
  

Middle Black Sea Journal of Health Science April 2020; 6(1):70-75 

RESEARCH ARTICLE 

 

 

 

Influence of Reciprocating NiTi Instruments on the 

Accuracy of Apex Locator Integrated Endomotors 

During Simultaneous Working Length Determination 
 

Öznur Sarıyılmaz1, Evren Sarıyılmaz2, Cangül Keskin3 

1 Ordu Oral and Dental Health center, Ordu, Turkey  
2 Department of Endodontics, Faculty of Dentistry, Ordu University, Ordu, Turkey 

3Department of Endodontics, Faculty of Dentistry, Ondokuz mayıs University, Samsun, Turkey 

 

Received: 10 March 2020, Accepted: 04 April 2020, Published online: 30 April 2020 

© Ordu University Institute of Health Sciences, Turkey, 2020 

 

Abstract 

Objective: To compare simultaneous working length determination efficiency and electrical resistance of 

thermally treated NiTi files and their counterfeits. 

Methods: Access cavities were prepared for sixty human mandibular premolar teeth, which were then 

numbered with a marker. Actual working length was determined visually by introducing a #10 K-file into 

the root canal and the reference point was marked for further steps. By using flowable composite, the teeth 

were fixed at the cementoenamel junction to a hole in the center of a glass bottle cap and a second hole 

prepared on it for lip clip. Alginate impression material was filled into glass bottle then the tooth was 

embedded into it. Experimental models randomly divided into 6 groups as Group WOG (WaveOne Gold), 

Group WO (WaveOne), Group W+ (Superline W+), Group RB (Reciproc Blue), Group R (Reciproc), Group 

V (Superline V). Root canals were prepared until the endomotor stopped when reaching the apical foramen 

and the silicon stopper was moved to the previously marked reference point to determine the simultaneous 

working length. The electrical resistance of the files (from tip of file to notch of the shaft) was measured 

using a multimeter. 

Results: No readings could be obtained via apex locator for Group V. Group W+ was significantly less 

accurate compared the other groups (p<0.05). No significant difference was found among the groups WO, 

WOG, R, and RB (p>0.05). 

Conclusion: Thermal treatments of NiTi alloys had no effect on the accuracy of simultaneous working length 

determination. However, counterfeit endodontic files failed to show of accurate simultaneous working length 

determination. 
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Introduction 

Accurate determination of the working length is 

among the indispensable steps of endodontic 

treatment. Failure to measure the working length 

correctly could result in two possibilities: the 

insufficient chemo-mechanical root canal 

preparation, which might lead to failure of endodontic 

treatment eventually due to untouched sites in the root 

canal system harboring microorganisms and pulp 

remnants (Sipavičiūtė and Manelienė, 2014); and 

over-instrumentation of the root canal, leading to 

acute periapical irritation as a result of extruded 

instrumentation, irrigants, pulp remnants, 

microorganisms, and their toxins. Moreover, the 

overfilling of a root canal might follow over-

instrumentation if the over-instrumentation is not 

corrected, which can result in treatment failure 

(Ricucci et al., 2011). Radiographs and electronic 

apex locators are primarily used to determine the 

working length in clinics (Orafi and Rushton, 2013; 

Martins et al., 2014).  

 Electronic apex locators’ fundamental 

operating principles are mainly based on the 

assumption that living human tissues have certain 

electrical characteristics (Nekoofar et al., 2006). 

These devices measure the resistance or the 

impedance changes of the dental tissues to determine 

the apical foramen (Nekoofar et al., 2006). 

 Manufacturers have integrated electronic 

apex locators into endodontic motors to allow 

simultaneous working length control during root 

canal preparation (Wiggler et al., 2014). Most of these 

apex locator integrated endomotors that have two 

selections regarding how they signal to reach the 

apical foramen. They could automatically stop 

instrumentation or turn the file reverse to easily 

withdraw it from the root canal; the latter property 

had been associated with lower postoperative pain 

levels (Arslan et al., 2017).  

