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Abstract. The position of the condyle can be determined using different diagnostic tools, among
which are transcranial X-rays (RT), Cone Beam Computed Tomography (CBCT), and the
Condylar Position Indicator (CPI). This study aimed to determine the concordance among the CPI,
the CBCT, and the RT as diagnostic methods for determining the condyle position. Materials and
method: 32 valid cases, each of which had an RT, a CBCT, and a CPI, were analyzed by three
observers. SPSS V. 26.0 program was used to calculate the Kappa trust interval, using the
jackknife technique which allows to estimate of the standard error between observers. To evaluate
the condylar position using CPI, an AD2 articulator was employed. A Pullinger and Hollender
layout was used in the tomographic and transcranial images. Results: The concordance among the
three observers for each method resulted in a value of Kappa higher than 0.879. The concordance
between CBCT and RT was 0.0627, between CPI and RT it was 0.247, and between CBCT and
CPI it was .188. Conclusion: The level of concordance obtained between the three observers with
any given diagnostic method was very good, which indicates that the concordance that each
observer obtained regarding each diagnostic method is trustworthy. In this study, it is concluded
that there is a concordance in the diagnosis regarding the position of the condyle of the tomography
with the transcranial radiography. There is no concordance between tomography and CPI. There
was also no concordance between the CPI and the transcranial radiography.

Keywords: condylar position, transcranial projection, cone beam computed tomography,
condylar position indicator.

1. Introduction

It has been suggested that the condylar position may be related to dysfunctions of the gnathic
system [1]. The condylar position may have a dramatic effect on the position of the mandibular
body, which, in turn, may significantly affect the diagnosis and treatment in diverse areas of
dentistry [2]. The size and position of mandibular condyles among different sagittal skeletal
relationships [3]. Several types of X-rays have been used to identify this position and the
Transcranial projection was the first to be used [4]. However, said images were difficult to
interpret due to anatomical reasons. Laminographic research and research using tomography led
to the conclusion that the precision of the images could be improved by orienting the ray of the
X-rays along the condylar axis, determined by a sub-vertex. Still, tomographic studies of normal
samples showed an ample variety of condylar positions, and for this reason, didn’t provide
clinically useful information [5]. The Condylar Position Indicator (CPI) allows us to measure the
vertical, transversal, and anteroposterior deviations of the condyle. This can be used to evaluate
the condylar position in the diagnostic and treatment plan for the patients [6]. There aren’t any
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publications that study the trustworthiness or exactitude of this registry; a specific study about this
diagnostic method would be required for that. The Cone Beam Computed Tomography (CBCT)
is a 3D imaging technique that is precise, economical, and exposes patients to a relatively low
amount of radiation. CBCT is amply used in treatments that involve the maxillofacial region, and
it is also the method of choice for determining bone changes in the condyle, and position changes
in the spaces of the temporomandibular articulation. Although images obtained through magnetic
resonance are considered the gold standard in isolating soft tissues, CBCT provides better images
with better information regarding the state of the articulations and bone changes [7].

2. Materials and methods

A total of 16 subjects (32 mandibular condyles) were included in the study. It should be noted
that the patient’s personal information was treated as confidential and that the ethical principles
established in the Helsinki Declaration were respected at all times. Transcranial X-rays, CBCT,
and CPI were obtained for each patient. The transcranial X-rays and the CBCTs were taken at the
same radiological center, and all of them were measured and analyzed following the guidelines of
Andrew Pullinger and Lars Hollender [8]. The three studies were measured by three observers,
trained to be able to carry out and interpret the measurements of the three different diagnostic
methods. The position of the middle point of the condyle was determined, and an angle conveyor
was employed in such a way that its base coincided with a line drawn from Petro’s tympanic
fissure to the lowest point of the articular tubercle. The anteroposterior position of the angle
conveyor was defined as the perpendicular line that traversed the middle point of the condyle. The
inter-articular distances were measured linearly in 30°, 60°, 120° and 150° angles. The area of the
posterior space was comprised between 30° and 60°, and the area of the anterior space was
between 120° and 150°. The averages of both zones were divided among each other, following
the formula of posterior space / anterior space x 100, where 0 was the condylar center; values of
less than -12 represented a posterior position, and values of more than 12 represented an anterior
position (Fig. 1). Cast models were used to obtain the registry of the condyle's position through
CPI. The bite was registered using pink wax in a central occlusion. The models were mounted on
an AD2 articulator, as seen in Fig. 2. The Kappa index was used to determine the level of
concordance among the observers in all the different diagnostic methods. This index was also used
to determine the correlation between the different diagnostic methods, based on their concordance,
to establish the position of the mandibular condyle, using a SPSS V. 26.0 program.

