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INTRODUCTION
In endodontology, the working 
length (WL) is defined as the dis-
tance from a coronal reference 
point to the point at which canal 
preparation and root canal filling 
should terminate. However the 
end point of instrumentation is 
still debated (1). In the root canal 
anatomy, apical constriction (AC) 
is the narrowest diameter of the 
root canal system (2, 3). Several 

studies consider the AC of the root canal system as the end point of instrumentation or obturation 
processes (2, 3). However, the location of AC is difficult due to the anatomical variations that could 
vary depending on various factors (4-6). There are several methods for determination of the WL 
such as assessment of preoperative radiographs, tactile sensation and electronic apex locators 
(EALs) (7, 8).

Electronic apex locators (EAL) provide reliable and accurate results in working length determina-
tions (9). Propex Pixi (Dentsply Maillefer, Ballaigues, Switzerland) is a recently introduced multi-fre-
quency EAL, Mini Root ZX (J Morita Corp., Tokyo, Japan) is another contemporary EAL that uses the 
‘ratio method’. Raypex 5 (VDW, Munich, Germany) is a frequency-based EAL, and it measures the 
impedance at two different frequencies (0.4 kHz and 8 kHz), but uses only one frequency at each 
time interval and the measurements are based on mean square values of signals (10).

There are several investigations about the accuracy of EALs in different environments (9, 11-14). 
However, the accuracy of EALs may be affected by some conditions such as periapical lesions, im-
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•	 This study examined the accuracy of three elec-
tronic apex locators in determining the working 
length under different environments.

•	 The new generation EALs are not affected from 
NaOCl or blood/pulp tissue existence in the root 
canal.

HIGHLIGHTS

Objective: The aim of this study was to compare the accuracy of three electronic apex locators (EALs) (Propex 
Pixi, Mini Root ZX, Raypex 5) in determining working length (WL) under different environments (existence of 
blood-pulp/sodium hypochlorite in root canal space) using micro-computed tomography (micro-CT) mea-
surements.
Methods: Twenty-five single-rooted human teeth that were scheduled for extraction were selected for the 
study. Measurements were performed with the Propex Pixi, Mini Root ZX, Raypex 5 in vivo conditions in the 
presence of NaOCl irrigant solution or blood-pulp tissue. After that the teeth were extracted and scanned 
using micro-CT. The measurements of WL obtained with the different EALs in different environments were 
statistically compared. Significance was set at P<0.05.
Results: There were no significant differences among the WL measurements performed with EALs or micro 
CT groups under different clinical enviroments. All EALs tested gave reliable results in respect to apical con-
striction.
Conclusion: The accuracy of the tested EALs is not affected by pulp tissues and blood or NaOCl.
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bide bur. Restrictive cervical bulk dentin was removed by us-
ing Gates-Glidden (VDW, Munich, Germany) drills with a low 
speed handpiece. Apical patency was checked with #8 K-File 
(Dentsply Maillefer, Ballaigues, Switzerland). Then, WL mea-
surements were performed with EALs by an experienced en-
dodontist.

The WL measurements were performed under two different 
circumstances (in existence of blood and pulp tissue and in 
existence of NaOCl in the root canals).

WL measurements in presence of blood and pulp tissue in 
the root canals
A sterile paper point was inserted into the root canal and 
checked if it was wet by blood in order to confirm the exis-
tence of blood and pulp tissue in the root canal space. The 
measurements were recorded as WLBlood for each EAL. A #10 
size K-file (Dentsply Maillefer) attached to the EAL device was 
then introduced into the root canal, and the lip hook of each 
EAL device was put onto the lip of the patient.

WL measurements in presence of 2.5 % sodium hypochlo-
rite in the root canals
Pulp tissue was removed with a sterile barbed broach and root 
canal was irrigated with copious 2.5% NaOCl by a 27-gauge 
needle. The measurements were recorded as WLNaOCl for 
each EAL. A #10 size K-file attached to the EAL device was then 
introduced into the root canal, and the lip hook of each EAL 
device was put onto the lip of the patient.

