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ABSTRACT

Statement of the Problem: Employing different instruments may have different impact on
the outcome of root canal treatments. Deviation from the original canal path and defective
root canal obturation may lead to pulpectomy treatment failure.

Purpose: This study compared the primary molar canal transportation, centering ability, and
obturation quality of hand files, Mtwo, Reciproc, and Gentlefile rotating machines in root
canal treatments.

Materials and Method: In this in vitro experimental study, eighty primary molar roots were
randomly assigned to four groups. Cone-beam computed tomography (CBCT) scans were
provided for the samples, and hand files (group 1), Mtwo (group 2), Reciproc (group 3), and
Gentlefile (group 4) were used to instrument the root canals. Once more, CBCT scans were
acquired, and at 1, 2, and 3mm from the apex as well as 1 mm from the orifice, the canal
transportation and centering ability were evaluated in buccolingual and mesiodistal direc-
tions. Zeolite (ZOE) cement was used to obturate every root canal. To evaluate the obtura-
tion density, number of voids, and underfilling in each group, new CBCT scans were ob-
tained. For every tooth, the maximum, minimum, and average Hounsfield units (HU) were
noted. One-way ANOVA, the Kruskal-Wallis test, and Tukey's HSD test were used to ana-
lyze the data.

Results: Mtwo exhibited considerably superior centering ability than Gentlefile at 2mm
from the apex in the mesiodistal direction (p Value< 0.05). Gentlefile had significantly high-
er buccolingual canal transportation than Reciproc at 3 mm from the apex (P0.05). Mini-
mum HU, underfilling, and void numbers did not differ amongst the four groups (p= 0.791,
p= 0.1, and p= 0.548). Reciproc had substantially higher maximum and average HU, fol-
lowed by Mtwo, Gentlefile, and hand files (p< 0.05).

Conclusion: When compared to other systems, Gentlefile showed higher transportation and
less centering ability. Reciproc had the highest obturation density, followed by Mtwo, Gen-
tlefile, and hand files.
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Introduction

Pulpectomy is a successful method for preservation of
primary teeth with irreversible pulpitis [1]. Root canal
treatment is performed to completely obturate the root
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canal system and create a hermetic seal to prevent leak-
age of bacteria and toxic products into the periapical
tissue [2]. Conical shaping of the root canal is impera-
tive to enhance root canal irrigation and disinfection. It
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is also important to deliver root canal filling paste into
the canal, and prevent overfilling, underfilling, and void
formation [3-4]. Preservation of original canal shape
and centering is an important criterion for optimal prep-
aration of the root canal system. Deviation from the
original canal path, especially at the apical region, can
prevent optimal root canal obturation and sealing, lead-
ing to treatment failure [5]. Canal transportation is a
common procedural error that may occur during root
canal cleaning and shaping. In canal transportation, the
root canal path is often deviated opposite to the direc-
tion of curvature, increasing the risk of root canal treat-
ment failure, primary tooth loss, and subsequent perma-
nent tooth space loss in dental arch [6-7]. Canal trans-
portation in primary teeth is as important as that in per-
manent teeth [8]. Conventionally, stainless steel hand
files are used for cleaning and shaping of primary teeth;
however, due to their stiffness and low flexibility, they
often cause procedural errors such as canal transporta-
tion [9]. Barr et al. [10] were the first to introduce rotary
instruments for endodontic treatment in 2000. The ad-
vantages of rotary files over hand files include en-
hancement of root canal instrumentation, creation of
smooth root canal walls in a shorter period of time,
similarity with the root canal morphology, which leads
to the preservation of root canal anatomy and curvature
and decreases the incidence of iatrogenic errors espe-
cially in narrow and curved canals [1, 11]. Reciproc and
Gentlefile are two relatively new rotary systems. The
Reciproc is a single nickel-titanium (NiTi)-file with
reciprocating movement for root canal preparation [12-
15]. These files have higher flexibility and resistance to
cyclic fatigue than the conventional NiTi alloy [16-17].
The Gentlefile system includes stainless steel files,
which are highly flexible due to their unique design, and
can prepare the root canals with minimal pressure, max-
imal cleaning efficacy, and any cross-sectional design
with unnecessary removal of tooth structure [18-20].
One drawback of NiTi rotary files is their inability to
clean and shape the canals completely, such that approx-
imately 35% of the canal surfaces remain unchanged
after instrumentation with rotary files [21]. This is par-
ticularly important in primary teeth since they have dif-
ferent canal cross-sectional designs, accessory canals at
the furcation area, fins and isthmi, and have a different
internal geometry than permanent teeth [18]. The tradi-

