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Thirty-nine temporomandibular joint autopsy specimens were examined by microscopy and tomography 
for erosive changes. We found two types of erosive changes, an extensive type with complete loss of cartilage 
and a local type with retained articular cartilage. On microscopic examination nearly twice as many 
temporal components as condyles were eroded. The erosions were generally more extensive in the condyle. 
Erosions in the condyle were evenly distributed. In  the temporal component there was a slight predominance 
of erosions located to the lateral part of the tubercle. The radiologic investigation underestimated both the 
presence and the extent of the erosions. Positive predictive values and negative predictive values were 0.70 
and 0.83, respectively, for erosions in the condyle and 0.91 and 0.68 for erosions in the temporal component. 
It is suggested that the initial event in osteoarthrosis of the TMJ can occur as a subarticular hard-tissue 
change. The need for more accurate diagnostic tools than radiography should be stressed. 0 Degenerative 
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In osteoarthrosis of the temporomandibular joint 
(TMJ) the changes of the subchondral bone tissue 
present a mixed appearance of bone formation with 
osteophytes and bone resorption with erosive changes 
and cystic degeneration. I t  has been hypothesized from 
the results of studies on femoral heads and components 
of other joints that the changes in the subchondral tis- 
sues may constitute the primary genesis in osteoarthro- 
sis (1-4). This places greater importance on primary 
changes in the subchondral bone tissue. In a previous 
microscopic study of radiologically detected erosions 
in human TMJs (5) we found erosive bone changes 
underlying normal cartilage. I t  was suggested that these 
findings might constitute early degenerative changes 
starting in the subchondral bone. We therefore con- 
sidered it worthwhile also to investigate the joint sur- 
faces that radiographically appeared normal, to eluci- 
date the nature and frequency of these changes. 

Conventional tomography has for the last three dec- 
ades been the routine examination for depicting erosive 
changes in symptomatic TMJ. Although both computed 
tomography (CT) and magnetic resonance imaging 
(MRI) have been proposed for TMJ hard-tissue 
imaging in several reports over the past decade (for 
reviews see Raustia & Phytinen (6) and Larheim (7 ) ) ,  
conventional tomography still holds a position as the 
first-hand examination of TMJ hard tissue owing to 
accessibility, low cost, and low radiation dose as com- 
pared with C T  (8). Eckerdal (9) reported on the possi- 

bilities and limitations of tomography of the 1'MJ from 
extensive experimental studies. With macroscopic 
examination of TMJ autopsy specimens as the gold 
standard, Rohlin et al. (10) calculated the diagnostic 
outcome of conventional tomography to depict osteo- 
arthrosis. However, microscopic examination is a more 
accurate method than macroscopic examination for 
evaluating hard-tissue changes of the TMJ (5). As far 
as we know, the diagnostic value of conventional to- 
mography of the TMJ has not yet been studied using 
microscopic examination as the gold standard. 

The aims of the present study were to investigate 
the distribution of erosive changes in human TMJs as 
shown by light microscopy, to describe the tissues within 
and around the erosive changes and to determine the 
diagnostic value of conventional tomography to show 
these changes. 

Materials and methods 
The material examined consisted of 39 TMJ autopsy 
specimens removed as blocks. The joints comprised the 
right joint from 1 individual and both joints from 19 
individuals (8 women and 12 men) who before death 
had donated their bodies to research. The mean age 
was 75 years, with a range of 60-88 years. Data on the 
cause of death and previous medical history were 
limited. One individual (No. 16) was, however, known 



to have a diagnosis of rheumatoid 
arthritis. Immediately after removal, the 
TMJ specimens were fixed in a 10% 
neutralized buffered formalin solution. 

Radiologic examination 

Corrected sagittal tomography of the 
specimens was performed with a Poly- 
tom U unit using hypocycloidal move- 
ment as described in a previous paper 
(5). The tomograms were evaluated for 
the presence of erosive changes. Erosive 
chan,ge was defined as a local area with 
decreased density of the cortical joint 
surface and adjacent bone tissue. Ref- 
erence tomograms of other TMJ autopsy 
specimens, one depicting a normal joint 
and one depicting an erosive change, 
which were macroscopically and micro- 
scopic ally verified, were available during 
the readings. The same observer evalu- 
ated all tomograms independently of the 
microscopic examination. Since the 
medidatera1 and the anteroposterior 
dimensions of the condyle and temporal 
component and the interspace between 
the tomographic sections were known, 
the approximate location of the erosive 
changes could be determined. 

