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ABSTRACT

Objective: To evaluate the effect of repeated use on the shaping ability of the BT-Race instru-
ment.
Methods: Thirty-six canals in resin blocks were allocated into six groups. Glide paths were
flooded with alcohol while canals were prepared using a crown-down technique to a final
apical size of 35/.04. Pre- and post-instrumentation images were taken using macroscopic
magnifier, layered by PaintShop Pro9 software, and canal transportation was measured using
Solidwork CAD 2014 in apical, middle and coronal levels. Data were analyzed using a General
Linear Model with a 0.05 significance level.
Results: When the number of uses only was considered, there were no statistically significant
differences in transportation (F = 0.453; p = 0.808). No statistically significant differences were
found in transportation in the interdependence influence of the locations and the number
of uses of the files (F=0.746; p =0.691). There were statistically significant differences in this
measure between the locations when all groups about number of uses (F =22.358; p <0.0005)
were considered. The largest measures were seen at five and seven millimeters from the
apex and the shortest ones in the apical area. The direction of transportation was toward
the outer side of the curvature in the apical level and toward the inner side in the middle
and coronal parts.
Conclusion: BT-Race file respects the canal morphology well and was safe to use repeatedly
with few incidences of transportation.
© 2016 Sociedade Portuguesa de Estomatologia e Medicina Dentdria. Published by
Elsevier Espaiia, S.L.U. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Avaliagdo in vitro do transporte de canais radiculares apoés utilizac¢do das
limas BT-Race

RESUMO

Palavras-chave:

Endodontia
Instrumentacgéo
Reutilizacdo

Capacidade conformacao
Instrumentos NITI rotativos

Objetivo: Avaliar o efeito do uso repetido dos instrumentos BT-Race na capacidade de
conformacao de canais.

Métodos: Trinta e seis blocos de resina com canais simulados foram divididos em 6grupos. A
permeabilidade foi mantida enquanto os canais foram preparados, irrigando-os com alcool
e usando uma técnica crown-down até um calibre final de 35/0,04. Foram obtidas imagens
pré e pés-instrumentacédo, usando uma lupa macroscépica, e sobrepostas com auxilio do
software PaintShop Pro9. O transporte dos canais foi determinado a nivel apical, médio e
coronal utilizando o software Solidwork CAD2014. Os dados foram analisados utilizando um
modelo geral linear com um nivel de significancia de 0,05.

Resultados: Considerando apenas o nuimero de utilizacoes, ndo se observaram diferencas
estatisticamente significativas no transporte dos canais (F=0,453; p=0,808). Também né&o
se observaram diferencas com significado estatistico no transporte na influéncia interde-
pendente das localizagdes e nimero de utilizagoes das limas (F=0,746; p=0,691). Existem
diferencas estatisticamente significativas nas medidas entre localiza¢oes diferentes quando
sdo considerados todos os grupos em relagcdo ao nimero de utilizac¢des (F =22,358; p < 0,0005).
As maiores medidas obtiveram-se a 5e 7milimetros do dpex e as menores na zona apical.
A nivel apical a direcdo de transporte verificou-se para o lado exterior da curvatura e nas
por¢oes médias e coronal em direcdo ao lado interior.

Conclusao As limas BT-Race respeitam a morfologia dos canais, podendo ser usadas repeti-

damente de forma segura provocando pouco transporte dos canais.
© 2016 Sociedade Portuguesa de Estomatologia e Medicina Dentaria. Publicado por
Elsevier Espana, S.L.U. Este é um artigo Open Access sob a licenga de CC BY-NC-ND

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Root canal’s instrumentation is an essential step of root canal
treatment procedure since it determines the efficacy of all
subsequent procedures.! This treatment phase is associated
with root canal disinfection and canal tapering shape, with
maintenance of the foramen position without any devia-
tions from the original path of the canal.” These shaping
goals have been set as major objectives by various prepa-
ration techniques, and instruments that were introduced
for canal instrumentation® of this concept is difficult to
reach in curved canal where procedural errors are very com-
mon to take place.* Stainless steel files induce great lateral
forces in curved canals due to its stiffness that lead to
alter the canal morphology.> Flexible NITI endodontic files
did improve the root canal preparation by their ability to
shape the narrow and curved root canals without produc-
ing any aberrations® besides creating more centered canal
preparations than stainless steel hand files.” Evaluating the
performance of endodontics files was always correlated to
their ability to shape the curved root canals and their capa-
bility to preserve the original anatomy of them.®1° Although
many evaluating parameters were reported in the litera-
ture when shaping ability of instrument was evaluated, yet
transportation is the most frequently used. Such evaluations
are important to clinicians and researchers; their consid-
eration is valued in the selection of a particular rotary
NiTi instrument.!!