EAL measurements
Measurements with Mini Root ZX
The Mini Root ZX (J Morita Corp., Tokyo, Japan) was used in ac-
cordance with the manufacturer’s instructions. A size 10 K-file 
attached to EAL was placed into the root canal and advanced 
down the canal without force. A rubber stop on the file, which 
was in contact with the flat, horizontal surface of the crown, 
was fixed to the file with a flowable light-curing resin (Nova 
Compo HF Flow; Imicryl, Konya, Turkey) at the position when 
the flashing bars of the EAL reached the level that presented 
‘00’ on its LCD screen.

Measurements with RayPex 5
The Raypex 5 (VDW, Munich, Germany) was used in accor-
dance with the manufacturer’s instructions. A #10 K-file was 
attached to EAL and advanced within the root canal to the ma-
jor foramen (red light) and retracted until three green and four 
yellow bars appeared. Then, rubber stop on the file, which was 
in contact with the flat, horizontal surface of the crown, was 
fixed to the file with a flowable light-curing resin.

Measurements with Propex Pixi
The Propex Pixi (Dentsply Maillefer, Ballaigues, Switzerland) 
was used in accordance with the manufacturer’s instructions. 
When the 0.0 signal was seen by the operator, the file was 
gently moved beyond the apex until the ‘‘beyond apex’’ signal 
appeared, at which point the file was quickly withdrawn and 
stopped at the 0.0 point. A rubber stop on the file, which was 
in contact with the flat, horizontal surface of the crown, was 
fixed to the file with a flowable light-curing resin.

mature apex formation, apical foramen size, electrical conduc-
tivity of the intracanal fluid (such as, irrigants, pulp) (12, 14-17).

The use of micro-computed tomography (micro-CT) gives 
opportunity to view detailed 3-dimensional (3D) analyses of 
extracted teeth’s internal anatomy with the high-resolution 
radiographic scannings of the specimen (18-21). With the aid 
of micro-CT, the AC can be determined accurately without de-
struction of the tooth structure (4). The AC can be determined 
by evaluating the canal cross-sectional area and not by locat-
ing the minor diameter in one longitudinal section (22). In one 
micro-CT study, ElAyouti et al. (4) determined the location and 
dimension of the AC in molar teeth. Piasecki et al. (5) investi-
gated the accuracy of two apex locators in different anatomic 
variations using micro-CT. However, according to our knowl-
edge there is no wrıtten data comparing the in vivo WL mea-
surements of different EALs under different circumstances us-
ing micro-CT.

The aim of this study was to compare the performances of 
different EALs in determining WL-AC under different circum-
stances (existence of blood, pulp/sodium hypochlorite in root 
canal space) with micro-CT measurements.

MATERIALS AND METHODS
Erciyes University Medical Sciences ethical board (Kayseri, 
Turkey) approved this investigation (Ethics Approval Num-
ber: 2016-459). All procedures performed in studies involving 
human participants were in accordance with the ethical stan-
dards of the institutional and/or national research committee 
and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

The present investigation included 18 patients (11 male, 7 fe-
male) who were consulted to the Erciyes University Faculty of 
Dentistry, Department of Oral and Maxillofacial Surgery for 
extraction of their teeth with single canal and single root (16 
incisors, 9 premolars). Inclusion criteria for patients were as 
following:

•	 Patients aged 20-60 years who do not have general health 
problems that would prevent endodontic therapy

•	 Teeth diagnosed for extraction due to orthodontic or peri-
odontal treatment plannings

•	 Teeth without periapical pathology visible on radiography.

•	 Teeth with single root and canal with completely formed 
apices and teeth with no root resorption (internal or exter-
nal)

•	 Teeth with vital pulp were included. Teeth that respond to 
cold test (Coltene/Whaledent Inc, Cuyahoga, OH) were in-
cluded.

