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Root canal instrumentation of artificial
primary teeth with rotary and
reciprocating files: a micro-CT analysis

Abstract: This study compared the outcomes of two endodontic
instrumentation protocols (rotary or reciprocating files), using
artificial primary teeth and micro-computed tomography. Twenty-four
artificial primary molars were equally distributed into two groups of
12, according to the type of instrumentation - rotary files (Sequence
Baby NiTi Files©) or reciprocating files (X1-Blue File NiTi files©). The
following parameters were evaluated: root canal and dentin volumes,
canal transportation and centering ability, risk of root perforation, and
time of instrumentation. Statistically significant differences between
the two instrumentation protocols considering root canal transportation
and centering ability were identified. There was no difference in
dentin thickness, fractures, and cracks comparing preoperative and
postoperative time points for both endodontic files. Although the
time of instrumentation was shorter for reciprocating files, rotary
files promoted smaller root canal enlargement. Instrumentation with
reciprocating and rotary files proved generally safe for pulpectomy in
primary molars, promoting a negligible reduction in dentin volume,
canal transportation, and centering ability, thereby preserving dentin
thickness and lowering the risk of fractures.

Descriptors: Pulpectomy; Dental Instruments; Tooth, Deciduous.

Introduction

New methods for root canal debridement and shaping have been
studied to simplify and reduce the instrumentation time in primary teeth.!
Some in vitro and in vivo studies have evaluated the efficiency of rotary
endodontic files compared to conventional files in pediatric patients.>® In
in vitro studies, some parameters have been used to evaluate the efficacy
of biomechanical preparation of primary or permanent teeth, such as
shaping ability, root canal transportation, amount of dentin removal,
untouched canal surface area, and preparation time.** Most investigations
have demonstrated better root canal shaping, lower dentin wear, and
shorter working time using rotary files compared to hand files.** The
comparison between rotary and reciprocating files has shown that
reciprocating instrumentation systems in permanent teeth lead to faster
mechanical preparation of the root canal and a greater amount of dentin
debris.® The debris produced by reciprocating files are likely due to their
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cross-sectional design, higher cutting capacity, and
greater dentin removal.” In primary teeth, few in
vitro studies have compared rotary and reciprocating
files, with divergent results possibly stemming
from methodological differences."*® Some studies
have shown larger canal transportation and debris
accumulation with reciprocating instrumentation,*®
whereas other studies have not found reciprocating files
to be more efficient considering canal transportation
and average instrumentation time.'

Cone-beam computed tomography (CBCT) has been
used in endodontics to generate three-dimensional
images of teeth, helping clinicians to analyze root
canal morphology more accurately and without
the superimposition of anatomical structures.’ It is
important to note, however, that CBCT is a clinical
tool primarily used for diagnostic purposes. On the
other hand, microcomputed tomography (micro-CT)
produces ultrahigh-resolution 3D images with very
thin sections (up to 1um), which allows for a more
detailed assessment of root canal anatomy. Micro-CT
is mainly used in laboratory settings and is ideal
for in vitro studies, offering the ability to perform
precise comparisons between groups.’®" These
two techniques are distinct methodologies and not
directly comparable, given their different applications
and resolutions. An in vitro study demonstrated that
micro-CT provided highly detailed and accurate
data on root canal systems of primary teeth.'? On
the other hand, micro-CT can only be applied in
laboratory settings and it is unsuitable for clinical
use because of its extremely high radiation levels,
which are unsafe for humans.’

Studies comparing different root canal
instrumentation systems in primary teeth are
extremely limited due to the difficulty in collecting
natural teeth with adequate root length, given the
signs of root resorption typically observed when
these teeth are prematurely extracted as a result
of dental pathology, resulting in the exclusion of
these specimens from the studies.® To overcome this
limitation, artificial primary teeth with coronal and
root pulp have been used to evaluate the effectiveness
of new endodontic rotary files in primary teeth.>%%

Several types of artificial teeth are available as
root canal simulators such as three-dimensional
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printed replicas,**® resin teeth,'® ceramics, and
plastic blocks.''® Artificial teeth are currently
used for teaching various root canal treatment
techniques for reproducing the features of natural
teeth. In addition, artificial teeth do not offer a risk
of infection, are available in large numbers, allow
for a validated assessment through their uniformity,
and offer different anatomical challenges, enabling
the learning of standardized procedures.”®

