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The paper investigates the risk factors for the severity of orthodontic root resorption. The multidimensional scaling (MDS)
visualization method is used to investigate the experimental data from patients who received orthodontic treatment at the
Department of Orthodontics and Dentofacial Orthopedics, Faculty of Dentistry, “Carol Davila” University of Medicine and
Pharmacy, during a period of 4 years. The clusters emerging in the MDS plots reveal features and properties not easily captured
by classical statistical tools. The results support the adoption of MDS for tackling the dentistry information and overcoming noise
embedded into the data. The method introduced in this paper is rapid, efficient, and very useful for treating the risk factors for the

severity of orthodontic root resorption.

1. Introduction

Root resorption is defined as the biological process charac-
terized by destruction of hard structure of the tooth root.
Damaging may involve cementum, dentin, or both structures.
Orthodontic treatment is associated with a higher frequency
and severity of the pathological process of external root
resorption. Frequency of orthodontic root resorption is about
100% when diagnostic techniques based on microscopy are
used and around 70% when periapical or panoramic radio-
graphs are used [1]. But generally, orthodontic root resorption
severity is moderate and low, not interfering with the positive
outcomes of this particular medical intervention. The meta-
analysis conducted by Segal [2] identified a mean value of root
shortening after orthodontic treatment of 1.421 + 0.448 mm.
Of interest are those cases where severe root resorption with
root shortening is beyond 4 mm or 1/3 of root length, which

are noticed in 1-5% of orthodontic patients [3]. Due to the fact
that the considerable root shortening has a negative impact
on tooth’s prognosis, orthodontic root resorption is nowadays
one of the most discussed complications of the orthodontic
treatment: efforts are made in order to establish the proper
preventive treatment conduct [4].

Etiopathogeny of orthodontic root resorption presents
several uncertainties. It seems that higher incidence and
severity of orthodontic root resorption are related mainly
to patients’ characteristics (individual susceptibility has the
main role in root resorption appearance) and particularities
of the orthodontic treatment applied [5]. It seems that a
higher risk of developing external root resorption presents
patients with allergies, asthma, diabetes, arthritis, endocrine
disorders, Pagets disease, tooth eruption disorders (more
frequently caused by pressure of the canine or wisdom teeth
during eruption), hypodontia, open bite, increased alveolar



bone density, particular dental morphology like reduced
root diameter, and abnormal root shape in the apical part
of the root, especially eroded, pointed, deviated, or bottle
shape [3,5-9]. Among particularities of the orthodontic tech-
nique seen as risk factors for root resorption are increased
orthodontic treatment duration, treatment with tooth extrac-
tion, and tooth intrusion (especially when vestibular coronal
torque was associated) [10, 11].

The aim of this study is to investigate the impact of several
risk factors (sex of patients, orthodontic extractions, and
duration of treatment) on the severity of orthodontic root
resorption. The analysis is based on the formation of clusters
for experimental data analysis that may indicate similar
behavior in some particular clinical situations.

Given the characteristics of the biomedical data, with a
plethora of different influential factors, the numerical extrac-
tion of characteristics poses difficulties to classical statistical
and computer tools. In this line of thought, the adoption of
advanced computational tools capable of handling the incer-
titude implicit in the application is imperative. Therefore, the
multidimensional scaling (MDS) method which is an algo-
rithm that does not require initial assumptions about the data
is tested. MDS is a computational visualization tool that con-
structs maps based on comparison criteria [12-19]. The MDS
plot consists of a series of points where each one represents
an item. The maps can be rotated, translated, and zoomed in
order to provide a better visualization of a given area [20-28].
The interpretation of the chart is based on relative position of
clusters of points and takes advantage of the user intuition
and experience in the particular field of application, making
MDS a powerful tool for the type of data handled in this study.

Bearing these ideas in mind, the paper is organized as
follows. In Section 2, the material and methods are presented.
Section 3 is devoted to multidimensional scaling method for
patients with and without orthodontic extractions. Section 4
presents our results and discussions. Finally, Section 5 out-
lines the main conclusions.

