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Radiographic diagnostics in dentistry is one additional
examination which facilitates accurate clinical diagnosis
and, as a result, the initiation of appropriate treatment.
In recent years, the quality of the images produced has
improved, and the options of using X-rays for human
body imaging have expanded significantly along with a si-
multaneous reduction in the ionising radiation dose nec-
essary to obtain images of clinically acceptable quality.=

Clinical and radiological diagnostics of temporoman-
dibular joints (TM]) is extremely complex.* Symptoms
reported by patients are often seemingly unrelated to the
joints themselves and analysis of the radiological images
of the TMJ may present difficulties due to their anatomi-
cal complexity.® Therefore, appropriately selecting the
type of additional examinations and interpreting their re-
sults seem to be even more important. One should keep in
mind, however, that regardless of the technique and view
in which images are captured, X-ray images are meant to
complement clinical and instrumental examinations and
should only be interpreted with their results in mind.®

Currently, arange of imaging modalities to visualise TMJ
structures are available, such as magnetic resonance im-
aging (MRI), cone beam computed tomography (CBCT),
computed tomography (CT), and panoramic radiograph
(OPG). A distinctive feature of MRI examination is that it
allows soft-tissue imaging, which enables one to evaluate
the position of the articular disk and the surrounding soft
tissues in TMJ disorders. As three-dimensional imaging
methods, CBCT and CT examinations provide a visual-
isation of bone structures. The CT method exposes pa-
tients to the highest ionising radiation dose of all TMJ im-
aging methods. MRI is a detailed examination considered
in the literature to be the ‘gold standard’ in diagnostics of
TM] abnormalities; however, it is not commonly used in
everyday dental practice due to economic factors.” On the
other hand, in order to protect the patient, each radio-
logical examination should be supported by appropriate
indications, and the number of such procedures should
be limited to the bare minimum. One of the basic plain
examinations of the TMJ is an OPG, commonly used and
widely available in dental treatment.® Admittedly, the
image obtained is a flat reflection of the curved surface
of the maxilla and a composite image of the tissues locat-
ed in the X-ray’s path; however, it provides a sufficiently
accurate visualisation of the bone structures around the
TMJ.®2° A functional OPG is a modification of an OPG
examination and is performed in the following positions:
habitual occlusion (maximum contact between the teeth
of opposing arches) and maximum opening (maximum
opening of the mandible in relation to the maxilla), each
separately for the right and left sides (a separate image
for each TMJ). As a result, 4 images on one film are ob-
tained. Analysing such images enables one to evaluate
the bone components of both joints and, indirectly, the
articular disk, and provides information on the condylar
range of motion between the position of habitual occlu-
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sion (maximum intercuspation) and maximum opening
of the mandible in relation to the maxilla. When evaluat-
ing X-ray images, the anatomy of the left and right joints
is compared. This allows both the exclusion of any po-
tential deviations from normal geometry, and at the same
time control over the relationship between the 2 joints
during their function, i.e., at the beginning and at the end
of opening movement. The unquestionable advantages
of the examination also include its ready availability, low
costs of performance, and non-invasiveness. One of the
major weaknesses of OPG images is their magnification,
which results from the radiographic technique applied.
Although the magnification factor is fixed, differences
in magnification occur even within the same radiograph.
Due to the layered nature of this examination, shadows
of other anatomical structures are superimposed over the
captured image, which make interpretation of the image
difficult. Despite these limitations, functional OPG imag-
es of the TM]J provide a great deal of valuable information
and seem to be the modality of choice in the diagnosis
of temporomandibular disorders. There are no publica-
tions available that discuss the interpretation of these im-
ages, hence the need to undertake the study below.!%!

The aim of this paper was to evaluate any relationship
between the range of mandibular opening and the con-
dyle positions during this movement on the basis of func-
tional OPG images.

Material and methods

To evaluate the distance between the condyle positions,
functional OPG images of the TM]J captured in intercus-
pation and maximum mandibular opening positions were
used. The images were obtained from 10 randomly select-
ed 18-year-old volunteers (from a group of 260 individu-
als) taking part in a project supported by the Polish Minis-
try of Science and Higher Education no. N N403 589138.12

