Tirkiye Klinikleri Dig Hekimligi Bilimleri Dergisi
Turkiye Klinikleri Journal of Dental Sciences

Turkiye Klinikleri J Dental Sci. 2022;28(1):105-12

IORiJiNALARASTIRMA ORIGINAL RESEARCH I

DOI: 10.5336/dentalsci.2021-82764
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ABSTRACT Objective: The purpose of this study was to evaluate the
effect of using single-file with different tapered coronal flaring files on
dentinal crack. Material and Methods: Human extracted mandibular
premolars (n=128) were selected and divided into four groups (n=32)
based on the coronal flaring instruments; Group 1, One Flare; Group 2,
Endoflare; Group 3, Gates Glidden Drills; Group 4, Control Group.
Specimens divided into four subgroups based on the single file system
(n=8): Subgroup A, HyFlex EDM: Subgroup B, Reciproc Blue: Subg-
roup C, One Shape: Subgroup D, WaveOne Gold. All roots were then
sectioned at 3, 6, and 9 mm from the apex. The sections were inspec-
ted under a stereo-microscope at 2.5X and 5X to determine the pre-
sence of microcracks. The data were analyzed using the chi-square test
(p=0.05). Results: There was no statistically significant difference bet-
ween the distributions of dentinal cracks caused by the use of single-file
systems with different coronal flaring files (p>0.05). There was no sta-
tistically significant difference between the distributions of dentinal
cracks according to single file systems (p>0.05). There was also no sta-
tistically significant difference between the distributions of dentinal
cracks according to coronal flaring files (p>0.05). Conclusion: The use
of coronal flaring instruments combinations with single file systems re-
duced the observation of dentin cracks. One Flare files caused less den-
tinal cracks than the other instruments test.

Keywords: Coronal flaring; microcracks; single-file systems;
One Flare; WaveOne Gold

OZET Amag: Bu galismanin amact, farkli taperli koronal genisletme
enstriimanlarmin rotasyonel ve resiprokal tek ege sistemleri ile
kullanimimin dentin gatlag: tizerine etkisini degerlendirmektir. Gereg ve
Yontemler: Calismada 128 adet tek koklii mandibular premolar dis ko-
ronal genisletme i¢in kullanilacak enstriimanlara gére 4 ana gruba (n=32)
ayrilmistir: Grup 1, One Flare; Grup 2, Endoflare; Grup 3, Gates Glidden
drills; Grup 4, Kontrol Grup. Daha sonra &rnekler kok kanal
sekillendirilmesinde kullanilacak tek ege sistemlerine gore 4 alt gruba
(n=8) ayrilmistir: Alt Grup A, HyFlex EDM; Alt Grup B, Reciproc Blue;
Alt Grup C, One Shape; Alt Grup D, WaveOne Gold. Tiim 6rneklerden
kok ucundan 3, 6 ve 9 mm uzakliklarda kesitler almmustir. Kesitler, mikro
catlaklarin varligini belirlemek i¢in bir stereo-mikroskop altinda 2,5X ve
5X’de incelenmistir. Veriler ki-kare testi kullanilarak analiz edilmistir
(p=0,05). Bulgular: Tek ege sistemlerinin farkli koronal flaring egeler ile
kullanmasiyla olusan dentin ¢atlaklarinin dagilimlar arasinda istatistik-
sel olarak anlamli bir fark yoktur (p>0,05). Tek ege sistemlerine gore
dentin ¢atlaklarmin dagilimlar arasinda da istatistiksel olarak anlamli bir
fark bulunmamustir (p>0,05). Bununla birlikte, koronal genisletme
egelerine gore dentin ¢atlaklarinin dagilimlar arasinda istatistiksel olarak
anlamli bir fark yoktur (p>0,05). Sonug: Tek ege sistemlerinin koronal
flaring estriimanlari ile beraber kullaniminin dentin ¢atlaklarinin go-
zlemlenmesini azaltmistir. One Flare egeler, diger koronal genigletme
enstriimanlarina gére daha az dentin ¢atlagina neden olmustur.

