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ABSTRACT Objective: The aim of this study is to compare and eval-
uate the accuracy of 4 different electronic apex locators (EALs) (Root
ZX Mini, Raypex 6, Propex Pixi, and E-Pex Pro) in primary molars with
and without root resorption. Material and Methods: Forty-eight
mandibular primary molar teeth with (24 teeth) and without (24 teeth)
physiological root resorption, each with 4 root canals, were included in
the study (96 canals in with resorption group and 96 canals in without re-
sorption group) (n=192 root canals). The actual working length (AWL)
was determined by subtracting 0.5 mm from the measured length for
each canal. The differences between AWL and electronic working length
readings of the 4 EALSs and accuracy rates within specified tolerance in-
tervals (TI; £0.5 and £1.0 mm) were calculated. Results: The presence
of resorption in the teeth significantly affected the measurement using
Root ZX Mini (p<0.05). In teeth without resorption, all EALs yielded
an accuracy rate of 100% at £1.0 mm TI, whereas the accuracy rates
ranged from 91.7% to 95.8% at +0.5 mm TL In teeth with resorption,
EALs yielded accuracy rates of 74.0%-65.6% at +1.0 mm TI and 52.1%-
60.4% at +0.5 mm TI. Conclusion: At £0.5 mm TI, Raypex 6 had
greater accuracy in teeth without root resorption, whereas Propex Pixi
had greater accuracy in teeth with root resorption. Apex locator prefer-
ence may vary depending on the presence or absence of resorption.

Keywords: Primary tooth; electronic apex locator;
working length; pediatric endodontics

OZET Amag: Bu calismanin amaci, kok rezorpsiyonu olan ve olma-
yan siit az1 dislerinde 4 farkl elektronik apeks bulucunun (EAB) (Root
ZX Mini, Raypex 6, Propex Pixi ve E-Pex Pro) dogrulugunu karsilas-
tirmak ve degerlendirmektir. Gere¢ ve Yontemler: Fizyolojik kok re-
zorpsiyonu olan (24 dis) ve olmayan (24 dis), her biri 4 kanall1 48
mandibular siit molar dis ¢alismaya dahil edildi (96 kanal rezorpsiyon
grubu i¢in ve 96 kanal rezorpsiyon bulunmayan grup i¢in) (n=192 kok
kanali). Gergek caligma uzunlugu (GCU), her kanal i¢in dl¢iilen uzun-
luktan 0,5 mm ¢ikarilarak belirlendi. Dort apeks bulucunun, GCU ve
elektronik ¢alisma uzunlugu okumalar1 arasindaki farklar ve belirtilen
tolerans araliklari (TA; £0,5 ve £1,0 mm) dahilindeki dogruluk oranlari
hesaplandi. Bulgular: Dislerde rezorpsiyon varligi, Root ZX Mini kul-
lanilarak yapilan ol¢iimii 6nemli dlgiide etkiledi (p<0,05). Rezorpsi-
yonsuz dislerde, tim EAB’ler £1,0 mm TA’da %100 dogruluk orani
saglarken, dogruluk oranlar1 £0,5 mm TA’da, %91,7-95,8 arasinda de-
gismistir. Rezorpsiyonlu dislerde EAB’ler, 1,0 mm TA’da %74,0-65,6
ve £0,5 mm TA’da %52,1-60,4 dogruluk oranlar1 vermistir. Sonug:
+0,5 mm TA’da Raypex 6, kdk rezorpsiyonu olmayan dislerde daha
fazla dogruluga sahipken, Propex Pixi kok rezorpsiyonu olan dislerde
daha fazla dogruluga sahiptir. Rezorpsiyon varlig1 veya yokluguna gore
apeks bulucu tercihi degisebilir.

Anahtar Kelimeler: Siit disi; elektronik apeks bulucu;
calisma uzunlugu; pediatrik endodonti

The management of pulp treatment for primary
teeth (PT) is critical in maintaining arch integrity
until physiological exfoliation of PT, preventing ab-
normal oral habits and speech disorders due to the
premature loss of PT, preserving dental aesthetics,

and avoiding adverse psychological effects.!? Ac-
cording to the American Academy of Pediatric Den-
tistry guidelines, root canal treatment is indicated in
PT with irreversible pulpitis or pulp necrosis to pro-
tect dentition until the exfoliation process is com-
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pleted.’ Periapical radiography is the most commonly
used method in determining the working length
(WL).* Failure to visualize all resorption areas in ra-
diography may hamper the accurate determination of
WL, leading to extruded fillings and damage to per-
manent tooth germs due to the over instrumentation
of PT canals. Other disadvantages of periapical ra-
diography include canal superposition and repeat ra-
diographs due to inaccurate angulation of radiographs
in noncooperative children.’

