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Abstract

Background The working length determination is necessary before root canal shaping, chemical cleaning,
disinfection, and obturation in pulpectomy of primary dentition. This study aimed to evaluate the accuracy of Wirele-X
and compare it with DentaPort ZX and Woodpex Ill in primary molar teeth.

Methods The in vitro study was performed by using 30 extracted primary mandibular molar teeth. In distal roots, the
actual working length was determined by taking forward a #10 K-type canal file under a dental operating microscope
with 10x magnification. Each tooth and lip clip were embedded in alginate before determining the working lengths
using electronic apex locators. The average of three electronic working lengths was calculated for each sample, and
the actual working length was subtracted from the electronic working length.

Results There were no significant differences in the accuracy rate of DentaPort ZX, Wirele-X, and Woodpex Il in the
determination of the working length set at +0.5 mm and + 1 mm, respectively (P> 0.05).

Conclusions This study reported that DentaPort ZX, Wirele-X, and Woodpex lll can be safely used in the pulpectomy

wireless feature.

of primary molars. Wirele-X can provide an advantage in working length determination in children because of its

Keywords Working length, Electronic apex locators, Primary teeth

Introduction

Pulpectomy is a treatment approach for maintaining the
function of primary teeth in case of irreversible pulpitis
or necrosis [1]. The working length determination is nec-
essary before root canal shaping, chemical cleaning, and
disinfection, thus obturation in endodontic procedures
of primary dentition [2]. However, the anatomical and
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morphologic variations in primary teeth cause disadvan-
tages in working length determination [1, 3, 4].

These variations include physiologic root resorption,
coronal shift of the apical foramen, increased diameter
of the apical opening, ramifications, lateral and accessory
canals [2, 3, 5]. Otherwise, the prognosis of root canal
treatment in primary teeth may become unfavorable,
and there is a possibility that irrigation agents and root
canal filling materials may be extruded beyond the apex.
Accordingly, the periapical tissues and the permanent
tooth germ may be negatively affected due to over-instru-
mentation [2, 4]. In contrast, inadequate instrumentation
can result in treatment failure along with the persistence
of existing infection. Therefore, the working length deter-
mination is critical for the success of treatment prognosis
in primary root canals [5, 6].
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The periapical radiographic technique is based on sub-
jective interpretations and operator sensitivity in working
length determination [7]. In addition, two-dimensional
radiographs can contain image distortions and errors,
and the exact location of the apical foramen cannot be
determined [8]. To overcome the disadvantage of radio-
graphic techniques in reaching precise results, electronic
apex locators (EAL) were introduced to the endodontic
field [9].

EALs work on the principle of electrical resistance
shown by the apical foramina region rather than visual
inspection. Throughout the history of dentistry, EALs
have been developed in each generation to address the
shortcomings of the previous ones [10]. Root ZX II (]
Morita Corp., Tokyo, Japan) was introduced to the den-
tal market as EAL which measured impedance values
simultaneously at two different frequencies, calculated
them with high precision, and had automatic calibration
features [11]. Root ZX II is known as the gold standard
for determining canal length in root canal treatment of
permanent teeth [12]. The DentaPort ZX (] Morita Corp.,
Tokyo, Japan) device consists of two modules. Root ZX
module is used for root canal measurement and the Tri-
Auto OTR module is used for root canal preparation.

Woodpex III (Woodpecker Medical Instrument Co,
Guilin, China) has also entered the dental market as a
multi-frequency device, recently [13]. The Wirele-X,
which has a wireless Bluetooth connection with the file
holder tip and the lip clip parts to the EAL screen, is pro-
duced by the Forum Tec company (Forum Tec, Ashkelon,
Israel). There is no cable connection between the patient
and the EAL [14]. Although several studies have evalu-
ated Woodpex III and Wirele-X accuracy in the litera-
ture, no study has been conducted on primary teeth. This
study aimed to evaluate the accuracy of DentaPort ZX,
Wirele-X, and Woodpex III in primary molar teeth.