2. Materials and Methods

In order to achieve the proposed objectives, we designed and
implemented a retrospective observational clinical study.
The sample was composed of patients receiving ortho-
dontic treatment at the Department of Orthodontics and
Dentofacial Orthopedics, Faculty of Dentistry, “Carol Davila”
University of Medicine and Pharmacy, during October 2005-
October 2009. In this study, patients with fixed metallic
orthodontic appliances, standard edgewise, or straight-wire
technique, applied in both jaws for a period of at least
6 months were included. From this study, patients with
radiological signs of root resorption before the treatment start
of were excluded. According to the protocol established in the
Department of Orthodontics and Dentofacial Orthopedics,
all patients sign an informed consent for the use of their
medical documents for teaching and scientific purposes.
External root resorption was assessed in terms of root
shortening, with the changes of root length being recorded,
compared to the situation before applying the orthodontic
device. Measurements of upper and lower incisors were made
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FIGURE 1: Calculation of the amount of root shortening (root resorp-
tion) on serial panoramic radiographs.

on serial panoramic radiographs, and changes in root length
were being assessed using a mathematical formula based on
the one proposed by L. Linge and B. O. Linge [29] (see
Figure 1):

C
Root resorption = R, — RZC—I, 1)
2

where R, and C, are the initial (pretreatment) root and crown
lengths in the first radiograph and R, and C, are root and
crown lengths in the second radiograph, respectively.

3. Experimental Setup and Mathematical Tools

In this section, the experimental cases and the mathematical
tools to be adopted are briefly described.

3.1. Experiments. In the experiments, two cases were consid-
ered, namely, 1 (orthodontic treatment with tooth extraction)
and 2 (orthodontic treatment without tooth extraction),
denoted as cases 1 and 2 in the sequel, involving p = 18
patients for case 1 and p = 37 patients for case 2, respectively,
which are studied separately. For all patients considered,
knax = 8 measures the teeth absolute deviations that were
compared by means of indices (3)-(4). In order to identify
points in the MDS maps, each patient was labelled as GPP-
AA-TT with G = {M,F} for gender male/female, PP =
{1,..., p} for patient number, AA = {10,...,30} for age, in
years,and TT = {6, ..., 51} for treatment time, in months. For
providing a better visualization, the male and female points
have distinct marks (filed circle for male and open rectangle
for female).

3.2. Multidimensional Scaling. Multidimensional scaling
(MDS) has its origins in psychometrics and psychophysics,
where it is used as a tool for perceptual and cognitive
modeling. From the beginning, MDS has been applied in
many fields, such as psychology, sociology, anthropology,
economy, and educational research. In the last decades, this
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technique has been applied also in other areas such as music,
finance, and biology.

MDS is a statistical technique used for visualization of
information in the perspective of exploring similarities in
data. MDS assigns a point to each item in an m-dimensional
space and arranges the p objects in a space with a given num-
ber of dimensions m1, in order to reproduce the observed sim-
ilarities. Often, instead of similarities distances between the
investigated p objects are considered. For two or three dimen-
sions, the resulting locations may be displayed in a “map” that
can be analyzed. We can rotate or translate the map, but the
similarities between items remain the same. Therefore, the
final orientation of axes in space is mostly the result of a
subjective decision by the researcher, who will choose the one
that can be most easily interpreted or that leads to a better
visualization.

An MDS algorithm starts by defining a measure of
similarity for constructing a p x p matrix R of item-to-item
similarities. In classical MDS, the matrix is symmetric and its
main diagonal is composed of “1” for similarities or “0” for
distances. MDS rearranges objects so as to arrive at a config-
uration that best approximates the observed similarities (or,
alternatively, the measured distances). For this purpose, MDS
uses a function minimization algorithm that evaluates differ-
ent configurations with the goal of optimizing the goodness
of fit.

The most common measure used to evaluate how well
a particular configuration reproduces the observed distance
matrix is the raw stress defined by

s=[dy- £ () ii=tlp )

where d;; denotes the reproduced distances, given the respec-
tive number of dimensions and §;; stands for the input data
(i.e., the observed distances). The expression f(J;;) represents
a nonmetric, monotone transformation of the input data.

