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T he results of clinical exami-
nations of numerous tem­
poromandibular joints (TMJ) re-

veal that they are frequently
unhealthy. Common findings in-
clude an opening click, locking,
reciproca! clicking, osteoarthro-
sis, and rheumatic arthritis.

Improved knowledge of func-
tional anatomy and the study
of human TMJ sections enables
researchers to explain clinical
pieces of evidence.

The purposes of this investi-
gation were to (1) Study the an-
atomical and the pathological
characteristics of the TMJ in or-
der to better understand some
types of craniomandibular dis-
orders. (2) To study the percent-
age of both normal and abnor­
mal TMJs found in 100 human ca-
davers selected at random. (3)
To then correlate TMJ dysfunc-
tions with malocclusion abra­
sión, loss of posterior teeth, ed-
entulism, etc.

Materials and Methods

The observation of a large
number of normal and abnormal
TMJs is essential for the inter-
pretation of pathological prob-
lems of the joint. A total of 100
cadavers were used in this study.

For the preparation of human
parts a Stryker autopsy saw
equipped with a 1.5-inch diame-
ter mastoid trephine and electric
hacksaws were used. The human

cadáver material was sectioned
no later than 12 hours after death
and the anatomical pieces were
frozen before the sections were
performed. During the process of
sectioning, upper and lower teeth
were in máximum intercuspida-
tion (CO or CR). It was not pos-
sible to obtain the medical and
dental histories of all the cases.

Results and Discussion

Some of the TMJ section pie-
tures have an orientation draw-
ing or scheme identification, to
show placement and explain the
anatomic components.

The sagittal section in Figs. la
and Ib corresponds to a cadáver
of a 43-year-old man with com­
plete natural dentures and or-
ganic functional occlusion. The
osseous surfaces of the lower
maxillary condyle, glenoid fossa,
and articular eminence of the
temporal bone exhibit regularity
in their surfaces.

It is possible to observe the
normal articular disk, perfectly
placed, and the condyle local-
ized in a situation that would co­
incide with the position of cen-
tric relation. Under normal con-
ditions, the disk maintains a
cióse and coordinated relation-
ship with the condyle, mediating
between the condyle and the ar­
ticular eminence of the tempo­
ral bone in any of the mandibu­
lar displacements. Also observed
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Figs. la and Ib Sagittal section of a normal TMJ. A, temporal bone; B, condyle; C, articular disk; D, glenoid fossa; E,
articular eminence; F, superior belly o f the extemal pterygoid muscle; G, lower belly o f the extemal pterygoid muscle; H,
bilaminar zone (retrodiscal attachment).

Figs. 2a and 2b Sagittal section of a normal TMJ. A, temporal bone; B, condyle; C, articular disk; D, glenoid fossa; E,
articular eminence; F, superior belly of the extemal pterygoid muscle; G, lower belly o f the extemal pterygoid muscle; H,
bilaminar zone (retrodiscal attachment); I, extemal auditory canal; J, communication of the TMJ with the auditory conduct;
K, vessel.

are the synovial spaces which,
through lubrication, facilítate
displacements.

The section under considera-
don shows distinctly the two bel-
lies of the external or lateral pter­
ygoid muscle, the upper one
inserted in the disk and the lower
one in the neck of the condyle.

McNamara' was able to find,
through electromyography of
monkeys, the counteracting and
independent action of both bel-
lies. When the lower belly con­
traéis, it displaces the con­
dyle anteriorly, coincident with
mouth opening, while the upper
belly remains inactive.2 By con-

trast, in closing, the lower belly
of the external pterygoid muscle
is inactive while the upper belly
Controls the posterior displace-
ment of the disk strained by the
elasticity of the bilaminar zone.
This retrodiscal attachment (bi­
laminar zone) has an active and
important role in the position of
the disk. It is an elastic tissue con-
nected anteriorly to the disk and
posteriorly to the condyle and the
temporal bone.

All of these elements as well
as the sphenomandibular, stylo-
mandibular, and temporoman-
dibular ligaments take an active
part in normal function, and

while the muscles move the man­
dible, the ligaments confine their
movements.

The external pterygoid muscle
is considered to be part of the
joint. One of the reasons justify-
ing this view is that both the up­
per and the lower belly have a
decisi ve influence upon the normal
displacement of the disk and on
the normal displacement of the
condyle, respectively, depending
on whether either belly remains
active.3

Figures 2a and 2b show a sag­
ittal section of a normal TMJ
with both bellies perfectly differ-
entiated as well as a broader view
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Fig. 3 Sagittal section o f a normal TMJ. The condyle was
separated from the articular eminence to enable observation
o f the insertion o f the bilaminar zone in the upper and
posterior walls o f the glenoid fossa.

Fig. 4 Sagittal section o f a normal TMJ with dissection o f
the disk íllustrating biconcave nature o f disk.

of the area corresponding to the
bilaminar zone.

When in a normal TMJ the con­
dyle displaces anteriorly, owing
to the action of the lower belly of
the external pterygoid muscle,
the elastic superior stratum of the
bilaminar zone strains and re-
tains the disk, that is, it avoids
excessive forward displacement
of the disk, thus enabling the lat-
ter to accommodate the normal
sliding of the condyle.4 Upon clo-
sure, the lower belly becomes in-
activated, and the regulating ac­
tion of the bilaminar zone behind
the disk and the upper belly in
front, enables the disk to main-
tain its normal position between
the condyle and the eminence.

If the bilaminar zone has un-
dergone a degenerative process,
the action of the upper belly of
the external pterygoid muscle
may display the disk anteriorly.
In these cases an enlarged space
is seen (by x-rays) in the ante­
rior zone of the joint, coincid-
ing with a posterior displace­
ment of the condyle. Transcra-
nial radiographic examination,5

arthrography,6,7 and computer-
ized tomography8 9 are important
diagnostic procedures in TMJ
dysfunctions.

Figures 2a and 2b show the
condyle to be cióse to the external
auditory canal, with no evidence
of the existence of an osseous wall
to sepárate the two anatomic en-
tities, there being established
communication. Figures 2a and
2b also exhibit the distinct con-
trast between the disk, which is
seen as pearl-grey, and the red-
dish hue of the upper belly of
the external pterygoid muscle.
In turn the posterior limit of
the disk assumes the shape of
a straight line that becomes
suddenly more vascularized on
changing into a bilaminar zone
(retrodiscal attachment).

