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ABSTRACT 
Proper shape and size of apical third of the root canal is pivotal in adequate debridement and disinfection of 

endodontic system. The apical shaping of the root canal is highly dependent on the anatomical form and 

topography of the apical constriction. Accurate apical stop performed at apical constriction rather than at 

the apical foramen should be the main clinical objective. Maintaining the apical patency by recapitulation 

results in achieving a free access to the apical constriction and a clean apical canal. Apical preparation 

should be three sizes larger than the first apical binding file as further enlargement did not prove to be more 

beneficial for the long term prediction. The taper of apical preparation may have at least equal value as its 

final size. 
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INTRODUCTION  

In oral rehabilitation the successful 

root canal treatment relies on thorough 

shaping and cleaning of the apical 

extremity of endodontic system. 

Accordingly the shape and size of the 

apical third of root canal render pivotal 

in proper debridement and disinfection 

that result in valid apical healing after 

primary endodontic treatment [1,2]. 

However, currently the apparent 

facile clinical approach is actually 

challenging as this anatomic area is 

doubtless regarded as a critical region 

for predictable outcome of any root 

canal treatment due to its particular 

morphology revealing various structures 

such as ramifications, lateral canals, fins 

or even isthmuses [3]. 

In a more comprehensive meaning 

actually the root canal treatment reflects 

a chain of successive operative steps 

consisting in mechanical enlargement 

and debridement, endodontic irrigation 

and filling with a biocompatible material 

aiming to preserve or re-establish the 

health of the apical periodontal 

structures depending on their previous 

status [1-3]. 

Presently in the era of rotational 

NiTi instruments the size and shape of 

apical preparation, more exactly the 

taper, represent a serious matter of 

debate as a therapeutic controversy 
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raised between the recommended larger 

size to providing a better disinfection by 

removal of endodontic anaerobic 

bacteria and the risk of root weakening 

by facilitating the dentinal cracks [2]. 

Though mainly the practitioners 

are focused on mechanical enlargement 

and irrigation procedures aiming to 

efficiently eliminate the debris and 

microorganisms a plethora of studies 

highlighted certain adverse factors such 

as the complex canal morphology of the 

root apex, the unexpected variability of 

three-dimensional canal space that 

sometimes can be extremely narrow, 

which potentially all together are 

impeding a successful outcome [1,3, 41-

56].  

 

APICAL CONSTRICTION 

DETERMINATION 

The apical constriction is a clinical 

landmark located inside the root canal 

that conventionally, according to 

endodontic regulations, is defined as the 

apical section of the root canal where the 

diameter has a minimal value. On the 

other hand histological the apical 

constriction corresponds to the border 

between two mineralized tissues of the 

root dentin and cement, namely 

cementodentinal junction [3-5]. 

It was observed that the position of 

apical constriction related to 

cementodentinal junction has pretty 

large individual variations because the 

later is extremely irregular designed. 

Thus, sometimes may be encountered a 

difference up to 3 mm between a certain 

cementodentinal location and its position 

on the opposite wall [6]. 

Usually the apical constriction is 

deemed in transversal sections of the 

roots and is reproduced as having 

approximately round form. However, 

rarely reproduces this shape as 

frequently oval, ribbon shaped or long 

oval features were also observed. 

Numerous morphometric measurements 

underlined that the apical constriction do 

not mirror the true anatomical horizontal 

size [7]. 

On the other hand on examination 

of longitudinal sections the same apical 

constriction appears under four 

anatomical forms: traditional single 

constriction, multiconstricted, tapering 

constriction, and parallel constriction 

[4,8]. 

Hence within the same root canal 

more often than not the apical 

constriction may have more than one 

anatomical shape and also may be 

recorded up to four features regarding its 

topography and location [4]. It has to be 

reminded that despite the 

aforementioned large variability of 

apical constriction in diameter, shape 

and position among endodontic papers is 

circulating even the hypothesis of its 

non-existence [9,10]. It seems that in 

molars the traditional form (single 

constriction) illustrated by a divergent 

flaring in both direction, coronally and 

apically, have an incidence as high as 

39%-52% compared to 76% for most 

common form of parallel constriction 

[11]. 