Anahtar Kelimeler: Koronal genigletme; microgatlak;
tek ege sistemleri; One Flare; WaveOne Gold

Coronal flaring during root canal shaping has
been thought to be a important step for a successful
endodontic treatment in recent years.! Coronal flaring
offers supplies many advantages: (i) providing straight

access of endodontic instruments to the middle and
apical part of the canal, (i) providing straight access
to the middle and apical part reduces the risk of in-
strument fracture, and (iii) allowing irrigants to reach
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the middle and apical region.? Moreover, flaring the
coronal part of the root may reduce the amount of de-
bris overflowing from the apical region.>*

Endoflare (Micro-Mega, Besangon, France) is a
NiTi file with a 12% taper angle that is used for coro-
nal flaring. Endoflare files may be used together with
all NiTi systems in the industry. Studies have re-
ported that Endoflare files are less risky and effective
than Gates Glidden drills.* Another coronal flaring
file recently introduced by MicroMega is the One
Flare (Micro-Mega, Besangon, France) file system.
One Flare files have a 9% taper angle and are manu-
factured with T-wire heat treatment technology. T-
wire technology has enabled the changing of the
traditional microstructure of the NiTi alloy to ensure
that the tool has higher fatigue resistance and more
flexibility. In addition, the instruments produced with
T-wire heat treatment offer better flexibility and
cyclic fatigue resistance compared to the instruments
produced with conventional austenite NiTi alloy ac-
cording to the manufacturer.?

The use of single-file systems has become at-
tractive for clinicians in recent years because they
shorten the treatment period and they are easy to use.’
There are many studies on single-file systems in the
literature. These studies include many areas ranging
from defects caused by single-file systems in the
dentin to debris extrusion.®®

There is no coronal flaring instrument in single-
file systems; root canal preparation is performed with
a single file. Increased apical extrusion may happen
because of insufficient coronal flaring. However, the
area of contact of the file with dentinal walls will in-
crease with the use of higher tapered instruments if
coronal flaring is performed. Therefore, an increase
in momentary stress concentration becomes possible
and the risk of dentinal crack also increases.’ To our
knowledge, only 1 study evaluated the effect of the
use of single-file systems together with different
coronal flaring files on dentinal crack whereas there
are several studies in the literature evaluating the ef-
fect of coronal flaring files on dentinal crack.'?*

Therefore, this study aims to evaluate the effect
of the use of single-file systems (HyFlex EDM, Rec-
iproc Blue, WaveOne Gold, and One Shape) with dif-
ferent coronal flaring files (Endoflare, One Flare, and
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Gates Glidden) with different kinematics of motion
(rotary or reciprocating) on dentinal crack. The null
hypothesis tested is that (1) neither single-file sys-
tems nor (2) the use of these systems together with
different coronal flaring files has no effect on denti-
nal crack.

I MATERIAL AND METHODS
SAMPLE SELECTION

Ethics committee approval was obtained for this study
from Van Yiiziincii Y1l University Non-interventional
Clinical Research Ethics Committee (2020/08-04,
23.10.2020). In this study, 128 single rooted mandibu-
lar premolar teeth extracted for periodontal or ortho-
dontic reasons were used. Teeth were examined under
a stereo-microscope; teeth with cracks or fractures
were not included in the study. Soft and hard tissue
deposits on the teeth were cleaned using a curette. The
crown parts of the teeth were removed with a diamond
separating disc under water cooling to standardize
their large length to 12 mm.

ROOT CANAL PREPARATION

Access cavities were prepared using diamond drills
with a high-speed handpiece under water cooling. A
10 K-type file (Mani Inc, Tochigi, Japan) was placed
in the root canal, and the working length of this file
was established 1 mm shorter of this length. The
specimens were randomly divided into four groups
(n=32) based on the coronal flaring instruments;

Group 1, One Flare: The One Flare file was
used with a rotary speed of 300 rpm and 3 N/cm
torque at a working length of 3 mm.

Group 2, Endoflare: The Endoflare file was
used similar to Group 1.

Group 3, Gates Glidden Drills: Each Gates
Glidden drill was used with a rotary speed of 800
rpm. The torque suggested by the manufacturer is as
follows: size #3 (3 N/cm torque) and size #4 (1 N/cm
torque) to a depth of 4 and 3 mm from the coronal, re-
spectively.

