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Abstract Background/purpose: The purpose of this study was to assess the accuracy of the
minor apical diameter, as measured by the Root ZX II, Raypex 5, Propex, and ATR EndoPlus
electronic apex locators (EALs).
Materials and methods: We selected 40 extracted maxillary incisors and used the locator
instruments to measure the distance from the coronal reference point to the file tip at the
major diameter. We termed this the reference canal length (RCL). Files were stabilized in posi-
tion with a flowable composite. We then shaved 4 mm from the apical region and took photo-
graphs of the canal termination at 64% magnification to visualize the minor diameter. The
minor diameter length (MDL) was then calculated.
Results: Measurements with Raypex 5 (15.22 � 1.79 mm), Root ZX II (15.24 � 1.73 mm), Propex
(15.22 � 1.76 mm) and ATR EndoPlus (15.27 � 1.78 mm) were significantly smaller than the
MDL (15.43 � 1.75 mm) (P < 0.05). When measurements were evaluated to within
�0.5 mm, the MDL determination was 82.5% acceptable for the Root ZX II and the ATR Endo-
Plus, and was 85% acceptable for the Raypex 5 and the Propex.
Conclusion: The accuracy of these instruments for detecting the minor diameter is acceptable
for clinical practice.
Copyright ª 2012, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.
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Table 1 The display conditions on the EAL screens for the
position of the major foramen.

Device Display

Raypex 5 Middle of the yellow bars

Root ZX II “0.0’’ reading

Propex “0.0’’ reading

ATR EndoPlus “A’’ reading
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Introduction

Determining an appropriate working length is a critical part
of successful root canal treatment. Canals are ideally
prepared and filled to the apical constriction, which is the
narrowest part of the root canal and has the smallest
diameter of blood supply and best healing potential.1 From
this point, the canal widens as it exits the root at the apical
foramen (i.e., the major apical diameter), which is within
the cementum. Microscopy shows that the distance from
the minor diameter to the major diameter is within a range
of 0.5e1.0 mm.2

A working length extended beyond the minor diameter
may cause periapical inflammation and overfilling of the
root canal system, with the likelihood of postoperative pain
and delayed healing. By contrast, a working length that is
too short may result in inadequate debridement and
underfilling of the root canal. Retained infected tissue may
cause postoperative pain and inadequate healing.3

The minor diameter cannot be accurately detected
radiographically.4 In a radiographic study, Olson et al5

found that, when placing files in extracted teeth, only
82% appeared to be at the apical foramen.5 Radiographs
also provide a two-dimensional image of a three-
dimensional structure and are technique sensitive in
exposure and interpretation.6 Electronic apex locators
were designed in part to overcome the drawbacks of radi-
ographs.7e10 Studies have assessed the accuracy of elec-
tronic apex locators in vivo.11e14

Krajczar et al compared the accuracy of using an EAL
versus using the conventional radiographic method to
determine the working length; they reported that
measurement by EAL was more accurate.10 The combined
use of radiography and EAL is recommended during root
canal preparation; however, limited information is avail-
able about their accuracy for determining the minor
diameter and radiographic working length.13 The purpose of
this study was to assess the accuracy of four EALs for
detecting the minor diameter through an ex vivo experi-
ment using the Root ZX II (J. Morita, Irvine, CA, USA),
Raypex 5 (VDW, Munich, Germany), Propex (Dentsply Mail-
lefer, Ballaigues, Switzerland) and ATR EndoPlus (ATR,
Pistoia, Italy).

Materials and methods

We obtained ethical approval to use 40 extracted maxillary
incisors from an existing collection. Digital radiographs
were taken from the buccolingual and mesiodistal direc-
tions using radiovisiography (Dentaline Dentaray RVG,
Istanbul, Turkey) with exposures of 50 kV, 9 mA, for 0.1 s.
Roots with resorption, fractures, open apices or invisible
canals were excluded. The teeth were stored in 5.25%
sodium hypochlorite solution for 2 hours to remove peri-
odontal material. They were then decoronated at the
cemento-enamel junction to provide a flat horizontal
surface for measurements.

