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Introduction
Panoramic radiography is one of the frequently
used imaging tools in dentistry. These radiographs
used by almost all branches of dentistry. Panoramic
radiographs give information about the teeth and
surrounding alveolar bone, which is useful in
obtaining general information about a patient’s oral
health status. Panoramic radiographs also give
information about the integrity of structures related
to teeth such as maxillary sinus and mandibular
condyle [1]. Panoramic radiographs are used very
frequently by dentists the world over because of
their cost-effectiveness, relatively low radiation

dose to the patient, easy availability of the imaging
services, and their ability to depict the teeth and
associated structures with a single exposure [2].
However, panoramic radiography also has many
drawbacks such as distortion and magnification of
the structures [3], and superimposition of other
anatomic structures on the teeth and areas such as
condyle [4]. Even with these limitations, panoram-
ic radiography is still used routinely by dentists,
especially those in the specialty treating temporo-
mandibular (TM) disorders. These images give an
overall idea about the integrity of the mandibular
condyle. The extensive degenerative changes of
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Abstract
Aims: This study used dried human mandibles and aimed to assess the effect of different horizontal condylar angle and
the effect of different beam angles from three different units in the depiction of medial, central and lateral parts of the
condyle on panoramic and lateral temporomandibular joint (TMJ) panoramic images.
Methods: Standard panoramic and lateral TMJ panoramic images of four dried human mandibles with horizontal condy-
lar angles of 5, 8,10, 15, 17 and 20 degrees were analysed. The different parts of the condyle were represented by
radiopaque markers. The standard panoramic and lateral TMJ panoramic images of the four mandibles were acquired
from three panoramic radiography models with different x-ray beam angle. The images were analysed for the position
of these radiopaque markers.
Results: Standard panoramic images demonstrated almost similar images of the condyles in the three panoramic mod-
els. The lateral TMJ panoramic images demonstrated the medial pole anterior to the lateral pole when the x-ray projec-
tion angle was more than the horizontal condylar angle; superimposition of medial and lateral poles when the x-ray pro-
jection angle was equal to horizontal condylar angle; and lateral pole anterior to medial pole when the x-ray projection
angle was less than beam projection angle.
Conclusion: This study demonstrated that apart from other factors, the depiction of the mandibular condyle on lateral
TMJ panoramic radiographs depends on the horizontal condylar angle, and the x-ray beam angle, which differs among
different manufacturers. Therefore these limitations have to be considered when interpreting the integrity of the
mandibular condyle on lateral TMJ panoramic radiographs.
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condyle are detected by these images fairly accu-
rately [4,5] and this helps the clinician in planning
the management of a patient with a TM disorder.
Flattening of the articular surface, obvious bone
erosion, osteosclerosis and large osteophytes are
the degenerative osseous changes visualised on a
panoramic radiograph. Computed tomography
(CT) scans and the more recently introduced cone
beam computed tomography (CBCT) scans have
good sensitivity and specificity in the detection of
these osseous changes. The soft-tissue components
of the joint, such as the articular disc, are best visu-
alised by magnetic resonance imaging (MRI) scans.

Modern panoramic machines are equipped
with TMJ-specific programmes, which help in
viewing the condyle, glenoid fossa and associated
hard-tissue components of TM joint more clearly
compared to the standard panoramic views. These
TMJ-specific programmes are called by various
names such as lateral TMJ panoramic radiography
[3], TMJ scenography [6], and TMJ-specific
panoramic radiographs. These projections are sim-
ilar to the standard panoramic projections except
for the x-ray beam angulation. The x-ray beam
angulation of the TMJ-specific programmes varies
from manufacturer to manufacturer. Standard
panoramic projections can be compared to a trans-
oblique radiograph for TMJ which is a supracranial
view i.e., the x-ray beam projecting the condyle
from above, which images the lateral and central
part of the condyle clearly when compared to medi-
al part [7]. The standard panoramic view depicts
the condyle with shape distortion and magnifica-
tion [3]. This major limitation of the panoramic
radiograph for TMJ imaging is due to the non-
orthogonal alignment of the x-ray beam to the long
axis of the condyle. The shape and horizontal and
vertical angulation of the condyle varies slightly
among people belonging to the same ethnicity and
varies greatly between people of different ethnicity
[8]. These condylar angulations, particularly the
horizontal condylar angulation, play a role in the
way the condyle appears on a standard panoramic
radiograph.