tional experimental methods used for assessment of root
filling and obturation quality include radiography, radio-
isotopes, coloring and staining, fluid filtration, bacterial
leakage models, microscopic analysis, and clearing
technique. However, none of these techniques could
assess the obturation quality three-dimensionally [1].
The advent of cone beam computed tomography
(CBCT) enabled reproducible three-dimensional as-
sessment of volumes in dentistry without sectioning and
material waste in addition to a significant lower effec-
tive dosage [22-23]. Previous studies evaluated canal
transportation and centering ability in permanent teeth
and reported conflicting results [7, 18, 24-25]. However,
only one study [14] assessed the canal transportation in
primary teeth by using WaveOne (reciprocating) and
OneShape (rotary) systems. To the best of the authors’
knowledge, no previous study has compared the obtura-
tion quality of primary root canals instrumented with
Mtwo, Reciproc, and Gentlefile systems. Thus, this
study aimed to compare the obturation quality, canal tra-
nsportation, and centering ability in primary teeth instr-
umented with hand files, Mtwo (VDW, Munich, Ger-
many), Reciproc, and Gentlefile rotary systems in vitro.

Materials and Method

This in vitro, experimental study was conducted on pri-
mary molars extracted due to periapical lesion or pre-
ventive orthodontic procedures. It was approved by
Research Ethics Committee of Islamic Azad University,
Dental Branch Tehran-Iran (IR.IAU.DENTAL.REC.
1397.043). The external surfaces of the roots were
cleaned mechanically to remove calculus and soft tissue.
The roots were disinfected in 0.5% sodium hypochlorite
for 24 hours and stored in 0.1% distilled water and thy-
mol solution until the experiment [26].

The inclusion criteria were root canals of extracted
primary molar teeth with 8-12 mm length, 5-10-degree
curvature according to the Schneider’s method, internal
dimensions of the canal equal to #25 K-file, and patency
ensured with #10 K-file [27]. Roots with caries, cracks,
and internal or external pathological resorption (as as-
sessed on CBCT scans) were excluded. The sample size
was calculated to be 20 in each group (a total of 80) for
assessment of canal centering and transportation accord-
ing to a study by Topcuglu et al. [8], assuming alpha=
0.05, beta=0.2, power=0.80, and effect size=0.33. The
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Figure 1: Mounting of the roots in putty to undergo cone beam computed tomography (CBCT)

