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ORIGINAL ARTICLE

Effects of different irrigation solutions on the
accuracy of electronic apex locators in curved
and straight root canals

ABSTRACT Dide Tekinarslan
Damla Erkal
Aim: To evaluate the effects of different irrigation solutions on the accuracy of Burcu Pehlivan
4 different electronic apex locators (Propex I, Propex-Pixi, Dentaport ZX, DTE .
Dpex V) (EALs) in curved and straight root canals. Elif Unal
Methods: A total of 20 extracted human teeth; 10 maxillary incisors with straight Goknur Kayar
root canals and 10 mandibular molars with curved root canals, of which the
curvature angles were between 30-50 degrees were selected. A #10 K-type file Simay Koc*
was advanced under a stereomicroscope at X15 maghnification until the file was Kiirgat Er
seen apically and the measured value was recorded as actual length (AL). Then,
electronic length (EL) was determined using the selected EALs in different irri- 1Department of Endodontics, Faculty of Dentistry,
gation solutions. Group 1 was the control group. 1% NaOCl, 2.5% NaOCl, 5% Akdeniz University, Konyaalti, Antalya, Turkey.

NaOCl, 2% CHX, 17% EDTA and EDTA gel was used for groups 2-7, respectively.
After each measurement, the roots were washed with 5 mL of distilled water
and dried with a paper point before the same teeth were used in the next group.
The difference was calculated by subtracting each tooth’s AL from EL.
Results: When EALs accuracy was compared, there was a significant difference
for Propex-Pixi and DTE Dpex V. When EALS’ accuracy was compared in presence
of different irrigation solutions, there was a significant difference in the Control
group and Group 5.

Conclusions: All EALs performed more successfully in straight canals than in
curved canals. Electronic measurements of molars with curved root canals were
affected in the presence of CHX and when the root canals were dry.
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Introduction

he establishment of correct
working length (WL) has a
critical role and can affect the
success of root canal treatment
(RCT). Appropriate shaping,
disinfection, and filling of root canal could
not complete without an accurate WL (1).
Cemento-dentinal junction (CDJ) is a his-
tologic landmark that determines where
the pulp tissue ends and periodontal tissue
begins (1). However, studies showed that
most of the time CDJ and apical foramen
are not at the same location (2, 3). The lo-
cation of CDJ is accepted as 0.5-0.75 mm
coronally to the apical foramen (4).
All the pulp tissue, necrotic materials, and
microorganisms should be removed from
entire root canal surfaces (4). Preparation
and filling of root canal system at shorter
than CDJ can increase undisinfected bac-
terial area causing failure of RCT. On the
other hand, over-instrumentation beyond
the WL damages apical constriction, mak-
ing filling of the root canal system difficult
jeopardize the apical seal (1).
While determining the WL operator can
use radiographic methods, tactile sensa-
tion, and electronic apex locators (EALS)
(5). Manual tactile sensation depends on
the operator’s skills, age of the patient and
teeth type (6). The radiographic apex can
be seen on the radiograph and identifies
as anatomical end of the root (7). The dis-
tance between anatomical apex and radi-
ographic apex distance can vary due to
secondary dentin deposition. Disadvan-
tages of using radiographs for determining
WL are difficulty to set proper projection,
radiation exposure and lack of possibility
to reflect correct length of root. Both these
methods are not objective and highly re-
peatable (8). For these purposes EALs, that
use the resistance of electronic current
passing, designed many years ago (9).
In the world of modern endodontics, EALs
consider as valuable additions to determine
WL (5). The development of EALs has
helped to obtain more accurate WL and
this method is highly predictable when
combined with radiographs (10).
In 1918, Cluster suggested that the root
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canal length can be assess by using elec-
trical conductance (11). In 1942, Suzuki
reported a device that can measure elec-
trical resistance between oral mucosa and
periodontal ligaments (12). He discovered
electrical resistance between file in the
root canal and electrode positioned on the
oral mucosa recorded a consist value of 6.5
kQ. Later on, Sunada performed extensive
experiments on patients and discovered
that the electrical resistance between
mucous membrane and periodontium was
stable regardless of patients age, shape, or
type of teeth (9).

