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Abstract

Introduction

The amounts of apical enlargement have been a
controversial issue for a long time. The enlargement of
the apical part of the canal may severely impact the
endodontic prognosis. Enlargement of the apical portion
to a larger size may negatively affect the ability to
control the filling material during root canal obturation.
In addition, an open-apex increases the risk for
overfilling which has been shown to be related with
decreased success rate. The retreatment of a tooth with
apically enlarged canal may be even impossible. Further
preparation of an apically enlarged canal may increase
the risk of iatrogenic errors and also excessive apical
root weakness. The present article aimed to address in
vitro and clinical studies on apical enlargement, effect
of coronal pre-flaring on the size of the master apical
file, and clinical applications of apical enlargement.
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Traditionally, it has been stated that root canals
should be prepared by controlled removal of dentin to
produce a taper with the minimum diameter at the apical
constriction and the maximum diameter at the orifice,
preserving the original shape of root canal to preserve
the strength of the root canal. Therefore, the original
shape of the canal dictates the final shape of the
prepared canal. The width or taper to which the canal
should be enlarged has been shown to be a subject of
debates. However, the choice is usually based on
individual preferences and experiences rather than
scientific rules (1).
Radicular access was first proposed by Schilder, it is
employed in all cleaning and shaping techniques these
days (1). It is a very important step in the cleaning and
shaping strategy and creates space in the more coronal
regions of the canal. This space enhances placing and
manipulating subsequent files as it increases the depth
and effectiveness of the irrigation (2).
Circumferential filing is a method of filing whereby
the instrument is moved first toward the buccal/labial
side of the canal, then reinserted and removed slightly
mesially. This movement continues around the
preparation to the lingual aspect and then to the distal
surface until all the dentin walls receives rasping. In
order to prevent strip perforation in mesial canals of
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maxillary and mandibular molars, the circumferential
filling is modified by anti-curvature filing.
Circumferential filing may be accomplished with hand
K-files, Hedstrom files, and sonically/ultrasonically
activated files. The gates glidden (GG) drills can be
used in a descending (firstly 3 and finally 1) or
ascending (firstly 1 and finally 3) order. Before
introducing GG drills into the canal, usually the canal
length is determined and space is increased to size 25 to
30 file (1).
The present study aimed to address the role of
preparation on apical geometry in root canal
debridement.

Apical
reduction

enlargement

and

bacterial

Once microorganisms access the system of the
canal, they may invade dentinal tubules and so be
responsible for the persistence of canal infection (1). In
a study, Shovelton (3) histologically evaluated
extracted, non-vital teeth and its findings showed that
most teeth were penetrated by bacteria of the radicular
dentinal tubules. However, the number of tubules
containing bacteria, as well as the depth of bacterial
penetration, was highly varied between different teeth
and also among the sections of each tooth. It was found
that tubule invasion cannot occur immediately after the
bacteria appeared in root canal (3).
The microflora within dentinal tubules of the
infected root canal may resemble that of deep layers of
carious coronal dentin. Streptococci, Lactobacilli, and
Propioni bacterium spp. are predominant bacteria;
however, gram-positive anaerobic cocci, and
Veillonella spp. less in count. Obligate anaerobic gramnegative bacteria were recovered in very low numbers
or not at all. The inability to detect fastidious anaerobes
within the invaded dentin may be due to some
difficulties in cultivating them (3, 4).
Ozaki et al. (4) demonstrated that in carious dentin,
P. endodontalis was present in low numbers. In a study
performed by Peters et al., (5) it was found that in teeth
with apical periodontitis, the flora recovered was similar
to that reported in other studies, while gram-negative
bacteria, including F. nucleatum, and P. intermedia
were routinely recovered. In addition, Akpata and
Blechman (6) concluded that gram-negative obligate
anaerobic bacteria may be more found in infected
canals than in carious or non-carious infected dentin. In
a study on bovine teeth, Haapasalo and Ørstavik (7)
revealed that Enterococcus faecalis may heavily invade
dentinal tubules up to 400 µm.
ElAyouti et al. (8) found that in curved root canals,
increased enlargement of the apical portion cannot
result in a complete apical preparation, whereas it may
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lead to an unnecessary dentin removal. The results of
another study carried out by Coldero et al. (9) reported
no difference in the intra-canal bacterial reduction when
rotary preparation with sodium hypochlorite and EDTA
irrigation was used with or without apical enlargement
technique. They stated that when an acceptable coronal
taper is achieved to allow suitable irrigation of the canal
with antibacterial agents, it may not be necessary to
remove the dentin of the apical portion.
The results of a study conducted by Paque et al. (10)
showed that the apical canal geometry was affected by 6
different preparation techniques. Khademi et al. (11)
demonstrated that the minimum preparation size
required for the penetration of root canal irrigants to the
apical area was #30. Boutsioukis et al. (12) showed that
canal enlargement larger than #25 may improve the
irrigation by syringe.
According to Sousa et al. (13) that apical patency
may be not a necessary part of the root canal treatment
of teeth with vital pulps. They showed that size #30 may
be the favored master apical file. Arvaniti and Khabbaz
(14) indicated that apical preparation to size #30 and
tapers 0.04-0.08 cannot affect canal debridement and so
recommended>30 for preparation of the apical third of
the canal.
According to Albrecht et al. (15), debris can be
better removed using 0.04-0.08 ProFile GT when the
size of apical preparation was #40 compared to #20.
However, when a taper of 0.10 could be produced at the
apical area, there was no difference in debris removal
between these two sizes.
De Gregorio et al. (16) demonstrated that #40.06
apical preparations may significantly increase the
volume of root canal irrigants at the working length
regardless of the curvature degree.
Brunson et al. (17) revealed that an increase in
apical preparation size/taper may result in an increase in
the irrigant volume. Also, apical enlargement to #40/.04
allowed for maximum volume of irrigation in apical
third when using the apical negative pressure irrigation
systems.
According to Usman et al. (18), no difference was
found between each level within each apex size.
However, the GT size #20 showed more debris in the
apical area, compared to #40. Furthermore, Marinho et
al. (19) recommended size #40 as the favored master
apical file and showed that endotoxin levels of canals
are predictable by increasing the apical enlargement. In
line with the results of the aforementioned study,
Hecker et al. (20) suggested size #40-50 as the favored
apical size and showed that the apical preparation size
in two-canalled maxillary and mandibular premolars
should be at least six sizes larger than the first apical
file.

