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ABSTRACT

Objective: This in vitro study aimed to evaluate and compare the accuracy of an
endomotor-integrated apex locator system and a conventional electronic apex locator
in determining the working length (WL) of root canals with simulated apical root
resorption, in both straight and curved canal anatomies.

Methods: Sixty-seven extracted mandibular molars with either straight distal canals
or curved mesiobuccal canals were included. Simulated external apical resorption was
created using a standardized protocol. Actual working length was determined under
a stereomicroscope. WL was then measured using an integrated system (EndoRadar
Pro) and an electronic apex locator (Dentaport ZX) shaping procedures. The differences
between actual and measured WL values were calculated. Data were analyzed using the
Kolmogorov-Smirnov test and Chi-square test with a £0.5 mm tolerance range.
Results: All tested devices demonstrated clinically acceptable accuracy within the £0.5
mm range. In curved canals, the integrated system used with ProGlider showed higher
accuracy compared to the systems used with PTN X1 and Dentaport ZX; however, this
difference was not statistically significant (Pearson Chi-Square, p = 0.128). In straight
canals no statistically significant differences were observed (Pearson Chi-Square, p =
0.155).

Conclusions: Both integrated system used with EndoRadar Pro and electronic
measurements performed with Dentaport ZX provide reliable measurements for WL
determination in the presence of apical root resorption. The integrated system used
with ProGlider may offer enhanced accuracy in anatomically complex, curved canals,

supporting their clinical use in such challenging scenarios.

Keywords: apical root resorption, electronic apex locator, root canal curvature, working

length determination
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INTRODUCTION

Optimal outcomes in endodontic therapy are influenced by
numerous factors, with the precise determination of the working
length (WL) serving as a critical element in ensuring treatment
efficacy [1]. In endodontics, the WL refers to the measured
distance between a coronal reference point and the apical
constriction, which serves as the terminal boundary for root
canal instrumentation and obturation. According to Ricucci and
Langeland [2], the apical constriction is the narrowest segment
of the canal, exhibiting the smallest vascular canal diameter,
thereby creating the minimal potential area for periapical injury
and stimulating optimal healing conditions. This anatomical
landmark is referred to as the root canal's minor diameter
[3]. The determination of the WL is critically important, as
numerous studies [4—7] have demonstrated that both overfilling
and underfilling during root canal treatment (RCT) significantly

increase the failure rate.

The integrity of the minor apical foramen and overall apical
anatomy can be compromised by various root-related conditions,
such as root perforation or external root resorption (ERR). ERR
in permanent teeth may result from multiple etiological factors,
including pulpal inflammation, orthodontic tooth movement,
dental trauma, jaw tumors, internal bleaching, and ectopic
eruption [8]. Given the potential impact of these factors on
root morphology, they should be carefully considered when

determining the WL during endodontic treatment [8].

Main Points

e This in vitro study compared the accuracy of an
endodontic motor-integrated apex locator and a
conventional electronic apex locator in teeth with

simulated apical root resorption.

e All devices tested demonstrated clinically acceptable
accuracy (£0.5 mm) in both straight and curved root
canals, with no statistically significant differences

observed.

e The integrated apex locator system used with ProGlider
showed the highest accuracy in curved canals, suggesting

its potential advantage in anatomically complex cases.

e The presence of simulated apical root resorption did
not significantly compromise the reliability of working

length measurements using either method.
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Despite meticulous efforts to accurately determine and maintain
the WL, several studies [9, 10] have reported a reduction in WL
during RCT, particularly in curved canals. This phenomenon
primarily occurs due to the tendency of the root canal to
straighten during mechanical preparation. The excessive
removal of dentin from the inner surface of the curvature leads
to canal straightening and an inevitable reduction in WL [10, 11].
Such changes pose challenges in preserving the original canal
anatomy, making it crucial to adopt techniques that enhance
control over the apical region. An alternative approach involves
employing an electronic apex locator (EAL) that is incorporated
into an endodontic motor to assist in determining WL during the
mechanical shaping of the root canal. This approach has been
suggested to improve precision in WL determination, reduce the
risk of over-preparation, and enhance the overall efficiency of

endodontic procedures [12].

Several methods have been employed in clinical practice to
determine root canal length and measure WL accurately.
These include EAL, radiographic evaluation, tactile sensation-
based techniques, and cone-beam computed tomography
(CBCT)-based methods. Among these, EALs have been widely
recognized as reliable tools for WL determination. However,
their accuracy can be influenced by anatomical factors,

particularly the diameter of the apical foramen [3].

Studies [9—14] have consistently demonstrated that a slight
reduction in WL occurs following preparation in curved
canals. While numerous investigations [9—14] have explored
the behavior of EALs in curved canals, there remains a scarcity
of research focusing on the impact of apical resorption on their
effectiveness. Furthermore, no studies to date have specifically
examined cases where both curved anatomy and simulated

apical resorption coexist.

