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INTRODUCTION 

Endodontic therapy involves treating vital and necrotic 

dental pulps so that patients can retain their natural teeth 

in function and esthetics. Although successful therapy 

depends on many factors, one of the most important 

steps in any root canal treatment is canal preparation. 

This is essential because preparation determines the 

efficacy of all subsequent procedures and includes 

mechanical debridement, creation of space for 

medicament delivery, and optimized canal geometries for 

adequate obturation. Unfortunately, canal preparation is 

adversely influenced by the highly variable root-canal 

anatomy and the relative inability of the operator to 

visualize this anatomy from radiographs. Hence, root 

canal preparation is not only important but also 

demanding for the clinician.
[1]

  

 

Three main issues are presently considered most 

challenging and controversial in root canal shaping:  

• Identification, accessing, and enlargement of the 

main canals without procedural errors  

• Establishing and maintaining adequate working 

lengths throughout the shaping procedure  

• Selection of preparation sizes and overall geometries 

that allow adequate disinfection and subsequent 

obturation. This review attempts to describe current 

strategies to deal with these issues within the 

existing anatomical and technical framework.  

 

The intricacies of dental anatomy per se reveal 

themselves early in the procedure when canal orifices or 

entire canals may be overlooked. Furthermore, irregular 

canal cross-sections, accessory canals, and apical deltas 

are mostly inaccessible to mechanical preparation. 

Moreover, canal curvature results in asymmetrical 

material removal during shaping, leading to canal 

transportation of varying degrees. Most root canals are 

curved, whereas endodontic instruments are 

manufactured from straight metal blanks. This results in 

uneven force distribution in certain contact areas and a 

tendency of the instrument to straighten itself inside the 

root canal.
[2]

 Consequently, apical canal areas tend to be 

over prepared toward the outer curve or the convexity of 

the canal, whereas more coronal areas are transported 

toward the concavity or the furcation in multirooted 

teeth. The fact that roots are curved was initially 

appreciated by simply stating the angle of the curve (14) 

and then categorizing roots as straight (5° and less), 

moderately (10 to 20°) or severely (20°) curved. 

However, it has been pointed out that the radius of the 

curve has to be viewed together with its angle. It was 

later proposed that position and severity of canal 

curvature was important regarding a safe use of rotary 

instruments. Later, advanced methods based on three-

dimensional data acquisition became available for the 

description of canal geometry and possible changes 

during shaping procedures. One method relied on 

multiple conventional radiographs, and this method was 

later modified to assess root curvature three-

dimensionally. In the former study, 433 roots were 

radiographed and from mathematical calculations, canals 

were described as presenting with I-, J-, C-, or S-form. 

Bjørndal et al. described another advanced technique, 

which compared cross-sections of outer root contours 

with canal outlines.
[3,4]

  

 

They found high correlations between contours of 

mesiobuccal and distobuccal root components and canal 
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ABSTRACT 

Successful endodontic therapy is largely dependent on a triad of access cavity, canal preparation, and three-

dimensional hermetically sealed obturation of the canals. Canal preparation is the most vital part of the triad that 

can be very challenging due to the complex morphology of the root canal system. Clinicians quite frequently 

encounter severe canal curvatures of different degrees within the roots that lead to a variety of problems including 

ledge formation, separation of instruments, canal blockage, and tear-drop transportation at the apex or perforation. 

Anatomical variations within the complex root canal morphology are the commonest cause of endodontic 

treatment failure. It is, therefore, essential to have a thorough knowledge about the internal and external 

morphologies of teeth. 
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outlines. Recently, microcomputed tomography (CT) has 

emerged as a powerful tool for evaluation of root-canal 

morphology. The action of rotary instruments with 

actively cutting blades in this region needs to be further 

evaluated, but it can be surmised that such an instrument 

taken long and outside the canal space would create a 

preparation error known as apical zip with perforation. 

The occurrence of such apical preparation errors has 

previously been linked to hand and rotary instruments 

with sharp tips. Zip-and-elbow formation and other well-

described preparation outcomes such as ledges, strip-

perforations, or excessive thinning of canal walls have in 

common that they are possible results of canal 

transportation.
[5]

  

 

The latter term has been defined, and calculated, in 

various ways to account for canal diameters and 

instrument sizes; it can be more simply defined as any 

undesirable deviation from natural canal paths. From a 

clinical perspective and according to guidelines set forth 

by the European Society of Endodontology, it is 

envisaged that a prepared root canal encircles the entire 

circumference of the unprepared canal indicating that a 

given canal is thoroughly debrided. The impact of 

procedural errors or instrument separations on clinical 

outcomes has been discussed in some detail in the 

past.
[6,7]

