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Our aim was to study microscopically the disc position and structural tissue changes such as
disc perforation of the temporomandibular joint (TMJ). An autopsy material comprising the
right and left TMJ from 21 individuals with a mean age of 75 years was studied. Anterior disc
position was found in 11 joints from 8 individuals. Discs in anterior position were most often
of even thickness or convex, whereas most discs in normal position were concave. Perforation
was found in the central dense part of the disc in one joint and in the posterior disc attachment
of five joints. The latter five discs were in anterior position. Of the five joints with anterior
disc position and perforation of the posterior attachment, four joints showed marked structural
changes also in the condyle and temporal component. Such changes were found only in one
of six joints with anterior disc position but without perforation. No signs of cellular inflam-
mation were observed in any of the joints. Fibrous ankylosis was found in four joints from
three individuals. Joints with anterior disc position comprised more than one fourth of the
examined joints. In some of these joints there were no structural changes; in other of these
joints disc perforation was combined with convex disc form and marked structural changes
of the condyle and temporal component. O Ankylosis; histopathology; osteoarthritis; tem-
poromandibular joint diseases

Sigvard Akerman, Department of Stomatognathic Physiology, School of Dentistry, Carl

Gustavs vig 34, §-214 21 Malmd, Sweden

The central thin portion of the disc of the
human temporomandibular joint (TMJ) is
assumed to be ideally located between the
anterosuperior part of the mandibular con-
dyle and the posterior part of the articular
eminence with occluded teeth. Deviation in
disc position has been observed frequently,
however, both in autopsy studies (1-3) and in
patients with disorders of the stomatognathic
system (4). Knowledge is lacking concerning
the frequency of deviations in disc position
in the symptom-free TMJ. In the clinical
studies the position of the disc has been
determined by arthrography or computer
tomography (5,6). In anterior disc dis-
placement the major dense part of the disc
is forced forward during mouth opening and
the posterior disc attachment thereby abnor-
mally stretched. There are reasons to suspect
that structural or reactive changes might

then occur, particularly of the posterior
attachment.

In addition to anterior disc displacement
and degenerative changes, chronic inflam-
matory joint diseases like rheumatoid
arthritis (RA), ankylosing spondylitis, psori-
atic arthritis, and gout may afflict the TMJ.

The aim of this study was to investigate
the microscopic appearance of the TMJ in
elderly individuals, with specific attention to
disc position. In this connection the form of
the disc and structural changes such as disc
perforation and cellular signs of inflam-
mation of the joint were to be studied.

Materials and methods

Autopsy material
The right and left TMJ specimens were



232 S. Akerman et al.

Table 1. Age and sex distribution of the 21 individuals

Age, n
Mean
60-69 70-79 80-89 Total, age,
years years years n years
Women 2 3 3 8 76
Men 3 7 3 13 74
Total 5 10 6 21 75

removed as blocks in 21 individuals, 8
women (mean age, 76 years) and 13 men
(mean age, 74 years; Table 1), who before
death had donated their bodies to research.
Immediately after removal, the TMJ speci-
mens were fixed in a 10% neutralized buf-
fered formalin solution.

Histologic technique

The specimens were demineralized in
0.5 M ethylenediaminetetraacetate (Na,H,-
EDTA) for 16 to 20 weeks and were then
embedded in paraffin. Two sagittal sections,
6 and 10 um thick, were cut at every mil-
limeter from the most lateral aspect of the
joint to the most medial. The 6-um sections
were stained with Mayer’s hemalun-eosin
solution (7). The 10-um sections were
immersed in a solution of 0.1 g toluidine blue
O and 100 ml 1 N HCI (pH 0.5) to stain the
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sulfated glycosaminoglycans metachromat-
ically (8). Identically treated sections of a
demineralized rabbit knee joint were used
as controls for the toluidine blue staining.

Microscopic examination

The central section from the Ilateral,
central, and medial thirds of the joints was
investigated with regard to the following:

Position and form of the disc. The sagittal
sections were projected and magnified 10-
fold on a screen, and drawings were made
of the outlines of the joint components. In
the assessment of disc position, the position
of the central part of the disc composed of
dense connective tissue was determined in
relation to the articulating posteroinferior
part of the eminence and the anterosuperior
part of the condyle. Position was considered
to be normal when the central dense part of
the disc was located between the postero-
inferior part of the eminence and the an-
terosuperior part of the condyle (Fig. 1)
and anterior when the central dense part of
the disc was anterior to these structures (Fig.
2a). The form of the disc was judged as
concave (Fig. 1) (minimum thickness in the
central part), even thickness, or convex (Fig.
2a) (maximum thickness in the central part).

