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Abstract

Background: The purpose of the study was to compare pediatric rotary files with
hand K-files regarding the amount of dentin removal, root canal transportation, root
canal surface area and volume in primary mandibular second molars using Cone-Beam
Computed Tomography (CBCT). Methods: A total of 36 primary teeth were randomly
divided into four groups; K-file, Fanta AF Baby file, EndoArt Ni-Ti Pedo file Gold Kit,
MiniSCOPE Ni-Ti Gold Pediatric file. Samples were imaged with CBCT before and
after canal instrumentation. For root canal surface area and volume measurements, 3-
Matic (Materialize, Belgium) software was used. Linear measurements were performed
using NNT iRYS software. Data analysis was conducted using the Dunn’s test and the
Kruskal Wallis test. A significance level of p < 0.05 was used. Results: Compared
to pediatric rotary files, the K-file was shown to remove a statistically greater amount
of dentin at the coronal level (p = 0.032). The difference in dentin thickness with
the K-file was significantly greater than with the EndoArt file (p = 0.017) and the
MiniSCOPE file (»p = 0.007). The volume difference with the MiniSCOPE file was
significantly less than with the Fanta file (p = 0.002) and the EndoArt file (p = 0.032).
Root canal transportation was significantly greater with the K-file compared to the Fanta
AF Baby file in both the oblique (p = 0.031) and buccal-lingual (p = 0.006) directions.
Conclusions: Pediatric rotary files could be considered an efficient alternative to the
hand K-file in biomechanical instrumentation. Three dimensional analysis can provide
better comprehensive approach to evaluating the pediatric rotary instruments.
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1. Introduction

Primary teeth are crucial for a child’s growth and development,
aiding in chewing, speech and aesthetics, preventing abnormal
oral habits and preserving space until permanent teeth erupt
[1]. Root canal treatment is often the last option for preserving
primary teeth when the pulp tissue is irreversibly destroyed
by trauma or dental caries [2]. For successful root canal
treatment, maintaining the integrity of the radicular anatomy,
removing debris and shaping the root canals to serve as path-
ways for irrigants and proper obturation materials are essential
[3]. However, the procedure is considered challenging and
time-consuming due to complex anatomical structures, such
as accessory canals, thin and tortuous anastomotic canal roots,
dynamic changes in the root apex, proximity to the permanent
tooth germ and difficulties with behavioral management [4, 5].

Biomechanical preparation is the most crucial step in root
canal treatment for primary teeth and it is typically prioritized
during canal debridement [6]. Hand files are the most generally
used and conventional approach for biomechanical prepara-

tion; however, manual preparation techniques have drawbacks
such as time-consuming, prone to iatrogenic problems such
as ledging, zipping, canal transportation, apical blockage [7].
To address these drawbacks, Barr ef al. [&] introduced Ni-
Ti rotary files in pediatric endodontics, using ProFile 0.04
tapered rotary instruments. This approach has been found to
be faster, more cost-effective, and to provide more consistent
results. It is highly effective for cleaning the irregular walls
of primary root canals and shaping them uniformly, leading
to high-quality obturation outcomes [9, 10]. Rotary files,
designed primarily for the anatomy of permanent teeth, can be
challenging to use on pediatric patients due to limited mouth
opening and the risk of lateral perforations in the curved root
canals of primary teeth [11, 12]. To overcome these challenges,
novel pediatric rotary file systems have been developed, fea-
turing modifications in taper, length and tip size specifically
for primary teeth.

From a clinical standpoint, it is crucial to assess the shap-
ing abilities of these endodontic instruments. A number of
methods, such as radiography, histological sectioning, electron
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microscopy, stereomicroscopy, computed tomography (CT),
cone-beam CT (CBCT) and micro CT, have been employed
to evaluate the shaping abilities of endodontic instruments.
CBCT, a new non-invasive 3-Dimensional (3D) digital imag-
ing technique, enables faster image acquisition and reconstruc-
tion, producing high-quality and accurate images of the root
canals [2, 13].

Given the current lack of data on the amount of dentin
removed by different root canal preparation files used in pri-
mary teeth, the purpose of this study was to compare pediatric
rotary files (Fanta AF Baby, MiniSCOPE Gold Pediatric Files,
EndoArt Ni-Ti Gold Pedo Kit) with hand K-files in terms of
dentin removal, root canal surface area, root canal volume
and root canal transportation in primary mandibular second
molars using CBCT imaging. Our first hypothesis is that pe-
diatric rotary files remove more dentin tissue during root canal
preparation compared to the hand K-file system, resulting in
greater changes in root dentin thickness, root canal surface
area and root canal volume. Our second hypothesis is that root
canal transportation after preparation is less in pediatric rotary
instrument systems than in hand K-file systems.