In the specimen corresponding
to Fig. 3 it is possible to see the
posterior elastic fibers of the bi­
laminar zone distinctly inserted
on the upper and posterior walls
of the glenoid fossa. This speci­
men represents a sagittal section
of a normal TMJ with a separa-
tion of components. It accounts
for the observation of two wide
spaces, above and below the disk;
the condyle has been deliberately
displaced downward. The disk
shows its anterior relationship
with the muscle, and a posterior
relationship with the stratum of
the bilaminar zone.

The disk is contiguous with two
convex osseous surfaces: the ar­
ticular eminence in the upper
part and the condyle in the lower.
For this reason the disk must be
necessarily biconcave, showing
in its mid-portion a lower thick-
ness than on its rims. The glenoid
fossa is related to the disk to a
lesser degree.

Westesson and Rolhin10 have
dealt with the issue thoroughly
and specified frequencies of po­
sition and conñgurations of the
disks in the various areas un-
der normal and abnormal con-
ditions. They State10:
. . . in the early development of osteoar-
throsis there might be an altered position,
and this might be followed by an altered
configuraron.

Malocclusion and TMJ dys-
function may produce thinning
and perforation of the disk.

Figure 4 represents a sagittal
section of a normal TMJ with disk
dissection. Its surfaces are mark-
edly smooth because they contact
with completely regular, healthy
cortical bone. When pathologic
processes arise with concomi-
tant appearance of bone deposi-
tion (osteophytes) or resorption,
the disk experiences the conse-
quences of osseous alterations.
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Fig. 5 Representation o f a normal functioning activity of
a TMJ during opening and closing movements.

Fig. 6 Sagittal section o f a normal TMJ in centric relation
position.

Also seen in Fig. 4 (in the upper
right-hand angle of the specimen)
is the external auditory canal; in
the upper portion, the fossa and
the articular eminence with its
characteristic slope; in the lower
part, the condyle head, sectioned
and sloped; and the mid-third,
occupied by the disk which shows
its insertion to the condyle, its
smoothness, and its characteris­
tic biconcavity in the areas of re­
lation with the condyle and the
eminence. In the portion closest
to the auditory canal are ob-
served the elastic fibers corre-
sponding to the posterior inser­
tion of the bilaminar zone.

The above description is re-
garded as essential for a thor-
ough understanding of the TMJ
mechanism.

Normal TMJ Function

Figure 5 shows a composite
representation of the normal
functioning activity of a TMJ dur­
ing opening and closing move­
ments. In all the steps of the
movement the disk is seen lying
between the condyle and the pos­
terior slope of the articular emi­
nence. The anterior and posterior
synovial spaces change their con-
figuration when movement is
occurring.

During opening, the condyle
and the articular disk are dis-
placing to a more anterior posi­

tion. The disk also has a tight at-
tachment to medial and lateral
poles of the condyle.

In the next case, it is possible
to see the first and the last steps
seen in Fig. 5. The specimen (Fig.
6) shows a normal human TMJ
section with its condyles in cen­
tric relation. Upon onset of open­
ing, the synovial spaces are ren-
dered evident (Fig. 7), and the
disk moves forward as the con­
dyles transíate anteriorly. At
this moment, the lower belly of
the external pterygoid muscíe is
active.

Two totally convex osseous sur-
faces are confronted (Figs. 8 and
9), namely, the condyle and the
eminence, between which nor­
mal sliding with the interposed
disk takes place. The biconcavity
of the disk is a functional require-
ment enabling máximum open­
ing. The synovial spaces vary in
accordance with the degree of
opening, that is, in relation with
condylar position. Seeing the po­
sition of the condyle (Fig. 8) it is
realized that the stratum of the
bilaminar zone is demonstrating
its elasticity, allowing for the dis-
placement of the disk. The supe­
rior belly of the external ptery­
goid muscle must be, at this time,
inactive.

Fig. 9 shows máximum open­
ing, that is, máximum condylar
anterior displacement with the
disk between the condyle and the

eminence. When closing begins
(Fig. 10) the situation reverses.
Now the active muscle is the su­
perior belly of the external pter­
ygoid and the inferior belly is
inactive.

The bilaminar zone with its
elasticity displaces the disk pos-
teriorly (Fig. 11) between the con­
dyle and the eminence, while the
superior belly contracts, com-
pensating for the action of the
posterior attachment. A reduc-
tion of the spaces is easily seen
to the point where the condyle
reaches its centric relation posi­
tion (Fig. 12). This process of
opening and closing is highly
complex since the TMJ is a dou-
ble joint with characteristics dif-
fering from all the others in the
human organism. A single occlu-
sal reconstruction or an extensive
oral rehabilitation may have ei-
ther a favorable or an unfavor-
able influence on the joint.

When may a human TMJ stud-
ied in a sagittal section be re-
garded as normal? The answer
is intended to provide a crite-
rion enabling determination of
the rate of normal and abnor­
mal joint. To evalúate normality
of TMJs, two reference points
should be taken in connection
with the biconcave disk location:
the articular eminence and the
condyle.11

In the normal joint the upper
side of the disk is contiguous with
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Fig. 7 At opening the condyle displaces anteriorly
and the synovial spaces are evident.

Fig. 8 The two convex osseous surfaces (condyle
and eminence) are confronted and the normal ar­
ticular disk is interposed between them.

Fig. 9 Máximum condylar anterior displacement.
The configuration of the synovial spaces changes
at different opening and closing positions.

Fig. 10 When closing begins the upper belly o f the
extemal pterygoid muscle is active and the normal
bilaminar zone shows its elasticity participating
in the posterior displacement of the disk.

Fig. 11 The disk is always seen lying between the
eminence and the condyle. A reduction o f the
spaces is easily seen.
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Figs. 13a and 13b Sagittal section of a normal TMJ. A, temporal bone; B, condyle; C, disk; D, glenoid fossa; E, articular
eminence; F, upper belly o f the extemal pterygoid muscle; G, lower belly o f the extemal pterygoid muscle; H, bilaminartone.

the anterior half of the glenoid
fossa and the posterior slope of
the articular eminence (Fig. 12).
The disk will be extended ante-
riorly as far as the greatest con-
vexity or curvature of the emi­
nence. With regard to a mor-
phologically normal condyle, the
disk is contiguous to it and is
extended from the highest cur­
vature of the condyle to its
most anterior point. Thus are out-
lined the author’s views on TMJ
normality.

