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Efficacy of NiTi rotary instruments in
removing calcium hydroxide dressing
residues from root canal walls

Abstract: The aim of this study was to evaluate the efficacy of three ro-
tary instrument systems (K3, ProTaper and Twisted File) in removing cal-
cium hydroxide residues from root canal walls. Thirty-four human man-
dibular incisors were instrumented with the ProTaper System up to the
F2 instrument, irrigated with 2.5% NaOCI followed by 17% EDTA, and
filled with a calcium hydroxide intracanal dressing. After 7 days, the cal-
cium hydroxide dressing was removed using the following rotary instru-
ments: G1 - NiTi size 25, 0.06 taper, of the K3 System; G2 - NiTi F2, of
the ProTaper System; or G3 - NiTi size 25, 0.06 taper, of the Twisted File
System. The teeth were longitudinally grooved on the buccal and lingual
root surfaces, split along their long axis, and their apical and cervical ca-
nal thirds were evaluated by SEM (x1000). The images were scored and
the data were statistically analyzed using the Kruskall Wallis test. None
of the instruments removed the calcium hydroxide dressing completely,
either in the apical or cervical thirds, and no significant differences were
observed among the rotary instruments tested (p > 0.05).

Descriptors: Endodontics; Calcium Hydroxide; Dentin.

Introduction

Calcium hydroxide has been widely used in endodontics. Various bio-
logical properties have been attributed to this substance, such as anti-
microbial activity,! high alkalinity,? inhibition of tooth resorption,* and
tissue-dissolving ability.* To be effective, it has to be adequately placed
and condensed in the root canal space.” However, before the root canal
can be filled, the dressing on the canal must first be removed.® Calcium
hydroxide residues on the canal walls interfere negatively in endodontic
treatment prognosis,’ influence dentine bond strength,® affect the adhe-
sion of the endodontic filling material to the root canal walls’ and the
penetration of sealers into dentinal tubules,!® and react chemically with
the sealer, interfering with its physical properties.'-'?

Several techniques have been proposed to remove the calcium hydrox-
ide dressing from the root canal system, including the use of endodontic
hand files,'? sonic activation,' passive ultrasonic irrigation,®! the Ca-
nalBrush System® and nickel-titanium rotary instruments.'®!” Removal of
the dressing using hand files, with or without an irrigating solution, may
be inefficient and tedious,® whereas the use of NiTi rotary instruments
may enhance the removal procedure when compared to the techniques

Braz Oral Res. 2012 Jan-Feb;26(1):19-23 19



B Efficacy of NiTi rotary instruments in removing calcium hydroxide dressing residues from root canal walls

using hand files.!
Three designs of NiTi rotary instruments have
been introduced in the market:
® the ProTaper System (Dentsply Maillefer, Ballai-
gues, Switzerland),
e the K3 System (Sybron Dental Specialties, Or-
ange, USA) and
¢ the Twisted Files System (Sybron Dental Special-
ties, Orange, USA).

These systems are used in endodontic treatment
for the cleaning and shaping of root canals. Pro-
Taper instruments are characterized by a convex
triangular cross-section, progressively increasing
tapers, and a modified guiding tip.'® The K3 instru-
ments are characterized by a variable core diameter
and three asymmetrical radial lands, with a slightly
positive angle, two of which are broad and the third
is narrow.” The Twisted File instrument was devel-
oped through a different manufacturing process,>’
in that it has a twisted design, a surface de-oxida-
tion treatment, a triangular cross-section, variable
pitch and a safe-ended tip.?! However, no studies
have been published comparing these systems as to
their efficacy in removing calcium hydroxide resi-
dues from root canal walls.

The aim of this study was to compare the efficacy
of the K3, ProTaper, and Twisted File systems in re-
moving calcium hydroxide residues from root canal
walls in the apical and cervical thirds of extracted
teeth using scanning electron microscopy (x1000).

