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Influence of voxel size on micro-CT
analysis of debris after root
canal preparation

Abstract: The aim of this study was to assess the influence of
micro-computed tomography (micro-CT) voxel size on the evaluation of
debris accumulation after passive ultrasonic irrigation (PUI) in curved
root canals prepared with rotary nickel-titanium files. Mesial root
canals (n = 24) of mandibular molars with curvature between 25° and
35° were prepared using ProDesign Logic 30/.05 (PDL) or HyFlex EDM
25/.08 (HEDM). PUI was performed after root canal preparation of all
root canals. The specimens were scanned using high-resolution (5 pm
voxel size) micro-CT imaging before and after experimental procedures.
The percentage of debris was analyzed in the middle and apical thirds
using images with 5, 10 and 20 um voxel sizes. Data were compared using
unpaired and paired Student’s t-test, ANOVA and Tukey’s statistical tests
(o = 0.05). There were no differences among the debris analyses performed
at different voxel sizes (5, 10 and 20 um) (p > 0.05). The percentage of
debris was similar between the root canals prepared by PDL and HEDM
before and after PUI (p > 0.05). In both groups, the percentage of debris
decreased in the middle third after PUI (p < 0.05). Within the limitations
of this ex vivo study, it can be concluded that the voxel sizes evaluated
did not have a significant impact on the analysis of accumulated debris.
However, the results showed a tendency for detection of more debris in
the analysis performed using a lower voxel size. PUI decreased the debris
accumulation in the middle third of curved root canals.

Keywords: Root Canal Preparation; Dental Pulp Cavity; Dental
Instruments; X-Ray Microtomography; Ultrasonic Therapy.

Introduction

The aim of root canal treatment is to prevent apical periodontitis, by
eliminating microorganisms from the root canal system.! However, hard
tissue debris is deposited on root canal walls after root canal preparation.”
The presence of debris in the root canal makes disinfection difficult,>* and
decreases sealer adhesion to dentinal tubules.* Paqué et al.? developed a
method to view and analyze accumulated hard tissue debris in root canals
using micro-computed tomography (micro-CT). Since then, micro-CT
imaging has been used to evaluate debris accumulation.>%”%°

However, micro-CT analysis can be influenced by many factors, such
as different scan settings, image resolutions and ring artifacts.”* Different
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Influence of voxel size on micro-CT analysis of debris after root canal preparation

micro-CT acquisition resolutions are used to analyze
debris accumulation, using scanning voxel sizes of
9 pm,>” 14 pm®", 18 pm,*?> and up to 20 um.? The
different means of image acquisition and image
evaluation make it difficult to discuss results and
compare different studies.'” A smaller voxel size is
ideal for micro-CT analysis,"* however, high-resolution
scans require longer acquisition time, and generate
large data sets.

New mechanized heat-treated nickel and
titanium (NiTi) instruments have been proposed
especially for centralized preparation in curved root
canals.>™ ProDesign Logic (PDL) (Easy Equipamentos
Odontolégicos, Belo Horizonte, MG, Brazil)
manufactures NiTi instruments submitted to a heat
treatment and featuring a controlled memory (CM),
with improved flexural resistance.® Hyflex EDM -
HEDM (Coltene/Whaledent, Allstétten, Switzerland)
also makes heat-treated CM instruments, and offers a
surface treatment, called electro-discharge machining
(EDM).!* This manufacturing process improves the
mechanical properties of HEDM files.”” These files
maintain their integrity after multiple uses, and are
associated with high resistance to cyclic fatigue. '8

However, previous studies have observed large
amounts of accumulated debris in root canals after
preparation with mechanized NiTi instruments.*>’
Final irrigation protocols, such as passive ultrasonic
irrigation (PUI), have been proposed to improve the
cleaning of root canals.*” Irrisonic (Helse Ultrasonic,
Santa Rosa de Viterbo, SP, Brazil) is an ultrasonic tip
indicated for performing PUL It is made of stainless
steel with a size 20/.01 file.”” Ultrasonic activation with
Irrisonic promoted greater reduction in microbial
load within root canals.?

To the best of our knowledge, no studies have
been performed to date that evaluate the influence
of voxel size on the analysis of debris accumulation
after root canal preparation. Therefore, the aim of
this study was to assess the influence of voxel size
in micro-CT evaluation of debris accumulation after
PUI application in curved root canals prepared with
PDL or HEDM. The first null hypothesis was that
there would be no differences among the analyses
performed at different voxel sizes (5, 10 and 20 pm).
The second null hypothesis was that PUI would not
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promote a decrease in the percentage of debris after
preparation with PDL or HEDM.