BT-Race (FKG, La Chaux-de-Fonds, Switzerland) is a newly
introduced endodontic file system. It mainly consists of three
sequences of files. BT1(10/.06), BT2(35/.00), and BT3(35/.04), but
BT4(40/.04) and BT5(50/.04) are also available. BT-Race is ster-
ile and for a single use, to avoid patient cross-contamination,
reduce both cyclical fatigue and torsion stress on instruments
and, reduce the possibility of breakage.'” Single used files are
frequently used to prepare multiple canals in a single furcated
tooth; these files perform a significant amount of work.

Literature has limited information about the shaping abil-
ity of BT-Race instruments; only one study was available,’?
which revealed that BT-Race has a respectable ability to main-
tain root canal curvature.'?

The aim of this in vitro study is to evaluate repeated use
of BT-Race file to resemble multi-rooted canals; for this, the
research questions raised are: Does the new rotary files sys-
tems BT-Race induce root canal transportation and how does
repetitive use'® affect the ability of BT-Race file to induce root
canal transportation?

Material and methods

A total of thirty-six curved root canals in clear resin blocks
(Dentsply-Maillefer) were used for this study. Each was
mounted with an angle of apical curvature of 60° and was
of 16-mm canal length. The blocks were given numbers from
one to thirty-six (B1-B36) and then assembled into six groups
(G1-G6). Each group consisted of six blocks. Six kits of the
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Table 1 - Mean and standard deviation of transportation of the canal center at 4 locations.

Location mm Once (n=6) Twice (n=6)  Three times (n=6) Four times (n=6) Five times (n=5) Six times (n=6) Total (n=35)
1 0.022 £ 0.019 0.029 £ 0.015 0.027 + 0.022 0.037 £ 0.029 0.036 + 0.022 0.041 + 0.014 0.032 £ 0.021
3 0.040 £ 0.035  0.027 £ 0.022 0.048 + 0.024 0.036 £ 0.016 0.040 £ 0.023 0.035 + 0.005 0.038 £ 0.023
5 0.088 +£ 0.044 0.083 £ 0.028 0.098 + 0.039 0.087 + 0.046 0.089 + 0.045 0.059 + 0.028 0.085 + 0.039
7 0.078 £0.032  0.049 £ 0.023 0.057 £ 0.040 0.064 + 0.051 0.042 + 0.020 0.051 £ 0.022 0.057 £ 0.034
Table 2 - The directions of the means of transportation
of the canal center at 4 locations.
Blocks 1mm 3mm 5mm 7 mm
35 Blocks —0.032 —0.037 +0.085 +0.058

|

i

|

i

i

|
Fig. 1 - Model transferred onto the Solidwork software
(SolidWorks 2014 x 64 Edition).

BT-Race file system were also given numbers from one to six
(F.S.1.-F.S.6). Each kit was used to prepare the corresponding
number of the block’s group where each file was used six times
each, one time in each block within each group.

In all canals, working length (WL) was set up to the level of
the apical foramen using a #10 hand K-file (Dentsply Maille-
fer, Ballaigues, Switzerland) and glide path was established
using a #10 hand K-file (Dentsply Maillefer, Ballaigues, Switzer-
land). The canals were then instrumented by BT-Race files
using crown-down technique, driven by the Rooter Endodontic
motor (FKG, La-Chaux De Fonds, Switzerland); the rotational
speed was set at the recommended rotation of 800rpm and
1.5 N/cm torque. Preparation was performed by the same oper-
ator, using the files in a gentle in-and-out motion until the full
working length was reached. The instrumentation sequence
was as follows: BT1 (size 10, 0.06 taper); BT2 (size 35, 0.00 taper);
and BT3 (size 35, 0.04 taper). Between the uses of each rotary
instrument in order to keep the glide path open, all canals
were frequently irrigated with 99% ethyl alcohol using a 30-
G side-vented needle and repeatedly recapitulated with K-file
ISO 10.

All blocks were photographed before and after prepara-
tion using macroscopic magnifier (Leica Microsystems) with
a total of 6x magnification with an image analysis program
(Leica Application Suite® 2008 Leica Microsystems, Switzer-
land. Ltd.). Then both images for each block were overlapped
accurately using Paint Shop Pro 9 (JascSoftware® U.S.A.). They
were then transferred as one image to the SolidWorks pro-
gram (SolidWorks 2014 x64 Edition) and a drawing model was
generated (Fig. 1).

The possibility of canal transportation was assessed at four
locations along the canal walls on both sides of the simulated
canal (outer and inner); those sites were selected to signify the
apical, middle, and coronal levels. The measurements of 1 mm

and 3mm were used to demonstrate the apical level, 5mm
indicated the middle level, and 7 mm specified the coronal
level.

