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Summary

The purpose of this study was to radiographically identify the condylar position in the glenoid fossa
in Kennedy class I and II patients.
Sixty patients diagnosed as Kennedy Class I or II were investigated in this study. Half of these
patients had existing removable partial dentures (RPD) whereas thirty patients with class I occlu-
sion and without any restorations were assessed as control. Temporomandibular Joint (TMJ) radi-
ographies of the patients were taken utilizing a panoramic x-ray unit program. Anterior, superior
and posterior joint spaces between glenoid fossa and condyle in both the right and left TMJs were
measured. Data were analyzed using ANOVA.
A statistically significant difference was found between the patients with and without dentures in the
position of right and left condyles (P<0.001). In class I patients, significant statistical differences
were found between right and left TMJs in both the X axis values (P<0.001) and the Y axis values
(P<0.05). The difference between the right and the left X axis values in Kennedy class II patients was also
statistically significant (P<0.001).
The average values of the posterior, anterior and superior joint spaces and the distance between the
two centers on the axis were found to be higher in Kennedy class II than those in Kennedy class I
patients.

Keywords: mandibular condyle position, TMJ radiograph, partially edentulous patients.

Introduction

Edentulous mandibles undergo several
dimensional changes related to age and den-
tition and/or nearly complete or complete
loss of dentition [1-3]. Moffett et al. [4]
noted remodeling of all TMJs at necropsy of
30 subjects of various ages. This remodeling
was thought to be related to occlusal alter-
ations. Such occlusal alterations in centric
occlusion (due to loss of teeth and abrasion)
can lead to pathologic displacement of the

condyle, including posterior displacement
[5].

The TMJ space has been defined as the
radiographic lucency between the osseous
portions of the condyle and the articular
eminence and fossa. TMJ space may change
in width through normal or abnormal func-
tion due to such factors as mandibular pos-
turing, altered thickness of the articular soft
tissues separating the osseous joint compo-
nents and degenerative and remodeling
changes in morphology of the osseous com-
ponents of the TMJ [6].
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Utilizing transcranial radiography on
patients with TMJ dysfunction syndrome,
Weinberg [7] concluded that occlusion
should be established when the condyles are
symmetrically positioned in their fossae
with equal anterior and posterior joint
spaces. Through joint space analysis, the
condyle-fossa relationship has been exam-
ined by numerous imaging and analysis
techniques [8-13]. Conventional techniques
used to aid such analysis include transcra-
nial radiographs, pantomography, transpha-
ryngeal view and transorbital view. These
techniques still provide information that
may not be apparent in advanced imaging
modalities [14].

Brewka [15] suggested, however, that
pantographic hinge axis (center of the
condyle) location is more precise than use of
the cephalometric center of the condyle as
the hinge axis. Richard and Gwner [13]
observed that the most reliable information
about the anterior-medial zone was obtained
from orthopantomograms. When required,
more sophisticated imaging methods such as
tomography, computed tomography,
arthrography and magnetic resonance imag-
ing may be utilized [14]. TMJ radiographs,
obtained in the acquired centric occlusion,
reveal the condyles to be slightly retruded in
both fossae [16]. Ismail and Rokni [11] indi-
cated that when centric relation was com-
pared to centric occlusion, the condyles
were positioned more posteriorly and supe-
riorly in centric relation position.

None of the radiographic techniques
described above were found to be superior
in their ability to accurately depict the
dimensions of the joint space [17]. The rela-
tionship between the condyle and the gle-
noid fossa of the temporomandibular joint
has previously been studied with natural
teeth in place. This same relationship has
rarely been studied in edentulous patients
[18] and the positional relationship of the
condyle to the glenoid fossa has not yet been
investigated in partially edentulous patients

utilizing the Kennedy classification.
The purpose of this study was to identi-

fy radiographically the condylar position in
the glenoid fossa in Kennedy class I and
class II partially edentulous patients.

Materials and method

A total of 60 patients divided into two
groups were evaluated in this study. In the
first group, 30 unilaterally and posteriorly
partially edentulous patients (21 women and
9 men with an age range of 32 to 56 years)
were studied (Kennedy II); within this
group, patients had been wearing removable
dentures for between 2 and 15 years.