All images were obtained with the same ProMax® scan-
ner (Planmeca, Helsinki, Finland 2005), by the same ra-
diology technician, using the same radiation parameters
in current (14.0 mA) and voltage (70 kV).” A stomatog-
nathic system examination was performed in all project
participants by one calibrated examiner in accordance
with the Research Diagnostic Criteria for Temporoman-
dibular Disorders (RDC/TMD).!? Presenting individuals
were informed of the project’s objective and that they can
withdraw at any time without giving a reason. Volunteers
provided written informed consent to participate in the
study. The study was approved by the Bioethical Com-
mittee of the Jagiellonian University under the number
KBET/89/B/2009 and was conducted in accordance with
the principles laid down in the Declaration of Helsinki and
Good Clinical Practice (GCP). Ten patients were selected
randomly from the group of 260 examined individuals,
regardless of gender. Data regarding the maximum range
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of the mandible opening (pain-free opening), midline co-
incidence between upper and lower incisors in a centric
occlusion position, range of vertical incisal distance, and
curve of movement path were obtained from the RDC/
TMD Axis I Clinical Examination Form after clinical ex-
amination was done by a single calibrated specialist in
prosthodontics (MG).!? The study inclusion criteria in-
cluded the following: no symptoms of temporomandibu-
lar disorders according to RDC/TMD, no midline devia-
tion, and a straight line of the mandibular opening.

Using data regarding the range of opening of the man-
dible collected during a clinical examination performed in
accordance with RDC/TMD Axis I, further analysis was
carried out. Values for vertical range of motion (pain free
opening) obtained from the form were added to the over-
bite distance, and thus the actual opening range of motion
was obtained.

Image evaluation methodology

Each radiographic image was analysed by one examin-
er (MM). Figure 1 shows all elements drawn. On images
made in the maximum intercuspation position (desig-
nated as I), pathways were drawn according to the shape
of the cusp and the articular fossa (I.1), and the condylar
head and ramus of the mandible (1.2).* Next, the highest
point of the articular fossa (I.1.a) and the highest point
of the condylar head (I.2.b) were marked on the pathways
drawn. The measurements consisted of measuring the
distance between the highest point of the condylar head
and the highest point of the articular fossa (connecting
points I.1.a and 1.2.b), and determining the angle between
the tangent passing through the penultimate point on the
curve of the mandibular ramus and the line parallel to the
x-axis (1.4).

The next step of the analysis was to transfer the path-
ways, along with the points marked on them, to images

Fig. 1. An example image with points, pathways, and measurements
drawn. | images — condylar heads in maximum intercuspation; Il images

- heads of the mandible in maximum opening. L — patient’s left side.

.1 - the curve corresponding to the curvature of the cusp and articular
fossa; 1.2 — the curve corresponding to the condylar head and mandibular
ramus; I.1.a — the highest point of the articular fossa; 1.2.b - the highest point
of the condylar head; 14 - the angle formed between the tangent passing
through the penultimate point on the curve of the mandibular ramus and
the line parallel to the x-axis. Analogous designations for Il images
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showing the TM]J in the maximum opening position (des-
ignated as II). Pathways corresponding to the picture of
the cusp and the articular fossa along with its highest point
(IL.1.a), and the picture of condylar head with its highest
point (I1.2.b), were created. The distances between points
II.1.a and IL.2.b (the distance between points a and b and
the shift towards the x-axis [horizontal] and towards the
y-axis [vertical]) were measured, and the angle between
the tangent passing through the penultimate point on the
curve of the mandibular ramus and the line parallel to the
x-axis (I1.4) was determined.

When analysing individual measurements, the right
and left sides in each patient were compared to the right
and left sides in all patients. The relationship between the
measurements taken during clinical examination of the
patients (measurements between the incisal edges of the
lower and upper dental arches in the maximum opening
position, increased by the range of the overbite distance
[actual range of opening]) and those obtained from X-ray
images was evaluated. The research hypothesis assumed
that there was a positive correlation between the clinical
range of opening of the mandible and the measurement
of the condylar head movement from centric occlusion to
maximum opening.

For statistical analysis of the results obtained, Student’s
t-test with a significance level of p = 0.05 was applied.

Results

All 10 of the radiographic images which were randomly
selected from a group of 260 individuals (including 192
women and 68 men) and then evaluated were images re-
ceived from women. Table 1 shows the measurements
obtained from the analysis of OPG images. No direct im-
pact of the segment lengths from points II.1.a to I1.2.b on
the values of the range of opening of the mandible which
were received during the clinical evaluation was identified
(Table 1). The analysis of measurements showed no statis-
tical correlation between the distances from the condyle
positions obtained from radiographic images and clinical
measurements of the range of opening of the mandible
(Fig. 2, 3).

Discussion

Analysis of the results obtained suggests a lack of cor-
relation between the clinical measurements of the range
of opening of the mandible and the range of motion of the
mandibular heads when their position is changed from
maximum intercuspation to maximum opening, shown
using radiological imaging in the form of functional OPG
images.

