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The aim was to describe the macroscopic and microscopic findings of areas with radiologic 
erosions in the human temporomandibular joint. An autopsy material of 40 human joints, 
removed as blocks, was examined with tomography, and an erosion was found in 37 areas. A 
macroscopic and a microscopic examination focused on the presence of the calcified cartilage 
zone (CCZ) was performed in these areas. In the condyle 13 of 14 areas with a radiologic 
erosion showed denudation of bone macroscopically. Microscopically, these areas were 
covered by a thin fibrocellular tissue, and the CCZ was absent. In the temporal component, 
only 1 of the 23 areas showed bone exposure macroscopically. Microscopically, the soft tissue 
in these areas varied in thickness. The CCZ was missing in 13 of the 23 areas, even in some 
areas that appeared normal macroscopically and were microscopically covered by intact soft 
tissue. Thus, in areas with a radiologic erosion the macroscopic and microscopic appearance 
differed between the condyle and the temporal component. The nature of the findings is 
discussed. I? Osteoarthrosis; roentgenography; temporomandibular joint; temporomandibular 
joint diseases; tomography 
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Osteoarthrosis represents the final common 
pathway of various mechanisms, all of which 
involve an imbalance between the stress 
applied to joints and the normal ability of 
the various tissues to attenuate this stress so 
that the cartilage can tolerate it (1). Accord- 
ing to some theories about the etiopatho- 
genesis of osteoarthrosis, the common factor 
is either a defective biomaterial that dis- 
integrates in the process of normal wear as 
a function of aging or a normal biomaterial 
that fails in response to single or multiple 
excessive traumatic events (1). The tra- 
ditional way of describing the sequence in 
osteoarthrosis of the temporomandibular 
joint (TMJ) is that a trauma or an excessive 
load on the joint surface leads primarily to 
degenerative changes of the cartilage and 
secondarily to changes of the underlying 
bone tissue, such as erosions. According to 
Akerman et al. (2), erosion and sclerosis are 
typical radiologic findings of degenerative 
disease of the TMJ, whereas concavity, flat- 

tening, and osteophytes seem to be signs of 
progressive or regressive remodeling. In an 
observer performance study it was shown 
that about two-thirds of the reports of an 
erosion were true, whereas sclerosis was 
most frequently a false-positive finding (3). 
Radiologically diagnosed erosions, how- 
ever, sometimes cannot be verified by 
macroscopic examination of the articular 
surfaces in autopsy specimens (2,4). This 
might be an indication that bone tissue 
changes can also occur in the TMJ before 
articular soft tissue changes, in accordance 
with the findings in other joints that the 
initial event in osteoarthrosis may be a dis- 
turbance of the bone tissue (1). The calcified 
cartilage zone (CCZ) has also been con- 
sidered of importance for the development 
of degenerative changes in different joints 
(5-7). The function of the calcified car- 
tilage-that is, the tissue in the borderline 
between cartilage and bone tissue-is, how- 
ever, not clearly understood. 
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The aim of this study was to describe the 
macroscopic and microscopic findings in 
areas with a radiologic erosion in human 
TMJs. The microscopic examination in these 
areas was carried out with special attention 
to the presence of the CCZ. 
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scopic examinations. A reference tomogram 
of another TMJ autopsy specimen, depicting 
a radiologic erosion that was macroscopically 
and microscopically verified, was available 
during the readings. The findings were classi- 
fied in accordance with the following defi- 
nition: erosion = a local area with decreased 
density of the cortical joint surface and 
adjacent subcortical bone (Figs. 2a and 3a). Materials and methods 

From an autopsy material of 42 TMJs, 2 
joints from 1 individual with totally des- 
troyed condyles were excluded. The remain- 
ing material, comprising the right and left 
TMJs from 20 individuals with a mean age of 
75 years (range, 60-88 years) was examined. 
The specimens were removed as blocks in 8 
women and 12 men who before death had 
donated their bodies to research. Immedi- 
ately after removal the TMJ specimens were 
fixed in a 10% neutralized, buffered formalin 
solution. 

Radiologic examination 
Corrected sagittal tomography was per- 

formed with the long axis of the condyle 
perpendicular to and corrected frontal tom- 
ography with the long axis of the condyle 
parallel to the tomographic plane. The tom- 
ography was performed with a Polytome U 
unit (Massiot, Philips, France) with hypo- 
cycloidal movement. Exposure data were 
60 kVp, 20-33 mA, and 6 sec. A multi-film 
cassette with five pairs of CaWO, screens 
and five films was used. Four exposures were 
made for each TMJ, two for sagittal tomo- 
graphic images and two for frontal tomo- 
graphic images. The tomographic layer was 
moved 10 mm between the two exposures 
for each projection. 

