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Accuracy of two electronic foraminal locators integrated with endomotor: An Ex Vivo Study


ABSTRACT
This study aimed to compare the accuracy of two electronic foramen locators (EFLs), E-connect S and Sensory, both integrated into portable endodontic motors, with that of the standalone Root ZX II, and to evaluate the influence of instrument size and application mode. Fifty extracted single-rooted human teeth were prepared to a standardized apical size and randomly assigned to five groups according to the device, file size, and application mode: Sensory, Sensory in dynamic measurement mode, E-connect S, E-connect S in dynamic measurement mode, and Root ZX II as control. Electronic working length determinations were performed using the alginate model method. In the control and locator mode groups, K-files #15, #20, and #25 were inserted until the devices indicated the apex, while in the dynamic measurement groups, Reciproc R25 and R40 files were used. After all electronic measurements, the actual tooth length was determined by apical sectioning, photography, and analysis with ImageJ software. Data normality was assessed using the Jarque–Bera test, which indicated a normal distribution (p > 0.05). Group comparisons were performed using ANOVA and the t-test at a 5% significance level. No statistically significant differences were observed between the integrated devices and the Root ZX II overall. However, in dynamic measurement mode, Sensory showed significantly lower accuracy than E-connect S when using #25 files, with no difference observed for #40 files. Clinically, these findings suggest that both integrated motors can be used reliably for working length determination, although visibility and control during measurement may affect performance. The integrated systems may therefore offer a practical alternative to standalone apex locators in clinical endodontics. Further studies should explore the devices’ behavior in vivo and under different canal conditions to confirm these findings.
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INTRODUCTION

Establishing and maintaining an accurate working length (WL) is essential for successful endodontic treatment (1). WL is defined as the distance from the coronal reference point to the location where canal preparation and obturation should end (2). Several methods have been proposed for determining this length. However, the use of electronic foramen locators (EFLs) is considered the most reliable technique (3), offering the additional advantages of avoiding radiation exposure and providing faster results.
As these devices have evolved, new technologies have emerged, including endodontic motors with integrated EFLs. These systems enable continuous monitoring of WL throughout treatment, minimizing errors during instrumentation, especially those resulting from variations in length caused by the mechanical action of instruments during canal preparation (4-5). These devices can stop or reverse the instrument's rotation upon reaching the predetermined length, thus eliminating the need to adjust penetration depth for each file used. Additional advantages include performing both functions in a single device and reducing the clinician's working time.
Some of these devices have been evaluated and shown to be safe in clinical use. However, the same studies indicate a need for further research, both to assess newly developed systems and to explore untested clinical conditions (6-9).
Therefore, the aim of this study is to compare the accuracy of two integrated systems: Sensory (Guilin Woodpecker Medical Instrument Co., Ltd., Guilin, Guangxi, China) and E-connect S (Eighteeth, Changzhou Sifary Medical Technology Co., Ltd., Changzhou, Jiangsu, China) against the standalone EFL Root ZX II (J. Morita, MFJ, Kyoto, Japan). The null hypothesis is that there will be no significant difference in the accuracy of the electronic foramen locators E-connect S (ECS) and Sensory (SEM), both integrated into portable endodontic motors, when compared to the Root ZX II (RZX).

