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Abstract

Introduction: This study compared (1) the accuracy of
three different electronic apex locators (EALs) in detect-
ing the apical foramen ex vivo under clinical conditions;
(2) the accuracy of digital radiography and EALs in deter-
mining the working length (WL) with visible control
under a microscope; and (3) the precision of #10, #15,
and #20 K-files in electronic measurements. Methods:
The length of 101 extracted human teeth was measured
with three different EALs (Endex [Osada Electric Co,
Tokyo, Japan], ProPex II [Dentsply-Maillefer, Ballaigues,
Switzerland], and Root ZX [J. Morita Co, Tustin, CA]),
with radio videography (RVG) and compared with the
actual length. An endodontic training kit (Pro-Train; Simit
Dental, Mantova, Italy) was used during the experimental
procedures. Results: Statistical analysis showed that
Endex and ProPex II were more accurate than Root ZX
in determining the WL. The paired sample t test showed
no statistically significant difference between the accu-
racy of the two radiographic planes examined. The
t test showed no significant difference between the three
different K-file sizes measurements. Conclusions: Endex
and ProPex II were more accurate than Root ZX in deter-
mining the actual WL. Instrument sizes of hand files did
not affect the accuracy of EALs. EALs showed to be
more accurate in determining the WL than RVG. (J Endod
2010;36:2003–2007)
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Working length (WL) has been defined as ‘‘the distance from a coronal reference
point to the point at which canal preparation and obturation should terminate’’

(1). It has been stated that the WL for instrumentation and obturation of the root canal
system should be established at the apical constriction (2). The apical constriction, also
referred to as a minor diameter, represents the transition between the pulpal and the
periodontal tissue at the cement-dentinal junction. The cement-dentinal junction has
been suggested as the position of termination of the canal filling (3). Anatomic studies
have shown the apical constriction to be located 0.5 to 1.0 mm from the external or
major foramen (2). Historically, methods of determining WL include the use of radio-
graphs, tactile sensation, and electronic apex locators (EALs). However, radiographs
are subject to distortion, magnification, interpretation variability, and lack of three-
dimensional representation. The magnification error has been found to be 5.4%
with a paralleling technique (4). As a result, WL determined from radiographs is gener-
ally measured about 0.5 to 1 mm short of the radiographic apex. Pratten and McDonald
(5) showed that the assumption of the apical constriction being 1 mm short of the
radiographic apex will result in an underestimation of WL. Vertical and horizontal
cone angulations, film processing issues, tooth inclination, and film position will influ-
enceWL determination from radiographs (6). In some teeth, the major foramenmay be
located up to 3.5 mm from the radiographic apex (7). In such teeth, if the canal termi-
nates in the plane of the film, the radiographic appearance will be ‘‘short,’’ and any
adjustment will result in theWL being overextended. AWL established beyond the minor
diameter may cause apical perforation and overfilling of the root canal system. This may
increase postoperative pain and delay or prevent healing. Alternately, a WL established
short of the minor diameter may lead to inadequate debridement and underfilling of the
canal. However, tactile sense is quite variable, and accuracy is questionable (8). Root
canals with excessive curvature, an immature apex, or calcified canals will hinder the
tactile sensation of the apical constriction. Custer (9) was the first to introduce an elec-
trical method of locating the apical foramen. Suzuki’s (10) discovery that electrical
resistances between the periodontal ligament and oral mucosa registered constant
values of 6.5 kU led to the development of the first EAL (Sunada) (11). The accuracy
of EALs was poor because of the influence of fluids or pulp tissue in the canal. Advances
in EAL technology have led to the development of EALs that make accurate readings in
the presence of electrolytes. Manufacturers suggest that canals be moist rather than dry
if more accurate WL readings are to be achieved. Özsezer et al (12) found that the WL
measurements with the Propex (Dentsply-Maillefer, Ballaigues, Switzerland) weremore
accurate after extirpation of the pulp than after the use of irrigation solutions, among
which the accuracy of WL determination was highest with chlorhexidine gluconate fol-
lowed by sodium hypochlorite and saline. Endex (Osada Electric Co, Tokyo, Japan) was
created in 1984 by Yamaoka based on studies by Ushyama (13). It is based on the differ-
ence in impedance between two wavelengths (1 and 5 kHz). The Endex canmeasureWL
more precisely in wet root canals (14) than in dry root canals (15). Moreover, Endex
must be calibrated for each canal. Many studies (16–18) have shown precision
measurements �0.5 mm from the WL in 59%, 100%, and 68% of the specimens
treated. Advances in technology have led to the development of EALs such as the
Root ZX (J. Morita Co, Tustin, CA) that determine the minor diameter position using
the ‘‘ratio method,’’ which allows for the simultaneous measurement of impedance
at two frequencies; a quotient of impedance is then calculated and expressed as
a position of the file in the canal. The Root ZX works in the presence of electrolytes
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and nonelectrolytes and requires no calibration (19). In vivo studies have
shown the Root ZX to be accurate in locating the minor diameter to within
1 mm (20–23). Recently, a new EAL, the ProPex II, has been developed
(Dentsply-Maillefer). It measures with multisignal frequencies the energy
of the signal, not the amplitude as for all EALs.