HzstoliJgy 
The specimens were demineralized in 

0.5 R1 ethylenediaminetetraacetate 
(IKa2I-I2-EDTA) for 1&20 weeks and 
then embedded in paraffin. Microtome 
sections, 6-10 y m  thick, were cut sagi- 
tally at every millimeter from the most 
lateral aspect of the condyle to the most 
medial. Histologic staining was per- 
formed with hdayer’s hemalun-eosin 
solution ( 1 1 ). Some selected sections 
were itained with toluidine blue or Mal- 
lory’s trichromc. in accordance with 
Ladewig (1 2). 

Ana[yy, is 

Mi( roscopic examination of the hard 
tissue\ for the presence of erosive changes 
was pr-rformed at every millimeter in at 
least 15 sections of each joint. Microsco- 
picall\, an erosive change was defined as 
a hard-tissue change with a loss of corti- 
cal lining, absence of a calcified cartilage 
layer, and signs of osteoclastic resorption 
(Figs I, 2, and 3) .  The tissues overlying 
the erosive change were described. 

Fig. 1. Right temporomandibular joint with erosive change with complete loss of 
cartilage. 1 A. Corrected sagittal tomogram showing an erosive change in the superior 
surface of the condyle. Osteophyte anteriorly on the condyle. a = anterior 1B 
Corresponding histologic section presenting the hard-tissue changes of the condyle. 
Anterior disk position and somewhat changed disk configuration (Hemalum and 
eosin. Bar represents 5 mm.) 

Fig. 2. Right temporomandibular join1 with local erosive chanee with overlvinc , -  
cartilage. SA. Corkcted sagittal tornogram showing decreased dinsity of the pos- 
teroinferior part of the tubercle interpreted as an erosive change. There is blurring of 
the tubercle in this region due to neighboring structures, making the radiographic 
interpretation more difficult. a = anterior. 2B. Corresponding histologic section show- 
ing an irregular bone surface with overlying cartilage of regular thickness. Anterior 
disk position and changed disk configuration. (Hemalun and eosin. Bar represents 

Fig. 3. Right temporomandibular joint with extensive erosive changes from individual 
with rheumatoid arthritis. 3A. Corrected sagittal tomogram showing gross changes 
with extensive flattening of the joint surfaces and a large anteriox osteophyte or the 
condyle. The surfaces of both joint components are flattened and delineated. a = 
anterior. 3B. Corresponding histologic section presenting the V-shaped tubercle and 
flattened surfaces of both joint components. The osteophyte is somewhat inferiorly 
dispIaced compared with the tomogram. There are only remnants of the disk anteriorly 
and posteriorly to the condyle. There is overgrowth of the articulating surfaces by 
synovial tissue and granulation tissue (pannus). (Hernalun and eosin. Bar represents 
5 mm.) 
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Table 3 .  Tomographic and microscopic findings of 39 temporo- 
mandibular joints. The figures outside the parentheses represent the 
findings of the condyle, and those within parentheses the findings of 
the temporal component 

