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In vitro evaluation of two techniques to determine
working length with an electronic apex locator

ABSTRACT

Objective: To verify in vitro whether an electronic api-
cal location using a non-foramen by-pass technique influ-
ences the accuracy of the procedure. Methods: Fifteen
incisors and canines human teeth with complete apical
formation were used. Teeth were fixed to a resin-based
model and embeded into alginate to serve as a conduc-
tion medium for the eletronical readings. Using a K-flexo-
file #20 coupled to the apical locator device (Root ZX II,
J Morita, Kyoto, Japan), root canals were electronically
measured at two different time-points. Firstly, it has been
registered before passing through the apical foramen (al-
ternative technique) and, thereafter with the file bypass-
ing the apical foramen (recomended technique). On both
techniques the readings were performed whenever the
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display was stabilized at level 0.5. After each electronic
determination, the tooth was radiographed with the file
in position. To measure the agreement between the two
techniques, the interclass correlation statistical procedure
was used. Results: The difference between the two tech-
niques at the radiographic evaluation was 0.118 mm (*
0.170) and for the electronic reading 0.086 mm (£ 0.398).
The two techniques were significantly correlated both for
the electronic reading and for the radiographic evaluation
(ICC=0.98;p<0.001,ICC=0.97;p<0.001, respective-
ly). Conclusion: The alternative technique for electronic
apical location, without passing the foramen, has shown
similar accuracy as the standard technique, sugested by
the manufacturer.
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Introduction

Odontometry is an indispensable step in endodon-
tic therapy, in which the objective is to determine with
the greatest possible accuracy, the working length
(WL). However, the ideal WL for treatment of root
canals has always been a much discussed and contro-
versial topic. Sjogren et al! in an epidemiological study
found that when the apical limit of obturation was at
2 mm from the radiographic apex, endodontic treat-
ment had a better prognosis. These results were best
explained by Ricucci and Langeland,? which in a his-
tological study found the best repair conditions when
the instrumentation and obturation remained near
the apical constriction, and when there was cement
or gutta percha extrusion a severe inflammation was
evidenced. Thus, the instrumentation and obturation
must remain, preferably, in the narrower part of the
root canal, i.e., the apical constriction, for the prepara-
tion in this point provides a smaller diameter wound,
providing better conditions for repair.?

The most popular method for establishing the
working length is the radiographic method, which is
based on the premise that the apical constriction is
located between 0.5 and 1 mm from the radiographic
apex.>* However, this radiographic estimate can lead
to over- or under-instrumentation/obturation. More-
over, the determination by radiographic means has
several limitations such as distortion, shortening and
lengthening of the image, interpretation variability,
besides representing an image in three dimensional
structures in two dimensions.

Currently, the odontometry method considered
more accurate is the electronic one, using electronic
apex locators (EAL).® The desire to establish the lim-
it of electronic instrumentation is quite old. Suzuki®
proved that the electrical resistance between an instru-
ment inside the canal and an electrode present in the
oral mucosa showed consistent values. Sunada’ con-
sidering this information made a clinical application,
developing a device that indicated constant electrical
resistance when the tip of an instrument inserted into
the root canal reached the periodontal membrane,
through the apical foramen. Later, Ushiyama et al® re-
ported that the lowest intensity of the electrical im-
pedance was obtained when the electrode reached
the apical constriction, changing the foramen location
concept (location of periodontal membrane) from
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biological to physical, ie, in dependence of determin-
ing the apical constriction.

In recent years, the EALs have become popular,
however, according to the manufacturers, in order to
ensure that the narrowest point in the root canal de-
tected by the locator is in fact the apical constriction, it
is necessary to surpass the apical foramen and regress
the instrument to the point of constriction. However,
this standard method recommended by the manufac-
turer can possibly cause injuries to the apical tissues,
in cases of teeth with vital pulp, and in cases with
necrotic pulp result in extrusion of necrotic material.
Thus, from a biological standpoint, during the elec-
tronic measurement of the WL, ideally, the instrument
should not exceed the apical foramen, reaching the
periapical tissues. However, the use of this alternative
approach without passing through the apical foramen
may result in lower accuracy or inaccuracy in apical
location. Still, this hypothesis has not been tested yet.