teeth were randomly assigned to the groups using a ta-
ble of random numbers by Microsoft Excel 2021. The
sample size was calculated to be 10 in each of the four
groups for assessment of obturation quality according to
a study by Deshpande et al. [4] assuming alpha=0.05,
beta=0.2, mean standard deviation of the number of
voids to be 1.2, and effect size of 0.5. The samples for
obturation quality assessment were selected among the
instrumented teeth for assessment of canal centering and
transportation. After access cavity preparation, for
standardization, the teeth were decoronated with a 009
diamond fissure bur (Jota, Switzerland) and high-speed
hand-piece under water coolant such that the occlu-
sogingival height of the pulp chamber was approximate-
ly 3mm from its floor [28]. The working length was
determined 1 mm shorter than the length of a #10 K-file
(Mani, Japan) when its tip was visible at the apex [29].
Putty impressions (Speedex, Switzerland) were then
individually made from the teeth. After mixing of the
impression material, the teeth were mounted in putty
horizontally in a way that half the teeth was embedded
in putty and their buccal surface was exposed and faced
upwards. The longitudinal tooth axis was parallel to the
longitudinal axis of the impressions (Figure 1). After
assigning to the groups, the teeth underwent initial
CBCT (NewTom, Giano, Italy) with a scanning time of
36 seconds, exposure time of 3-7 seconds, 60 kVp volt-
age, 3mA amperage, and 8x8 cm field of view. The slice
thickness was 1mm (0.3mm voxel size). NNT Viewer
version 2.21 was used to obtain images of sections per-
pendicular to the longitudinal axis of the canal (axial
section) at four areas of 1, 2, and 3mm from the apex
and Imm from the orifice. The root canals were then
instrumented by four methods of hand files (Mani, Japa-
n), Mtwo (VDW, Munich, Germany), Reciproc (VDW,
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Munich, Germany), and Gentlefile (MedicNRG, Kib-
butz Afikim, Israel).

Hand files

This group included 20 roots which were conventionally
instrumented with hand K-files (Mani, Japan) and the
standard technique with the following sequence:
#15/0.02, #20/0.02, #25/0.02, and #30/0.02 [8].

Mtwo rotary system

This group included 20 root canals, which were instru-
mented with Mtwo files (VDW, Munich, Germany)
with gentle up-and-down movements and 280 rpm
speed as instructed by the manufacturer with the follow-
ing sequence: #10/0.04, #15/0.05, #20/0.06, #25/0.06,
and #30/0.05 [8].

Reciproc rotary system

The root canals (n=20) in this group were instrumented
with Reciproc system (VDW, Munich, Germany), using
R25 file with 25 mm cross-sectional area of the tip, and
8% taper using the Reciproc system endomotor (VDW
Silver/Gold). The rubber stopper of the file was first
adjusted to two-thirds of the working length, and the file
was introduced into the canal with gentle pecking
movement with a range not exceeding 3-4 mm. After
reaching two-thirds of the working length and ensuring
canal patency by using a #25 K-file. The rubber stopper
of R25 file was adjusted to the working length, and its
flutes were cleaned with a sterile gauze. It was then intr-
oduced into the canal again with gentle pecking move-
ment to reach the working length. A final rinse (discuss-
ed as follows) was then performed as instructed [28].
Gentlefile rotary system

The root canals (n=20) were instrumented with Gentle
file system (MedicNRG, Kibbutz Afikim, Israel) in this
group. GF1 file (22/0.04) was used with the respective
hand-piece of this system operating at 6500 rpm. After
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using each file, the flutes were cleaned with a gauze dip-
ped in alcohol. First, a #10 K-file was used to the work-
ing length to ensure apical patency. Next, GF1 was used
with a pecking motion and gentle pressure for 5 seconds
to reach the apical third of the canal. After reaching the
working length, a final rinse was performed [28].

For all specimens, before and after using each file,
the root canal was rinsed with 3 cc of sterile saline de-
livered via a 27-gauge needle which was passively in-
serted in the first 2 mm of the working length [30]. Each
file was used for instrumentation of four root canals
[28]. All instrumentations were performed by one opera-
tor. After root canal instrumentation, the roots were
placed back in their putty impressions, and then they
underwent CBCT again with the same exposure settings
as those reported for the first CBCT. The provided
scanning sections were reconstructed as explained for
the initial CBCT and saved.

Three teeth were used for assessment of the accura-
cy of scanner, impression technique, and standardization
of position of imaging; they underwent primary and sec-
ondary CBCT examination with no root canal prepara-
tion.