The second group consisted of 18
women and 12 men with an age range of 30
to 62 years who were bilaterally and poste-
riorly partially edentulous, except first pre-
molar teeth (Kennedy I). Within the first
group, there were 6 men and 14 women with
an existing denture while, 9 men and 11
women with an existing denture were in the
second group of patients.

Participating patients had class I occlu-
sion and edentulous patients had no restora-
tions such as fixed or removable partial den-
tures or other conservative treatments. The
control group consisted of 30 patients (18
women and 12 men) with class I occlusion
and without restorations and with an age
range of 21 to 38 years.

A PM 2002 CC Proline Panoramic x-
ray unit was used to take all radiographs in
this study using Kodak T-Mat G film and
Lanex regular screens. Both open and closed
views of the left and right TMJs are obtained
at the same time as temporomandibular joint
exposures.

The patient's head was positioned so
that the Frankfort Plane would tilt down 5°.
The back of the patient's head was support-
ed by the operator's hand, using the
Frankfort Plane light as a reference line,
adjusting the position of the patient's head
by raising or lowering the vertical carriage
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with the height adjusting keys.
All radiographs used in this study were

taken with the same Panelipse machine by
the same individual (Figure 1). The radi-
ographs of all groups were taken in centric
occlusion. In centric occlusion position,
both condyles were symmetrically posi-
tioned in their fossae with equal spatial dis-
tances anteriorly and posteriorly.

The condyle and the glenoid fossa on
the radiographs were traced on acetate
paper. A reference line was drawn parallel to
the Frankfort horizontal plane and tangent to
the most superior aspect of the glenoid

fossa. Line A was drawn perpendicular to
the reference line through the highest point
of the glenoid fossa. Line B was then drawn
at a 45-degree angle to the reference line
across the thinnest part of the anterior joint
space. Line C was also drawn at 45-degree
to the reference line passing through lines A
and B and also passed through the posterior
joint space. The length of lines (A, B, and C)
between the condyle and the glenoid fossa
represented the width of the superior, anteri-
or and posterior joint spaces, respectively
(Figure 2).

The centers of the condyle and the gle-
noid fossa were located as suggested by
Brewka [15] utilizing an X, Y coordinate
system. In order to determine the center of

the condyle, a line was drawn on the tracing
parallel to the top edge of the film tangent to
the most superior aspect of the glenoid
fossa. This line was parallel to the Frankfort
horizontal plane because of the positioning
of the patient's head in the head-holder and
was used as the reference line.

A line parallel to the reference line was
drawn tangent to the highest point of the
condyle (line 1). Two lines perpendicular to
line 1 were drawn tangent to the most ante-
rior (line 2) and most posterior (line 3)
aspect of the head of the condyle. The dis-
tance between lines 2 and 3 was measured
and recorded. Line 4 was drawn parallel to
line 1 and at a distance equal to the distance
between lines 2 and 3. Diagonal lines were
drawn in the square formed by these lines.
The intersection of the diagonals represent-
ed the center of the condyle.
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Figure 1. Condylar head in TMJ

A. Right B Left

Figure 2. Location of anterior, superior, and posterior joint
spaces.[16]



To determine the center of the glenoid
fossa, Line A-B was drawn tangent to the
crest of the articular eminence and parallel
to the reference line. Another parallel line
was drawn midway between line A-B and
the reference line representing the X axis.
The Y axis was drawn perpendicular to the
reference line, at the point where the refer-
ence line intersected the height of the fossa.
The point of intersection of the X and Y axis
(the 0 point) indicates the center of the gle-
noid fossa. The distance from the center of
the condyle to the center of the glenoid fossa
on the X axis and Y axis was measured and
recorded (Figure 3).

All data were analyzed utilizing one-
way analysis of variance (ANOVA) and
LSD (Least square differences) test.

Results

Results of ANOVA analysis on the left side
radiographs showed that with and without
an existing removable partial denture, the
Kennedy classifications were significant
factors at P<0.01 and P<0.05 level, respec-
tively, in terms of the X axis values.  On the
right side however, age and time periods

were significant at P<0.05 level for X values
whereas sex was significant at P<0.05 level
for the Y axis value and superior joint dis-
tance. An existing denture was found to be a
significant factor in posterior TMJ distance
at P<0.01 level.