A TMJ is also normal: when the
condyle and the disk look and
function as a unit12; when a con­
dyle does not present radiograph-
ically fíat surfaces, osteophytes, or
resorptions; when a normally
thick cortical bone joins an ar­
ticular eminence of harmonious
contour that permits a nor­

mal condylar displacement; and
when during closing and opening
movement, as seen previously,
the disk lies between the con­
dyle and the eminence, preserv-
ing its biconcave characteristic.
By contrast the biconvex disks
are associated with osteoarthro-
sis and often show anterior
displacement.10

Figures 13a and 13b show a
joint with perfectly regular os-
seous surfaces. The location of the
disk, in accordance with the pre-
ceding description, is normal in
relation to the points of reference,
the condyle, and the eminence. It
is possibíe to observe the synovial
spaces.

Figures 14a and 14b present the
same sagittal section taking up a
more extensive field following
separation of the disk from two

adjoining osseous components:
the upper, represented by the
temporal bone with its fossa and
eminence; and the lower, by the
maxillary condyle. It is observed
that the disk extends through its
posterior insertion, which in-
trudes into the external auditory
canal.

Concern here is with one of the
most controversia! issues, i.e.,
that referred to as the commu-
nication existing between the
TMJ and the auditory apparatus
and their possibíe relationship
from the pathologic standpoint.
Pinto13 carried out an investiga-
tion of the existing relationship
between the TMJ and the mid-
dle ear. A ligament, later named
the mandibular malleolar, was
found, connecting the neck and
anterior process of the malleus to

Figs. 14a and 14b Another view o f the same saggital section shown in Figs. 13a and 13b after dissecting the articular disk.
A, temporal bone; B, condyle; C, disk; J, posterior insertions o f the disk intruding into the extemal auditory canal; I, a
communication exists between TMJ and auditory apparatus; D, glenoid fossa; E, articular eminence o f the temporal bone
A; F and G, bellies o f the extemal pterygoid muscle; H, bilaminar zone.
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part of the capsule, the disk, and
the sphenomandibular ligament.

By performing the human TMJ
sections the author found that in
35% of the cases a communica-
tion between the TMJ and the au-
ditory apparatus existed. This
communication has led many re-
searchers to think of the possi-
bility of auditory problems in cer-
tain cases of TMJ dysfunction.
The mechanisms advocated have
not been found convincing. In
point of fact, the communication
does exist. Certainly the problem
deserves investigation.

In Figs. 15 and 16 (a sagittal
TMJ section from the same spec-
imen), conditions appear com-
pletely normal. The disk shows
its thickness in its mid-portion
(Fig. 16) and upper and lower
rims. Between the external au­
ditory canal, in the right side of
the specimen, and the posterior
surface of the condyle, in the area
comprised by the bilaminar zone,
there is no osseous tissue. In Figs.
15 and 16 the condyle is delib-
erately displaced downward for
the purpose of examining the
disk.

Morpho-Functional
Considerations In TMJ
Alterations

Direct observation of sections
of human cadavers with lesions
occurring at the TMJ level en-
ables enhanced understanding
and improved interpretation of
problems relating to clinical di­
agnosis. One of the most frequent
TMJ alterations is represented by
the anterior position and anterior
displacement of the disk. The an­
terior position of the disk (Figs.
17a and 17b) constitutes the stage

Fig. 15 Sagittal section o f a normal TMJ showing the nor­
mal biconcavity o f the articular disk and the insertions o f
the retrodiscal attachment in the upper and posterior walls
o f the glenoid fossa.

Fig. 16 Another view o f the same sagittal section shown
in Fig. 15 after separating the condyle from the temporal
bone. The condyle was displaced downward to enable ex-
amination o f the disk. There is a communication between
the TMJ and the extemal auditory canal.

Figs. 17a and 17b Sagittal section o f a TMJ showing anterior position o f the disk. A, temporal bone; B, condyle; C, disk;
D, glenoid fossa; E, eminence; F, area o f the pterygoid muscle; G, external auditory canal; H, posterior wall o f the fossa;
I, bilaminar zone.
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Figs. 18a and 18b Sagittal section of an abnormal TMJ. C, Anterior displacement o f the disk; A, temporal bone; B, condyle
with morphological changes, X and Z; D, glenoid fossa; E, articular eminence; F and G, upper and lower bellies o f the
extemal pterygoid muscle; H, bilaminar zone; I, extemal auditory canal; J, communication between this entity with TMJ.

preceding its anterior displace­
ment (Figs. 18a and 18b).

In Figs. 18a and 18b the pos­
terior rim of the disk does not co­
incide with the highest portion of
the condyle while the anterior
rim is seen at a lower position in
relation with the most anterior
portion of the condyle, thus dem-
onstrating that the location of
the disk is not normal according
to what has been stated, regard-
ing the criterion adopted to eval­
úate normal or abnormal TMJ
conditions.

The condyle is also placed in a
situation that is higher and more
posterior than normal, with con-
comitant backward pressure on
the bilam inar zone. The anterior
position of the disk (Figs. 17a and
17b) does not cause an opening
click because the anterior and
thicker portion of the disk has
not totally been placed under-
neath the most anterior portion
of the condyle.

This anterior position of the
disk is frequently caused by oc-
clusal disharmony. The anterior
position attained by the disk is
the result of the pressure exerted
by the condyle on the superopos-
terior area of the TMJ. There are
excessive loads exerted over the
TMJ. It may remain asymptom-
atic for a long period of time until
apparent pathological changes
are taking place as muscular

disorders, opening mouth devia-
tion, or morphologic changes are
brought out by radiographic
examination.

The pathologic condition con-
sequent to the anterior position
of the disk is the anterior dis­
placement of the disk, an exam-
ple of which is seen in Figs. 18a
and 18b. The differences are
clear-cut. In this case the disk ap-
pears divided into two sectors,
above and below the point where
the condyle assumes a relation-
ship with the articular eminence
of the temporal bone. This inter­
articular disk was examined fol-
lowing section and was found to
present a small perforation.

An area of marked thickness of
the anterior rim of the disk is seen
underneath the most anterior
and most prominent portion of
the condyle. When the condyle
begins to transíate anteriorly, it
exerts pressure on the disk, and
at a certain moment its anterior
rim displaces abruptly and back-
wards, causing click and en-
abling the patient to open his or
her mouth without difficulties.