Assessment of canal centering and transportation

Sections were reconstructed at 1, 2, and 3mm from the
apex and 1mm from the orifice from primary (before
instrumentation) and final (after instrumentation) CBCT
scans by the related software. The distance between the
external canal wall and the external root wall was meas-
ured at the mesial, distal, buccal, and lingual surfaces on
before- and after-instrumentation images using the
measurement tool of NNT Viewer software. The follow-
ing formula was then used to calculate canal transporta-
tion and centering ability:

Canal transportation=(al-a2)-(h1-b2)

Where al is the shortest distance between the distal
(furcal) surface of the root and un-instrumented canal
periphery, a2 is the shortest distance between the distal
(furcal) surface of the root and instrumented canal peri-
phery, b1 is the shortest distance between the mesial sur-
face of the root and un-instrumented canal periphery,
and b2 is the shortest distance between the mesial surfa-
ce of the root and instrumented canal periphery (Figures
2-3).

According to the formula, a 0 result would indicate
absence of canal transportation, positive values would i-

Measurement For Image Cross Sections

Uninstrumented Instrumented
CT Image CT Image

Figure 2: Schematic view of root cross-sections indicating al,
a2, bl, and b2 to calculate canal transportation and centering
ability

Figure 3: Measurement of mesial, distal, buccal, and lingual
canal transportation using NNT software

ndicate canal transportation towards the distal, and neg-
ative values would indicate canal transportation towards
the mesial.

Centering ability was calculated using the following
formula:

Centering ability = (al-a2) / (b1-b2)

Accordingly, a result equal to 1 would indicate ideal
centering; any other value would indicate sub-ideal cen-
tering ability.

The same measurements were made in buccolingual
direction. Information for each tooth was recorded in a
datasheet.

Obturation quality

After root canal preparation, 10 root canals of each
group were randomly selected by table of random num-
bers and dried with paper points and filled with zinc
oxide eugenol (ZOE) cement (Kemdent, UK) using a
#25 Lentulo spiral (Medin, Czech Republic) connected
to a low-speed hand-piece in counterclockwise direc-
tion. The ZOE cement was prepared by mixing two
scoops of powder with 2 drops of liquid as instructed by
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the manufacturer. The Lentulo spiral was dipped in ZOE
and introduced into the canal to a certain length with
rotational movements. Additional paste was gradually
added until the canal was filled. Next, a moist cotton
pellet was used to apply gentle pressure to pack the
paste into the canal [2].

Subsequently, the teeth in all groups underwent
CBCT to assess the obturation density and number of
voids in each group. The teeth were placed back in their
putty impressions (Speedex, Switzerland) and the obtu-
ration density was evaluated according to the CT num-
ber (CBCT Villa Italia) using OnDemand software.

The reference standard for the CT number of ZOE
was determined by using a 1x2mm box filled with ZOE
mixed with the aforementioned powder/liquid ratio,
which was placed on the coronal third of the root canal
of a single-rooted primary tooth (such as a maxillary
lateral incisor) with maximum condensation of material
(to achieve the highest density) (Figure 4).

For each tooth, cross-sectional and axial sections
were reconstructed with 0.5mm slice thickness and
0.5mm slice interval, and compared with the reference

Scientific Cases,
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standard (Figure 5). The CT number and number of
voids were calculated for each root from the cervical to
the apical part of the root. The Hounsfield unit (HU)
was used to calculate the CT number, which is a direct
scale for measurement of density. It is based on the den-
sity of air (-1000 HU) and distilled water (0 HU) [31].
To assess the HU of specimens, 20 points were random-
ly selected from the coronal to apical part of the canal,
and the HU of the selected points was recorded. For
each root, the maximum HU, the minimum HU, and the
average HU were recorded. The maximum, minimum,
and average HU of the groups were compared with each
other. Cross -sectional images with 0.5 mm slice inter-
val perpendicular to the root canal path were also recon-
structed from axial sections. Accordingly, on each cross-
sectional image of each root, the highest volume of root
filling material and the largest surface area of the root
were evaluated. In addition, root fillings shorter by over
1 mm from the apex were recorded as underfilled [32].
Statistical analysis

Data of the four groups were analyzed by One-way AN-
OVA test; the Tukey HSD test was applied for pairwise
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Figure 4: Standard reference CBCT to determine the Hounsfield units (HU) of zinc oxide eugenol (ZOE)
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Figure 5: Cone beam computed tomography (CBCT) for assessment of root canal obturation quality

comparisons of the groups. Statistical analysis was con-
ducted by SPSS version 25 and p< 0.05 was considered
statistically significant.