Considering the anatomical specificities of
primary teeth and large variety of endodontic
systems, including a new generation of heat-treated
nickel-titanium (NiTi) files available in the market,
new studies are essential for establishing root
instrumentation protocols specifically designed for
primary dentition. The files selected for this study are
supported by the literature, but direct comparative
studies between them are still lacking. The objective
of this study was to compare the outcomes of
two endodontic instrumentation protocols using
rotary and reciprocating files, both with heat-
treated NiTi technology, in artificial primary teeth
and maxillary and mandibular primary molars,
assessed by micro-CT. The null hypothesis is that
there would not be differences between the two
endodontic instrumentation protocols considering all
evaluated parameters.

Methods

Teeth preparation and instrumentation
methods

Sample size was calculated based on data
from previous studies®'?using the freely available
G*Power software (v3.1.9.2), resulting in at least
25 canals per group, and to account for possible
losses, 30 canals were allocated to each group (n
=12 teeth per group). Twenty-four maxillary and
mandibular artificial primary molars with coronal
and root pulp (Denarte, Sdo Paulo, Brazil) were
selected and distributed into two groups of 12 (six
maxillary and six mandibular primary molars),
according to the type of instrumentation. Coronal
access to the root canals was performed by a single
operator with a high-speed water-cooled diamond
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bur (#FG1012, KG Sorensen Indtstria e Comércio,
Sdo Paulo, SP, Brazil), followed by a conical steel bur
with inactive tips (Endo Z, Maillefer Instruments,
Ballaigues, Switzerland).” The working length
(WL) was determined with a size #10 K file placed
2.0 mm short of the apical foramen.® The first group
of artificial molars (n = 12) was instrumented with
the SBF-Sequence Baby NiTi files© (SBF) (MKLife,
Porto Alegre, Brazil) following the manufacturer’s
recommended sequence: #17/08 (11 mm), #20/04,
#25/04, and #30/04 (16 mm) with 350 rpm and
1.5 N torque. The second group of artificial teeth
was initially instrumented with X1-Blue File Glide
Path© (MKLife, Porto Alegre, Brazil) #15/04 (25
mm) and then with X1-Blue File© (MKLife, Porto
Alegre, Brazil) reciprocating NiTi files (XBF) #25/06
(25 mm) with three pecking motions. All files were
attached to an endodontic motor (E-connect Pro®©,
MKLife) and the teeth were irrigated with 3 mL
of saline solution between each file change, using
a 20G NaviTip needle (Ultradent, Indaiatuba, Sao
Paulo, Brazil) inserted up to 2 mm with simultaneous
aspiration. The canals were dried with sterile
absorbent paper points. Instrumentation time was
recorded in seconds using a chronometer.**

Micro-CT registration

Micro-CT registration was conducted as described
in previous studies®®*** and performed by the same
operator. Briefly, the teeth were scanned before and
after mechanical preparation with a high-energy
microcomputed tomograph (SkyScan 1272; Bruker
Micro-CT, Kontich, Belgium) using the following
acquisition parameters: 70 kV X-ray tube voltage,
142 pA anode current, and a voxel size of 14 um.
Only one specimen was scanned at a time. Scans
were acquired at a resolution of 1,344 x 896 pixels,
using a 0.5 mm-thick Al filter, 880 ms exposure,
frame average of 3, random movement of 10. Images
were captured with a 0.8° rotation step over 180°
resulting in a total scan time of approximately 23
min. A flat-field correction was performed before the
scanning procedure to correct variations in camera
pixel sensitivity. The images obtained before and
after preparation were reconstructed using NRecon
software (NRecon v.1.6.3; Bruker-microCT) and the

following parameters: post-alignment, smoothing,
ring artifacts, beam hardening corrections, and
contrast limits set between 0.04 and 0.5. A data
viewer software (Data Viewer v.1.5.1, Bruker, Kontich,
Belgium) was used to pair and standardize the same
position of specimens for all analyses. Quantitative
analyses were then made by the same operator using
CTAn software (CTAn v.1.14.4, Bruker, Kontich,
Belgium) by means of mathematical operations, as
described by Marciano et al.* The total length of
each canal was measured and split into three equal
parts corresponding to the canal thirds (coronal,
middle, and apical). Figure 1 shows micro-CT
reconstructions and cross-sections at all levels of
representative samples evaluated before and after
instrumentation using rotary and reciprocating
file protocols.