The use of electronic apex locators (EALs) for
measuring the canal length of PT was first proposed
in 1996.° Numerous studies on EALs have concluded
that EALs have high accuracy even in the presence of
physiological root resorption; provide fast, painless,
and practical application in determining WL, partic-
ularly in children; reduce the number of radiographs,
and overcome the limitations of radiographic exami-
nation in pediatric patients.®®

With the advancement of technology since the
introduction of EALSs in dentistry, a new generation
of EALSs has been developed that increases the accu-
racy in measuring root canal length. Root ZX Mini
(J. Morita, Tokyo, Japan) is a third-generation EAL.
It measures the impedance value by ratio alternating
current dual frequencies.” E-Pex Pro (Changzhou
Eighteenth Medical Technology Co., China) is a
fourth-generation EAL that uses two or more non-si-
multaneous continuous frequencies to measure the
difference or ratio between two currents.'’ Propex
Pixi (Dentsply Maillefer, Ballaigues, Switzerland) is
a fifth-generation, calibration-free apex locator that
can be used in wet or dry root canals. It measures the
capacitance and resistance of the circuit separately.'!
Raypex 6 (VDW, Munich, Germany) is a sixth-gen-
eration (modified fifth-generation) EAL. A study
showed that this EAL gives high-accuracy measure-
ments in the case of root perforation and apical root
resorption. 2

Root canal treatment of PT can be complicated
by the hard tissue deposits formed during the erup-
tion of permanent teeth and physiological resorp-
tion."”* In addition, different root anatomy of PT and
displacement of the apical foramen due to resorption
can further complicate the determination of the WL.
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The accuracy of electronic WL (EWL) measurements
can be hampered by tooth resorption, dental trauma,
and pathological tooth resorption.” The aim of this
study is to compare and evaluate the accuracy of four
different EALs (Root ZX Mini, Raypex 6, E-Pex Pro,
and Propex Pixi) in primary second molar teeth with
and without root resorption.

I MATERIAL AND METHODS

This study was conducted following the Principles of
the Declaration of Helsinki and received ethics com-
mittee approval from the Dicle University Faculty of
Dental Medicine Local Ethics Committee (date: De-
cember 29, 2021, no: 2021-67). Based on a previous
study, the mean values between the electronic length
and the actual length (in millimeters) were used to
calculate the effect size as 0.18.* Using the 5% o type
error, 95% power, the sample size was calculated as
86 root canals in each group. For %10 drop-out pos-
sible, 96 root canals were required in each group.

The study included 48 extracted human
mandibular primary second molar teeth [24 teeth
without root resorption (96 root canals) and 24 teeth
with root resorption (96 root canals)], i.e., 192 root
canals, stored in a saline solution.

The teeth without resorption included in the
study were too devastated to be treated conserva-
tively and had more than 1/3 radiolucency in the bi-
furcation region. The teeth with less than 1/3 root
resorption were included in the study as teeth with
resorption group. All tooth surfaces were cleaned
with a scaler and curette. The coronal parts of the
teeth were flattened underwater using a high-speed
diamond bur to obtain a fixed reference surface for
measurements. Then, conventional endodontic ac-
cess cavities were created on the teeth. Two roots
and four canals (Variant 3) were identified in each
primary molar tooth.'* Distal roots were of Vertucci
Type 4, 5, 6, or 7 each terminating in 2 separate fora-
men. '3

DETERMINATION OF ACTUAL WORKING LENGTH

To determine the lengths of primary molar canals, K-
files of size #10-15 for teeth without resorption and
size #20-45 for teeth with resorption were inserted
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under stereomicroscope (15x) along the canal. A dou-
ble silicone stopper was placed on the reference point
when the file tip was visible in the major apical fora-
men. In teeth with root resorption, a major apical
foramen was identified at the most coronal end of the
resorption cavity (Figure 1). The distance between
the silicone stopper and the tip of the file was mea-
sured with a caliper (Mitutoyo Corp, Tokyo, Japan)
with 0.01 mm accuracy. The WL measurements were
repeated 3 times and averaged. Then, 0.5 mm was
subtracted from the measurements to determine the
actual working length (AWL).