  

 

CORONAL ACCESS  

The access preparation is an essential element for 

successful endodontic. Preparing the endodontic access 

cavity is a critical step in a series of procedures that 

potentially leads to the three-dimensional obturation of 

the root canal system. Access cavities should be cut so 

the pulpal roof, including all overlying dentin, is 

removed. The size of the access cavity is dictated by the 

position of the orifice(s). The internal walls are flared 

and smoothed to provide straightline access into the 

orifice and the root canal system. Additionally, access 

preparations are expanded to eliminate any coronal 

interference during subsequent instrumentation. Access 

objectives are confirmed when all the orifices can be 

visualized without moving the mouth mirror. Ideally, 

endodontic access cavities should parallel the principle 

of restorative dentistry where the axial walls of a 

―finished‖ preparation taper and provide draw for a wax 

pattern. Cleaning and shaping potentials are dramatically 

improved when instruments conveniently pass through 

the occlusal opening, effortlessly slide down smooth 

axial walls and are easily inserted into the orifice. 

Spacious access cavities are an opening for canal 

preparation.
[8] 

 

Concepts For Canal Preparation  

Endodontic treatment can be simplified by dividing the 

entire procedure into a series of smaller steps. With 

exceptions, the vast majority of teeth range from 19-25 

mm in length. Most clinical crowns are about 10 mm and 

most roots range from 9-15 mm in length. If we divide 

the root into coronal, middle, and apical one-thirds, then 

each third is between 3 and 5 mm in length. The power 

of this strategy is best appreciated in longer roots that 

hold more complicated canals which exhibit significant 

calcification, challenging curvatures or deep divisions. In 

general, clinicians should appreciate that more 

calcification is encountered within the pulp chamber. 

Calcification may also extend into the coronal and, to a 

lesser extent, the middle one-thirds of canals. 

Fortuitously, the apical one-thirds of canals, although 

more narrow, are typically open and free of calcification. 

Pre-enlarged canals increase the volume of irrigant, 

encourage the elimination of debris, and afford better 

access and control when preparing the apical one-third 

microanatomy.
[9-11]

 

 

Strategies for Canal Preparation  

When straightline access has been completed and all the 

orifices have been identified, attention is directed 

towards preparing the root canal. As will be discussed 

later in this paper in the section on irrigants, if the pulp is 

vital and bleeding, the chamber is filled brimful with a 

viscous chelator. In the instance where the pulp is 

necrotic, the chamber is irrigated and completely filled 

with a 5.25% solution of warm NaOCl. Based on the pre-

operative radiographs, the smaller stainless steel files are 

measured and precurved to conform to the anticipated 

full length and curvature of the root canal. Stainless steel 

0.02 tapered 10 and 15 hand files are then utilized to 

explore the coronal two-thirds of the root canal system. 

After negotiating the coronal two-thirds, the canal is 

flushed with NaOCl and, depending on the operator and 

available space, may be pre-enlarged using hand 

instruments, gates glidden drills utilized like brushes, or 

rotary NiTi shaping files. With the coronal two-thirds 

optimally prepared and filled with irrigant, the apical 

one-third is then scouted and reconnaissance information 

gathered. Small hand files are used to negotiate the rest 

of the canal, confirm a smooth glide path to the terminus, 

and establish patency. 

 

Typically, working length is confirmed with a 15F in situ 

utilizing an electronic apex locator, computer digital 

radiography, or conventional films. Even with the 

advantages of electronic apex locators, occasionally it is 

valuable to radiographically observe the position of a file 

within a root canal. With the root canal negotiated and 

the anatomy fully appreciated, a decision can be made 

whether to finish the apical one-third with hand or rotary 

instruments. The concept of first pre-enlarging a canal 

followed by finishing its apical one-third is analogous to 

a crown preparation procedure in which the tooth is first 

reduced prior to finishing the margins.
[12-15]

 

 

Scouting The Coronal 2/3 Of The Canal  

Cleaning and shaping outcomes are significantly 

improved when the coronal two-thirds of a canal is first 

scouted and then pre-enlarged. As has been mentioned, 

stainless steel ISO 0.02 tapered sizes 10 and 15 hand 

files are utilized to scout the coronal two-thirds of the 

canal and confirm or create a glide path or pilot hole 
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before any rotary NiTi instruments are introduced.5 With 

the onset of NiTi rotary instrumentation, the role of 

―hand‖ instruments has diminished and been redefined. 