The same observer evaluated all tomo- 
grams. Since the mediolateral and the an- 
teroposterior dimensions of the condyle and 
temporal components and the interspace 
between the tomographic sections were 
known, the location of the erosive findings 
could be determined. The topographic dis- 
tribution of the findings was recorded in 
areas shown in Fig. 1. 

The radiologic evaluation was made inde- 
pendently of the macroscopic and micro- 

Macroscopic examination 
The appearance of the articular surface of 

the condyle and the temporal component 
was judged by naked-eye examination by 
two of the authors. The changes were classi- 
fied into four stages in accordance with a 
modification of the principles of Byers et al. 
(8): 0 = n o  changes of the type described 
below; 1 = mild changes such as superficial 
flaking or fraying-that is, disruption of the 
articular soft-tissue lining (fibrillation); 2 = 
moderate: changes such as local reduction 
of the articular soft-tissue lining; and 3 = 
severe changes such as loss of the articular 
soft-tissue lining with bone exposure. 

Microscopic examination 
The specimens were demineralized in 

0.5 M ethylenediaminetetraacetate (Na2H2- 
EDTA) for 16-20 weeks and then embedded 
in paraffin. Microtome sections, 6 pm thick, 
were cut sagittally at every millimeter from 
the most lateral aspect of the joint to the 
most medial. Histologic staining was per- 
formed with Mayer’s hemalurn-eosin solu- 
tion (9). Microscopic evaluation of the soft 
tissue and the hard tissue separately in areas 
corresponding to areas with a radiologic ero- 
sion was done by one of the authors. The 
direction of collagen fibers of the soft tissue 
was examined with the aid of polarized light. 

At the examination of the hard tissue, 
special attention was paid to the presence of 
the CCZ, and the findings were classified in 
accordance with the following criteria: 0 = 
no changes of the type described below; 1 = 
mild changes such as thinning and/or minor 
irregularity of the CCZ; 2 = moderate 
changes with an irregular, locally absent 
CCZ; and 3 = severe changes such as CCZ 
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a Lateral view 
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Fig. 1. Topographic 
distribution of 
radiologic erosions 
verified to have 
microscopic hard-tissue 
changes of stage 2 
(moderate changes) or 
stage 3 (severe changes). 
la .  Distribution of 
erosions found in joints 
with erosion both in 
the condyle and in the 
temporal component. 
lb.  Distribution of 
erosions found in 
joints with erosion only 
in the condyle. 
lc. Distribution of 
erosions found in joints 
with erosion only in 
the temporal 
component. 

C Lateral view Anterior view 

totally absent and/or open marrow spaces fraying or mild fibrillation; 2 = moderate 
filled with cell-rich connective tissue. changes such as extended fraying, fibril- 

The findings of the articular soft tissue lation, occasional splitting, and atypical ap- 
were classified in accordance with a modi- pearance of the different zones of the articu- 
fication of the descriptions given by Byers et lar cartilage; and 3 = severe changes such as 
al. (10): 0 = no changes of the type described irregular thickness or no soft tissue, severe 
below; 1 = mild changes such as localized splitting, fibrillation, and connective tissue. 
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Table I .  Findings of the macroscopic and microscopic examination of the hard tissue in areas 
with radiologic erosion in human temporomandibular joints (n = 40) 

Microscopic findings in hard tissue 
Macroscopic 
findings in Condyle area Temporal component area 
hard tissue - 

stage 0 1 2 3 0 I 2 3 

0 1 5 5 4 3 
1 4 
2 1 1 1 
3 2 5 4 1 

- 

Classification of macroscopic and microscopic findings: 0 = no changes; 1 = mild changes; 2 = 
moderate changes; and 3 = severe changes. 