A size 15 K-file (Mani Inc, Tochigi, Japan) with a silicone
stop was inserted until its tip was visible at the major
foramen using a dental operating microscope at 5�
magnification (Global, St. Louis, MO, USA). The stop was
adjusted to contact the flat coronal root surface and the
file was then removed. We measured the distance from file
tip to the stop with callipers (at 5� magnification) to the
nearest 0.5 mm. This distance was defined as the reference
canal length (RCL). We then embedded the middle third of
each root in acrylic (Panacrylic, Inci Dental, Istanbul,
Turkey) and covered its apical third with alginate (Cavex,
Haarlem, The Netherlands).15 The canals were irrigated
with 2.5% sodium hypochlorite.

We made measurements with four EALs. The first
measurement was defined as EAL1. From EAL1, we sub-
tracted 0.5 mm. This distance was labeled EAL2 and was
the possible minor diameter length (MDL) for the EAL. The
instruments were used in accordance with the manufac-
turers’ instructions and within 2 hours16 (Table 1).

After the EAL recordings, files were reintroduced to the
RCL and fixed in position with flowable composite (Prime-
Dent Light Cure Flowable Composite, Chicago, IL, USA). We
microscopically determined the minor diameter. The apical
4 mm of the canals were longitudinally shaved away with
diamond burs until the outline of the canal was visible
under a microscope at 64� magnification (Leica Imaging
Systems Ltd, Cambridge, England). A digital photograph
was taken (Fig. 1).

On the images of each apex, two investigators deter-
mined the minor diameter, the major foramen, and the file
tip; the investigators worked together to reach
a consensus. We then measured the distance from the
minor diameter to the file tip with a computer-based
system (Leica Interactive Measurements Dialog, Cam-
bridge, England). This distance was subtracted from the
RCL and was defined as the MDL. We then compared EAL2



Figure 1 A stereomicroscopic view of 4 mm of the root apex.
The file tip is at the major foramen. The letter “C” denotes the
cementum and the letter “D” denotes the dentine.
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measurement with the MDL. Data were analyzed using the
SPSS 11.5 program (SPSS Inc, Chicago, IL). We compared the
results of the four apex locators and the MDL and RCL for
each tooth by using a paired t-test. A P value �0.05 was
accepted as statistically significant.
Results

Raypex 5 measurements of EAL2 (15.22 � 1.79 mm), Root
ZX II (15.24 � 1.73 mm), Propex (15.22 � 1.76 mm), and
ATR EndoPlus (15.27 � 1.78 mm) were significantly less
than the MDL (15.43 � 1.75), as evaluated by microscopy
(P Z 0.001, P Z 0.002, P Z 0.001, and P Z 0.013,
respectively) (Table 2). As we predicted, there was
a significant difference between the RCL (15.75 � 1.74 mm)
Table 2 Root length measurements, based on EALs and
microscopic measurements.

Devices EAL1 (mm) EAL2 (mm)

Mean � SD Mean � SD

Raypex 5 15.72 � 1.79 15.22 � 1.79
Root ZX II 15.74 � 1.73 15.24 � 1.73
Propex 15.72 � 1.76 15.22 � 1.76
ATR EndoPlus 15.77 � 1.78 15.27 � 1.78

Microscope measurements
Reference canal lengtha,b 15.75 � 1.74 d

Minor diameter length* d 15.43 � 1.75

EAL Z electronic apex locator; MDL Z minor diameter length;
RCL Z reference canal length; SD Z standard deviation.
*MDL-Raypex EAL2, P Z 0.001; MDL-Root ZX II EAL2, P Z 0.002;
MDL-Propex EAL2, P Z 0.001; MDL-ATR EndoPlus EAL2,
P Z 0.013.
a RCL-Raypex EAL1, P Z 0.226; RCL-Root ZX II EAL1,

P Z 0.401; RCL-Propex EAL1, P Z 0.160; RCL-ATR EndoPlus
EAL1, P Z 0.160.
b RCL-MDL*, P Z 0.000.
and the MDL (P Z 0.000) (Table 2). When we evaluated
measurements within �0.5 mm, we found the MDL
measurement was 82.5% accurate for the Root ZX II and ATR
EndoPlus, and 85% for Raypex 5 and Propex, according to
EAL2. Raypex 5 measurements of EAL1 (15.72 � 1.79 mm),
Root ZX II (15.74 � 1.73 mm), Propex (15.72 � 1.76 mm),
and ATR EndoPlus (15.77 � 1.78 mm) were almost the same
as the measurements for the RCL (P Z 0.226, P Z 0.401,
P Z 0.160, and P Z 0.160, respectively) (Table 2).
Discussion