MEASUREMENT OF EWL

Each tooth was embedded separately in a plastic box
containing freshly prepared alginate (Dentsply
Sirona, New York, USA) up to the enamel-cement
boundary. For measurement, the lip hook of the EAL
was placed in the alginate next to the plastic box, and
the file clip was placed between the stopper and the
handle of the file. The lip hook was placed as far as
possible from the tooth to prevent interference.
Groups were formed as in Figure 2. Then, the double
stoppers of the files were placed on the reference

AWL.: The distance between the fi-

FIGURE 1: WL determinations procedures: a)
le’s tip visible through the major foramen and double silicone stopper was mea-
sured with a digital caliper. Then, 0.5 mm was subtracted from this measurement.
b) EWL: The file was advanced until the “Apex” or “00” was displayed on the
screen, and its length was measured.

WL: Working length; AWL: Actual working length; EWL: Electronic working length.

272

| Raypex 6 (VDW, Munich, Germany) (n=96) |
l

| The file was inserted along the canal until the last yellow bar was reached |

| Root ZX Mini (J. Morita, Tokyo, Japan) (n=96) |
)

| The file was advanced until “Apex” was displayed on the screen of the device |

Fioh

1 Technol

| E-Pex Pro (Ck
!

| The file was advanced along the canal until the “00” sign flashed |

Co., China) (n=96) |

| Propex Pixi (Dentsply Maillefer, Ballaigues, Switzerland) (n=96) |
l

| The file was advanced until the “00” point was reached |

FIGURE 2: The representation of EALs and measurements used in our study.
EALs: Electronic apex locators.

point, and after waiting for 5 seconds, the files were
removed and measured using a caliper (Figure 1).
Each measurement was repeated three times, and the
average was considered the EWL. Then, the EWL
measurements of the teeth were subtracted from the
AWL measurements.

STATISTICAL ANALYSIS

Kolmogorov-Smirnov test was used to examine the
assumption of normality. Within-group comparisons
by resorption status were made using Kruskal-Wallis
H test. Mann-Whitney U and independent samples t-
tests were used for pairwise comparisons of a single
EAL for teeth with and without resorption (SPSS
20.0 software, IBM Corp., Armonk, NY, USA). The
significance level was set at 5%.

I RESULTS

Median, minimum, and maximum values are shown
in Table 1. The median values obtained by subtract-
ing the lengths measured by all EALs from the AWL
were as follows: -0.17, -0.11, -0.26, and -0.13 mm,
respectively, for teeth without resorption and 0.00,
0.08, -0.17, and -0.18 mm, respectively, for teeth with
resorption. There was no statistically significant dif-
ference among the four EALs in PT with and without
resorption (p>0.05). The presence of resorption in the
tooth only affected measurements of Root ZX Mini
(p<0.05) (Table 1).
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TABLE 1: Descriptive statistics in teeth with and without resorption.

Primary teeth without resorption (n=96)

Group Median (minimum-maximum) p value
AWL-Raypex 6 -0.17 (-0.96-0.98) 0.00 (-1.18-1.08) 0.287
AWL-Root ZX Mini -0.11 (-0.94-0.96) 0.08 (-1.21-1.47) 0.009
AWL-E-Pex Pro -0.26 (-1.00-1.00) 0.17 (-1.40-1.40) 0.1788
AWL-Propex Pixi -0.13 (-1.00-0.96) -0.18 (-1.31-1.50) 0.693
p* 0.533 0.212

Primary teeth with resorption (n=96)

*Kruskal-Wallis H test; «Independent samples t-test; §Mann-Whitney U test; AWL: Actual working length.

TABLE 2: Accuracy of EALs in teeth with and without resorption.

Apex locator

+0.5 mm
Raypex 6 74.0
Root ZX Mini 65.6
E-Pex Pro 69.8
Propex Pixi 68.8

Primary teeth without resorption

+1mm 0.5 mm +1 mm
100 58.3 927
100 52.1 93.8
100 55.2 91.7
100 60.4 95.8

Accuracy (%)
Primary teeth with resorption

EALs: Electronic apex locators.