A better understanding of the root 

anatomy improves the assessment of the 

apical end point of root canal 

enlargement as the treatment maneuvers 

are also highly dependent on the 

anatomical topography of the apical 

constriction [8]. An exclusive tactile 

method to assessing the position of 

apical constriction might lead to possible 

under-preparation in multiconstricted 

anatomical form. A similar under-

preparation may be the outcome in case 
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of tapering constriction presuming that 

the position of apical constriction is 1 

mm from the radiographic apex [8]. 

Unfortunately clinically and 

radiographic the position of apical 

constriction can hardly be exactly 

established. Though the anatomical 

landmarks are largely fluctuating (0-2 

mm), the mean distance between apical 

constriction and anatomical apex is 1 

mm as compared to distance of 0.5 mm 

that was measured between apical 

foramen and anatomical apex. However, 

presently the technological progress by 

using modern electronic apex locators 

allows an accurate location of foramina, 

apical constriction and apical foramen 

that particularly in molars are in close 

proximity (0.2 mm) [11].  

It seems that in molars even 

though the mean distance between apical 

constriction and anatomical apex is 0.9 

mm in 68% of the roots may be shorter 

or longer with 0.5 mm and underlines 

that the location of apical constriction 

relying on conventional radiographs 

might be accurate only in 32% of their 

root canals [11].  

Though the diameter of apical 

constriction in molars root canals 

fluctuates usually between ISO 30-40, it 

was observed a obvious difference 

comparing the mesiobuccal 1 and 

mesiobuccal 2 canals in upper molars 

that have a size of only ISO 20-25 [11]. 

In dental practice the true location 

of the apical constriction can not be 

established accurately exclusively on 

initial radiograph as can be situated as 

far as 3.8 mm from the anatomical root 

apex [12]. However, clinically the apical 

constriction should be considered the 

limit of the root canal treatment [7]. 

Accordingly its location is recommended 

to be considered at 0.5-1 mm short of the 

radicular apical foramen in order to 

render a biological approach to the 

apical terminus for chemo-mechanical 

treatment of the root canal and the 

subsequent root canal filling [5]. 

Though in endodontic practice the 

initial radiograph offers only an 

estimative assessment of the 

cementodentinal junction position, 

which unfortunately results in under or 

over instrumentation and filling of the 

root canals, commonly the decision to 

establish its location is still taken on the 

radiograph considering being at 1-2 mm 

short of the radiographic apex [6]. 

The best prognosis of an 

endodontic treatment related to the 

apical limit of chemo-mechanical 

enlargement and filling is to be as much 

as possible completed to the apical 

constriction. Procedures beyond the 

anatomical border of apical constriction 

or performed more than 2 mm short of 

this are regarded as failures [5]. A proper 

apical stop performed at apical 

constriction (foramen minor) rather than 

at the apical foramen (foramen major) is 

the main clinical objective to avoiding 

the overfilling [4]. 

 

APICAL PATENCY 

Cleaning and shaping procedures 

might produce accumulation of soft 

tissue remnants and dentinal chips in 

apical area which are obviously 

hazardous to causing an apical blockage. 

Maintaining free of debris the apical 

preparation is crucial to prevent the 

alterations of apical morphology such as 

the straightening of apical curvature 

characterizing the majority of root 

canals, perforations and zipping [13,14]. 

The apical patency intends to 

acquire simultaneously after apical 

instrumentation a mechanical goal, by 
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maintaining a patent canal that 

guarantees free access to apical foramen 

and a biologic goal, as the canal is also 

clean [15]. 

Therefore presently the endodontic 

treatment especially in non-vital teeth 

was proposed to be obtained by using the 

technique of apical patency [13-18] 

regardless this procedure is still 

controversial until a balance will be 

accepted between benefits and supposed 

drawbacks [13]. 

The proponents rely on 

improvement of tactile sense, better 

control of apical debris buildup, 

facilitation of the adequate working 

length assessment by increasing the 

accuracy of electronic apex locators, 

removal of apical biofilms, and less 

leakage after root canal filling. 