MATERIAL AND METHODS


Sample Preparation
Fifty extracted human single-rooted teeth, obtained for reasons unrelated to this study, were collected. The teeth were visually inspected to detect possible coronal or root fractures and root resorptions; those exhibiting such conditions were excluded. Teeth with straight roots and apical foramina no wider than a size #20 K-file (Dentsply-Maillefer, Ballaigues, Switzerland) were selected.
Standardized coronal access was performed using spherical diamond burs no. 1014 (KG Sorensen, São Paulo, Brazil), followed by finishing with an Endo Z bur (Dentsply-Maillefer, Ballaigues, Switzerland) to remove any remaining pulp chamber roof under high-speed rotation with continuous irrigation. Any carious tissue and/or metallic restorations present were removed during coronal access. Initial canal exploration was conducted with a size #10 K-file (Dentsply-Maillefer), followed by fitting of an initial file at the foramen, with its diameter verified under a clinical microscope.
The apical foramina were then prepared up to a size #20 K-file (Dentsply-Maillefer). After each instrument change, canals were irrigated with 2.5% sodium hypochlorite using syringes and needles compatible with the canal diameter, and patency was confirmed. Canals were then aspirated and left moist. The teeth were randomly assigned to five groups (n=10) based on the protocol/device used: RZX – Root ZX II (J. Morita, Tokyo, Japan); SEN – Sensory (Guilin Woodpecker Medical Instrument Co., Ltd.) in locator mode; SEN/D – Sensory in dynamic mode; ECS – E-connect S (Eighteeth, Changzhou Sifary Medical Technology Co., Ltd.) in locator mode; and ECS/D – E-connect S in dynamic mode. Dynamic mode was defined as working length determinations performed simultaneously during motor-driven instrumentation.

Electronic Measurement Protocol
For electronic measurements, the alginate model method was used (Jeltrate, Dentsply Ind. e Com. Ltda., Petrópolis, Brazil), as described by Baldi et al. (14). The alginate was mixed and placed into plastic containers along with the teeth until the cementoenamel junction level, including the lip clip of the locator. All devices operated at their maximum power source, whether battery or cell.
In the RZX group, Flexofile K-type files #15, #20, and #25 (Dentsply-Maillefer, Ballaigues, Switzerland) were sequentially introduced from the coronal to the apical direction until the device displayed “APEX” (0.0 mm), indicating the apical foramen had been reached. The irrigating solution was replaced after each instrument to avoid canal blockage and maintain patency. The rubber stop was adjusted coronally at the point where the file remained stable. The measurement was considered valid if the file remained stable at the length for at least 5 seconds. The file was then removed, and the distance from the file tip to the rubber stop was measured using a digital caliper.
In the SEN and ECS groups, under locator mode, the same protocol used for the RZX group was followed using a #25 file. In the remaining groups, which evaluated dynamic working length measurement, Reciproc R25 instruments (VDW GmbH, Munich, Germany) were used for the initial measurement. The motors operated in reciprocating motion with torque and speed settings defined by the manufacturer, configured in auto-reverse mode. Upon instrument stoppage, the rubber stop was adjusted at the coronal level, the file was removed, and measurement followed the previously described protocol. Subsequently, Reciproc R40 instruments were used for the second measurement under the same parameters.
After all measurements were completed, the actual tooth length was determined. For this, the final instrument used was reinserted into the canal at the electronically measured length. The final 4 mm of dentin on one external root surface was gently removed by longitudinal wear using a medium-grit abrasive disc (Sof-Lex, 3M ESPE, São Paulo, Brazil). When only a thin dentin layer remained between the worn surface and the file inside the root canal, it was removed with a no. 15C scalpel blade (Solidor, Lamedid AS, Germany) to allow visualization of the file tip and the canal's continuity to the apical foramen. Under 16x magnification microscopy, the apical region of each tooth was photographed alongside a millimeter ruler for subsequent image calibration. The images were imported into ImageJ software (National Institutes of Health, Maryland, USA), where the distance from the file tip to an imaginary line tangent to the major foramen’s exit was measured (Figure 1). The actual tooth length was then calculated by adding this measurement to the inserted instrument length.

Statistical Analysis
Data normality was evaluated using the Jarque–Bera test, which revealed a non-normal distribution (p < 0.05). Consequently, the Kruskal–Wallis test was used for comparisons among multiple groups, and the Mann–Whitney test was applied for pairwise analyses.