However, the most character-
istic and obvious noise occurs
when the whole disk and not only
part of it, is located in front of the
condyle. In this case, it is a mass
of a larger volume that is seen to
displace, as observed in the spec-
imen in Figs. 19a and 19b.

The specimens in Figs. 19a and
19b and 27a and 27b correspond
to the right and left TMJ, respec-
tively (of the same cadáver) and
account for two different abnor­
mal situations.

Opening click frequently oc­
curs in patients with occlusal dis­
harmony where the disk is ante­
riorly placed with respect to its
normal position and is com-
pressed and deformed by the ac-
tion of the condyle in an attempt
by the latter to transíate ante­
riorly at opening. The disk has
lost its normal biconcavity. The
abrupt sliding of the disk be­
tween the condyle and the em i­
nence gives rise to clicking, en-
abling the anterior displacement
of the condyle w ith consequent
máximum mouth opening. After
closing, the condyle is displaced
posteriorly and the disk occupies
its defective anterior displace­
ment. In this case the TMJ dys-
function is characterized by an
opening click.

Frequently the patient pays lit-
tle attention to these clicks oc-
curring at the TMJ level, the an-
tecedent of severe lesions. Oral
rehabilitation should not be ad-
vised until this problem is prop-
erly treated.

The click m ay occur at the on-
set of opening, or at an interm e­
díate or late stage.1415 The earlier
the elimination of noise the
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Figs. 19a and 19b Sagittal section o f an abnormal TMJ showing the anterior displacement o f a rounded disk, C. A, temporal
bone; B, condyle; D, glenoid fossa; E, articular eminence; F, external pterygoid muscle; G, auditory canal; I, bilaminar
zone.

Figs. 20a and 20b Sagittal section o f an abnormal TMJ showing osteoarthrosis. A, temporal bone; B, condyle with extensive
morphological changes; C, abnormal biconvex disk; D, flattening o f the glenoid fossa; E, eminence; F, area o f the external
pterygoid muscle; G, external auditory canal; H, degenerated bilaminar zone.

greater the chances of success.
The later the stage, the greater
the anterior displacement of the
disk and the greater the damage.

In the early development of os­
teoarthrosis the altered position
of the disk (characterized by an
anterior displacement) will be
followed by a morphological
change of the disk. In advanced
stages the altered configuration
can show thickening, biconvex-
ity, a bilobed, rounded, or trian­
gular shape and may also be
folded around a thin central por-
tion or separated in two parts.

The more advanced is the stage
of osteoarthrosis, the greater is
the deformation and the lesser
the possibilities of successful
treatment. In subjects who dem­

ónstrate an early opening click
there is minimal damage and the
disk will be recaptured readily.
On other occasions there occurs
one click upon opening and an-
other at closure, namely, recip-
rocal clicking. This condition
might be represented by the hu­
man TMJ section seen in Figs. 20a
and 20b that show an advanced
pathologic State. Therein are ob-
served important structural and
functional changes.

In Figs. 20a and 20b the con­
dyle has lost its normal anatomic
characteristic to take up an an­
gular or rectangular shape, of
straight and irregular surfaces,
leaning on the posterior wall of
the fossa with alteration of the
bilaminar zone, wherein its elas-

tic condition has surely disap-
peared or else presents a degen-
erative State. Flattening in the
fossa is apparent. The biconvex
disk shows marked thickness and
does not coincide with its normal
shape. The deformation of a disk
represents a more advanced stage
than an early anterior displace­
ment of the disk. The external
pterygoid muscle does not ex-
hibit the characteristics of the
previous sections; there is a loss
of morphology and, most likely of
functionality.

In this case reciprocal clicking
may take place, that is: first, on
opening, when the disk displaces
abruptly backward and the con­
dyle translates forward; and sec-
ond, on closure when the disk
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Figs. 21a and 21b Sagittal section of a normal TMJ. A, temporal bone; B, condyle; C, disk; D, glenoid fossa; E, eminence;
F and G, bellies o f the exlernal pterygoid másele; H, extemal auditory canal; I, bilaminar zone.

Figs. 22 and 23 Condyles with morphological changes corresponding to skulls with extensive attrition o f the teeth.

Fig. 24 Anteroposterior section of the condyle shown in
Fig. 22.

Fig. 25 Anteroposterior section of the condyle shown in
Fig. 23.

266 Volume 1, Number4, 1987



Turell

turns forward and the condyle re-
covers its initial position. There
will never be a closing click with-
out an opening click, although
there may be an opening click
without a closing click.

The specimen of Figs. 20a and
20b represents a case of osteoar-
throsis or degenerative arthritis,
a final pathologic condition of an
anterior displacement of the disk,
corresponding to a cadáver of a
68-year-old edentulous man who
had probably never used a com­
plete prosthesis. This cadáver is
of the same age as that of the TMJ
section seen in Figs. 21a and 21b,
which exhibited functional occlu-
sion with full natural dentition,
a marked difference being ob-
served between them.

No direct relationship can be
established between age and de­
generative arthritis or osteoar-
throsis. (Advanced age is no rea-
son for TMJ dysfunction.) The
most important factor related to
osteoartbrosis is the occlusion.

Internal derangement of the
TMJ will be more frequent in el-
derly people, primarily if they de­
rive from an economically poorer
social background, because oc-
clusal dysfunctions as caused by
extractions, interferences, abra­
sión, loss of teeth, or noncor-
rected malpositions of teeth, will
be more frequent. These unfavor-
able occlusal conditions have
probably been acting for a period
of up to 60 or 70 years. For this
reason, TMJ dysfunctions are
more frequent in this age group
than in young people.

However, older healthy indi­
viduáis with natural upper and
lower teeth and natural organic
occlusion will have normal TMJs.
It is what we see in cadáver TMJ
sections and it constitutes a gen­
eral clinical observation. Thus, it
should be stated that osteoar-
throsis is related to occlusal con­
ditions. Aging will aggravate the
problem if there is an occlusal
dysfunction.

Cases of osteoartbrosis usu-
ally affect one of the TMJs.
Conversely, rheumatic arthri­
tis often affects both TMJs.

Impact loading could cause the
alterations or changes in TMJs
that are seen in osteoartbrosis.
They must be regarded as patho-
logical changes rather than adap-
tive changes.