Anesthesia (Ultracain DS forte® Sanofi-Aventis, Frankfurt 
Main, Germany) was performed, and a dental rubber dam was 
placed. If a flat reference point was not available, the cusp tip 
or incisal edge was flattened by using a diamond bur (Henry 
Schein®, Melville, NY, USA) in a high-speed handpiece under 
water cooling. Access cavity was opened by using a #4 car-
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Wilk was applied to the data (a=0.05). The sample failed the 
normality test (P<0.05); consequently, Friedman Repeated 
Measures Analysis of Variance on Ranks test was used (a=0.05).
The EAL measurements were evaluated within the ±0.50-mm 
range from the reference landmarks.

RESULTS
According to the measurements mean distance from AC to 
major foramen was calculated as 0.416 mm. There were no 
significant differences among the WL measurements per-
formed with EALs or micro CT groups (P>0.05) (Table 1, Fig. 
2). Neither the presence of blood-pulp tissue nor 2.5 % NaOCl 
solution in the root canal did significantly affect the WL mea-
surements.

DISCUSSION
In the present study, accuracies of 3 different EALs used in dif-
ferent clinical conditions to determine AC was compared by 
micro-CT. In order to obtain a standardized reference point in-
cisal surfaces of teeth were flattened. WL measurements were 
done from this flattened surface to AC as determined by mi-
cro-CT images or EALs.

In order to avoid sequence bias, apex locators were used in a 
randomized order. Before in vivo measurements, all EALs were 
always fully charged and always used as described in the man-
ufacturer’s manual.

De Camargo et al. (23) found that preflaring of the root canal 
orifices give more accurate results in EALs. Therefore all the 
teeth were preflared before the EAL measurements. In pre-
vious studies, EAL readings with an error range of ±0.5 mm 
considered as accurate (5, 16, 24, 25). Therefore, in the present 
study, EAL readings with an error range of ±0.5 mm were ac-
cepted as accurate.

In sample selection, only teeth with single root, straight 
and single canal and single foramen were used, because all 
WL measurements were done from the center point of root 
canal space from apical reference point (apical constriction) 
to coronal reference point. By this way, all WL measurements 
were done in a straight line through multiple reference 
points.

Micro-CT is a nondestructive method for evaluation anatom-
ical landmarks in tooth samples. Therefore, we preferred to 
use micro-CT analyzing tool for WL measurements. Previous 

All measurements were considered to be valid if the read-
ing/signal on screen remained stable for at least 5 seconds. 
The distances between the stop and the file tip was mea-
sured with digital calipers (Insize Mini digital caliper; Istan-
bul, Turkey) (at 0.01 mm accuracy) and recorded as the initial 
length of the root. The WL measurements were repeated 3 
times with each EAL, and the mean value was recorded. Fi-
nally, 0.5 mm was subtracted from this measurement and 
recorded for each EAL.

After the measurements completed with each EAL for two cir-
cumtances, the teeth were extracted in a gently manner with-
out causing any fracture.

Micro-CT Scan
Each sample was scanned in the micro-CT SkyScan 1272 
(Bruker microCT, Kontich, Belgium) at a 70 KV, 142 µA and 
12 µm resolution. Images were reconstructed using NRecon 
V1.6.9.3 software (Bruker microCT), and analyzed using CTAn 
v1.11.10 software (Bruker microCT ). All scans were visual-
ized by 1 calibrated operator. If the AF was deviated from the 
long axis of the root, the images were reoriented to show the 
exact inclination of the AF. The slices were moved coronally 
from AF to AC and the narrowest diameter was detected by 
measuring canal lumens in buccolingual and mesiodistal di-
rections (Fig. 1).

The length of the canal was acquired from the coronal refer-
ence point(at the most incisal or occlusal plane of teeth with a 
flat and constant reference point also the same reference point 
for all EALs in clinical applications) up to the most coronal slice 
showing the AC (WL) at 0.025 mm precision and recorded (Fig 
1). Also distance from AC to major foramen was calculated and 
recorded. All measurements were completed through the cen-
ter of the root canals by the same operator.