Root canal and dentin volume
measurements

In this study, although artificial primary molars
are resin-based (with an undisclosed composition), the
term “dentin” was used to facilitate comparison with
previous studies. Root canal initial and final volume
and dentin initial and final volume were obtained
for each canal third before and after preparation.
The percentage of root canal volumetric increase
(% volumetric increase) and the percentage of root
dentin volumetric decrease (% volumetric decrease)
were calculated using the following formulas:**

Final volume of root canal x 100
% root canal volumetric increase = -100
Initial root canal volume

Initial dentin volume x 100
% dentin volumetric decrease = -100
Final dentin volume

Measurement of root canal transportation
(RCT) and centering ability (CA)

These analyses were performed on the superimposed
images, using the CTAn software. The RCT was
calculated according to the following formula,
proposed in a previous study:* (X1-X2)-(Y1-Y2),
where X1 and Y1 measurements represented the
shortest distance from the external surface of the
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A

A,E — Mandibular second molar before and after rotary instrumentation; B, F — cervical third of the same tooth before and after rotary
instrumentation; C,G — middle third of the same tooth before and after rotary instrumentation; D,H - apical third of the same tooth before and
after rotary instrumentation; I,M — Mandibular second molar before and after reciprocating instrumentation; J, N — cervical third of the same
tooth before and after reciprocating instrumentation; K,O — middle third of the same tooth before and after reciprocating instrumentation; L,P -
apical third of the same tooth before and after reciprocating instrumentation.

Figure 1. Representative micro-CT images of teeth before and after instrumentation with rotary and reciprocating files.

root to the periphery of the instrumented root canal
before the preparation, for the mesial and distal
surface, respectively; X2 and Y2 measurements
represented the shortest distance from the
external surface of the root to the periphery of
the instrumented canal after the preparation, for
the mesial and distal surface, respectively (Figure
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2).2026 A value of 0 indicated no canal transportation.
A positive value indicated transportation toward
the mesial root surface, corresponding to the side
facing the furcation area (inner curve), while the
negative value showed transportation toward
the distal surface, opposite the furcation area
(outer curve).”® CA was calculated using the
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following ratio, as proposed in a previous study:*
(X1-X2)/(Y1-Y2) or (Y1-Y2)/(X1-X2). The lower value
was used as the numerator in the formula, when
the two values were unequal, with 1 indicating
perfect centering.?"® Negative values represented
deviation in the mesial direction, and positive
numbers, in the distal direction.?*%

Measurement of root perforation risk
(dentin thickness, cracks, and perforations)
The smallest dentin thickness at the cervical,
middle, and apical thirds after each instrumentation
procedure was obtained using a 3D method. Dentin
thickness between the root canal and the external
surface was mapped and quantified in millimeters
using the CTAn software (CTAn v.1.14.4, Bruker,
Kontich, Belgium). The amount of dentin removal
from each third was calculated by subtracting the
thicker dentin thickness from the thinner dentin
thickness before and after instrumentation.?!
Using the CTAn software (CTAn v.1.14.4, Bruker,
Kontich, Belgium), cracks and perforations were
recorded by examining the 2D slices for each

instrumented image stack ,comparing them to
the baseline specimens.?

Statistical analysis

The Shapiro-Wilk test was applied to verify the
normality of the data. All data were subjected to
ANOVA and Tukey’s tests at a 5% significance level.
JAMOVI statistical software, version 2.3.19.0, was used
for running the statistical analyses. The presence of
cracks and perforations along the canal was recorded
and qualitatively described.