For many rotary file users, hand instruments are now 

primarily used to gather intracanal reconnaissance 

information and when necessary to create sufficient 

space prior to using more efficient NiTi instruments. 

Before discussing the small hand files, it would be 

beneficial to briefly review their geometries.
[16]

 

 

The Irrigants  

No instrument should be introduced into the root canal 

space until the appropriate irrigant is introduced into the 

pulp chamber. As mentioned previously, when 

straightline access has been completed and all the 

orifices have been identified, the choice of irrigant may 

be determined as follows: If the pulp is vital and 

bleeding, it is desirable to fill the chamber brimful with a 

viscous chelator. In the instance where the pulp is 

necrotic, the chamber is irrigated and may be completely 

filled with a 5.25% solution of warm NaOCl. A few 

words on irrigants are in order due to their extreme 

importance.
[17]

 

 

Sodium Hypochlorite 

In the United States, Clorox is the source for obtaining 

NaOCl with a full-strength concentration of 5.25%. 

NaOCl is a powerful and inexpensive irrigant that has 

been shown to readily digest pulpal tissue. NaOCl should 

be used clinically in concentrations of approximately 3-

5% to take advantage of its ability to destroy spores, 

viruses and bacteria and importantly, its unique ability to 

digest vital and necrotic pulp tissue from all aspects of 

the root canal system.9Studies have shown that in pre-

flared canals where the coronal two-thirds is first pre-

enlarged, warming NaOCl to approximately 60°C 

(140°F) significantly increases the rate and effectiveness 

of tissue digestion.10, 11 To maximize tissue digestion, 

access cavities must be filled brimful with NaOCl. In 

fact, one of the important advantages of pre-treatment is 

to build teeth up so they have pulp chambers that can 

retain irrigants. The potential for an irrigant is 

maximized when it is heated, flooded into shaped canals, 

and given ample time to work. The frequency of 

irrigation is dictated by the amount of work that a 

particular instrument performs. It is axiomatic to always 

irrigate, recapitulate and re-irrigate just before the canal 

becomes blocked. Practically, the clinician never knows 

this exact moment; therefore, it is best to err on the side 

of caution by going through the cycle of replenishing 

irrigant, recapitulating and re-irrigating at least after 

every two to three instruments. In general, this cycle 

should be repeated more frequently in tighter, longer and 

more curved canals, and especially if the system exhibits 

unusual anatomy. Files potentially carry irrigant 

progressively deeper into the canal by surface tension. 

However, when an instrument is placed into a relatively 

small canal, the file tends to displace the irrigant. When 

the instrument is withdrawn, irrigation flows back into 

the space the file occupied. This phenomenon must be 

appreciated and recognized so as to clinically integrate 

the most efficacious irrigation method.
[18,20]

 

 

CHELATING AGENTS 

Chelating agents containing ethylenediaminetetraacetic 

acid (EDTA) may be used clinically to eliminate many 

cleaning and shaping frustrations. The purpose of a 

chelator is for lubrication, emulsification, and holding 

debris in suspension. Chelators are formulated for 

clinical use and can be selected in either a viscous 

suspension or an aqueous solution. Viscous suspensions 

have a ―cocktail‖ of ingredients typically suspended in a 

water soluble vehicle. Viscous Chelators Glyde 

(Dentsply Maillefer) or RC Prep (Premier Dental 

Products) are viscous chelators whose principle 

ingredients are EDTA, urea peroxide and propylene 

glycol. A viscous suspension of a chelator 

advantageously promotes the ―emulsification‖ of vital 

tissue and facilitates the negotiation of the canal. 

Collagen is a major constituent of vital pulp tissue and 

can be inadvertently packed into a glue-like mass that 

contributes to iatrogenic blocks. In vital cases, 

attempting to negotiate any portion of a canal with a 10 

file without the aid of a chelator can be dangerous. 

Clinicians should recognize that when the instrument is 

withdrawn the vital tissue tends to collapse and readhere 

to itself. A chelator discourages tissue readherance and 

accelerates emulsification by leaving a favorable pilot 

hole which facilitates the introduction of the next 

sequentially larger instrument. Chelators should be used 

for short periods of time as their protracted use can 

soften dentin and predispose to iatrogenic events.
[21]

 

 