Thus, this in vitro study was designed with the ob-
jective of determining whether the technique of elec-
tron odontometry not exceeding the apical foramen
influences the accuracy of the measurement. The null
hypothesis tested is that the measurements obtained
with the alternative technique does not correlate with
the standard technique.

Materials and methods
Selection and preparation of samples

This study was approved by the Research Ethics
Commiittee of the University CEUMA (protocol num-
ber 00519/11). Fifteen human extracted teeth, upper
and lower, single rooted (incisors, canines, and premo-
lars) and with completely formed apices were selected.
The teeth were stored in sodium hypochlorite 2.5% for
six hours and then stored in sterile saline solution. The
crowns of the teeth were horizontally sectioned at the
cementoenamel junction in order to simplify the ac-
cess to the root canal and get an occlusal reference
point reliable and stable. Gates-Glidden drills 4 and 3
were used to expand the coronary third. The canals
were irrigated with saline solution and patency was as-
sessed with the aid of a file #10 (Flexofile).

The teeth were fixed in a resin model and soaked
up to 2 mm below the cementoenamel junction in al-
ginate molding (Jeltrate II, Dentply, Petropolis Brazil)®
which was used as a conducting medium for electronic
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apical locations. The alginate was prepared according
to the recommendations of the manufacturer. A steel
wire, 0.5 mm thickness, was set in the resin model to
serve as a dimensional reference for the measure-
ments performed on radiographs.

Electronic and Radiographic Odontometry

For electronic measuring the root canals were put
in a sodium hypochlorite 1% solution and labial con-
nector of the appliance remained immersed in wet al-
ginate. A Flexofile #20 was attached to the connector
on the device Root ZX 1I (J Morita, Kyoto, Japan).

The root canal of each tooth was measured by two
techniques which presuppose or not the file passing
by the apical foramen to perform the measurements.
In the first measurement, named alternative tech-
nique, the file was gently introduced into the root ca-
nal watching on the device display the progress that
occurred until the value 0.5 remained stable. At this
time, the course of silicone was adjusted in the ref-
erence and a radiographic technique of parallelism
was performed using a digital X-ray sensor (Schick
Technologies, Inc., Long Island City, NY) and X-ray
Seletronic model (Dabi Atlante, Ind. Dental Medicine,
Ribeirdo Preto) set to 70kV and 8 mA. After radiogra-
phy, the file was removed from the root canal and the
distance from the tip of the instrument until the cursor
was recorded using an electronic caliper with zoom at
0.01lmm (Mitutoyo Digimatic).

In the second measurement, performed by the
standard technique recommended by the manufactur-
er, the file was again gently inserted into the root canal
until the buzzer emitting a continuous beep and the
word “APEX” flashed on the LCD screen of the device.
Then the file was retracted to the position indicated
on the display stabilized at 0.5. The cursor was again
adjusted and another radiograph was performed under
the same conditions of the first. The file was removed
from the root canal and the distance from the tip of the
cursor to the file was recorded with a digital caliper.

All measurements were performed at an interval of
1 hour, remaining the alginate sufficiently wet during
this time. Measurements were performed after the ca-
nals were irrigated with 2 mL of sodium hypochlorite
(Biodynamics, Sao Paulo, Brazil). A single experienced
operator in the use of electronic apex locator conduct-
ed electronic and radiographic measurements.

Radiographic images reading, data tabulation
and statistical analysis

Radiographs obtained after each electronic mea-
surement technique were analyzed by an independent
evalutator, with the aid of the computer program Im-
age J (National Institute of Health. USA). The distanc-
es were measured between the tip of the instrument
and the radiographic apex taking as dimensional refer-
ence the 0.5 mm steel wire image incorporated in the
resin model and visible on radiographs.

The results (in mm) obtained were tabulated for
both methods, radiographic and electronic. The intra-
class correlation coefficient (ICC) was used to measure
the degree of agreement between the two techniques
(standard and alternative) for each of the methods
(electronic and radiographic).

In all tests the significance level was 0.05 and the
statistical program used was SPSS version 17.00 (SPSS
Inc. Chicago, IL, USA).

Results

The data obtained in electronic and radiographic
measurements for standard and alternative techniques
are shown in Table 1.