Results
Canal centering and transportation
As shown in Table 1, mesial transportation was seen at 1

mm from the apex in mesiodistal direction in all four
groups, with no significant difference among them (p=
0.832). Centering ability was not significantly different
among the groups either (p= 0.485).

At 2mm from the apex in mesiodistal direction, me-
sial transportation was seen in Reciproc and Gentlefile
while distal transportation was seen in Mtwo group; the
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Table 1: Comparison of canal transportation and centering ability at 1, 2, and 3 mm from the apex and 1 mm from the orifice in mesiodistal
(MD) and buccolingual (BL) directions

Variable 1 mm from apex 2 mm from apex 3 mm from apex 1 mm from orifice
mean+ SD mean+ SD mean+ SD mean+ SD
System Transportation Czr:)tiel :t'; Y Transportation C;rgﬁ :’tl;/" 9 Transportation Czrgﬁ Irt'; 9 Transportation Czrgﬁ Irt'; 9
MD BL MD BL MD BL MD BL MD BL MD BL MD BL MD BL
Hand 0.050+ 0.075+ 0.285+ 0.592+ 0.060+ -0.015 0.250+ 0.100+ -0.030+ 0.015+ 0.283+ 0.0125+ 0.005+ -0.025 0.275+ 0.342+
files 0.164- 0.137 0.713 1.027 0.135- #0.150 0.716 0447 0189 0139 0.789 0319 0.143 +0.141 0499 0.795
Reciproc -0.055 0.040+ 0.200+ 0.150 -0.005 -0.015 0547+ 0.350 0.050+ 0.080+ 0.325+ 0.312+ 0.010+ -0.005 0.433+ 0.408+
+0.13 0150 0.696 +0.671 +0.110 +0.278 0.707 +0.933 0.173 0330 0.730 0.567 0.215 +0.338 1.043 0.992
Miwo -0.015+ 0.020+ 0.617+ 0.250+ 0.020+ 0.040+ 0.627+ 0.575+ -0.055+ -0.040 0.596+ 0.253+ -0.030 -0.045 0.900+ 0.162+
021 0191 1630 0618 0.219 0226 1.095 1389 0323 +0.119 0.762 0.504 +0.288 +0.204 1.901 0.400
Gentle -0.030 -0.040 0.200+ 0.262+ -0.010 -0.065 0.000+ 0.200+ 0.015+ -0.125 0.400+ 0.067+ -0.035 -0.135 0.150+ 0.075%
file +0.04 +0.12 0410 0.367 +0.085 +0.150 0.000 0.410 0.131 +0.171 0.680 0.137 +0.184 +0.198 0.366 0.183
\%ﬁrea" i 0832 0124 0485 0.232 0376 0470 0.036 0364 0430 0.019 0556 0229 0871 0306 0175 0.373

SD: Standard deviation

difference among the groups was not significant (p=
0.376). Centering ability was zero in Gentlefile group
(the lowest) and the highest in Mtwo group and this
difference was significant (p< 0.05).

At 3mm from the apex in mesiodistal direction, mes-
ial transportation was noted in hand file and Mtwo grou-
ps, while distal transportation was seen in Reciproc and
Gentlefile groups; the difference among the groups was
not significant (p= 0.430). Centering ability was not sig-
nificantly different among the groups either (p= 0.556).

At Imm from the orifice in mesiodistal direction, di-
stal transportation was seen in hand file and Reciproc g-
roups while mesial transportation was seen in Mtwo and
Gentlefile groups; the difference among the groups was
not significant (p= 0.871). Centering ability was not sig-
nificantly different among the groups either (p=0.175).

