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Investigations concerning normal and patho- 
logic anatomy of the human temporoman- 
dibular joint (TMJ) have shown that 
degenerative changes and deviation in form 
are fairly common, particularly above 40 
years of age (1-3). Degenerative changes 
and deviation in form in the TMJ are sug- 
gested to be caused mainly by mechanical 
overloading of the joint, e.g. loss of molar 
support (2-4). According to Wright ( 5 )  there 
is evidence from examination of other joints 
to suggest that, while age changes of cartilage 
are indistinguishable from degenerative 
changes, there may be a difference in the 
extent of their progression. Exposure of 
underlying bone might be a characteristic 
and important feature of degenerative 
changes but may not be attributed to changes 
in age. Thus, Byers et al. (6) found that the 
progressive degenerative lesions affected 
only 4% of a Caucasian population, whereas 
the non-progressive lesions affected 80% of 
this population in the 7th decade. This prob- 
ably has implications also for degenerative 

changes of the TMJ, and it would be helpful 
if degenerative changes would be described 
in greater detail and, if possible, subdivided 
into non-progressive and progressive degen- 
erative changes. 

Most of the hitherto presented autopsy 
studies of articular surfaces of the TMJ have 
been concerned with unilateral analysis. 
There is thus a minimum amount of infor- 
mation about the relationship between the 
two TM joints in the same individual. 

The specific aim of this study was to inves- 
tigate the intraindiuidual relationships 
between degenerative changes and deviation 
in form of the articular surfaces of the TMJs 
and their degree and topographical 
distributions. 

Materials and methods 
The right and left TMJs were removed from 
22 individuals, 9 women (mean age, 77 years) 
and 13 men (mean age, 74 years), who before 
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Table 1 ,  Ilistribution of age, sex, complete dentures, number of teeth, index of degenerative 
changes (DC,) and index of deviation in form (DIF,) in the 22 individuals 

~ 

Complete No. of No. of 
Age, dentures remaining occluding pairs 
years Sex upper/lower* teeth of molars DC, DIF, 

60 M 23 1 1 21 
66 M 26 3 6 17 

9 7 30 
17 1 5 12 

68 M +I 
70 M 

0 15 38 
0 43 45 

71 M +I+ 
15 39 

7 3  M +I+ 
74 M +/- 0 
75 M 20 2 6 8 

0 4 22 
I t 11 45 

76 M +/+ 
77 M 
80 M 21 2 3 20 
XO M -I- 0 4 41 
86 M 16 66 40 

0 143 76 
24 1 300 100 67 F 
0 135 5 1  
0 12 6 
0 131 85 

81 F 22 187 72 
83 F 212$ 20$ 86 68 

6 48 53 
43 54 8X F 11 

A + = present; - = not present. * Not possible to record due to extensive caries. 
i Only right half of the jaws available for dental examination. 

67 F +I+ 
70 F +I+ 
71 F +I+ 
18 F -1- 

85 F +I 

death had donated their bodies to research 
(Table I ) .  Information of TMJ symptoms 
before death were not available. The TMJ 

The posterior attachment of the disc thus 
remained intact. 

specimens were fixed in a 10% neutralized 
buffered formalin solution. 

Examination of dental status 
The visual examination comprised record- 

ing of the number and position of teeth, 
dentures, and occluding pairs of teeth. 

D iss ec f i  on 
In the first five individuals the condyle 

wfith attached disc was removed separately 
from thr: temporal component, which then 
was removed. The joints were removed as 
blocks in the remaining 17 individuals. The 
joint components were then separated by 
opening the lower and upper joint compart- 
ments laterally, anteriorly, and medially. 

Macroscopic analysis 
The articular surface was examined for 

degenerative changes and deviation in form 
of sufficient severity to be readily visible to 
naked-eye examination. 

The position and extent of both degener- 
ative changes and deviation in form were 
recorded on a premade map of the condyle, 
disc, and temporal component. Degenera- 
tive changes and deviation in form were 
recorded in those areas presented in Table 
2. 

Degenerative changes 
Degenerative changes in the condyle, disc, 

and temporal component were classified into 
four stages in accordance with a modification 
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Fig. 1. Degenerativc 
changes and deviation 
in the form of the 
temporal component 
(A), disc (H) ,  and 
condyle (C) in the left 
TMJ of an 81-year-old 
individual. 
Degenerative changes 
of stage 1 are indicated 
by 4, of stage 2 by f-f, 
of stage 3 by ++, and 
deviation in form by *. 
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of the principles of Byers et al. (6) (Fig. 
1A-1C): 0 = no changes of the type 
described below; 1 = superficial flaking or 
fraying; 2 = local reduction of soft tissue 
layer; and 3 = total loss of soft tissue with 
bone exposed, or perforation of the disc. 

