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ABSTRACT  

This review article provides rationale behind using NiTi Rotary 

instruments for the root canal management overcoming the anatomical 

road blocks and diagnostic limitations of conventional radiographs and 

other operative technical difficulties. The article will further delineate 

the importance of currently used heat treated NiTi alloys and usage of 

irrigants in cleaning the root canal system using upgraded endodontic 

files and instrumentation techniques. The article will discuss the 

significance of achieving the perfect antimicrobial status for the root 

canal and current ways to attain larger than optimum geometries with 

wider apical canal using NiTi rotary instruments. 

INTRODUCTION 

During root canal treatment ultimate target of an Endodontist is the cure and prevention of 

apical periodontitis. This treatment process involves diseased vital and necrotic dental pulp so 

as to maintain function and appearance of natural tooth. Successful outcome depends upon a 

list of factors, the most crucial of which is root canal preparation as it determine the efficacy 

of subsequent process of debridement, disinfection and obturation of root canal system.
[1,2]

 

 

Canal preparation is achieved by use of endodontic rotary instruments. Initially stainless steel 

files were used but the introduction of nickel–titanium (NiTi) alloys in the late 1980s led to 
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revolutions in endodontics as these files were shown to have substantial amount of benefits 

over stainless steel (SS) files, especially in relation to the safety of instrumentation.
[3] 

 

A meticulous and complete knowledge of tooth and root canal morphology is a prime 

requirement for successful root canal therapy (Kato & Ohno 2009). In clinical practice, 

however, dentists frequently encounter anatomically aberrant cases.
[4]

 

 

Tooth anatomy and root canal morphology maybe quite variable within the norm. Anomalies 

or deviations in the usual shape and root number in the adult human dentition outside the 

norm may also occur.
[5]

 

 

More than 80% of dentists missed extra roots and root curvature buccally and less than 50% 

said that they would be able to interpret canal morphology. Thus Pre-operative diagnostic 

radiograph by general dental practitioners for root canal treatment interpretation is variable 

and difficult.
[6]

 

 

Root canal preparation has been considered the most important step in endodontic therapy for 

dentin removal. It is a challenge for even the most experienced endodontist to achieve 

optimum cleaning and shaping.
[7]

 

 

Main challenges faced while root canal shaping are 

 Detection, centrally accessed approach throughout and instrumentation of canal without 

transportation, leak or any other aberration. 

 Working length should be maintained throughout. 

 Selection of optimum preparation sizes and overall geometries that allow adequate 

disinfection and subsequent obturation.
[1,5]

 

 

Our review attempts to delineate and report various issues in root canal preparation in current 

scenario and approaches to overcome that with variable root canal anatomy and diagnostic 

limitation of conventional low cost radiographs with other technical issues.  

 

For achieving that literature were searched in electronic database from Pubmed, web of 

science and Scopus for articles pertaining to NiTi rotary instruments, NiTi instruments, root 

canal and associated literature. After exhaustive list of articles 66 articles were finalized 

Reviews and concepts were then methodically analyzed and presented. Because of 
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heterogeneity among the included studies, quantitative synthesis was not performed for most 

of the parameters. 

 

Anatomical factors and strategies to deal with it 

During instrumentation, debridement or obturation of canal the the clinician have to face 

many challenges due to variable and complex anatomy of canal(s). In C-shaped root canals 

there is presence of broad, fan-shaped connection from the coronal to the apical third of the 

canal. The canal(s) shows deviation in shape from the coronal aspect of the root. Such as a 

continuous C-shaped canal would change to a semicolon shape in the midroot and then may 

become continuous C-shape in the apical third of the root or vice versa.
[8]

 

 

In the apical region of C-shaped canals accessory and lateral canals, inter-canal 

communications and apical delta is found to be in a prevalence of 11-41%.
[9]

 

 

Mean for minimum width was 0.58 Â± 0.21 mm for the lingual canal wall and that of buccal 

wall was 0.96 Â± 0.26 mm. This indicated that thinner lingual walls of C-shaped canals are at 

higher risk of root perforation during shaping and post canal preparation procedures. 