Group 4, Control Group: Coronal flaring was
not performed in this group.

The files and drills were used with an in-and-out
motion. All root canals were irrigated with 2 mL
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5.25% NaOCl with a NaviTip irrigation needle
placed 1 mm shorter of the working length during
coronal flaring. Specimens in both groups were di-
vided into four subgroups based on the single file sys-
tem used (n=8): Subgroup A, HyFlex EDM (HEDM):
Subgroup B, Reciproc Blue: Subgroup C, One Shape,
and Subgroup D, WaveOne Gold Primary.

Subgroup A, HyFlex EDM (HEDM): The root
canals were prepared with the One File (Size 25)
using gentle apical strokes and pecking motions in
accordance with the manufacturer’s recommenda-
tions. The VDW endodontic motor was used to oper-
ate the file in continuous rotation at 500 rpm speed
and 2.5 N/cm torque.

Subgroup B, Reciproc Blue: The Reciproc
Blue file (Size 25) was used in the “Reciproc ALL”
program using the VDW in accordance with the man-
ufacturer’s recommendations.

Subgroup C, One Shape: The root canals were
prepared with a One Shape file (size 25, taper 0.06) using
VDW endodontic motor. The file was used in continu-
ous rotation at 400 rpm speed and 4 N/cm torque.

Subgroup D, WaveOne Gold Primary: The
root canals were prepared with Primary WaveOne
file (size 25) using the VDW endodontic motor in the
“WaveOne ALL” program (350 rpm, 170° counter-
clockwise and 50° clockwise).

Each instrument was used in 5 canals. If there
was resistance, it was dediced removal of the instru-
ment and irrigation of root canals. A total volume of
10 mL 5.25% NaOCI was used with a NaviTip irri-
gation needle. After root canal preparation, all canals
were irrigated with 2 mL of distilled water. The roots
were kept moist in distilled water to prevent the effect
of dehydration on the roots.

Sectioning and Microscopic Examination

All roots were cut 3, 6, and 9 mm horizontally
from the apical region with a low-speed diamond saw
under water cooling.!” Afterward, the sections were
observed under a stereo-microscope. The specimens
were examined and photographed under the stereo-
microscope at 2.5x and 5x magnifications (Nikon
SMZ25; Nikon Tokyo, Japan) to determine the pres-
ence of microcracks (Figure 1). Two independent op-
erators examined a total of 384 digital images. Two
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different categories regarding crack formation were
established as follows; ‘no crack’ and ‘crack’. All
lines extending from the root surface or root canal
lumen into the dentin were classified as “crack”.
Notch lines or microcracks from the inner surface of
the root canal wall or the outer surface of the root
were classified as “no crack”.

STATISTICAL ANALYSIS

The data were analyzed by IBM SPSS V23 software.
The chi-square test was used to compare dentinal
cracks by groups, regions, and subgroups. The results
of the analysis were presented as frequency (percent-
age) for categorical variables. The significance level
was considered p<0.05.

I RESULTS

There was no statistically significant difference be-
tween the distributions of dentinal cracks caused by
the use of single-file systems with different coronal
flaring files (p values were 0.677, 0.908, 0.456, and
0.302, respectively). There was no statistically signifi-
cant difference between the distributions of dentinal

FIGURE 1: Representative microscopic cross sections under 5x magnification
from the coronal (A and B), middle (C and D) and apical (E and F) regions of the
root with dentin crack.
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cracks occurring in different regions of the root (apical,
middle, and coronal regions) considering single-file sys-
tems (p values were 0.142, 0.931, and 0.751, respec-
tively). There was no statistically significant difference
between the distributions of dentinal cracks according
to single file systems (p=0.364) (Table 1). There was

also no statistically significant difference between the
distributions of dentinal cracks according to coronal
flaring files (p=0.225) (Table 2). However, a statisti-
cally significant difference was found when the crack
distributions were evaluated according to the regions
(p=0.001) (Table 3).

of the root canals.