2. Materials and methods

2.1 Teeth selection and storage

Human mandibular second primary molars that had not un-
dergone endodontic treatment and for which extraction was
the sole treatment option were obtained from clinic of the
Pediatric Dentistry Departments at Altinbas University and
Istanbul University-Cerrahpasa, between February 2024 and
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June 2024. Teeth extracted due to orthodontic treatment or
over-retention past the age of exfoliation were also collected
for the study. To ensure sample homogeneity, all teeth were
examined radiographically and clinically prior to the study’s
begin. The study included only teeth with distal and mesial
roots measuring at least 7 mm in length, and pre-operative
cone-beam computed tomography (CBCT) images showing
standardized canal curvature angles (10°-20°) and radii (>8
mm) [ 14]. Teeth with calcification or internal and external root
resorption were excluded. To eliminate any residual soft tissue,
the chosen teeth were cleaned and rinsed under running water.
They were then kept in a 0.1% thymol solution and used for
study within one month.

2.2 Sample size calculation and
randomization

Based on a prior study [15] the sample size was calculated
using G*Power 3.1.9.4 (Franz Faul, Universitit Kiel, Kiel,
SH, Germany). It was determined that a total of 9 samples
per group were required to obtain 80% power at an alpha
significance level of 5% and an effect size 0f 0.595. As aresult,
the sample size comprised a total of 36 samples, with 9 samples
in each group.

The randomization procedure was carried out by an indepen-
dent investigator (SO). Through the use of the random number
generator tool on the random.org website, 36 primary second
molar teeth having met the inclusion criteria were divided into
4 groups. Teeth were allocated numbers from one to nine in
each group. Flow chart of the study is represented in Fig. 1.

36 Human Mandibular
Second Primary Molar

Randomization

A\ 4 A 4

A 4 A 4

Fanta AF Baby File

K-File group (n = 9) group (n = 9)

EndoART Ni-Ti Pedo MiniSCOPE Ni-Ti
File Gold Kit group Gold Pediatric File
(n=9) group (n = 9)

Pre-instrumentation CBCT imaging

Root canal instrumentation according to file system

Post-instrumentation CBCT imaging

Digital Morphological Measurement

FIGURE 1. Flow chart of the study. CBCT: Cone-Beam Computed Tomography.
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2.3 Root canal instrumentation of teeth

To ensure standardization, all clinical procedures were carried
out by a single qualified operator (SB) with ten years of
expertise treating patients with rotary files.

The endodontic access cavity was prepared using No. 802
round diamond bur (Frank Dental, Germany) under water/air
coolant. Once the pulp chamber had been thoroughly
irrigated with 2.5% sodium hypochlorite, a #10 K-file
(Dentsply/Maillefer, Ballaigues, Switzerland) was introduced
into the root canal until its tip appeared through the apical
foramen. 1 mm below the apical foramen served as the
working length.

K-File group (n = 9)—The root canals were manually
shaped using a step-back approach with 21 mm stainless steel
K-files of 0.02 taper, beginning with size #15 and finishing
with size #30 (Dentsply Maillefer, Ballaigues, Switzerland),
utilizing the quarter turn-pull technique.

Fanta AF Baby File group (n = 9)—The root canals were
shaped with the Fanta AF Baby file rotary system (Fanta
Dental, Shanghai, China) in the following order, per the manu-
facturer’s recommendation: 17/0.08, 20/0.04 (yellow), 25/0.04
(red) and 30/0.04 (blue) at 350 rpm with 2 Ncm torque setting.
The Fanta AF Baby File is made from nickel-titanium (Ni-Ti),
features a tapered design, and has a triangular cross-section.
The file typically has a non-cutting tip [16].

EndoArt Ni-Ti Pedo File Gold Kit group (n = 9)—The root
canals were prepared with the EndoArt Ni-Ti Pedo Gold Kit
(Inci Dental, Istanbul, Tiirkiye) rotary system according to
the recommended sequence by the manufacturer as follows:
20/0.04 (yellow), 25/0.04 (red) and 30/0.04 (blue) at 350 rpm
with 2 Ncm torque setting. The EndoART Ni-Ti Pedo File
Gold Kit is made from nickel-titanium (Ni-Ti) with a gold
heat treatment [17]. It features a convex triangular cross-
section and a non-cutting tip (https://incidental.com.
tr/endoart-pedo-gold-46).

MiniSCOPE Ni-Ti Gold Pediatric File group (n = 9)—The
root canals were prepared with the MiniSCOPE Ni-Ti Gold
Pediatric File (Gtech Dizayn Dental Medikal, Yozgat, Tiirkiye)
rotary system following the manufacturer’s instructions. The
adopted file sequences were 20/0.04 (yellow), #25/0.04 (red)
and #30/0.04 (blue) respectively at 350 rpm with 2 Ncm torque
setting. The MiniSCOPE Ni-Ti Gold Pediatric File is made
from nickel-titanium (Ni-Ti) with a gold heat treatment. The
files feature a tapered design, offering a high degree of flexi-
bility and typically have an equilateral triangle cross-section.
They also have a non-cutting tip [18].