There are several measures that are commonly used, but
most of them amount to the computation of the sum of
squared deviations of observed values from the reproduced
distances. Thus, the smaller the stress value S, the better the fit
between the reproduced and the observed distance matrices.

We can plot S versus the number of dimensions m of the
visualization, for deciding the most adequate. Usually, we get
a monotonic decreasing plot, and we chose the “best dimen-
sion” as a compromise between stress reduction and dimen-
sion for the map representation. In practical terms, we chose
a low dimension at the region where we have a significant
variation in the stress plot.

We can also plot the reproduced distances, for a particular
number of dimensions, against the observed input data
(distances). This scatter plot, referred to as a Shepard dia-
gram, shows the distances between points versus the original
dissimilarities. In the Shepard plot, a narrow scatter that is
around a 45-degree line indicates a good fit of the distances to
the dissimilarities, while a large scatter indicates a lack of fit.

Since MDS is fed with relative distances, the maps are
insensitive to rotation and translation. This means that the
user can view and zoom the plots interactively in order to

interpret the clusters of points that emerge in the map. Fur-
thermore, distinct indices, capturing different characteristics,
produce MDS charts, better or worse, merely in the viewpoint
of easiness of interpretation in conjunction with the user own
experience.

For the comparison of objects i and j, the cosine correla-
tion [30], r;; is adopted, defined as

v x; (k) x; (k)
ri]' = 5
VX o2 (k) Y 2 (k)

bj=Ll..p ()

where x;(k) denotes the kth measured component of the
ith item and k,,, represents the maximum number of
components.

In the sequel will be adopted GGobi [31] for calculating
MDS and for visualization. Other packages often used are
Matlab [32] and R [33]. The GGobi package requires a p x
p matrix A = [Sij] of item-to-item distances (instead of
similarities) and, therefore, is used:

81']' - E — COS (Tij) . (4)
In the experiments other metrics that lead to inferior
results were tested and, therefore, are not analyzed here.

4. Results and Discussion

In this section, the sample of patients is described and the
MDS results are analysed.

4.1. Description of the Sample. The sample included 55
patients, of which 74.5% (n = 41) were female and 25.5%
(n = 14) were male, with the mean age being 15.92 years.
Corresponding to the 55 patients, a total of 440 incisors were
measured.

Associated with the orthodontic treatment, there was a
mean reduction of 1.32 mm of tooth length. Most of the
patients (67.27%, n = 37) had at least one incisor with
root resorption exceeding 2 mm,; this is often considered as
the limit between low severity and medium severity of this
pathological process.

4.2. Multidimensional Scaling of Patients with and with-
out Orthodontic Extractions. Figures 2 and 3 depict the 3-
dimensional MDS maps for cases 1 and 2, respectively. The
figures show two rotations views and two zoomed areas. This
paper examines the formation of clusters for experimental
data analysis.

In case 1 (with orthodontic extractions) mean root
resorption was 1.59 mm. We cannot say anything about the
implications of sex on root resorption severity due to the
insignificant number of women (n = 1). This aspect is
equivalent to the fact that more frequently the treatment
plan included orthodontic extractions in male patients.
Subjects presented ages between 12-28 years (mean = 16
years). Orthodontic treatment time was between 10 and 51
months (mean = 24.5 months). Important cluster points were
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FIGURE 2: Projections of the 3-dimensional MDS map for case 1 (with tooth extraction) involving p = 18 patients.
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FIGURE 3: Projections of the 3-dimensional MDS map for case 2 (without teeth extraction) involving p = 37 patients.

observed, namely, M 13-17-38, M 4-22-30, M 15-28-35, M 32-
13-51, and F 57-14-27. These patients presented moderate val-
ues of root shortening (mean = 2.26 mm), indicating a higher
severity than usual. It can be observed that these patients had
one particular aspect in common, the extent of treatment
time, which is above average. In this cluster, age did not
present some clear tendency, being variable (between 13 and
28 years), but it can be noticed that mean age for the patients
with orthodontic extractions was higher in subjects from the
cluster (mean = 19 years) than that for the others (mean =
15 years). In consequence, we observe a tendency to form
clusters with higher severity of root resorption in cases with
orthodontic extractions with a greater period of orthodontic
treatment time.