Meanwhile the opponents claim the 

biologic consequences such as the 

damage to the apical periodontal tissues, 

the risky over-enlargement of the apical 

foramen and accidental extrusion of 

contaminated content from root canal 

resulting in postoperative pain [13,14]. 

According to Buchanan technique, 

the apical patency consists in 

maintaining the cleanliness of apical 

preparation by passively moving through 

the apical constriction a so called 

patency file, without pre-bending, on a 

distance of 0.5-1 mm longer than the 

established working length. Actually this 

manner of movement is a recapitulation 

maneuver based on careful use of a small 

file to avoiding the constriction 

enlargement. Moreover, this technique is 

recommended after the instrumentation 

of the coronal two thirds of the root 

canal in order to get unimpeded access to 

apical foramen [14,18,19]. 

The patency file is just a small 

flexible file ISO 08 or reamer ISO 10 

that is used with highest caution to avoid 

the binding to the canal walls or 

enlargement of anatomical root canal 

terminus [13,14]. However is hard to say 

if these precautions and operative 

abilities are efficient without to have 

deleterious effect on the apex anatomy. 

To our knowledge commonly the 

apical foramen is located lateral to the 

geometric centre of the apex, so that the 

canal anatomy may be changed when 

using the patency files and this risk is 

coming up even from the K file ISO 10, 

affecting up to one third of the root 

canals by acting only on one wall of the 

apical foramen [13,14]. 

In curved canals it seems also 

practically impossible to avoid the 

deterioration of apical foramen by using 

a patency file [13]. Moreover when by 

carelessness are used larger size of K 

files as patency files has to be underlined 

that starting with K file ISO 20 the risk 

of transporting the foramen increases to 

57% [14]. 

Though a concern aroused as the 

repeated pass of patency file through the 

apical constriction might elicit an apical 

acute inflammation it was observed that 

the incidence of post-treatment pain even 

in teeth with infected canals was lower 

when maintaining the apical patency. 

However, is useful to keep in mind that 

the duration of painful symptoms was 

prolonged in mandibular teeth as well as 

in previously painful teeth [18]. 

According to the bulk of literature 

it seems also that the hypothesis of flare-

ups risk is rejected even though the 

patency maneuver is undertaken by 

inexperienced practitioner as well as 

during the incidental over-extension of 

small size K files while used for working 

length determination [14,18]. 
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MASTER APICAL FILE SIZE 

No standard apical enlargement 

resulting in an apical stop is still 

established, despite the recommended 

conventional enlargement of the apical 

root canal to 3 sizes larger than the first 

file to bind, since the ubiquitous 

variation of apical caliber is more than 

obvious, many root canals are oval and 

particularly in the curved canals is a high 

risk of ledging and laceration [20]. 

Moreover, in curved canals the 

impossibility to achieve clinically a 

straight line access to apical constriction, 

by applying the rule of 3 sizes larger 

than the first file to bind the apical stop 

usually may by carved only on one side 

of the apical root canal resulting in a 

questionable cleanliness and sealing of 

apical preparation [20]. Presently the 

accepted size of master apical file is still 

controversial especially related to the 

minimally invasive procedures recently 

introduced in enlargement approach of 

the root canals [21].  

Routine endodontic practice 

proved that though the early preflaring 

get better the tactile sensation to assess 

the apical constriction and establish the 

size of master apical file, the optimal 

enlargement in mesial canals of lower 

molars up to ISO 50 might result in 

mechanical weakness of the roots. 

Furthermore, another reason of concern 

has to be elucidated, whether reduced 

apical stop instrumentation up to ISO 30 

- ISO 40 will ensure a safe elimination 

of debris [22]. 

At the apical 1 mm level in 75% 

nickel-titanium rotatory files enlarged 

roots, due to the centered ability, a 

proper cleanliness was obtained as 

compared to step-back K files 

instrumented roots, regardless the 

preflaring (51%) or without preflaring 

(49%) maneuver. When considering the 

apical 3 mm level no significant 

differences were observed between 

rotatory or both manual enlargement 

[22]. 