NiTi file systems have become common 

armamentarium among the general dentists and 

specialists for endodontic treatment for over the past 

two decades. Reciproc Blue [(RB) (VDW, Munich, 

Germany)] and WaveOne Gold [(WOG) (Dentsply 

Sirona, Ballaigues, Switzerland)] are among the most 

popular NiTi file systems; both are reciprocal, single-

file instruments intended for single use. Similarly, 

they are developed from their ancestor file systems 

(Reciproc and WaveOne, respectively) by enhancing 

file designs and applying thermal treatment. As a 

result of the thermal treatment, a modified titanium 

oxide layer is produced upon the surface of the 

instruments. The thickness of the titanium oxide layer 

gives the instruments either its blue or gold color and 

compensates the cutting ability while the innovative 

thermal treatment increases cyclic fatigue resistance 

and flexibility of the instruments. NiTi instruments 

have recently been upgraded by application of 

thermal treatments before or after manufacturing to 

minimize the instrument separation rate, while 

widespread consensus has been reached upon single-

use of instruments in consideration with mechanical 

and biological concerns (Gavini et al., 2018). 

However, single-use of such expensive instruments 

with high-quality standards is a financial burden for 

common clinicians. Therefore, especially in 

developing countries, gray markets that claim to 

market cheaper equivalent dental products would 

appear without a proper introduction of the alloy or 

kinematics of the instruments. Unfortunately, these 

instruments are counterfeit and usually far from 

meeting expectations (Rodrigues et al., 2018).  

Here we address two principal questions: 

1. Is there any difference between the counterfeit 

and the original thermally-treated NiTi file systems 

on working length determination efficiency of apex 

locator integrated endomotor during root canal 

preparation?  

2. Is there any difference in electrical resistivity 

between the NiTi file types, and does this contribute 

to working length determination? 

Null hypotheses of this study were; 

1. Counterfeit files detrimentally affects 

simultaneous working length determination via 

electronic apex locator integrated endomotors.  

2. Electrical resistivity of the NiTi files is related 

with working length determination via electronic 

apex locator integrated endomotors. 

 

Methods 

The local university clinical research ethics 

committee approved the protocol of this study 

(KAEK 2018-26). A priori sample size determination 

was performed using the effect size calculated from a 

previous study (Guise et al., 2010). Ten specimens 

were indicated as the minimum ideal size after sample 

size determination with X2 family and goodness of fit 

contingency tables (0.05 alpha-type error and 0.80 

power beta) (G*Power 3.1 for Macintosh; Heinrich 

Heine, Universitat Dusseldorf, Dusseldorf, 

Germany). 

Sixty extracted human mandibular premolar teeth 

with a single root, single canal, and fully developed 

roots were collected for this study. Endodontic access 

cavities were prepared using diamond fissure bur 

under water-cooling. Every specimen was numbered 

using a marker. Then, a #10 K-file was inserted into 

the root canal until the tip of the file seen at the apical 
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foramen, and then 0.5 mm was subtracted from the 

measurement to determine the working length of 

every specimen. A reference point on the crown was 

marked to be used during simultaneous working 

length determination. To blind the operator, the 

working lengths of the samples were recorded 

according to their assigned specimen number by one 

of the researchers (C.K.).  

Sixty experimental models were prepared using 

the teeth. Each of the teeth was fixed using flowable 

composite (Bisco, Inc, Schaumburg, IL) at the 

cementoenamel junction to a hole in the center of a 

glass bottle cap. Crowns of teeth were left outside of 

the glass bottle. A second hole for the lip clip of the 

VDW Gold Reciproc Endomotor (Munich, Germany) 

was also made in the cap of the bottle. Afterward, the 

bottle was filled with alginate impression material, 

and then the sample, which was attached to the bottle 

cap, was embedded into it. All experimental models 

were randomly divided into six groups as below: 

