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Abstract

Background: Displaced maxillary permanent canine is one of the more frequent findings in canine eruption proc-
ess and it’s easy to be outlined and early diagnosed by means of x-ray images. Late diagnosis frequently needs
surgery to rescue the impacted permanent canine.

In many cases, interceptive treatment to redirect canine eruption is needed. However, some patients treated by
interceptive means end up requiring fenestration to orthodontically guide the canine to its normal occlusal posi-
tion.

It would be interesting, therefore, to discover the dental characteristics of patients who will need additional surgi-
cal treatment to interceptive treatment.

Material and Methods: To study the dental characteristics associated with canine impaction, conventional statis-
tics have traditionally been used. This approach, although serving to illustrate many features of this problem, has
not provided a satisfactory response or not provided an overall idea of the characteristics of these types of patients,
each one of them with their own particular set of variables.

Faced with this situation, and in order to analyze the problem of impaction despite interceptive treatment, we have
used an alternative method for representing the variables that have an influence on this syndrome. This method is
known as Self-Organizing Maps (SOM), a method used for analyzing problems with multiple variables.

Results: We analyzed 78 patients with a PMC angulation higher than 100°. All of them were subject to intercep-
tive treatment and in 21 cases it was necessary to undertake the above-mentioned fenestration to achieve the final
eruption of the canine.

Conclusions: In this study, we describe the process of debugging variables and selecting the appropriate number
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of cells in SOM so as to adequately visualize the problem posed and the dental characteristics of patients with regard

to a greater or lesser probability of the need for fenestration.

Key words: Interceptive orthodontic treatment, altered eruption, impacted canines, neuronal networks, self-

organizing maps.

Introduction

The permanent maxillary canine (PMC) is the tooth that
presents the highest incidence of displacement from its
normal eruptive path due to its peculiar morphological,
topographical and chronological characteristics. Its in-
clination varies with age, nine years old being when it
presents maximum inclination, 99° (1). Theories related
with the etiology of impacted canines and predictive
variables of canine impaction in the mixed dentition are
reviewed with an insight into current interceptive treat-
ment modalities (2). Diagnosing canines with eruptive
alterations is undertaken clinically and radiographically
using panoramic radiographs (3).

Interceptive treatment is focused on improving the
altered eruptive path so as to achieve the eruption of the
canine (4-6), but some patients end up also requiring
surgical help.

The decision to undertake a fenestration on a patient
subjected to interceptive treatment is a decision taken
by a specialist based on clinical experience. Hence, in
this work, our aim was to find the pattern or patterns
of those patients with displaced canines towards the
midline for whom interceptive orthodontic treatment is
not sufficient for the correct eruption of the canine.
Given the great number of variables that can affect this
(7-13), it is not possible using traditional methods to
visualize the distribution of these variables in the sample
studied and to determine patterns of behavior that may
explain which cases have a greater or lesser probability
of the need for fenestration in order to achieve the
eruption of the canine. In this study we have used an
alternative methodology - self-organizing maps (SOM),
whose application to this problem will be detailed in the
following section on material and methods. This method
will allow us to group the study patients into a certain
number of cells, called neurons. The algorithm of the
SOM will determine the value of each study variable
corresponding to each of those neurons. By doing so, it
is possible to simultaneously visualize the value of each
variable involved in the study, in each group of patients
included in a neuron. Using this grouping method, we
can visualize all the variables in the distinct groups of
patients and find behavior patterns associated with a
certain variable, in our case the need for undertaking
a fenestration.

Material and Methods

The design of this research article was approved by the
University of Valencia Ethics Committee on Human
Research (H1462653247069). Rights have been protect-
ed by the relevant Institutional Review Board and writ-
ten informed consent to participate was granted by all
subjects. The study followed guidelines established by
the Helsinki Declaration for research involving human
subjects, as well as STROBE guidelines.

78 panoramic radiographs were analyzed of patients with
a pathology associated with the inclusion of permanent
canines, of ages between 6 and 13 years at the beginning
of treatment, of which 50 were girls and 28 boys.