Microscopy 

Erosive 
change No change Total 

__- 
l’omo#raphv C (T) C (T) C (T) 

~~~~ ~ 

Erosivc. change 7 (10) 3 (1) 10 (11) 
No change 5 (9) 24 (19) 29 (28) 
Total 12 (19) 27 (20) 39 (39) 

SensitiLity = 0.583 (0.526). 
Sprcihcity = 0.888 (0.95). 
Positive predictivr value = 0.700 (0.909). 
Negatiw predictive value = 0.828 (0.679) 

osteoarthrotic TMJ changes among elderly individuals. 
On the basis of the results of these studies, it might be 
assumed that the prevalences of joints with erosive 
chanqes are roughly similar for TMJs of aged indi- 
viduals. Furthermore, we anticipate that the figures 
reported are comparable to the prevalence ofjoints with 
erosive changes in patient samples referred for TMJ 
radioqraphy . 

Erosive changes were found in the temporal com- 
ponent of almost twice as many joints as changes 
localired to the condyle. I t  seems that if there is an 
erosile change in the condyle, then as a rule there is 
also an erosive change in the temporal component. In 
the condyle the erosive changes were evenly distributed 
over the joint surface, and in the temporal component 
thrre was a slight predominance for the lateral part of 
thr tubercle. Thi:; topographic distribution of the erosive 
changes is in fair agreement with the results reported 
by Bean et al. (21), who focused on subarticular hard- 
tissue lesions. Our findings are, however, in contrast to 
the findings of macx-oscopic studies by Oberg et al. (14) 
and Hansson & Oberg (15), who stressed that local 
osteoarthrosis is situated in the lateral part of the TMJ. 

.Judqed from the microscopic examination, there were 
two t j  pes of erosive changes, an extensive type with loss 
of articular cartilage and another type of local change 
with retained articular cartilage. In areas with extensive 
erosiLr changes bone exposure was not found, but the 
hard rissue was always covered by a cell-rich fibro- 
vascular tissue. This is in contrast to the findings in 
human hip joints reported by Meachim (22). 
Osteonrthrosis is described as consisting of three 
elements: a destructive element with cartilage break- 
down and bone exposure, a progressive element with 
remodeling, and. thirdly, a ‘reparative element, seen as 
attempts to re-cover the exposed bone site by a surface 
layer df new noo-osseous tissue’. The fact that bone 
expatire was not observed in the TMJs with severe 
ogtroij rthrotic changes may indicate a difference in bio- 

logic reaction of the TMJ as compared with other 
synovial joints. 

I t  can be argued whether the local erosive changes 
with retained articular cartilage represent an initial 
stage of degenerative joint disease or merely an adaptive 
physiologic remodeling of the joint surface, as claimed 
by Oberg et al. (14). A reshaping of the articular bone 
surface has been described both for the TMJ (23) and 
for other joints (2,24-27). It has been proposed that 
the remodeling, when it exceeds the rate at which car- 
tilage can accommodate to the change in shape, is 
the basic process in osteoarthrotic degeneration 
(4, 24, 25, 27).  The question is whether the surface of 
the articular cartilage remains intact while the bone 
surface changes in shape. In other joints initial changes 
in degenerative joint disease may occur as changes of 
the hard tissue before extensive changes of the articular 
cartilage (2-4, 27). Our findings, in particular in the 
temporal component, together with similar observations 
made by de Bont et al. (18)) may indicate that such a 
sequence of events is possible in the TMJ. 

Articular cartilage, unlike most other tissucs, is 
avascular. Within the erosive change of many TMJs, 
however, the tissue contained numerous blood vessels. 
Isberg et al. (28) reported formation of hyperplastic 
tissue with vessels and nerves in the posterior attach- 
ment of painful joints with long-standing internal 
derangement. They suggested that the pain reaction in 
such TMJs may be released by compression or tension 
of nerves. I t  is conceivable that the pain sometimes 
associated with osteoarthrosis of the TMJ is attributable 
to the ingrowth of vessels with accompanying nerves- 
albeit not stained for in this study-into the articular 
cartilage. 

Tomography yielded low sensitivity in detecting ero- 
sive changes. The positive and negative predictive val- 
ues were, however, high. Although sensitivity and speci- 
ficity are important characteristics of a diagnostic test, 
the predictive values are more relevant to the clinical 
situation since we usually need to know the possibility 
of a change, given positive or negative test results, when 
evaluating an individual patient. The positive predictive 
value of the tomographic examination was higher for 
the temporal component (0.9 1) than for the condyle 
(0.70), whereas the negative predictive value was higher 
for the condyle (0.83) than for the temporal component 
(0.68). Applied to the clinical situation, these values 
indicate that there is a high probability that a tomo- 
graphic finding of an erosive change in the temporal 