Methodology

All the procedures were approved by the ethics
committee (CEP no. 64736116.4.0000.5416). Human
mandibular first and second molars previously
stored in 0.1% thymol solution at 5°C were used. The
inclusion criteria consisted of the configuration of
two independent mesial root canals according to the
Vertucci type 1V classification,” angle of curvature
between 25° and 35° in accordance with the Schneider
method,” and radius of curvature smaller than 10 mm,
following the Pruett method,” in addition to complete
apical formation, and absence of root fractures,
calcifications or internal resorptions. These criteria
were confirmed by radiographing the specimens using
a digital system (RVG 6100; Kodak Dental Systems,
NY) and a micro-CT device (SkyScan 1276; Bruker-
microCT, Kontich, Belgium). The first scanning was
performed at low-resolution (35-pm voxel size) under
the following settings: copper and aluminum filters,
87-millisecond exposure time, frame averaging of 3,
180° rotation around the vertical axis, rotational step
of 0.5° at 80 kV and 300 pA.

A total of twelve roots were selected, totaling
twenty-four root canals, including the mesiobuccal
and mesiolingual canals of each root. The root canals
were randomly divided into two experimental
groups (n = 12), using stratified random sampling,
considering the preoperative root canal volume. Six
mesiobuccal canals and six mesiolingual canals were
used in each group. The root length was standardized
at 18 mm, with a tolerance of £ 1 mm of discrepancy.
The specimens were embedded in condensation
silicone (Oranwash, Zhermack, Badia Polesine, Italy)
to simulate the periodontal ligament.

Root canal preparation

Conventional access cavities were performed, and
the root canals were explored with a size #10 K-file
(Dentsply Sirona Endodontics, Ballaigues, Switzerland)
up to the apical foramen. The working length (WL)
was established 1 mm short of the apical foramen,
and confirmed by a digital radiograph. Afterwards,
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a trained operator instrumented all the specimens
with an operating microscope (MC-M1232, DF
Vasconcellos, Valenca, Brazil) at 13X magnification,
using an endodontic motor (VDW Silver, VDW,
Munich, Germany).

PDL group: Instrumentation with PDL. The
30/.01 file was used in continuous rotation at 350 rpm
speed and 1 Ncm torque, using in-and-out movements
up to the working length. Then, the 30/.05 file was
used at 600 rpm speed and 4 Ncm torque.

HEDM group: Instrumentation with HEDM.
The 10/.05 file was used in continuous rotation at
300 rpm speed and 1.8 Ncm torque, using in-and-out
movements up to the working length. Then, the
HEDM 25/.08 file was used at 500 rpm speed and
2.5 Ncm torque.

Root canal irrigation was performed with 5 mL of
2.5% sodium hypochlorite (NaOCl), using a 30G side-
vented needle (NaviTip, Ultradent Products, South
Jordan, UT) adapted to a 5 mL syringe (Ultradent
Products) placed 2 mm short of the working length.

Passive ultrasonic irrigation (PUI)

The Irrisonic ultrasonic tip was activated in
an Ultrawave XS ultrasonic device (Ultradent,
South Jordan, USA) using a power of 10% and
frequency of 50 Hz, according to the manufacturer’s
recommendation. The ultrasonic tips were positioned
2 mm short of the working length and used in
in-and-out movements to avoid contact with the root
canal walls. The irrigant solution was delivered into
the root canals, and the ultrasonic activation was
performed using three cycles of 20 seconds each,
with 2.5% NaOCl in the first and third cycles, and
17% EDTA in the second cycle. A 2-mL aliquot of
irrigation solution was used in each cycle, totalizing
4 mL of NaOCl and 2 mL of EDTA. The final irrigation
used 5 mL of distilled water.

Micro-CT analysis

The specimens were scanned at high-resolution
(5-um voxel size) before and after instrumentation,
and after PUI application, under the following settings:
copper filter, 180° rotation around the vertical axis
and rotational step of 0.2° at 100 kV and 100 pA. The
images were reconstructed using NRecon software

(V1.6.10.4; Bruker, Belgium), and superimposed by
geometric alignment using DataViewer software
(V1.51, Bruker, Belgium). Representative images were
performed with models obtained from CT'Vol software
(v.2.3.1.0; Bruker-microCT). The quantitative analysis
was performed using CTAn software (V.1.14.4, Bruker,
Belgium). Original images were resized isotropically
to perform comparative analyses among the different
voxel sizes. Images at 10 and 20 pm were obtained
and used for quantitative analysis. This was achieved
by resizing the previously scanned 5-pm images by
2 and 4, respectively, using CTAn software, when
loading the dataset previously superimposed in
DataViewer software.?

The analyses were performed in the middle and
apical thirds of the roots, considering 3 mm for each
third. Preoperative volume, volume of the prepared
canal, and volume of debris after preparation were
obtained. Based on these values, the percentage of debris
(% Debris) was calculated using the following formula:

Volume of debris x 100

A) DebriS = Volume Of prepared Canal

Statistical analysis

The data obtained were submitted to the
Shapiro-Wilks normality test, and all the data
presented normal distribution. Regarding the analyses
between the groups, the no-paired t-test was used,
and regarding debris quantification before and after
PUI application, the paired t-test was applied. As for
the analysis among images with different voxel size,
ANOVA and Tukey’s tests were performed. The level
of significance was set at p < 0.05.