First generation EALSs, use resistance meth-
od for determining WL. Initially alternat-
ing current was 150 Hz sine wave and
patients often felt pain due to this high
current (7). Second generation EALs iden-
tify as single frequency impedance, that
use impedance measurements instead of
resistance. However, the impedance de-
pends on vary factors and their biggest
disadvantage was the need of constant
calibration between each root (13). Third
generation EALs use multiple frequency
impedance different than second genera-
tion, it measures the impedance difference
between 2 frequencies (7). Fourth genera-
tion EALs use multiple frequencies (2-5
frequencies), utilize resistance and capac-
itance measurements at the same time and
allow more accurate measurement of WL
different than third generation (14).
Propex II, and Propex-Pixi are the fifth
generation EALs, Dentaport ZX is a third
generation EAL, and Dpex V is a sixth
generation EAL, all of which were used in
this study. Propex Il measures the capac-
itance and resistance seperately, Propex
Pixi measures the square root of the im-
pedances, Dentaport ZX uses two different
frequencies simultaneously and calculate
the ratio of impedance and DTE Dpex V
has multi-frequency apical position tech-
nology for accurate measurement.

In addition, irrigation solutions are essen-
tial for disinfecting the root canal system
(15). Usage of these solutions provide lu-
brication, debridement and dissolution of
tissues. However, presence of any kind of
electrolytes can affect determination of
WL of EALSs (16). In particular, presence of
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electroconductive solutions such as sodi-
um hypochloride (NaOCl) reduces im-
padence, resulted in determining shorter
WL (17).

Although there are limited studies in the
literature showing the accuracy of EALs
in teeth with curved roots, no study has
been found investigating the comparison
of the accuracy of different EALs in deter-
mination of WL in straight and curved root
canal (10, 18).

The aim of this in vitro study was to eval-
uate the effects of different irrigation
solutions on the determination of WL using
with 4 different EALs (Propex II, Propex-
Pixi, Dentaport ZX, DTE Dpex V) in teeth
with straight and curved root canals were
evaluated. The null hypothesis tested was
that the irrigation solutions and canal
curvatures do not affect the accuracy of
different generation EAL measurements.

Materials and Methods

The Clinical Research Ethics Committee
of Akdeniz University, Turkey reviewed
and approved the study design with deci-
sion number KAEK-475. G*Power 3.1.9.7
program was used to the determine sample
size. When the minimum clinical signifi-
cant difference between success rate by
EALs for each solution is predict to be 30%,
the minimum number of samples to be
included in this study with a .05 alpha
value and 80% power is 41 for each EAL.
A total of 20 extracted human teeth; 10
maxillary incisors with straight root canals
and 10 mandibular molars (mesial roots)
with curved root canals, of which the
curvature angles were between 30-50 de-
grees were used.

After the teeth were examined under the
operating stereomicroscope (Zeiss Stemi,
CarlZeiss, Germany), teeth with cracks or
fracture lines, or RCT were excluded from
the study. Radiographs were taken in
buccolingual direction from the mandib-
ular molar teeth, and the angle of curvature
of the root canal was determined according
to the Schneider’s method (19). Teeth with
the curvature angles were between 30-50
degrees were selected.

Hard and soft tissue residues on the teeth

were cleaned with a scaler. During the
study to prevent the teeth from drying out,
the teeth were stored in saline solution.
The endodontic access cavities were pre-
pared in all teeth. After checking the
apical patency with the #8 K-file, the teeth
with the #10 K-file stuck apically were
selected. To create a stable and reliable
coronal reference point incisal edges and
cusps of included teeth were flattened.

Determination of Actual Length (AL)

#10 K-type file advanced under a stereom-
icroscope (Zeiss Stemi, CarlZeiss, Germa-
ny) at X15 magnification until it can be
seen apically. The rubber stopper was fixed
to the incisal edge at the first moment when
the file was seen apically, and then the
distance between the rubber stopper,
which was removed from the canal, and
the tip of the file, was measured with an
endometer. This process was repeated 3
times by the same operatér for each tooth
to prevent operator failures. The avarage
value were calculated and recorded as the
actual length (WL).