These are the result of abnor­
mal conditions such as severe
abrasión, bruxism, clenching, oc­
clusal interferences, loss of pos­
terior teeth, etc.

Rehabilitation, performed at
the right time using the con-
cepts of organic occlusion, is the
answer to a great many TMJ
problems.

Richards and Brown16 studied
the extent and rate of occlusal at-
trition in relation to degenerative
arthritis of the TMJ in 101 skulls
of early aboriginal men in Aus­
tralia. According to this research,
joint degenerations affected 40%
of the specimens and were asso-
ciated with attrition. The authors
observed that degenerations af­
fected the temporal joint more
frequently than the condyle; and
the age, unaccompanied by tooth
wear, was not significant in the
progress of the disease.

In the course of my research
I have examined and sectioned
mandibular condyles corre­
sponding to skulls with extensive
attrition or abrasión of the teeth.

Twenty condyles were selected
from skulls that showed a reduc-
tion of the crown length to one
third of normal.

All the condyles showed a vis­
ible deformation that was more
evident after sectioning. Figures
22 and 24 correspond to one of
the specimens before and after
sectioning; Figs. 23 and 25 to
another one. At these stages re-
gression to normality is rather
difficult.

The percentage of joint degen­
eraron is higher when the study
is made in both hard and soft tis-
sues of the TMJ, because alter-
ation occurs earlier in soft tissues
(disk, capsule, bilaminar zone,
etc.) than in bone.

Osteoartbrosis of the TMJ can
be the result of an increase of the
occlusal stress caused by Pro­
gressive attrition. Occlusal and

TMJ examination of cadavers
substantiate the view that degen­
erative arthritis or osteoartbrosis
are directly related to occlusal
problems rather than age alone.
Nevertheless, while ruling out a
contradiction, TMJ alterations
are most commonly seen in ad-
vanced age.17

Symptoms of osteoartbrosis
may vary from one patient to an­
other as does the course of the
disease in one subject. Observa-
tions performed in human TMJs
may demónstrate varied charac-
teristics of lesions, although not
so different as to prevent identifi-
cation and diagnosis. Osteoar-
throsis can also develop without
symptoms.

If, under any of these situa-
tions, an iatrogenic prosthesis is
placed, it may provoke distinct
symptomatology involving pain
at opening, noise, or pressure
upon the ear; the diagnosis often
being completed and confirmed
through clinical examination and
useful transcranial radiographic
findings.

Histologically it is found that
osteoartbrosis involves loss of the
fibrous tissue, which covers the
articular surface as well as os-
seous resorptions in some areas
and bone deposits in others. The
disk may calcify, perfórate, or
sclerose. Moreover, the condyle
with its flattenings, osteophytes,
and alteration of varying degrees
may cause marked compression
of the vascularized, innervated
tissues of the retrodiscal attach-
ment of the disk and provoke its
perforation resulting in a painful
condition that was not present
earlier. Morphological changes
are often seen at the articular
eminence.

Reciprocal clicking may have
occurred as in the case of the
specimen in Figs. 20a and 20b as
well as that seen in Figs. 26a and
26b, which exhibits a TMJ af­
fected by osteoartbrosis.

In this sagittal section of the
TMJ (Figs. 26a and 26b) the con­
dyle, whose morphology has been
deeply affected, presents an angle
with an osteopbyte in its upper
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portion and absence of cortical
bone in the midportion of the an­
terior and posterior surfaces. The
condyle is seen as displaced pos-
teriorly which causes compres-
sion and degeneration of the bi-
laminar zone. The fossa exhibits
marked irregularities as does
the upper area of the condyle,
owing to the process of osseous
resorption.

The thickened disk, far re­
moved from the condyle, has lost
its normal shape. However, it is
interesting to note that unlike the
case in Figs. 20a and 20b, the two
bellies of the external pterygoid
muscle are perfectly differen-
tiated and their aspect differs
somewhat, but not greatly, from
those seen in normal cases.

No two cases are alike, and con-
sequently, the symptomatology
may vary.

The section of Figs. 26a and 26b
also corresponds to an edentu-
lous subject. It may be assumed
that these TMJs have probably
supported, for decades, func-
tional loads far greater than those
exerted on TMJs of healthy per-
sons with complete natural den-
tition and good occlusion, in
whom are seen conditions such as
those corresponding to the spec-
imens described in Figs. la  and
Ib, 2a and 2b, 6, 21a and 21b, etc.

Different problems may be
posed by persons with occlu-
sal disturbances, muscular dis-
orders, and TMJ dysfunctions re-
quiring oral rehabilitation to be
preceded by thorough clinical
and radiographic examination to
ensure accurate diagnosis and
treatment.

The cases presented to TMJ
specimens seen in Figs. 18a and
18b, 20a and 20b, and 26a and
26b may be grouped, despite dif-
ferences in dysfunction, under
the heading of disk displace-
ments with reduction. That is, the
disk is displaced anteriorly and
translates posteriorly when the
condyle shifts forward, to return
to its abnormal position. The
presence or absence of a single or
reciprocal clicking depends on
each individual case.

The other type of anterior dis-
placement of the disk is charac-
terized by the absence of poste­
rior displacement of the disk and
may, therefore, be regarded as an
anterior displacement of the disk
without reduction. In this case
the disk causes limited opening
by preventing anterior sliding of
the condyle (closed lock) (Figs.
27a and 27b). The disk is dis­
placed anteriorly with respect to
the condyle, occupying a defec­
tivo position. As the condyle
tends to transíate forward, the
disk bears its pressure, but owing
to its volume or to the scarce
space between the condyle and
the eminence, it cannot slide pos­
teriorly while preventing the con­
dyle from sliding anteriorly with
consequent limitation of open­
ing. In this case there is no noise
either at opening or at closure,
because the position of the disk
with respect to the condyle does
not vary.

In this case, the anterior dis­
placement of the disk, without re­
duction or without posterior slid­
ing provokes, simultaneously, a
posterior displacement of the
condyle, which exerts pressure on
the bilaminar zone or elastic pos­
terior insertion of the disk. TMJ
functioning is found compro-
mised and the patient, normally
presenting a 40-mm opening
between the upper and lower
incisal rims, sometimes ñnds it
difficult to open his mouth more
than 25 mm. If the strain is re-
peated, opening eventually be-
comes painful. Frequcntly it is
asymptomatic. It is possible that
the main and common cause
of this situation is provoked
by a balancing interference cap-
able of displacing the mandible
laterally.