Kennedy class I: Analysis of the vari-
ance showed the mean values of distance
from the center of the condyle to the center
of the glenoid fossa were X= -1.33 mm, Y=
-7.37 mm on the left side and X=1.64 mm,
Y= -8.00 mm on the right side. The mean
left joint spatial measurements were 5.46
mm superiorly, 2.52 mm anteriorly, and 3.54
mm posteriorly, while the mean measure-
ments for the right side were 5.85 mm, 2.39
mm and 3.98 mm, respectively.  The differ-
ences between the X and Y axis were statis-
tically significant at P<0.001 and P<0.05,
respectively. However, the superior, anterior
and posterior distance differences of glenoid
fossae were not statistically significant.

Kennedy class II: The mean values of
distance between the two centers on the X
and Y axis were X= -2.06 mm and Y= -6.96
mm for the left side, however, these mean
values were X=1.45 mm and Y= -7.55 mm
for the right side. The mean left joint meas-
urements in Kennedy class II patients were
5.54 mm superiorly, 2.57 mm anteriorly, and
4.02 mm posteriorly, whereas the mean
measurements for the right side were 5.85
mm, 2.14 mm and 3.90 mm, respectively. A
group comparison test was carried out in
order to better understand the effect of a
dentulous right or left side on the TMJ
measurements, revealing statistically signif-
icant results. The differences between the
left and right sides were analyzed by LSD
test, and this analysis showed that the X axis
value differences were statistically signifi-
cant at P<0.001 level.

Control group (dentulous patients):
The mean values of distance between the
two centers on the X and Y axis were X= -
2.48 mm and Y= -3.91 mm for the left side,
and X= 2.60 mm, Y= -4.05 mm for the right
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Figure 3. Location of centers of condyle and glenoid
fossa.[16]



side. Mean left joint measurements in the
dentulous patients were 5.00 mm superiorly,
3.10 mm anteriorly and 4.10 mm posterior-
ly while these measurements were 4.71 mm,
2.85 mm and 4.08 mm for the right side,
respectively. LSD analysis revealed no sta-
tistical difference between the respective X
and Y coordinate values in these patients.

Discussion

Hatjigiorgis et al [8] examined the position-
al relationship between the condyle and gle-
noid fossa tomographically on dentulous
and edentulous patients. A great variability
of condylar positions within the glenoid
fossa in centric relation at the vertical
dimension of occlusion and remodeling was
observed primarily on the condyle.  In their
radiographic study carried out on edentulous
patients, Hongchen et al. [6] examined the
positional changes of the condyle in the gle-
noid fossa and the changes in the superior,
anterior and   posterior joint spaces. Their
results demonstrated that the condyle has
the potential to move significantly back-
wards and upwards.

In the present study, the condylar posi-
tion in TMJs was examined in unilaterally
edentulous patients (Kennedy II) and bilat-
erally edentulous patients (Kennedy I) with
and without dentures. When data were ana-
lyzed utilizing ANOVA, we found that there
were significant statistical differences
between the right and left TMJs in both the
X axis values and the Y axis values.
Differences in X axis values between the
right and left sides in Kennedy class II
patients were also found to be statistically
significant.

Mongini [1] suggested that unilateral
condylar displacement was not significantly
related to age or the number of missing
teeth. Characteristic alterations in the shape
of the condyles may be brought about as the
result of condylar displacement in centric
occlusion. Symmetrical posterior displace-

ment appears to occur more frequently in
older subjects with fewer teeth.  The
absence of the support of posterior teeth can
also lead to posterior or superior condylar
displacement. Superior condylar position is
influenced by the posterior teeth and menis-
cus. The teeth, muscles and disc support and
guide the condyle in its suspension within
the fossa [16].

When the vertical dimension was lost,
the condylar position within the glenoid
fossa may change. Since this changed
condylar position may be pathological, it
may be referred to as the edentulous posi-
tion of the TMJ. In this position, the upper
and posterior joint spaces are obviously
reduced [11].