Apical Geometry

Rollison et al. (21) showed that apical preparation to
#50 was more effective in debriding infected canals than
preparation to #35. Additionally, Card et al. (22)
recommended the apical size of #80 for
cuspids/bicuspids and apical size of #60 for molars.
Saini et al. (23) showed that canal enlargement to
three sizes larger than the first apical file seems to be
adequate and so further enlargement cannot provide any
additional benefit. Moreover, Weiger et al. (24)
recommended that canals should be prepared to size
larger than that routinely recommended.
In a study by Tan and Messer (25), it was revealed
that apical enlargement in greater sizes was beneficial
for debridement of the apical third area. Fornari et al.
(26) showed that no apical size allowed the canal walls
completely prepared. According to Wu et al. (27)
neither the first K-file nor the first Lightspeed that
bound at the working length reflected the accurate
diameter of the apical area in curved canals.
The results of a study carried out by Aydin et al.
(28) on a comparative evaluation of the ProTaper
#30.09-0.055 and Hero Shaper #30.04, showed no
difference in terms of the working length and numbers
of bacteria. Silva et al. (29) demonstrated that
enlargement of the foramen may result in more apical
deviation; however, no difference was observed among
the experimental groups in terms of microleakage.
According to Srikanth et al. (30), minimal apical
enlargement for irrigant's penetration to apical area was
#30.Borlina et al. (31) showed that enlargement of the
apical foramen to #25 was favorable to the healing of
chronic apical periodontitis.
Nair et al. (32) found apical microorganisms play
significant critical role in failures of endodontic
therapies. It is mandatory to remove this infected dentin
during the canal preparation. Silva et al. (33) compared
the effectiveness of large apical preparations and
complementary canal preparation with the self-adjusting
file in removing endotoxins from canals related to apical
periodontitis. They showed that the protocol of apical
enlargement were effective in a significant reduction of
endotoxins. However, complementary preparation with
the self-adjusting file failed to eliminate residual
endotoxins beyond those obtained with the R40.
In a systematic review, Aminoshariae and Kulild
(34) concluded that contemporary chemo-mechanical
techniques (with canal enlargement) cannot eliminate
bacteria during endodontic treatment at any size. In
another systematic review (35), they showed that in
necrotic pulps cases with periapical lesions; apical
enlargement would increase the overall outcome.
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Effect of coronal pre-flaring on the size
of the master apical file
Some researchers suggest that the apical
enlargement of a canal should be based on estimation of
the initial diameter of the apical foramen by3 file sizes
larger than the first file fits at the apical area (36-38).
Detection of the apical constriction is based on the
clinician's tactile sense.
Philippas and Applebaum (39) showed that
progressive formation of dentine in the pulp space
narrows the canal diameter. In addition, Wu et al. (27)
reported that determination of the apical diameter based
solely on the clinician’s experience is not an accurate
way. As a result, canal enlargement at working length
with 3 instruments with increasing file diameters cannot
guarantee complete removal of the infected dentine.
Furthermore, Tan and Messer (25) showed that using of
traditional methods for determination of apical diameter
may underestimate the real diameter. They also reported
that the enlargement of the coronal and middle thirds of
the canal may result in more accurate evaluation of the
apical diameter.

Clinical implications
enlargement

of

the

apical

Even though the use of nickel-titanium (Ni-Ti)
rotary preparation techniques allows curved canals to be
enlarged to sizes 45-80, the effect of such preparation
on tooth structure should be studied. Nowadays, the
increased flexibility of Ni-Ti files reduces the deviation
of the canal curvature from the original shape (40). It
also seems that apart from the skill of the clinicians,
there are many procedural risks related with
enlargement of the apical part of the canal (38, 40).
Generally, the weak evidences for apical
enlargement as a means of microbial removal, and the
significantly increased risk of iatrogenic errors, the
disadvantages of apical enlargement far outweigh the
benefits (41-45).
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