Results

Root canal and dentin volume

As shown in Table 1, regardless of the type of
molar or canal analyzed, a significant difference was
observed between rotary (SBF) and reciprocating (XBF)
files in terms of the increase in root canal volume.
Rotary files promoted smaller root canal enlargement
(p < 0.05), with reduced dentin removal compared
with reciprocating files. The decrease in dentin volume
was also higher for canals treated with XBF, but no

Figure 2. Representative micro-CT cross sections of the middle third of the root, taken from the mesial root canals of mandibular
molar, showing the shortest distance between the edge of the root and the canal, used to assess canal transportation and centering
ability. A. Preoperative root canal and B after root canal preparation.
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Table 1. Increase in root canal volume (%) and decrease in dentin volume (%) after instrumentation with rotary (SBF) and reciprocating

Increase in canal volume (%)

(XBF) files.
Teeth Canals
SBF
Mesial 39.53(11.54)
Maxillary molars Distal 32.96(24.05)*
Palatal 4.23 (10)®
Mesial 14.65(5.29)"
Mandibular molars
Distal 9.35(5.42)%
Mesial 27.1 (15.4)%
All molars
Distal 21.2(20.9)%

Decrease in dentin volume (%)

XBF SBF XBF
41.5(12.9)% 5.24 (2.7)% 5.75 (2.62)%
55.42(5.25)% 7.7(4.1)e 9.8 (7.26)%
14.08 (10) 3.19(1.3)% 5.04 (3.6)%
35.79 (6.27)% 4.26(2.52)% 11.38 (8.81)%
24.15 (2.97)% 3.36(0.89)" 5.41 (3.9)%
38.6(10.4)% 4.8(2.6)° 8.6(6.9)*
39.8(29.2)% 5.5(3.7) 7.6(6.1)%

SBF: Sequence Baby File NiTi©; XBF: X1-Blue File NiTi©; * Superscript uppercase letters in the same column indicate statistical difference among
canals for each endodontic file system; °Different superscript lowercase letters in the same row indicate statistical difference between endodontic
files. Values are presented in means/standard deviations (ANOVA and Tukey’s tests, p <0.05).

difference was detected for distal canals when all
molars were analyzed together. When maxillary and
mandibular molars were analyzed separately, the
same differences in root canal volume between the
endodontic files were observed for all canals, except
for the mesial canal of maxillary molars. Comparing
the root canals, the highest increase in canal volume
was observed for distal canals of maxillary molars
and mesial canal of mandibular molars treated with
XBE. For rotary files, the highest increase in canal
volume was observed for both mesial and distal canals
of maxillary molars, with no significant differences
between them. No difference was noted between
mesial and distal canals of mandibular molars
treated with SBF. When the molars were analyzed
separately, XBF promoted a significant decrease in
dentin volume only for the distal canal of mandibular
molars, compared to SBF.

Root canal transportation (RCT) and
centering ability (CA)

In general, neither of the instrumentation
protocols presented statistical differences in root
canal transportation and centering ability (Table 2).
While both instrumentation systems yielded negative
transportation values or, indicating deviation toward
the opposite side of the furcation area; most values
were close to zero. With respect to instrumentation,
most results for both endodontic files showed canal
deviation toward the opposite side of the furcation
area, regardless of the protocol used. Statistical
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differences in canal transportation among the canal
thirds were evidenced comparing both cervical
and middle thirds with apical thirds, especially for
specimens treated with rotary files. These differences
can be seen for all canals of maxillary molars and
distal canals of mandibular molars. During the
shaping procedure, no files were broken or deformed.

Risk of root perforation (dentin thickness,
cracks, and perforations)

When all molar types were assessed together, no
difference in dentin thickness was found between
preoperative and postoperative time points for either
endodontic file, except at the cervical third of the
mesial canals (Table 3). Statistical differences among
the thirds were observed for all canals treated at
both time points, independently of the group, except
for mesial canals treated with SBF. For maxillary
molars, statistical differences between preoperative
and postoperative time points were observed for all
thirds of mesial canals and cervical thirds of distal
and palatal canals treated only with SBE. There were
statistical differences among the thirds for most of
canals treated at preoperative and postoperative
time points for both files. For mandibular molars,
statistical differences between preoperative and
postoperative time points were not observed for
any group. Statistical differences among the canals
thirds were observed in all mandibular molars at
both time points, regardless of the group, except for
mesial canals instrumented with rotary files (Table 3).
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Table 2. Root canal transportation and centering ability after instrumentation with rotary (SBF) and reciprocating (XBF) files.