However both buccal and lingual canal walls were found to be frequently narrower at mesial 

locations.
[10]

 

 

Preoperative assessment of the root canal morphology mostly clinically and radiologically is 

thus necessary so that the complexity, the degree of curvature and radius of the root canals 

are determined to maximum possible extent. All aforementioned assessment done prior to 

any instrumentation will thus reduce the occurrence of any procedural errors and the excess 

removal of tooth structure from the inner curvature, resulting in stripping or zip formation.
[11]

 

 

Radiographic images are two-dimensional image of a three-dimensional object, as a result 

there is superimposition of adjacent anatomic structures (Shown in image 1 A and B) and 

buccolingual curvature may not be visible.
[12]

 Geometrical alterations was found with 

distortion degree of the anatomic structures which ranges from 3.4% for the periapical 

radiograph to more than 14% for OPT (orthopantomography).
[13]

 

 

CBCT delineate root canal anatomical forms to a far greater extent as compared to 

radiographs including buccolingual curvatures. (Shown in Image 2) CBCT imaging is very 

useful to interpret buccolingual information in detailed manner, to demarcate and define the 

limit and extent of root resorption, and to delineate orientation of long axis of unerupted 
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teeth, including root apex location.
[12] 

The radius of root curvature can also be determined 

through CBCT using Schneider’s, Cunningham’s and Senia’s or Weine’s method.
[11]

 If the 

angle is less than 5°, the canal is straight; if the angle is 5-20°, the canal is moderately 

curved; and if the angle is greater than 20°, the canal is classified as a severely curved 

canal.
[14,15]

 

 

  

RVG-1A and B showing superinposition of root canal. 

 

 

CBCT image showing Buccuolingual Curvature. 

 

Iatrogenic risk during root canal preparation and strategies to overcome 

It is imperative to select the correct instruments and instrumentation techniques as the final 

result of entire endodontic treatment in curved canals depends largely on the flexibility of the 

instruments used, diameter of the instrument, and technique of the instrumentation.
[16]
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With modern technologies in the field of metallurgy, manufacturers have tried hard to 

improve the instruments (easier, faster and better root canal shaping, greater resistance to 

fracture), for example those made of M wire (Dentsply Tulsa Dental Specialties, Tulsa, OK, 

USA) or control memory wire (CM) (DS Dental, Johnson City, TN, USA), which are also 

incorporated with several design features. Along with these recent advancements endodontic 

motors too have undergone enhancement regarding torque control and kinematics that are 

adjustable in several directions.
[17] 

 

There can be lot of procedural iatrogenic errors while preparation of curved root canals, such 

as zips, perforations, decentralized root canals, apical foramen transport which are potential 

risk factors which may lead to root canal treatment failure.
[18,19]

 

 

Nickel titanium's super elastic property is a boom allows more centered canal preparations 

with less transportation and a decreased incidence of canal aberrations. But main issue with 

NiTi alloy instrument is separation of instrument within the canal. The rate of separation of 

nickel titanium is 30-60% and breakage rate 9.4 %.
[20,21] 

It is found that as the radius of 

curvature of canal increases, the frequency for instrument separation also increases.
[22]

 

 

A canal with 50° curvature gives rise to stress of about 700–800 MPa on the outermost part 

of the instrument, whereas ultimate tensile strength of NiTi is 1400 MPa.
[23]

 

 

Fracture of instruments occurs commonly within the apical one-third where torsional and 

flexural stresses are highest. A flexible file has more cyclic fatigue resistance (CFR) but less 

Torsional resistance (TR) and enables a smoother preparation in curved canals without being 

deformed. Contrary to this a rigid file would be good in torsion than in flexion and performs 

better in narrow, constricted canals. Hence it is clear that cyclic and torsional properties are in 

inverse relationship with each other.
[24]

 Hence flexible fie are preferred for curved canal and 

K-file (rigid) for straight canals. 