A panoramic radiograph was available for all cases at the
beginning of treatment and another of the final solution in
which it was shown that the canine had erupted, regard-
less of whether or not there was a need for fenestration.
The selection criterion was that the patients had to have
a PMC angulation higher than the norm, i.e. greater
than 100° (1). This measurement is reflected in the box
marked INC 13 INC 23 in table 1 and figure. 1b,c.

The 3 types of interceptive appliances used were:
Gosgharian transpalatal bar type (BG); Quad Helix
(QLX); Extraoral Traction (TEX).

The study variables were obtained from the initial and fi-
nal panoramic radiographs of each patient and from their
clinical records. The OsiriX software was used for taking
measurements on the panoramic radiograph. While numer-
ical variables were considered with their measured value,
non-numerical or categorical variables were assigned with
a numerical value in order to allow them to be represented
on the SOM. Table 1 presents the variables considered in
the study along with their assigned values.

- Self Organizing Maps

Self Organizing Maps (SOM) (14) are one of the most
popular visualization tool nowadays. SOM is an Arti-
ficial Neural Network (ANN) proposed by Teuvo Ko-
honen (15) and, since then, it has been analyzed and em-
ployed extensively in a wide variety of domains, such
medical (16,17), engineering applications (18,19) and
even in the field of animal sciences (20).

In contrast to SOMs, classical techniques can only deal
with accurate visualizations of whole data sets when
the number of features required is equal or lower than
three; for a higher number of features to be represented,
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Table 1. Variables represented on the SOM.

Som analysis in impacted maxillary canines

Variable Description Valuation
SEX Woman / Man 0 =woman. 1 = man
INITIAL AGE Initial age on beginning treatment Decimal age (years)
SECTOR 13 Location of th§ rlght (13) or left (23) canine crown
SECTOR 23 between the midline and the contact line between 1st 1to5
PM and the temporary canine (Fig.1a)
Lateral incisors fanned out from the apex (fig.1d). This
21+12 FAN variable may have an influence on the sector in which 0=no. 1 =yes
the canine crown is considered to be SECTOR 13/23
AGENESIS 12/22 Absence of lateral incisors 0=no. 1 =yes

LATERAL_MICROD

Microdontia of lateral incisor

0=no.1=yes

AGE ON

Age on beginning 1st treatment

Decimal age (years)

AGE OUT

Final age after 1 or various treatments

Decimal age (years)

TIME

Duration of the complete treatment only counting the
time the treatment has taken

Decimal age (months)

DURATION BG. DU-

Duration of the corresponding interceptive treatment

Decimal age (months)
(This has been marked with the

RATION QLX DURA- value 0 if the patient has not re-
TION TEX . -

ceived this treatment)
UNI/BI Impaction of either one or both canines 0 = bilateral. 1 = unilateral
LID Lateral incisor development 0 =agenesis. 1 = incomplete.

2 = complete

POSITION 13

Location of the right and left canine between vestibu-

0 = vestibular. 1 = normal or mid-

POSITION 23 lar and palatal line; 2 = palatal
EXFOL C+ . . . _ _
EXFOL +C Voluntary extraction of the deciduous canine 0=no. 1 =yes
AGE ORTO 1 Age at 1st panoramic radiograph Decimal age (years)
Outer angle formed by a plane tangent to the
INC 13 . o .
suborbital recesses and the longitudinal axis of the In degrees
INC 23 . . .
permanent maxillary canines. (Fig 1 b and c)
NOLLA Degree or level of tooth formation Scale from 1 to 10
FINAL ORTHO AGE Age at last panoramic radiograph In years

Name, description and numerical valuation of the variables used in the study for the purposes of representing them on the SOM.

Fig 1. Localization and determination of the PMC.
(a) Sector of canine location (b, ¢) Determining the angles of the canines
(d) Fanned incisors.
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only projections onto three dimensions can be carried
out, establishing restrictions (such as keeping fixed cer-
tain sets of variables and representing the rest). Such
a restriction leads to a partial representation of the
information. Moreover, most of the real data sets are
formed by more than three features, making graphical
representation difficult. For the type of representation
that will make it possible to find and visualize patterns
in multiple dimension data sets, self-organizing maps
(SOM) are especially recommendable.