Though the clinical philosophy 

aims to achieve a better disinfection by 

preparing the apical canal to larger size 

to reducing the microorganisms cont, 

despite the adequate instrumentation and 

irrigation numerous bacteria remain 

viable in dentinal tubules [7,23]. Some 

of the may be located one-half distance 

[7] or in chronic apical periodontitis 

even near to the cementodentinal 

junction [24]. 

Regarding the depth of bacterial 

penetration in dentinal tubules related to 

the width of root canal walls, which 

clinically is important to bacterial 

removal by mechanical enlargement and 

associated anti-microbial irrigation 

without to jeopardize the root resistance 

by hazardous instrumentation, it was 

observed the microbiota presence up to 

300 μm in coronal segments of the root 

canal and up to 60 μm in apical area. 

More superficial invasion was found for 

yeasts (10 μm to 150 μm) [7].  

From clinical approach these 

microscopic findings underlined the 

drawbacks of contemporary techniques 

of apical enlargement because neither 

rotatory nor manual instruments can 

clean fins, accessory canals, isthmuses, 

ramifications of endodontic system 

located in root apex which obviously 

may harbor pathogens [22]. Obviously 

the bioburden can be reduced in the 

endodontic system by current treatment 

approach though the eradication is still 

unachievable [25]. 

Since presently no enlargement 

instrument or technique may afford an 

effective cleanliness of the apical root 
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canal the hope of excellence relies only 

on operator clinical experience and his 

ability to decide which are the adequate 

design and alloy properties of 

instruments as well the technique to be 

used related to particular caliber and 

curvature of the root canal [22]. 

The concept of choosing the 

master apical file as 3 times larger than 

the first apical binding file proved to 

clinically encouraging in evaluating the 

healing of chronic apical periodontitis as 

it was recorded a successful treatment 

outcome as high as 71,43%. Further 

extension up to 6 size larger file did not 

provide significant better healing [1]. 

 

APICAL PREPARATION SIZE 

In the apical area of tooth root 

were described both inter-individual and 

intra-individual unexpected variability of 

the tooth anatomy, achieving the highest 

degree in upper second premolars and 

mesiobuccal roots of upper molars 

[26,27]. Therefore for optimal outcome 

of the root canal treatment it is critical to 

perform a customized apical preparation 

for each root canal according to the 

matched individual profile in size and 

shape [27]. 

Schilder’s rules dedicated to 

mechanical root canal enlargement 

strongly recommend for the entire 

trajectory of the root canal a final 

continuous taper preserving the 

narrowest caliber at the apical foramen. 

Moreover, in order to allow adequate 

access and manipulation of endodontic 

instruments and materials for successful 

filling of the root canal, the Schilder’s 

fifth rule specifies that the apical 

preparation should be sufficiently large 

without to be challenging for tooth root 

integrity [28]. 

Strictly speaking first of all for any 

individual tooth planed to common root 

canal treatment the endodontist should 

know the initial root canal diameter at 

the working length, namely the width of 

apical constriction. From now on starts 

the shaping of the apical end of root 

canal aiming to clean and disinfect 

progressively the endodontic space at its 

terminus by increasing the size of 

enlargement instruments and using the 

proper irrigation to eliminating the 

debris and root canal pathogens [27]. 

The adequate flushing of irrigants 

in apical preparation of larger size 

definitely facilitates debris cleaning and 

decreases the bacterial load leading to 

improved outcome of root canal 

treatment [1,2]. 

The initial clinical advice, dated 

half century ago while K files were 

exclusively used, suggested to perform 

an apical enlargement of the root canal 

three sizes larger than the first apical 

binding K file [29]. Later on the apical 

enlargement was proposed to be reduced 

to the use of only two sizes larger K files 

[3]. Nowadays as apical enlargement is 

done almost exclusively using nickel-

titanium files by continuous or 

reciprocating movement the taper of 

apical preparation that obviously mimics 

the final file will increase usually from 

2% of former K files to 4% or 6% of 

various current nickel-titanium rotatory 

systems. 