Methods

Ethics approval statement and guidelines

All stages of the current research were carried out with
the approval of Ankara University, Faculty of Den-
tistry Ethics Committee (decision number: 12/12, date:
06.11.2023). The study protocol was conducted in accor-
dance with the ethical principles for medical research
(involving human participants, including research using
identifiable human material or data) of World Medical
Association (WMA) Declaration of Helsinki. Also, this
study was conducted according to the CRIS guidelines
(Checklist for Reporting In Vitro Studies) that guide in
vitro experimental studies [15]. In this study, before the
primary teeth were extracted and collected, parents and
children were informed in detail and the parents signed
informed consent forms. The reasons for the teeth
extraction were regardless of the present study.
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Sample size and power analysis

To determine the number of teeth to be used in the study,
sample size calculation was made in the G*Power analy-
sis program (Franz Faul, Universitét Kiel, Kiel, Germany).
It was found that at least 30 samples (per group) were
required to detect statistical significance at 90% power
and 5% type I error.

Sample preparation, inclusion, and exclusion criteria

The present in-vitro study was performed by using 30
extracted primary second mandibular molar teeth. The
teeth were collected and stored in distilled water con-
taining thymol crystals until the experimental procedure.
Before the sample selection, periapical radiographs were
taken, and root canals were examined. Also, fractures and
cracks on the root surface were examined under a dental
operating microscope at x40 magnification. All samples
were selected according to limited (not exceeding one-
third) or no root resorption based on Kramer and Ire-
land [16]. Caries cavities (if present) extended below the
cementoenamel junction were excluded from the study
protocol. Teeth with the root resorption level exceeding
1/3 were also not included to this research. Addition-
ally, after periapical radiographic examination, teeth with
internal and external root resorption and intracanal cal-
cification were excluded. Teeth including microcracks
and fracture lines on the root surfaces under the operat-
ing microscope were also excluded from the study pro-
tocol. Teeth with physiological oblique root resorption
were included, however, samples with the dimension of
the apical foramen not larger than #10 K-file diameter
were excluded. In the study procedures, first, the samples
were separated from the border of the cementoenamel
junction for standardization and to obtain repeatable ref-
erence points. Accordingly, the samples were numbered
randomly, and the actual working length of the distal root
was determined by taking forward a #10 K-type canal file
under a dental operating microscope (Carl Zeiss, Ger-
many) with 10x magnification until the file tip was vis-
ible through the apical foramen (Fig. 1). The stopper of
the instrument was moved to the flat reference point and
fixed with cyanoacrylate. To ensure precision in measure-
ments, it was measured using a digital caliper (150 mm
Mitutoyo, Kanagawa, Japan) with a precision of 0.01 mm.

Working length determination using EALs

All the EAL measurements were performed by a single
operator (A.O.) with at least 5 years of experience in the
field of endodontics. Each tooth and lip clip were embed-
ded in alginate (Hydrogum 5, Zhermack, Italy). as pre-
viously described by Lipski et al. to determine working
lengths using electronic apex locators (EAL) [17]. Subse-
quently, 5.25% sodium hypochlorite (Cerkamed Medical
Company, Stalowa Wola, Poland) was to the root canal
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Fig. 1 Primary mandibular molar tooth images under the dental operating microscope

before measurements. A #10 K-type hand file (Micro-
Mega, Besancon France) was advanced into the canal
until the file tip indicated that it was beyond the apical
foramen (red indicator bar), as per the manufacturer’s
instructions [18]. The file tip was then retracted until
the last green indicator bar for DentaPort ZX (]. Morita,
Tokyo, Japan) and Woodpex III (Woodpecker Medical
Instrument Co, Guilin, China). In addition, the file was
retracted until the “APEX, 0” point that first red indica-
tor bar for Wirele-X (Forum Tec, Ashkelon, Israel). The
WL determination was completed if the indicator of the
device remained at the “APEX, 0” point for continued 5 s
(Fig. 2). The stopper was adjusted and fixed at the refer-
ence point. The EAL measurements were repeated three
times for each sample using the same digital caliper, and
the results were recorded. All procedures were com-
pleted within 2 h of mixing the alginate.

The average of the electronic working lengths obtained
from three separate measurements for each sample was
calculated and the actual working length was subtracted
from the electronic working length. Positive values indi-
cated measurements that exceeded the actual working
length, whereas negative values indicated measurements
that were shorter than the actual working length. The
results obtained for each sample were categorized into 6
groups as follows (Table 1). The number and percentage
of samples in each range were calculated.