In case 2 (without orthodontic extractions) 37 patients
were included with mean root resorption being 1.18 mm,
indicating a lower severity of this pathological process. In this

group, the number of males and females are comparable (13
males and 24 females). Patients presented ages between 10-
30 years (mean = 16 years). Treatment time was between 6-
48 months (mean = 20.21 months). We report the appearance
of the clusters which shows some similarities (Figure 3). We
observed a more uniform behavior compared to that of case 1.
A large cluster was observed, including about 24 patients. We
mention that generally patients inside the cluster presented a
tendency to a more severe root resorption (mean =1.40 mm),
compared to those outside the cluster (mean = 0.77 mm).
We observed also that outside the cluster, there were mostly
male patients and only 2 female patients. That may suggest
that females may present a tendency to a more uniform and
predictive behavior related to orthodontic root resorption
appearance. Also, even if there were patients of different ages
outside the cluster, most of them were older than those inside
the cluster. Also the mean age of patients outside the cluster
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FIGURE 4: Stress versus the number of dimensions of the MDS
representations for cases 1 and 2.

(18 years) was higher compared to that of the subjects inside
the cluster (15 years). This may suggest that in older patients
root resorption is a process that is less predictable.

Figure 4 shows the variation of the stress S versus the
number of dimensions m of the MDS representations for
cases 1 and 2. We observe that the adopted dimension m =
3 establishes a good compromise between precision and
dimensionality reduction for visualization feasibility. Com-
paring the 2 situations mentioned (with and without ortho-
dontic extractions), we observed that stress presents a higher
variability in cases with extractions and a more uniform
behavior in those cases without extractions. That may be
related to the increased complexity of the medical interven-
tion in the first case.

Orthodontic root resorption is one of the complications
of the orthodontic treatment, knowing its etiology being an
important factor in prevention of those forms with moderate
and severe root shortening.

According to our results, the orthodontic extraction may
be a risk for apical root resorption. More frequently it is
associated with a more severe root resorption and also a more
unpredictable behavior. This aspect is concordant with sev-
eral clinical studies conducted on this topic [34]. Marques et
al. reported that those receiving orthodontic treatment with
extraction of the four first premolars, compared to patients
treated without extractions, have a chance of 6.7 :1 to present
root resorption [35]. de Freitas et al. also identify a statisti-
cally significant difference in the severity of root resorption
between cases with and without orthodontic extractions, with
root shortening being more severe in the first case [36].
Mohandesan et al. support the same behavior that differenti-
ated between cases with and without orthodontic extractions
[37]. These observations may be explained by the larger root
apex displacement in cases with orthodontic extractions and

also by the increase of treatment time, with both favouring
this condition. We mention that increased treatment time of
the orthodontic intervention is seen, in accordance with the
current knowledge, as the main risk factor of root resorption
related to the orthodontic intervention [38].

5. Conclusions

Nowadays, preventive methods are seen as ensuring the best
medical outcome. In this context, it is extremely important
to accurately identify diseases risk factors. Interdisciplinary
approach of these aspects, interpreting medical data using
advanced statistical tools can offer extra knowledge. The
paper studied the risk factors for the severity of orthodon-
tic root resorption. The MDS visualization technique was
adopted for exploring the data from patients receiving ortho-
dontic treatment at the Department of Orthodontics and
Dentofacial Orthopedics, Faculty of Dentistry, Carol Davila
University of Medicine and Pharmacy, during a period of
4 years. The clusters in the MDS charts reveal features not
easily captured by classical statistical tools and overcome
noise effects embedded into the data.

The method introduced in this paper is rapid, efficient,
and very useful for identifying the risk factors for the severity
of orthodontic root resorption.
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