This may be due to the characteristics of OPG imagery,
which is a composite picture with anatomical structures
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Table 1. Mean results obtained from the analysis

Trt e .Mean. Star?d'f)rd Meap Star)dérd Difference | Stanf.Iard deviatiqn,
-rightside | deviation — left side deviation right side and left sides
I.1.a-1.2.b distance [mm] 2.01 0.6 1.89 0.88 0.12 0.08
l4.angle [] 49.09 6.62 47.66 7.67 143 1.01
Il.1.a-11.2.b distance [mm] 8.95 1.32 9.46 1.72 051 036
I1.1.a-11.2.b distance on the x-axis [mm] 7.84 1.24 8.47 1.92 0.63 0.45
I.1.a-l.2.b distance on the y-axis [mm] 426 0.96 3.96 1.19 03 0.21
14 angle [l 65.92 8.01 64.83 5.81 1.10 0.78
Difference between 1.4 and 114 angles Nl 16.84 349 1717 3.72 0.33 023

| - condylar heads in maximum intercuspation, Il - heads of the mandible in maximum opening.
I.1.a the highest point of the articular fossa, 1.2.b the highest point of the condylar head, 1.4 angle formed between the tangent passing through
a penultimate point on the curve of the ramus of the mandible and the line parallel to the X-axis. Analogous designations for images II.

mm — millimetre, ° — degree

superimposed. This issue was particularly visible when
the angular values of a change in position of the man-
dibular ramus were determined. On the other hand, the
methodology of performing such an examination seems
to have no impact on the results obtained, as the exami-
nation is performed at almost the same time for the right
and left sides, and the position of the anatomical com-
ponents of both sides is recorded during the same (one)
movement performed by the patient. In view of such
results, the question is whether the use of OPG images
of the TM] to determine the size of the joint space gives
accurate results? Some authors use such images and
measure the size of the joint space on a baseline image at
the beginning of prosthetic treatment, and then compare
the measurements to a post-prosthetic treatment image.
In this case, the measurements of the three-dimensional
joint’s components are made on a two-dimensional im-
age. The issue of the repeatability of these images is also
interesting; however, it was not the objective of this study.
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Fig. 2. The correlation between the maximum opening and length of the
condylar pathway in the right TMJ

Studies were found in the literature whose objective was
to evaluate the impact of a change in a patient’s head po-
sition during a panoramic radiography examination on
vertical measurement results in the ramus and condylar
area of the mandible. The greatest asymmetry of right and
left sides with differences of up to 6% was noted by the
authors when the head was tilted down.!®

The results obtained and the lack of expected correla-
tion may also be due to the fact that the group of patients
studied was small. Additionally, on the one hand, the
young age of the examined patients ensured homogeneity
within the group; on the other hand, it was not possible to
compare with other age groups.

The use of computed tomography (CT) or magnetic
resonance imaging (MRI) scans for measurements of the
lengths and widths of particular structures of the TMJ
seems to be the most appropriate.'® Studies comparing
TM]J anatomical preparations to their CT and MRI scans
showed no statistical differences between the measure-
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Fig. 3. The correlation between the maximum opening and length of the
condylar pathway in the left TMJ
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ments of respective points within bone structures.!”
Unfortunately, the availability of these imaging methods
in everyday dental practice is limited.

Currently, cone-beam computed tomography (CBCT)
is becoming increasingly popular, in diagnostics of TMJ
disorders as well. It enables one to view the joint’s hard
tissues in 3 planes — sagittal, coronal, and axial — and to
perform their three-dimensional reconstruction, which
provides additional information on the anatomy of the
joint and the position of the mandibular head in the
glenoid fossa.!® Compared to a CT examination, CBCT
offers higher resolution and requires a radiation dose
even 20-30 times lower. It is also possible to select the
scanning region size.!

When interpreting TMJ images, one should also keep in
mind that according to the definition of centric relation,
a central position of the condyle in the articular fossa is
not the most optimal and stable position, as in individ-
uals with no symptoms of masticatory functional disor-
ders, the mandibular head may take various positions in
the articular fossa.?® From a clinical perspective, missing
pathological symptoms on the part of the masticatory
system are the most important, rather than the position
of condylar head in the articular fossa of the TM] on the
radiographic image.*

Conclusions

In young, healthy patients without clinical symptoms
of TM]J dysfunction the functional OPG images should
not be compared with the range of the mandibular open-
ing. Further studies in this area are recommended, taking
into account the selection of cases for analysis in terms of
the presence of potential symptoms of masticatory func-
tional disorders.
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