- Conale - Root canal transportation” Centering ability**
SBF XBF SBF XBF
Maxillary molars Mesial  Cervical -0.15% -0.14% 0.09% 0.2%
(-0.23; -0.05) (-0.96; -0.02) (-0.6;0.26) (-0.019,0.65)
Middle -0.024% -0.002 0.47 % 0.33%
(-0.24;0.09) (-1.03;0.16) (-0.97;0.9) (-2.33;0.96)
Apical -0.008% -0.039% 0.33% -0.06%
(-0.07;0.10) (-0.59;0.18) (-0.23;0.8) (-5.2,0.87)
Distal  Cervical -0.14% -0.2% 0.2% 0.053%
(-0.19;-0.08) (-0.3;-0.15) (:0.1,0.5) (-0.21;0.23)
Middle -0.004%¢ -0.024% 0.49 4 0.25%
(-0.21,0.09) (-0.3;0.04) (-0.7;1) (-1.23;2.74)
Apical 0.06% -0.01 % 0.27% 0.2%
(-0.07;0.18) (-0.10;0.58) (-0.4,0.84) (-1.04;0.97)
Palatal  Cervical -0.14% -0.15% 0.19% -0.33%
(-0.23;0.01) (-0.31;0.08) (-0.9,0.62) (-0.83;0.04)
Middle -0.064% -0.03% -0.12% -0.23%
(-0.09;011) (-0.38,0.25) (-1.72;0.5) (-2.79;1.88)
Apical 0.13% 0.01% -0.04 % -0.06%
(-0.04;0.88) (-0.97;0.10) (-0.3;0.01) (-0.6;1.5)
Mandibular molars ~ Mesial  Cenvical -0.07 % -0.04 % -0.21% 0.11%
(-0.19;0.05) (-0.17;0.08) (-2.23;1.8) (-1.14;1.24)
Middle 0.026% -0.05% 0.08" 0.21%
(-0.11;0.19) (:0.17;0.11) (-1.4;1.97) (-3.07;2.11)
Apical -0.007 % -0.01% 0.32% 0.29%
(-0.07,0.09) (-0.08;0.07) (-1.5;2.42) (-0.19;1.4)
Distal  Cervical -0.12% -0.046% -0.17% 0.069 %
(-0.23;0.84) (-0.39;0.16) (-3.1,2) (-2.1;0.90)
Middle -0.03%% -0.11% -0.48% -0.38%
(-0.12;0.10) (-0.18;0.01) (-4.2,0.3) (-2.32;0.66)
Apical 0.05% -0.4% 0.2% 0.14%
(-0.10,0.18) (-0.06;0.13) (-1.5;2.3) (-1.76;1)
All molars Mesial  Cervical -0.09% -0.06% 0.021% 0.21%
(-0.23;0.05) (-0.96;0.08) (-2.2;1.8) (-1.14;1.24)
Middle -0.01 148 -0.037% 0.11% 0.13%
(-0.24;0.19) (-1.03;0.16) (-1.4;1.9) (-3.07;2.11)
Apical -0.008% -0.023% 0.33% 0.16%
(-0.07;0.10) (-0.59;0.18) (-1.5;2.4) (-3.4;1.4)

Continue
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Continuation

Distal Cervical -0.14 %
(-0.23;0.84)
Middle -0.0084¢
(:0.21:0.10)
Apical 0.058
(-0.10,0.18)

-0.18% 0.05% 0.06%
(-0.39,0.16) (-0.7;0.5) (-2.1,0.9)
-0.06% -0.035% 0.07%
(-0.31,0.04) (-4.28;1) (-2.3;2.74)
-0.03% 0.12% 0.21 %
(-0.10,0.58) (-1.5,2.3) (-1.76;1)

SBF: Sequence Baby File NiTi©; XBF: X1-Blue File NiTi©; ASuperscript uppercase letters in the same column indicate statistical difference among
the thirds for each canal and endodontic file system, separately. “Different superscript lowercase letters in the same row indicate statistical
difference between endodontic files. Values are presented in medians (minimum; maximum) (Kruskal-Wallis test and Dunn’s test, p < 0.05).
‘Regarding root canal transportation, negative values indicate transportation to the opposite side of the furcation area; positive values indicate
transportation towards the furcation area. Zero indicates that no canal transportation occurred. **Regarding centering ability, negative values
represent deviation fowards the furcation area, while positive values indicate deviation in the opposite direction. A value of 1 indicates perfect

centering ability.?!