The mandible may move forward and
upward as abrasion of the natural teeth or
artificial teeth occurs [18]. If an edentulous
patient does not have a complete denture for
a long time, the condyle moves towards a
more backwards and upwards position [11].
The distance from the center of the condyle
to the center of the glenoid fossa on the Y
axis will then decrease. When a denture is
made for such a patient, the position of the
condyle in the glenoid fossa and the rela-
tionship of the maxilla and mandible should
be improved [18]. Studies have shown that
the position of the glenoid fossa was more
anterior in edentulous subjects than in den-
tulous patients [19].

In the present study, the mean condylar
position for dentulous patients was slightly
forward and upward as compared with the
partially edentulous group. In their study on
tomographies clinically obtained from the
individuals and human cadaver anatomical-
ly, Mongini et al. [1] examined the relation-
ship between the loss of teeth and changes
in TMJ. Results of that study showed that
extensive remodeling of the TMJ takes
place throughout adult life, and can lead to
marked changes in the shape of that joint.
The degrees of remodeling and the new
shape imposed on the condyles are closely
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related to changes in the dentition.
Changes in the mandible, such as alve-

olar bone height and size of the gonial angle
related to the duration of the edentulousness,
have been studied earlier but there is no data
available in the literature comparing
bicondylar asymmetry and the position of
the mandible and the glenoid fossa in rela-
tion to the cranium in edentulous versus
dentulous subjects. In the absence of a com-
plete segment of teeth, such as the lower
posteriors, the mandible may be pulled
upward in the distal area because of a lack of
a contact stop [20]. Engstrom et al. [20] stat-
ed that the gonial angle has been noted to be
significantly greater in both male and
female edentulous subjects than in either sex
with all their teeth. Yet Ceylan et al. [21]
published results concluding that there were
no significant differences between the
mandibular angles when comparing partial-
ly and totally edentulous subjects.

For optimum mechanical action, the
gliding surfaces of the teeth should be coor-
dinated to the gliding movements of the
temporomandibular joints. [1] Restorations
in Kennedy class I and II patients may be
planned accordingly to replace the required
teeth at the proper level and should include
the proper occlusal contact on natural teeth.

The loads that act on the TMJ may be
influenced by several anatomic and physical
factors that have already been discussed in
the literature. The most important factors
seem to be the position of the occlusal con-
tacts [22,23] and the inclinations of the
occlusal and temporal articular planes [24].
Modifications of the asymmetry index
changes the relative load between the two
joints, and a higher temporal muscle activi-
ty increases the joint load on both the work-
ing and balancing sides [25]. The present
study shows that the mean values of dis-
tance from the center of the condyle to the
center of the glenoid fossa on the X axis in
the dentulous side (Kennedy class II) are
statistically significant P<0.001.

Hekneby [22] and Korioth and Hannam
[26] reported morphologic alterations in the
TMJs of patients with altered occlusal con-
ditions i.e., unilateral lost molars and con-
cluded that these alterations were due to the
differing loads between working- and bal-
ancing- side joints. The reaction forces that
act on the TMJ during unilateral clench do
not always load the balancing-side joint
more than the working-side joint [26,27].

The influence of condylar position and
the loss of posterior teeth on temporo-
mandibular disorders remains a controver-
sial issue, as does the influence of lost molar
replacement by a removable partial denture
[28,29]. Nevertheless, some researchers
have shown the importance of prosthetic
rehabilitation in reducing the symptoms of
temporomandibular disorders [16,19,30].