 

Treatment of nickel-titanium instruments 

Heat treatment or thermal processing is one of the most fundamental approaches toward 

adjusting the transition temperature in NiTi alloy, which affects the fatigue resistance of NiTi 

endodontic files. The recently introduced NiTi instruments are made from controlled memory 

wire, M-Wire (Dentsply Tulsa Dental Specialties, Tulsa, OK), or R-phase wire which 
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represent the next generation of NiTi alloys with improved flexibility and fatigue resistance 

and the resistance to cyclic fatigue and torsion.
[25]

 

 

Endodontic files alloy properties 

Recently it is found that the use of single NiTi files is much better as it decreases the 

preparation time, being cost-effective also and reduces the risk of cross-contamination.
[26]

 

The research studies found for the ProTaper Next, ProTaper Gold, WaveOne Gold, Mtwo, 

BioRaCe and Reciproc files in the analysis of transportation and centering ability after the 

preparation of curved root canals concludes that they preserved the shape of root 

canals.
[27,28,29,30]

 

 

EdgeTaper Platinum showed significantly greater fatigue resistance than ProTaper Gold. 

ProTaper Universal and EdgeTaper each demonstrated significantly greater fatigue resistance 

than ProTaper Gold vs EdgeTaper Platinum; and Vortex Blue vs Edge Sequel Sapphire 

system in 1 size pairing. In brief the heat-treated files demonstrated greater cyclic fatigue 

resistance than the non-heat-treated files.
[31]

 

 

ProTaper (PT; Dentsply Maillefer, Ballaigues, Switzerland) system removed a significantly 

higher amount of dentin than Revo-S (RS; Micro-Mega, Besancon Cedex, France), Twisted 

file (TF; SybronEndo, Amersfoort, The Netherlands) ProFile GT Series X (GTX; Dentsply, 

Tulsa Dental Specialties, Tulsa, OK) and ProTaper (PT; Dentsply Maillefer, Ballaigues, 

Switzerland). It was found that Twisted File maintained the existing canal curvature showing 

least amount of canal transportation as well as the highest mean centering ratio.
[32]

 

 

The Pow-R system presented the lowest mean apical displacement value compared to 

Quantec, Pro-file Maillefer, Pro-file Tulsa and Stainless steel Hand files. Stainless steel hand 

files showed maximum apical displacement.
[33]

 

 

Endodontic motors in root canal instrumentation 

The main problem with the NiTi rotary instrumentation technique is fracture of instrument 

within the canal. During process of shaping rotary instruments might lock and/or screw into 

canals and, consequently are subjected to high levels of stress. This may frequently cause 

instrument separation or deformation. When there is use of high-torque motor the applied 

forces are usually very high and as a result the instrument-fracture limit is usually exceeded, 

thus increasing the risk of intracanal failure. A possible solution of this problem is to use a 
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low-torque endodontic motor, which operates below the maximum permissible torque limit of 

each and every rotary instrument. During clinical instrumentation of root canals, if a torque-

controlled motor reaches the limit of instrument-specific torque, the motor stops momentarily 

and/or starts rotating counter-clockwise (auto-reverse function) to disengage the locked 

instrument. These safety mechanisms were developed to reduce the risk of instrument 

fracture.
[34,35]

 

 

Reciprocation 

It has been shown that instruments subjected to reciprocation have increased resistance to 

fatigue and longer usual life when combined with instruments utilized in continuous rotation 

motion. The reciprocating system uses single-file instrumentation technique which can shape 

and clean the canal in a shorter period and together with the lesser amount of antimicrobial 

agent.
[36]

 The instruments moved by reciprocating movement reached significantly higher 

numbers of cycles before fracture (mean, 1787.78 cycles) when compared with instruments 

moved by continuous rotary (mean, 816.39 cycles).
[37]

 Contemporary instrument design 

combined with reciprocating action promises single file root canal preparation which is less 

expensive than multiple file NiTi systems. The reciprocating movement occurs in an 

anticlockwise cutting movement purported to be 130 degrees, followed by a clockwise 

releasing movement of 50 degrees. This means that each instrument takes three rotations to 

complete a full 360 degree rotation and thus the elastic limit of the instrument is not 

exceeded.
[38]

 

 