Results

There were no differences among the debris
analyses performed at different voxel sizes (5, 10 and
20 pm) (p > 0.05). The percentage of debris was similar
between the root canals prepared by PDL and HEDM
before and after PUI application (p > 0.05). In both
groups, the percentage of debris decreased after PUI
activation in the middle third (p < 0.05) (Table). Figure
shows 3D models representing debris accumulation
in root canals after preparation with PDL and with
HEDM, before and after PUI application.
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Table. Means and standard deviations of percentage of debris analyzed at different voxel sizes in curved root canals prepared with
ProDesign Logic 30/.05 (PDL) and HyFlex EDM 25/.08 (HEDM) before and after passive ultrasonic irrigation (PUI).

5 um
Variable
Before PUI After PUI

PDL

Middle 3.08 £ 2.27¢ 0.91 + 0.33"

Apical 5.07 = 2.53° 2.68 = 1.23°
HEDM

Middle 3.65 = 2.03° 1.44 = 0.88°

Apical 5.77 + 2.94° 3.98 = 0.98°

Before PUI

2.62 = 1,65°
4.64 = 2.28°

3.43 = 0.09°
5.77 = 3.03°

10 um 20 um
After PUI Before PUI After PUI
0.84 = 0.32° 2.24 £ 1.47° 0.79 = 0.34b
2.55 +1.21° 4.39 + 2.56° 2.38 +1.17¢°
1.32 = 1.68° 2.79 = 2.32° 1.05 + 0.54°
3.67 = 0.84° 5.25 + 2.96° 3.37 £ 0.91°

Different superscript lowercase letters on the same line indicate significant differences detected among the percentages of debris before and after

using PUIl (p < 0.05).

Before PUI After PUI

PDL

Before PUI After PUI

HEDM

Figure. 3D reconstructions of images with 5-um voxel size of
middle and apical thirds of mesial roots of mandibular molars
prepared by ProDesign Logic and HyFlex EDM before and after
PUI, showing debris accumulation in black.

Discussion

Accumulation of debris after root canal preparation
can impair disinfection of the root canal system.”
Micro-CT has been used in recent studies to evaluate
debris accumulation, owing to its high accuracy and
high spatial resolution.?>>%”8 The first null hypothesis
was accepted, because similar results were observed
for root debris, using different voxel size analyses.

The voxel size can affect the quality of
the images, and consequently that of the analyses
performed.’’* Previous studies have observed that
the analysis of trabecular bone structure®®*#2 and
voids in filled root canals® is significantly affected by
micro-CT scanning voxel size. However, larger voxels
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do not always mean lower diagnostic accuracy.®**
Studies that have evaluated the influence of voxel size
in diagnoses using cone beam computed tomography
images of root fracture are conflicting.**>* Whereas
a previous investigation showed significantly higher
detection of vertical root fractures in images with
smaller voxel size,> Ozer® reported that there were
no significant differences in the diagnostic accuracy of
root fracture among cone beam computed tomography
images captured with different voxel sizes.

Higher scan resolution is a favorable feature
in performing micro-CT analysis. However, scans
with higher voxel size can be obtained faster and
generate smaller data sets.”® Voxel size was the only
variable evaluated in the present study, as done in
previous methodological models.?*** The samples
were scanned at 5 pm and the reconstructed images
were resized by 2 and 4 to acquire images with 10 and
20 um voxel sizes.* The new values produced for the
images resized to larger voxel sizes represent the
average of previous voxels, leading to a decrease in
the accuracy of the image.** Although this method
could be considered a limitation of the current study,
itactually allowed accurate comparisons among the
same regions of interest*. In brief, by enreasing the
voxel size with the software, we could save the time
required to run a new micro-CT scan. Moreover,
the smaller voxel size used during the scanning
procedure may be considered the gold standard
to determine the level of accuracy under limited
resolution scenarios.”? However, although the voxel
size may have significant effects on the results,'*#3
itis not the only factor influencing spatial resolution
of the micro-CT image."®* The spatial resolution
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also depends on mean absorption of the sample,
detector noise, reconstruction algorithm, X-ray focal
spot size and shape, detector aperture, and scanner
geometry.”” Within the limitations of the present
study, our findings suggest that a 20-um voxel size
may be used for debris evaluation, thus representing
a cost reduction factor for further research.

Although the analyses of the different voxel
sizes did not produce significative differences in
the results, there was a tendency to have a higher
percentage of debris in analyses performed at
a smaller voxel size than those performed at a
larger voxel size. Considering that the statistical
significance is dependent on the sample variance,®
the larger standard deviation of the results may have
contributed to the statistical similarities among the
analyses performed at different voxel sizes. Several
studies that have evaluated debris accumulations
by micro-CT have also shown a large standard
deviation?*”#112 or non-normal distribution of
data.>® Even using methods that improve the sample
selection criteria, such as micro-CT analyses for
tooth selection and sample randomization,® it is
difficult to standardize the debris accumulated in
each root canal after its preparation.

PUI is an irrigation protocol that uses acoustic
energy-promoting hydrodynamic agitation of the
liquid.*® The reduction in root canal debris after
performing PUI has been reported by several
studies.*”!%” As expected, in the present study, PUI
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