A statistically significant difference in instrumentation
time (p < 0.05) was found between the groups,
with reciprocating files requiring the shortest time
(Table 4). No statistical difference in the total number
of fractures and cracks was found between the groups
(p > 0.05). Root fractures were only observed in three
specimens treated with SBF (five fractures) and in
three specimens treated with XBF (five fractures),
with more than one type of fracture in some of
the specimens. Cracks were observed in only one
specimen treated with XBF (Table 4). Fractures and
cracks detected after instrumentation with rotary
and reciprocating files are illustrated in Figure 3.

Discussion

In the present study, the null hypothesis was not
accepted because some differences were detected
between rotary and reciprocating files in terms of
the parameters analyzed on micro-CT images before
and after instrumentation.

In vitro studies have been conducted to evaluate
new root instrumentation techniques for primary
teeth, assessing parameters such as efficacy,
shaping ability, and canal transportation with
rotary and reciprocating files using micro-CT
analyses.>*#12 Few in vitro studies have evaluated
specific rotary files for primary teeth - Sequence
Baby NiTi files© (SBF), reporting significantly
larger dentin wear and shorter working time than
manual instrumentation.>*?

8 Braz. Oral Res. 2025;39:e116

Considering the difficulty in collecting natural
teeth with adequate root length,® artificial primary
teeth with coronal and root pulp have been used
in some recent studies to test contemporary
instrumentation systems, their application, and
their effectiveness on primary teeth.>*" In the
present study, artificial teeth were chosen because
of the advantages of having roots and canals with
standardized length and width, reducing the
variability associated with natural primary teeth
that could interfere in the comparison between
endodontic files.

Regardless of the type of molar and canal analyzed
in the present study, instrumentation with rotary files
(SBF-Sequence Baby NiTi files©) promoted smaller root
canal enlargement and reduced dentin removal less
when compared with reciprocating files (X1-Blue File
reciprocating NiTi files©). The same was observed in
the study by Morales et al."" This aspect is important
when evaluating the conservative performance of files;
however, previous findings should also be considered,
given that rotary files have been shown to contact only
50% of the canal walls.” Conservative performance
should not compromise the file’s ability to clean and
remove pulp tissue remnants from the root canal
system." In contrast to our findings, a previous study
found no difference in volume increase between root
canals prepared with rotary or reciprocating files.?
No guidelines suggesting an allowable amount of
dentin removal in root canal preparation have been
established, but excessive dentin removal can lead
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Table 3. Dentin thickness (mm) on inner root canals before and after instrumentation with rotary (SBF) and reciprocating (XBF) files.

SBF XBF
Teeth Canals Thirds
Preoperative Postoperative Preoperative Postoperative
0.55% 0.39% 0.60% 0.44 %
Cervical
(0.08) (0.10) ©.11) (0.15)
0.444e 0.36" 0.438 0.40%
Mesial Middle
0.13) (0.08) 0.12) (0.15)
0.338 0.34% 0.32¢ 0.32%
Apical
(0.10) (0.08) 0.11) 0.11)
0.56% 0.36" 0.72 % 0.47%
Cervical
0.12) 0.13) (0.08) (0.10)
i 0.31¢8e 0.23¢8° 0.47 Be 0.44 %
Maxillary Disal  Middle
molars (0.15) 0.13) (0.08) (0.07)
0.268 0.24¢° 0.26 < 0.24 B
Apical
0.11) (0.09) (0.04) (0.05)
0.62% 0.49% 0.86% 0.75%
Cervical
(0.06) (0.08) (0.14) (0.05)
0.34¢8 0.35¢% 0.56% 0.55 e
Palatal Middle
(0.25) 0.21) 0.19) 0.11)
0.44¢8 0.474e 0.40 © 0.44 o
Apical
(0.28) (0.24) (0.22) (0.29)
0.59% 0.55% 0.74% 0,72 #=
Cervical
0.17) (0.1¢) (0.18) (0.15)
0.414e 0.444a 0.51 Be
Mesial Middle 0.52 A8 (0.14)
(0.13) (0.14) (0.10)
0.43% 0.424a 0.458 0.47 Be
Apical
Mandibular (0.14) (0.14) (0.11) (0.07)
molars 0.73% 0.674 0.84 % 0.77 4
Cervical
(0.08) 0.19) (0.19) (0.19)
0.438 0.418° 0.538 0.44 Be
Distal Middle
(0.09) (0.14) (0.15) (0.14)
0.27¢ 0.32¢ 0.39 C 0.35 e
Apical
(0.07) (0.06) (0.06) (0.08)
0.55 % 0.39 A 0.60% 0.444%
Cervical
(0.08) (0.10) 0.11) (0.15)
0.44 # 0.36 % 0.43¢8 0.40 Ao
Mesial Middle
0.13) (0.08) 0.12) (0.15)
0.44 % 0.44 4 0.32¢ 0.31 8
Apical
(0.10) (0.10) 0.11) 0.11)
All molars
0.56% 0.36% 0.72 % 0.47 4
Cervical
0.12) (0.13) (0.08) (0.10)
0.31480 0.23% 0.47 80 0.44 %
Distal Middle
(0.15) (0.13) (0.08) (0.07)
0.26 B 0.24 8o 0.26 ¢ 0.24 e
Apical
0.11) (0.09) (0.04) (0.05)