TABLE 1: Comparison of different single file systems with different tapered coronal flaring files on dentinal crack formation at 3 section

Coronal flaring files
One Flare

Endoflare

Gates Glidden

Control

Total

Section level

Apical

Middle

Coronal

Total

Apical

Middle

Coronal

Total

Apical

Middle

Coronal

Total

Apical

Middle

Coronal

Total

Apical

Middle

Coronal

Total

Crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No Crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack
Crack
No crack

HyFlex EDM Reciproc Blue One Shape Waveone Gold

3(37.5) 2(25)
5 (62.5) 8 (75)
3(37.5) 1(125)
5 (62.5) 7(87.5)
1(12.5) 1(125)
7 (87.5) 7(87.5)
7(29.2) 4(187)
17(708)  20(83.3)
2(25) 3(37.5)
6 (75) 5 (62.5)
2(25) 2 (25)
6 (75) 6 (75)
1(12.5) 2 (25)
7(87.5) 6 (75)
5(20.8) 7(29.2)
19(792)  17(70.8)
3(37.5) 3(37.5)
5 (62.5) 5 (62.5)
1(12.5) 2(25)
7 (87.5) 8 (75)
1(12.5) 1(125)
7 (87.5) 7(87.5)
5 (20.8) 8 (25)

19 (79.2) 18 (75)
5 (62.5) 3(37.5)
3(37.5) 5 (62.5)

2 (25) 2 (25)
6 (75) 6 (75)
2 (25) 1(12.5)
6 (75) 7(87.5)

9(37.5) 6 (25)
15 (62.5) 18 (75)
13 (406)  11(344)
19 (594)  21(6586)
8 (25) 7(21.9)
24 (75) 25 (78.1)
5 (15.6) 5(15.8)
27 (84.4) 27 (84.4)
26 (27.1) 23 (24)
70 (72.9) 73 (78)

2(25)
8 (75)

6 (25)
18 (75)
11 (34.4)
21 (65.6)
7(21.9)
25 (78.1)
5 (15.6)
27 (84.4)
23 (24)
73 (76)

1(12.5)
7(87.5)
1(12.5)
7(87.5)
0{0)
8 (100)
8.3)
917)
1(125
7(87.5
0(0)
8 (100)
0(0)

8 (100)
1(4.2)
23(95.8)
3(37.5)
5 (82.5)
2 (25)
5 (75)
1(12.5)
7(87.5)
5 (25)

2
22

17 (70.8)
8 (25)
24 (75)
6(18.8)
26 (81.3)
2(63)
30 (93.8)
16 (16.7)
80 (83.3)

Total

8 (25)
24 (75)
6(18.8)
26 (81.3)

3(9.4)
29 (90.5)
17 (17.7)
79 (82.3)
9(28.1)
23(71.9)
5(15.6)
27 (84.4)
5(15.6)
27 (84.4)
19(19.8)
77 (80.2)
12 (37.5)
20 (62.5)
7(21.9)
25(78.1)
5(15.6)
27 (84.4)
24 (25)
72 (75)
14 (43.8
18 (56.3
10 (31.3
22(68.8
4(12.5)
28 (87.5)
28(29.2)
68 (70.8)
43 (33.6)
85 (66.4)
28 (21.9)

)
)
)
)

66.4
219
100 (78.1)
17 (13.3)
111 (86.7)
88 (22.9)
295 (77.1)

p*
0.721

0.837

1.000

0.677

0.618

0.482

0.456

0.908

0.901

0.947

0.776

0.456

0.871

0.515

0.608

0.302

0.142

0.931

0.751

0.364

*Chi-square test.
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TABLE 2: The number of specimens with cracks according to coronal flaring files.

One Flare Endoflare Gates Glidden Control Total p*
Crack Crack 17 (17.7) 19(19.8) 24 (25) 28 (29.2) 88 (22.9) 0.225
No crack 79 (82.3) 77 (80.2) 72 (75) 68 (70.8) 296 (77.1)
*Chi-square test.
TABLE 3: The number of specimens with cracks according to root canal regions.
Apical Middle Coronal Total p*
Crack Crack 43 (33.6)° 28 (21.9p* 17 (13.3)° 88 (22.9) 0.001
No crack 85 (66.4) 100 (78.1) 111 (86.7) 296 (77.1)

*Chi-square test; #*: There is no difference between groups with the same letter.