The purpose of this study was three-fold: (1) to compare the accu-
racy of Endex, Root ZX, and ProPex II in detecting the apical foramen ex
vivo under clinical conditions; (2) to compare the accuracy of digital
radiography and EALs in determining the WL, with visible control under
a microscope; and (3) to compare the precision of #10, #15, and #20
K-files in electronic measurements.

Materials and Methods
We selected 101 periodontally involved human teeth extracted

from 35- to 60-year-old patients, with the approval of the Ethics in
Research Committee of the Centre of Health Sciences of the University
of Rome ‘‘Tor Vergata.’’ After being cleaned, each root was carefully
examined by stereomicroscopy (Universal-300; Moeller-Wedel, Wedel,
Germany) at 20� magnification for the detection of the presence of
external cracks, wide-open apices, or apices undergoing resorption,
which might alter the accuracy of the WL measurements. The teeth
were devoid of caries, endodontic treatments, or restorations. After
extraction, teeth were stored in 2% thymol solution at room tempera-
ture and used within 1 week. Each crown was sectioned at midlevel
by means of a crosscut carbide bur (Dentsply-Maillefer) in a high-
speed handpiece with water spray to produce a flat surface for the
precise location of the rubber stop. Endodontic access to the pulp
chamber was gained with a round diamond-coated bur (Dentsply-Mail-
lefer). Pulp canal debris was removed from the coronal third of the
canal with a #4 Gates-Glidden bur. After each canal was identified, three
different K-files (#06, #08, and #10; Dentsply-Maillefer) were passed
through the apex to verify canal patency. Excess fluid was removed
from the pulp chamber, but no attempt was made to dry the canal.
The specimens were placed in a tooth holder, which is part of an
endodontic training kit (Pro-Train; Simit Dental, Mantova, Italy)
(Fig. 1). The conducting medium was an ecoelectroconductive gel
(Farmacare Srl, Casale, Italy). The gel was poured into the box before
the specimen was inserted into the endodontic training kit. The spec-
imen was tightly held inside the tooth holder in the lid of the Pro-Train
to prevent displacement during measurements.

EAL Measurements
We used three different K-files (#10, #15, and #20) with a silicone

stop to make multiple electronically determined WL readings in each
Figure 1. Pro-Train and its components. (This figure is available in color on-
line at www.aae.org/joe/.)
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canal using the three EALs. Because three EALs were used with each
canal, we alternated the first EAL to be used in each successive canal.
After recording the WL with the first EAL, we withdrew the #10 file
and measured with a digital caliper (Mitutoyo 571-202-20; Mitutoyo
Italiana SRL, Linate, Italy), which was recorded to the nearest 0.5
mm. After recording the WL, we reinserted the same file to determine
the WL using the second and third EALs and measuring in the same
manner. The same procedure was repeated for each specimen with
the K-files #15 and #20. For each specimen, we obtained nine electronic
measures (three for each K-file). To reduce variables, only one cali-
brated operator carried out the electronic readings with endpoints indi-
cated. For the Endex, the file was advanced until the analog numeric bar
read 0.0 within the red interval. For the Root ZX, the file was advanced
until the liquid crystal display indicated the flashing word ‘‘APEX.’’ For
the ProPex II, the file was advanced until the liquid crystal display indi-
cated the flashing word ‘‘APEX’’ and ‘‘0.0,’’ indicating the location of the
foramen (according to the manufacturer’s instructions).

Digital Radiography Measurements
We used average electronic measurements to take radiographs.