To overcome this limitation, most of the mod-
ern panoramic units have TMJ-specific pro-
grammes for imaging the TM joint. These pro-
grammes take into account the variation in the hor-
izontal angulation of the condyle in the population
and have a fixed beam projection angle that aligns
the x-ray beam almost orthogonally to the long axis
of the condyle. This change in angulation of the x-

ray beam depicts the condyle more clearly com-
pared with the standard panoramic projection.
More advanced, sophisticated panoramic units
have the option of changing the x-ray beam angle to
match the horizontal condylar angle of the patient.
This adjustment is done by taking a submento-ver-
tex projection, from which the horizontal condylar
angle can be measured. Based on this angle, the x-
ray beam angulation can be set orthogonally to the
long axis of the condyle. However, most of the
panoramic units do not have this option. The units
have a fixed beam angle, which is based on the
average horizontal condylar angle of the popula-
tion.

Specialists treating patients with TM disorders
usually rely on the information gathered from the
imaging of the TM joint for the diagnosis and sub-
sequent management of the patient. The informa-
tion gathered from the imaging is also used to
assess the outcome of the treatment strategy and
follow-up of the patient. Therefore it is important
for the clinician to know the amount of information
available from these images of the TM joint.
Studies assessing the efficacy of panoramic radi-
ographs in the detection of the condylar osseous
changes have concluded that panoramic radi-
ographs have low sensitivity and accuracy in
detecting these changes [9,10]. One study of human
cadavers assessed the influence of horizontal and
vertical condylar angulations on appearance of
condyle in panoramic images [11]. It showed that
the position of the medial and lateral poles of the
condyle on panoramic images varies depending on
the horizontal condylar angle. However, there is
less information in the literature regarding the
depiction of various parts of the condyle on lateral
TMJ panoramic radiographs. This information will
be helpful for the clinician who is interpreting a lat-
eral TMJ panoramic radiograph.

Aim
This study used dried human mandibles and aimed
to assess the effect of different horizontal condylar
angle and the effect of different beam angle from
three different units in the depiction of medial, cen-
tral and lateral parts of the condyle on panoramic
and lateral TMJ panoramic images.

Methods
Four dried human mandibles were used in the
study. These mandibles had different horizontal
condylar angulations. To measure the horizontal
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Figure 2. Frontal
view of the condyle.
Position of stainless
steel balls on differ-

ent parts of the
condyle. M (1 mm
steel ball), medial

pole, MS (1 mm steel
ball), medial part of
the articulating sur-
face of the condyle;
LS (2 mm steel ball),

lateral part of the
articulating surface
of the condyle; L (2

mm steel ball), later-
al pole.

Figure 1. Schematic dia-
gram showing the meas-

urement of horizontal
condylar angle. θ, horizon-
tal condylar angle; H, long

axis of the condyle; I,
intercondylar axis.

condylar angulations, the mandibles were imaged
such that the x-ray beam was projected directly
from above using a general radiography unit
(Model KXO-80G; Toshiba, Japan) with a focus-
to-object distance of 100 cm. The print-out of the
images of these mandibles was taken on a photo-
graphic film. Both right and left condyles were
traced onto tracing paper. The line connecting the
centre of the articulating surface of the right and
left condyle represented the intercondylar axis. The
line joining the points where the tangents drawn to
the medial and lateral contour of the condyle
touched the condyles represented the long axis of
the condyle. The horizontal condylar angulation
was determined by measuring the angle formed by
the long axis of the condyle and the intercondylar
axis (Figure 1). These measurements were carried
out on all eight condyles (two per mandible). An
orthodontic wire (.025 gauge) was contoured and

attached to the articulating surface of the condyle
with adhesive strips and this wire extended from
the medial end to the lateral end of the condyle. A
1 mm diameter stainless steel ball was attached to
the medial pole of the condyle and a 2 mm diame-
ter stainless steel ball was attached to the lateral
pole of the condyle. Similarly, 1 mm and 2 mm
diameter stainless steel balls were attached to the
articulating surface of the condyle, which repre-
sented the medial and lateral part of the articulating
surface of the condyle respectively. A thin lead foil
was secured to the centre of the articulating surface
of the condyle extending antero-posteriorly across
the condylar surface to represent the centre of the
articulating surface of the condyle (Figure 2). The
lateral TMJ panoramic radiograph and standard
panoramic radiographs of these condyles were
made from three different panoramic units (Table
1) selecting the lowest exposure parameters. The
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mandibles were attached to a foamed polystyrene
sheet and this assembly was attached to the chin
rest of the panoramic unit with the help of adhesive
tapes. Adjustments were made in the position of the
mandible so that the laser light indicating the mid-
sagittal plane passed through the contact between
the two mandibular central incisors. The condyle
was placed 25 mm anterior to the ear rods. This
arrangement closely mimicked the closed mouth
position in a patient. The TMJ-specific programme
was selected in the panoramic unit and the lateral
TMJ panoramic exposure was completed. Without
changing the position of the mandible, a second
exposure was made with the standard panoramic
exposure setting. This procedure was carried out on
all four mandibles. The images were analysed by
two maxillofacial radiologists simultaneously. All
the images were evaluated for the position of the
medial and lateral poles of the condyle and the
depiction of the medial, centre and lateral surfaces
of the articulating surface of the condyle. Ethical
clearance was not considered necessary for the
present study because the mandible specimens
analysed were used for educational purposes in the
institution.