Structural changes in the articulating sur-
faces. Structural changes in the disc including

Fig. 1.
Photomicrograph of the
lateral third of a right
TMIJ with the disc in
normal position and
with concave form.
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the posterior attachment were classified as
mild when superficial fraying and disruption
of fiber bundles were observed and as
marked when perforation was present. In the
condyle and temporal component superficial
structural changes were classified as mild,
and total loss of the articular soft tissue sur-
face was classified as marked. Changes in
soft tissues and bone were determined by
tissue morphology after staining with
Mayer’s hemalun-eosin solution and by met-
achromasia after staining with toluidine blue.
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Fig. 2a.
Photomicrograph of the
central third of a right
TMYJ with the disc in
anterior position and
with convex form.
Perforation of the
posterior attachment
(PA) near the border to
the dense part (DP) of
the disc. 2b. Close-up
photomicrograph of
posterior attachment in
2a, showing blood
vessels. 2¢. Close-up
photomicrograph of the
posterior part of the disc
in 2a, showing blood
vessels.
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Inflammation and repair. The presence of
blood vessels and cell-rich connective tissue
was recorded in the articulating joint sur-
faces. The presence of polymorphonuclear
or mononuclear cells was considered cellular
signs of inflammation.

Statistics

The interindividual correlation between
disc position, disc form, and structural
changes was tested for statistical significance
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with the chi-square test for two independent
samples.

Results

Position, form, and histologic appearance of
the disc

The position and form of the disc could
not be assessed in four joints with fibrous
ankylosis and in one joint because of oblique
embedding of the specimen. The frequency
of the disc positions is shown in Table 2.
Most discs had a normal position in the entire
joint. Totally, the disc was found in anterior
position in 11 joints from 8 individuals, in-
cluding 6 joints in which the position varied
with location within the joint. Half of the
women and one third of the men had anterior
disc position. The form of the disc varied
greatly, and it was difficult to systematize the
form of all discs into only a few categories.
The upper and lower contours of the disc
differed. The upper contour of the disc was
well adapted to the surface of the S-shaped
temporal component in all joints except the
four joints with fibrous ankylosis. The lower
contour of the disc was adapted to the upper
surface of both the condyle and the lateral
pterygoid muscle. When the muscle was
inserted superiorly on the condyle, the
anterior part of the disc was of even thick-
ness. The frequency of the disc forms is
shown in Table 2. Eleven discs were concave
and one was convex through the entire joint.
No disc was of even thickness through the
entire joint. Even thickness of the disc was
more frequent in the lateral and medial
thirds than in the central third of the joint.
Ten of the 13 discs with even thickness in
the lateral third were concave in the central
third.

Anterior disc position was positively cor-
related to convex disc form in the lateral
(right/left: p <0.01), central (right:
p < 0.05; left: p <0.01), and medial (right:
p <0.02; left: p <0.1) thirds of the joints.
Most discs in normal position were concave.
Three discs were concave and positioned
anteriorly in the central or medial third of
the joint.

Table 2. Form and position of the disc in the lateral, central, and medial thirds of the right and left temporomandibular joints of 20 individuals. No. of joints

37
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The disc was composed of dense fibrous
connective tissue with chondroid cells. A
hyaline zone was seen in some joints on the
inferior surface, with numerous chondroid
cells and abundant ground substance meta-
chromatic at pH0.5.

In most joints the posterior disc attach-
ment was composed of an upper fibrous stra-
tum attached at different levels to the pos-
terior wall of the glenoid fossa and a lower
fibrous stratum attached to the back of the
condylar neck. The bilaminar region
between these strata consisted of a loose
fibrous connective tissue containing blood
vessels (Fig. 2b) and was thereby separated
from the disc. In some of the joints with
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the disc in anterior position the posterior
attachment was thin and elongated.

Structural changes

The distribution of structural changes is
shown in Tables 3 and 4. Most of the discs
showed no structural changes. In six joints—
that is, one-sixth of the joints—there was a
perforation. The perforation was localized
to the posterior disc attachment in five joints
and to the central dense part of the disc of
one joint, There was a positive correlation
between anterior disc position and perfora-
tion of the posterior attachment (p < 0.02).
Around the perforations in the posterior

Table 3. Structural changes and position of the disc of the right and left temporomandibular joints of 20 individuals.