SBF: Sequence Baby File NiTi©; XBF: X1-Blue File NiTi©; “Superscript uppercase letters in the same column indicate statistical difference among
the thirds for each canal and endodontic files, separately. °Different superscript lowercase letters in the same row indicate statistical difference
between preoperative and postoperative time points. Values are presented in means (standard deviations) (ANOVA and Tukey's tests, p < 0.05).

Braz. Oral Res. 2025;39:e116 9



Root canal instrumentation of artificial primary teeth with rotary and reciprocating files: a micro-CT analysis

Table 4. Instrumentation time, fractures, and cracks detected after instrumentation with rotary (SBF) and reciprocating (XBF) files.

Variables
Instrumentation time (s)

Total number of fractures and cracks (n of fractures/n of cracks)

Cervical (C), middle (M), and apical (A)

SBF XBF
399.25 (38.12) * 232.5 (23.07)
Mesial — 3C, 1M, 1A/0 Mesial = 1C, 2M, 1A /0
Distal - 0/0 Distal - 1C/1A
Palatal - 0/0 Palatal — 0/0

SBF: Sequence Baby File NiTi®; XBF: X1-Blue File NiTi. *Statistical difference between endodontic files according to Student’s t test (p < 0.05).

A

--

A. Cervical third fracture after rotary instrumentation; B. Middle third fracture after rotary instrumentation; C. Apical third fracture after
reciprocating instrumentation and D. Cervical crack after reciprocating instrumentation.

Figure 3. Representative micro-CT images of fractures and cracks detected after instrumentation with rotary and reciprocating systems.

to failure and weakening of the remaining tooth
structure.* In the present study, the highest volume
of dentin removed by reciprocating files (XBF) may
be a result of their convex triangular cross-section
and larger taper (#25/06) design. Comparing the
root canals, the highest increase in canal volume
was observed for distal or mesial canals compared
to palatal canals of maxillary molars, regardless of
the endodontic file used. Studies have shown that the
amount of dentin removal can be influenced by file
taper and size and by the root canal morphology of
primary teeth.>” In the present study, dentin removal

10 Braz. Oral Res. 2025;39:e116

was likely less effective in palatal canals because
of their larger volume compared to other canals of
maxillary molars.