Methodology

Thirty-four extracted human permanent man-
dibular incisors measuring 20 + 0.5 mm in length,
stored in a 0.1% thymol solution, were obtained
from a tooth bank for this study. The present study
was approved by the University Research Ethics
Committee (60.0.199.000.11/FOAr-UNESP).

After obtaining coronal access with a #1012 dia-
mond bur (KG Sorensen, Sio Paulo, SP, Brazil), the
cervical and middle thirds of each tooth were pre-
pared using S1 and SX instruments (ProTaper Sys-
tem; Dentsply Maillefer, Ballaigues, Switzerland).
The working length was established 1.0 mm short
of the total tooth length and confirmed radiographi-
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cally. All canals were prepared by the same opera-
tor using the ProTaper System up to the F2 instru-
ment.?? Irrigation was performed conventionally
with 1 mL of 2.5% NaOCI (Asfer, Sao Caetano do
Sul, Brazil) after using each instrument, by way of
a S-mL disposable syringe with 27-gauge needle
(Endo Eze® Irrigator; Ultradent Products Inc., South
Jordan, USA). Final irrigation was done with § mL
of 2.5% NaOCI and 5§ mL of 17% EDTA (Biodin-
amica, Ibipora, Brazil). The solutions were aspirated
with a green Navitip point (Ultradent Products Inc.,
South Jordan, USA), and the canals were dried with
absorbent paper points. The canals were then filled
with a calcium hydroxide (Biodinamica. Ibipora,
Brazil) and propylene glycol (Synth, Diadema, Bra-
zil) paste using a lentulo spiral (Dentsply Maillefer,
Ballaigues, Switzerland), at a powder-to-liquid ratio
of 1 g: 1.5 mL.?> Radiographs were taken of each
root to confirm their complete filling with calcium
hydroxide paste. The teeth used for negative control
(n = 2) received no calcium hydroxide intracanal
dressing, and those used for positive control (n = 2)
received the intracanal dressing, but no following
removal procedure was carried out.

The coronal access cavities were sealed with a
layer of gutta-percha followed by IRM (Dentsply
Ind. Com. Ltda., Petropolis, Brazil). All specimens
were kept in a closed container, and specimen roots
were placed in a moist environment for 7 days at
37 °C. After this period, the coronal access was re-
opened and the canal was irrigated with 5 mL of a
2.5% NaOCl solution.

Thirty specimens were randomly divided into 3
experimental groups (n = 10), according to the ro-
tary instrument used to remove the dressing:

® G1 - K3 Endo instrument size 25, 0.06 taper;
® G2 - ProTaper F2 instrument;
® G3 - Twisted File instrument size 25, 0.06 taper.

The rotary instruments were applied using an
electric motor (X-Smart; Dentsply Maillefer, Bal-
laigues, Switzerland), driven at 250 rpm and with a
torque of 1.6 N/cm. Final irrigation was done with
5 mL of 2.5% NaOCI. The solutions were aspirat-
ed and the canals were dried with absorbent paper
points. Next, grooves were made on the buccal and
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lingual surfaces of the teeth with a water-cooled
diamond disc, and the teeth were split along their
long axis in a buccolingual direction using a surgi-
cal chisel. For SEM analysis, the specimens were de-
hydrated, fixed on aluminum stubs, sputter-coated
with gold, and examined under a scanning electron
microscope (JEOL, Tokyo, Japan). Several photo-
micrographs (x1000) were taken to observe the cal-
cium hydroxide residues at the apical (2-3 mm from
the apex) and cervical (10-12 mm from the apex)
thirds of each specimen. These areas were evaluated
by three independent examiners. The images were
scored according to the following criteria given by
Kuga et al.:V
¢ 0 - absence of residues,
¢ 1 - small amount of residues (up to 20% of the
surface covered),
¢ 2 - moderate amount of residues (20% to 60% of
the surface covered), and
¢ 3 - large amount of residues (more than 60% of
the surface covered).

The scores were assigned to the apical and cer-
vical thirds independently. The data obtained were
analyzed statistically by the Kruskal-Wallis test at a
significance level of 5%.