Conclusion

Within the limitations of this study, the pos-
terior and superior joint spaces and the dis-
tance from the center of the condyle to the
center of the glenoid fossa on the X axis of
the left side is decreased in Kennedy Class I
patients. However, in Kennedy class II
patients, the distance from the center of the
condyle to the center of the glenoid fossa on
the Y axis of the left side, and the anterior
joint space of the right side is decreased.
Statistically significant differences were
found between the dentulous and edentulous
sides in Kennedy II class patients (without
an existing partial denture) (P<0.05). The
mean condylar position for the dentulous
patients was slightly forward and upward, as
compared with partially edentulous groups
(Kennedy class I and II patients).
Statistically significant differences were
found between partially edentulous and den-
tulous subjects (P<0.001). The Y axis value
was smaller in dentulous patients due to the
upward condylar position of the fossa in
dentulous patients.
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Summary
The purpose of this study was to radiographically identify the condylar position in the glenoid fossa
in Kennedy class I and II patients.
Sixty patients diagnosed as Kennedy Class I or II were investigated in this study. Half of these
patients had existing removable partial dentures (RPD) whereas thirty patients with class I occlu-
sion and without any restorations were assessed as control. Temporomandibular Joint (TMJ) radi-
ographies of the patients were taken utilizing a panoramic x-ray unit program. Anterior, superior
and posterior joint spaces between glenoid fossa and condyle in both the right and left TMJs were
measured. Data were analyzed using ANOVA. 
A statistically significant difference was found between the patients with and without dentures in the position of right and left condyles (P<0.001). In class I patients, significant statistical differenceswere found between right and left TMJs in both the X axis values (P<0.001) and the Y axis values(P<0.05). The difference between the right and the left X axis values in Kennedy class II patients was also statistically significant (P<0.001). 
The average values of the posterior, anterior and superior joint spaces and the distance between the
two centers on the axis were found to be higher in Kennedy class II than those in Kennedy class I
patients.
Keywords: mandibular condyle position, TMJ radiograph, partially edentulous patients.
Introduction
Edentulous mandibles undergo several
dimensional changes related to age and den-
tition and/or nearly complete or complete
loss of dentition [1-3]. Moffett et al. [4]
noted remodeling of all TMJs at necropsy of
30 subjects of various ages. This remodeling
was thought to be related to occlusal alter-
ations. Such occlusal alterations in centric
occlusion (due to loss of teeth and abrasion)
can lead to pathologic displacement of the
condyle, including posterior displacement
[5].
The TMJ space has been defined as the
radiographic lucency between the osseous
portions of the condyle and the articular
eminence and fossa. TMJ space may change
in width through normal or abnormal func-
tion due to such factors as mandibular pos-
turing, altered thickness of the articular soft
tissues separating the osseous joint compo-
nents and degenerative and remodeling
changes in morphology of the osseous com-
ponents of the TMJ [6].
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Utilizing transcranial radiography on
patients with TMJ dysfunction syndrome,
Weinberg [7] concluded that occlusion
should be established when the condyles are
symmetrically positioned in their fossae
with equal anterior and posterior joint
spaces. Through joint space analysis, the
condyle-fossa relationship has been exam-
ined by numerous imaging and analysis
techniques [8-13]. Conventional techniques
used to aid such analysis include transcra-
nial radiographs, pantomography, transpha-
ryngeal view and transorbital view. These
techniques still provide information that
may not be apparent in advanced imaging
modalities [14]. 
Brewka [15] suggested, however, that
pantographic hinge axis (center of the
condyle) location is more precise than use of
the cephalometric center of the condyle as
the hinge axis. Richard and Gwner [13]
observed that the most reliable information
about the anterior-medial zone was obtained
from orthopantomograms. When required,
more sophisticated imaging methods such as
tomography, computed tomography,
arthrography and magnetic resonance imag-
ing may be utilized [14]. TMJ radiographs,
obtained in the acquired centric occlusion,
reveal the condyles to be slightly retruded in
both fossae [16]. Ismail and Rokni [11] indi-
cated that when centric relation was com-
pared to centric occlusion, the condyles
were positioned more posteriorly and supe-
riorly in centric relation position. 
None of the radiographic techniques
described above were found to be superior
in their ability to accurately depict the
dimensions of the joint space [17]. The rela-
tionship between the condyle and the gle-
noid fossa of the temporomandibular joint
has previously been studied with natural
teeth in place. This same relationship has
rarely been studied in edentulous patients
[18] and the positional relationship of the
condyle to the glenoid fossa has not yet been
investigated in partially edentulous patients
utilizing the Kennedy classification.
The purpose of this study was to identi-
fy radiographically the condylar position in
the glenoid fossa in Kennedy class I and
class II partially edentulous patients.
Materials and method
A total of 60 patients divided into two
groups were evaluated in this study. In the
first group, 30 unilaterally and posteriorly
partially edentulous patients (21 women and
9 men with an age range of 32 to 56 years)
were studied (Kennedy II); within this
group, patients had been wearing removable
dentures for between 2 and 15 years.
The second group consisted of 18
women and 12 men with an age range of 30
to 62 years who were bilaterally and poste-
riorly partially edentulous, except first pre-
molar teeth (Kennedy I). Within the first
group, there were 6 men and 14 women with
an existing denture while, 9 men and 11
women with an existing denture were in the
second group of patients.
Participating patients had class I occlu-
sion and edentulous patients had no restora-
tions such as fixed or removable partial den-
tures or other conservative treatments. The
control group consisted of 30 patients (18
women and 12 men) with class I occlusion
and without restorations and with an age
range of 21 to 38 years.
A PM 2002 CC Proline Panoramic x-
ray unit was used to take all radiographs in
this study using Kodak T-Mat G film and
Lanex regular screens. Both open and closed
views of the left and right TMJs are obtained
at the same time as temporomandibular joint
exposures.
The patient's head was positioned so
that the Frankfort Plane would tilt down 5°.
The back of the patient's head was support-
ed by the operator's hand, using the
Frankfort Plane light as a reference line,
adjusting the position of the patient's head
by raising or lowering the vertical carriage
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with the height adjusting keys. 
All radiographs used in this study were