To obtain a SOM, each patient is represented by a
vector of as many coordinates and variables that are to
be considered, in our case 25 variables initially (Table
1). By means of an iterative algorithm, the patients are
grouped into blocks called neurons, the purpose of
which is that the patients who make up each of these
neurons have similar characteristics and different ones
from those making up other neurons.

The number of neurons and, therefore, of groups to be
formed is a choice that must be taken at the beginning of
the SOM. The number of neurons may vary from a few
dozen up to several thousands. In our case we chose a
set of 25 neurons, appropriate for the number of patients
and variables to be studied.

After undergoing the SOM training process, the patients
are distributed on the map, which shows that some neu-
rons have a greater number of patients than others or
that there are even empty neurons (Fig. 2a,b). Empty
neurons show that none of our patients have the pattern
corresponding to that neuron.

It is now possible to project the map onto the different
features; these projections are called component planes,
also known as component maps (Fig. 2e). A component
plane of a SOM is a map where, for each neuron, only
one component of the vector representing the pattern
corresponding to that neuron is displayed (Fig. 2e for
instance). So, for 25 variables, 25 component maps are
obtained and in each of them one can visualize how the
value of the variable changes in the different neurons
that make up the maps and, therefore, in the different
patterns of patients that have been determined.

Each component plane is shown next to a colored bar
which gives information about the relationship between
the color and the corresponding numerical value.

Results

As mentioned in the previous section, each patient is
represented by a vector of as many components and var-
iables as there are in the study: initially 25 variables. An
analysis of the minimum distances between those vec-
tors allows us to group the patients into neurons when
they have similar characteristics. In our study, due to
the number of cases involved, a map of 25 neurons was
used in which the 78 patients were distributed into the
neurons as shown in figure. 2a,b .

Som analysis in impacted maxillary canines

Using the criteria indicated in the material and methods
section, where a greater percentage of filling in of the
neuron indicates a greater number of patients with that
pattern and an empty neuron indicates that there are no
cases with the characteristics that correspond to that
neuron, we can observe that neuron 1 with 12 patients,
and 5, 9 and 25 with 6 patients each are the neurons
with the greatest number of patients. The other neurons
contain between 1 and 5 patients and neurons 10 and 17
are empty. Therefore, each neuron shows the different
patients patterns that can be found in our study.

This same scheme (Fig. 2c) shows how the patients on
whom it was necessary to undertake a fenestration in
order to achieve the eruption of the canine (in red) are
distributed in each neuron or if the canine has erupted
with interceptive orthodontic treatment (in green).
Hence, it can be observed that in some neurons all or
practically all the canines of the patients have erupted,
whereas, in other neurons, the contrary is true and in a
third group it can be observed that there is practically the
same number of cases that required fenestration as cases
that had eruptions following orthodontic treatment.
Figure 2d shows the distribution of the orthodontic treat-
ments employed (BG, QHX and TEX) in each neuron.
Lastly, (Fig. 2e) shows, for each of the 25 variables in-
cluded in the study, the distribution on a color scale of
the value of each of these magnitudes in the pattern cor-
responding to each neuron. In this case it can be ob-
served that all the neurons, including the empty ones
have an assigned value for the variable indicated be-
cause the method has extrapolated the value of the vari-
able that would correspond to that neuron. Given that in
our study there were no patients assigned to those neu-
rons, the pattern associated with those empty neurons is
of no interest to our study.

On analyzing the maps, it can be observed that several
variables present the same information, for example,
Agenesis 12 and Agenesis 22 and others with a prac-
tically symmetrical representation such as the lateral
microdontia variable. Thus, these three variables were
deleted and substituted by “development” (tooth-length)
that had the value of 0 in the case of agenesis, 1 in the
case of lateral microdontia and 2 if the tooth was com-
plete. Other variables of similar behavior were initial
ortho age and final ortho age, age on and age out.
Moreover, the treatment type variable was also elimi-
nated from the study as no correlation between neurons
with greater prognosis of canine eruption with the treat-
ment type was observed and, given that all were inter-
ceptive treatments, this was considered to be a variable
that affected all the cases considered equally. Therefore,
from this point on, the duration times of each individual
treatment were not considered either. These variables
remained represented by the initial age of the patient at
the moment of beginning the treatment and treatment
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Fig 2. Distribution of SOM. a) Numbering of the neurons: Conventionally, neurons are numbered from top to bot-
tom and left to right. b) Distribution of the study patients into each of the neurons, taking the 25 variables of the
study into account. Empty neurons correspond to patterns that do not fit any patient and greater or lesser amount
of blue indicates the greater or lesser number of patients in each neuron. c) Distribution of cases that required
fenestration (in red) and those that only needed interceptive treatment (in green) in each of the neurons. The empty
neurons correspond to patterns that were non-existent in our study. d) Distribution of treatments (BG in red QLX
in green and TEX blue) in each of the neurons. e) Distribution of the values of the study variables in each of the
neurons that contain a pattern of patients with a similar minimum distance according to the Artificial Neural Net-
work algorithm. The description and valuation of the variables represented are shown in Table 1.