Determination of Electronic Length (EL)
Alginate was mixed according to the man-
ufacturer’s instruction. The lip clip of the
EALs remained in the alginate and the
teeth were embedded in the alginate mod-
el at the enamel-cement margin. Electron-
ic length (EL) was determined using 4
different EALs (Propex II, Propex- Pixi,
Dentaport ZX, DTE Dpex V).

The #10 K- file was advanced through the
canal until the signs of ‘Apex’ for Propex
1T (Dentsply, Ballaigues, Switzerland), 0.0’
for Propex Pixi (Dentsply, Ballaigues,
Switzerland), 0.0’ for Dentaport ZX (Mori-
ta, Kyoto, Japan) and ‘0.0’ for DTE Dpex V
(Woodpecker, Guangxi, China) were seen
on the screen of EALs.

After seeing these signs remained constant
for 5 sec on the screen of the devices, the
rubber stopper was fixed. Then the dis-
tance between the rubber stopper and file
tip was measured with an endometer and
the EL was recorded. This procedure was
repeated for 7 groups for different irriga-
tion solutions at different days. All meas-
urements were performed by a single op-
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erator by repeating 3 consecutive times for
each tooth.

The irrigation solutions were freshly pre-
pared and groups were divided according
to the irrigation solution to be used. Meas-
urements of ELs were obtained under dry
condition and after irrigation with 5 mL
of the solutions:

Group 1 (Control Group). In this group,
after each teeth were dried with pa-
per-points measurements of EL were re-
corded using 4 different EALs.

Group 2 (1% NaOCl). 5 mL of 1% NaOCl
was used as irrigation solution in this
group. EL measurements were recorded
for this group using the same electronic
measurement method.

Group 3 (2.5% NaOCl). 5 mL of 2.5% NaO-
Cl was used as irrigation solution in this
group. EL measurements were recorded
for this group using the same electronic
measurement method.

Group 4 (5% NaOCl). 5 mL of 5% NaOCl
was used as irrigation solution in this
group. EL measurements were recorded
for this group using the same electronic
measurement method.

Group 5 (2% CHX). 5 mL of 2% chlorhex-
idine (CHX) was used as irrigation solution
in this group. EL measurements were re-
corded for this group using the same
electronic measurement method.

Group 6 (17% EDTA solution). 5 mL of 17%
EDTA was used as irrigation solution in
this group. EL. measurements were record-
ed for this group using the same electron-
ic measurement method.

Group 7 (17% EDTA gel). 5 mL of 17%
EDTA gel was used as irrigation solution
in this group. EL measurements were re-
corded for this group using the same
electronic measurement method.

After each irrigation solution, the roots
were washed with 5 mL of distilled water
and dried with a paper point before using
the next solution.

Statistical Analysis

The difference was calculated by subtract-
ing the WL from the EL for each tooth.
Negative values (-) indicated a shorter re-
sponse than recorded value, and positive
values (+) indicated a more advanced re-
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sponse from recorded value. In the statis-
tical evaluation, it was investigated how
much the differences between recorded
value and EALs value and the obtained
WL deviated from the resorption area (*0
points) and whether this deviation was
significant. The accuracy of WL determi-
nation methods was compared within the
tolerance range of +0.5 mm. The possible
differences between the percentages of
acceptable measurements obtained by
EALSs was analysed by the chi-square test.
In order to control for type 1 error, Bonfer-
roni correction was used in pairwise
comparisons using standard statistical
software (SPSS 25.0). For all tests, the
significance level was set to 5%.

Results

In this study, 10 mandibular molars with
mesial root canal curvatures between 30-
50 degrees and 10 maxillary incisors with
straight root canals were evaluated with 4
different EALs. As shown in Table 1, a
total of 70 measurements were recorded
for 10 molars and 10 incisors in the pres-
ence of 7 different solutions. A significant
difference was found for Propex-Pixi and
DTE Dpex V. Propex-Pixi and DTE Dpex
V were more successful in straight root
canals than curved ones (P <0.05). There
was no significant difference for Propex II
and Dentaport ZX. Propex Il and Dentaport
ZX had more successful measurements in
straight root canals than curved ones, with
the success rate of 57.1% and 64.3%, re-
spectively.

