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ABSTRACT

Aim: To investigate the influence of cervical preflaring on apical
file size determination using four different rotary instruments.

Materials and methods: Fifty root canals from extracted human
maxillary premolars with complete root formation, straight roots
were used for the study. Access opening was done and the
working length established with 8 no K-file for each canal. Teeth
were randomly divided into five groups of 10 canals. In Group
1- no preflaring was done and acted as control and in Groups 2,
3, 4 and 5 cervical and middle third preflaring of the root canals
were done using Gates Glidden drills, Protaper instruments,
Race instruments and Galaxy files respectively.

After preflaring, the apical file size determination was done
and the initial apical file (IAF) was fixed at the working length.
Teeth were sectioned transversally 1 mm from the apex, with
the binding file in position. The samples were imaged under
stereomicroscope with 30× magnification. Root canal and file
maximum diameters were recorded for each sample. The
readings were subjected to analysis of variance test and
Scheffe’s multiple comparison test.

Results: Preflaring with Race instruments lead to most accurate
determination of the IAF. It was followed by Protaper, Galaxy
files and Gates Glidden drills.

Conclusion: Traditional method of apical size determination
may lead to a substantial underestimation of actual canal size.
Cervical preflaring increases the accuracy of apical size
determination.

Clinical significance: Thus, cervical preflaring is recommended
before selection of IAF as it increases the accuracy of apical
size determination.
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INTRODUCTION

Endodontic success relies on the accurate determination of
working length (WL) and adequate apical enlargement of
the root canal.1,2 It is still not clear how large is large enough.
Many studies have demonstrated that widely accepted
endodontic cleaning and shaping techniques are inadequate.3

Walton’s4 histologic study, showed that canals that were
instrumented to three sizes larger still were not thoroughly
cleaned. To date, there is no method to determine the amount
of apical preparation during instrumentation5 and clinicians
are making treatment decisions without any support of
scientific evidence.

The amount of apical enlargement is typically based on
the estimation of the diameter at the apical constriction, i.e
working width of root canal. The working width of the root
canal system is not only more complicated than the WL but
also more difficult to investigate because it varies at each
vertical level of the root canal.3

 The initial apical size of a root canal is assumed as the
size of the first file that binds at the WL and is defined as
the initial apical file, IAF.6 The detection of the apical
constriction and the determination of the IAF are based on
the tactile sense of the clinician. This is done by passing
consequently larger instruments to the WL until one binds.
This premise relies on the assumption that the root canal is
narrowest in the apical third and the file would pass without
any interference.7 However, the continuous and progressive
dentin formation on pulp chamber floor creates dentin
projections that narrows the canal diameter, especially at
the cervical third. Hence, the sensation of file fit does not
necessarily occur because of contact at apex but may instead
be the result of interference in the coronal and middle thirds
of the canal.8-10 This method of determination of IAF is
inaccurate and leads to underestimation of the real diameter
of the apical portion.
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There are many other factors like irregularity of the canal
walls, curvature of root, etc. which affect the initial working
width determination. To minimize these factors, cervical
preflaring is recommended.3

 Previous studies have investigated the influence of
different rotary instruments like Gates Glidden drills and
other Ni-Ti instruments for cervical flaring on the
determination of IAF.1,11-15 The objective of the present
study is to investigate the influence of preflaring using
conventional stainless steel Gates Glidden drills (Mani),
current and widely used rotary Ni-Ti instruments like
Protaper (PT; Denstply, Maillefer, Switzerland), Race (RC;
FKG Dentaire, Genf, Switzerland) and recently introduced
diamond-coated Galaxy files (Plastic endo, Lincolnshire
USA) on determination of IAF.

MATERIALS AND METHODS

Tooth Selection and Preparation

Fifty root canals from extracted human maxillary premolars
which showed complete root formation, patent root canals
and straight roots were selected for the study. Teeth were
stored in normal saline until the study was done. Standard
access cavities were prepared and pulp extirpated. The
precise tooth length was specified by inserting 08 no
K-file into the canal until the file was visible at the apex.
The working length was set 1 mm short of tooth length.
Reference points were recorded for each canal.

Teeth were randomly divided into five groups with 10
canals in each group n = 10.

Group 1: The teeth were not preflared and acted as
control group.

For groups 2, 3, 4 and 5 the instruments were used
according to manufacturer’s instructions up to middle-third
of the root canal. The canals were irrigated with 1% sodium
hypochlorite between the instrumentation.

Group 2: Gates Glidden drills. No 4,3,2,1 were used in
the crown down sequence. Each drill was penetrated 2 mm
deeper than the preceding drill.

Group 3: Protaper instruments. SX, S1, S2 were used.
Group 4: Race instruments. Pre-Race instruments of size

0.10/40 and 0.08/35 were used.
Group 5: Galaxy diamond files. No 30/0.08 and 40/0.10

were used in slow speed air driven handpiece. Here, we
have not enlarged the canals till K-file ISO 20/02 prior to
preflaring as manufacturer’s instructions states because,
according to the study IAF is determined after preflaring.

Determination of IAF

Consequently larger files were inserted up to WL starting
with K-file ISO 10/02. The first file that snugly fitted at
WL was fixed into the canal with cyanoacrylate. One
millimeter of root apex was cut with diamond disk and teeth
were mounted in wax. The apical cross-sections were viewed
under the stereomicroscope 30× magnification (Figs 1A to E).
The maximum apical file diameters and root canal diameters

Figs 1A to E: Stereomicroscope pictures of transverse sections of root canals at the WL with the IAF fixed in the root canal to show the
discrepancies of root canal diameter and the diameter of IAF: (A) Protoper files, (B) Gates Glidden drills, (C) Galaxy files, (D) without
preflaring, (E) race files

A B C

D E
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were recorded for each canal (Table 1). The readings were
subjected to analysis of variance test and Scheffe’s multiple
comparison test to compare between the groups (p < 0.05).