The debate about the size of apical 

preparation is still running between the 

promoters of minimal enlargement to 

avoiding ledge formation, apical 

transportation, zipping and weakening of 

the root [1,2,19] and those of larger 

preparation aiming to get an optimal 

cleaning and disinfection [1,2,30]. To 

this dispute should be added the opinion 
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considering as sufficient the shaping of 

apical preparation with files to 3 sizes 

larger than the first binding file at the 

apical constriction [1,3]. 

However, the size of apical 

shaping should be carefully balanced in 

order to avoid the risk of weakening the 

root canal walls in apex area or inducing 

dentinal cracks resulting in vertical root 

fractures [27]. Another drawback might 

be the post-operative pain that seems to 

have an increased incidence as the size 

of apical preparation is larger due to 

debris, irrigant or sealer extrusion or just 

by mechanical irritation during potential 

over-instrumentation that was reported 

in 25%-40% of patients as outcome of 

periapical flare-up [2,31,32]. 

Despite the clinical concern 

currently we cannot talk about a 

consensus regarding the size and shape 

(taper) of apical preparation due to the 

conflicting results of studies focused on 

enlargement instruments design, debris 

and irrigants extrusion risk, incidence of 

postoperative pain and perspective of 

apical healing both in primary 

endodontic treatment and re-treatments 

[1,2,31,32]. 

Going throw the literature may be 

found contradictory results as favorable 

results were obtained either with lower 

size of apical preparation (K file ISO 30 

and ISO 40) [33] or larger size (K file 

ISO 45 and ISO 60 to ISO 80) [30,34]. 

To fully clean the apical preparation 

some opinions support the enlargement 

by using six to eight sizes larger files 

than first apical binding file [35] and in 

multirooted teeth even K files over ISO 

60 [36]. 

Optimal cleaning relies on both the 

achieved size of apical preparation and 

the relationship between the caliber of 

the irrigating needle and its penetration 

depth into the enlarged root canal 

[37,38]. 

Though some recommendation 

insist for at least ISO 35 file 

instrumentation on entire length of the 

canal to allow adequate irrigation, 

practical experience showed that usually 

the K file ISO 30 is the most frequent 

instrument used for apical preparation 

that accomplishes the demand to be three 

times larger than the first apical binding 

file [1,7,38]. On the other hand it was 

proved that the 27-G irrigating needle 

penetrates 1-2 short of the apex when the 

apical preparation was performed by K 

file ISO 30 and, due to the ability to send 

the irrigant toward the canal terminus 1 

mm beyond its tip, allows a good 

cleaning of debris [1]. 

Though definitely a larger apical 

preparation result in a better flush of 

irrigant [39], it was observed that the 

degree of cleansing was similar while 

27-G irrigating needle was used after K 

file ISO 30 instrumentation compared to 

larger caliber 25/23-G irrigating needle, 

in case of increased apical preparation to 

45/50 ISO size [40]. In addition, by 

comparing the manual apical 

enlargement to rotary nickel-titanium 

files with increased taper it was relieved 

a similar flushing efficacy of debris 

regardless the K file ISO 35 or tapered 

rotary 30/06 were used [33]. 

It seems that presently the 

common sens clinical rationale should be 

the mechanical instrumentation of the 

apical preparation to only three sizes 

larger than the first apical binding file as 

further enlargement during endodontic 

treatment did not prove to be more 

beneficial for the long term prognosis. 

Furthermore, it seems that the taper may 

have at least equal value in obtaining the 

cleanliness of the apical canal [1,25]. 
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CONCLUSIONS 

Size and shape of apical 

preparation are paramount in periapical 

healing. Apical preparation should be 

three sizes larger than the first apical 

binding file as further enlargement did 

not prove to be more beneficial for the 

long term prediction. The taper of apical 

preparation may have at least equal 

value as its final size. Accurate apical 

stop performed at apical constriction 

rather than at the apical foramen should 

be the main clinical objective. Careful 

recapitulation to preserve the apical 

patency results in a free access to the 

apical constriction and the cleanliness of 

apical preparation. 
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