Alterations caused by interfer-
ences may be of varying types.
The lesión may appear in the
tooth which provokes them, in
the antagonist, in more distant
teeth, in the muscles, in one or
both TMJs, on the enamel (attri-
tion), or in periodontal tissues.

If this condition is diagnosed at
an early stage treatment is sim-

pler and more effective. However,
as these lesions are often asymp­
tomatic and even when notice-
able, they are not ascribed due
importance, frequently the con-
dition is diagnosed only when
considerable pain develops or af-
ter an ORL examination.

The extracapsular pain is in
most cases muscular, provoked
by interferences. The intracap-
sular pain may be related to rheu-
matic arthritis, osteoarthrosis,
traumatic arthritis, etc., or to
changes of an organic nature,
which render it more difficult
than in the case of a strictly func-
tional problem.

A severe lesión is seen in Figs.
28a and 28b, showing a TMJ sag-
ittal section with anterior dis­
placement of the disk. In order to
facilítate placement of the sec­
tion it may be stated that the au-
ditory canal is outside the pho-
tograph, in its right upper angle;
the disk appears completely de-
formed, lying between the con­
dyle and the eminence with total
alteration of its normal shape,
most of it rolled up and divided
in front of the condyle. In similar
cases an arthrography procedure
did show, quite distinctly, the ex-
isting deformation.

In the specimen in Figs. 28a
and 28b, careful examination will
show irregularities on all the
osseous surfaces, both of the
condyle and of the fossa and
eminence. The condyle presents
a distinct morphologic discrep-
ancy and is displaced anteriorly.
The posterior insertion of the
disk or bilaminar zone shows a
marked thickening, while the ex­
ternal pterygoid muscle exhibits
its relationship with the disk and
the condyle.

Specimens in Figs. 27a and 27b
and 28a and 28b correspond to
what is clinically named as lim­
itation of mouth opening from
anterior displacement of the disk
without reduction (closed lock).

The preceding specimens (Figs.
17a and 17b, 18a and 18b, 27a
and 27b, and 28a and 28b) and
the following to be described
(Figs. 29a to 35b) were taken
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Figs. 26a and 26b Sagittal section o f an abnormal TMJ affected by osteoarthrosis. A, temporal bone; B, condyle with
morphological changes showing an osteophyte B '; C, altered configuraron o f the disk; D, flattened glenoid fossa; E, eminence;
F, area o f the extemal pterygoid muscle; H, bilaminar zone and vessels.

Figs. 27a and 27b Sagittal section o f an abnormal TMJ with anterior displacement o f disk, C. A, temporal bone; B, condyle;
D, glenoid fossa; E, eminence; F and G, bellies o f the extemal pterygoid muscle; H, bilaminar zone; I, extemal auditory
canal.

Figs. 28a and 28b Sagittal section o f an abnormal TMJ. A, temporal bone; B, condyle; C, deformed disk displaced anteriorly;
D, glenoid fossa; E, eminence; F and G, extemal pterygoid muscle; H, extemal auditory canal; J, bilaminar zone and
vessels.
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Figs. 29a and 29b Sagittal section of an abnormal TMJ. A, temporal bone; B, condyle with an arthritic lesión on the
posterior area P; C, anteroposterior shortening of the disk; D, glenoid fossa; E, eminence; F, extemal pterygoid muscle.

Figs. 30a and 30b Sagittal section o f an abnormal TMJ. A, temporal bone; B, condyle with arthritic lesión in S and P; C,
disk displaced anteriorly with morphological changes; D, glenoid fossa; E, eminence; F, extemal pterygoid muscle; G,
bilaminar zone.

Figs 31a and 31b Sagittal section of an abnormal TMJ. A, temporal bone; B,condyle; C, pathological disk with antero­
posterior shortening and loss o f its biconcavity; D, glenoid fossa; E, articular eminence; F, area o f the extemal pterygoid
muscle; G, extemal auditory canal; H, bilaminar zone.
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from fresh cadavers whose parti-
ally or scarcely dentulous mouths
were characterized by malocclu-
sions due to lack of occlusal rela-
tions, and lateral displacement of
the mandible owing to interfer-
ing contacts. The specimen in
Figs. 29a and 29b, also partially
dentulous, exhibits another vari-
ant, i.e., a rounded disk concomi-
tant with distinct anteroposte-
rior shortening. There is also loss
of substance in the posterior sur-
face of the condyle with broad
medullar spaces.

The posterior irregularity of
the condyle is seen as an arthri-
tic lesión, in which case it might
be diagnosed radiologically. The
articular eminence does not exhi-
bit abnormal irregularities. This
specimen corresponds to a 36-
year-old woman with natural
decayed lower teeth and only
four upper teeth. She presented
marked loss of vertical dimen­
sión, which accounts for TMJ
dysfunction, in this case caus-
ing anterior displacement of the
condyle.

The specimen in Figs. 30a and
30b is that of a 45-year-old man
with occlusal dysfunction from
marked attrition or abrasión of
teeth and loss of vertical dimen­
sión. It is possible to observe ar-
thritic lesions in the anterosupe-
rior and posterior zone of the
condyle represented by a cortical

resorption. The osseous struc-
tures, condyle, fossa, and emi­
nence all show irregularities; the
disk is seen displaced, markedly
reduced in thickness, with loss
of its characteristic biconcavity.
TMJ arthritic lesions often coin­
cide with displacements of the
condyle.

Figs. 31a and 31b exhibit, as
major lesions, anteroposterior
shortening of the disk, flattening of
the articular eminence, and ir­
regularities in the osseous sur-
faces. Concern here is for a veri-
fied case of occlusal dysfunction
from numerous successive ex-
tractions of long standing, which
had caused extrusión of several
upper teeth and malocclusion.

These different situations,
present in cases of TMJ dysfunc­
tion, cali for cióse examination
before planning oral rehabilita-
tion in an attempt to verify the
influence of occlusion in the TMJ
mechanism.