All rotary files were activated by Endo-Mate TC2 (NSK,
Kanuma, Japan) endo-motor. The crown-down method was
used to prepare the root canals in groups of rotary files.

The files were lubricated with 17% Ethylenediaminete-
traacetic acid (EDTA) gel (3GPRE7131, RC-Prep, Premier
Dental Products, Philadelphia, PA, USA) during root canal
instrumentation. Between each file, root canals were irrigated
with 2.5% sodium hypochlorite followed by saline in all
groups. A side-vented needle (Shinhung, China) with a gauge
of 30 was used for irrigation. To ensure uniformity in root
canal instrumentation, each hand file and rotary file was
used on a maximum of five teeth before discarded [19, 20].

The operator instrumented five teeth to counteract potential
operator fatigue-related bias in root canal preparation.

2.4 Radiographic data acquisition

The examiner (HA) was blinded during the CBCT image as-
sessment to minimize potential bias in the evaluation process.
Specimens were assigned random letter codes after preparation
to ensure blinding. The blinding process was maintained
during radiological procedures, including image production
and analysis. Information related to the file system used for
sample preparation was securely stored.

All the procedures for the four groups were done by a single
calibrated operator. Intra-examiner reliability was determined
for the three samples used for the pilot study where Intraclass
Correlation Coefficient (ICC) values for the dentin thickness
(ICC = 0.923), dentin volume (ICC = 0.901), surface area
(ICC=0.930), root canal transportation (ICC =0.910) showed
excellent agreement which indicates good reliability.

Samples were imaged with MyRay X9 Pro (Cefla s.c.,
Imola, Italy) CBCT device with a 4 cm x 4 cm Field of View
(FOV) in “Super High Definition (HD)” mode. All specimens
were imaged with constant pulsed 90 kVp, 8 seconds
irradiation time and 68 pm theoretical resolution, while the
tube current was determined in real time with the device’s
“Morphology Recognition Technology”. Selected specimens
were imaged at two separate sessions for before and after root
canal preparation, including one sample at a time. Samples
that were found to be inappropriate during the first imaging
due to root configuration or other reasons were excluded from
the study. To fix the specimens during imaging, a piece of
sponge was fixed on a wooden stick and a notch was created
on it. This assembly was fixed to the chin support apparatus
of the device. The specimens were placed in the notch in
an upright position. The position of the specimens and their
presence in the imaging field were ensured by anteroposterior
and lateral scout images. Device data were processed and
recorded with the NNT iRYS software 15.0 (Cefla s.c., Imola,
Italy). Coronal and axial section of the sample in the CBCT
were shown in Fig. 2. Linear measurements were performed
in the device own software, while volumetric data for surface
and volume calculations were exported in axial, coronal and
sagittal slices in Digital Imaging and Communications in
Medicine (DICOM) format and numbered.

2.5 Digital morphological measurements
and calculations

Linear measurements were performed in iRYS software, and
each tooth root was measured independently. For this, the
vertical axis of the tooth root to be measured was first aligned.
Then, in the coronal, middle and apical third, measurements
were made on selected slices. The distance between the outer
border of the root canal and the outer border of the dentin was
measured in the respective slices, separately for the mesial,
distal, buccal and lingual/palatinal directions. Root canal
transportation was calculated using the following three formu-
las [21, 22]:
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FIGURE 2. Coronal and axial section of the sample in the CBCT. A: Anterior; R: Right; P: Posterior; T: Top; B: Bottom.

Mesio — distal transport (M DT)
= |(D1 — D2) — (M1 — M2)]

Bucco — lingual transport (BLT)
= |(B1 — B2) — (L1 — L2)|

Oblique transport = vV MDT? + BLT?

In these formulas, D/ represents the distal side before and
D2 after preparation; M1 represents the mesial side before and
M?2 after preparation; B/ represents the buccal side before and
B2 after preparation; and L/ represents the lingual/palatinal
side before and L2 after preparation (Fig. 3). Oblique transport
was calculated using the amount of displacement in these two
perpendicular axes and the Pythagorean theorem.

For surface and volume measurements, CBCT data in DI-
COM format were transferred to MIMICS 17.0 (Materialise
Technologies, Leuven, Belgium) software, the tooth structures
were segmented and the obtained surfaces were transferred
to 3-Matic 17.0 (Materialise Technologies, Leuven, Belgium)
software (Fig. 4).

The radiographic volumes acquired before and after
preparation were superimposed using the point-registration
technique and artificial notches on the specimens (Fig. 5).
Before the measurements, each tooth root was separated
from the crown and become independent. In determining the
effect on the root canal surface area, the surface calculated
after preparation was subtracted from the surface calculated
before preparation. To determine the volumetric effect, the
volumetric data before and after preparation were subtracted
from each other by applying Boolean operation and the area
remaining in the root canal was calculated.