In PT without resorption, all EALs showed an
accuracy rate of 100% at +1.00 mm tolerance inter-
val (TI). In PT without resorption, Raypex 6, E-Pex
Pro, Propex Pixi, and Root ZX Mini had accuracy
rates of 74.0%, 69.8%, 68.8%, and 65.6%, respec-
tively, at £0.5 mm TI.

In PT with resorption, Propex Pixi, Root ZX
Mini, Raypex 6, and E-Pex Pro had accuracy rates of
92.7%, 93.8%, 91.7%, and 95.8%, respectively, at
+1.00 mm TI. In PT with resorption, Propex Pixi,
Raypex 6, and E-Pex Pro and Root ZX Mini, had ac-
curacy rates of 60.4%, 58.3%, 55.2%, and 52.1%, re-
spectively, at £0.5 mm TI (Table 2).

I DISCUSSION

PT root resorption is a physiologic event that has yet
to be fully understood. This process continues in PT
throughout the lifespan. Since there is no apical con-
striction due to root resorption, it is difficult to deter-
mine the WL by the radiographic method alone." To
date, many apex locators have been introduced to the
dental market. Many studies are comparing these

apex locators with each other and radiographic meth-
OdS.4’7"x’]2’]5_]7
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To the best of our knowledge, no in vitro study
investigated AWL in primary molars with Root ZX
Mini, Raypex 6, E-Pex Pro, and Propex Pixi. Ac-
cording to the results of the present study, there was
no statistically significant difference among the four
EALs in terms of median AWL-EWL difference in
teeth with resorption. Similarly, there was no differ-
ence among the four EALs in terms of AWL-EWL
difference in teeth without resorption. When the re-
sorption status of the teeth was examined, there was
no significant difference between Raypex 6, E-Pex
Pro, and Propex Pixi in terms of AWL-EAL differ-
ence. However, Root ZX Mini was the only EAL af-
fected by resorption.

The cooperation of children receiving endodon-
tic treatment is critical to the success of PT treatment.
The management of dental treatment in children re-
quires the physician to work in a controlled, confi-
dent, and fast manner. Root anatomy is another
critical factor in the endodontic treatment of PT.'®
The lack of an apical constriction due to physiologi-
cal root resorption, in contrast to permanent teeth, and
the constant displacement of the apical foramen in
the buccal-lingual direction due to resorption makes
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it challenging to determine the reference landmark at
which WL should be terminated in the root canals."”
Histological examinations suggest that canal en-
largement and filling procedures should be termi-
nated in the minor apical foramen of the teeth or
slightly before the foramen.?® Depending on PT re-
sorption, there are differing views on the termina-
tion level of WL. Camp stated that the WL should be
1-2 mm shorter than the radiographic apex, and in
the presence of prominent resorption, this length
should be 2-3 mm shorter than the radiographic apex
to prevent the extrusion of the filling.!” Garcia-
Godoy claimed that the position of permanent tooth
germs should be taken into account in determining
the WL of PT. It is reasonable to work along the en-
tire canal length when permanent teeth are located
below the roots of PT; however, when permanent
tooth germs are located at the furcation zone, it
should be kept in mind that the apical foramen is dis-
placed in the coronal direction due to root resorption
occurring on the internal surfaces of the roots. As a
result, WL should be determined using the occlusal
plane level of permanent tooth germs as a reference
landmark.*!

Radiography is a reliable method of determin-
ing WL in a clinical setting. However, repeat radiog-
raphy during treatment in pediatric patients can cause
increased radiation exposure, and the presence of re-
sorption can lead to misleading results.”? Some stud-
ies have reported that EALs provided similar results
to radiographic techniques in PT.%* EAL has been
validated as a reliable method for comparing EWL
with AWL and determining WL, even at different
levels of physiological root resorption in PT.?

Our study found it difficult to visually check the
distance between the reference point and the caliper
due to the lack of minor apical constriction in the
teeth with root resorption. Therefore, to minimize po-
tential measurement errors, canal length was mea-
sured under magnification from the root canal wall
without resorption as soon as the file was visible.
Each measurement was repeated three times, and the
average value was calculated. While some studies in
the literature report that a difference of 0.5 mm be-
tween AWL and EWL is acceptable, others report
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that a difference of =1 mm is also acceptable.'”->+2¢

The present study evaluated measurements at both
TIs (#0.5 and +1.00 mm) and compared the results.
The measurement accuracy of EAL becomes contro-
versial when the file does not come into contact with
the canal walls in the apical region if the apical re-
gion is wider than the coronal region in the PT with
resorption; thus, the researchers in the present study
used files with an appropriate DO diameter for each
root canal.”’