component is a true finding, whereas a radiologically 
intact condyle with high certainty is free from erosive 
changes. Clinically, the diagnostic outcome of tomog- 
raphy may be lower, as blurring might affect the 
detectability of the changes. 

One key factor for the tomographic detectability was 
the extent of the erosive change. There was an under- 
estimation not only of the presence but also of the 
extent of the changes. In the four joints in which even 
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three-dimensional system [thesis]. Acta Radiol [Diagn] (Stockh) 
1973; Suppl 324. 
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macroscopic changes of the temporomandibularjoints: an autopsy 
study of the aged. Acta Odontol Scand 1986;44:131-40. 
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14. Oberg T, Carlsson GE, Fajen CM. The temporomandibularjoint. 
A morphologic study on a human autopsy material. Acta Odontol 
Scand 1971;29:349-84. 

15. Hansson T ,  Oberg T .  Arthrosis and deviation in form in the 
t5mporomandibular joint. Acta Odontol Scand 1977;35:167-74. 

16. Akerman S, Rohlin M, Kopp S. Bilateral degenerative changes 
and deviation in form of temporomandibular joints. An autopsy 
study of elderly individuals. Acta Odontol Scand 1984;42:205-14. 

17. Pereira FJ, Lundh H, Westesson PL. Macroscopic changes in the 
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investigation. Oral Surg Oral Med Oral Pathol 1994;78:27%87. 

18. de Bont LGM, Boering G ,  Liem RSB, Eulderink F, Westesson P- 
L. Osteoarthrosis and internal derangement of the temporo- 
mandibular joint. A light microscopic study. J Oral Maxillofac 
Surg 198c44634-43. 

19. h e r m a n  S, Kopp S, Rohlin M. Macroscopic and microscopic 
appearance of radiologic findings in temporomandibular joints 
from elderly individuals. An autopsy study. Int J Oral Maxillofac 
Surg 1988;17:58-63. 

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

21. Bean LR, Omnell K-A, Oberg T. Comparison between radiologic 
observations and macroscopic tissue changes in temporo- 
mandibular joints. Dentomaxillofac Radiol 1977;6:90-106. 

22. Meachim G. Ways of cartilage breakdown in human and exper- 
imental osteoarthrosis. In: Nuki G, editor. The aetiopathogenesis 
of osteoarthrosis. Tunbridge Wells: Pitman Medical Publishing 
Co Ltd, 1980:16-36. 

23. Moffett BC, Johnson LC, McCabe JB, Askew HC. Articular 
remodelling in the adult human temporomandibular joint. Am J 
Anat 1964;115:119-42. 

24. Johnson LC. Kinetics of osteoarthritis. Lab Invest 1959;8:1223- 
41. 

25. Johnson LC. Joint remodelling as a basis for osteoarthrosis. J Am 
Vet Med Assoc 1962;141:1237-41. 

26. Bullough P, Goodfellow J, O’Connor J. The relationship between 
degenerative changes and load-bearing in the human hip. J Bone 
Joint Surg 1973;55B:74&58. 

27. Sokoloff L. The pathology of osteoarthrosis and the role of ageing. 
In: Nuki G ,  editor. The aetiopathogenesis of osteoarthrosis. Tun- 
bridge Wells: Pitman Medical Publishing Co Ltd, 198O:l-15. 

28. Isberg A, Isacsson G ,  Johansson AS, Larsson 0. Hyperplastic 
soft tissue formation in the temporomandibular joint associated 
with internal derangement. A radiographic and histologic study. 
Oral Surg Oral Med Oral Pathol 1986;61:32-8. 

29. Fazzalari NL, Vernon-Roberts B, Darracott J. Osteoarthritis of 
the hip: Possible protective and causative roles of trabecular 
microfractures in the head of the femur. Clin Orthop 1987;216: 
224-33. 

30. HeinegGd D, Saxne T. Molecular markers ofprocesses in cartilage 

reexamination of the tomograms failed to show the 
extensive erosive changes found microscopically, the 
bony surfaces seemed radiographically defined. Clini- 
cally, such a finding is usually regarded as a sign of a 
calm state in the degenerative joint disease. It is, 
however, important to recognize that radiographs do 
not depict the ongoing process but rather the rough 
result of previous processes. 

The erosive changes covered by articular cartilage 
were shown by tomography to the same extent as those 
without overlying cartilage. When interpreting tomo- 
grams of the TMJ, it should be kept in mind that 
erosive changes might differ in significance. I t  is widely 
recognized that only a small proportion of the many 
persons developing radiographic signs of early osteo- 
arthrosis in the hip joint progress to advanced disease 
(29). Thus, although the properties of computerized 
tomography for the diagnosis ofjoint disease have been 
improved over the past decade, radiography is probab- 
ly not sensitive enough to separate the erosive changes 
with articular cartilage from those without overlying 
cartilage. T o  study early degenerative joint disease in 
the TMJ, more sensitive diagnostic tools have to be 
developed. Initial results from joint fluid analyses in 
other synovial joints (30,31) have been promising, and 
such analyses may in the future be feasible also in the 
TMJ. 
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