2.6 Statistical analysis

All data were assessed with SPSS software (ver. 22.0;
IBM, Armonk, NY, USA). An analysis of the data’s normal
distribution using the Shapiro-Wilk test was conducted. The
Kruskal Wallis test was utilized for inter-group comparisons
of the parameters, and Dunn’s test was employed to identify
the group causing the difference. Descriptive statistical
methods, including mean, standard deviation and median,
were also applied. Intra-group comparisons of parameters
were conducted using the Friedman test and the post hoc
Wilcoxon sign test. Spearman’s rho correlation analysis was
used to evaluate the correlation between the parameters. A
significance level of p < 0.05 was used.
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FIGURE 3. Linear measurements were made utilizing CBCT data and the vertical level of the root was determined in
cross-sections. Dentin thicknesses were measured in the mesial, distal, buccal and lingual/palatinal direction in each horizontal

section. T: Thickness; S: Space; b: Buccal.
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FIGURE 4. 3-dimensional images demonstrating the dentine thickness and the structure of the internal root canals. (A)
3-dimensional image of the tooth before preparation; (B) 3-dimensional image of root canals before preparation; (C) 3-dimensional
image of the tooth after preparation; (D) 3-dimensional image of root canals after preparation.

3. Results

3.1 The amount of dentin removal

Table 1 shows the amount of dentin removed at the coronal,
middle and apical levels both inter- and intra-group. The
amount of dentin removed differed statistically significantly
between groups at both the coronal (p = 0.032) and apical
(p = 0.013) levels. At the coronal level, the K-file removed
significantly more dentin compared to the other files, whereas
at the apical level, the MiniSCOPE file removed significantly
less dentin than the other files. Within the K-file group,
the amount of dentin removed differed significantly between

all levels (p = 0.004). In the K-file group, the amount of
dentin removed at the coronal level was significantly greater
compared to the middle (p = 0.026) and apical (p = 0.026)
levels.

Table 2 shows the mean and median values for dentin re-
moval both intra and inter-group at the coronal, middle and
apical levels with regard to the buccal, lingual, mesial and
distal sides of the root.

3.2 Dentin thickness

Table 3 shows the difference in dentin thickness before and
after instrumentation. In terms of mean dentin thickness dif-
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FIGURE 5. The area and volume measurements of each tooth root were calculated independently by separating the
roots from the tooth. The image shows the segmentation results of three different tooth roots under different conditions.
(A) Root canal shape before preparation; (B) Root canal shape after preparation; (C) Overlapping of the root canal before and
after preparation; (1) Mesio-buccal canal; (2) Mesio-lingual canal; (3) Distal canal.

TABLE 1. The mean and median values for the amount of dentin removed inter and intra groups at coronal, middle
and apical levels.

K-File Fanta File EndoArt File MiniSCOPE File 1
Mean + SD (Median) Mean & SD (Median) Mean + SD (Median) Mean £ SD (Median) P
Coronal  0.38 4 0.16 (0.45)4%  0.1540.06 (0.13)%  0.18 +0.03 (0.18)*8  0.13 4 0.07 (0.15)7 0.032*
Middle 0.18 + 0.07 (0.15)° 0.25 + 0.15 (0.23) 0.06 + 0.09 (0) 0.14 + 0.09 (0.18) 0.082
Apical 0.15 4 0.04 (0.15)4® 0.25 4 0.14 (0.3)4 0.14 +0.07 (0.13)4 0.07 £ 0.01 (0.08)2 0.013*
2p 0.004* 0.834 0.069 0.513

A:B There is no significant difference between values with the same capital letter in the same row.
@b There is no significant difference between values with the same lowercase letter in the same column.

Bold numbers indicate significance.

' Kruskal Wallis Test; 2Friedman Test; *p < 0.05; SD: Standard Deviation.

ferences, there was a statistically significant difference (p =
0.020) between the file groups. As a result of the post hoc
Dunn’s test, the dentin thickness difference in the K-file group
was significantly greater than that in the EndoArt file group (p
=0.017) and the MiniSCOPE file group (p = 0.007).

3.3 Dentin volume

The difference in dentin volume before and after instrumenta-
tion is shown in Table 4. A statistically significant difference in
dentin volume was found between the file groups (p = 0.002).
The post hoc Dunn’s test revealed that the volume difference
in the MiniSCOPE file group was significantly lower than in
the Fanta file group (p = 0.002) and the EndoArt file group (p
=0.032).

3.4 Surface area

The difference in dentin surface area before and after instru-
mentation is shown in Table 5. A statistically significant
difference in surface area was found between the file groups (p
=10.001). The post hoc Dunn’s test indicated that the surface
area difference in the MiniSCOPE file group was significantly
lower than that in the K-file group (p = 0.033), the Fanta file

group (p = 0.001), and the EndoArt file group (p = 0.022).