P-A/P+A X100
Fig. 1. Method established by Pullinger and Lars Hollender, used to determine the position
of the condyle in transcranial X-rays and tomography

3. Results

All measurements were carried out by three observers for all three of the diagnostic methods.
The Kappa analysis shows the level of concordance among the different diagnostic methods. It
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should be noted that the highest level of concordance was found between the CBCT and trans-
cranial X-ray methods and was established at 0.631 (Table 1). On the other hand, the lowest level
of concordance was found between CBCT and CPI at 0.175 (Table 2). Finally, the level of
concordance between trans-cranial X-rays and CPI was 0.221 (Table 3).

+——J¢
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Fig. 2. Method used to mount the models on an AD?2 articulator
and thus obtain the position of the mandibular condyle

Table 1. Value of the Kappa analysis between CBCT and trans-cranial x-ray
Value | Standard asymptotic error® | Approx. S® | Approx. Sig.
Measurement \ Kappa | 0.631 0.137 3.934 0.000

N valid cases 32

The value obtained was 0.631 which indicates that the level of correlation between CBCT and
trans-cranial X-rays was good.

Table 2. Value of the Kappa analysis between CBCT and CPI
Value | Standard asymptotic error®* | Approx. S® | Approx. Sig.
Measurement \ Kappa | 0.175 0.149 1.219 0.223

N valid cases 32

The value of Kappa was determined to be 0.175, which indicates a low level of correlation
between CPI and CBCT.

Table 3. Value of the Kappa analysis between CPI and trans-cranial x-ray
Value | Standard asymptotic error® | Approx. S | Approx. Sig.
Measurement \ Kappa | 0.221 0.141 1.590 0.112

N valid cases 32

The value obtained was 0.221 which indicates that the level of correlation between CPI and
trans-cranial X-ray is low.

As one can observe, the results were very similar for all observers about the values of Kappa
obtained. The highest degree of correlation was always obtained between measurements taken
using CBCT and trans-cranial X-rays. The lowest degree of correlation was obtained between
measurements taken using CBCT and CPI. The level of correlation between measurements taken
using CPI and trans-cranial X-rays was a little higher than those obtained using CBCT and CPI,
but those were also consistently low. Table 4 shows the concordance levels obtained by the three
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observers using CBCT, and Table 5, shows the concordance levels obtained by the three observers
using trans-cranial X-rays. The concordance levels obtained by the three observers using CPI are
observed in Table 6.

Table 4. Value of the Kappa analysis between the different observers using the CBCT measurements
Value | Standard asymptotic error* | Approx. S® | Approx. Sig.
Measurement \ Kappa | 0.935 0.064 5.821 0.000

N valid cases 32

The value obtained was 0.935, which indicates that the level of correlation among the
observers was very good.

Table 5. Value of the Kappa analysis between the different observers using trans-cranial x-rays. d
Value | Standard asymptotic error® | Approx. S® | Approx. Sig.
Measurement \ Kappa | 0.879 0.083 5.427 0.000

N valid cases 32

The value obtained was 0.879, which indicates that the level of correlation among the
observers was very good.

Table 6. Value of the Kappa analysis between the different observers using CPI
Value | Standard asymptotic error® | Approx. S® | Approx. Sig.
Measurement ‘ Kappa | 1.000 .000 7.195 .000

N valid cases 32

The value obtained was 1, which indicates that the level of correlation among the observers
was near perfect.

As one can observe, the degree of concordance among the observers to determine the position
of the condyle using any single method was always very good, which allows us to conclude that
the correlations obtained (both high and low) between the different methods have a high degree
of trustworthiness.

4. Discussion

The position of the condyle can be determined using different methods, some of which are
very specialized and sophisticated, while others are simpler. Some examples of methods are the
trans-cranial X-ray, CBCT, and CPI, among others. This study is interested in determining the
level of concordance between these methods because each one of them has specific advantages
over the others in terms of their efficacy in determining the position of the condyle. No previous
studies had been conducted to allow us to determine the level of concordance between the tools
for making diagnostics which may allow us to determine which diagnostic method to use at a
given moment.