  taken with the same Panelipse machine by
the same individual (Figure 1). The radi-
ographs of all groups were taken in centric
occlusion. In centric occlusion position,
both condyles were symmetrically posi-
tioned in their fossae with equal spatial dis-
tances anteriorly and posteriorly.  
The condyle and the glenoid fossa on
the radiographs were traced on acetate
paper. A reference line was drawn parallel to
the Frankfort horizontal plane and tangent to
the most superior aspect of the glenoid

  fossa.  Line A was drawn perpendicular to
the reference line through the highest point
of the glenoid fossa. Line B was then drawn
at a 45-degree angle to the reference line
across the thinnest part of the anterior joint
space. Line C was also drawn at 45-degree
to the reference line passing through lines A
and B and also passed through the posterior
joint space. The length of lines (A, B, and C)
between the condyle and the glenoid fossa
represented the width of the superior, anteri-
or and posterior joint spaces, respectively
(Figure 2).  
The centers of the condyle and the gle-
noid fossa were located as suggested by
Brewka [15] utilizing an X, Y coordinate
system. In order to determine the center of
the condyle, a line was drawn on the tracing
parallel to the top edge of the film tangent to
the most superior aspect of the glenoid
fossa. This line was parallel to the Frankfort
horizontal plane because of the positioning
of the patient's head in the head-holder and
was used as the reference line.
A line parallel to the reference line was
drawn tangent to the highest point of the
condyle (line 1). Two lines perpendicular to
line 1 were drawn tangent to the most ante-
rior (line 2) and most posterior (line 3)
aspect of the head of the condyle. The dis-
tance between lines 2 and 3 was measured
and recorded. Line 4 was drawn parallel to
line 1 and at a distance equal to the distance
between lines 2 and 3. Diagonal lines were
drawn in the square formed by these lines.
The intersection of the diagonals represent-
ed the center of the condyle. 
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  Figure 1. Condylar head in TMJ  
A. Right
B Left

  Figure 2. Location of anterior, superior, and posterior joint spaces.[16]  
To determine the center of the glenoid

  fossa, Line A-B was drawn tangent to the
crest of the articular eminence and parallel
to the reference line. Another parallel line
was drawn midway between line A-B and
the reference line representing the X axis.
The Y axis was drawn perpendicular to the
reference line, at the point where the refer-
ence line intersected the height of the fossa.
The point of intersection of the X and Y axis
(the 0 point) indicates the center of the gle-
noid fossa. The distance from the center of
the condyle to the center of the glenoid fossa
on the X axis and Y axis was measured and
recorded (Figure 3).  
All data were analyzed utilizing one-
way analysis of variance (ANOVA) and
LSD (Least square differences) test.
Results
Results of ANOVA analysis on the left side
radiographs showed that with and without
an existing removable partial denture, the
Kennedy classifications were significant
factors at P<0.01 and P<0.05 level, respec-
tively, in terms of the X axis values.  On the
right side however, age and time periods
were significant at P<0.05 level for X values
whereas sex was significant at P<0.05 level
for the Y axis value and superior joint dis-
tance. An existing denture was found to be a
significant factor in posterior TMJ distance
at P<0.01 level.

