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Purpose: The purpose of the present study was to evaluate a semiautomated segmentation tool
designated for the volume measurements of teeth root; this method is based on three-dimensional
and focused to follow-up the root’s volume when an orthodontic treatment occurred.
Materials and methods: In order to evaluate a semiautomated segmentation tool, a cone
beam computed tomography (CBCT) was selected with 20 intact teeth (10 maxillary and 10
mandibular teeth), CBCT images were imported into the ImagelJ software, and the root volumes
were measured using two methods (the semiautomated segmentation and the manual segmenta-
tion). Both segmentations are carried out by two experts; the manual segmentation served as
a reference method and considered as the “gold standard”. The data were analyzed using the
Bland—Altman analysis to compare the agreement between methods, and the intraclass correla-
tion coefficient (ICC) was used to assess the interobserver reliability.

Results: The Bland—Altman analysis revealed the agreement between measurements on semi-
automated segmentation and manual segmentation, with a mean bias 0of —2.09 mm? and the 95%
limits of agreement of —11.38 to 7.21 mm®. The ICC was 0.999 for semiautomated segmentation
method and 0.999 for manual segmentation method.

Conclusion: The use of stereology employing the ImageJ software and CBCT images pro-
vide an accurate and reliable semiautomated segmentation, leading to an approach of volume
quantitative analysis to evaluate and follow-up the root’s volume when orthodontic treatment
occurred. Further clinical studies are necessary to explore this method.

Keywords: three-dimensional imaging, segmentation, accuracy, orthodontic treatment, ImageJ

software, root resorption

Introduction
Root resorption occurs when the periodontal ligament on the root surface is either
damaged or removed. It is well recognized from the orthodontic literature that apical
root resorption can be seen after orthodontic treatment. It has been recommended
that follow-up radiographs should be obtained after 6 months treatment with fixed
appliance.' Root resorption combined with orthodontic treatment is a complex and
multifactorial phenomenon that most likely results from individual physiological and
genetic risk factors.> 2

Two-dimensional imaging techniques are not satisfactory in quantitative evaluation
because of lack of information in the three-dimensional space.'® It has been concluded
that volumetric measurement of teeth using cone beam computed tomography (CBCT)
is a reliable, reproducible, and valid method.!*'¢ Therefore, an accurate detection
and accurate evaluation of root resorption is crucial for monitoring and follow-up
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an appropriate orthodontic treatment. Many studies are
conducted about root resorption employing methods based
on 2D images such as panoramic, periapical, and lateral
cephalographic radiographs. However, compared to CBCT
images, 2D images present some limitations, such as the
superimposition and lack of definition of the anatomical
structures.'”

Although paralleling techniques can diminish projec-
tion and procedural errors, ideal film, X-ray tube, and head
orientations can still be difficult to achieve, leading to image
distortions.!® Previous studies have demonstrated that conven-
tional radiographic techniques are inadequate for a consistent
accurate diagnosis of root resorption.'”

CBCT has made it possible to overcome these limitations
and provides anatomically accurate three-dimensional images,
Moreover, compared to multislice computerized tomography,
CBCT images are considered as a noninvasive method, with
low cost, conferring secure radiation and easy accessibil-
ity. There are many dental radiation dosimetry studies in
the literature comparing traditional 2D dental radiographs
and CBCT. Effective dose of a 2D panoramic radiograph
ranges from 0.004 to 0.030 mSv (4.0-30 uSv); a full mouth
radiographic series utilizing D speed film and round colli-
mation produces an effective dose level between 0.0349 and
0.388 mSv (34.9-388 uSv).2° Using Monte Carlo simulations
and the International Commission on Radiological Protection,
effective doses (in an i-CAT CBCT) were calculated and were
in the range of 25-66 and 46 uSv for full head.”!

Therefore, for the doses that approximating the conven-
tional 2D radiology, CBCT tends to become the diagnostic
standard to use routinely and allow better visualization. The
aim of this study was to evaluate a semiautomated segmenta-
tion tool designated for the volume measurements of teeth
root; the measurements of the accuracy, agreement, and
reliability were performed in comparison with the manual
segmentation; this method will be suitable for a perspective
to measure volume root at different time points when orth-
odontic treatments occurred.

Materials and methods

In this study, we used two segmentation methods to assess
the root’s volume that allows us to follow-up and quantify
any changes in root’s volume, which can be useful for further
studies focusing on root’s volume measurements.