First, it’s worth noting that the observers who participated in this study displayed a high level
of concordance regarding Kappa for all diagnostic methods used, which suggests that this study
can be replicated. If one observes Tables 4 and 5, regarding the position of the condyle within the
glenoid cavity, the most frequent position of the condyle determined with all three diagnostic
methods was a centric condylar position. The anterior condylar position was the second most
frequent, and the posterior condylar position was the least frequent. This tendency was concordant
among the three observers.

In a study conducted by Alexander et al. (1993), to observe the condylar position in Centric
Occlusion, and the posterior position with regards to the position of the median articular disc, with
an articulator and magnetic resonance, the researchers found that said methods were reproducible,
but only one researcher was in charge of all the measurements. This was not the case in the present
study, in which three observers replicated the observations [9].
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Presently it hasn’t been possible to reach a consensus among different authors to determine a
possible physiological position of the condyles inside the glenoid cavity. Some studies suggest
that the position of the condyle outside of the concentricity would be related to malocclusions [10]
or the presence of temporomandibular dysfunction [11], [12] but not all authors agree upon this
point [13].

In a study conducted by Alves et al. (2014), in which the condylar position and the articular
space were evaluated, it was determined that most of the subjects studied had their condyles
located in the posterior condylar position (39.47 %), followed by concentric position (34.21 %),
and anterior position (26.31 %) [14]. These results do not coincide with our study in which the
most frequent condylar position was that of concentricity. The concordance obtained according to
the Kappa analysis of the measurements taken by observer 1 among the different methods was
0.175 between CPI and CBCT, 0.221 between CPI and transcranial X-rays, and 0.631 between
transcranial X-rays and CBCT, which suggests that the correlation between CPI and CBCT is
weak, as is also the case between CPI and transcranial X-rays; none the less, the concordance
between CBCT and trans-cranial x-rays was good. The results obtained by observer 2 were similar
to those of observer 1, and the concordances obtained using the Kappa analysis were as follows:
0.215 between CPI and CBCT, 0.260 between CPI and trans-cranial x-rays, and 0.619 between
CBCT and transcranial X-rays, which corroborates the poor concordance in the first two cases,
and a good concordance in the third case. Observer 3 registered values very similar to those
registered by his colleagues. The concordances obtained by observer 3 using the Kappa analysis
were as follows: 0.175 between CPI and CBCT, 0.341 between CPI and trans-cranial X-rays, and
0.631 between CBCT and trans-cranial X-rays. As was also the case with observers 1 and 2,
observer 3 registered a poor concordance in the first two cases, and a good concordance in the
third case. Additionally, it is worth mentioning that the three observers who participated in this
study evidenced a high level of Kappa concordance in all the diagnostic methods analyzed, which
shows that the study can be replicated (see Tables 4, 5, and 6).

The concordance among the three observers was measured using the same method, and the
concordance values when evaluating CBCT were 1, 0.935, and 0.935 between observers 1 and 3,
1 and 2, and 2 and 3 respectively. The concordance values obtained for trans-cranial X-rays were
0.935, 0.879, and 0.879 between observers 1 and 3, 1 and 2, and 2 and 3 respectively. Finally, the
values obtained when analyzing concordance among observers for CPI were 1 for all three
observers. This indicates that the existing concordance among observers for any given diagnostic
method is very good. This also suggests that the results are trustworthy and that the concordance
between diagnostic methods is likely valid.

Lars Hollender and Andrew Pullinger (1985) conducted a study that concluded that in 80 % of
the X-rays analyzed there existed a qualitative concordance of the position of the condyle, whether
it was evaluated in a posterior manner, concentrically, or anteriorly [8]. This suggests that
transcranial X-rays may have clinical uses. Nonetheless, the 60 % rate of complete concordance
and the apparent tendency of trans-cranial X-rays to exaggerate non-concentricity in 30 % of
cases, led Lars Hollender and Andrew Pullinger to prefer tomography as their diagnostic method
of choice.