I DISCUSSION

Coronal flaring files may increase the likelihood of
dentinal cracks in the dentin due to their maximum
contact with the dentinal walls and having more di-
ameters.’ This study aims to evaluate the effects of
different coronal flaring instruments on dentinal
cracks as a result of their use together with HyFlex
EDM, Reciproc Blue, WaveOne Gold, and One
Shape single-file systems. Both variables (flaring in-
struments and one file system) did not produce a sig-
nificant difference in the formation of dentinal cracks
and the null hypothesis was accepted in accordance
with the results obtained.

The formation of dentinal cracks in the dentin
by One Flare, Endoflare, and Gates Glidden was
17%, 19%, and 24%, respectively in this study. There
is no study in the literature to which can directly com-
pare our results. Arslan et al. compared Gates Glid-
den, Protaper Universal, Endoflare, Revo-S, and
HyFlex flaring instruments and reported that Gates
Glidden drills caused cracks at a higher incidence
compared to Endoflare files, similar to our study.*
Shmesh et al. reported that the use of Gates Glidden
drills caused dentinal cracks.!" Furthermore, Bier et
al. reported that coronal flaring files increased the for-
mation of dentinal cracks.'> However, Liu et al. found
that there were no dentinal cracks after coronal flar-
ing with Gates Glidden drills.!* These contradictory
results in the literature are thought to be due to the
use of Gates Glidden drills with different sizes
(Shemsh et al., Arslan et al. #3 and #4, Liu et al. #1
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and #2 Gates Glidden), higher rotation speeds, and
different instrument alloys.

Endoflare files caused more dentinal cracks
compared to One Flare files in this study. Endoflare
files have a 12% taper angle whereas One Flare files
have a 9% taper angle. Maximum contact of the End-
oflare files with the dentin may have caused more
cracks due to higher taper angles.” In addition, One
Flare files are manufactured with T-wire heat treat-
ment technology. Studies have reported that instru-
ments have higher fatigue resistance and flexibility
thanks to this technology.>

More dentinal cracks were detected in the con-
trol group (without coronal flaring), regardless of the
single-file system used, than in the coronal flaring
groups (28%) in this study. There are a limited num-
ber of studies in the literature evaluating the effect of
coronal flaring on dentinal cracks.’ Borges et al. eval-
uated the effect of the use of ProTaper Universal,
WaveOne, Reciproc, Protaper Next, K File driven by
an oscillatory system, and Profile files with and with-
out coronal flaring on dentinal cracks and reported
that the use of all files together with coronal flaring
caused lower dentinal cracks except ProTaper Uni-
versal.’ This study is in line with our results. Coronal
flaring files may reduce the risk of dentinal cracks
using single-file systems in root canal treatment.

Reciproc Blue and WaveOne file systems used
in this study are file systems with reciprocating move-
ment.'* Other file systems used in this study are One
Shape and HyFlex EDM which operate with continu-
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ous rotary motion. The operating system (OS) file is
made of conventional NiTi alloy and has a 6% con-
stant taper value along the shaft. In addition, OS has
three cutting edges and a triangular section at the end
whereas it has two cutting edges of the three cutting
edges towards the stem at the middle, and two edges
with a modified “S” section at the shaft.”> HyFlex
EDM is manufactured with CM-Wire technology and
has varying diameters along the shaft. It is ‘quadratic’
in the apical region, ‘trapezoidal’ in the middle region,
and ‘triangular’ in the coronal region.'®’ In this study,
the most dentinal crack formation was observed in
HyFlex EDM, followed by Reciproc Blue, One
Shape, and WaveOne Gold file systems respectively
when the effect of HyFlex EDM, Reciproc Blue, One
Shape, and WaveOne Gold single-file systems (with-
out coronal flaring) on dentinal crack was evaluated.
There are many studies in the literature evaluating the
effect of single-file systems on dentinal cracks. Stud-
ies have reported that all file systems create microc-
racks in the dentin and the degree of dentin damage
may vary depending on the tip design of the tool,
cross-sectional geometry, NiTi alloy where the file is
produced at a fixed or progressive taper angle, and