  Kennedy class I: Analysis of the vari-  
ance showed the mean values of distance
from the center of the condyle to the center
of the glenoid fossa were X= -1.33 mm, Y=
-7.37 mm on the left side and X=1.64 mm,
Y= -8.00 mm on the right side. The mean
left joint spatial measurements were 5.46
mm superiorly, 2.52 mm anteriorly, and 3.54
mm posteriorly, while the mean measure-
ments for the right side were 5.85 mm, 2.39
mm and 3.98 mm, respectively.  The differ-
ences between the X and Y axis were statis-
tically significant at P<0.001 and P<0.05,
respectively. However, the superior, anterior
and posterior distance differences of glenoid
fossae were not statistically significant.

  Kennedy class II: The mean values of  
distance between the two centers on the X
and Y axis were X= -2.06 mm and Y= -6.96
mm for the left side, however, these mean
values were X=1.45 mm and Y= -7.55 mm
for the right side. The mean left joint meas-
urements in Kennedy class II patients were
5.54 mm superiorly, 2.57 mm anteriorly, and
4.02 mm posteriorly, whereas the mean
measurements for the right side were 5.85
mm, 2.14 mm and 3.90 mm, respectively. A
group comparison test was carried out in
order to better understand the effect of a
dentulous right or left side on the TMJ
measurements, revealing statistically signif-
icant results. The differences between the
left and right sides were analyzed by LSD
test, and this analysis showed that the X axis
value differences were statistically signifi-
cant at P<0.001 level.
Control group (dentulous patients):
The mean values of distance between the
two centers on the X and Y axis were X= -
2.48 mm and Y= -3.91 mm for the left side,
and X= 2.60 mm, Y= -4.05 mm for the right
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  Figure 3. Location of centers of condyle and glenoid fossa.[16]  
side. Mean left joint measurements in the
dentulous patients were 5.00 mm superiorly,
3.10 mm anteriorly and 4.10 mm posterior-
ly while these measurements were 4.71 mm,
2.85 mm and 4.08 mm for the right side,
respectively. LSD analysis revealed no sta-
tistical difference between the respective X
and Y coordinate values in these patients. 
Discussion
Hatjigiorgis et al [8] examined the position-
al relationship between the condyle and gle-
noid fossa tomographically on dentulous
and edentulous patients. A great variability
of condylar positions within the glenoid
fossa in centric relation at the vertical
dimension of occlusion and remodeling was
observed primarily on the condyle.  In their
radiographic study carried out on edentulous
patients, Hongchen et al. [6] examined the
positional changes of the condyle in the gle-
noid fossa and the changes in the superior,
anterior and   posterior joint spaces. Their
results demonstrated that the condyle has
the potential to move significantly back-
wards and upwards.
In the present study, the condylar posi-
tion in TMJs was examined in unilaterally
edentulous patients (Kennedy II) and bilat-
erally edentulous patients (Kennedy I) with
and without dentures. When data were ana-
lyzed utilizing ANOVA, we found that there
were significant statistical differences
between the right and left TMJs in both the
X axis values and the Y axis values.
Differences in X axis values between the
right and left sides in Kennedy class II
patients were also found to be statistically
significant.
Mongini [1] suggested that unilateral
condylar displacement was not significantly
related to age or the number of missing
teeth. Characteristic alterations in the shape
of the condyles may be brought about as the
result of condylar displacement in centric
occlusion. Symmetrical posterior displace-
ment appears to occur more frequently in
older subjects with fewer teeth.  The
absence of the support of posterior teeth can
also lead to posterior or superior condylar
displacement. Superior condylar position is
influenced by the posterior teeth and menis-
cus. The teeth, muscles and disc support and
guide the condyle in its suspension within
the fossa [16].
When the vertical dimension was lost,
the condylar position within the glenoid
fossa may change. Since this changed
condylar position may be pathological, it
may be referred to as the edentulous posi-
tion of the TMJ. In this position, the upper
and posterior joint spaces are obviously
reduced [11].
The mandible may move forward and
upward as abrasion of the natural teeth or
artificial teeth occurs [18]. If an edentulous
patient does not have a complete denture for
a long time, the condyle moves towards a
more backwards and upwards position [11].
The distance from the center of the condyle
to the center of the glenoid fossa on the Y
axis will then decrease. When a denture is
made for such a patient, the position of the