In this study, we used CBCT images of an anonymous
patient of which teeth criteria are defined as follows: 20
undamaged roots’ structure (10 maxillary [two central inci-
sors, two lateral incisors, two canines, two first premolars,

and two second premolars] and 10 mandibular teeth [two
central incisors, two lateral incisors, two canines, two first
premolars, and two second premolars]), ordinary shape,
without any orthodontic treatment, and without any artifacts.
CBCT images were taken with Sirona, SIDEXIS study,
resolution 6,250 pixels/mm, at 85 kV, 5 mA, voxel size
0.16x0.16x0.16 mm?, and slice thickness 0.16 mm. The
images were generated in the DICOM format and imported
into the ImagelJ software (v 1.50 Java 1.6.0_20 64 bits),?
and the volume measurements were based on two kinds of
segmentation, which integrated into ImageJ platform tools.

Ethics and informed consent

As CBCT data were anonymously available and collected
from an earlier research study, ethics approval and written
informed consent were not required for this study.

Segmentation

To assess the volume of teeth root; the segmentations were
performed by two observers who use Segmentation Editor
procedure developed by Johannes Schindelin, Francois Kusz-
tos, and Benjamin Schmid (http://132.187.25.13/home/?cate
gory=Download&page=SegmentationEditor).

Two different segmentation methods were used to assess
the root volumes after importing the DICOM files. The
Segmentation Editor was already applied on Virtual Insect
Brain by the authors cited earlier. In our study, we focus on
the application of Segmentation Editor on human skull using
CBCT images.

Manual segmentation

The manual segmentation was performed using a polygon
selection tool that creates irregularly shaped selections
defined by a series of line segments, and polygon selection
was developed in-house with ImageJ (Figure 1), and we use
duplication segmentation and manual adjustment to refine
and save time. Polygon selection tool is included with Imagel.

Semiautomated segmentation

We used the Brush Selection tool to draw an outline around
the region of interest (ROI), we use the threshold (T button) to
refine the selected area based on a locally adjusted threshold,
using O (open) and C (close) buttons, which apply the cor-
responding morphological kernels to selection for smoothing
the outline. The ROI exists on a range of consecutive slices.
The observers create the ROI on key slices (Figure 2). The
plugin interpolates the ROI for the slices in between the key
slices to be faster and save time. Linear interpolation is used.
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Figure | Steps followed to create ROI of root tooth employing manual segmentation on axial slice.
Notes: (1) Original image (2) drawing up the ROl manually (3) Execution of the manual segmentation to delimit ROI.

Abbreviation: ROI, region of interest.

Calculation of teeth roots volumes
Downloading Image]

ImagelJ (v 1.50 java 1.6.0_20 64 bits) is a multiplatform soft-
ware, open source, image processing and analysis developed
by the National Institutes of Health (http:/rsb.info.nih.gov/

ij/download.html).

Calculating volume

Both for manual and semiautomated segmentations, ste-
reological volume measurements were performed using the
Measure Stack, Reference Software Version 0, December 6,
2002, which was developed by B Dougherty (http://www.

optinav.com/MeasureStack.htm). Figure 3 displays schematic
illustrations of reference planes and line used in this study

to define slices between apex and cementoenamel junction
(CEJ).

The following steps were followed to define accurate
slices between Level 0 and Level n: 1) we handle angle tool
to measure the angle between the sagittal plane and the plane
crossing the middle of tooth as shown in this image, 2) rota-
tion with the angle measured in the way to superimpose the
plane crossing middle tooth with sagittal plane, 3) reslice and
rotation with 90° starting at left, and 4) by this way, we can
easily define slices between apex and CEJ Figure 3.

Visualization
The ImageJ 3D Viewer plugin (Volume_Viewer) is included
with Image] in the (ImageJ/plugins/3D) folder, developed by

Reports in Medical Imaging 2018:1 |
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Figure 2 Steps followed to create ROI of root tooth employing semiautomated segmentation on axial slice. (1) Original image (2) Drawing up the ROI using Brush Selection

(3) Execution of the semiautomated to delimit ROI.
Abbreviation: ROI, region of interest.

Kai Uwe Barthel: (http:/rsb.info.nih.gov/ij/plugins/volume-

viewer.html/), and the 3D Viewer uses Java 3D to provide
hardware-accelerated 3D visualization of image stacks as
volumes, surfaces, and orthogonal view (Figures 4 and 5).

Statistics

The volume measurements were compared between the
manual segmentation and semiautomated segmentation, and
all the data were tested for normality using the Shapiro—Wilk
test. The data were analyzed using Bland—Altman analysis
to compare the agreement between methods, and the intra-
class correlation coefficient was used to assess interobserver
reliability. All statistical calculations were done using the

computer programs Microsoft Excel 2013 (Microsoft Cor-
poration, Redmond, WA, USA) and SPSS software (Version
21; IBM Corporation, Armonk, NY, USA).