Fig. 2. Right 
temporomandibular 
joint with radiologic 
erosion in the condyle. 
2a. Corrected sagittal 
tornogram revealing 
the erosion in the 
superior surface. 2b. 
Macroscopic superior 
view of the condyle 
showing extensive 
irregularities with loss 
of the articular soft- 
tissue lining on the 
posterosuperior 
surface (arrow). 
2c. Micrograph 
corresponding to the 
tornograrn, showing 
severe changes of the 
superior surface. The 
deformed disc is 
anteriorly positioned 

and perforated. Arrow indicates area magnified in Fig. 2d. 2d. Detail of Fig. 2c, showing a very thin connective 
tissue layer covering the irregular surface of the subchondral bone. The calcified cartilage layer is absent in this 
area. Bar = 0.1 mm. 



ACTA ODONTOL SCAND 50 (1992) Erosions in Human TMJ 95 

Results 
Totally there were 37 areas with a radiologic 
erosion, 14 in the condyle and 23 in the 
temporal component. The topographic dis- 
tribution of 24 areas with a radiologic erosion 
which were microscopically observed to have 
moderate or severe hard tissue changes is 
shown in Fig. 1. Of these 24 areas, 13 ero- 
sions were found in joints with erosions both 
in the condyle and in the temporal com- 
ponent, whereas 11 erosions were found in 
joints with an erosion in either the condyle 
or the temporal component. There were thus 
erosions in both the condyle and the tem- 

poral component of four joints (Fig. la). 
Five erosions were seen only in the condyle 
of three joints (Fig. lb) and six erosions 
only in the temporal component of five other 
joints (Fig. lc). 

There was concordance on the severity of 
the macroscopic and microscopic changes in 
areas with a radiologic erosion in the con- 
dyle. In the temporal component, however, 
the microscopic examination generally 
showed more severe changes than were 
revealed by the macroscopic examination. 

As presented in Table 1, most areas with 
a radiologic erosion in the condyle (Fig. 2a) 
showed moderate (stage 2) or severe (stage 

Fig. 3. Right 
temporomandibular 
joint with radiologic 
erosion in the 
temporal component. 
3a. Corrected sagittal 
tomogram showing 
erosion of the posterior 
slope (arrow). 
3b. Macroscopic 
anteroinferior view of 
the posterior slope, 
showing a concavity 
with loss of the 
articular soft-tissue 
lining (arrow). 
3c. Micrograph 
corresponding to the 
tomogram, showing 
irregular thickness of 
the soft tissue. The 
deformed disc is 
anteriorly positioned, 
and there is a perforation. 3d. Detail of Fig. 3c, showing the posteroinferior part of the tubercle. The outline of 
both soft- and hard-tissue layers is irregular. The soft tissue layer is of irregular thickness, and the calcified cartilage 
layer is absent. Bar = 0.1 mm. 
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Table 2. Findings of the microscopic examination of the soft and hard tissue in areas with 
radiologic erosion in human temporomandibular joints (n = 40) 

Microscopic findings in hard tissue 
Microscopic 
findings in Condyle area Temporal component area 
soft tissue 

stage 0 1 2 3 0 I 2 3 

0 4 2 1 1 
1 1 2 2 1 3 2 2 
2 2 1 1 3 
3 2 4 3 

- 

Classification of microscopic findings: 0 = no changes; 1 = mild changes; 2 = moderate 
changes; and 3 = severe changes. 

3) changes, with exposure! of the bone tissue 
macroscopically (Fig. 2b). Microscopically, 
five of the condyles (Figs. 2c and 2d) showed 
severe changes of the hard tissue, and the 
CCZ was absent (stage 3). The bone tissue 
was microscopically not naked towards the 
joint space but was always covered by a thin 
connective tissue layer. In six condyles the 
CCZ was irregular and locally absent (stage 
2), and the three remaining condyles pre- 
sented no or mild microscopic changes 
(stages 0 or 1). In the temporal component 
only 1 of 23 areas with a radiologic erosion 
(Fig. 3a) presented bone exposure macro- 
scopically (Fig. 3b). Microscopically, how- 
ever, 13 of the areas in the temporal compo- 
nent showed moderate or severe changes 
of the hard tissue similar to the changes 
shown in Figs. 3c and 3d. In the remaining 
10 areas there were no or mild hard-tissue 
changes. 