We used the K-file that showed the mean of measurements closest to
the average of the nine electronic measurements taken for each spec-
imen. If the three files showed the same electronic measurement
mean, we used the largest. We made radiographic measurements
with a 0� inclination in both the mesiodistal and buccolingual planes
using the Pro-Train radio videography sensor holders and a custom
base where Pro-Train, an RVG sensor (DSX Digital Sensor; Anthos Im-
pianti SRL, Imola, Italy), a radiographic tube (Evolution X 3000; New
Life Technology SRL, Grugliasco, Italy), and specimens were firmly
blocked and collimated (Fig. 2). The distance from the end of the
file and the radiographic apex was measured (Image Easy Managing,
Anthos Impianti SRL) and recorded. A consensus in the measurements
was always reached among three investigators after examining 20 spec-
imens jointly for calibration purposes. Intra- and interexaminer reli-
ability for RVG assessment was verified by the Kappa test.

Actual WL Measurements
After the RVG analysis, we removed the specimen from the socket

of the Pro-Train, ensuring that it had not been displaced during the elec-
tronic and RVG measurements. We measured the root length (actual
Figure 2. Experimental apparatus during radiographic measurements. (This
figure is available in color online at www.aae.org/joe/.)
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TABLE 1. Statistical Analysis on the Accuracy of EALs and the Actual Working Length (mm)

Mean Standard Deviation Minimum Maximum t Value Pr >[t]

ENDEX (n = 101) 0.23 0.34 �0.5* 1 7.03 p < 0.001
ROOT ZX (n = 98) 0.50 0.42 �0.17* 1.67 11.88 p < 0.001
PROPEX II (n = 101) 0.27 0.37 �0.67* 1.5 7.49 p < 0.001

EAL, electronic apex locator.

*Negative values indicate that the K-file’s tip is inside the root canal.

Basic Research—Technology
WL) using the same K-file used for the RVGmeasurement. Using amicro-
scope at 5� magnification (Carl Zeiss GmbH, Oberkochen, Germany),
we inserted the K-file with a silicone stop into the root until its tip was
observed at the level of the most coronal border of the apical foramen.
When the file tip was observed at the apical foramen, the stop was stabi-
lized at the coronal edge of the tooth, the file was removed, and the
distance between the stop and the file tip was measured with a digital
caliper. Blind evaluation was performed independently by three
observers after examining 20 specimens jointly for calibration
purposes. Intra- and interexaminer reliability for actual WL assessment
was verified by the Kappa test. We recorded a mean value of actual WL
measurements for each tooth and subjected it to statistical analysis by
the paired t test to compare the numbers of teeth with precise measure-
ments for each apex locator. We also used the paired t test to compare
the measurements of the apex locators for each tooth because the same
teeth were used. We used the same statistical analysis to determine the
accuracy of the radiographic method and to compare the accuracy of
the 3 K-files.

Results
Kappa test results, with a significance set at 0.5, showed good

intra- and interexaminer agreement, with values ranging from 0.90
and above for the different groups. EAL accuracy values are shown in
Table 1. Endex and ProPex II weremore accurate than Root ZX in deter-
mining the WL. The mean differences between EAL WL measurements
and actual WL (Endex, Root ZX, and ProPex II) were 0.23 mm, 0.50
mm, and 0.27 mm, respectively. The apical foramen (�0.5 mm) was
determined in 84.1%, 62.4%, and 82.2% of the specimens for Endex,
Root ZX, and ProPex II, respectively. All EALs showed the following
significant tendency toward overestimation: 15.9%, 37.6%, and
17.8%, respectively, for Endex, Root ZX, and ProPex II. No measures
were underestimated. The radiographic position of the file’s tip was
consistent with the apical foramen in 44.5% and 51.5% of the speci-
mens in the buccolingual and mesiodistal planes, respectively, with
a significant tendency toward underestimation. The mean distances
between the file tip and the radiographic apex were 0.02 mm
(�0.42) and 0.05 mm (�0.39), respectively, for the buccolingual
and the mesiodistal planes (Table 2). No electronic measurements
were influenced by the three different instrument sizes of hand files.
TABLE 2. Statistical Analysis on the Accuracy of EALs and RVG System Measureme