Some in vitro studies that evaluated EALs in the
PT with physiological root resorption found no dif-
ference in the accuracy of WL measurements be-
tween teeth with and without root resorption.*** One
study observed that Tri Auto ZX had lower accuracy
in measurements taken in PT with resorption.” Bel-
trame et al. concluded that root resorption did not af-
fect the accuracy of EAL.* In this study, the presence
of resorption significantly affected the measurement
of Root ZX Mini. The other three EALs were not af-
fected by resorption in the teeth.

Several studies show that Root ZX has high ac-
curacy.'”?2¢ Bertoli et al., using similar TI’s to our
study, recorded accuracy rates ranging from 72.5%-
85% in teeth without resorption and 54.7%-72.9% in
teeth with resorption.?! Our study found that another
version of this EAL, Root ZX Mini, was affected by
root resorption. Moreover, Root ZX Mini showed the
lowest accuracy rate in teeth with resorption.

Bodur et al. observed that the measurement ac-
curacy decreased in teeth with resorption.”® We ob-
served that the measurement accuracy decreased in
teeth with resorption for all EAL in the present study.
This may be due to the absence of apical reconstruc-
tion in teeth with resorption.

In a in vitro study, Propex 11, iPex II, and Raypex
6 were compared in PT at £0.5 and £1 mm TIs. No
significant difference was found between the EALSs in
the measurements. Also, the accuracy rates of the
EALSs were similar.* While Raypex 6 showed simi-
lar accuracy rates in our study, there was no signifi-
cant difference between them and other EALs. In
Srivastava et al. study, measurements were made on
teeth with intentionally created perforations, and
Raypex 6 was found to be significantly better than
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Propex Pixi.** Our study did not find a significant dif-
ference between these two EALs. However, in re-
sorption teeth, the measurement accuracy was higher
in Propex Pixi than in Raypex 6. Our result contra-
dicted Srivastava et al. study. This may be due to se-
lecting the perforated tooth group from single and
multi-rooted teeth. We used only mandibular primary
molars in our study.

In a in vivo study, two different multifrequency-
ratio type EALs (Propex Pixi and Ipex) were used,
and the EALs yielded similar results.'® Moreover, the
authors stated that EALs improve the accuracy of de-
termining WL. However, the performance of EALSs
affected by the presence of liquids such as blood,
saline, local anesthetics, and endodontic irrigants still
needs to be determined. In our study, Propex Pixi had
higher accuracy rates in teeth with and without re-
sorption. The accuracy rates may be affected due to
our study’s in vitro nature and using alginate for elec-
trical conductivity in the periapical region.

E-Pex Pro is a commercially available modern
EAL that measures the impedance between the file
tip and root canal at different frequencies. It provides
precise measurements even in the presence of blood,
apsis, or pulp tissue.’ No study has investigated the
use of E-Pex Pro on PT. The present study found that
E-Pex Pro was not significantly different from other
EALs measurements of WL in PT. Further studies are
needed to investigate the measurement accuracy of
this EAL.

LIMITATIONS OF STUDY

Although resorption levels did not exceed one-third
of the apical root in the present study, nonstandard-
ized apical foramen may have affected measurement
accuracy. In addition, the electrical conductivity of
periapical tissue mimicked by alginate does not
match the electrical conductivity of pulp tissue,
which does not reflect clinical conditions.
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I CONCLUSION

The application of EALs in pediatric endodontics, the
correct determination of the WL, and the shortening
of the treatment time by simplifying the procedure
help to provide cooperation between the patient and
the dentist. All tested EALs determined WL in PT
with and without root resorption. Propex Pixi and
Raypex 6 showed high accuracy rates in teeth with
and without root resorption, respectively. Root ZX
Mini was affected by resorption. For the reason
that, this EAL may be preferred according to the
case in pediatric endodontics. Since there is no
study on using E-Pex Pro in PT in the literature,
studies with this EAL are needed to compare it
with other EALs.
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