The result of the intraclass correlation to the mea-
surements obtained in electronic measurement was
highly significant (ICC = 0.97, p < 0.001), indicating
high concordance between the two techniques.

For the radiographic method, the intraclass cor-
relation was also significant (ICC = 0.98, p < 0.001),
indicating a good agreement between the two radio-
graphic techniques observed.

Table 1. Mean and standard deviation of measurements by standard and alternative techniques of WL and the difference [modulus] between tech-

niques in each method assessed.

Eletronic Measurement (mm)

. Difference
Standard Aieinziive Standard / Alternative
14,328 + 1,582 14,414 + 1,540 0,086 + 0,398
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Radiographic Measurement (mm)

. Difference
Standard AT Standard / Alternative
0,604 + 0,471 0,722 + 0,531 0,118 £ 0,170
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Discussion

To establish WL using the EALs it is recommended
to use the apical indentation technique, which consists
in the introduction of the file to the foramen (where
the locators indicates 0.0 or APEX) and shortly after
is carried the retreat to the electronic location of the
apical constriction. With this method it is possible to
identify the first constriction in the crown-apex direc-
tion. However, such a procedure, specially in teeth
with pulp necrosis may eventually force the extrusion
of necrotic material to the periapical region with the
possibility of originating a bacteremia as shown by
Debelian et al.’ In this study it was tested the hy-
pothesis of no difference between this standard tech-
nique and an alternative one in which the reading is
performed when the AL indicates the point of apical
constriction, crown-apex direction, without the need
to go through the apical foramen.

The results observed with the alternative tech-
nique significantly correlated with the data from the
standard technique, indicating that not going through
the apical foramen did not alter the apical electronic
localization accuracy of the device used (Fig 1). This
correlation between the two techniques was also con-
firmed in radiographic evaluation (Fig 2). Thus, the
null hypothesis suggested in this work was rejected.

The Root ZX device uses the “ratio method” to
locate the apical constrictiond measuring impedance
using two frequencies simultaneously. This device has

Alternative Tech. (mm)
T

00 05

Standard Tech. (mm)
Figure 1. Correlation between the measurements obtained by the

standard technique and alternative one, evaluated byradiographic
method (ICC = 0,97, IC95% = 0,912-0,990, p < 0,001).
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demonstrated, in in vivo and in vitro studies, when
used according to the manufacturer’s recommenda-
tions and with apical transposition, an accuracy rang-
ing from 85% to 97.37%.!"!* In the present study, the
alternative technique was used before the standard
technique, once it was aimed in the alternative tech-
nique to determine the first apical constriction without
any prior foramen transposition. It is also known that
the pre-expansion of root canals increases the accu-
racy of the apical location with the Root ZX,!*!® and
therefore Gates Glidden drills were used in the cervical
preparation of root canals.

Tinaz et al'” and Meares and Steiman'® showed
that different concentrations of sodium hypochlorite
solution did not influence the reading of EALs. Due
to hypochlorite being used as irrigant in clinical situa-
tions, it was used hypochlorite 1% during the reading
of WL in this study.

In vitro studies of EAL should use material allow-
ing the simulation of the periodontal ligament and it
must conduct electricity. The most commonly used
materials for this purpose are agar,'® gelatine,? saline
solution'® and alginate,”! however, a study conducted
by Baldi et al® showed that the alginate was the way
providing more consistent results with the real working
length,and for this reason it has been used as a means
of electrical conduction in this research. During this
study, measures andradiographs were performed only
when the display of the device indicated, without any

Alternative Tech. (mm)

Standard Tech. (mm)
Figure 2. Correlation between the measurements obtained by the

standard technique and alternative one, evaluated by clinical method
(ICC = 0,983, IC 95%= 0,951-0,994, p < 0,001).
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oscillation, the position 0.5. According to the manufac-
turer, this data indicates that the file tip is positioned
exactly at the apical constriction or very close to it.

Considering that the objective of the study was
to determine the accuracy of the alternative method
of locating the apical constriction with and without
apical transposition, the 0.5 indicator was used as
reference in this study. This data was also used in
other studies.?%

The result of this in vitro study suggests that the
AL technique using alternative method as described
in this study haveaccuracy similar to the technique
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