Menezes et al., (2008) conducted a study in which the position of the mandibular condyle
determined using trans-cranial X-rays and magnetic resonances was compared. Magnetic
resonance is considered the gold standard for measuring changes in the position of the mandibular
condyle and visualizing inter-articular spaces [15]. Their study showed that there was no
significant difference between the results obtained using trans-cranial X-rays, and magnetic
resonance. This coincides with the results of the present study since the Kappa values obtained
while evaluating concordance among the three observers show that the study is reproducible (the
values of Kappa were between 0.69 and 0.91). In their study, Menezes et al. concluded that trans-
cranial X-rays are an acceptable method, the applicability of which, as a complementary method,
should not be discarded. Even when the method used in the present study isn’t the same as that
used by Menezes et al. in 2008, we coincide with their results in terms of not having found
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significative differences between tomography and transcranial X-rays, and with regards to the
concordance among observers, which allowed us to conclude that our study was reproducible and
that there exists concordance between the two diagnostic methods.

Ikeda and Kawamura (2009) conducted a study of tomography in which they measured the
distance of the articular space in patients without temporomandibular dysfunction [16]. The
researchers found no difference between the subjects in terms of gender, and the measurements
were very similar, which indicates a concentric position of the condyle. The researchers suggested
that their measurements should be taken into account and used as the norm for clinical
measurements that attempt to determine the position of the condyle within the glenoid cavity.
Additionally, their conclusions coincide with the more recent study conducted by Guerrero
Aguilar Andrea Victoria (2017). Nonetheless, we consider these studies to be flawed because they
didn’t use multiple observers. Although the measurements carried out by Ikeda and Kawamura
were performed on tomography, we consider that they could also be performed using transcranial
X-rays, since our present study shows that there exists concordance and reproducibility.

Even when the objective of the present study is not to determine whether the condylar position
influences the criteria for a diagnosis of temporomandibular dysfunction, we agree that the
condylar position as a means for diagnosis is very weak [17], since there are many factors involved
in the diagnostic. Nonetheless, it is of great importance to determine beforehand whether the
elements used for a diagnostic are trustworthy or not. Also, the different elements used for a
diagnostic offer a series of cost-benefit advantages and disadvantages for the patient which need
to be taken into account.

Currently, there exists a great interest in determining the condylar position and understanding
its association with temporomandibular disorders, thus many studies have been conducted that
research the relationship between the condylar position and the presence of temporomandibular
dysfunctions. For these studies, many different methods have been used, such as the one devised
by Guimardes and colleagues in 2017 which uses tomography [18]. Guimardes and colleagues
reported that there was no correlation between the condylar position and temporomandibular
disorders. In a different study, they used CPI to determine the condylar position. The same as with
the 2017 study, a single researcher set up the articulator to determine the position of the condyle
within the glenoid cavity. In the beforementioned studies, there was no possibility of comparing
concordance between observers or establishing whether it was reproducible or not since this
diagnostic method requires not only a specific amount of time for the set-up but also the clinical
registry [2].

In 2003, Lavine and colleagues carried out a study to measure the reproducibility of CPI, in
which the registries were done by three operators [6]. The authors showed that the measurements
of the three different operators were very precise and very similar to one another. These results
coincide with our own because, in the current study, a very high level of concordance among the
observers was found, which allows us to say there is trustworthiness and consistency. Other
authors, were also interested in the relationship between the condylar position determined through
the measurement of spaces within the glenoid cavity, and its relation to the cranial index and the
presence of temporomandibular dysfunctions [19]. The researchers analyzed said position with
sonographic registries and didn’t find any differences among the subjects of the study. On the
other hand, an ample bibliographical review was carried out, and few studies included this
diagnostic method. A study was recently published in which they compared the mandibular
condyle position used resonance compared to the CPI. They concluded that the position of the
mandibular condyle differed significantly thus suggesting that the real position of the condyle
requires imaging [20]. We agree with the aforementioned since the CPI did not show concordance
in the condyle position concerning the tomography and transcranial X-rays. In the present study,
the concordance levels obtained between CPI and two other diagnostic methods were weak, and
we could observe that transcranial X-rays have a good concordance with tomography and that
being cheaper than tomography, can be used as a reliable method for determining the position of
the condyle.
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5. Conclusions

The level of concordance obtained between the three observers with any given diagnostic
method was very good, which indicates that the concordance that each observer obtained regarding
each diagnostic method is trustworthy. In this study, it is concluded that there is a concordance in
the diagnosis regarding the position of the condyle of the tomography with the transcranial
radiography. There is no concordance between tomography and CPI. There was also no
concordance between the CPI and the transcranial radiography.
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