3.5 Correlation of dentin volume and
surface area with dentin thickness

The correlation between dentin volume and surface area with
dentin thickness is presented in Table 6. In the EndoArt file
group, dentin thickness and surface area showed a strongly
significant correlation (» = 1.000; p = 0.001). Accordingly,
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TABLE 2. The mean and median values for the amount of dentin removed inter and intra groups at coronal, middle
and apical levels in terms of buccal, lingual, mesial and distal surface.

K-File Fanta File EndoArt File MiniSCOPE File
Mean £ SD (Median) Mean &+ SD (Median) Mean + SD (Median) Mean £ SD (Median)

Mesial

Coronal  0.30 4 0.18 (0.3) 0.20 £ 0.15 (0.1) 0.17 £ 0.14 (0.2) 0.10 & 0.09 (0.1)®

Middle 0.23 £ 0.14 (0.2) 0.20 £ 0.09 (0.2) 0.10 £ 0.15 (0) 0.17 £ 0.14 (0.2)°

Apical 0.23 £ 0.14 (0.2)4 0.13 £ 0.1 (0.2)45 0.20 + 0 (0.2)4 0.03 =+ 0.05 (0)B¢

2p 0.513 0.247 0.580 0.024*
Buccal

Coronal  0.27 4 0.05 (0.3) 0.13 £ 0.14 (0.1) 0.17 & 0.26 (0) 0.13 4 0.05 (0.1)

Middle  0.20 £ 0.09 (0.2)*2  0.23 £ 0.05 (0.2)7 0.07 & 0.10 (0)* 0.07 & 0.10 (0)*

Apical  0.13 £ 0.05 (0.1)45 0.37 + 0.26 (0.2)5 0.1 +0.09 (0.1)4 0.03 4 0.05 (0)*

2p 0.055 0.580 0.751 0.135
Distal

Coronal  0.27 & 0.05 (0.3)® 0.23 £ 0.1 (0.3) 0.13 £ 0.05 (0.1) 0.27 4 0.14 (0.3)

Middle 0.07 & 0.10 (0 0.20 & 0.15 (0.1) 0.07 & 0.1 (0) 0.20 & 0.09 (0.2)

Apical 0.10 & 0 (0.1)® 0.17 £+ 0.14 (0.2) 0.07 & 0.1 (0) 0.07 & 0.10 (0)

2p 0.009* 0.247 0.247 0.280
Lingual

Coronal ~ 0.70 4 0.47 (0.9)4 0.03 & 0.05 (0)5 0.27 £ 0.05 (0.3)4¢ 0.03 £ 0.05 (0)2

Middle 0.23 +0.14 (0.2)4 0.37 + 0.42 (0.2)4° 0+ 0 (0)B° 0.13 +0.10 (0.2)4

Apical 0.13 £ 0.05 (0.1) 0.33 £ 0.19 (0.4)" 0.20 & 0.09 (0.2)* 0.13 4 0.14 (0.1)

2p 0.074 0.022* 0.004* 0.074

A:B There is no significant difference between values with the same capital letter in the same row.
@b There is no significant difference between values with the same lowercase letter in the same column.

Bold numbers indicate significance.

L Kruskal Wallis Test; >Friedman Test; *n < 0.05; SD: Standard Deviation.

TABLE 3. The mean and median values of dentin thickness difference between groups.

Dentin thickness difference
Mean + SD (Median)

K-File 0.24 & 0.07 (0.25)°
Fanta File 0.22 & 0.09 (0.25)2
EndoArt File 0.13 & 0.04 (0.13)°
MiniSCOPE File 0.11 £ 0.05 (0.14)®
) 0.020*

@b There is no significant difference between values with the same lowercase letter in the same column.

Bold numbers indicate significance.

Kruskal Wallis Test; *p < 0.05; SD: Standard Deviation.

TABLE 4. The mean and median values of dentin volume difference between groups.

Dentin volume difference
Mean + SD (Median)

K-File 0.66 = 0.28 (0.76)2
Fanta File 1.17 4+ 0.38 (1.01)®
EndoArt File 0.98 & 0.60 (0.84)°
MiniSCOPE File 0.28 = 0.09 (0.28)"
p 0.002*

@b There is no significant difference between values with the same lowercase letter in the same column.
Bold numbers indicate significance.
Kruskal Wallis Test; *p < 0.05; SD: Standard Deviation.

0.215
0.418
0.009*

0.182
0.015*
0.003*

0.077
0.071
0.336

0.001*
0.021*
0.123
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TABLE 5. The mean and median values of dentin surface area difference between groups.

K-File

Fanta File
EndoArt File
MiniSCOPE File

p

Surface area difference
Mean £ SD (Median)

2.88 £ 0.85 (2.93)°
4.52 £ 1.06 (3.85)°
2.88 £ 0.67 (3.14)
0.94 £ 0.17 (1.03)°
0.001*

@b There is no significant difference between values with the same lowercase letter in the same column.

Bold numbers indicate significance.
Kruskal Wallis Test; *p < 0.05; SD: Standard Deviation.

TABLE 6. Dentin volume and surface area correlation with dentin thickness.