A viscous chelator is best used for holding debris in 

―suspension‖. As an example, RC Prep encourages the 

flotation of pulpal remnants and dentinal mud which 

reduces the probability of blocking the canal. Sodium 

hypochlorite follows the use of RC Prep and is irrigated 

passively, frequently, and voluminously. Using RC Prep 

in concert with NaOCl releases oxygen which kills 

anaerobic bacteria. In combination, RC Prep and NaOCl 

produce significant effervescence, creating an elevator 

action that lifts and liberates debris from the root canal 

system. Aqueous Chelators An aqueous solution of 

chelator is best reserved for ―finishing‖ the preparation 

as it removes the smear layer that is formed by the 

cutting action of instruments. Although rotary nickel-

titanium instruments are known to effectively auger 

debris out of a canal, they are also well-known to burnish 

dentinal mud and organic debris into the anatomical 

eccentricities off the rounder aspects of the canal and the 

dentinal tubules.16 From a clinical point of view it might 

be wise to irrigate with EDTA (Roth International) after 

every few NaOCl irrigations. This alternating sequence 

would remove accumulating debris which would 

potentially enhance the penetration of NaOCl into the 

anatomy. In any event, following optimal canal 

preparation, a 17% solution of aqueous EDTA is 

irrigated into the canal. As we will see in the next 

section, an aqueous solution of a chelator can be 
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activated to enhance cleaning.17 Research has shown 

that a one minute rinse with EDTA eliminates the smear 

layer, opens up the dentinal tubules and provides a 

cleaner surface against which obturation materials adapt. 

 

Determination and Maintenance of Working Lengths 

Some additional considerations are required for the 

successful clinical use of NiTi rotary instruments. One of 

these is the effect of rotary instrumentation techniques on 

apical tissues, e.g., the amount of extruded debris. Filing 

techniques lead to more extruded debris compared with 

the balanced force technique. Similarly, Light speed and 

ProFile Series 29 both forced significantly less debris 

apically compared to step-back instrumentation with K-

Files and extruded similar amounts as Flex-R files used 

in balanced force motion. Extrusion of debris, dentin 

mud, or microorganisms is considered to play a role in 

flare-ups and, even more importantly, in treatment 

failures.
[23] 

 

 

A patency file should be used with care, because it may 

force accumulated debris apically, possibly including 

microbes. However, a recent report indicates little risk of 

inoculating microbes into the periapical region with a 

patency file. Sjögren et al. demonstrated that obturation 

end points 0- to 2-mm short of the radiographic apex 

render significantly improved long-term results in teeth 

affected with apical periodontitis compared to 

overextended obturations (success rates of 94% and 

76%, respectively).
[24]

  

 

Importantly, success rates in vital cases were not altered 

by obturation material in the periapical space; 

furthermore, a recent clinical study on endodontic 

treatment with NiTi instruments failed to show any 

significant effect of overfilling on healing rates. In earlier 

studies, apical stops were prepared using stainless steel 

K-files and Hedstrom files in the step-back technique, 

and apical file sizes often were ISO 40 or larger. 

Although the incidence of canal transportation is not 

mentioned in those studies, the instrumentation technique 

may have resulted in shape aberrations. Recently, using a 

fluid-filtration model, Fan et al. showed that obturated 

root canals with irregular shapes leaked significantly 

more compared with those with little or no canal 

transportation. To decrease instrumentation risks, 

preparations 2- to 3-mm short of the radiographic apex 

were recommended for apical stop preparations in vital 

cases. However, the same authors suggested procedures 

for nonvital cases entailing sufficiently wide canal 

shapes 0- to 1-mm coronally of the apical constriction.
[25]

  

 

All these facts indicate, besides biological requirements, 

that a perfect determination and maintenance of working 

length is required. Modern electronic canal length 

measurement devices are highly reliable to identify canal 

lengths within 0.5 mm.
[26]

 

 

Removing coronal obstructions early, during crown-

down, will further enhance length measurement accuracy 

by way of affording a straight access to apical canal 

areas. Furthermore, engine driven rotary techniques have 

been shown rarely to lose or gain working lengths of 0.5 

mm. In summary, length control seems to be simplified, 

but a three-dimensional concept of the apical dental 

anatomy is required to adjust instrumentation lengths to a 

specific clinical case. Apical Width Principles of a 

standardized root canal preparation are mainly based on 

concepts of apical canal geometry developed in the 

1950s, which suggested apical canal diameters of 0.27 to 

0.33 mm. However, detailed anatomical analyses 

indicate that the concept for such a standardized root-

canal preparation to an apical stop coronal to the 

constriction may be problematic, again because the 

―classical‖ singular constriction was not present in 50% 

of the canals evaluated and because of possible sequelae 

of canal over-enlargement, in particular vertical root 

fracture. Classical bacteriological studies indicated that 

mechanical instrumentation alone resulted in a 

significant reduction of bacteria counts.
[27]

 

 

Infected canals in that study were prepared to ISO size 

40 apical stops using stainless-steel Hedström files with 

working lengths 1-mm short of the root apices. Bacteria 

counts were equally reduced in a clinical study on teeth 

presenting with apical periodontitis when NiTi rotary 

instruments were compared with conventional stainless-

steel types. Shaped canals had significantly reduced 

bacteria counts in the first session and progressively 

more so in subsequent instrumentation appointments. 