Studies of the accuracy of EALs differ in determining the
apical termination position. Some authors measure to the
minor diameter,11,17 but other authors measure to the
major foramen.16,18e21 In our study, we aimed to deter-
mine the major and the minor diameters. For the devices
in this study, there were no significant differences
between the RCL and the measurements of EAL1.
However, there were significant differences between the
MDL and the EAL2 measurements for all devices. All EALs
can determine the RCL, but EALs cannot measure the MDL.
However, these differences are not significant in clinical
applications.

The aim of root canal treatment is to shape and fill the
canal to its minor diameter. A study by Plotino et al.17

calculated the accuracy of electronic measurements as
100% for Propex and 97.37% for Root ZX (within �0.5 mm),
using 4.5� magnification. The apical constriction was their
landmark. Wrbas et al.11 report that the Root ZX located
the minor diameter with 75% reliability and the Raypex 5
located the minor diameter 80% of the time (within
�0.5 mm) under 36� magnification in vivo. Other studies
investigating the reliability of EALs found the Root ZX II was
97.44% accurate within �0.5 mm18 and the Root ZX was 84%
accurate.13 In our study, the Root ZX II was able to detect
the minor diameter within �0.5 mm with an 82.5% degree
of accuracy. The Raypex 5 and Propex reached an 85% level
of accuracy. These percentages are considered acceptable
for clinical practice and are in accordance with findings
from previous studies; however, significant differences
were observed between the measurements of the EAL2 and
MDL. Measurements within the �0.5-mm limit were
acceptable in clinical practice.

According to anatomical studies the minor diameter is
located 0.5e1 mm short of the major foramen.2 Investiga-
tors have therefore subtracted 0.5 mm from the measure-
ment at the major foramen and used this for their EAL
studies. They define this measurement as the actual canal
length.11,17e19,22e25 However, this distance may vary
because of anatomical or pathological variation. We used
maxillary incisors with straight and wide canals in our study
to reduce problems presented by more complicated canal
anatomy and, to simulate periapical conditions, we
immersed the apices in alginate when taking the electronic
measurements.15,26

The presence of electrolytes, differences in canal
diameter, technical differences between microscopes, and
variation among EALs are important factors in this type of
research.18,19,22e25,27 Fan et al found that electrolytes in
glass tubules and an increase of tubule diameter could
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decrease the accuracy of apex locators.23 In that study, the
Root ZX was 91.7% accurate and Propex in dry tubules was
100% accurate. The accuracy of Propex decreased with
large glass tubule diameters and in the presence of elec-
trolytes, whereas the Root ZX remained accurate. Venturi
and Breschi reported that the diameter of the apices
affected the accuracy of EALs and that the Root ZX could be
inaccurate or unstable in a low conductive situation.19

Measurements with electronic apex locators may be
inaccurate in the presence of a wide apical foramen and
a small size file.24,28 Herrera et al found that the Root ZX
measurements were more accurate when the foramen was
0.25 mm than when the foramen was between 0.45 and
0.70 mm.24 For this reason, we used in our study teeth with
a small diameter in which 15 files could pass through the
foramen for standardization.

Our study used a 2.5% sodium hypochlorite solution to
simulate clinical conditions. There is agreement in the
literature that irrigating solutions have little influence on
the accuracy of modern EALs.22,23,27 Ozsezer et al evalu-
ated the performance of the Propex in different irrigation
solutions in vivo by using 2.5% NaOCl, 0.9% NaCl, and 0.2%
chlorhexidine gluconate solutions.12 They reported that the
chlorhexidine group gave the most accurate results and
saline gave the worst.

Within the limits of this study, all four electronic apex
locatorsdthe Root ZX II, Raypex 5, Propex, and ATR
EndoPlusdwere able to determine the minor diameter
within �0.5 mm with at least 82.5% accuracy. All four EALs
are therefore likely to provide clinically acceptable
measurements. The ATR EndoPlus is moreover a new
instrument that has yet to be described in the literature.
Our accuracy data (82.5% at �0.5 mm) presents new
information and suggests that it is a valuable clinical
device.
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