Statistical analysis

For each group, the distances to the minor foramen were
divided into 6 groups at a level of 0.5 mm, and frequency
analysis was performed to determine the accuracy rate
of the electronic apex locators. The normality of the data
distribution was assessed by means of the Kolmogorov-
Smirnov test. One-way analysis of variance (ANOVA)
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Fig. 2 Experimental models in measurements with each EAL a; Root ZX II, b; Wirele-X, ¢; Woodpex I

Table 1 The samples were categorized according to the
following ranges
<-11 -1.0-0.51

-0.5-0.0 0.01-0.5 0.51-1.0 >1.1

was used to evaluate significant differences between
tested electronic apex locators at the 95% confidence
interval, within values of 0.5 and *1, respectively. The
significance level was set at p<0.05.

Results

There was no significant difference in the accuracy rates
of DentaPort ZX, Wirele-X and Woodpex III in deter-
mining the working length within the limits of £0.5 mm
and £1 mm, respectively (P>0.05). According to the
measurement results of EALs, the percentage and num-
ber of samples in each range were shown in Table 2. In
terms of precision measurement percentage, DentaPort
ZX showed an accuracy rate of 56.66% range+0.5 mm
and 90% range+1 mm. In terms of precision measure-
ment percentage, Wirele-X showed an accuracy rate
of 56.66% range+0.5 mm and 93.33% ranget1 mm. In

terms of precision measurement percentage, Woodpex
IIT showed an accuracy rate of 56.66% range+0.5 mm and
90% range+1 mm. Figure 3 demonstrated the distances
from the apical foramen of all samples for each EAL.

Discussion

The accurate working length should be determined in
primary teeth to prevent over-instrumentation and
ensure optimum chemo-mechanical cleaning of the
root canal system [1, 3, 19]. However, determining the
working length has become a challenging situation for
clinicians in primary molars because of factors such as
complex root canal anatomy, continuous change in the
shape and dimensions, resorption in the apical third, and
hard tissue deposition [20].

Recently, the frequent use of EALs in root canal treat-
ment procedures for primary teeth has been reported in
scientific studies [18, 20]. These studies have shown that
EALs are highly accurate even in the presence of physi-
ological root resorption, eliminate exposure to ionis-
ing radiation, prevent anatomical superposition on

Table 2 The number of samples within 0.5 (p=0.183) and + 1 mm (p =0.876) range in measurement with EALs

DENTAPORT ZX WIRELE-X WOODPEX Il
Distance from minor foramen
<-1.1 n=0 n=2 (6.66%) n=3(%10)
-1--051 n=4(13.33%) n=9(33.33%) n=9(%33.33)
-0.5-0.0 n=9(30%) n=13(43.33%) n=10(%33.33)
0.01-0.5 n=28(26.66%) n=4(13.33%) n=7(%2333)
051-1 n==6(20%) n=2(6,66%) n=1(%333)
>1.1 n=3(10%) n=0 n=0
in-0.5-05 range n=17 (56.66%) n=17 (56.66%) n=17(56.66%)
in-1-1range n=27(90%) n=28(93.33%) n=27(90%)
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DENTAPORT ZX

WIRELE-X

WOODPEX Il

Fig. 3 The graphic represents distances from the apical foramen of all samples for each EAL



Oncu et al. BMC Oral Health (2024) 24:1580

radiographs leading to misinterpretation, and avoid sub-
jective interpretation errors [20—22].

The present study evaluated and compared the accu-
racy of DentaPort ZX, Wirele-X, and Woodpex III in
determining the working length in the lower primary
molar teeth Dentaport ZX is a third-generation EAL and
measures using the ratio method based on 2 different
frequencies [23]. Woodpex and Wirele-X are included
in the fifth generation of EALs and have a measurement
method that uses mathematical processing in addition
to frequency-based measurement [24, 25]. This experi-
mental study was conducted in an in vitro environment,
and the alginate model method was chosen, which has
been successfully applied in previous studies [26, 27]. The
actual working lengths were determined by direct obser-
vation under a dental operating microscope, and apical
patency in the distal roots was verified using #10 K-files.

