
of Dentistry at Universidade Paulista. Specimens
were immersed in 10% formalin for 48 h, and then
washed with 1% sodium hypochlorite and brushed
under running water. Teeth were placed in labeled
vials containing saline solution, numbered 1 to 20,
and stored at 37°C for 72 h.

Gold standard root canal length

The Gold standard (GS) measurement of root
canal length was carried out using a visual method
followed by buccolingual radiographs to assess the
position of the file within the working length of the
root canal. Aided by the use of an operative micro-
scope under 10 magnification, a size 10 K file was

inserted into each canal until the tip became vis-
ible at the major apical foramen and a rubber stop
was then positioned at the coronal reference point.
The working length was then established as 1.0 mm
shorter than the measured distance. The teeth were
radiographed again and the measurements were re-
confirmed.

Examination methods

Subsequently, teeth were fixed in a sponge,
soaked in 0.9% saline solution at 37°C, in a plastic
container. Canals were filled with 0.9% saline solu-
tion and electronic measurements were taken using
the following EALs: Elements Diagnostic® (Sybro-
nEndo, Redmond, WA, USA), Root ZX® (]J. Morita,
Tokyo, Japan) and Apex DSP® (Septodont, Saint
Maur, France).

After reaching the 0.0 mark on the display, the
file was retracted to the 1.0 mark on the display and
the measurement was recorded in millimeters. Three
different examiners carried out this procedure for
electronic measurements with each EAL. The mean
of the three measurements was used for the statisti-
cal analysis. After one week, 0.9% saline solution
was replaced by 1% sodium hypochlorite and mea-
surements were repeated.

Statistical analysis

Measurement agreements between examiners
were calculated for each method, using the actual
values of the devices, by intraclass correlation co-
efficient (ICC) analysis. Then, the gold standard
value was subtracted from the distance determined
by each method. Values closer to the gold standard
(£ 0.5 mm) were considered as acceptable measures.
Negative values, less than 0.5 mm, were classified
as shorter than the GS; positive values, greater than
0.5 mm, were categorized as longer than the GS.
Measurements shorter or longer than the GS were
collapsed and the analyses were performed compar-
ing the methods in pairs, using the McNemar test
(different EALs in the same solution, and each EAL
in different solutions).

Comparisons among the methods were also per-
formed using absolute differences. As the differ-
ences were not normally distributed (Kolmogorov-
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Smirnov test), the comparisons were carried out
using Kruskal-Wallis test. All analyses were per-
formed using BioEstat 4.0 statistical software (Man-
uel Ayres, Para, Brazil) and the level of significance
for all tests was P < 0.035.

Results
The (ICC)

analysis showed high levels of agreement between

intraclass correlation coefficient
examiners for all methods, ranging from 0.8859 to
0.9657.

The distributions and the percentages of short-
er than, closer to, or longer than the gold standard
measurements are presented in Table 1.

Independent of the irrigating solutions used
(0.9% saline solution and 1% sodium hypochlorite),
the majority of measurements taken with the Ele-
ments Diagnostic® and Root ZX® EALs were closer
to those of the gold standard, whereas the major-
ity of measurements taken with the Apex DSP® EAL

were shorter than those of the gold standard.

For both irrigating solutions used, the mean of
the absolute differences from the gold standard ob-
tained with the Apex DSP® were significantly higher
than those obtained with the other two EALs used
(Table 2).

Discussion

As pointed out by several authors, the apical
region may present important anatomic variations
which make it difficult to locate the CDJ and the
apical foramen.!”"® Determination of the apical fo-
ramen location, or working length analysis, has tra-
ditionally been performed using radiographic meth-
ods. However, because of the limitations associated
with image interpretation in such methods, the use
of electronic apex locators has become increasingly
prevalent in clinical practice.'®'®2° Nevertheless,
studies have shown differences in the accuracy of
EALs.68161920 Thys, in order to compare the accu-

Table 1 - Distribution and percentage of electronic measurements: shorter than, closer to and longer than those obtained using

the gold standard method.

Method Shorter than GS Closer to GS Longer than GS McNemar fest®
(< 0.5 mm) (%) (£0.5 mm) (%) (> 0.5 mm) (%) vs. EAL | vs. irrigating solution

0.9% Elements Diagnostic 7 (35) 10 (50) 3 (15) n.s
saline Root ZX 1(5) 17 (85) 2 (10) A n.s
solution Apex DSP 16 (80) 4 (20) 0(0) B n.s
1% Elements Diagnostic 2 (10) 15 (75) 3(15) A n.s
NaOCI | Root ZX 1(5) 16 (80) 3(15) A ns
solution |y e DSP 16 (80) 3(15) 1(5) B ns

*Significance obtained through McNemar test comparing the methods in pairs. Different letters indicate statistically significant differences among the EALs

(P < 0.05).

Table 2 - Mean and

Absolute difference

Kruskal-Wallis test *

standard deviation (SD) Irrigants/EALs
values of the absolute Mean SD vs. EAL vs. irrigating solution
differences observed o Elements Diagnostic® 0.57 0.39 A n.s
between the GS length 0.9%
saline Root ZX® 0.33 0.34 A n.s
and the measurements solution
obtained with the different Apex DSP® 1.15 0.80 B n.s
electronic methods of root 19 Elements Diagnostic® 0.53 0.55 A n.s
0
canal length measurement. NaOC! | Root 2X® 037 0.29 A s
solution '\ e DSP® 1.30 0.90 B ns

396

*Significance obtained through Kruskal-Wallis test. Different letters indicate statistically significant differences

among the EALs (P < 0.05).
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racy of three currently used electronic apex locators,
Root ZX®, Elements Diagnostic®, and Apex DSP®,
this study was performed using human, single-root-
ed teeth.

There are various ways to try to reproduce in
vivo conditions. Some authors use an alginate mod-
el or gelatin, others use a sponge soaked in a solu-
tion chosen by the authors.?'?? In the present study,
the in vitro model employed aimed to reproduce
in vivo conditions using a sponge soaked in saline
solution. Saline solution has properties similar to
those of alveolar bone and its fluids, according to
well-established protocols.'® Regarding the irrigat-
ing solutions, manufacturers have provided infor-
mation that the presence of fluids or irrigating solu-
tions such as sodium hypochlorite does not interfere
with the accuracy of the devices. In fact, this finding
was confirmed in this study because the irrigating
solutions did not interfere with the results obtained
with any of the EALs used. Jenkins et al.'® achieved
similar results testing Root ZX® in different solu-
tions, as did Kang and Kim!” comparing different
EALs under various conditions.

Using the visual and radiographic methods as
the gold standard for locating the CDJ, we have
shown that the data obtained with Elements Diag-
nostic® and Root ZX® locators were more accurate
than those of Apex DSP®, independent of the irri-
gating solution. In fact, most of the measurements
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