No. of joints = 37

Disc position

Structural Right Left
changes
of the disc Normal Anterior Normal Anterior Total
Absent 9 1 10 2 22
Mild 2 1 5 1 9
Marked (perforation)
Central 0 1 0 0 1
Posterior 0 3 0 2 5
Total 11 6 15 5 37

Table 4. Structural changes of the condyle and temporal component and disc position of the right and left
temporomandibular joints of 20 individuals. No. of joints = 37

Disc position

Right Left
Structural
changes Normal Anterior Normal Anterior Total
Absent
Condyle 8 2 6 1 17
Temporal component 5 2 6 1 14
Mild
Condyle 3 3 7 1 14
Temporal component 6 2 5 1 14
Marked
Condyle 0 1 2 3 6
Temporal component 0 2 4 3 9
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attachment the edges were either thick or
thin, whereas the edges around the perfora-
tion of the central dense part were thin.
The correlations between anterior disc
position and structural changes of the con-
dyle and of the temporal component were
not statistically significant, although four of
the five joints with both anterior disc position
and perforation of the posterior attachment
showed marked structural changes in the
other components. In these joints the disc
was convex. Numerous blood vessels could
be observed, especially in the posterior part
of the disc (Fig. 2c) but also in the articular
soft tissue lining of the posteroinferior part
of the eminence (Fig. 3). Furthermore,
increased thickness of the soft tissue articular
lining on the inferior part of the eminence
and the superior part of the condyle with
associated bone resorption was found at the
border between the bone and the miner-
alized soft tissue layer. In two of the joints
with perforation of the posterior attachment
there was a markedly thickened soft tissue
lining in the roof of the fossa (Fig. 4) which
contained numerous chondroid cells with
surrounding metachromatic staining. Of the
five joints with anterior disc position but
without disc perforation there were mild
structural changes in the condyle and tem-
poral component in four joints. There were
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Fig. 3. Photomicrograph of the soft tissue lining of
the posterior slope of the eminence, which is highly
vascularized (arrows). Section taken from a TMJ with
perforation of the posterior attachment and vascu-
larization in the posterior part of the disc and structural
changes of the eminence and condyle.
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Fig. 4. Photomicrograph of a right TMJ with a large
disc perforation, showing increased thickness of the soft
tissue lining in the roof of the fossa into a dense fibrous
connective tissue with numerous chondroid cells and
metachromasia with toluidine blue at pH 0.5.

no structural changes of the condyle and
temporal component in 6 of 26 joints with
normal disc position and in 2 of 11 joints
with anterior disc position.

Inflammation and repair

No cellular signs of inflammation could be
found in any of the joints. Fibrous ankylosis
was found in four joints from three women.
Information about medical history was avail-
able for two of them, and they were diag-
nosed as having RA. In the joints with
fibrous ankylosis the ordinary articulating
soft tissue lining was absent. A connective
tissue rich in fibers, cells, and blood vessels
filled the space between the bony surfaces of
the condyle and temporal component (Fig.
5). The bony surfaces showed marked
resorption, sometimes with osteoclasts. In
these joints no signs of progressive remodel-
ing could be observed on the bony surface,
in contrast to the joints with structural
changes of degenerative nature.

Discussion

The determination of disc position in this
study was made with the condyle in a single
position—that is, in the center of the fossa.
However, in histological sections the relation
between the disc, condyle, and temporal
component is more accurately determined



Fig. 5. Photomicrograph of a TMJ with fibrous
ankylosis. The joint space between the temporal com-
ponent (TC) and the condyle (C) is filled with a con-
nective tissue rich in fibers, cells, and blood vessels. The
bony surfaces show marked resorption.

than in macroscopic examination. In some
joints with anterior position the disc was
concave, which was also found by Westesson
& Rohlin (2) and Solberg et al. (9), and in
addition, half of the joints with the disc in
anterior position showed no or mild struc-
tural changes. These findings indicate that
anterior disc position in some joints can exist
as a variant of normal anatomy. Clinical
follow-up studies of joints with anterior disc
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position in individuals free from symptoms
of the stomatognathic system other than
clicking might elucidate these assumptions.