 Group WOG: WaveOne Gold (Primary 25#, 25 

mm, gold heat-treated NiTi alloy) 

 Group WO: WaveOne (Primary 25#, 25 mm, 

m-wire NiTi alloy) 

 Group W+: Superline W+ file (primary 25#, 25 

mm, gold-wire NiTi alloy, counterfeit of WOG) 

(Shenzhen Superline Technology Co. Ltd, Shanghai, 

China) (http://en.supline.com/product/detail/99.html) 

 Group RB: Reciproc Blue (R25, 25 mm, Blue 

heat-treated NiTi alloy)  

 Group R: Reciproc (R25, 25 mm, m-wire NiTi 

alloy) 

 Group V: Superline V file (R25 25 mm, 

austenite alloy, counterfeit of RB) (Shenzhen 

Superline Technology Co. Ltd, Shanghai, China) 

(http://en.supline.com/product/detail/97.html) 

The VDW Gold Reciproc endomotor was set to 

the “Reciproc All” mode for root canal preparations 

for all groups. The apex locator mode of the 

endomotor was set to stop when the file reaches the 

apical foramen during root canal preparation. The 

canals were irrigated with 5 mL of 5.25% NaOCl 

during preparation using a 30-G side-vented needle 

attached to the plastic syringe placed 2 mm short of 

the working length. An experienced endodontist (E.S) 

prepared all teeth in gentle in-out pecking motions. 

The flutes of the file were cleaned after every three 

pecking movements. The preparation was continued 

until the endomotor stops due to reaching the apical 

foramen. Then, the silicone stopper was positioned to 

touch the reference point, which was marked 

previously. Next, the length of the file was measured 

using the same digital micrometer (DHDL 25 

mm/0.001 mm digital Micrometer, China) that was 

used for the actual working length determination step. 

Then, the first and second measurements were 

compared, and the reading of apex locator was 

classified as -1.0 mm, -0.5 mm, correct, +0.5 mm, 

+1.0 mm and >1.0 mm according to the actual length 

of the canal. 

The electrical resistance of the files, which might 

have an effect on working length determination via 

electronic apex locators, was also measured using a 

multimeter device (TT T-ECHNI-C Vc97 Digital 

Multimeter, China) according to manufacturer’s 

recommendations. Measuring probes of the 

multimeter were connected to the tip of each file and 

to the notch of the shaft.  

 

Statistical analysis 

Differences among the ability of instruments to 

measure working length were analysed using chi-

square test with 5% significance threshold (SPSS v. 

23. 0, IBM, Chicago, IL, USA).  

 

Results 

Table 1 presents the frequency of the 

determination rates of the tested instruments. The 

group V was not included in the statistical analyses 

because no readings could be obtained via the apex 

locator integrated endomotor. No significant 

difference was found among the WO, WOG, R, and 

RB file systems about working length determination 

(p=0.628); however, the group W+ was statistically 

less accurate (p=0.002) (Table 1). Table 2 presents 

the electrical resistance of the tested NiTi files. The 

Superline W+ and Superline V files have 

significantly more electrical resistance values 

compared to the WO, WOG, R, and RB file systems 

(Table 2). 
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Table 1. Accurate simultaneous working length determination rates via the NiTi files that mounted on electronic apex 

locator integrated endomotor 

 WOG WO W+ R RB V 

EAL measurement n % n % n % n % n % n % 

-1 mm - - 1 10 - - 1 10 - - - - 

-0.5 mm 3 30 - - - - 2 20 2 20 - - 

Correct 7 70 7 70 1 10 6 60 6 60 - - 

+0.5 mm - - 1 10 4 40 - - - - - - 

+1 mm - - 1 10 1 10 1 10 2 20 - - 

> +1 mm - - - - 4 40 - - - - - - 

 