RESULTS

The Table 1 presents the description of the mean deviation of the electronic measurements for each device tested, relative to the distance (mm) from the device measurements to 0.0 with K-file #25. No significant differences were observed between the RZX, SEN, ECS, and ECS/D groups. However, the SEM/D group exhibited a statistically significant difference.
The precision values of the devices using a #25 file for measurements performed at 0.0 relative to the apical foramen were 80% (Root ZX II); 80% (E-Conect); 60% (Sensory) in locator mode; 70% (E-Conect/D) and 10% (Sensory/D) in dynamic mode, with a margin of 0.5mm (Table 2).
When comparing the use of the devices for performing dynamic mode odontometry, a statistical difference was observed between ECS/D and SEM/D when the diameter of the file was #25. However, for the #40 file size, no statistical difference was found between the two (Table 3).
When comparing the measurements obtained by the devices in their analysed operating modes with the actual tooth length, considering an error margin of ± 0.5mm, Sensory achieved 10% and 70% precision in motorized mode with R25 and R40, respectively. E-connect showed 70% precision in motorized mode with R25 and 80% with R40. For the error margin of ± 1.0mm, all groups demonstrated 100% precision (Table 4).

DISCUSSION

This study aimed to compare the accuracy of the apical locators integrated into the E-Connect S and the Sensory devices with the Root ZX II. The null hypothesis was partially rejected, as only the Sensory device in dynamic mode showed a significant difference compared to the control group and the E-Connect S.
Alginate was used as a simulator of the human periodontium. It is known to be a good electrical conductor, making it suitable for use in measurements performed with electronic apex locators with minimal bias (10-11). This allows for accurate testing of these devices in ex vivo models. Additionally, the use of alginate facilitates repeated measurements, streamlining the research process (12).
Apical locators have demonstrated effectiveness when used with sodium hypochlorite in several studies (13-15). According to Cruz et al. (12), this may be due to sodium hypochlorite's excellent tissue-dissolving properties, which may enhance device readings. For this reason, sodium hypochlorite was selected as the irrigant for this study.
Studies have shown that performing electronic working length determination based on the “0.0” point offers significant advantages and reliability (2; 16-18). These advantages include reduced risk of apical deviations and better disinfection of potentially contaminated areas in the apical millimeter of the root canal (2). Furthermore, research has shown that apex locators generally lose accuracy when the file is inserted before the apical foramen at the “1.0” position (18-20). Therefore, this study used the “0.0” reference for all measurements.
The results demonstrated a statistically significant difference between locator mode and auto-reverse mode for the E-Connect S. This may be attributed to the difficulty in maintaining the instrument precisely at the desired working length during canal preparation. Bailey et al. (21) did not observe a significant difference between locator and auto-stop modes for the same device, but the authors noted that the auto-reverse mode better reflects clinical practice, which justifies its use in this study.
For the Root ZX II group, accuracy was 80% and 100% within error margins of ±0.5 mm and ±1.0 mm, respectively. These findings are consistent with previous studies that report its high accuracy (3; 9; 15; 22).
The statistical difference observed between the Sensory/D group and the control and E-Connect S groups may be explained by anatomical variations such as foramina larger than 0.25 mm, which can affect accuracy. Literature suggests that discrepancies in EFL accuracy may sometimes result from poor apical fit of the instrument, particularly in wide apical foramina, which may interfere with impedance detection (23). On the other hand, this study found no significant differences when using the E-Connect system in dynamic mode with R25 and R40 files.
Although no significant differences were observed in some comparisons, it is important to note that several studies (12; 22; 24), including the present one, reported measurements with both under- and overextension when considering the ±0.5 mm error margin, the most accepted threshold in the literature (24-25). In this study, the Sensory device showed four teeth outside the ±0.5 mm range, while the E-Connect S and Root ZX II each had two teeth (Table 2). Instrumentation short of the root canal terminus, especially in necrotic pulps and asymptomatic apical periodontitis, results in significantly lower success rates compared to cases in which the working length is accurately achieved. Conversely, over-instrumentation beyond the foramen, leading to enlargement of the apical constriction, can cause trauma to periapical tissues, extrusion of infected material, and destruction of the apical seal, all of which may negatively affect the outcome of root canal treatment (4; 26-28).
Notwithstanding ex vivo studies cannot be directly extrapolated to clinical practice, they provide valuable insights by allowing the simultaneous testing of multiple devices under controlled conditions (20). Despite the promising performance of the integrated devices in this study, we encountered difficulties controlling the handpiece for precise stopping during measurement. For the E-Connect S, this issue was slightly more pronounced due to the position of the locator display above the handpiece, which limited visibility during instrumentation.
Some authors (Topuz et al., 2007; Shacham et al., 2020) have also reported difficulties with integrated devices, which represents a disadvantage compared to conventional apex locators. Moreover, the manufacturers of Sensory and E-Connect S do not provide detailed descriptions of their operating mechanisms, limiting in-depth analysis of these systems.
Potential sources of bias in this ex vivo study include variability in tooth anatomy, operator handling during dynamic measurements, and possible differences in alginate conductivity over time. Although randomization was used to allocate specimens and measurements were performed under standardized conditions, these factors could influence the results. Future studies with larger sample sizes and clinical variability are recommended to minimize these limitations.