Nevertheless, viable bacteria were still detected at the 

fourth session, and the authors concluded that 

disinfecting irrigants should always significantly reduce 

viable bacteria counts. Irrigants are commonly delivered 

using a syringe and needle system, but a study using 

radio-opaque liquids indicated that the apical penetration 

of the irrigants is only 1 mm beyond the needle tip.
[28]

  

 

Furthermore, Usman et al. demonstrated that the amount 

of irrigant delivered increased with numbers of 

recapitulations. This information and regularly available 

needle types (27- and 30-gauge, equivalent to 0.42 and 

0.31 mm, respectively) suggest that canal diameter and 

curvature play an important role in irrigation efficacy. on 

the other hand, a small apical dimension, preparation to 

the radiographic terminus, and thermoplastic obturation 

with some surplus sealer and an acute apical curve. It is a 

matter of continuous debate whether a smaller apical 

preparation allows sufficient antimicrobial action to take 

place. To that end, hybrid instrumentation techniques 

have been advocated, for example the combination of a 

tapered instrument (e.g., ProFile) for a crown-down 

section and a flexible instrument (e.g., Lightspeed) for an 

apical enlargement to sizes of up to #55 in mesial roots 

of mandibular molars (91, 148). The clinician has to 

carefully decide with which instrument and how wide to 

shape a given canal to achieve antimicrobial efficiency 

without overly weakening tooth structure.
[29]
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Earlier studies had indicated considerable thinning of 

dentin walls after ultrasonic instrumentation, which may 

predispose roots to vertical fracture. In summary, 

antimicrobial efficacy of endodontic therapy is of prime 

importance and depends, at least partly, on preparation 

length and width.
[30] 

 

 

CONCLUSIONS  

Clinically, it is important to envisage the specific 

purpose of canal shaping extending beyond antimicrobial 

efficacy. During the last four decades, several authors 

have reported that canal preparation has a great influence 

on the outcome of obturation procedures. Although 

common sense suggests this to be true, there is 

surprisingly little evidence for that proposition. In fact, 

although clinicians and researchers agree that canals 

must be obturated to the end point of the preparation, the 

recommended procedures to achieve that goal differ 

widely. For example, for lateral compaction, it was 

suggested that spreader penetration as close as 1 mm to 

working length is desirable for an adequate apical seal. 

These experiments were performed using canals with 

curvatures of 20 degrees, and consequently, there were 

few, if any, procedural errors. Unfortunately, the 

preparation techniques used in those studies were not 

detailed. Experiments using a fluid transportation model 

indicated that canal transportation was well correlated 

with leakage. In those studies, apical stops were prepared 

with size 50 Lightspeed instruments or with hand files in 

canals with significant curvatures, varying from 21 to 38 

degrees. The incidence of canal transportation assessed 

from double-exposure radiographs was significantly less 

for the Light speed group compared with the hand-filed 

group. In addition, none of the Light speed-prepared 

specimens exhibited microleakage, whereas 40% of the 

specimens instrumented with K-Files did show leakage. 

Similarly, cases treated with NiTi instruments clinically 

showed a low incidence of preparation errors, 

satisfactory obturation as judged from radiographs, and 

significantly improved healing compared with a control 

group treated with stainless-steel instruments. A recent 

clinical study comparing three rotary preparation 

paradigms (Lightspeed, ProFile .04, and Profile .04 and 

.06) indicated an overall healing rate of 86.7% in cases 

that included retreatments and cases with periapical 

lesions. No difference in healing rates between the three 

systems were detected, indicating other unidentified 

factors that influence periapical healing. Nickel-titanium 

rotary instruments have become an important adjunct in 

endodontic therapy. Despite the existence of one ever 

present risk factor—dental anatomy—shaping outcomes 

with these instruments are mostly predictable. Current 

evidence indicates that wider apical preparations are 

feasible and with that probably improved irrigation 

efficacy and obturation quality. NiTi rotary instruments 

require an extensive in vitro training period to minimize 

separation risks and should be used to case-related 

working lengths and apical widths. Despite superior in 

vitro results compared with stainless-steel hand 

instruments, randomized clinical trials are required to 

evaluate clinical outcomes when using NiTi rotaries in 

endodontic therapy. 
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