Since the disc form varied greatly, it was
difficult to classify it in accordance with
recently described definitions—that is, as
biconcave, biplanar, or biconvex (2, 10).
Choukas & Sicher (11) claimed that the
description of the disc in the literature as a
biconcave plate is not correct. In the present
study, as in previous studies (3, 11-14), the
form of the disc was found to be adapted to
the surrounding joint components. The disc
was relatively even in thickness in the new-
born (12, 15, 16) and later developed into
different forms. In describing these forms,
we found the thickness of the central part of
the disc to be the crucial point. A lower
height of the eminence laterally and medially
than centrally (17) corresponded well with
the more frequent even thickness of the disc
in the lateral and medial thirds than in the
central third. Remodeling of the articular
surfaces might also result in more discs of
even thickness in elderly individuals than in
the average population. As a consequence
of this even thickness, assessment of disc
position with tomoarthrography or computer
tomography will be more difficult in the lat-
eral and medial parts of the joint, where the
tomographic imaging also is limited (18).
The even thickness and convex form was
more frequent in discs in anterior position
than in normal position, an observation also
made by Westesson & Rohlin (2).

In autopsy studies perforation of the disc
has been reported to occur most frequently
in the lateral aspect of the central thin, dense
part (2, 19-21). However, in clinical studies
(11, 14, 22, 23) perforation in the posterior
part of the disc has been reported to be
a frequent finding, in accordance with this
study. The ability to detect disc perforations
located at the junction between the posterior
band and the posterior attachment and
within the posterior attachment in autopsy
studies depends partly on the dissection tech-
nique. The most probable reason that per-
forations of the posterior attachment have
not been observed in most previous autopsy
studies is that the posterior attachment of
the disc has been cut at dissection, to facili-
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tate the macroscopic analysis of the joint.
When no systemic inflammatory joint dis-
ease is involved, disc perforations in the cen-
tral part are generally ascribed to degener-
ative joint disease (24). This is probably true
also for the posterior perforations in discs
with anterior position, since an anterior posi-
tion of the disc can be expected to result
in loading of the soft vascularized posterior
attachment. The observation that four of
five joints with anterior disc position and
perforation of the posterior attachment also
had marked structural changes in the condyle
and temporal component indicates that
joints with anteriorly positioned discs and
perforation of the posterior disc attachment
are vulnerable to further degenerative
changes.

No signs of cellular inflammation were
found in the posterior attachment of discs in
anterior position or in the vicinity of disc
perforations. This finding is in accordance
with the report by Hall et al. (25) that no
significant inflammation was observed in
specimens of the bilaminar zone of discs
removed from 26 joints of patients with inter-
nal derangement and pain in the TMJ.

Ankylosis of the TMI is rarely reported in
patients with degenerative or inflammatory
joint disease of the TMJ (26), although the
terminal stage in the progression of RA is
more or less fibrous or bony ankylosis (27).
Reports of ankylosis are also scant in autopsy
studies, and we found only one such joint
reported by Bean et al. (28) and another by
Solberg et al. (9). The number of joints with
fibrous ankylosis in this study is notable but
may be due to the advanced age of the indi-
viduals, since the prevalence of inflamma-
tory joint diseases increases rather sharply
with age (29). Fibrous adhesions between
the joint surfaces often occur as a result of
healing of an inflammatory joint disease,
which was probably the case for the two
individuals with RA in this study.

The results of this study warrant the fol-
lowing conclusions about TM joints from the
elderly: Anterior disc position and structural
changes such as disc perforation are
common. The form of the disc frequently
deviates from the concave in the lateral and
medial part of the joint. Anterior disc posi-
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tion is frequently associated with convex disc
form and perforation of the posterior attach-
ment of the disc.

Acknowledgements.—The autopsy material was kindly
made available by the Department of Anatomy, Uni-
versity of Lund. This study has been supported by the
Faculty of Odontology, University of Lund, Malmé,
Sweden, and the Swedish Dental Society.

References

1. Isberg-Holm A, Westesson P-L. Movement of disc
and condyle in temporomandibular joints with click-
ing. An arthrographic and cineradiographic study
on autopsy specimens. Acta Odontol Scand
1982;40:153-66.

2. Westesson P-L, Rohlin M. Internal derangement
related to osteoarthrosis in temporomandibular
joint autopsy specimens. Oral Surg 1984;57:17-22.

3. Hellsing G, Holmlund A. Development of anterior
disk displacement in the temporomandibular joint:
an autopsy study. J Prosthet Dent 1985;53:397-401.

4. Eriksson L, Westesson P-L. Clinical and radio-
logical study of patients with anterior disk dis-
placement of the temporomandibular joint. Swed
Dent J 1983,7:55-64.