Canal transportation indicates excessive dentin
removal from the canals and the formation of gaps/
perforations; therefore, the selection of the ideal file
can minimize this effect.** NiTi rotary files, such as
those used in our study, have become popular owing
to their superior flexibility* and centering ability®
compared with stainless steel files. These features
allow the files to follow the original anatomy of the
curved canals of primary teeth, thus minimizing the
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risk of procedural errors.® In particular, heat treatment
changes the phase transformation temperature of
the NiTi alloy, promoting the formation of soft
and ductile phases, i.e., the martensite phase and
R-phase, thereby enhancing fracture strength and
flexibility.*** In the present study, no statistical
differences were observed between the endodontic
files regarding canal transportation and centering
ability (Table 2), which is likely correlated with
the greater flexibility of the files. Similar findings
between rotary and reciprocating files were also
observed by de Camargo et al.” and different results
between those instruments were observed by Nazari
Moghadam et al.** In the present study, statistical
differences in canal transportation among the canal
thirds were evidenced comparing both cervical
and middle thirds with apical thirds, especially
for specimens treated with rotary files, unlike
the results obtained by Nazari Moghadam et al.®
These findings can be explained by the fact that
rotary files - Sequence Baby NiTi Files© - involves
a sequence of four files with different tapers #17/08
(11 mm), #20/04, #25/04, and #30/04 (16 mm) for
instrumentation. One study compared the cleaning
and shaping effectiveness of primary root canals after
instrumentation with rotary, sonic, and conventional
instruments and found greater deviations at cervical
third, followed by middle and apical thirds.* In our
study, both files promoted higher canal transportation
towards the opposite side of the furcation area, with
most values remaining close to zero, in line with those
of a previous study.* Moreover, canal transportation
equal to or less than 0.1 mm is clinically acceptable.*
In summary, both endodontic files used during root
canal preparation showed overall safety, because
neither group excessively removed dentin from the
cervical, middle, or apical thirds.

No difference in dentin thickness on the inner
canal walls was observed between preoperative
and postoperative time points for either endodontic
file, however, differences among the thirds were
observed for most of canals treated at both time
points, with the apical third exhibiting the lowest
values, as expected.

This can be explained by the anatomical
characteristic of the canal, which increases the

contact between the file and the conical surface of the
root canal during insertion and instrumentation.!
A previous study has shown that maintaining a
minimum dentin thickness of 0.3 mm in root canals
instrumented with stainless steel files ensures
overall safety and minimizes the risks of cracks and
perforations.” In the present study, root fracture
was only observed in three specimens treated
with SBF and in three specimens treated with
XBF, with more than one type of fracture in some
specimens. Notably, the teeth used in the present
study and in a previous study® did not share the
same mechanical properties as those of the dentin
of primary teeth. The difference in elastic modulus
between the resin prototype material/artificial
teeth (2GPa)®and primary root dentin (11.6GPa)*
indicates that the artificial teeth are likely more
prone to elastic deformation than natural primary
root dentin. Fractures and cracks may develop
more rapidly in the dentin of primary roots than
in artificial teeth.®

In this study, instrumentation time was shorter
for reciprocating files compared to rotary files, as
observed in previous studies.*>* We used only two
files (one for glide path and another one for root
canal preparation) in the reciprocating protocol,
unlike the rotary protocol, which required four files
and more time for instrument change. Although
there is no gold standard for endodontic files in
pediatric dentistry, hand files are commonly used
as a control group to assess the efficacy of rotary
instrumentation. In the present study, we chose
to compare two rotary instrumentation protocols,
considering that most investigations and systematic
reviews have reported better root canal shaping,
shorter working time, and optimal rates of canal
filling of primary teeth treated with rotary files
compared to hand files. 341213323941

The limitations of this study may be attributed to
potential minor defects in the manufacturing process
of artificial primary teeth, affecting both the internal
and external surfaces of the root canals. Moreover, the
difference in hardness between human dentin and
resin represents a limitation in the use of artificial
teeth. Despite significant advances in the field, no
material has yet been able to fully simulate human
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dentin.*> To minimize the impact of those limitations
on the results, we used the same molars to evaluate
preoperative and postoperative time points and the
same type of maxillary and mandibular molars to
compare the endodontic files. Another limitation is
the difference between file size and taper in each
instrumentation system; however, we focused more on
“cleaning” than on “shaping” to minimize excessive
dentin removal and used the appropriate movement
amplitude within the root canal.® Sample size could
also be a limitation of the study, considering the
calculation did not account for subgroup division
(maxillary and mandibular molars); however, this
has probably low impact on the general results, given
the similarity of the artificial teeth in each group.
From a clinical perspective, this in vitro model is a
valuable tool for evaluating different instrumentation
techniques and systems before their recommendation
for pulpectomies in human primary teeth, taking
into account essential factors for clinical application,
such as safety, efficiency, and preservation of the
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