Figs. 32a and 32b and 33a and
33b correspond to sagittal sec-
tions of right and left TMJs of the
same cadáver, a 69-year-old man,
showing advanced articular le­
sions. There is an absence of pos­
terior teeth and abrasión of an­
terior teeth, resulting in TMJ
pathologic changes. The loss of
posterior teeth and abrasión of
anterior ones enables the con­
dyle to penétrate deeply into the

fossa causing an excessive load
on the bilaminar zone giving rise
to degenerative States or on
the disk with resulting anterior
displacement.

In cases similar to those in Figs.
32a and 32b and 33a and 33b it
is possible to observe articular
symptoms and, more frequently,
muscular ones, detected through
careful palpation. The condition
may involve a State whose symp-
tomatology is overlooked by the
patient, but which is rendered
apparent by clinical and ra-
diographic examination; detec-
tion is important because if at
that stage adequate occlusal
conditions are restored by oral
rehabilitation, more advanced
stages of the alteration might be
precluded.

By contrast, when fundamen­
tal occlusion principies are not
respected or when inappropriate
techniques are used, there will be
aggravation of the condition. The
resulting effect in this case, is
an impairment of the situation,
making the solution and the relief
of symptoms more difficult.

In both specimens in Figs. 32a
to 33b it is possible to observe
extremely thin disks whose upper
surfaces show small irregulari­
ties coinciding with those in the
articular eminence. In the disks,
a degenerative process has taken
place. In both specimens the right

Figs. 32a and 32b Sagittal section of an abnormal TMJ. A, temporal bone; B, condyle with arthritic lesions R and R '; C,
abnormal disk; D, glenoid fossa; E, articular eminence; F, extemal pterygoid muscle; G, bilaminar zone with vesssels; I,
extemal auditory canal.
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Figs. 33a and 33b Sagittal section of an abnormal TMJ. A, temporal bone; B, condyle with arthritic lesión R; C, abnormal
disk; D, glenoid fossa; E, articular eminence; F, external pterygoid muscle; G, bilaminar zone with vessels.

and left external pterygoid mus-
cíes are seen, with aspects or
conditions similar to the nor­
mal. Nevertheless the condyles
show important arthritic lesions,
which could be diagnosed radio-
graphically. The one on p. 271
(Figs. 32a and 32b) presents a
marked resorption process in the
anterosuperior zone, and the one
on p. 272 (Figs. 33a and 33b)
shows a similar lesión in the pos-
terosuperior area. At the afore-
said points the cortical bone
has disappeared while medullar
spaces are seen exposed.

Both TMJs communicate with
the corresponding external au-
ditory canal and show alterations
in the bilaminar zone that are un-
dergoing degenerative processes.
In accordance with observations
in the sections, these joints do not
produce clicking upon opcning
and closure although it might
have been evident at earlier
stages.

TMJ lesions may present other
characteristics.

The specimen in Figs. 34a and
34b represents a human TMJ sag­
ittal section corresponding to a
47-year-old who exhibits marked
posterior displacement of the
condyle. It shows a distinct
concavity on the anterior sur-
face, flattening of the eminence,
a glenoid fossa, and irregular
boundaries, a wide disk far re­
moved from normal, and perfo­

raron of the retrodiscal attach-
ment. This condylar position
causes inflammation in the early
stages when the condyle intrudes
on the bilaminar zone, and later
its degeneration and perforation.

Occlusal examination of the ca­
dáver showed loss of 18 teeth in
addition to the third molars. The
four upper incisors, the four
lower incisors, and two lower
premolars were preserved.

In this case, there is excessive
functional load on the TMJ with
consequent posterior displace­
ment of the condyle.

When radiology discloses a dis­
tal displacement of the mandi­
ble and the condyles are seen in
the posterior zone of the joint,
patients frequently experience
chronic headaches and pain in
the neck and face. Transcra-
nial radiographs must be taken
whenever the TMJ is symptoma-
tic. This examination should be
made even in asymptomatic pa­
tients if there is an indication of
abnormality.

Occlusal dysfunction may re-
sult in the anterosuperior dis­
placement of the condyle (as
shown in Figs. 35a and 35b)
where it is seen compressing the
disk against the eminence. There
is a wide space behind the con­
dyle in the area of the bilaminar
zone.

The anterior displacement of
the mandible because of interfer-

ences or loss of posterior teeth
causes marked abrasión in ante­
rior teeth. Such abnormal con­
ditions result in changes in TMJ
hard and soft tissues, which may
not be regarded as adaptation or
remodeling effects.

We should take into account
that the TMJ is capable of sup-
porting functional stresses, pres-
sures, and loads only to a limited
extent; when exceeded, struc-
tural and/or functional changes
occur in it.

Finally, the specimen in Figs.
36a and 36b is the TMJ of the ca­
dáver of a 30-year-old woman
who suffered from rheumatoid
arthritis. Background data indi-
cate generalized alterations from
the disease. Figures 36a and 36b
show upper and posterior ero­
sión of the condyle resulting
in shortening of the mandibular
rami with flattened articular em­
inence and reduced interarticu­
lar space. The disk has been dis­
placed anteriorly with loss of
normal morphology.

Often, in cases of rheumatic
arthritis, upon closure, occlusal
contacts of molars are taking
place on the side of the erosión
causing an anterior open bite.
While treatment of this disease is
the domain of the specialist, the
gnathologist should identify it on
the basis of its symptomatology,
and through correct interpre-
tation of transcranial radiogra-
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Figs. 34a and 34b Sagittal section o f an abnormal TMJ with posterior displacement o f the condyle. A, temporal bone; B,
condyle; C, disk; D, glenoid fossa; E, flattened eminence; F, area o f the extemalpterygoid muscle; G, extemal auditory canal;
H, bilaminar zone compressed by the posterior condylar displacement.

Figs. 35a and 35b Sagittal section o f an abnormal TMJ with an anterior displacement o f the condyle. A, temporal bone;
B, condyle with irregularities in the anterior area; C, abnormal disk; D, glenoid fossa; E, eminence; F, area o f the extemal
pterygoid muscle; G, bilaminar zone; H, extemal auditory canal.

Figs. 36a and 36b Sagittal section o f an abnormal TMJ affected by rheumatic arthritis. A, temporal bone; B, condyle with
erosions in the upper and posterior areas; C, abnormal disk displaced anteriorly; D, glenoid cavity; E, articular eminence;
F, area o f the extemal pterygoid muscle; G, bilaminar zone; I, extemal auditory canal.
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phies, arthrographies, and com-
puterized tom ographies.