kinematic motion properties.'®!3!7

These studies have reported contradictory results
even though there are a limited number of studies in
the literature evaluating the effect of kinematic mo-
tions on dentinal cracks. Biirklein et al. reported that
the reciprocating files caused more dentinal cracks
whereas Lui et al. reported that the reciprocating mo-
tion caused fewer dentinal cracks than the continuous
rotation motion.'®!® The highest dentinal crack was ob-
served in HyFlex EDM, which performs continuous
rotational motion whereas the lowest dentinal crack
was detected in Wave One Gold, one of the recipro-
cating systems when the results of this study were eval-
uated. However, it would be contradictory to say that
kinematic movement has an effect on dentinal crack
according to the results obtained in this study.

Studies have reported that increased taper angle
causes more stress on the root canal walls and there-
fore, more dentinal cracks occur.'>!"? Bier et al. re-
ported that nontapered files did not damage the root
canal walls.'? One Shape files have 6% fixed taper
angle and WaveOne Gold files have a 7% fixed taper
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angle in the apical region and they gradually decrease
towards the coronal region whereas the HyFlex EDM
and Reciproc Blue files used in this study have vari-
able conicity increasing from 0.04 to 0.08 from apical
to coronal.'®!®2 HyFlex EDM files caused the most
dentinal cracks and are the file system with the most
taper angle according to the results obtained in this
study. However, Dane et al. reported that rotary file
systems used at higher speed and torque cause more
stress on the root canal walls and thus increase the risk
of dentinal cracks, which supports our study.”!

The distribution of dentinal crack according to
root canal regions (apical, middle, coronal) was found
to be 33.6%, 28%, and 17%, respectively after evalu-
ation in this study. More dentinal cracks were observed
in the apical region than in the middle and coronal re-
gion and it makes a statistically significant difference
according to the results obtained.”>* Karatas et al. re-
ported that 25%, 35.7%, and 39.3% of dentinal cracks
are in apical, middle, and coronal regions, respec-
tively.”? However, Shantiaee et al. found more dentinal
cracks in the apical region compared to the middle and
coronal region.”® These contradictory results may be
attributed to the use of different file systems.

There are many studies in the literature evaluat-
ing dentinal cracks, and the stereo-microscopy
method was most commonly used in these stud-
ies. +0%11-31718 However, De-Deus et al. have recom-
mended the use of the micro-computed tomography
(micro-CT) method in the evaluation of dentinal
cracks in recent years.”* The sectioning method is
used for stereo-microscope examination. Thus, the
defects present in the root during cross-sectional sam-
pling spread to different regions of the root and are
considered as dentinal cracks.” However, it is a more
non-destructive method since the cross-sectioning
method is not used in micro-CT imaging. It also al-
lows for the evaluation of pre-instrumentation sam-
ples.?* There are contradictory results in the literature
despite the advantages of the micro-CT method in the
evaluation of dentinal cracks.?®?® It has been reported
that these contradictory results may be due to differ-
ent micro-CT resolutions, differences in the number
of cross-sectional images, and misinterpretation of
ring artifacts.”® Capar et al. compared the different
methods [micro-CT, cone beam computed tomogra-



Esin OZLEK et al.

Turkiye Klinikleri J Dental Sci. 2022;28(1):105-12

phy (CBCT), stereo-microscope, and scanning elec-
tron microscope (SEM)] used in the evaluation of
dentinal crack in recent years.?’ They reported that
CBCT and SEM imaging methods were not suitable
for microcrack evaluation, and micro-CT (43.9%)
and stereo-microscope (45.8%) gave similar results
and did not produce a statistically significant differ-
ence. A stereo-microscope was used to evaluate
dentinal crack in the present study. However, the
most important limitation of this study is that the use
of the cross-sectioning method and obtaining images
before instrumentation may lead to false-positive re-
sults. Further studies are needed in the same samples
where both methods are evaluated since there is still
no clear idea about the interpretation of the results
obtained after stereo microscopy and micro-CT eva-
luations.

I CONCLUSION

One Flare files tend to cause fewer dentinal cracks
compared to Endoflare files and Gates Glidden drills.

The use of single-file systems together with coronal
flaring instruments reduces trauma to the dentinal
walls and is clinically more reliable.
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