Table 2. Electrical resistance of the files (Ω) and kind of NiTi alloy 

 WOG WO W+ R RB V 

NiTi Alloy type Gold heat 

treatment 
M-wire Gold-wire  M-wire 

Blue Heat 

Treatment 
Austenite 

Electrical 

resistance (Ω) 
0.1 0.1 0.6 0.1 0.1 1.0 

 

Discussion 

Endodontic NiTi instruments are usually 

manufactured using equiatomic NiTi alloy due to its 

unique properties, such as the shape memory effect 

and superelasticity (Thompson, 2000; Shen et al., 

2013). These superior properties mainly depend on 

the unique transformation ability of the 

crystallographic structure of the alloy induced by 

temperature or physical stress (Zupanc et al., 2018). 

Despite these favorable abilities of the material, 

separation risk of the NiTi instrument in the root canal 

is still a matter of concern (Shen et al., 2013). If a 

NiTi instrument is broken in the root canal, the case 

would become more complicated and it may even 

result in tooth extraction (Madarati et al., 2013). 

Therefore, many manufacturers focus their efforts to 

improve the mechanical properties of endodontic 

NiTi instruments by surface, mechanical, and thermal 

treatments to increase flexibility and enhance 

resistance to fracture (Zupanc et al., 2018).  

One of the primary purposes of this study is to 

seek an answer to the question of does the 

crystallographic structure of the NiTi alloy influence 

the effectiveness of the apex locator that integrated 

into an endomotor. Therefore, Reciproc and 

WaveOne files, which are produced by using m-wire 

alloy, were compared to their successors, which are 

RB and WOG that are thermally treated. The results 

of this study revealed that there was no statistically 

significant difference among these endodontic 

instruments regarding their effect on working length 

determination. However, the tested counterfeit files 

failed to accurately determine the working length. As 

discussed above, the electronic apex locators were 

developed upon the electrical principles. Therefore, 

electrical resistances of the files, which might have 

effect working length determination via electronic 

apex locators, were also measured for this study, 

revealing that the counterfeit files have much greater 

electrical resistance values compared to the original 

files (Table 2).  

The electrical resistance of a material depends on 

three main factors: resistivity, length, and cross-

sectional area of the material (Nekoofar et al., 2006). 

The length factor was constant for all groups in this 

study due to the study design. However, the cross-

sectional area of the files was slightly different due to 

taper differences in the tested files.  Besides, the 

electrical resistivity of NiTi alloy phases is differing 

among the austenite (100 × 10−6 ohm-cm for 55-

Nitinol austenite) and martensitic (80 × 10−6 ohm-cm 

for 55-Nitinol martensite) (Thompson, 2000). 

Therefore, it is logical to expect to have electrical 

resistance differences among the tested files due to 

the reasons discussed above. However, the electrical 

resistance values of the WO, WOG, R, and RB files 

were the same (0.1 Ω). The most reasonable 

explanation for this is that the sensitivity of the 

multimeter must be insufficient to determine such 

tiny differences. However, the V files and W+ files 

have much more electrical resistance that could easily 

be determined by using the multimeter. However, the 
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V and W+ files showed greater electrical resistance 

that could easily be determined by using the 

multimeter. Higher electrical resistance and failure to 

provide accurate working length determination via 

electronic apex locator integrated endomotors using 

V and W+ files might be related with their alloy type 

of either handle or working part of the instruments or 

manufacturing process. 

Previous studies had reported that counterfeit or 

counterfeit dental products are rapidly introduced into 

dental markets and are usually of insufficient quality 

for use in dental interventions (Rodrigues et al., 2018; 

Hancocks, 2016; Proffitt, 2016). In line with these 

articles, the results of this study revealed that the 

counterfeit endodontic files might cause the failure of 

accurate simultaneous working length determination 

via apex locator integrated endomotors. 

 

Conclusion 

Within the limits of this study, thermal treatments on 

NiTi alloys have no effect on simultaneous working 

length determination via apex locator integrated 

endomotors. However, counterfeit endodontic files 

might cause the failure of accurate simultaneous 

working length determination 
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