Buccolingual Plane Mean Standard Deviation

ENDEX (n = 99) 17.27 2.24
ROOT ZX (n = 96) 17.40 2.25
PROPEX II (n = 99) 17.25 2.29

Mesiodistal Plane Mean Standard Deviation

ENDEX (n = 101) 17.19 2.20
ROOT ZX (n = 98) 17.36 2.20
PROPEX II (n = 101) 17.22 2.26

EAL, electronic apex locator; RVG, radio videography.
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Statistical Analysis
We used a paired sample t test to compare the results and deter-

mined a significant difference at a 99.9% confidence level. The analysis
was performed with the SAS System (SAS Institute SRL, Milan, Italy).
Statistical analysis showed a significant difference between Root ZX
(p < 0.001) and both ProPex II and Endex measurements. There
was no statistically significant difference between ProPex II and Endex.
The t test showed no statistically significant difference between the
accuracy of the two radiographic planes examined. The t test showed
no significant difference between the three different sizes of K-files.

Discussion
Numerous studies have reported on the accuracy of EALs for deter-

mining the location of the minor diameter (21, 22, 24). EALs can
accurately determine the WL in 75.0% to 96.5% of the root canals
with mature apices (25–27). These studies differ in establishing the
reference point from which measurement accuracy is determined.
Some authors measured from the minor diameter (apical
constriction) (21, 22, 27–33), whereas others measured from the
major diameter or apical foramen (16, 23, 34). EALs have
traditionally afforded some latitude of acceptable error in locating the
apex (21, 25, 26, 30). As a result, different ranges have been used in
the evaluation of EAL accuracy. Diverse studies have usually
considered the electronic measurements for the minor constriction
to be between the 0.5-mm mark (16, 20, 21, 28–30, 32, 33, 35,
36), which is considered highly accurate (37), and the 1-mm mark
(24, 36, 38–40). One reason cited for accepting a 1.0-mm margin of
error is the wide range seen in the shape of the apical third (21,
41). Thus, this variation is clinically acceptable (21) because micro-
scopic studies revealed that this landmark might be positioned within
this range (2, 41, 42). Nevertheless, whatever the apical limit, the
measuring device used should be precise and reliable (ie, able to
locate the chosen limit and giving similar readings when used by
more than one operator [37]). The materials most often used are algi-
nate (28, 31, 32, 35, 40), agar (36, 43), saline solution (24, 27), and
gelatin (44). The validity of measurements made with in vitro models
(ie, the extent to which they depict the clinical accuracy of EALs) is
unknown (36). However, they are able to reproduce the clinical condi-
tion of EAL use and facilitate the objective examination of several
nts (mm)

Minimum Maximum t Value Pr > [t]

12.1 21.6 76.48 p < 0.001
12.1 22.07 75.78 p < 0.001
12.1 21.6 74.89 p < 0.001

Minimum Maximum t Value Pr > [t]

12.1 21.5 78.32 p < 0.001
12.1 22.07 77.99 p < 0.001
12.1 21.5 76.57 p < 0.001
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TABLE 3. Resistance Values (kU) of Alginate Mixed with Deionized Water or
Tap Water and the Ecoelectroconductive Gel