Results
The horizontal condylar angles of the eight
condyles were 5, 8, 10, 10, 15, 17, 20 and 21
degrees. Thus among the eight condyles, two had
10-degree angulation. The analysis of the images
showed that there was not much difference in the
position of the radiopaque markers on panoramic
images. The lateral part of the condyle was visu-
alised on the anterior curvature of the condyle and
the medial part on or near the posterior curvature of
the condyle and the centre of the articulating sur-
face of the condyle was depicted on the centre of
the superior surface of the condyle. This image of
the condyle was common for all the different hori-
zontal condylar angles (Figure 3). Analysis of the
lateral TMJ panoramic images showed that there
was variation in the position of the medial and lat-
eral poles of the condyle. The lateral pole is poste-

rior to the medial pole on lateral TMJ panoramic
images when the x-ray projection angle is greater
than the horizontal condylar angle (Figure 4a). The
medial and lateral poles are superimposed on each
other over the surface of the condyle when the x-
ray projection angle and horizontal condylar angle
are similar (Figure 4b). The lateral pole is placed
anterior to medial pole when the x-ray beam angle
is less than the horizontal condylar angle (Figure
4c). The medial and lateral parts of the articulating
surface of the condyle were depicted on the upper
curvature of the condyle in all images with very lit-

Table 1. Three panoramic units with different X-ray beam angle for lateral TMJ panoramic view

Model Manufacturer X-ray beam angle for 
TMJ-specific programmes

Hyper-XF Asahi Roentgen Company Ltd, Kyoto, Japan 10 degrees
Orthopantomograph Instrumentarium Dental, Tuusula, Finland 17 degrees
OP 200 D
Veraviewepocs 2D J Morita, Kyoto, Japan 20 degrees

Figure 3. Standard panoramic image showing the
position of various parts of the condyle. The later-
al part of the condyle is depicted anterior to the
medial part. M, medial pole; L, lateral pole; LS,

lateral part of the articulating surface of the
condyle; MS, medial part of the articulating sur-

face of the condyle.
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Figure 4. Effect of X-ray beam angle and condylar angle. Lateral TMJ panoramic image on the left and
schematic representation of the projection to the condyle on the right. M, medial pole; L, lateral pole; LS,

lateral part of the articulating surface of the condyle

Figure 4a. Beam angle greater than condylar angle, lateral TMJ panoramic image showing the lateral
pole posterior to the medial pole.

Figure 4b. Beam angle equal to condylar angle, lateral TMJ panoramic image showing the superimposi-
tion of lateral and medial pole.

Figure 4c. Beam angle lesser than condylar angle, lateral TMJ panoramic image showing the lateral pole
anterior to the medial pole
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tle variation. The centre of the articulating surface
of the condyle was depicted on the centre of the
upper surface on the image in all images.

Discussion
Radiographic depiction of all the components of
the TM joint is a challenging task due to its position
in the maxillofacial skeleton. The superimposition
of the base of the skull region onto the TM joint
area makes accurate evaluation of TM joint bony
components difficult [5,12]. Clinicians treating
patients with TM disorders opt for conventional
imaging modalities such as panoramic projection
and, more frequently, TMJ-specific panoramic pro-
jections for initial evaluation of the components of
TM joint. Most modern panoramic units have TMJ-
specific programmes for imaging the TM joint.
These images differ from standard panoramic
images in that they depict the condyle and the artic-
ular fossa more clearly. In addition, when taken in
open mouth and closed mouth position, these
images give information regarding the range of
motion of condyle in the articular fossa. The stan-
dard panoramic projection is almost similar in most
of the panoramic units. The depiction of the
condyle will be clear and with minimal distortion if
the x-ray beam angle is orthogonal to the condyle
i.e., along the long axis of the condyle. The TMJ-
specific programmes in different models uses a
beam angle that is almost near to the horizontal
condylar angle of the population in general. Some
panoramic units have the option of measuring the
horizontal condylar angle of the patient by taking a
submento-vertex projection and exposing the later-
al TMJ radiographs with the x-ray beam angle cor-
responding to the patient’s horizontal condylar
angle. In the present study, the horizontal condylar
angle was measured on the images in which the
condyles were exposed by the x-ray projecting
directly from above.