Dentin thickness
p

K-File

Dentin volume —0.500 0.312

Surface area —0.500 0.312
Fanta File

Dentin volume 0.500 0.312

Surface area —0.500 0.312
EndoArt File

Dentin volume 0.500 0.312

Surface area 1.000 0.001*
MiniSCOPE File

Dentin volume 1.000 0.001*

Surface area —0.500 0.312

Spearman’s rho correlation test; *p < 0.05.
Bold numbers indicate significance.

there was a linear correlation between dentin thickness and
surface area, with an increase in dentin thickness difference
being correlated with an increase in surface area difference. In
the MiniSCOPE file group, dentin thickness and dentin volume
also showed a strongly significant positive correlation (r =
1.000; p = 0.001). As a result, there was a linear correlation
between dentin thickness and dentin volume, with an increase
in dentin thickness difference being correlated with an increase
in dentin volume difference.

3.6 Root canal transportation

The comparison of root canal transportation buccolingually,
mesiodistally and obliquely both inter and intra-groups is
shown in Table 7.

Buccolingually, canal transportation at the coronal level was
notably greater in the K-file group compared to both the Fanta
file group (p = 0.006) and the MiniSCOPE file group (p =
0.017). Conversely, at the apical level, canal transportation
was significantly lower in the K-file group compared to the
Fanta file group (p = 0.014). Within the K-file group, canal
transportation at the coronal level was significantly higher than
at the middle (p = 0.026) and apical (p = 0.023) levels. In the

EndoArt file group, canal transportation at the coronal level
was significantly greater compared to both the middle (p =
0.023) and apical (p = 0.014) levels. In the MiniSCOPE file
group, canal transportation at the apical level was significantly
greater than at the middle level (p = 0.014).

Mesiodistally, canal transportation at the middle level was
significantly less in the EndoArt file group compared to both
K-file group (p = 0.018) and the Fanta file group (p = 0.023).

Obliquely, canal transportation at the coronal level was
significantly greater in the K-file group compared to the Fanta
file group (p = 0.031), while canal transportation at the apical
level was significantly less in the EndoArt file group compared
to the Fanta file group (p = 0.015). Within the K-file group,
canal transportation at the coronal level was statistically greater
than at the middle (p = 0.026) and apical (p = 0.026) levels,
and canal transportation at the middle level was statistically
greater than at the apical level (p = 0.026). In the EndoArt
file group, canal transportation at the coronal level was signif-
icantly greater compared to both the middle (p = 0.026) and
apical (p = 0.023) levels.
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TABLE 7. The mean and median values for root canal transportation buccolingually (B-L), mesiodistally (M-L) and
obliquely in inter and intra-groups.

K-File Fanta File
Ort & SD (Median) Ort £+ SD (Median)
B-L
Coronal  0.50 + 0.32 (0.6)*¢ 0.10 £ 0.15 (0)2
Middle 0.17 4 0.14 (0.2)° 0.33 +0.29 (0.2)
Apical 0.07 £ 0.05 (0.1)4*  0.23 £0.10 (0.3)%
2p 0.032* 0.513
M-D
Coronal 0.17 £ 0.14 (0.2) 0.1 +0.09 (0.1)
Middle 0.17 £ 0.05 (0.2)4 0.13 £ 0.1 (0.2)4
Apical 0.13 £ 0.14 (0.1) 0.1 4 0.15(0)
2p 0.580 0.751
Oblique
Coronal  0.56 + 0.28 (0.6)A*  0.20 + 0.09 (0.2)%
Middle  0.26 & 0.08 (0.22)A58%  0.38 + 0.27 (0.22)4
Apical 0.15 £ 0.14 (0.14)° 0.27 £ 0.14 (0.3)
2p 0.002* 0.513

EndoArt File MiniSCOPE File
Ort 4+ SD (Median) Ort 4+ SD (Median) p
0.30 £ 0 (0.3)4B¢ 0.10 £ 0 (0.1)Ba® 0.009*
0.07 £ 0.1 (0)° 0.07 £ 0.10 (0)* 0.091
0.10 £ 0 (0.1)A5BY 0.17 4 0.10 (0.1)A B 0.015*
0.009* 0.041*
0.17 + 0.05 (0.2) 0.23 +0.21 (0.1) 0.585
0.03 & 0.05 (0)2 0.10 £ 0 (0.1)48 0.020*
0.07 £ 0.1 (0) 0.2 4 0.09 (0.2) 0.222
0.094 0.135
0.35 £ 0.02 (0.36)25¢  0.26 £ 0.19 (0.14)45 0.019*
0.07 £ 0.11 (0)B® 0.14 £ 0.06 (0.1)4B 0.036*
0.14 4 0.06 (0.1) 0.26 + 0.13 (0.22) 0.193

0.009* 0.069

4B There is no significant difference between values with the same capital letter in the same row.
@b There is no significant difference between values with the same lowercase letter in the same column.