5. Thompson J, Christiansen E, Sauser D, Hasso AN,
Hinshaw D. Dislocation of the temporomandibular
joint meniscus: contrast arthrography versus com-
puted tomography. AJNR 1984;5:747-50.

6. Katzberg RW, Tallents RH, Hayakawa K, Miller
TL, Goske MIJ, Wood BP. Internal derangements
of the temporomandibular joint: findings in the
pediatric age group. Radiology 1985;154:125-7.

7. Romeis B. Mikroskopische Technik. 16th ed. -
Munich: R Oldenbourg Verlag, 1968:164.

8. Chayen ], Bitensky L, Butcher R. Practical histo-
chemistry. London: John Wiley and Sons, 1973:66-
8.

9. Solberg WK, Hansson TL, Nordstrém B. The tem-
poromandibular joint in young adults at autopsy: a
morphologic classification and evaluation. J Oral
Rehabil 1985;12:303-21.

10. Eriksson L, Westesson P-L, Rohlin M. Tem-
poromandibular joint sounds in patients with disc
displacement. Int J Oral Surg 1985;14:428-36.

11. Choukas NC, Sicher H. The structure of the tem-
poromandibular joint. Oral Surg 1960;13:1203-13.

12. Carlsson GE, Oberg T. Remodelling of the tem-
poromandibular joint. Oral Sci Rev 1974;6:53-86.

13, Katzberg RW, Dolwick MF, Helms CA, Hopens
T, Bales DJ, Coggs GC. Arthrotomography of the
temporomandibular joint. AJR 1980;134:995-1003.

14. Keith DA. Development of the human tem-
poromandibular joint. Br J Oral Surg 1982;20:217-
24.

15. Strauss F, Christen A, Weber W. The architecture
of the disc of the human temporomandibular joint.
Helv Odontol Acta 1960;4:1-4.



ACTA ODONTOL SCAND 44 (1986)

16.

17.

18.
19.

20.

21.

22

23.

Moffett B. The prenatal development of the human
temporomandibular joint. Contr Embryol 1957;
36:21-8.

Ricketts RM. Variations of the temporomandibular
joint as revealed by cephalometric laminagraphy.
Am J Orthod 1950;36:877-98.

Eckerdal O. Tomography of the temporoman-
dibular joint. Acta Radiol 1973 (suppl 324).
Oberg T, Carlsson GE, Fajers C-M. The tem-
poromandibular joint. A morphologic study on a
human autopsy material. Acta Odontol Scand
1971;29:349-84.

Hansson T, Oberg T. Arthrosis and deviation in
form in the temporomandibular joint. Acta Odontol
Scand 1976;35:167-74.

Kopp S. Topographical distribution of sulphated
glycosaminoglycans in human temporomandibular
joint disks. A histochemical study of an autopsy
material. J Oral Pathol 1976;5:265-76.

Graham GS, Ferraro NF, Simms DA. Perforations
of the temporomandibular joint meniscus: arthro-
graphic, surgical and clinical findings. J Oral Max-
illofac Surg 1984;42:35-8.

Ioannides C, Scaf J. Perforation of the intra-articu-
lar disc diagnosed by arthro-tomography of the tem-

Received for publication 2 January 1986

24.

25.

26.

27.

28.

29.

Histological changes in the TMJ 239

poromandibular joint. J Maxillofac Surg 1985;
13:28-31. .

Carlsson GE, Kopp S, Oberg T. Arthritis and allied
diseases of the temporomandibular joint. In: Zarb
GA, Carlsson GE, eds. Temporomandibular joint.
Function and dysfunction. Copenhagen: Munks-
gaard, 1979;269-320.

Hall MB, Brown RW, Baughman RA. Histologic
appearance of the bilaminar zone in internal de-
rangement of the temporomandibular joint. Oral
Surg 1984;58:375-81.

Mayne JG, Hatch GS. Arthritis of the tem-
poromandibular joint. J Am Dent Assoc 1969;
79:125-30.

Steinbrocker O, Traeger CH, Batterman RC.
Therapeutic criteria in rheumatoid arthritis. JAMA
1949;140:659-62. .

Bean LR, Omnell K-A, Oberg T. Comparison
between radiologic observations and macroscopic
tissue changes in temporomandibular joints. Den-
tomaxillofac Radiol 1977;6:90-106.

Hochberg MC. Adult and juvenile rheumatoid
arthritis: current epidemiologic concepts. Epi-
demiol Rev 1981;3:2744.