Results

Remnants of calcium hydroxide dressing were
found in all experimental groups regardless of the
instrument used for removal. Table 1 shows the rank
means of each experimental group, in the apical and
cervical root canal thirds. No significant differences
were observed between the different rotary instru-
ments tested, irrespective of the root canal third
considered (p > 0.05). SEM micrographs representa-
tive of the calcium hydroxide residues (x1000) ob-

Table 1 - Rank means in the experimental groups, regard-
ing the presence of calcium hydroxide residues at the apical
and cervical canal thirds.

K3 Pro Taper Twisted File
Apical 14.55 16.40 17.75
Cervical 14.35 16.25 15.70

* No statistical difference was observed between the groups (p > 0.05).

served for G1 (K3), G2 (ProTaper) and G3 (Twisted
File) in the apical (A, B and C) and cervical (D, E
and F) thirds, respectively, are shown in Figure 1.
The images revealed extensive coverage of the den-
tin canal wall in all thirds.

Discussion

Several studies have shown that the presence of
calcium hydroxide on dentin walls can affect end-
odontic treatment success.”®!! It has been reported
that residual calcium hydroxide interacts with zinc
oxide-eugenol sealers to produce calcium eugeno-
late.!! The residues could also influence the adhesion
of sealers to the root canal walls,>'* compromis-
ing the quality of the seal provided by the root fill-
ing.?*?* The dressing can be removed by irrigating
the canal with NaOCI, EDTA or citric acid '32%?7 in
conjunction with manual files,'3 passive ultrasonic
irrigation,®!' sonic activation,'* the CanalBrush sys-
tem,® or rotary instruments.!”

In the present study, a paste of calcium hydrox-
ide with propylene glycol was used. According to
the related literature, the paste composition does
not influence the efficiency of mechanical and/or
chemical methods in removing residues from root
canal walls.’>?® The final irrigation with 2.5% Na-
OCI was chosen because 17% EDTA and NaOCI
are equally effective for the removal of calcium hy-
droxide when rotary instruments are used.®!” Vari-
ous methods have been used in endodontic research
to investigate the amount of residues on the canal
walls. In our study, scanning electron microscopy
was used at x1000 magnification and the calcium
hydroxide residues were evaluated using a scoring
method similar to that used in other studies.-2%2”

We failed to remove calcium hydroxide residues
completely from the canal walls under the condi-
tions tested, regardless of the rotary instrument
used, and dressing remnants were found in the api-
cal and cervical thirds. This finding agrees with
those of previous studies showing residues on the
root canal walls, regardless of the removal tech-
nique used'6,15,16,27729

To date, few studies have evaluated the influence
of rotary instruments on dressing removal. Kenee
et al.'® evaluated the amount of calcium hydroxide
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Figure 1 - SEM micrographs (x1000) representative of G1 - K3 system, instrument size 25, 0.06 taper (A = apical third;
D = cervical third), G2 - ProTaper system, F2 instrument (B = apical third; E = cervical third), and G3 - Twisted File system,
instrument size 25, 0.06 taper (C = apical third; F = cervical third).

remaining in mesial canals of molars after removal
with NaOCI and EDTA irrigation, hand files (size
35), rotary instrumentation (Profile System, instru-
ment size 35, 0.04 taper) or ultrasonics (using a size
15 file). They found that rotary and ultrasonic tech-
niques removed significantly more residues than the
hand file and irrigating solution techniques. Kuga et
al.'7 evaluated the efficacy of the F1 instrument of
the ProTaper system, and instrument size 25, 0.06
taper of the K3 System, combined with NaOCI or
EDTA, in removing calcium hydroxide from root
canal dentin walls. They found that, the F1 instru-
ment performed better in the apical and cervical
thirds than the K3 instrument, size 25, 0.06 taper,
regardless of the final irrigating solution.
Nevertheless, the results of the present investiga-
tion revealed that the efficiency of the three rotary
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