Table 2 presents the microscopic findings 
of the soft and the hard tissues in areas 
with a radiologic erosion. In the condyle the 
severity of the microscopic changes in the 
soft tissue was comparable to the severity of 
the changes in the hard tissue. In areas with 
moderate or severe hard-tissue changes the 
soft-tissue lining was generally replaced by a 
thin connective tissue layer. In the temporal 
component there was a discrepancy between 
the microscopic findings of the hard tissue 
and those of the soft tissue in some areas. 
Thus, in six areas of the temporal component 
with no or mild soft-tissue changes there 
were moderate or severe hard-tissue 
changes, with the CCZ locally or totally 

absent (Figs. 4a-4d). These areas, which 
were localized to the posterior slope or in- 
ferior part of the eminence, were filled with 
a cell-rich highly vascularized connective tis- 
sue, the predominant cell type being small 
fibroblast-like cells. Some of the cells ap- 
peared in clusters. The rim of the subchon- 
dral bone was mostly serrated, and osteo- 
clasts were observed (Fig. 4d). The changes 
of the overlying articular cartilage were 
subtle. A difference in the direction of the 
collagen fibers towards the lesion of the 
subchondral bone was, however, seen under 
polarized light. The direction of the fibers of 
the superficial zone of the articulating layer 
remained unchanged. 

Discussion 
In this study the tomographic finding of an 
erosion was correlated to the macroscopic 
and microscopic findings of the same area. 
Microscopic examination is generally 
regarded as an excellent gold standard for 
radiographic examinations. However, a high 
diagnostic accuracy of a diagnosis on the 
basis of microscopic examination is not self- 
evident. As high accuracy is related to well- 
defined criteria for a diagnosis, we tried to 
establish such criteria for the microscopic 
findings indicative of an erosion. However, 
we had difficulties defining which vertical 
and horizontal extents of a bone irregularity 
observed in the microscopic section should 
correspond to the definition erosion or bone 
lacuna. As the criteria for osteoarthrosis and 



ACTA ODONTOL SCAND 50 (1992) Erosions in Human TMJ 97 

Fig. 4. Left 
temporomandibular 
joint with radiologic 
erosion in the 
temporal component. 
4a,b. Corrected sagittal 
tomogram (a) and 
frontal tomogram (b), 
showing the erosion in 
the posterior slope 
(arrow). 4c. The 
micrograph shows an 
intact soft-tissue 
articular lining with 
severe changes of the 
hard tissue. The 
calcified cartilage is 
visible as a zone 
between the soft and 
hard tissue (arrow- 
heads). Bar = 0.1 mm. 
4d. Detail of 
Fig. 4c, showing open 
marrow spaces with 
vascularized cell-rich 
connective tissue and 
remnants of the 
calcified cartilage zone 
(arrows). The outline 
of the hard tissue is 
serrated, and 
osteoclasts are present 
(arrowheads). Bar = 
0.1 mrn. 

C 
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the definition of degenerative changes of syn- 
ovial joints (10, l l ) ,  including the TMJ (12, 
13), have been questioned, we considered 
the histologic characteristics, including the 
presence or absence of the CCZ to be a 
more useful marker of the features in the 
joint. As early changes of the joint have 
been proposed to occur in the deeper zones 
of the articular cartilage (14,15) or in the 
subchondral bone ( l ) ,  we focused on the 
features of the CCZ, which constitutes the 
tissue between cartilage and bone. 

To judge from the macroscopic exam- 
ination, severe changes were more frequent 
in the condyle than in the temporal com- 
ponent. This finding seems to support the 
statement by Blackwood (16) that changes 
can be seen in the articular tissues of the 
glenoid fossa and the articular eminence first 
when disc perforation has been caused by 
the rough exposed bone of the condyle. This 
is in contrast to the results of the studies by 
Moffett et al. (17) and de Bont et al. (15), 
which indicated that the earliest changes 
indicative of osteoarthrosis occur in the tem- 
poral component. However, from the micro- 
scopic findings of our study, it is evident 
that severe changes can occur in the condyle 
together with an unaffected temporal com- 
ponent and vice versa, and that the fre- 
quency of severe changes in the temporal 
component and the condyle was about the 
same. Altogether, our findings do not sup- 
port the hypothesis that the early degenerat- 
ive changes of the TMJ occur predominantly 
in one of the components. 