Results

The results of the root’s volume measured by the stereol-
ogy method using the semiautomated segmentation and the
manual segmentation were carried out by two observers
are shown in Table 1. Interobserver reliability is presented
as intraclass correlation coefficient (ICC) for the manual
segmentation and semiautomated segmentation measure-
ments. Interobserver reliability is considered high when
ICC is more or equal to 20.90. in our case ICC=0.999; these
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Figure 3 Schematic illustrations of reference planes and line used in this study to define slices between apex and CEJ: (Line 1) root axis, (Level 0) perpendicular plane to

root axis on the root, apex (Level n) perpendicular plane to root axis on the CEJ.
Notes: (1) measuring the angle between the sagittal plane and the plane crossing the middle of tooth, (2) rotation with the angle measured in the way to superimpose

the plane crossing middle tooth with sagittal plane, (3) reslice and rotation with 90° starting at left, (4) by this way we can easily define axial slices between apex and CEJ.

Abbreviation: CEJ, cementoenamel junction.

Figure 4 Screenshot of 3D reconstruction: (1) orthogonal view, (2) surface visualizations of the root and crown mandibular, and (3) input parameters used for visualization.
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Figure 5 Screenshot of 3D visualization: (1) using original parameters and (2) using spectrum LUT parameters.

Abbreviation: LUT, lookup table.

Table | The root’s volume measurements assessed using two
methods and carried out by two observers

TN SAS (mm?) MS (mm?3)

Obs | Obs 2 Obs | Obs 2
45 279.59 275.25 278.33 277.25
44 250.29 243.53 241.57 240.09
35 293.76 298.05 306.19 305.61
23 211.10 207.67 217.63 214.49
21 172.39 174.00 175.38 172.16
12 168.65 165.14 159.07 158.09
22 164.50 165.71 166.89 164.48
43 22141 223.12 224.62 221.21
34 247.83 248.28 250.3 24941
25 267.16 268.27 274.19 271.97
15 250.42 251.25 252.75 251.10
14 219.49 221.10 223.83 227.05
24 231.64 232.49 238.53 240.23
32 126.78 128.07 119.67 122.25
41 90.89 91.72 91.16 92.82
42 107.17 111.68 113.46 116.48
31 98.40 95.42 99.13 101.17
33 217.97 218.76 222.29 223.87
Il 165.49 161.67 166.31 166.67
13 182.80 188.80 190.51 19291

Note: TN, TN according to the FDI numbering system.
Abbreviations: MS, manual segmentation; Obs, observer; SAS, semiautomated
segmentation; TN, teeth numbered.

results suggest that the methods are not examiner dependent
(Tables 2 and 3).

The dental pulp chamber and canals were included in the
volume measurements with either manual segmentation or
semiautomated segmentation of the root’s volume. Surface
visualizations are generated (Figures 4 and 5); we can also
use orthogonal view visualization. The mean time of one root

required for measurement by stereology using the semiauto-
mated segmentation was 175.8 seconds, and that using the
manual segmentation was 1,810.4 seconds.

Discussion

In this article, we describe a semiautomated approach using
CBCT images and ImagelJ software to assess the volumes
of the teeth roots. 1) The semiautomated approach is able to
segment thoroughly teeth’s root and 2) provide 3D visualiza-
tion by means 3D viewer plugin. 3) This approach provides
interpolation between slices and detects the margins for
saving time. 4) The measurement of the teeth roots will
be useful for any perspective that focuses to evaluate root
resorption after orthodontic treatment for a large specimen
size of scans. In addition, the user can visually check the
segmentation performance using 3D surface representations
and orthogonal view visualization. Ahlowalia et al* created
the cavities in the bone bovine while varying shapes and
sizes simulating periapical pathosis, and then, the physical
volume of the cavities was determined by using the silicone
impression of Aquasil™; this method involves weighing
the impression and dividing the mass of each sample by the
known density of Aquasil™. Ahlowalia et al*® concluded
that CBCT may provide a valuable tool for monitoring the
healing rate of apical periodontitis.

The results of Ponder et al** demonstrated that, compared
with measurements from microCT images, high-resolution
CBCT scans can be used for an accurate volumetric quantifi-
cations of simulated lateral and apical root resorption defects
than do low-resolution scans and both high- and low-resolution
CBCT scans can also be used to more accurately measure
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Table 2 Comparison measurements made between observer | and observer 2 using semiautomated segmentation

Observer |, mean = SD Observer 2, mean = SD ICC P
Semiautomated segmentation
Root’s volume (mm?) 198.39+60.67 198.50+60.47 0.999 0.88
Abbreviation: ICC, intraclass correlation coefficient.
Table 3 Comparison measurements made between observer | and observer 2 using manual segmentation

Observer |, mean = SD Observer 2, mean + SD ICC P
Manual segmentation
Root’s volume (mm?) 200.59+60.40 200.47+60.46 0.999 0.8l