In light of the existing gaps in the literature, the current
investigation aims to assess the precision of endodontic
motors integrated with electronic apex locators, as well as
traditional EAL devices, in determining root canal lengths in
both straight and curved canals affected by simulated apical
resorption. By examining the performance of these systems
under such conditions, the study intends to offer meaningful
insights regarding their reliability and clinical applicability in
challenging endodontic scenarios. The null hypothesis of this
research states that there is no statistically significant difference

in the accuracy between endomotor-integrated apex locator
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systems and conventional electronic apex locators when used to
determine working length in root canals with simulated apical

resorption, regardless of canal curvature.

MATERIALS AND METHODS

The manuscript of this laboratory study has been written
according to Preferred Reporting Items for Laboratory Studies
in Endodontology (PRILE) 2021 guidelines [15] (Figure 1).
The study protocol was reviewed and approved by the Clinical
Research Ethics Committee of Akdeniz University Faculty of
Medicine under the decision number TBAEK-413. The required
sample size was calculated using G*Power version 3.1.9.7,
relying on data obtained from a preliminary pilot study [4], with
parameters set at a significance level (o) of 0.05, a statistical
power of 0.95, and an effect size of 0.20. The analysis indicated
that a minimum of 66 specimens was required to achieve

adequate statistical power.

Sample Selection and Pre-Instrumentation Procedures

A total of sixty-seven extracted human mandibular molars of
similar length were included in the study. The human teeth used
in this study were extracted for periodontal reasons as part of
routine dental treatment and were not removed specifically for
research purposes. Written informed consent was obtained from
all patients, allowing the use of their extracted teeth for scientific
investigation. Specimens exhibiting cracks, fracture lines, or
a history of prior RCT were excluded based on examinations
performed under a stereomicroscope (Zeiss Stemi 508, Carl

Zeiss, Oberkochen, Germany) and radiographic imaging.

Mandibular molars were chosen due to their common
availability, well-defined canal morphology, and the presence
of both straight and curved root canals within a single tooth,
allowing for standardized comparisons across different canal
anatomies. Other tooth types, such as premolars, were excluded
to minimize anatomical variability and enhance the internal

validity of the experimental design.

Periapical radiographs of the mandibular molars were taken
in the buccolingual direction. The curvature angles of the root
canals were determined using the Schneider method [16]. In this
study, mandibular molars with straight distal root canals and
mesiobuccal root canals exhibiting a curvature angle between

30 and 50 degrees were specifically selected for inclusion.
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The curvature range of 30-50° was selected based on
Schneider's method [16] to represent canals with moderate to
severe curvature, which are frequently encountered in clinical
endodontic cases and present notable challenges for WL
determination. This range allows for a meaningful evaluation of
apex locator performance under curved conditions without the
procedural complications that may arise in canals with extreme
curvatures (>50°), such as increased instrument fatigue or

difficulty in reproducibility.

Root canals with <30° curvature were excluded to ensure that
the influence of curvature on device performance could be
adequately assessed, as such canals tend to behave similarly to
straight canals and may not sufficiently differentiate the systems

being compared.

Hard and soft tissue remnants on the teeth were removed using
a periodontal scaler (Hu-Friedy, Chicago, IL, USA). To prevent
dehydration, the specimens were stored in a saline solution. The
cuspal surfaces of the selected teeth were flattened to create a
consistent and standardized reference point at the coronal level.
Standard endodontic access cavities were prepared in all teeth.
Apical patency was confirmed using a #10 K-file (Dentsply
Maillefer, Ballaigues, Switzerland), and only teeth in which the
#10 K-file became stuck at the apical foramen in the mesiobuccal
canal and the #15 K-file (Dentsply Maillefer, Ballaigues,

Switzerland) in the distal canal were included in the study.

Simulation of Apical Root Resorption

To simulate apical root resorption, the apical 2 mm of both
the mesial and distal roots were removed at an approximately
45-degree angle using a high-speed handpiece with a diamond
fissure bur under water cooling (Figure 2A). To standardize the
resection angle and length across all specimens, pre-marked
guidelines were drawn on the root surface, and the same
experienced operator performed all resections. The bevel length
was measured with a digital caliper (Mitutoyo Corporation,
Kawasaki, Japan) (+0.01 mm accuracy) to ensure consistency,
and stereomicroscopic (Zeiss Stemi 508, Carl Zeiss, Oberkochen,
Germany) evaluation was performed to confirm the uniformity

of the resection across samples.
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PRILE 2021 Flowchart

This study provides new evidence on the accuracy of apex locator systems in root canals with simulated apical resorption,
addressing a gap in the literature regarding their performance in both curved and straight anatomies. The findings support
clinicians in making informed decisions during WL determination in challenging apical conditions.

The study was approved by the Clinical Research Ethics Committee of Akdeniz University decision number TBAEK-413.
All teeth were extracted for periodontal reasons with prior informed consent for research use.

EXPERIMENTAL AND CONTROL GROUPS

Group 1: Curved canals — Integrated apex locator with ProGlider (n = 67)
Group 2: Curved canals — Integrated apex locator with PTN X1 67)
Group 3: Curved canals — Standalone apex locator (Dentaport ZX) (n = 67)
Group 4: Straight canals — Integrated apex locator with ProGlider (n = 67)
Group 5: Straight canals — Integrated apex locator with PTN X1 (n = 67)
Group 6: Straight canals — Standalone apex locator (Dentaport ZX) (n = 67)

Actual working length (AWL) was determined under a stereomicroscope using a digital caliper. Integrated apex locator
measurements were performed using EndoRadar Pro, and standalone measurements using Dentaport ZX. All assessments
were performed by a single experienced operator.

