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Abstract
Purpose: A successful root canal preparation is to remove infected tissue and to obturate the canal three-dimensionally. Thepresent study aimed to evaluate the centering ability of Protaper Ultimate and RevoS+ rotary file systems in curved canals ofprinted mandibular first molars by using micro-computed tomography (micro-CT).
Materials and Methods: In this study, 16 mandibular molar teeth were printed from resin with 45° mesial root curvature. Theinstrumentation procedure was performed according to the specified groups, either Protaper Ultimate or RevoS+. The pre-andpost-preparation images were repositioned in all three spatial planes by DataViewer. All images were imported into the CTAnsoftware for the calculation of the centering ability and transportation values.
Results: The results showed no significant differences between the Protaper Ultimate and RevoS+ groups in terms of the centeringratio in the most inclined part of the canal. There were also no significant differences between the groups in canal transportation.(p>0.05)
Conclusions:Protaper Ultimate and RevoS+ rotary file systems showed similar ability in centering ratio and canal transportationin curved canals from printed mandibular molars. This study reported that both systems provide a safe preparation in clinicallycurved root canals.
Key words: centering ratio; root canal preparation; simulated canals; transportation

Introduction

The major principle of successful root canal preparation is the fullremoval of infected pulp and dentin tissue in order to obturate thecanal three-dimensionally. In the past 20 years, nickel-titanium(Ni-Ti) instruments have become popular tools in the advance of theendodontic field. 1 Various strategies have been developed, includ-ing different cross-section designs, thermomechanical heat treat-ment, and improvements of metallurgical properties in the produc-tion of Ni-Ti rotary endodontic file systems. 2 With the widespreaduse of Ni-Ti technology in modern endodontics; clinicians havefocused on a more compatible and precise approach to the origi-nal root canal anatomy in canal shaping. Protaper Ultimate wasintroduced by Dentsply Sirona as the last-generation Protaper ro-tary file system, and it was developed to increase flexibility andprovide greater resistance to cyclic fatigue. In this system, SX [SX

020.003v], Slider [016.002v], Shaper [020.004v], F1 [020.007v], F2[025.008v], F3 [030.009v], files are available. 3
GenENDO by Micro-Mega company produced RevoS+ rotaryfile system, with a fixed apical size of 25, and designed with a dis-tinctly asymmetrical cross-section aimed at reducing stress on theinstrument. 4 Electropolishing and heat treatment are applied tothe Ni-Ti instrument, respectively. This file system includes the fol-lowing shaping instruments: SC1+[25, 0.06], an instrument usedto prepare the coronal and middle of the canal; SC2+[25, 0.04] isan instrument used at working length; and SU+[25, 0.06] is aninstrument used in working length that summarizes the actionof the previous two instruments. 5 However little is known aboutits working performance, especially from a perspective of in vivothrough a three dimensional precision analysis.
Not only the type of endodontic file system and instrumentationtechniques but also root canal morphology and degree of inclination
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Figure 1. 3D-printed tooth model after preparing mesial root canals

play an important role in canal preparation. Therefore, the mechan-ical preparation of narrow and curved root canals is a challenge forclinicians during routine endodontic treatment procedures. 6 Anychange or deviation in the canal path can result in undesirable ledgeand zip formation, strip perforation, or transportation. Moreover,some canal surfaces remain uninstrumented by the file, resultingin the accumulation of microorganisms. 7
With developing technology, it is clinically valuable to evaluateinstruments that allow root canal preparation faithful to the canalanatomy. The capacity to maintain a center position within the rootcanal is referred to as an instrument’s centering ability. Thanksto the instrument’s centering, symmetrical preparation is carriedout. 8 Thus, it is possible to evaluate the rotary file systems for safepreparation. 9 Therefore, the purpose of this study was to comparethe centering ability and canal transportation of Protaper Ultimateand RevoS+ rotary file systems in printed mandibular molars byusing micro-CT.