duration in which the time taken for all treatments em-
ployed is included. Following these considerations, we
proceeded to undertake a second analysis in which the
number of variables was now reduced to 16 (Fig. 3) :
SEX, INITIAL AGE, SECTOR 13/23, LID, POSITION
13/23, TREATMENT DURATION, X21.21 FAN, EX-
FOL C+/+C, UNI/BI, NOLLA, INC 13/23, already
shown in table 1 and adding the TOOTH LENGTH
variable defined at the beginning of this paragraph.

On modifying the vector that characterizes each pa-
tient, the patterns are also modified and in this case the
patients were distributed as shown in figure 3a, as well
as cases of patients to whom fenestration was applied
and the cases of normal eruption with orthodontic treat-
ment (Fig. 3b). Finally, (Fig. 3c) shows, the 16 variables
included in the study.

This graphic representation method allows us to follow
the pattern characteristics of the patients that occupy
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Fig 3. New Distribution of SOM. (a) Distribution of study patients (b) Distribution of the cases that required fenestration (in red) and
those that only needed interceptive treatment (in green). Empty neurons correspond to patterns where there is no patient and the greater
or lesser amount of color indicates the greater or lesser number of patients in each neuron. ¢) Map components corresponding to the
16 variables considered: distribution of the values of study variables in each of the neurons that contain a pattern of patients with a
similar minimum distance according to the Artificial Neural Network algorithm for the 16 variables considered. The variable analyzed

appears over each map.

each neuron. Neurons can be observed where the pat-
tern corresponds to a high probability of eruption of the
canine with no need for fenestration, or neurons where
the pattern corresponds to a high probability of having
to undertake a fenestration or neurons with an interme-
diate probability.

Thus, for example, in figure 3b, neuron 1, where 8 of the
9 patients included (88.9%) did not need fenestration for
the eruption of the canines, presents a pattern similar to
that shown in table 2. This table also shows the pattern

of neuron 6 where 4 of the 6 patients included (66.6%)
did need fenestration for the canines to erupt. These two
neurons were selected for study, as they are consecu-
tive and the difference of pattern between them can be
clearly observed.

Table 2. Average values of the patient pattern corre-
sponding to each neuron (N) considered.

It can be observed that the value of several variables
significantly differs between the two neurons analyzed,
whereas in others the values are similar. To discover the
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Table 2. Average values of the patient pattern corresponding to each neuron (N) considered.

Som analysis in impacted maxillary canines

N | Sex | IntAg | S13 S23 | TL | DLI | P13 P23 | TD | FAN | EC+ | E+C | U/B | No | I13 | 123
1 033 | 111 21 1.2 |19 | 1.87 | 17 1.6 13 1 0.57 |03 0 8 113 | 106
6 | 020 | 10.6 275 |28 |14 |15 1.4 1.5 18 03 046 | 059 |0 7 120 | 120

Neuron 1 corresponds to a high probability of not needing fenestration. Neuron 6 corresponds to a pattern of average probability of the need for
fenestration in order to achieve the eruption of the canines. N: number of neuron; IntAg: INITIAL AGE; S13: SECTOR 13; S23: SECTOR 13;
TL: TOOTH LENGTH; P13: POSITION 13; P23: POSITION 23; TD: TREATMENT DURATION; FAN: X21 FAN; EC+: EXFOL C+;E+C:

EXFOL+C; U/B: UNI/B; No: NOLLA; I13: INC 13; 123: INC 23.

pattern of patients according to the success of intercep-
tive treatment for the eruption of the canine, we grouped
the neurons together to form 3 clusters: Group 1 (GR1):
made up of neurons 1, 7, 8, 10, 11, 14, 16, 22, 23 and
24 that represent a percentage of successful interceptive
treatment of above 85%; Group 2 (GR2) is made up of
neurons 4, 6, 9, 12, 13, 15, 16, 19, 20 and 25 in which
the percentage of success was between 50 and 85% and
Group 3 (GR3) made up of neurons 3, 5 and 21 where
that percentage was below 50%.