All devices showed clinically acceptable accuracy (£0.5 mm). In curved canals, the EndoRadar Pro integrated system with
ProGlider showed the highest accuracy (83%), followed by Dentaport ZX (76%) and the EndoRadar Pro integrated system
with PTN X1 (68%). In straight canals, the EndoRadar Pro integrated systems with both ProGlider and PTN X1 each
achieved 82% accuracy; Dentaport ZX showed 70%. No statistically significant differences were found between devices (p
> 0.05).

> stems—both integrated (EndoRadar Pro with ProGlider or PTN X1) and standalone (Dentaport
ZX)—showed acceptable accuracy in working length determination, even in canals with simulated apical root resorption

The authors declare no co

Figure 1. Preferred Reporting Items for Laboratory studies in Endodontology (PRILE 2021) flow chart.
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Determination of Actual WL

Under a stereomicroscope with 15x magnification (Stemi 508,
ZEISS, Oberkochen, Germany), the #10 K-file was carefully
advanced until its tip became visible in the resorption area.
Once the file tip was observed, a rubber stop was secured at
the predetermined reference point on the occlusal surface. Using
a digital caliper (Mitutoyo Corporation, Kawasaki, Japan), the
length from the rubber stop to the file tip was meticulously
measured for both the curved mesiobuccal and straight distal
canals. These measurements were recorded as the actual WL
of curved-rooted (C-AWL) and straight-rooted (S-AWL) teeth.

Determination of WL with Integrated System

The teeth were first embedded in alginate to determine the
WL using the apex locator integrated into the endomotor.
The alginate was prepared according to the manufacturer's
instructions. The lip clip of the EAL was placed into the freshly
prepared alginate mold, and the teeth were immersed up to the
cemento-enamel junction (Figure 2B). The WL measurement
was performed using the EndoRadar Pro (Woodpecker, Guilin,
China) apex locator integrated into the endomotor. For the
integrated operation, the apical point was adjusted to 0.0, and
activation of the apical stop mode caused the file to stop when

this point was reached.

Root canal preparation was performed using ProTaper ProGlider
(ProG) and ProTaper Next X1 (PTN) (Dentsply Ballaigues,
Switzerland) for both the curved mesiobuccal canals and the

straight distal canals.
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The WL was established at the point where the file ceased
advancement automatically upon reaching a 0.0 reading on the
apex locator, with the rubber stop positioned in alignment with
the designated reference point. Measurements were obtained
using a digital caliper (Mitutoyo Corporation, Kawasaki, Japan).
For accuracy, each WL was measured three times, and the mean
value of these readings was calculated. A single operator carried
out all procedures related to measurement, whereas a separate
operator was responsible for recording and documenting the
data.

The measured values were recorded as the integrated system WL
(IWL) for ProG and PTN XI1 files used in curved and straight
canals (for curved canals: C-IWL-ProG and C-IWL-PTN; for
straight canals: S-IWL-ProG and S-IWL-PTN).

Determination of WL After Integrated System

After the final preparation with the X1 file, the standardized teeth
were measured for WL in both straight and curved roots using
the Dentaport ZX (J. Morita Co., Kyoto, Japan). Measurements
were performed using an ISO #20 K-file and recorded as the
electronic WL (EWL) for curved and straight canals (C-EWL

for curved canals and S-EWL for straight canals).

To enhance measurement reliability and reduce potential
operator-induced variability, each tooth was measured three
times, and the average of the values was used for analysis. All
measurements were performed by a single operator and recorded

by another operator to prevent bias.

Figure 2. (A) Standardized root-end resection at a 45° angle simulating apical root resorption. (B) Specimen embedded in alginate

to create an electroconductive medium for working length measurement with electronic apex locators.
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To determine the amount of change, the values obtained from
C-AWL were subtracted from C-IWL-ProG, C-IWL-PTN, and
C-EWL, while the values obtained from S-AWL were subtracted
from S-IWL-ProG, S-IWL-PTN, and S-EWL. Negative values
(-) indicated responses shorter than the measured length,
whereas positive values (+) represented responses exceeding the

measured length.

Statistical Analysis

Statistical analysis was conducted using SPSS version 23.0
(SPSS Inc., Chicago, IL, USA). Descriptive statistics, including
the mean and standard deviation, were computed from the
obtained measurements, and precise 95% confidence intervals
were established. The Kolmogorov—Smirnov test was used to
assess whether the data followed a normal distribution. The Chi-
square test was employed to compare the success rates of the

devices at a significance level of 0.05.

RESULTS

The raw data plots illustrating the measurement differences for
each device were presented in Figures 3 and 4, corresponding
to curved and straight root canals, respectively. The mean

and standard deviation, calculated from the differences in

Cakmak YE, et al.

measurements obtained from the devices in this study, are
shown in Table 1. As shown in Table 1, the lowest mean value
for curved root canals was measured using the integrated system
with PTN X1, while for straight root canals, the lowest value
was obtained with the electronic measurement performed using
Dentaport ZX.