This disease is incom pletely
understood. The predisposing
causes are varied. It is not pro-
voked by a specific organism  but
infection, even of a low degree, is
an im portan t factor to be taken
into account.

Summary and Conclusions

1. Both norm al and abnorm al
lindings in the TMJ have
been m ade through autopsy
specim ens.

2. C riteria were established for
the rate  determ ination of
norm al and abnorm al joints.

3. When studying norm ality
one may readily observe
the antagonism  and indepen-
dence between the upper and
lower belly of the external
pterygoid muscle; the func-
tional unit involved by the
condyle and the disk; the im-
portance of the biconcavity
of the disk, as a sine qua
non condition of norm ality;
the significance of the articu­
lar em inence in the norm al
condylar displacem ent; and
the need for a b ilam inar
zone or retrodiscal attach-
m ent under norm al elastic
conditions. Anatomic condi-
tions closely and signifi-
cantly  in terrelated  w ith clin-
ical situations have been
described.

4. In 100 hum an TMJ sections
taken from cadavers, the
num ber of abnorm al cases
was 80.

The num erous cases of abnor­
mal TMJs detected (80%) were
characterized by the following
various conditions:
-an te r io r  position of the disk

(Figs. 17a and 17b)
-an te rio r  displacem ent of the

disk (Figs. 18a to 20b, and 26a
to 28b)

—anteroposterior shortening of
the disk (Figs. 29a and 29b)

-perfo ra tion  of the disk (Figs. 18a
and 18b)

—degeneration of the disk (Figs.
32a to 33b)

-degeneration  of the b ilam inar
zone (retrodiscal attachm ent)
(Figs. 20a and 20b and 26a and
26b)

-reso rp tion  and flattening of the
articu lar eminence (Figs. 28a
and 28b)

-reso rp tion  and flattening of the
condyle (Figs. 20a and 20b and
26a and 26b)

-resorp tion  and flattening of the
fossa (Figs. 20a and 20b)

-fo rm ation  of osteophytes (Figs.
26a and 26b)

—degenerative arth ritis  or os-
teoarthrosis (Figs. 20a and 20b
and 26a and 26b)

-rh eu m atic  a rth ritis  (Figs. 36a
and 36b)

-po ste rio r displacem ent of the
condyle (Figs. 34a and 34b)

—anterior displacem ent of the
condyle (Figs. 35a and 35b)

-a r th ritic  lesions of the condyle
(Figs. 29a to 30b and 32a to 33b)

-biconcavex disks (Figs. 27a and
27b and 29a and 29b)
5. Totally edentulous subjects

exhibited the m ost severe
TMJ disorders in both soft
and hard  tissues.

6. Alterations in soft tissues are
seen earlier than morpho-
logical changes in bone.

7. Advanced age per se is not
a sufficient cause of TMJ
dysfunction in healthy indi­
viduáis who preserve their
na tu ra l teeth w ithout occlu-
sal disharm ony. This was
borne out by the observa-
tions described.

TMJ dysfunction is seen in both
young and elderly subjects and
although age is not decisive, dys­
function is more frequent in the
la tte r because they undergo oc-
clusal functional incoordination
o ver the years.

8. A ttrition, loss of posterior
teeth, parafunction, and mal-
occlusion should be identi-
fied as the most im portant
etiologic causes of either
degenerative a rth ritis  or
osteoarthrosis.

9. Clicking and locking disor­
ders caused by disk displace­
m ent show a cióse relation to
malocclusion.

10. The im pact upon the TMJ
by loads or excessive stress
transm itted  to it by these or
other occlusal conditions are
responsible factors in TMJ
dysfunction.

11. A thorough clinical exami-
nation m ay diagnose initial
pathologic conditions enabl-
ing the undertak ing  of a
conservative trea tm en t thus
preventing subsequent suc-
cessive altera tions leading
to osteoarthrosis, a State at
which regression to absolute
norm ality  is hardly  a tta in-
able. Even a t this stage re-
storative dentistry  m ay im-
prove prevalent conditions.

H um an TMJ sections contrib­
ute significant knowledge en-
abling b e tte r evaluation of clin­
ical problem s as well as reli-
able in terp re ta tion  of TMJ radio-
graphic exam inations.
12. In some specim ens it is pos-

sible to observe direct com-
m unication betw een the TMJ
and the external auditory  ca­
nal. Reports relate  auditory
problem s w ith occlusal and
jo in t dysfunctions on the ba-
sis of the frequent presence of
concom itant a lterations.

Further research is bound
to contribu te  concrete da ta  of
obvious significance on this
correlation. □
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Contents: 1. Introduction to Osseointegration; 2. Nature and Significance of the Edentulous State; 3. Nature of Implant Attachments; 4. Metal
Selection and Surface Characteristics; 5. Aspects of Biomechanical Considerations; 6. Bone Tissue Response; 7. The Gingival Junction;
8. Functional Response; 9. Psychological Response; 10. Long-Term Treatrnent Results; 11. Radiographic Results; 12. Patient Selection and
Preparation; 13. Surgical Procedures; 14. Possible Complications; 15. Prosthodontic Procedures; 16. Other Prosthodontic Applications;
17. Laboratory Procedures and Protocol; 18. Radiographic Procedures; 19. Aspects of Prosthodontic Design; 20. Other Applications of Osseointe-
grated Implants. ISBN 0-86715-129-3.
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Proceedings
Consensus Conference
The Relatí ve Roles of Vestí bu ioplasty
and Ridge Augmentation in the
Management of the Atrophic Mandible
edited by P.J.W. Stoelinga

Proceedings of the 8th International I.A.O.M.S. confer­
ence. A long-awaited reference for oral surgeons
and prosthodontists who need to know which of the

myriad techniques now available are the best.

Contents inelude: Indications for Vestibuloplasty; The Epithelial Inlay and Vestibuloplasty Combined With Skin Grafting; Mucosa vs. Skin Grafts; Long-
Term Behavior of Skin and Mucosal Grafts in the Oral Cavity; Two Methods for Deepening the Floor of the Mouth; Reduction of Prolapse of the Soft
Tissues of the Chin: Indication for Ridge Augmentation; A Modified Mandibular Visor Osteotomy; Allogeneic vs. Autogenous Bone Grafts;
Hydroxyapatite Particles as a Bone Substitute. ISBN 0-86715-155-2.
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