Also, at Imm from the apex in buccolingual directi-
on, buccal transportation was seen in hand file, Recipr-
oc and Mtwo groups and lingual transportation was seen
in Gentlefile group; the difference among the groups
was not significant (p= 0.124). Centering ability was not
significantly different among the groups either (p=
0.232).

At 2mm from the apex in buccolingual direction, all
groups except Mtwo showed lingual transportation
while Mtwo showed buccal transportation; the differ-
ence among the groups was not significant (p= 0.470).
Centering ability was not significantly different among
the groups either (p= 0.364).

At 3mm from the apex in buccolingual direction,
buccal transportation was noted in hand file and
Reciproc groups while lingual transportation was noted
in Mtwo and Gentlefile groups; the difference between
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Reciproc and Gentlefile was significant (p< 0.05).
However, the centering ability of the groups was not
significantly different (p= 0.229).

At 1mm from the orifice in buccolingual direction,
all groups showed lingual transportation; the difference
among the groups was not significant (p= 0.306). Cen-
tering ability of the groups was not significantly differ-
ent either (p=0.373).

Obturation quality

As shown in Table 2, voids were present in all four
groups with no significant difference among them (p=
0.548). The frequency of underfilling was not signifi-
cantly different among the groups either (p= 0.1). Re-
garding density, the difference among the four groups
was significant in maximum HU (p< 0.05), and average
HU (p= 0.0001). The highest average HU was recorded
in Reciproc group followed by Mtwo and Gentlefile,
and finally the hand file group (p< 0.05). The difference
among the four groups was not significant in minimum
HU (p=0.791).

Discussion

Several rotary systems have been proposed for root ca-
nal instrumentation of primary teeth; however, infor-
mation regarding their efficacy, in comparison with
hand files, is inconclusive and conflicting [32]. This
experimental study aimed to compare obturation quality
of hand files, Mtwo, Reciproc, and Gentlefile systems
regarding the number of voids, obturation density, and
underfilling, and canal transportation and centering abil-
ity in primary molars. The root canal anatomy and
quality of instrumentation and obturation were assessed
by CBCT. CBCT enables high quality and precise asses-
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Table 2: Comparison of the number of voids, frequency of underfilling, and maximum, average, and minimum Hounsfield units
(HU) in the study groups (p< 0.05 was considered statistically significant)

Variable Number of voids  Underfilling Max. HU Ave. HU Min. HU
System Mean + SD Mean £ SD Mean £ SD Mean £ SD Mean £ SD
Hi’l% fles 190£2.846 13504176845 4220.00£1413270 3370.00+759.093  2030.00+44.847
'\N’E‘Q’g 1.30£1.337  1.0630£1.73643 6160.00+754.542 4120.00+277.088 2080.00+458.984
s‘ﬂgmc 1.70+1.767 0.00:0.000  8120.0041047.537 4775.00+552.394 2190.00+467.737
ﬁi’l%e 0.70:0.823  0.3050+0.96449 5120.00+£1074.761 3660.00+533.229 2200.00+418.994
Overall
o Value 0548 0.1 0.0001 0.0001 0.791

SD: Standard deviation, HU: Hounsfield units

sment of root canals before and after preparation by fas-
ter image acquisition and reconstruction, without requir-
ing an examiner intervention [33]. It provides 3D imag-
es of different sections non-invasively and is as effective
for primary teeth as for permanent teeth [1]. The present
results showed that in all four groups, the root canals
had mesial/distal and buccal/lingual transportation at 1,
2 and 3mm from the apex and 1mm from the orifice; no
significant difference was found in canal transportation
and centering ability among the four groups (p> 0.05)
except for two comparisons. At 2mm from the apex in
mesiodistal direction, the centering ability of Mtwo
(0.627+1.095) was significantly higher than Gentlefile
(0.000+0.000), and Mtwo preserved the canal centering
significantly better than Gentlefile. At this level in
mesiodistal direction, Mtwo had the highest and Gentle-
file had the lowest centering ability. To the best of the
authors” knowledge, no previous study is available
comparing the centering ability of Mtwo and Gentlefile,
and information in this regard is scarce. Several studies
compared Mtwo and Reciproc rotary files in highly
curved permanent teeth and found no significant differ-
ence between them in canal transportation and centering
ability [34-36]. The same results were obtained when
comparing distal roots of primary mandibular first mo-
lars instrumented by Mtwo and Kedo-S. Haridoss et al.
[37] reported that Mtwo had a good centering ability
and cleaning efficiency for debris removal from curved
canals. These NiTi files operate at 250-300 rpm and
have an italic S-shaped cross-section with two cutting
blades. They have a non-cutting tip, which enhances fin-
ding the correct path of the canal [38]. In addition, the
presence of space between the blades in this file type,
which gradually expand from the tip towards the shaft,