Table 2 displays the accuracy of each device within a £0.5 mm
tolerance margin for both curved and straight root canals. In
curved root canals, the highest accuracy was observed with
the integrated system with ProG (83%, n=56), followed by
Dentaport ZX (76%, n=51) and the integrated system with PTN
X1 (68%, n=46). Similarly, in straight root canals, the integrated
system with ProG and integrated system with PTN X1 showed
the highest accuracy (both 82%, n=55), while Dentaport ZX had
a slightly lower rate (70%, n=47). However, this difference was
not statistically significant (p = 0.155, Pearson Chi-Square test;
Table 2).

Statistical analysis revealed no significant differences among the
devices in either curved or straight root canals (p = 0.128 for

curved canals; p = 0.155 for straight canals).
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Figure 3. The plot displaying the raw data of the differences for each device exhibited for curved root canals. The x-axis represents

the apex locator devices, and the y-axis indicates the measurement error in millimeters.
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Figure 4. The plot displaying the raw data of the differences for each device exhibited for straight root canals. The x-axis represents

the apex locator devices, and the y-axis indicates the measurement error in millimeters.

Table 1. The mean, SD, and CI were calculated using differences in measurements obtained from each device.

Curved Root canals Straight Root Canals
Device
n Mean + SD 95% CI (mm) n Mean + SD 95% CI (mm)
Integrated system with ProG 67 -0.19+£0.37 -0.28 (- 0.10) 67 -0.030 £0.42 -0.13 (-0.07)
Integrated system with PTN X1 67 -0.13+£0.57 -0.39 (-0.19) 67 -0.09 £ 0.39 -0.18 (-0.003)
Dentaport ZX 67 -0.29 £ 0.41 -0.39 (-0.19) 67 -0.02 £ 0.44 -0.12 (-0.08)

* Abbreviations: n: sample size; SD: standard deviation; CI: confidence interval, EAL: Electronic Apex Locator, CBCT: Cone beam computed

tomography.

Table 2. The accuracy of the devices for curved and straight root canals in the tolerance range of £0.5 mm with P-values were

presented.
Curved Root canals Straight Root Canals
Device
+ 0.5 mm n (%) + 0.5 mm n (%)
Integrated system with ProG 56 (83%) 55 (82%)
Integrated system with PTN X1 46 (68%) 55 (82%)
Dentaport ZX 51(76%) 47 (70%)
p value 0.12 0.15
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DISCUSSION

In this study, the accuracy of different devices in determining
the WL in straight and curved root canals with simulated
apical resorption was evaluated. The findings indicate that
all three systems demonstrated comparable accuracy rates
within a +0.5 mm tolerance range. These results support the
clinical applicability of both electronic apex locators alone
and integrated systems in endodontic treatments. Since no
statistically significant differences were observed between the
tested systems (p > 0.05), the null hypothesis of the study was

not rejected.

The methodology used in this study for WL determination
with an apex locator was based on the protocol described by
Kaufman et al. [17]. In addition, ERR was simulated by creating
a 45-degree bevel approximately 1.5-2 mm coronal to the apical
foramen, and alginate was used as the electrically conductive

medium.

Throughout the procedure, root canal irrigation was performed
exclusively with saline solution in order to maintain a
consistent and controlled conductivity environment. The use
of saline minimized variability in electrical measurements and
eliminated potential chemical interference that may arise from
commonly used clinical irrigants such as NaOCl or EDTA,
which could affect the performance and accuracy of electronic
apex locators [18]. Previous research has demonstrated that
different irrigants can yield significantly different measurement
accuracies depending on the device used. For example, a study
[5] comparing NaOCl, EDTA, and NaCl found that saline
yielded more accurate results than EDTA for the Rootor system,
while EDTA performed better with Dentaport ZX. Given such
variability, the use of saline in our study allowed for a more

objective comparison among devices.

Precise WL determination is essential for achieving effective
disinfection and proper obturation of the root canal system during
endodontic procedures. To achieve this, various techniques
have been developed, including conventional radiographic
assessments, tactile sensation-based approaches, CBCT, and
EALs [4]. Recently, endodontic motors integrated with apex
locator systems have provided the advantage of simultaneous
length control during canal preparation. Overall, studies [19-21]
have shown that integrated measurement systems are not only
comparable to conventional EALs but also deliver consistent

results, indicating that both approaches are safe and effective
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for WL determination. This equivalence highlights the potential
of integrated systems to optimize and streamline endodontic
procedures without compromising accuracy. Nevertheless, the
Dentaport ZX remains the reference standard in EAL technology
due to its high measurement precision, stable performance, and

reliability across a wide range of anatomical variations [22].

For curved root canals, in the determination of WL within the
+0.5 mm tolerance range, Although the differences between the
measurements obtained using Dentaport ZX and the integrated
systems with ProG and PTN X1 were not statistically significant,
the ProG-integrated system demonstrated a higher level of
accuracy compared to both the PTN Xl-integrated system
and Dentaport ZX. The literature indicates that endodontic
motors with integrated apex locator systems, particularly those
featuring an automatic stop function at the 0.0 mark, allow for
effective control of the apical limit during glide path preparation,
thereby contributing to the preservation of the apical foramen
[23]. Furthermore, de Almeida Gardelin et al. [24] reported that
during glide path preparation using an integrated apex locator
with different kinematics (rotary/reciprocating motion), there
was no significant change in WL. In the present study, the higher
accuracy observed with the integrated system used with ProG
in curved canals supports these observations. Nonetheless, the
absence of statistically significant differences may be attributed
to factors such as root curvature and the presence of simulated
apical root resorption.