RESULTS

Flaring of cervical and middle-third of root canal and the
type of instruments had a significant effect on apical size
estimate. Preflaring with Race instruments lead to most
accurate determination of the IAF. It was followed by
Protaper, Galaxy files and Gates Glidden drills.

The Race instruments had lowest discrepancy (4.5 ± 0.70
× 10–2mm), Protaper (5.9 ± 0.97 × 10–2mm), Galaxy
diamond files (7.9 ± 1.03 × 10–2mm) and Gates Glidden
drills (10.8 ± 1.24 × 10–2 mm) showed greater discrepancies
between the IAF diameter and the apical root canal diameter
whereas the highest discrepancy was seen in the group
without preflaring (13.3 ± 1.31 × 10–2mm). No significant
differences were found between Race, Protaper and Galaxy
file groups (p < 0.05; Graph 1).

DISCUSSION

Clinicians typically begin shaping by placing a file to the
apex and determine the apical diameter of root canal. From
this procedure, they make judgments that determine the
extent of apical shaping and how much canal space must be

enlarged.15 One recommended approach is that the amount
of apical enlargement should be three file sizes greater than
the first file that fits at the apex (Grossman et al 1988, Ingle
et al 1994, Torabinejad 1994, Walton and Rivera 1996,
Weine 1996). The present and previous studies have shown
that the IAF is underestimated without cervical preflaring
of the root canal. This information suggests that canal
interference and curvature are a factor in the clinician’s
ability to sense the apical diameter with a file. Thus, this
concept of enlarging the canal is not based on scientific
evidence (Wu et al 2002) and will not guarantee removal
of infected dentine from the canal walls.

 Early flaring regardless of the method used removes
the cervical and middle-third interferences, opens the space,
and reduces file contact; thus a file progresses more easily
toward the apex after flaring. Thus, the discrepancy of the
diameter of IAF and the initial apical diameter is
reduced.7,10,11,13,16,17 This better sense of apical diameter
provides information that should result in better control of
biomechanical preparation.

 There are untouched surface areas at the apical region
after root canal preparation, regardless of the preparation
technique.18,19 Underestimation of the initial apical root
canal diameter will leave a greater portion of untouched
surface areas at the apical region. Using larger size files for
instrumentation will lead to an adequate cleaning of the
apical canals.20,21

 Early flaring offers several clinical advantages. It not
only allows better sense of apical constriction and diameter
but also facilitate cleaning by allowing the irrigant to work
deeper, more quickly and more effectively into the apical
third region (Ram 1977).22 Apical shaping is easier when
flaring is used because only the apical one-third remains
unshaped. Preflaring of root canal would be advantageous
for all teeth, no matter the tooth type because interfering
contacts can exist in any canal.15

 According to the results of this study, preflaring with
Race instruments lead to most accurate determination of
the IAF, followed by Protaper, Galaxy files and Gates
Glidden drills.

 The Gates Glidden drills are inexpensive, safe and
clinically beneficial tools but these conventional stainless
steel instruments may lead to stripping and transportations.
Protaper instruments embody two new concepts. Firstly,
cross-section instruments do not have a U-file design and
secondly, the instrument shaft has variable taper along its
cutting surface. This concept minimizes the number of
instruments per set and is claimed to decrease tortional loads
by reducing the friction thereby increasing cutting
efficiency.23

Table 1: Discrepancy between canal and the file
diameter (×10–2 mm)

Groups  Mean Standard 95% confidence
deviation interval

No preflaring 13.3 1.31 10.3-16.2
Gates Glidden drills 10.8 1.24 7.9-13.6
Protaper files 5.9 0.97 3.7-8.09
Race files 4.5 0.70 2.9-6.09
Galaxy files 7.9 1.03 5.7-10.1

Graph 1: Mean discrepancy between canal and the file diameter
(×10–2 mm)
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Rotary Ni-Ti instruments used for preflaring vary in
terms of ISO and taper. Because of the different
characteristics of the instruments, each system has its own
preparation technique. Analyzing the data of this study, the
accuracy of IAF determination is obviously depending on
the taper of instruments used for cervical flaring. Using
larger tapered instruments (Race) leads to most accurate
determination of the actual root canal diameter by the IAF.1

 The recently introduced Galaxy diamond files have safe
guided tip and claims less aggressive cutting than Ni-Ti
instruments. Further studies and research is required to
evaluate the efficiency of this instrument.

CONCLUSION

• Traditional method of apical size determination may lead
to a substantial underestimation of actual canal size.

• Cervical preflaring increases the accuracy of apical size
determination.

• Preflaring techniques differ in the accuracy of measuring
the initial apical diameter.

• Race instruments leads to the best results in apical size
determination followed by Protaper, Galaxy files and
Gates Glidden drills.

CLINICAL SIGNIFICANCE

Cervical preflaring is recommended before selection of IAF
as it eliminates the cervical dentinal projections and
increases the accuracy of apical size determination. Thus
accurate estimation of endodontic working width at the apex
will ensure adequate apical enlargement required for
successful endodontic treatment.
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