prevents locking of the file in root canal walls during
rotation [39]. A noteworthy issue is that the mean canal
transportation in the present study, which was conducted
on primary teeth, was higher than the mean value repor-
ted for permanent teeth using the same file systems [34-
35, 40]. One reason for this finding may be the different
structure of dentin in primary and permanent teeth since
primary dentin is softer than permanent dentin [41].

A significant difference in canal transportation was
only noted at 3 mm from the apex in buccolingual direc-
tion between the Reciproc and Gentlefile groups. Canal
transportation was greater in Gentlefile (-0.125+0.171)
than Reciproc (0.0800+0.330). Several factors may be
responsible for this difference. Reciproc has higher flex-
ibility since it has undergone thermomechanical treat-
ment and has a non-cutting tip, which decreases the risk
of ledge formation and canal transportation [42]. More-
over, Reciproc has reciprocating movement. Thus, it has
lower risk of locking in dentin and subsequent canal
transportation, compared with Gentlefile with rotating
(continuous rotation) movements [4, 13, 40]. The pres-
ence of a guiding tip in Reciproc, compared with Gen-
tlefile, would guide the file into its correct path and pre-
vent transportation; in addition, the speed of rotation of
Reciproc is 300 rpm [43], while the speed of rotation of
Gentlefile is 6500 rpm [18], which is several times high-
er than the speed of rotation of Reciproc.

According to Fatah et al. [33], comparing dentin loss
and canal transportation of primary teeth after instru-
mentation by two rotary systems, dentin loss in the mid-
root and transportation in the apical area were signifi-
cant. They attributed this finding to softer dentin struc-
ture at the apex due to dynamic phase of root resorption
of primary teeth and transportation of the center of rota-
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tion in clockwise direction due to continuous rotation of
the rotary system [33]. Another study compared the
efficacy of different instruments for primary roots; they
reported that hand files caused greater transportation in
the apical region, showed higher frequency of lateral pe-
rforations in primary first and second molars, and result-
ed in less shaping of the canal, compared with ProTaper,
and self-adjusting file. This finding may be due to canal
preparation with #50 hand file in their study [44].

Due to the novelty of Gentlefile system, no study
has compared its transportation or centering ability with
hand files, Mtwo, or Reciproc. However, Saleh et al.
[45], in 2018 compared canal transportation and center-
ing ability of ProTaper Next NiTi rotary system and
Gentlefile stainless steel rotary system and showed that
Gentlefile caused significantly greater transportation at
3mm from the apex; however, the difference was not
significant at 9 mm level. Their results were in agree-
ment with the present findings.

The present study appears to be the first to assess the
quality of obturation by axial, coronal, sagittal, and
cross-sectional CBCT images. HU is the scale for
measurement of CT number (obturation density), which
has not been used for evaluation of the quality of obtu-
ration of primary teeth so far. Accordingly, on each
cross-sectional image of each root, the highest volume
of root filling material and the largest surface area of the
root were evaluated. Thus, the risk of bias due to the
condensation of filling material in oblique sections was
completely eliminated, and the HU of each section coul-
d be precisely compared with the HU of other sections
and groups. Of different rotary systems, those with the
highest resemblance to hand files in terms of adaptation
to the canal walls, apical diameter, number of files, and
technique of use were selected for the present study for
the purpose of standardization as much as possible [28].