When EALSs accuracy was compared in 40
measurements in presence of different
irrigation solutions, there was a significant
difference in the Control group and Group
5 (2% CHX) as is shown in Table 2. In these
groups, EALs were found significantly
more successful at incisors with straight
root canals than at molars with curved
canals (P <0.05). In other groups there was
no significant difference. For incisor teeth,
Group 7 (EDTA gel) had the most success-
ful results with a success rate of 77.5% and
Group 2 (1% NaOCl) had the lowest success
rate (55%). For molars, Group 7 (EDTA gel)
had the most successful results with a
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Table 1

Comparison of the accuracy of four different EALs in curved molar and straight incisors in £ 0.5 mm
tolerance range (with each device, 70 measurements were made for 10 molars and 10 incisors
in the presence of 7 different solutions)

Molar Incisor
EAL p-value
% n % n
Propex Il 41.4% 292 57.1% 402 0.063
Propex-Pixi 54.3% 382 74.3% 52¢r 0.014
Dentaport ZX 55.7% 392 64.3% 452 0.301
DTE Dpex V 48.6% 34° 70.0% 49° 0.010

*The lowercase letters indicate the difference between the molars and incisors for each EAL.

Table 2

Comparison of the accuracy of EALs in curved molar and straight incisors in £ 0.5 mm tolerance
range according to the presence of different irrigation solutions (in each group, 40 measurements were made for
10 molars and 10 incisors with 4 EALSs)

Molar Incisor
Group p-value
% n % n

Control 42.5% 172 67.5% 27° 0.025
1% NaOCl 42.5% 17 55.0% 222 0.263
2.5% NaOCl 57.5% 23° 62.5% 25° 0.648
5% NaOCl 52.5% 21° 57.5% 23° 0.653
2% CHX 37.5% 157 75.0% 30° 0.001
17% EDTA 52.5% 21° 70.0% 28° 0.108
EDTA gel 65.0% 26° 77.5% 31° 0.217

*The lowercase letters indicate the difference between the molars and incisors within each group.

success rate of 65% and Group 5 (2% CHX)
had the lowest success rate (37.5%).

Discussion

Apical constriction is generally a narrow-
est portion of the root canal system and
may vary widely in shape. CDJ, the point
where pulp tissue ends and periodontal
tissue begins, is the ideal point for working
length. However, CDJ and apical constric-
tion could not always coincide. Therefore

operators use various methods to obtain
an accurate working length such as tactile
sense, radiographic methods, or EALs (5).
For this reason to evaluate the accuracy of
EALs, the + 0.5 mm tolerance range was
accepted. This tolerance range is consid-
ered highly accurate and clinically accept-
able by previous studies (20-23).
Materials used for the embedding of ex-
tracted human teeth should have similar
electroconductive and colloidal consist-
ency as the periodontal ligament.
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Many studies used agar-agar, gelatin, algi-
nate, or saline solution for in vitro EAL
studies (16, 18, 34). Alginate models have
favored materials because of their firm
consistency that prevents intrusion of ma-
terial, good electroconductive property,
inexpensive and easy preparation. Also, the
stiffness of alginate prevents fluid movement
inside to canal that can cause premature
electronic readings (18). Due to these advan-
tages, alginate mold was used in this study
to mimic as much as possible the periodon-
tal tissue.

Irrigation solutions take an important role
in RCT. However, there are still concerns
that solutions may affect EALs accuracy (5,
24-29). NaOCl is the most popular and uni-
versally accepted irrigation solution with
the capacity for disinfection and dissolution
of organic tissue. NaOCl is commonly used
in concentrations between 0.5% and 6%
(30). On the other hand, CHX is generally
used to disinfect the root canals and is
commonly used in 0.2-2% concentrations
and 17% EDTA is used as a chelator to re-
move the smear in routine RCT (31). There-
fore, the most commonly used irrigation
solutions were preferred in this study.
Khattak et al. (24) have reported CHX has a
lesser effect than NaOCl on ProPex II. Oz-
sezer et al. (5) showed that in the presence
of CHX solution, closer measurements to
AL were obtained with ProPex II than in
the presence of NaOCL. In another in vitro
study by Jain et al. (26) evaluated the effica-
cy of Root ZX and Propex I in the presence
of 1% NaOCl and 2% CHX, CHX had more
successful measurements. Also, Khursheed
et al. (25) obtained the best results in pres-
ence of CHX. In this study, successful
measurements were obtained with the
presence of CHX solution for incisors with
straight root canals as well. However, the
lowest success rate was obtained in Group
5 for molar teeth with curved root canals.
This inconsistency may be explained by
anatomical variation of molars.