Table 3 shows the pattern corresponding to each of the
groups considered and a variance analysis shows the
variables that were significant when it came to distin-

guishing between these 3 groups of patients. The sig-
nificance values for each variable are shown in table 3.
In cases with a value of .000, these must be considered
as p<0.001.

In our sample, GR1 group presented a probability of
eruption of 36%, GR2 group 68% and the GR3 97%
with a statistically significant difference between these
percentages, these groups of patients, therefore, being
suitable for characterizing the eruption pattern (<50%,
between 50-85%, greater than 85%). On analyzing the
pattern of each of these groups, it can be observed that
the initial inclination of the canine and the sector where
they are located are important prognosis factors as, at

Table 3. Probability of successful interceptive treatment for the eruption of the canine.

Mean
GR1 GR2 GR3 ANOVA

Probability of eruption| <50% 50-85% >85% P-value
Cases 14 34 30

SEX 2 4 4 466
INITIAL AGE 10.8 10.0 10.8 .085
SECTOR_13 3.5 1.5 1.7 .000
SECTOR_23 2.6 1.5 1.4 .000
Development 1.3 1.9 1.8 .000
LID 1.3 1.2 1.4 162
POSITION13 1.6 1.5 1.6 750
POSITION_23 1.8 1.4 1.5 .083
DUR 13.5 19.5 13.2 .013
FAN 5 i 9 .010
EXFOL_Cmas 5 2 3 127
EXFOL_masC 3 3 3 989
UNI_BI 4 .0 2 .002
NOLLA 8.1 7.2 7.6 .037
INC13 122.5 110.2 107.6 .000
INC23 111.9 109.2 107.4 343
ERUPTION 36% 68% 97% .000

Mean values of each of the variables analyzed in the groups studied depending on the prob-
ability of successful interceptive treatment for the eruption of the canine. P-value obtained
from the ANOVA test. The test is considered significant for p<0.05. The number of cases
of each group is indicated in the table, as well as the percentage of eruption in each group

considered.
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a greater inclination and greater sector, a greater prob-
ability of the need for fenestration arises. In fact, these
results are also clear if a simple comparison of the mean
values of patients who needed fenestration with those
who did not is made. However, the methodology that we
have employed allows us to add to these two factors the
valuation of the rest of the variables that make up the
pattern, some of which present statistically significant
differences in terms of the probability of needing fenes-
tration. The dependence of these other magnitudes does
not appear when a customary statistics method compar-
ing the means between the 2 groups is undertaken.

Discussion

Although it is impossible to predict with absolute cer-
tainty which patients are going to require fenestration
in order to achieve canine eruption, using the approach
taken in this work, we present patterns of patients de-
pending on their probability of either needing fenestra-
tion or not in order to achieve the eruption of the canine
following an interceptive treatment.

We have found a pattern of low probability of achieving
canine eruption employing only interceptive treatment
(I** column of the table corresponding to < 50%) with
the following values:

a) Sector values greater than 2.5.

b) Scant development of the lateral incisor.

c) Nolla stage greater than 8.

d) Inclination of the maxillary canine greater than
112°

In our sample only 36% of the patients with this pattern
were successful in achieving canine eruption through
interceptive treatment alone.