Transportation of the canal’s center was determined by
subtracting the amount of resin removed at the outer wall
(convex) from that removed at the inner wall (concave) divided
by two. A positive result means that transportation occurs
mainly on the inner surface of the canal curvature and
negative value indicates that transportation occurs mainly on
the outer surface of the canal curvature.

SPSS software V.22 was used for data analysis, and mul-
tivariate statistical analysis (GLM - General Linear Model)
was applied to compare the transportation between the six
groups when time of uses and the transportation in the
four locations in the canals were considered. The statistical
Greenhouse-Geisser was considered toward the rejection of
covariance homogeneity after application of Mauchly’s test.
The Bonferroni correction was used for multiple comparisons
analysis with a significance level of 0.05.

Results

One file fractured; BT2 number 4 was broken during the sixth
time attempting to prepare block number thirty-four.

Means and standard deviations of canal center trans-
portations are shown in (Table 1). When all locations were
considered, there were no statistically significant differences
in transportation between the six groups of files (F=0.453;
p=0.808). BT-Race rotary NiTi instruments showed trans-
portation in both canal sides. However, there was more
transportation toward the inside of the curve in the coronal
and middle levels (—values), rather than further toward the
outside of the curve at the apical level (+values) (Table 2).

On the other hand there were statistically significant differ-
ences in this measure between the locations when all groups
about number of uses (F=22.358; p <0.0005) -were considered
(Table 1).

No statistically significant differences were found in trans-
portation in the interactive influence of the locations and the
number of uses of the files (F=0.746, p=0.691) - (Fig. 2).

In average, the transportation was greater and statisti-
cally significant at 5mm from the apex than other locations
(p<0.05). The major mean difference of transportation was
found between 5mm from the apex and 1mm (0.052mm;
p<0.0005). The second largest transportation was found at
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Table 3 - Pairwise comparisons based on estimated marginal means of transportation (mm) between locations.

(I) Location (J) Location Mean difference (I-]) Std. error Sig.® 95% Confidence interval for difference®
Lower bound Upper bound
1mm 3mm —0.005 0.006 1.000 —0.023 0.013
5mm —0.052 0.009 0.000 —0.078 —0.026
7 mm —0.025 0.008 0.029 —0.047 —0.002
3mm 1mm 0.005 0.006 1.000 —0.013 0.023
5mm —0.046 0.005 0.000 —0.061 —0.031
7 mm —0.019 0.006 0.026 —0.037 —0.002
5mm 1mm 0.052 0.009 0.000 0.026 0.078
3mm 0.046 0.005 0.000 0.031 0.061
7 mm 0.027 0.006 0.001 0.009 0.045
7 mm 1mm 0.025 0.008 0.029 0.002 0.047
3mm 0.019 0.006 0.026 0.002 0.037
5mm —0.027 0.006 0.001 —0.045 —0.009

@ Adjustment for multiple comparisons: Bonferroni correction.

Estimated marginal means of location highest acceptable amount of canal transportation occurred
10004 Number of apically; this measurement is reached up to 0.15mm and
----Once should not be greater than 0.30 mm.! Measurements outside
— -Twice of this range are responsible for number of adverse effects on
——Three times . 19

® 08004 - - -Four times the apical seal.”” Our study demonstrated that the amount
g - = Five times of the canal transportation induced by BT-Race was less than

= == Sixtimes both figures mentioned (Table 1; Fig. 2).
s Till date, only one study by Burklein et al. evaluated the
g %07 shaping ability of BT-Race.’® The inspected locations, as well
% as the methodologies, are different. Burklein et al. study,
£ showed that the transportation at 0.5mm was 0.12+0.08;
W 04007 our study showed that at 1 mm, it was 0.032 £+ 0.020. Burklein
et al. study compared the BT-Race with Mtwo, PTU, and PTN
systems, and showed no significant differences between all
0200 four instruments regarding canal transportation. Ours showed
i 3 5 7 no statistically significant difference between the files them-

Locations (mm) selves.

Fig. 2 - Measures of transportation induced by BT files Due to the lack of studies conducted on the BT-Race, results
considering locations and number of usage. were compared with the published data of the predecessor

systems. Despite the fact that different methodologies were
used, the outcomes were similar. Saber et al.’® measured
the transportation induced by iRaCe (FKG, La Chaux-de-
Fonds, Switzerland) at the apical region, and found it to be
(0.06 £0.01); this study’s data showed (0.032+0.020) as the
value of the transportation at the center of the canal. The
other Race study showed transportation at apical level of 3mm
Discussion (0.1040.10) and at middle level of 6mm (0.1540.13)?"; this
study’s results are well within the ranges shown by BT-Race
files at 3mm (0.038+0.022) and at 5mm (0.085+0.038), and
almost equal to Nabavizadeh et al.?? that revealed 0.034 at

7 mm from the apex. In this case, the largest mean difference
occurred when compared the location at 1 mm from the apex
(0.025 mm; p <0.03) - (Table 3).