Bold numbers indicate significance.

L Kruskal Wallis Test; 2Friedman Test; *n < 0.05; SD: Standard Deviation.

4. Discussion

Anatomically, the complex and intracte structure of primary
teeth (existence of accessory canals, ramifications and tortur-
ous root canal anatomy) makes biomechanical preparation an
important step [23]. From the past to the present, various
file systems have been used for biomechanical preparation in
endodontic treatment of primary teeth. Therefore, the aim of
this in vitro study was to evaluate the dentin removal amount,
root canal surface area, root canal volume, and root canal trans-
portation of pediatric rotary files (Fanta AF Baby, MiniSCOPE
Gold Pediatric Files, EndoArt Ni-Ti Gold Pedo Kit) compared
to hand K-files using CBCT.

The findings of the current study rejected the first hypothe-
sis, as the amount of dentin removed at the coronal level was
found to be statistically greater with the hand K-file system
compared to the Fanta AF Baby and MiniSCOPE pediatric
rotary file systems. Ideally, preserving at least 1 mm of
dentin on all surfaces of the root is critical for maintaining
the tooth’s structural integrity and resistance to fractures fol-
lowing root canal preparation [24]. The goal of root canal
preparation is to expand the canal without compromising the
tooth’s structural strength. Therefore, maintaining an adequate
amount of remaining dentin, particularly in the coronal area,
is crucial for preserving the tooth’s resistance to fractures
[25, 26]. Previous studies have noted that, at the coronal
third, the hand K-file removed significantly more dentin than
the Kedo-S rotary file in the axial cut of CBCT images [20,
27], with some suggesting that this may be due to clinicians’
tendency for more vigorous instrumentation in the coronal

third [28]. Additionally, the change in dentin thickness was
greater with the hand K-file system than with the EndoArt and
MiniSCOPE pediatric rotary file systems. These findings can
be explained through alterations in the design of the file. K-
files are stainless steel wire files with tougher cross-sections
that can press laterally against the dentin walls, providing
effective debridement. This can result in an uncontrollable and
violent cutting action of stainless steel hand K-files [29, 30].
Furthermore, these findings could be attributed to Fanta AF
Baby files’ controlled memory wire technology, which adapts
to various canal morphologies without straightening [2, 16].
Fanta AF Baby files, as defined by the manufacturer, are
controlled memory (CM) files in which the instruments can be
pre-curved prior to being inserted into the root canals because
the CM wires are produced using a unique thermomechanical
method. As curved canals are being prepared, these files often
adjust to the shape of the canal rather than totally straight-
ening. Additionally, this technique aids in achieving stable
martensitic at body temperature, decreases form memory, and
enhances flexibility. The file is triangular in cross-section,
16 mm long, and uses an advanced tip approach that avoids
generating steps [2].

The findings of this study are consistent with earlier studies
comparing the rotary Kedo-S files with hand K-files at the
middle and coronal levels [20, 27]. Conversely, Giligyetmez
et al. [5] found that in the coronal and middle thirds of
root canal, EndoArt rotary files removed more dentin than
hand K-files. The EndoArt Ni-Ti Pedo File Gold has an 18
mm length with a convex triangle cross-section design. The
manufacturer claims that the proprietary heat treatment process



greatly increases the flexibility and durability of the Ni-Ti
alloy wire (incidental). In contrast to our findings, Abd El
Fatah ef al. [2] found a significant difference in the amount
of dentin removed by the K-file, Fanta AF Baby file, and
Zuanba file in the middle third of the root canal, but not in
the coronal or apical thirds. Furthermore, Waly et al.’s [31]
study, which compared the hand K-file with Kedo-S and Pro
AF Baby Gold systems, found no significant difference in the
amount of dentin removed among all groups at any levels.

According to the manufacturer, MiniSCOPE pediatric files
are made from heat-treated nickel titanium alloy and feature
non-sharp, rounded safety tips. The files are designed with a
17-mm length and an equilateral triangle cross-section (triple-
blade 60°) [18&]. In current study, MiniSCOPE pediatric rotary
files removed less dentin at the apical level compared to other
rotary and hand K-files. This may be due to the MiniScope
files’ non-cutting safety tips, whereas stainless steel files ex-
hibit a more aggressive and uncontrolled cutting action. In
the literature, studies on MiniSCOPE pediatric rotary files
have mostly focused on cyclic fatigue resistance and surface
analysis [17, 32, 33]. Since studies comparing shaping abilities
of MiniSCOPE files to other pediatric rotary files have not been
conducted, this is the first study to compare MiniSCOPE files
with other rotary files in terms of shaping ability.

The amount of residual radicular dentin in the canal walls
should not be less than 0.3 mm to adequately protect the root
from occlusal and lateral stresses. This is likely the most
important iatrogenic element determining the root’s resistance
to fracture [34]. Additionally, in primary teeth, the tooth
exfoliates more rapidly as the thickness of the remaining dentin
decreases [27]. There is a positive correlation between dentin
removal and the aggressiveness of the root canal instrument
[3]. In present study, dentin removal with MiniSCOPE files
was found to be more rigorous and conservative. This may be
preferable for maintaining the integrity of primary root canals
with thin walls.