On the contrary, we found a pattern of high probability
(>85 %) of not requiring a final fenestration to finish off
the treatment. This pattern corresponds to the following
values:

a) Sector values of 13 and 23 lower than 1.7.

b) Highly developed lateral incisor.

c) Nolla stage lower than 7.6.

d) Inclination of the lower canine less than 107°.
Although most studies focus on the possi-
bility of the impaction or not of the PMC,
and to explain this alteration numerous variables have
been presented, not all are significant when it comes to
explaining the need for a final surgical solution to carry
the PMC to its correct final location. Hence, for exam-
ple, the PMC alteration that presents itself most often in
girls does not mean that this group is going to require
a greater percentage of fenestrations. Likewise, other
variables of interest in studies on impacted canines,
such as age at beginning of treatment, coronal develop-
ment of the lateral incisor; LID; the palatal or vestibular
position of the canine and exfoliation of the deciduous
canine that some consider effective (8), are of no impor-

Som analysis in impacted maxillary canines

tance to our study when it comes to predicting whether
fenestration is going to be required or not. Even the du-
ration of the treatment, which does show a statistically
significant difference between the groups, as shown in
table 3, is not representative for our study, as no differ-
ence exists in the cases of high and low probability.
However, the “sector, inclination, fan, Nolla stage” sec-
tors can indeed predict the need or not for fenestration.
These are also the variables that show a greater rela-
tionship with canine impaction in the different studies
reviewed. Thus, in 1992 Lindauer et al. (3) used the
same sectors as in the article of Wardorf et al. (13) for
early identification of canine impaction. According to
these authors, 78% of impacted canines were in sectors
II, 11T and 1V, i.e. that the crown of the canine was, at
least, in contact or crossing the longitudinal axis of the
root of the adjacent lateral incisor. Wardorf et al. (13)
concluded that the “sector” variable is the best method
for predicting canine impaction in the palate and that
angulation did not increase the prediction of impaction.
In this study, 82% of impactions were located in sectors
I, IIT and IV. In our study we were able to confirm that,
in the pattern with the greatest probability of the need
for fenestration, this variable presents a mean value of
3, on considering the right and left canine, as against a
value of 1.5 for the cases of low probability. It should be
pointed out at this point that although we present mean
values of the contralateral teeth, the right and left parts
do not behave equally in our study: the right PMC is
more frequently displaced and with greater intensity
than the left PMC.

Wardorf et al. (13) also established that the mean an-
gulation for impacted canines was 63.2, which corre-
sponds to our measured angle of 116.8°. In our study, we
were able to observe that the pattern of greatest prob-
ability of the need for fenestration corresponds to high
levels of this angle, 117.2° on average as against 107.5°
for the low probability pattern.

The development of the lateral incisor and Nolla stage
also presented interesting results in our study, these
variables being referred to in many canine impaction
studies (1). In our case, the need for fenestration is as-
sociated with little-developed lateral incisors and lower
Nolla stages. Becker and Chaushu (21) also sustain this
eruptive theory in their article of 2015, as they observed
that half the patients with impacted canines in the palate
presented late development of dentition (a mean of 1.5
years), which is associated with Nolla stages lower than
7.6 and little-developed.

One variable, which nevertheless, has had little reper-
cussion on the studies of impacted canines, “fanning”
(of the lateral incisor) was representative in our study
).

Broadbent as long ago as 1941, described the mechanism
of eruption and alignment of the maxillary front teeth
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(22). This temporary arrangement of the fanned incisors
he qualified as the “ugly duckling” stage through which
the incisors acquire their fanned out position (apices
together and, therefore, gapped or separated) crowns
until they correct themselves as the canine eruptions
take place.

Apart from evaluating the dental variables analyzed,
we believe that the interesting point about this study
resides in the fact that it shows the advantages gained
by using new methodologies for representing complex
clinical problems involving a large number of variables.
Sets containing a large number of variables provide a
better way of finding solutions to those problems. This
methodology has allowed us to group together eruptive
behavior patterns and to observe the pattern of patients
by using a set of many of the variables involved, as well
as to eliminate various variables that are redundant to
the problem or of very scant repercussion.

Conclusions

Unlike conventional statistics, self-organizing maps al-
low us to observe the problem of canine impaction and
the need or not for fenestration, showing us how the
variables are grouped together in one or the other of the
different suppositions. We can assess the repercussion
of each variable without the need to attend to concrete
and absolute data by determining which set of variables
appears to be associated with the greatest proportion for
each clinical situation in our case.

Hence, we can predict more faithfully the different
types of treatment prognosis, and, therefore, arrive at a
safer diagnosis for future similar situations.
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