Statistical analyses
All statistical analyses were performed with Sigmastat 3.1 (Sig-
maStat; Systat, San Jose, CA). The normality test of Shapiro-

Figure 1. 3D model of the root canal is shown at (a) The apical con-
striction point of root canal is shown at (b) with “a” and also coronal 
reference point is shown with yellow line. The horizontal micro-CT sec-
tion of apical constriction is shown with smaller figure

a b

TABLE 1. Mean and Standard Deviation and error (mm) obtained 
for distances to AC in absolute value according to the tested EALs 
under different circumtances

Groups	 Mean	 SD	 SD error

Root ZX Blood	 0.385	 0.299	 0.0611
Root ZX NaOCl	 0.359	 0.266	 0.0543
Raypex Blood	 0.429	 0.296	 0.0605
Raypex NaOCl	 0.47	 0.274	 0.056
Pixi Blood	 0.36	 0.259	 0.0529
Pixi NaOCl	 0.464	 0.297	 0.0607

SD: Standard deviation
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the root canal, there were no statistically significant differ-
ences among the groups (P>0.05). However, Propex Pixi and 
Root ZX mini showed more similar results when compared to 
micro-CT measurements, and Raypex 5 gave slightly different 
results than Propex Pixi and Root ZX mini (P>0.05).This could 
be related to their new generation technology.

In several studies, EAL measurements performed in existence 
of NaOCl irrigation solution in the root canal gave inaccurate 
results (27, 28, 32, 33). In the present study, we found that 
NaOCl did not affect the accuracy of EALs. None of these 
studies evaluated the accuracies of EALs with micro-CT. Dif-
ferences in results may be attributed to different methodolo-
gies.

On the other side, Ebrahim et al. (31) found that Root ZX EAL 
gave accurate results in existence of NaOCl in the root canals. 
They related this result to NaOCl’s highly electro-conductivity 
and infiltration property into dentinal tubules which resulted 
in reduction of electrical impedance of the root canal wall. In 
addition, Gomes et al. (34) showed that NaOCl solution did 
not affect the in vivo accuracy of Raypex 5. According to the 
results, we also found that NaOCl did not affect the accuracy 
of EALs. This could be related to the high electro-conductivity 
and infiltration property of NaOCl.

CONCLUSION
Within the limitations of this study, it can be concluded that 
the accuracy of Raypex 5, Root ZX mini and Propex Pixi EALs 
are not affected by existence of blood-pulp tissue or NaOCl.

studies determined the location of the apical constriction 
with longitudinal slices (2, 26), however, Schell et al. (22) 
showed that this method is unsuitable for correct determi-
nation of AC. With the aid of micro-CT technology, it is possi-
ble to determine the narrowest apical part of the entire root 
canal.

The distance between AC-AF was investigated by some au-
thors (2, 4). Kuttler (2) stated the distance from AC to AF as 
0.52 mm to 0.66 mm. Elayouti et al. (4) showed the AC-AF dis-
tance as 0.2 mm. In the present study, we found the mean dis-
tance between AC-AF as 0.416 mm. However, in the present 
study we have evaluated 25 teeth (16 incisors, 9 premolars). 
Our results could be related to our sample size and different 
teeth types. Further investigations with larger sample sizes are 
needed.

In several studies it was reported that endodontic irrigants 
could affect the accuracy of EALs (27, 28). However, some in-
vestigators found that EALs gave accurate results irrespective 
of the used irrigant (29, 30). Besides, in endodontic treatment 
process of vital teeth bleeding is inevitable. Since blood is 
an electrolyte, it may also influence the accuracy of EALs (14, 
31).

Saatchi et al.(14) evaluated in vivo the accuracy of the Raypex 
5 and Root ZX EALs in the presence of blood in the root canal 
space. They found that presence of blood in the root canal 
space did not influence the accuracy of tested EALs. Our re-
sults were in accordance with the study of Saatchi et al. (14). 
According to our results, in existence of blood-pulp tissue in 

Figure 2. The horizontal line indicates the position of the AC found in Micro Ct measurements. Positive values (above the line) indicate measure-
ments beyond the AC; negative values are short of the AC
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