Root canal transportation refers to the unintended alteration
of the original canal curvature during the cleaning and shaping
process, which can lead to a number of complications in
root canal treatment. Transportation typically occurs when
files or instruments are not properly aligned with the natural
curvature of the root canal, resulting in the enlargement of
the canal or deviation from its original path [35, 36]. Root
canal transportation could lead to (i) insufficiently cleaned root
canals, leaving behind debris and lingering microorganisms,
(i) excessive removal of healthy dentin, potentially weakening
the tooth’s fracture resistance, and (iii) compromise to the
structural integrity of the root [36]. Regarding the impact
of root canal instrument design on canal transportation, it
can be concluded that: (i) instruments with modified non-
cutting tips are more effective at preserving the original canal
curvature compared to those with conventional tips; and (ii)
certain design features, such as cross-sectional shape, chip
space, flute depth, core diameter and spiral pitch, influence
the instrument’s ability to maintain canal curvature during
preparation [37-39].

The second hypothesis was partially rejected, as canal trans-
portation was statistically less with the hand K-file compared
to the Fanta Baby file apically in buccolingual direction. How-
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ever, the hand K-file showed statistically greater canal trans-
portation than the Fanta Baby file coronally in buccolingual
and oblique direction (second hypothesis was accepted). The
file length may affect canal transportation coronally, as the
hand K-file measures 21 mm, while the Fanta AF baby, the
EndoArt and MiniSCOPE pediatric rotary files measure 16, 18
and 17 mm, respectively [40]. These findings contrast with a
study by Abd El Fatah et al. [2], which found that the Fanta AF
Baby rotary file exhibited the greatest mesial transportation at
the apical third compared to the K-file and Zuanba rotary sys-
tem. In present study, the Fanta AF Baby file showed greater
apical transportation than the hand K-file and pediatric rotary
files in buccolingual direction, with no significant difference
in the mesiodistal and oblique directions among them. This
aligns with prior research indicating no statistically significant
difference in apical transportation values in the buccolingual
and mesiodistal directions between hand K-files and EndoArt
rotary files [5]. The results of the current study suggest that the
MiniSCOPE and EndoArt pediatric rotary files may be more
effective in preparation of canals with narrow apical diameters.

This study provides several novel insights. It is the first to
use three-dimensional software programs and CBCT to assess
root canal volume and surface area. The efficacy of rotary
instrument systems cannot be fully explained by a parameter
that solely evaluates dentin thickness in relation to specific
canal reference points. Therefore, by analyzing the surface
area and volume of the root canal, this study offers a com-
prehensive approach to evaluating pediatric rotary instruments.
Additionally, our study assessed root canal transportation not
only in the mesiodistal direction but also in the buccolingual
and oblique directions. While previous studies measured canal
transportation in a single horizontal section, this study ana-
lyzed the apical, middle, and coronal sections and compared
the efficacy of the files in these three regions.

The limitation of this study is the small sample size. Further
longitudinal or randomized controlled studies with larger sam-
ple sizes are recommended to confirm these findings in primary
molar teeth.

The findings highlight the trade-offs between dentin re-
moval efficiency and root canal preservation when using dif-
ferent instrumentation techniques. Clinicians should consider
these factors when selecting endodontic instruments for pedi-
atric patients to optimize both dentin preservation and canal
shaping. Further research with larger sample sizes and varying
conditions could provide more insights into the ideal instru-
mentation strategy for primary molars.

Although measures were taken to ensure standardisation of
the teeth in our study, the different morphology of the teeth is
one of the limitations of the study. Furthermore, since an in
vitro study does not normally replicate the oral environment,
total control over the experiment’s conditions is not possible.
Thus randomized studies are required in pediatric patients.

5. Conclusions

The following conclusions can be drawn in considering the
limitations of this in vitro study:

- Dentin thickness change was significantly greater in man-
ual K-file than in EndoArt and MiniSCOPE pediatric rotary
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files.

- Root canal volume and surface area changes were signifi-
cantly lower in MiniSCOPE files than in other pediatric rotary
files.

- Root canal transportation was greater in manual K-file than
Fanta AF Baby file in oblique and buccolingual direction.

This study demonstrated that pediatric rotary files offer a
promising alternative to hand K-files for root canal instru-
mentation in primary mandibular second molars. Overall, the
findings suggest that pediatric rotary files are efficient and
effective in preserving dentin integrity and maintaining canal
shape, making them a viable option for endodontic treatment
in primary teeth. Three-dimensional analysis, as employed
in this study, provides a more comprehensive understanding
of the biomechanical performance of different instruments,
supporting the use of rotary files in pediatric endodontics for
enhanced precision and safety.
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