T = 0 min T = 1 min T = 5 min

Alginate with
deionized water

20 KU 415 KU 1035 KU

Alginate with tap
water

15 KU 220 KU 843 KU

Gel 255 KU 255 KU 255 KU
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variables that is not practical in in vivo studies (36, 43). It has been
suggested that EALs operate on the principle of electricity rather than
the biological properties of the tissues involved (45). Therefore, models
in which extracted teeth are immersed in media with electrical resis-
tance similar to that of the periodontal tissue can give precise and reli-
able information on their function (43). In the current study, an
ecoelectroconductive gel was used as a medium because of its suitable
electroconductive property. The resistance of alginate mixed with de-
ionized water or tap water and the ecoelectroconductive gel was tested
(Table 3). Results showed that gel was stable with time and not influ-
enced by room temperature and humidity compared with both alginate
mixtures. In fact, 5 minutes from the end of mixing, alginate resistivity
was increased 10-fold compared with the first minute after mixing and
five-fold higher than gel. ProTrain and gel poured into a dedicated box
constitute an effective tool for the evaluation of EALs and familiarize the
operator with electronic root canal length measurement because of its
high degree of stability, low cost, and simplicity of execution. Further-
more, the roots clamped by the ProTrain holder are sufficiently strongly
held to resist the force exerted by experimental procedures. It also
allows for the roots to be hidden, making it possible for measurements
to be made objectively with minimum bias. We did not use NaOCl
throughout the study to avoid denaturing root dentin during repeated
measurements on the same specimens; therefore, we used NaOCl
initially to help eliminate root canal debris but not thereafter. In the
current study, to reduce variables according to the operator’s manual,
only one calibrated operator carried out the electronic readings, which
was essential to obtaining precise and consistent results. In this study,
the mean distance beyond the minor diameter was 0.3 mm, with a range
of �0.5 mm to 1 mm. Different ex vivo methods have been used to
investigate the accuracy of EALs. One is shaving the apical portion of
the root along the long axis of the tooth in a plane determined to
show the best representation of the minor diameter in relation to the
file. If the apical portion is not shaved, the relationship between the
file tip and the constriction cannot be established. In the current study,
this method was not used because the choice of the ‘‘APEX’’ mark on the
display led to the use of the apical foramen as a landmark, rendering the
shaving of the apical portion of the root unnecessary. To compare EAL
accuracy, we also used radiographic analysis. A problem with radio-
graphic comparisons in vivo is that the anatomic foramen can be
located anywhere from 0.0 to 3.0 mm from the radiographic apex
(2). Pineda and Kuttler (46) reported the foramen to be located
away from the anatomic apex in 83% of teeth examined. Because condi-
tions similar to those in the clinic would not be as ideal because of
magnification errors and overestimation of canal length, in this study
28.5% of the teeth appearing radiographically acceptable actually had
the file tip beyond the foramen. The results of this study are in agree-
ment with those of previous studies in which 15 of the 22 files
(68.2%) that appeared on buccolingual projection to be at or short
of the radiographic apex actually had the file tip beyond the desired
WL. These results are in agreement with those of other studies (20).
In vitro, EALs were 10% to 40% more accurate than radiographs in
2006 Cianconi et al.
locating the minor diameter (5, 18). Also of interest was the relative
size of the file compared with the diameter of the apical endpoint.
Manufacturers of EALs recommend using the largest file that registers
a WL reading. Briseño-Marroquin et al (47) studied the accuracy of
four different EALs with three different instrument sizes of hand files.
They found that sizes #08, #10, and #15 had no influence on the accu-
racy of WL determination in agreement with our results. In vitro studies
have shown the Root ZX to be 62.7% to 68% accurate to within 0.5 mm
and 90% to 97.5% accurate to within 1 mm of the minor diameter (18,
24, 48). The accuracy of the Endex, ProPex II, and Root ZX in locating
the apical foramen within 0.5 mm was 86.1%, 83.2%, and 65.3%,
respectively, with mean distances of 0.31, 0.45, and 0.57 mm,
respectively, past the minor diameter. Siu et al (49) showed in an
in vitro study that the mean distance to theminor diameter was between
0.16 and 0.22 mm. Lucena-Martin et al (35), testing the in vitro accu-
racy of 3 EALs in vitro, showed that in 5% of the canals the measure-
ments surpassed the apical foramen. These results are in agreement
with those of the present study in which the file tip was beyond the apical
foramen in 51.4% of the canals when the ‘‘APEX’’ mark on the dial was
used. This fact must be seriously considered because in clinical condi-
tions, in contrast to in vitro studies, a greater variation in measure-
ments is expected because the favorable circumstances for precise
measurements are not available (39), and, consequently, an overesti-
mated WL could lead to a poor prognosis (50). These findings raise
the question of whether the WL should be established at the point where
the EAL indicates the apical foramen or at some distance coronal to that
point (33). Mayeda et al (51) suggest that ‘‘each operator should corre-
late his own radiographic and clinical findings with the analog dial read-
ings on the instrument to determine exactly where on the dial the
operator wants to call his apex.’’ In this way, some authors have
proposed withdrawing the instrument 0.5 or 1 mm when using the
Root ZX with the display meter setting at ‘‘0.5’’ to ensure that the file
tip does not protrude beyond the apical constriction, avoiding root
canal overpreparation (23, 30).
Conclusions
Based on the results of the present study, to prevent overestimation

of the root canal length using the three different EALs tested, 1 mm
should be subtracted from the measurement on the ‘‘APEX’’ mark.
EALs have shown to be more precise than digital radiography in detect-
ing the apical foramen. Electronic measurements were not influenced
by instrument sizes of hand files.
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