condyle in the glenoid fossa and the rela-
tionship of the maxilla and mandible should
be improved [18]. Studies have shown that
the position of the glenoid fossa was more
anterior in edentulous subjects than in den-
tulous patients [19].
In the present study, the mean condylar
position for dentulous patients was slightly
forward and upward as compared with the
partially edentulous group. In their study on
tomographies clinically obtained from the
individuals and human cadaver anatomical-
ly, Mongini et al. [1] examined the relation-
ship between the loss of teeth and changes
in TMJ. Results of that study showed that
extensive remodeling of the TMJ takes
place throughout adult life, and can lead to
marked changes in the shape of that joint.
The degrees of remodeling and the new
shape imposed on the condyles are closely
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related to changes in the dentition.
Changes in the mandible, such as alve-
olar bone height and size of the gonial angle
related to the duration of the edentulousness,
have been studied earlier but there is no data
available in the literature comparing
bicondylar asymmetry and the position of
the mandible and the glenoid fossa in rela-
tion to the cranium in edentulous versus
dentulous subjects. In the absence of a com-
plete segment of teeth, such as the lower
posteriors, the mandible may be pulled
upward in the distal area because of a lack of
a contact stop [20]. Engstrom et al. [20] stat-
ed that the gonial angle has been noted to be
significantly greater in both male and
female edentulous subjects than in either sex
with all their teeth. Yet Ceylan et al. [21]
published results concluding that there were
no significant differences between the
mandibular angles when comparing partial-
ly and totally edentulous subjects.
For optimum mechanical action, the
gliding surfaces of the teeth should be coor-
dinated to the gliding movements of the
temporomandibular joints. [1] Restorations
in Kennedy class I and II patients may be
planned accordingly to replace the required
teeth at the proper level and should include
the proper occlusal contact on natural teeth.
The loads that act on the TMJ may be
influenced by several anatomic and physical
factors that have already been discussed in
the literature. The most important factors
seem to be the position of the occlusal con-
tacts [22,23] and the inclinations of the
occlusal and temporal articular planes [24].
Modifications of the asymmetry index
changes the relative load between the two
joints, and a higher temporal muscle activi-
ty increases the joint load on both the work-
ing and balancing sides [25]. The present
study shows that the mean values of dis-
tance from the center of the condyle to the
center of the glenoid fossa on the X axis in
the dentulous side (Kennedy class II) are
statistically significant P<0.001.
Hekneby [22] and Korioth and Hannam
[26] reported morphologic alterations in the
TMJs of patients with altered occlusal con-
ditions i.e., unilateral lost molars and con-
cluded that these alterations were due to the
differing loads between working- and bal-
ancing- side joints. The reaction forces that
act on the TMJ during unilateral clench do
not always load the balancing-side joint
more than the working-side joint [26,27]. 
The influence of condylar position and
the loss of posterior teeth on temporo-
mandibular disorders remains a controver-
sial issue, as does the influence of lost molar
replacement by a removable partial denture
[28,29]. Nevertheless, some researchers
have shown the importance of prosthetic
rehabilitation in reducing the symptoms of
temporomandibular disorders [16,19,30].
Conclusion

  Within the limitations of this study, the pos-
terior and superior joint spaces and the dis-
tance from the center of the condyle to the
center of the glenoid fossa on the X axis of
the left side is decreased in Kennedy Class I
patients. However, in Kennedy class II
patients, the distance from the center of the
condyle to the center of the glenoid fossa on
the Y axis of the left side, and the anterior
joint space of the right side is decreased.
Statistically significant differences were
found between the dentulous and edentulous
sides in Kennedy II class patients (without
an existing partial denture) (P<0.05). The
mean condylar position for the dentulous
patients was slightly forward and upward, as
compared with partially edentulous groups
(Kennedy class I and II patients).
Statistically significant differences were
found between partially edentulous and den-
tulous subjects (P<0.001). The Y axis value
was smaller in dentulous patients due to the
upward condylar position of the fossa in
dentulous patients.  
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