Material and Methods

In this in vitro study, 16 mandibular molar teeth were printed fromresin, with simulated 45° curved mesial root canals containinga radiopaque substance that simulates pulp tissue. A 3D molartooth model was designed in Cura Slicing Software (Ultimaker,Netherlands) and produced with Stereolithography (SLA) print-ing. This study was performed with 32 mesial root canals accordingto G*Power analysis (n=16). All samples were scanned with a micro-CT device (Bruker Micro-CT SkyScan 1275, Kontich, Belgium) forinitial scanning. The sample was fixed with orthodontic wax and ir-radiated with an X-ray source of the device at 40 kVp, 250 mA beamcurrent, no filter, 24.7 µm pixel size, 0.2 rotation. The scanning wascarried out in 360°. Other settings and parameters of the devicewere made under the manufacturer’s recommendation. The micro-CT sections were examined in the Data Viewer program. Then, allsamples were divided into two groups.
The working length in the mesio-buccal and mesio-lingualcanals was measured after the micro-CT scan until it could be seenthrough the apical foramen using a #10 K-file (Dentsply Maillefer,Ballaigues, Switzerland). Each canal’s working length was calcu-lated by taking this measurement and deducting 1mm. Root canalpreparation was performed according to the manufacturer’s in-structions in specified groups.

• Group 1: Root canal preparation with Protaper Ultimate• Group 2: Root canal preparation with RevoS+
5.25% sodium hypochlorite irrigation solution was used duringthe preparation. Finally, 5 mL of distilled water was used to irrigatethe canals. After irrigation, the canals were dried with paper cones.A single endodontist performed all the experimental procedures.Figure 1 shows the 3D model after the canal preparations.
After instrumentation, all samples were placed in the holder of

Table 1. Centering ratio values of rotary file systems
N Mean Std. De-

viation
Std.

Error
Mean

Sig.
p=0.67

Protaper
Ulti-
mate

16 0.298 0.100 0.0250

RevoS+ 16 0.385 0.154 0.0386

Table 2. Transportation values of rotary file systems
N Mean Std. De-

viation
Std.

Error
Mean

Sig.
p=0.73

Protaper
Ulti-
mate

16 0.430 0.124 0.0439

RevoS+ 16 0.320 0.101 0.0360

the micro-CT device according to the groups and re-scanned for thesecond time using the parameters specified in the initial scanning.The raw images were reconstructed after the second scan withthe NRecon software (ver. 1.6.10.4, Bruker, X-ray, Belgium). Two-dimensional 1024 slices were obtained from each sample. Usingthe DataViewer software, the pre- and post-preparation photoswere moved in all three spatial planes. These images were importedinto the CTAn (version 1.20.3.0, Bruker X-ray Kontich, Belgium)software to calculate the centering ability and canal transportation.Figure 2 shows the teeth in DataViewer software and the distancecalculated from the software.The centering ratio was calculated according to certain formulaseq1: (m1 ¬ m2)/(d1 ¬ d2) or eq2: (d1 ¬ d2)/ (m1 ¬ m2) as previouslysuggested by Gambill et al. 10 If the value obtained is 1, it meansexcellent centering ability, and 0 indicates the poor centering abilityof the instrument. The canal transportation values were calculatedwith the following formula eq3: (m1¬ m2) ¬ (d1 ¬ d2) 11.Figure 3shows the distances from the canal and margin using equations 1,2, and 3. All distances were measured at the most inclined level ofroot canals.
Statistical Analysis

SPSS program (The IBM SPSS Inc., Chicago, USA) version 26.0, wasused to conduct all statistical analyses. An independent t-test wasused to evaluate the homogeneity of the data and to compare thecentering ratio of the groups.

Results

According to the results obtained, no significant difference wasobserved between the Protaper Ultimate and RevoS+ groups interms of the centering ratio in the most inclined part of the canals.(p>0.05) Besides, there were no significant differences between thegroups in terms of canal transportation. (p>0.05) Table 1 and Table2 shows the results for centering ratio and transportation values forfile systems. Figure 4 shows the representative micro-CT imagesafter canal preparations.