CONCLUSION
	Under the conditions of the present study, it can be concluded that there was no significant difference between the measurements obtained using the Sensory and E-Connect S motors compared to the Root ZX II. The Sensory and E-Connect S motors demonstrated accuracy in both dynamic and locator modes. A statistically significant difference was observed only in the Sensory device when used in dynamic working length determination. Electronic measurements with both Sensory and E-Connect S devices were not significantly affected by the use of two different file sizes, except for the Sensory/D group with a #25 file.
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Figure 1. Measurement from the file tip to the imaginary line tangent to the major foramen’s exit using ImageJ.
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	Table 1. Distance (mm) from device measurements to 0.0 with #25 K-file.

	Device
	Mean
	sd

	Root ZX II
	0.37a
	0.25

	Sensory
	0.42a
	0.25

	E-Connect
	0.26a
	0.23

	Sensory/D
	1.66b
	1.00

	E-Connect/D
	0.36ª
	0.25

	Max, maximum; Min, minimum. Different superscript lowercase letters indicate statistically significant differences between different devices at the same position according to the ANOVA and Tukey tests (P < 0,05). *Mean error and standard deviation calculated in terms of absolute values of the determinations.




	Table 2. File Tip #25 Position Relative to the Apical Foramen for Measurements Performed to 0.0

	Distance from apical foramen
	Root ZX II
	E-Connect
	Sensory
	E-Connect/D
	Sensory/D

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	< -0,51*
	1
	
	2
	
	4
	
	1
	
	7
	

	From -0.5 to -0.01
	7
	80
	6
	80
	6
	60
	4
	70
	0
	10

	0
	0
	
	2
	
	0
	
	0
	
	0
	

	From 0.01 to 0.5
	1
	
	0
	
	0
	
	3
	
	1
	

	> 0,51
	1
	 
	0
	 
	0
	 
	2
	 
	1
	 





	Table 3. Distance (mm) from device measurements to 0.0 considering the dynamic measurements.

	Device
	Reciproc size
	Mean
	sd

	Sensory/D
	25
	1.66 b
	1.00

	
	40
	0.35 a
	0.20

	E-Connect/D
	25
	0.36 a
	0.25

	
	40
	0.28 a
	0.22

	Max, maximum; Min, minimum. Different superscript lowercase letters indicate statistically significant differences between different devices at the same position according to the ANOVA and Tukey tests (P < 0,05). *Mean error and standard deviation calculated in terms of absolute values of the determinations.




	Table 4. File Tip Position Relative to the Apical Foramen for dynamic Measurements Performed to 0.0 with different Reciproc files.

	Distance from apical foramen
	E-Connect/D
	Sensory/D

	
	R25
	R40
	R25
	R40

	
	n
	%
	n
	%
	n
	%
	n
	%

	< -0,51*
	1
	
	2
	
	7
	
	3
	

	From -0.5 to -0.01
	4
	70
	2
	80
	0
	10
	7
	70

	0
	0
	
	1
	
	0
	
	0
	

	From 0.01 to 0.5
	3
	
	5
	
	1
	
	0
	

	> 0,51
	2
	 
	0
	 
	1
	 
	0
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