The purpose of this study was to determine the shaping abil-
ity of BT-Race endodontic file systems by measuring canal
transportation in simulated root canals in resin blocks. The 1mm, and 0.010 at 5mm for BioRace.

reliability of resin blocks as an experimental model for assess- In this study’s results, the amount of canal transporta-
ment of instruments and preparation techniques has been tions was generally small; the reason for the small amount
established.#'5 Although literature has reported that caution of transportation induced by BT-Race can be explained by the

should be taken in justification of the results, since there are file flexibility. Previous studies found that a lesser amount of
differences between resin and dentin materials,® clinical rel- transportation takes place with more flexible files.”” It was
evance can be transmitted as result of their outcomes.17-18 also specified that the centered canal preparation depends

In this study, transportation of the canal at the apical level =~ on the ﬁl; design, its flexibility, or the instrumentation
of the simulated canals was analyzed in a two-dimensional ~ technique.” The file sequences and BT tip of the BT-Race

plan using Solidwork software. A previous study found that instrument allow adequate apical preparation sizes, ensure
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that the original canal shape is maintained, and keep the files
centered in the canal.'>? These reasons could be another
cause of the small amount of observed transportation.

This study’s data showed also that the direction of trans-
portation was in the apical area toward the outside curvature,
a finding supported by the previous reports, which also con-
firmed the same inclination; this was explained as a result
of file’s superelasticity, which was allowing the instrument to
follow the canal curvature.®?52

Evaluating the changes of the amount of root canal trans-
portation upon reusing the file six times was chosen to mimic
the clinical situation of treating one or two molars within the
same patient. Single patient NiTi use is the world’s endodon-
tic golden standard, specifically for the cross-contamination
reason and breakage of instruments as a result of metal
fatigue. It is crucial to study instruments in non-clinical reuse

circumstances to decide their most extreme capacities and
performance. Our result exhibited no statistical difference
between amount of canal transportation when the file was
used six times. Up to the present time, no study evaluated
how several clinical uses of BT-Race instruments would effect
root canal transportation; however, one study examined the
effects of multiple clinical uses of Protaper universal file on the
incidence of root canal transportation.?® This study reported
significant diversity in the amount of transportation between
the numbers of file uses. The variances between the instru-
ments’ design made the comparison impossible.

BT-Race file system has a “non-screw-in design” that intro-
duces them into the root canal with low magnitude of positive
force and torque, and allows them to be removed smoothly
from the canal with low magnitude of negative force and
torque, This could be seen in (Figs. 3-5) as provided from the
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FKG based on our request. This ability can be added to the rea-
son why BT-Race instruments can be used frequently without
significant changes in amount of transportation.

It is important to note that the instruments do maintain
their cutting efficiency throughout the experiment; trans-
portation decreases were not due to decreases in blade cutting
ability. Our study showed that the files were able to maintain
their cutting efficiency even after 6 times usage, since they
could remove the resin materials on both the inner and outer
sides of the tested simulated canals.

The single use BT-Race file is ideal for use in one case
only; the manufacture claims that it is ideal for molars with
4/5 canals.’ In our study, a fracture happened after the
instrument was used six times; this could be due to sig-
nificant amount of work done above the recommendation
by the manufacturer (more than 5). In addition, the inher-
ent resistance of the resin material used in the block may
cause unwinding of the instrument flutes and, consequently,
fracture of the files.??-3! Burklin et al. also reported one BT-
Race file fractured (BT2)'® and deduced that to the cylindrical
design of the instrument that makes it prone to fracture. The
electro-polished surface feature of the file is responsible for
decreasing the effects of torsional and cyclic fatigue,” which
could explain its resistance to fracture. Despite the limitations
of this study, a small amount of transportation was induced
by BT-Race file; repetitive use'® did not affect the ability of
BT-Race to maintain the shaping ability of curved root canal
as there were no statistically difference between the amount
of transportation and the number of uses. A standard proto-
col for testing the shaping ability of NiTi rotary instruments is
required to confirm consistency of methodology and to obtain
comparable results when assessing the transportation of new
instruments and techniques.

Conclusion

Under the condition of this study, BT-Race files (FKG, La Chaux-
de-Fonds, Switzerland) respect the original canal curvature

well. It can be used to prepare multi-rooted teeth with minimal
amount of transportation.
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