The relatively higher accuracy observed with the ProGlider-
integrated system in curved canals may be attributed to its
specific design features and the biomechanical advantages it
offers during glide path preparation. ProGlider is a single-file
NiTi rotary instrument with a progressive taper, which allows
for gradual enlargement of the coronal and middle thirds while
preserving the original canal trajectory [25, 26]. This tapered
design reduces coronal resistance and facilitates more centered
and controlled apical progression of subsequent shaping files,
which may contribute to more stable contact with the canal walls
and enhance the precision of EAL measurements, particularly
in curved anatomies [27]. Additionally, micro-CT-based studies
have shown that ProGlider results in fewer canal aberrations
and better-centering ability in the apical third compared to both
stainless steel K-files and other NiTi glide path systems [28, 29].
By eliminating mid-root interferences and minimizing file stress
during shaping, ProGlider may reduce the number of pecking

motions required with shaping files such as ProTaper Next X1
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and help maintain the integrity of the apical foramen— factors
that are considered beneficial for accurate WL determination in

complex canal geometries [25, 27, 30].

Likewise, in straight root canals, the comparison among devices
revealed no statistically significant differences. A clinical study
[31] comparing the accuracy of six different electronic apex
locators (Root ZX, Root ZX Mini, Propex PiXi, Innvopex-1,
Woodpex 111, and Raypex 6) in determining WL in straight root
canals found no statistically significant differences between the
devices. A separate study [32] found that canal preparations with
different tapers (ranging from 0.02 to 0.12) did not significantly
affect the accuracy of the Root ZX II and Romiapex A-15 EALs.
Shacham et al. [33] reported that as the difference between the
file size used and the apical diameter of the canal decreases,
the measurements obtained become more accurate and stable.
Considering these findings, the choice of file sizes that closely
corresponded to the diameter of the resorption area in the
current study may have played a role in the lack of statistically
significant differences between the measurements obtained
using the integrated apex locator and Dentaport ZX in both

straight and curved canals.

Teeth with ERR present significant challenges for WL
determination methods [30]. These difficulties extend beyond
initial length measurement to complicate the termination point
of endodontic treatment [34]. Studies [35, 36] have demonstrated
that apical constriction - conventionally regarded as the optimal
termination point for endodontic therapy - is absent in teeth with
root resorption and open apices. As the apical foramen widens,
the natural taper toward the apex is lost, resulting in more
parallel root canal walls [37]. While this anatomical alteration
may theoretically affect the accuracy of WL determination
methods, our findings suggest that stable measurements can still
be achieved despite apical resorption, with device performance

maintaining consistent reliability under these conditions.

A significant contribution of this study is its evaluation of
the reliability of integrated systems under apical resorption
conditions in both curved and straight root canals. Previous
studies [9-14] have typically focused solely on curved canals
or intact apex anatomy. In this context, our research addresses a

critical gap in the literature.

Limitations

The in vitro nature of this study inherently limits its direct
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applicability to clinical scenarios, as it cannot fully reproduce the
biological and anatomical complexities of the oral environment.
In particular, simulated resorption lesions—created in this
study by standardizing a 2 mm apical removal at a 45-degree
bevel—may not accurately reflect the irregular and often
asymmetrical morphology of natural, pathological defects. This
methodological approach, while necessary for standardization,
inherently limits external validity. Furthermore, the exclusive
use of mandibular molars may restrict the broader applicability
of the findings, as different tooth types may present unique
anatomical challenges. Additionally, irrigation was performed
exclusively with saline to standardize the electrical conductivity
environment; however, this does not reflect routine clinical use
of NaOCl or EDTA, which possess higher ionic content and may
affect the accuracy of electronic apex locators. Future research
should consider incorporating a wider variety of tooth types and
different degrees or patterns of resorption to improve the clinical

relevance and generalizability of the results.

CONCLUSIONS

This study assessed the accuracy of two integrated apex locator
systems and conventional apex locators in determining WL
in root canals with simulated apical resorption. The findings
revealed that all tested devices demonstrated acceptable
accuracy within the clinically relevant £0.5 mm tolerance range

in both straight and curved canals.

Across both canal types, all measurement methods exhibited

comparable performance, and no statistically significant
differences were found between the devices. Importantly,
the presence of apical resorption did not significantly
affect measurement reliability, indicating that accurate WL

determination remains achievable under such conditions.
Taking into account the limitations of this in vitro study, the
findings indicate that integrated apex locator systems could
provide a reliable alternative to conventional devices in complex
endodontic cases involving apical resorption.
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Conflict of interest: The authors declare no conflict of interest.

Informed Consent: Informed consent was not required for this

study.

181



European Journal of Therapeutics (2025)
Ethical Approval: Ethical approval was obtained from
the Akdeniz University Ethics Committee with number of:
TBAEK-413.