In areas with a radiologic erosion localized 
to the condyle there were macroscopically 
moderate or severe changes except for one 
area. Furthermore, in most of these areas 
the microscopic changes of the soft and hard 
tissues were consistent with the macroscopic 
findings. However, in areas where the bone 
tissue seemed to be exposed macroscopi- 
cally, the microscopic examination always 
showed the uneven bone surface to be 
covered by a thin connective tissue layer, 
which was also found in two other studies 
of the TMJ (15,18). Bone eburnation has 
been reported to take place in the human 
TMJ by Blackwood (16), but the illustrations 
presented by Blackwood to support his state- 
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ment in our view show a thin connective 
tissue layer covering the bone tissue. In other 
joints, especially the hip joint, however, 
bone eburnation is said to be characteristic of 
late-stage osteoarthrotic changes (19). The 
thin connective tissue layer in the TMJ might 
be identical to the surface layer of the origi- 
nal articulating soft tissue. As the cells of the 
surface articular zone are inactive (20) and 
renewed independently of underlying articu- 
lar zones (21), it may be assumed that this 
layer persists even on severely degenerated 
articular surfaces. The thin connective tissue 
layer described by Meachim (19) as a repara- 
tive element attempting to re-cover exposed 
bone might also have another origin, namely 
cells from the fibrovascular tissue of degener- 
ative medullary subchondral compartments 
(11). The thin connective tissue layer is of 
interest as it might be part of the mechanism 
preventing the two bony components of the 
Th4J from being ankylosed in severe ar- 
throsis or arthritis. 

In nearly half of the areas with a radiologic 
erosion in the temporal component no 
macroscopic change and no or a mild micro- 
scopic change were seen. These radiologic 
findings might be considered false-positive 
radiologic diagnoses. Even when the tom- 
ographic examination of the joints en bloc 
was optimal, it seemed that the changes of 
the temporal component were harder to 
diagnose than those of the condyle, because 
of the anatomy and the resulting ghost 
images. However, about half of the radio- 
logic erosions that could not be verified 
macroscopically were microscopically seen 
to be hard-tissue changes covered by soft 
tissue of the same thickness as that of sur- 
rounding areas. Such changes of the sub- 
chondral bone together with an intact 
articular zone have previously been reported 
for the TMJ by Blackwood (16), Bean et al. 
(4) and de Bont et al. (15). 

The nature of these changes in the bone 
tissue is unclear. One possible mechanism 
involving the bone and leaving the articular 
layer unaffected is, according to Moffett et 
al. (17) and Guralnick & Keith (22), re- 
gressive remodeling. The first recognizable 
changes of regressive remodeling occur at 
the junction of cartilage and the subchondral 
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plate, and later a defect of the bone is pro- 
duced (17). Besides the ongoing remodeling, 
the bone plate can undergo another change 
during adult life, namely degeneration. The 
relationship between remodeling and 
degenerative changes is debated, but both 
entail alteration of the osteochondral junc- 
tion, and both are influenced by biomech- 
anical factors. These erosion-like lesions 
could thus also be interpreted as evidence 
that the initial event in degenerative joint 
disease might be a disturbance of the activity 
in the subchondral bone. The early degener- 
ative changes of the TMJ have been reported 
to occur in the deeper zones, whereas the 
superficial and intermediate zones of the 
articular cartilage remained unaffected (15, 
16,23). A primary role of changes in the 
subchondral bone in the process of osteo- 
arthrosis has also been emphasized for 
other joints (1,5,8,24). Cartilage break- 
down is assumed to be induced by a re- 
duction of the bone resilience due to micro- 
fractures, and only when the osteochondral 
junction is breached and subchondral bone 
affected does osteoarthrosis progress and 
cause clinical disability (1,8). Experimental 
studies of the knee have shown that repair 
tissue may arise as a natural consequence 
of healing of microfractures in the subchon- 
dral bone or from an attempt to reestablish 
continuity of a disrupted subchondral plate 
(11). Meachim & Roberts (25) have pre- 
viously shown that gaps in the subchondral 
plate in osteoarthrotic hips are filled with 
granulation tissue, which was interpreted as 
evidence of recovery from early osteoar- 
throsis. These mechanisms for repair of 
other joints might also apply to the TMJ, as 
fibrovascular tissue was observed in most 
of the lesions in the temporal component 
in the present study. 

A more thorough knowledge of the zone 
between the subchondral bone and the car- 
tilage, the calcified cartilage zone, of both 
normal and degenerative TMJs seems nec- 
essary to elucidate the tissue reactions in this 
area. The changes of the subchondral bone 
with an unaffected articular zone were only 
found in the temporal component. This find- 
ing may be of significance, indicating a dif- 
ferent biologic reaction of the temporal 
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component than of the condyle. To support 
such a concept, not only areas with radiologic 
erosion but also the other joint surfaces have 
to be studied microscopically. 
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