In the presence of NaOCl solution, regardless
of the concentration of the solution, WL
measurements were the least successful. A
possible explanation of these short meas-
urements could be the high electroconduc-
tive property of NaOCl (27). Previous studies

Giornale Italiano di Endodonzia June 2023, 37(1)

showed that solutions with high electrocon-
ductive properties reduce the impedance of
EALs and cause a decrease in WL whereas
low electroconductive solutions are caused
by over-instrumentation (32, 33). Altunbag
et al. (34) have been reported similar results
that the percentage of accurate results was
found decreased in the presence of NaOCl
solution. Kobayashi et al. (35), and Fan et al.
(16) reported that high electroconductive
solutions such as NaOCl can cause short
measurements. On the other hand, previous
in vitro studies (24, 29) indicated that the
accuracy of EALs was not influenced by the
concentration of NaOCl which is consistent
with the results in this study.

Oliveira et al. (36) tested 5 different EALSs
including Propex-Pixi and ProPex II and
indicated that the best results were obtained
when the file reached to apical foramen
without passing beyond this point. There-
fore, the EL measurement was recorded at
the point where the signal to reach the
apical foramen was seen on the screen of
EALs.

Somma et al. (37) compared the accuracy
of Dentaport ZX, Raypex 5, and ProPex II
and reported that there was no significant
difference among EALs. This result for
Dentaport ZX and ProPex II was in accord-
ance with the present study. However,
Mancini et al. (38) reported that Dentaport
ZX showed less accuracy than ProPex Il in
the study that evaluated the accuracy of
EALs in anterior and posterior teeth. In the
present study, there was no significant dif-
ference between Dentaport ZX and Propex
II. This inconsistency could be explained
by the different experimental set-ups and
conditions of the root canal system.
Sadeghi et al. (18) reported that successful
measurements of actual WL with + 0.5 mm
tolerance range were 70% for straight canals
and 35% for curved canals. Also, Wrbas
et al. (39) reported that the determination
of WL in anterior teeth with + 0.5 mm
tolerance range was 80%. These results are
consistent with the present study. The
accuracy of EALs decreased in curved
posterior teeth. This situation can be clar-
ified by reducing the taper and the diam-
eter of an apical foramen in curved root
canals affect the EL measurements.
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Mandibular molar teeth are considered to
have more apical variations and deltas.
Keles et al. (40) reported that mesial roots
of mandibular molar teeth have apical
deltas that can reach up to 2 mm. These
anatomical variations are difficult to dis-
infect, later on can cause reinfection of the
root canal system and also can affect
working length determination of EALs.
In this study, there were statistically dif-
ferent results obtained among the irrigation
solutions, canal curvatures, and EAL
measurements. Therefore, the null hypoth-
esis was rejected.

This study has some limitations such as
the absence of intraoral electroconductive
fluids and periodontal ligament due to its
in-vitro setup. Although teeth had occlu-
sion reduction in order to obtain a refer-
ence point, it is challenging to obtain
similar WL within each tooth. Other
limitations of this study are anatomical
variations of extracted teeth and the diffi-
culty of standardization of curvature an-
gles. Even though the curvature angles are
standardized with Schneider’s method, it
is difficult to obtain exactly a 30°-50° angle
with extracted teeth.

In literature, there are few studies that
focused on the accuracy of EALs on curved
and straight root canals. Therefore, the
results of this study should be verified by
clinical studies.

Conclusions

All EALs used in the present study per-
formed more successfully in straight ca-
nals than in curved canals, even though
the only significant difference was found
for Propex-Pixi and DTE Dpex V. In addi-
tion, electronic measurements of molar
teeth with curved canals are adversely
affected in the presence of CHX and when
the root canals are dry.

Clinical Relevance

The accuracy of electronic apex locators is
the most commonly used method for deter-
mining the working length in endodontic
treatments, in the presence of different ir-
rigation solutions and tooth types.
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