Irrigants 

A perfect and a model irrigant is one which removes the smear layer completely, lubricate the 

root canal properly, efficiently kills the bacteria, produce minimal or no inflammatory 

response in the surrounding tissues and simultaneously doesn’t causes any damage to dentin 

structure. Brenda P F A Gomes et al.
[39]

 quoted that In Endodontic dentistry Chlorhexidine 

(CHX) has been used not only as an irrigating substance but also used for intracanal 

medicament since it carries a wide range of antimicrobial activity, substantivity (residual 

antimicrobial activity), lower cytotoxicity than NaOCl whilst demonstrating efficient clinical 

performance, lubricating properties, rheological action (present in the gel presentation, 

keeping the debris in suspension); it inhibits metalloproteinase, is chemically stable, does not 

stain cloths, it is odorless, water soluble, among other properties. Along with instrumentation, 

lubrication is required to facilitate the mechanical action of hand/rotary files and to assist 
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emulsify and suspend the debris produced. Aqueous irrigation solutions such as sodium 

hypochlorite and ethylenediaminetetraacetic acid (EDTA) should be regarded as lubricants, 

but paste-type substances are marketed specifically for this purpose.
[40]

 It is recommended by 

mostly all manufacturers of nickel-titanium instruments to use EDTA or NaOCl as a lubricant 

during rotary root canal preparation. Additionally, a final irrigation of the root canal with 15-

17% EDTA solutions to dissolve the smear layer is recommended.
[41]

 Sodium hypochlorite 

(NaOCl) is suggested as an endodontic irrigant in sight of its broad antimicrobial and tissue 

dissolution capacities. To enhance its penetration into inaccessible areas of root canals and to 

enhance its overall effect, the addition of surface-active agents has been suggested.
[42]

 QMix 

is a root canal irrigation mixture of ethylenediaminetetraacetic acid (EDTA), chlorhexidine 

(CHX) and surfactant. This mixture can remove the smear layer efficiently, and it possesses 

strong antibacterial effect and good biocompatibility with minimal cytotoxicity.
[43]

 

 

Determination and Maintenance of Working Lengths 

During root canal preparation debris that may also contain bacteria, necrotic pulp tissue and 

dentine can be introduced into the periapical tissues.
[44]

 If the working length is 

underestimated, tissue residues and/or bacteria will remain within the non-instrumented areas 

of the root canal system. Else in another case for example, if the working length is 

determined beyond the apical boundaries, vital and/or infected material will be transported 

into the adjacent periapical tissues. An erroneously determined working length will most 

likely compromise the result of an endodontic treatment, because it will cause shaping and 

filling procedures that are inaccurate. This can cause periapical tissue inflammation and/or 

infection.
[45,46]

 It is possible that certain factors can be controlled by the operators such as 

selection of endodontic file systems and technique of root canal preparation but virulence of 

the microorganisms extruded beyond apex is almost impossible to control.
[47,48]

 However 

there were no significant differences between the results of digital radiography, conventional 

film and self-developing film methods in working length determination, the clinician can 

choose any of these methods according to the working conditions without being concerned 

about losing the accuracy.
[49]

 Measuring the location of the apical constriction using the four 

apex locators was more accurate than radiographs and would reduce the risk of instrumenting 

and filling beyond the apical foramen.
[50]

 The precision of electronic working length 

measurement depends on the device used and the type of irrigation and is not influenced by 

the status of the pulp tissue.
[51]
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Recently 3D Endo software has been launched which is mostly dedicated for complicated 

endodontic cases in the clinical situation. 3D Endo is the first CBCT software that allows 

endodontic treatment to be pre-planned and optimised using imaging data from Orthophos X-

ray units, enabling the user to isolate the tooth being treated and locate the orifice and apex of 

the canals.
[52]

 The 3D Endo Software allows the clinicians to visualize endo files within the 

root canal. The file position and bending is defined from the canal mid-line identified by the 

user without any clinical interpretation of the specific tooth anatomy. But the mechanical and 

geometrical properties of the root canal and the file are not taken into account by the 3D 

Endo Software. Therefore the 3D Endo Software cannot predict file separation nor 

automatically indicate risky canal curvatures.
[53]

 On Comparing the accuracy of the 3D Endo 

software, conventional CBCT software, Romexis Viewer, and the EAL E-Pex Pro for 

determining the working length the EAL E-Pex Pro was the best accurate modality among the 

experimental ones.
[54] 

 

Apical extrusion debris 

Recent researches have shown that reciprocating instrumentation techniques seem to 

significantly increase the quantity of debris extruded beyond the apex and, consequently, the 

danger of postoperative pain. 