Author Contributions: Conception: H, H; S, K - Design: H,
H; S, K Supervision: S, K - Fundings: - Materials: YE, C; D, E
Data Collection and/or Processing: YE, C; D,E - Analysis and/
or Interpretation: S, K Literature: YE, C; D, E - Review: YE, C;
D, E - Writing: YE, C; S,K - Critical Review: H, H.

REFERENCES

[1] Inoue N, Skinner DH (1985) A simple and accurate way
of measuring root canal length. J Endod. 11(9):421-427.
https://doi.org/10.1016/S0099-2399(85)80079-0

[2] Ricucci D, Langeland K (1998) Apical limit of root canal
instrumentation and obturation, part 2. A histological
study. Int Endod J. 31(6):394—409. https:/doi.org/10.1046/
1.1365-2591.1998.00183.x

[3] Sharma MC, Arora V (2010) Determination of Working
Length of Root Canal. Med J Armed Forces India. 66(3):231-
234. https://doi.org/10.1016/S0377-1237(10)80044-9

[4] Tekinarslan D, Erkal D, Ercan E, Koc S, Er K (2024)
Does root canal shaping affect the accuracy of electronic
apex locators in curved and straight root canals? Clin
Exp Health Sci. 14(3):727-732. https://doi.org/10.33808/
clinexphealthsci.1354100

[5] Altunbas D, Kustarct A, Toyoglu M (2017) The influence
of various irrigants on the accuracy of 2 electronic apex

locators in locating simulated root perforations. J Endod.
43(3):439-442. https://doi.org/10.1016/j.joen.2016.10.031

[6] Kim YJ, Chandler NP (2013) Determination of working
length for teeth with wide or immature apices: a review.
Int Endod J. 46(6):483-491. https://doi.org/10.1111/iej.12032

[7] Igbal A (2016) The Factors Responsible for Endodontic
Treatment Failure in the Permanent Dentitions of the
Patients Reported to the College of Dentistry, the
University of Aljouf, Kingdom of Saudi Arabia. J Clin
Diagn Res. 10(5):ZC146-ZC148. https://doi.org/10.7860/
JCDR/2016/14272.7884

[8] Ding J, Gutmann JL, Fan B, Lu Y, Chen H (2010) Investigation

of apex locators and related morphological factors. J Endod.

182

Cakmak YE, et al.

36(8):1399-1403. https://doi.org/10.1016/j joen.2010.04.006

[9]1 Jo JT1, Jin MU, Kim YK, Kim SK (2006) Change of working
length in curved canals by various instrumentation
techniques. J Korean Acad Conserv Dent. 31(1):30-38.
https://doi.org/10.5395/JK ACD.2006.31.1.030

[10] Kumar R, Madan N, Sharma S, Sharma S, Chauhan R,
Verma S (2013) Working length changes in curved canals
after coronal flaring by using rotary files and hand file: An
in vitro study. J Conserv Dent. 16(5):399—402. https:/doi.
org/10.4103/0972-0707.117489

[11] Chaniotis A, Ordinola-Zapata R (2022) Present status and
future directions: Management of curved and calcified root
canals. Int Endod J. 55(4):656—684. https://doi.org/10.1111/

ij.13685

[12] Bernardes RA, Vasconcelos BC, Duarte MAH, Bramante
CM, Moraes IG, Garcia RB, S6 MV (2022) Evaluation
of foramen locating accuracy of an endodontic motor
integrated with electronic foramen employing optimal
glide path kinematics. Clin Oral Investig. 26(2):1293-1298.
https://doi.org/10.1007/s00784-021-04103-3

[13] Nagaraja S, Sreenivasa Murthy BV (2010) CT evaluation of
canal preparation using rotary and hand NI-TI instruments:
An in vitro study. J Conserv Dent. 13(1):16-22. https:/doi.
0rg/10.4103/0972-0707.62636

[14] Khurana P, Nainan MT, Sodhi KK, Padda BK (2011)
Change of working length in curved molar root canals
after preparation with different rotary nickel-titanium
instruments. J Conserv Dent. 14(3):264-268. https:/doi.

0rg/10.4103/0972-0707.85809

[15] Nagendrababu V, Murray PE, Ordinola-Zapata R, Peters
OA, Roécas IN, Siqueira JF Jr, Priya E, Jayaraman J, J
Pulikkotil S, Camilleri J, Boutsioukis C, Rossi-Fedele G,
Dummer PMH (2021) PRILE 2021 guidelines for reporting
laboratory studies in Endodontology: A consensus-based
development. Int Endod J. 54(9):1482-1490. https:/doi.
org/10.1111/iej.13542

[16] Schneider SW (1971) A comparison of canal preparations
in straight and curved root canals. Oral Surg Oral Med
Oral Pathol. 32(2):271-275. https://doi.org/10.1016/0030-