The minor apical foramen is known as the apical border
of the root canal preparation [28]. However, in primary
teeth, root canals do not often show a well-defined apical
construction because of the physiological root resorption
process [29]. Root resorption can occur pathologically or
physiologically, which may negate endodontic treatment
[30]. Physiological root resorption is intermittent. Some-
times rest periods are observed, characterized by cemen-
tum accumulation on the resorbed root surface. All
processes result in changes in the shape, size, and posi-
tion of the root apex in primary teeth [22, 31]. Accord-
ing to Oznurhan et al., measurements may be affected
when the apical dimension is wider, and the file does not
have contact with the apical walls around the root canal
[30]. There is electrical impedance in the dentin wall of
the radicular canal and the thickness of the dentin tis-
sue layer decreases as the apical third is approached,
which may reduce the electrical insulation capacity
[32]. Although there is an opinion that file size does not
affect the accuracy of electronic apex locator measure-
ments [33], the EAL reading is more accurate when the
file adapts better to the apical canal walls [34]. From a
clinical perspective, the apical region in primary teeth
changes continuously because of root resorption, and a
more coronal endpoint is clinically acceptable according
to the comprehensive meta-analysis by Ahmad and Pani
[20]. Some studies have reported that a range of up to
1 mm in root canal preparation was considered clinically
acceptable in primary teeth [8, 35-37]. Electronic mea-
surements of primary teeth obtained from the root canal
tip with an accuracy of up to 0.5 mm are accepted to be
quite accurate [29].

This study showed that DentaPort ZX had a high accu-
racy rate in primary molars, similar to previous studies
[37, 38]. Besides, the accuracy rate was observed to be
99.7% in the study of Sahni et al. [39] On the other hand,
there has been no study on Woodpex III and Wirele-X in
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primary teeth in the literature. According to our results,
there was no significant difference between DentaPort
ZX, Wirele-X, and Woodpex III within the £0.5 mm and
+1 mm limits. In two different previous studies [14, 25]
no differences were found in permanent teeth between
the accuracy of Root ZX II and Wirele-X.

Mostly, it is extremely difficult to obtain intraoral
radiographs to determine working length while the
instrument is in the canal because of limited access to the
mouth and poor cooperation in children [31]. The use of
EALs in the pediatric dentistry clinic offers benefits as a
method that is fast, safe, and most importantly does not
require radiation [40]. In addition, Wirele-X can provide
an advantage for children as there is no cable connection
between the patient and the device screen because it is a
Bluetooth-enabled device. The fact that the wireless apex
locator device included in this study was found to be as
effective as the conventional alternatives may also lead to
different gains in pediatric dentistry.

Recently, with the increasing importance given to
keeping natural primary teeth in the mouth, root canal
treatment of primary teeth and the success of these clini-
cal procedures are increasing [1]. In this context, it is
thought that wireless equipment will be useful in short-
ening the chair time in endodontic treatments of pedi-
atric dental patients and in providing more effective
treatment modalities. As authors, we recommend that
the wireless EAL used in this study be evaluated as an
alternative and that the presented findings be supported
by further clinical prospective studies to strengthen
the behavioral models of pediatric dental patients and
increase their cooperation in routine clinical procedures.

This study had some limitations. The periapical tissues
and permanent tooth germ could not be reflected and
included in the study protocol because it was conducted
under in-vitro conditions with extracted primary teeth.
On the other hand, due to the in-vitro nature of the pres-
ent study, the different root canal morphology of each
sample included in the methodology, anatomical and
morphological variations, and ramifications, especially
in primary root canals, the fact that the widening apical
opening in primary teeth is not as standardized as in per-
manent teeth are other limitations of this study. In fur-
ther studies, the wireless apex locator and different EALs
need to be compared with clinical studies in the pediatric
population.

Conclusion

Pulpectomy prevents early tooth loss in childhood and is
more conservative than the extraction of primary teeth.
This experimental study reported that DentaPort ZX,
Wirele-X, and Woodpex III can be safely used in the
pulpectomy of primary molars. Wirele-X can provide an
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advantage in working length determination in children
because of its wireless feature.

7.
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