Discussion

The American Association of Endodontists has identified excessiveroot canal curvature as a risk factor that could influence the courseof treatment. 12,13 To provide effective canal shaping and disinfec-tion in the endodontic treatment of curved canals, it is necessaryto control factors such as the choice of file systems and root canal
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Figure 2. Examination of specimens in the DataViewer software

Figure 3. Determination of distances for equation:1,2,3. a; m1 and d1 distances b; m2
and d2 distances

preparation technique by the operators.Ni-Ti rotary file systems have provided an advance that im-proves the quality of endodontic treatments by increasing the shap-ing efficiency and shortening the working time. 14 With continu-ous developments, the operator must select an appropriate systembased on the anatomy of the root canal, the characteristics of theinstrument, and self-experience in clinical practice. 15
So far extracted human teeth have been used commonly in vitrostudies. However, there are still limitations such as ethical con-cerns, collection, and standardization of human teeth samples withsimilar characteristics for in vitro examination. 16 Based on theseconsiderations, the shaping ability of file systems has been oftenevaluated in replica teeth with different root canal configurationsto overcome this problem. 17–19
Resin-based printed teeth can be produced which could fullysimulate the external and internal shape of the teeth in a s standardway by using 3D printing technology. This innovative approach al-lows the samples to be designed in various dimensions and inclina-tion levels with features such as reproducibility and repeatability. 19

Figure 4. Micro-CT images after preparation with Protaper Ultimate b; Representa-
tive micro-CT images after preparation with RevoS+

Micro-CT as a perfect in vitro imaging modality, has provideda comprehensive understanding of morphometric parameters, in-cluding the complex anatomy of the root canal system, its apicaldiameter, shape, and geometry along the length of the canal. 20 Themicro-CT method was therefore applied for comparisons beforeand after root canal preparation as well as visualization of printedteeth in our study. The danger zone, an anatomical region on thedistal surface of the mesial root of the mandibular molars, is situ-ated in the middle third of the root canal. 21 Removing more dentinfrom this region can often result in strip perforations in areas wherecurvature begins. 22 To avoid this undesirable complication, the in-strument should move in accordance with the original anatomy ofthe root canal during preparation. The centering ratio is a measureof the instrument’s ability to stay centered in the canal. 8
Canal transportation is defined as the deviation of the root canal
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from its natural axis after root canal preparation. 23 It can lead tothe extrusion of debris, irrigation solutions, and filling materialsin further steps of treatment, 24 which is also the reason why canaltransportation was selected and analyzed. In this study, the center-ing ratio and canal transportation of Protaper Ultimate and RevoS+file systems in the danger zone area was evaluated by using 3D-printed molar teeth. Protaper Ultimate and RevoS+ are brand-newendodontic file systems and there is no study evaluating their shap-ing ability in the literature so far as we know. However, the firstversions of these files the Protaper Universal and Revo-S systemwere compared with the different rotary file systems in previousstudies. 5,25,26 In a previous study, no significant difference wasfound between Revo-S, MTwo, and Protaper Universal, the firstgeneration of the Protaper file systems in terms of centering abil-ity. 27 Similarly, Saima et al.’s study showed no significant differ-ences in centering ability between Protaper Universal and Revo-Sat coronal, middle, and apical levels. 28 According to the study ofMao et al., while there was no apparent difference at other levels,the Protaper Next and Revo-S groups demonstrated significantlyless transportation and superior centering ability than the ProtaperUniversal group at a distance of 1 mm from the apical foramen. 29
Within the limitation of this study, the study was performed byusing printed teeth under in-vitro conditions. However, there wasa disadvantage that difference in hardness and radiopacity betweendentin and resin-based material. With printing techniques, dentin-like 3D printing material can be developed in the future.

Conclusion

In cases of anatomical complexity, clinicians should consider aneffective instrumentation method for endodontic treatment. Thechoice of instrument is a crucial step that determines the outcomeof the treatment. Within the limitations of this study, ProtaperUltimate and Revo-S rotary file systems showed similar centeringratios and canal transportation values in curved canals.
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