The results showed significantly higher average and
maximum HU in the Reciproc group followed by
Mtwo, Gentlefile, and hand files. The difference in min-
imum HU was not significant among the groups. The
studies that compared the quality, volume, and density
of primary root fillings reported higher obturation quali-
ty and density in canals instrumented with rotary sys-
tems, irrespective of file type, compared with hand files
[3, 4,9, 32, 46-47]. Since higher quality of obturation in
rotary files, compared with hand files, may be due to
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better root canal instrumentation by rotary systems, it
appears that the root canal shape after preparation with
NiTi files is more conical, resulting in better delivery of
root filling material into the canal [2, 4]. Since roots
with 8-12mm length were included in the present study,
the orifice of the canals in the preparation process was
at 8-12mm level from the file tip. The approximate
cross-sectional diameter of Reciproc file at this length
ranges from 0.88-1.05mm while that of Mtwo file is
0.50 to 0.70mm. Thus, the canal orifice after preparation
in the Reciproc group would be larger than that in the
Mtwo group. It appears that the increase in diameter
results in a denser filling and enables easier delivery of
root filling material into the canal. Thus, the Reciproc
group showed the highest maximum HU, indicating
maximum density of obturation. The cross-sectional
diameter of the canal at this length is 0.54 to 0.70 mm
for Gentlefile. The cross-sectional diameter of Mtwo
and Gentlefile is the same; however, since the cross-
sectional design of files probably affects their canal
instrumentation efficacy [48], the S-shaped cross-
sectional design and deep cutting blades of Mtwo [5]
probably enhance easier delivery and better packing of
ZOE in the canal, leading to higher obturation density in
Mtwo, compared with Gentlefile group.

The present results revealed the presence of voids
and underfillings in all four groups, with no significant
difference among them. This finding was in line with
the results of Govindaraju et al. [49]. However, Panchal
et al. [50] reported lower frequency of underfilling in
Kedo-S compared with H-file and K-file groups. This
difference may be attributed to the type of rotary system
used in their study, which was a single-file system ex-
clusive to primary teeth. It has a 12-mm cutting blade,
and therefore, can better prepare the apical region [32].
Boonchoo et al. [47] evaluated primary mandibular
molars and reported significantly higher frequency of
underfilling in the mesial canal of the teeth in the hand
file group. The reason may be the different filing
movements, low elasticity of the files, and larger apical
barrier due to greater extrusion of debris through the
apex in this method that result in less preparation of the
apical region. Overfilling was significantly more fre-
quent in the mesial canals of the teeth in Wave 1
Reciproc rotary system group because in this system,
preparation should be continued until the file becomes
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loose in the canal, which increases the risk of over-instr-
umentation [47]. Since root canals with specific criteria
were included for standardization, the results may not
be generalizable to narrower and curved root canals in
primary teeth, and further investigations are required. In
addition, equalization of the tip and taper size of the
four systems were not possible since they are not specif-
ically manufactured for the root canals of deciduous
teeth. Therefore, future studies are suggested to assess
newly introduced rotary systems in pediatric dentistry.

Conclusion

Within the limitations of this study, results showed that
all systems caused deviation from the original canal
path towards mesial/distal and buccal/lingual, and none
of the systems had ideal centering ability. No significant
difference existed in canal transportation and centering
ability among hand files, Mtwo, and Reciproc (p> 0.05).
It appears that the Gentlefile system generally caused
greater transportation and had lower centering ability
compared with other systems. In addition, voids and
underfilling were seen in all systems. Reciproc showed
the highest obturation density followed by Mtwo, Gen-
tlefile, and hand files. Considering easier and faster root
canal preparation among the mentioned filling systems,
Reciproc and Mtwo would probably lead to better canal
anatomy preservation and obturation quality in wider
canals of deciduous teeth.
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