Abbreviation: ICC, intraclass correlation coefficient.
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Figure 6 Bland and Altman plot with the representation of the limits of agreement
from —1.96 to +1.96 seconds and representation of Cl limits for mean and agreement
limits (between the blue dotted lines).

external apical root resorption defects than periapical radio-
graphs. Manual segmentation analysis is a better alternative
but is very labor intensive and taking considerable time. A
semiautomated method for CBCT images has several advan-
tages over manual analysis; the risk of nonobjectivity and
interobserver variability is greatly reduced by minimizing
the active manual input of the user. Semiautomated approach
can be purely objective and handle every dataset in exactly the
same manner. Additionally, a semiautomated analysis method
is much faster than any manual procedure. Thus, by the semi-
automated method, the analysis of larger number of scans can
be evaluated compared to a manual segmentation. To enable
the researcher to check every step along the way, the semiau-
tomated method generates visualizations of the segmented
volume. These visualizations can be evaluated after the analysis
is complete. The Bland—Altman analysis revealed the agree-
ment between measurements on semiautomated segmentation
and manual segmentation, with a mean bias of —2.09 mm? and

the 95% limits of agreement of —11.38 to 7.21 mm? (Figure 6).
Further clinical studies are necessary to explore this method
with predefined clinical margin. Interobserver reliability is
presented as ICC showing that both the manual and the soft-
ware methods (using DICOM images of CBCT) were high for
all measurements, as indicated by ICC (=0.90); these results
suggest that the methods are not examiner dependent. Manual
analysis to evaluate apical root resorption panoramic and lat-
eral cephalometric radiographs can be used before and after
orthodontic treatment, based on 2D measurement where the
length from the incisal edge to the root apex was calculated.?
However, as the apical resorption occurred in different direc-
tions around the root, 3D measurement will be more relevant
to evaluate root resorption. In addition, when orthodontic
treatment was performed, CBCT is a powerful tool to detect
apical root resorption compared with panoramic radiography
and a useful tool to put it in use when determining whether
to continue or modify orthodontic treatment.?® The presented
segmentation method is not restricted to the mandibular and
maxillary teeth but can be applied to any bone, or any tooth’s
root. It was reliable for 2D and 3D segmentations of cells and
cell nuclei useful for the segmentation and visualization of
a neuron in the housefly’s visual system.?”?® However, when
we use the semiautomated method or manual method, may be
some slices will not well segmented where the interpolation
was performed; in this case, 3D visualization will show irregu-
larity of the volume constructed in the 3D viewer and we can
remedy this mistake by rectifying and refining the segmenta-
tion (on the slice affected). In our study, we excluded all source
artifacts such as rolling (caused by involuntary movements)
considered as the type of movement that most severely affects
the image diagnostic value.” We excluded the artifacts caused
by root canal fillings that affected the accuracy assessment®
and also excluded all sorts of metal artifacts for the reason that
the CBCT user has very limited possibilities to reduce metal
artifacts by the lack of algorithms implementing metal artifact

Reports in Medical Imaging 2018:1 |
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reduction.’’ A few studies were conducted about volumetric
root resorption; The segmentation and volumetric measure-
ment of teeth were carried out using the Mimics software V
16.0 (Materialise NV, Leuven, Belgium) after rapid maxillary
expansion between tooth-borne and tissue-borne appliances
using CBCT, which was considered as the most relevant;
tooth volume loss and its percentage were measured.*” The
percentage of root volume loss was calculated by subtracting
the postexpansion root volume from the pre-expansion volume.
However, the segmentation and volumetric measurement of
all teeth (root and crown) were measured.>? In our study to
calculate the root’s volume, we used the CEJ as a reference to
separate root (as ROI) from tooth crown. Our study is based
on a previously published approach related to the assessment
of the volume-of-interest accuracy using CBCT.>* Our study
offers promising prospects for assessments of all kinds of
teeth roots, and we used two segmentation methods allowing
us to follow-up and quantify any change in the root’s volume
occurred when orthodontic treatment performed. Therefore,
we eliminate the effects of artifacts induced by discrepancies
between the mathematical modeling and the actual physical
imaging process.** This method will be useful for any perspec-
tive that focuses to evaluate root resorption after orthodontic
treatment for a large specimen size of scans.

Conclusion

The use of stereology employing the ImagelJ software (on a
personal computer) and CBCT images provide an accurate
and reliable semiautomated approach for volume quantitative
analysis leading to evaluate and follow-up the root’s volume
when any orthodontic treatment occurred, it provides a valu-
able tool for research monitoring and provides a good 3D
visualization with less complexity.

Disclosure
The authors report no conflicts of interest in this work.
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