 

The study conducted to evaluate ex vivo the maintenance of the apical limit during 

instrumentation with the Root ZX (J Morita, Tokyo, Japan) and VDW Gold (VDW GbmH, 

Munich, Germany) hybrid devices in rotary and reciprocating modes. It was found that both 

are efficient in the maintenance of the apical limit when used until the apical foramen; 

however, such reliability was compromised when -1.0 mm from the apical limit was 

established.
[55]

 

 

The least amount of apically extruded debris after canal shaping with WaveOne Gold than the 

RECIPROC Blue, and HyFlex EDM One file. Difference between WaveOne Gold and 

HyFlex EDM suggests that file design and motion kinematics affect the quantity of debris 

extrusion.
[56]

 WaveOne gold in reverse reciprocation was associated with a considerably 

lower amount of apical extrusion of debris than ProTaper next rotary files in forward 

reciprocation and continuous rotation. Reciprocating instrumentation technique was 

associated with a less amount of debris extrusion compared to continuous rotation.
[57]
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Optimal apical preparation size (APS) 

Root canals should be shaped to larger sizes than normally recommended. Instrument 

designs, alloy properties, and canal curvature are important factors that determine the 

feasibility of greater apical enlargement in narrow canals.
[58,59] 

The presence of a periradicular 

inflammatory reaction determines the presence of a larger diameter compared to cases 

without periapical lesions.
[60]

 In root canals of the palatal roots apical constriction was 

identified in 38% of the roots and also the main foramen did not coincide with the root apex 

in 95% of the cases.
[61]

 Usman et al. demonstrated that the quantity of irrigant delivered 

increased with numbers of recapitulations. It suggests that canal diameter and curvature play 

an important role in irrigation efficacy along with the needle types of syringes used for 

irrigation.
[62]

 The hydrodynamic and ultrasonic irrigation techniques were significantly (P < 

.001) more efficient as compared with syringe irrigation in both the straight and curved root 

canals. Ultrasonic irrigation demonstrated a higher efficiency in the straight root canals (P < 

.01), whereas hydrodynamic irrigation was more efficient in the curved canals (P < .01).
[63]

 

 

Age-dependent root canal instrumentation techniques 

With advancing age changes occur in the morphology of the root canal system and the 

structural features of dentin. Individuals less than 20 years of age only scraping instruments 

can be used.
[64]

 For individuals who are 20 to 40 years old regular nickel-titanium (NiTi) 

rotary systems can be used to shape the canal up to an apical diameter size of #30–#35.
[65]

 For 

individuals who are 40 years old or more after the use of manual stainless-steel K-files (#06, 

#08, and #10), a NiTi system for the glide path can be used Afterward, widening of the canal 

apical diameter up to size #30 or #35 is preferably done with NiTi instruments, which create 

less loading on dentin.
[64,66]

 To summarize antimicrobial efficacy in root canal preparation is 

very significant and successfully achieved by proper working length and apical width 

estimation. 

 

CONCLUSION 

During routine conventional practice of root canal therapy with unchangeable canal anatomy 

where every case is a new one this blind procedure with associated risk factor no doubt is a 

challenge for even a well experienced operator.  

 

The introduction of NiTi rotary instruments leads to a boom in the field of Endodontics. With 

careful preoperative assessment of canal and associated pathologies the further operative 

procedure involving instrumentation using recent advance techniques and process leads to a 
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very significant improvement in result output with negligible chances of root canal treatment 

failure. Super flexibility and shape memory properties of improved NiTi instruments with 

advanced torque controlled devices and adjuncts such as lubricants and mechanized 

antimicrobial canal preparation leads to a wider apex and well prepared canal for obturation 

with limited treatment failure. Also thus nickel-titanium (NiTi) files are broadly used to shape 

the root canals owing to their increased flexibility, rapid and centered canal preparation, safer 

preparation of curved canals, improved cutting efficiency, and improved treatment outcome. 
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