4220(71)90230-1

[17] Kaufman AY, Fuss Z, Keila S, Waxenberg S (1997)



https://doi.org/10.1016/S0099-2399(85)80079-0
https://doi.org/10.1046/j.1365-2591.1998.00183.x
https://doi.org/10.1046/j.1365-2591.1998.00183.x
https://doi.org/10.1016/S0377-1237(10)80044-9
https://doi.org/10.33808/clinexphealthsci.1354100
https://doi.org/10.33808/clinexphealthsci.1354100
https://doi.org/10.1016/j.joen.2016.10.031
https://doi.org/10.1111/iej.12032
https://doi.org/10.7860/JCDR/2016/14272.7884
https://doi.org/10.7860/JCDR/2016/14272.7884
https://doi.org/10.1016/j.joen.2010.04.006
https://doi.org/10.5395/JKACD.2006.31.1.030
https://doi.org/10.4103/0972-0707.117489
https://doi.org/10.4103/0972-0707.117489
https://doi.org/10.1111/iej.13685
https://doi.org/10.1111/iej.13685
https://doi.org/10.1007/s00784-021-04103-3
https://doi.org/10.4103/0972-0707.62636
https://doi.org/10.4103/0972-0707.62636
https://doi.org/10.4103/0972-0707.85809
https://doi.org/10.4103/0972-0707.85809
https://doi.org/10.1111/iej.13542
https://doi.org/10.1111/iej.13542
https://doi.org/10.1016/0030-4220(71)90230-1
https://doi.org/10.1016/0030-4220(71)90230-1

European Journal of Therapeutics (2025)

Reliability of different electronic apex locators to detect
root perforations in vitro. Int Endod J. 30(6):403—-407.
https://doi.org/10.1046/j.1365-2591.1997.00107.x

[18] Shekarbaghani SA, Bolhari B, Khalilak Z (2024) The
effect of different root canal irrigations on the accuracy
of apex locators: A systematic review. J Clin Exp Dent.

16(12):e1538-e1546. https:/doi.org/10.4317/jced.62049

[19] Reddy A, Punathil S, Moyin S, Rathod A, Shah A
(2021) Evaluation of the efficacy of different systems in
determination of root canal working length: A comparative
study. World J Dent. 12(5):399—402. https://doi.org/10.5005/

Ip-journals-10015-1860

[20] Christofzik DW, Bartols A, Khaled M, Grofner-Schreiber
B, Dorfer CE (2017) The accuracy of the auto-stop
function of different endodontic devices in detecting the
apical constriction. BMC Oral Health. 17:141. https:/doi.

Cakmak YE, et al.

40(12):2015-2018. https://doi.org/10.1016/j.joen.2014.08.011

[26] Elnaghy AM, Elsaka SE (2015) Evaluation of the mechanical
behaviour of PathFile and ProGlider pathfinding nickel-
titanium rotary instruments. Int Endod J. 48(9):894-901.
https:/doi.org/10.1111/iej.12386

[27] Alovisi M, Cemenasco A, Mancini L, Paolino D, Scotti N,
Bianchi CC, Pasqualini D (2017) Micro-CT evaluation of
several glide path techniques and ProTaper Next shaping
outcomes in maxillary first molar curved canals. Int Endod
J. 50(4):387-397. https://doi.org/10.1111/iej.12628

[28] Pasqualini D, Bianchi CC, Paolino DS, Mancini L,
Cemenasco A, Cantatore G, Castellucci A, Berutti E
(2012) Computed micro-tomographic evaluation of glide
path with nickel-titanium rotary PathFile in maxillary first
molars curved canals. J Endod. 38(3):389-393. https:/doi.
org/10.1016/j.joen.2011.11.011

org/10.1186/s12903-017-0425-y

[21] Swarupa C, Sajjan G, Sashi Kanth Y (2013) An in vitro
stereomicroscopic comparative evaluation of a combination
of apex locator and endodontic motor with an integrated
endodontic motor. J Conserv Dent. 16(5):458—461. https:/
doi.org/10.4103/0972-0707.117506

[22] Aguiar BA, Reinaldo RS, Frota LMA, do Vale MS, de
Vasconcelos BC (2017) Root ZX -electronic foramen
locator: An ex vivo study of its three models’ precision
and reproducibility. Int J Dent. 2017:5893790. https:/doi.
org/10.1155/2017/5893790

[23] FrotaLMA, de Oliveira-Neto RS, Limoeiro AG, Alcalde MP,
Vivan RR, Duarte MAH, Bernardes RA, Vasconcelos BC
(2025) Accuracy of apical limit control during retreatment
provided by hybrid electronic foraminal locators: A micro-
CT study. J Clin Exp Dent. 17(1):e64—e69. https:/doi.
org/10.4317/jced.62405

[24] de Almeida Gardelin V, Vinholes JIAM, Grazziotin-Soares
R, Pappen FG, Barletta FB (2023) Influence of rotary and
reciprocating kinematics on the accuracy of an integrated
apex locator. Aust Endod J. 49(Suppl. 1): 202-208. https:/
doi.org/10.1111/aej.12717

[25] Berutti E, Alovisi M, Pastorelli MA, Chiandussi G, Scotti N,
Pasqualini D (2014) Energy consumption of ProTaper Next
X1 after glide path with PathFiles and ProGlider. J Endod.