Our study analysed the differences in the
appearance of different parts of mandibular
condyle on both standard panoramic and lateral
TMJ panoramic images. In the coronal plane,
anatomically the condyle can be divided into a
medial part, a lateral part, and the articulating sur-
face of the condyle. Any of these parts can be
affected by the disease process, either alone or in
combination. Identifying the osseous changes of
these parts of the condyle is important in order to
decide on the treatment protocol for the patient
with a TMJ disorder. In the current study, panoram-

ic radiographs—irrespective of the model—
demonstrated similar positioning of the medial and
lateral poles and medial, centre and lateral parts of
the condyle. The central part was depicted on the
centre of the superior surface on the panoramic
image, the lateral part on the anterior curvature and
the medial part on the posterior curvature of the
condyle. In panoramic technique the x-ray beam
projects the TM joint as an oblique section [13].
The radiographic image of the TM joint varies with
the direction of the x-ray beam. This direction is
influenced by factors such as head position, form of
the condyle and size of the mandible [13].
Therefore the condyle is projected as an oblique
section with medial and lateral parts of the condyle
depicted on anterior and posterior parts of the
condyle on the panoramic image. The medial pole
is placed slightly anterior to the posterior curvature
of the condyle on the image. These results are in
accordance with another study [13], which used a
single dry skull to analyse the accuracy of
panoramic imaging in reproducing the TM joint.
This oblique x-ray projection makes it difficult to
visualise the medial part of the condyle accurately
on panoramic projection. The current study demon-
strated that the lateral part of the condyle was
depicted on the anterior curvature of the condyle
with minimal superimposition on to the surface of
condyle. The medial pole of the condyle may be
superimposed by the posterior part of the condyle
which may make this area appear denser simulating
an osteosclerosis [13] whereas the lateral part of the
condyle is relatively clear without much superim-
position and the osseous changes on this part of the
condyle can be visualised more easily. The lateral
TMJ radiographs can be taken in both closed and
open mouth positions. The condylar osseous
changes are better visualised on images in open
mouth position because of the anterior movement
of the condyle in open mouth position. This reduces
the superimposition of the temporal component of
TM joint on the condyle.

The current study analysed the condyles with
different horizontal angulations by lateral TMJ
panoramic radiographs. The positions of medial,
central and lateral part of the condyle varied
according to the horizontal condylar angulations,
and the x-ray beam angulation from the panoramic
unit. The x-ray beam angulation for lateral TMJ
panoramic imaging is different in different
panoramic models. Our study demonstrated that the
position of the lateral pole of the condyle on lateral



TMJ panoramic images shifted posteriorly and the
medial pole was anterior to the lateral pole when
the horizontal condylar angle was less than the
beam projection angle of the panoramic unit. The
distance between the medial and lateral poles
decreased with the decrease in the difference
between horizontal condylar angle and x-ray beam
angle. When the horizontal condylar angle was
more than the x-ray beam angle, the lateral pole
was projected anteriorly to the medial pole and the
distance between the lateral and medial pole
decreased as the difference in the angulation
decreased. In orthogonal projections i.e. when the
x-ray beam angle and the horizontal condylar
angles are almost similar, the medial and lateral
poles of the condyles superimpose on each other
and the lateral part of the condyle is more clearly
visualised when compared to the medial part. When
the x-ray beam is non-orthogonal to the condyle,
the condylar poles are separated by varying dis-
tances from each other. When using the 20-degree
x-ray beam angle to image the 5-degree angle
condyle, the medial pole is slightly anterior to the
lateral pole which projects the medial pole anterior
to the lateral pole on the image. The medial and lat-
eral poles of the 20-degree condyle are almost at
the same level because the x-ray beam is orthogo-
nal to the condyle. When a 10-degree x-ray beam
images a 20-degree condyle, the lateral pole of the
condyle is anterior to the medial pole relative to the
beam and this depicts the lateral pole anterior to the
medial pole on the image.

The better visualisation of the lateral part of
the condyle than medial part is because the lateral
part is closer to the detector than the medial part.
This observation is important because when evalu-

ating a lateral TMJ panoramic radiograph. Osseous
changes on the medial part of the condyle may go
unnoticed leading to false-negative results. The cli-
nician should bear in mind that the detection of
condylar osseous changes depends not only on the
severity of the changes but also on the position of
these changes on the condyle.

Conclusion
This study demonstrated that apart from other fac-
tors, the depiction of mandibular condyle on lateral
TMJ panoramic radiograph depends on the hori-
zontal condylar angle and the x-ray beam angle,
which varies among different manufacturers.
Therefore these limitations have to be considered
when interpreting the integrity of the mandibular
condyle on lateral TMJ panoramic radiographs.
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