[29] Kirchhoff AL, Chu R, Mello I, Garzon AD, dos Santos M,
Cunha RS (2015) Glide Path Management with Single-
and Multiple-instrument Rotary Systems in Curved
Canals: A Micro-Computed Tomographic Study. J Endod.
41(11):1880-1883. https://doi.org/10.1016/j.joen.2015.07.014

[30] Ajuz NC, Armada L, Gongalves LS, Debelian G, Siqueira
JF Jr (2013) Glide path preparation in S-shaped canals with
rotary pathfinding nickel-titanium instruments. J Endod.
39(4):534-537. https://doi.org/10.1016/j.joen.2012.12.025

[31] Sayed A, AlGhamdi A, AlShahrani S, AlQarni M, AlAskar
M, Alfawaz H, Alhazzani A (2024) Comparative evaluation
of the accuracy of six different apex locators in working
length determination of molars using intraoral periapical
radiographs: An in vivo study. J Conserv Dent Endod.
27(5):695-700. https://doi.org/10.4103/JCDE.JCDE 189 24

[32] Gongalves FNR, da Silva LB, dos Santos EF, de Souza Junior
AS, Duarte MAH, Vivan RR, S6 MV (2024) Influence
of root canal taper on the measurement of two different
electronic apex locators. J Clin Exp Dent. 16(7):€733—¢739.
https://doi.org/10.4317/jced.61352

[33] Shacham M, Levin A, Shemesh A, Lvovsky A, Ben Itzhak
J, Solomonov M (2020) Accuracy and stability of electronic
apex locator length measurements in root canals with wide
apical foramen: An ex vivo study. BDJ Open. 6(1):22.
https:/doi.org/10.1038/s41405-020-00052-3

183


https://doi.org/10.1046/j.1365-2591.1997.00107.x
https://doi.org/10.4317/jced.62049
https://doi.org/10.5005/jp-journals-10015-1860
https://doi.org/10.5005/jp-journals-10015-1860
https://doi.org/10.1186/s12903-017-0425-y
https://doi.org/10.1186/s12903-017-0425-y
https://doi.org/10.4103/0972-0707.117506
https://doi.org/10.4103/0972-0707.117506
https://doi.org/10.1155/2017/5893790
https://doi.org/10.1155/2017/5893790
https://doi.org/10.4317/jced.62405
https://doi.org/10.4317/jced.62405
https://doi.org/10.1111/aej.12717
https://doi.org/10.1111/aej.12717
https://doi.org/10.1016/j.joen.2014.08.011
https://doi.org/10.1111/iej.12386
https://doi.org/10.1111/iej.12628
https://doi.org/10.1016/j.joen.2011.11.011
https://doi.org/10.1016/j.joen.2011.11.011
https://doi.org/10.1016/j.joen.2015.07.014
https://doi.org/10.1016/j.joen.2012.12.025
https://doi.org/10.4103/JCDE.JCDE_189_24
https://doi.org/10.4317/jced.61352
https://doi.org/10.1038/s41405-020-00052-3

European Journal of Therapeutics (2025)

[34] Lopez-Maekawa A, Garcia Rupay CR (2022) Accuracy
of four apex locators in premolars with root resorption:
An in vitro study. Iran Endod J. 17(1):20-26. https:/doi.
org/10.22037/iej.v17i1.35498

[35] Plascencia H, Espinoza A, Olave E, Mufioz M, Rodriguez
C, Paredes V (2017) Management of permanent teeth with
necrotic pulps and open apices according to the stage of
root development. J Clin Exp Dent. 9(1):e94—e100. https:/
doi.org/10.4317/jced.54287

[36] Saraswathi V, Kedia A, Purayil T, Ballal V, Saini A (2016)
Comparative evaluation of the accuracy of two electronic
apex locators in determining the working length in teeth

with simulated apical root resorption: An in vitro study. J

184

Cakmak YE, et al.

Conserv Dent. 19(5):402—406. https://doi.org/10.4103/0972-

0707.190002

[37] Aydin U, Karataslioglu E, Aksoy F, Yildirim C (2015) In

vitro evaluation of Root ZX and Raypex 6 in teeth with
different apical diameters. J Conserv Dent. 18(1):66—69.
https://doi.org/10.4103/0972-0707.148899

How to Cite;

Cakmak YE, Erkal D, Harorli H, Koc S (2025) Evaluation
of the Accuracy of an Endo Motor-Integrated Apex Locator
Versus a Standalone Electronic Apex Locator in Teeth with
Simulated Apical Root Resorption: An In Vitro Study. Eur
J Ther. 31(3):173-184. https://doi.org/10.58600/eurjther2693



https://doi.org/10.58600/eurjther2693
https://doi.org/10.22037/iej.v17i1.35498
https://doi.org/10.22037/iej.v17i1.35498
https://doi.org/10.4317/jced.54287
https://doi.org/10.4317/jced.54287
https://doi.org/10.4103/0972-0707.190002
https://doi.org/10.4103/0972-0707.190002
https://doi.org/10.4103/0972-0707.148899

	Evaluation of the Accuracy of an Endo Motor-Integrated Apex Locator Versus a Standalone Electronic A
	INTRODUCTION
	Main Points
	MATERIALS AND METHODS 
	Figure 1.
	Figure 2.

	RESULTS
	Table 1. 
	Table 2. 

	DISCUSSION
	CONCLUSIONS
	REFERENCES