An index for degenerative changes (DCi) 
was calculated by the following formula: 

300- 

260- 

220- 

180- 

- 

- 

- 

- 
140- 
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measured with a vernier calliper to 0.1 mm. 
The mediolateral and anteroposterior 
dimension of the lateral, central, and medial 
thirds of the condyle and the mediolateral 
dimension of the mandibular fossa were 
measured. 

sum of changes stages 1-3 
DCi = x 100. total no. of areas recorded 

Deviation in form 
In accordance with the principles of Oberg 

et al. (3) deviation in form was defined as 
local, marked irregularities of form of the 
articular surface. The presence of deviation 
in form was recorded in the condyle and the 
temporal component (Fig. 1C). 

An index for deviation in form (DIFi) was 
calculated by the following formula: 
DIF, = 

no. of areas with deviation in form 
total no. of areas recorded x 100. 

Size of joint components 
The size of the joint components was 

LEFT 

0 

0 

20 
0 

$0 ' 60 ' IbO ' 140 180 ' 220 ' 260 360 
RIGHT 

Fig. 2. Distribution of index of degenerative changes 
between the right and the left TMJ (no. = 22, rs = 0.66, 
p < 0.001; (0) = men, (0) = women). 

Statistical methods 
The statistical significance of differences 

between sexes was tested by the Mann-Whit- 
ney U-test. Correlations between variables 
were tested by the Spearman rank correla- 
tion test (rs). Differences in size between the 
condyle and mandibular fossa were tested 
by Student's t test. The non-parametric tests 
were performed in accordance with Siege1 
(7). 

Results 
Degenerative changes 

Degenerative changes were found in 334 
out of 1366 areas (24%) in 37 joints out of 
44 (84%). The correlation between the index 
of degenerative changes of the right and left 
joints was statistically significant (r, = 0.66, 
p < 0.001) (Fig. 2). Table 2 shows the topo- 
graphical distribution of the changes at the 
different stages. Of the changes 32% were 
found on the condyle, 30% on the disc, and 
38% on the temporal component. Changes 
were found on 27% of the recorded areas 
of the condyle, 24% of the disc, and 23% 
of the temporal component. The lesions with 
superficial flaking or fraying were mostly 
seen on the eminence of the temporal com- 
ponent, the central and medial thirds of the 
posterior dense part of the disc, and the 
anterior part of the condyle. Local reduction 
of the soft tissue layer was rather frequent 
on the condyle and the middle dense and 
posterior soft parts of the disc but was 
recorded in very few areas of the temporal 
component. Severe degenerative changes, 
such as bone exposure and/or perforation of 
the disc, were seen in 19 out of 44 joints 
(43%) and comprised about 56% of all the 
recorded changes in the condyle and 61% 
of the changes in the temporal component. 
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Table 3. Topographical distribution of disc perforations in 16 discs from 11 
individual i 

Posterior Posterior Middle Anterior 
Side soft dense dense dense 

Right 
Left 

Right 
Left 

Right 
Left 

Right 
L e f t  

Right 
Ixft 

Right 

Right 

Right 

Right 

Lef: 

Le f t  

LCM 

LC 

L 

LCM 
LCM 

LC 

L 

LCM 

LCM 

M 
L 
LC 
L 

LCM 
LCM 

L 

L 

M 

LC L 

LCM 
L 

LCM LCM 
LCM LCM 
L 

LC 

L 

I, = lateral third of disc: C = central third of disc; and M = medial third of 
disc 

Perforation of the disc was seen in 16 joints 
out of 44 (36%), and the topographical dis- 
tribution is shown in Table 3. 

Ilei7iation in form 
Deviation in form was found in 400 out 

of  949 areas (42%) in 42 out of 44 joints 

Table 4. Topographical distribution of deviation in form 
in different areas of the TMJ of 22 individuals, expressed 
in percentage of the total number of recorded areas 

Lateral Central Medial Total 
~~~~ ~~ ~~ 

Condyle 
Anterior 
Superior 
Posterior 
Total 

Anterior slope 
Inferior part 
Posterior slope 
Roof of fossa 
Wall of fossa 
Total 

Temporal component 

55 43 34 44 
71 64 52 62 
56 43 42 47 
60 50 43 51 

41 58 35 45 
49 57 39 48 
44 34 34 37 
17 16 16 16 
27 27 31 28 
37 40 31 36 

(96%). The topographical distribution of 
deviation in form is shown in Table 4. Of all 
recorded areas on the condyle 51% were 
deviated in form, compared with 36% for 
the temporal component. Deviation in form 
of the condyle was most frequently found on 
the superior surface of the lateral and central 
thirds. In the temporal component, the cen- 
tral and lateial thirds of the interior part of 
the eminence and the central third of the 
anterior slope of the eminence most fre- 
quently showed deviation in form. The cor- 
relation between the indices for deviation in 
form of the right and left joints was statisti- 
cally significant (r, = 0.61, p < 0.01) (Fig. 
3) .  

Sex distribution 
There were statistically significant differ- 

ences (p < 0.001) between men and women 
with regard to both the index for degener- 
ative changes and deviation in form. The 
most advanced changes were thereby found 
in the joints of women (Table 1, Figs. 2 4 ) .  
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sible to evaluate the number of occluding 
pairs of teeth owing to extensive caries. 

LEFT 

80 

60 

0 .  

4Ol0 O O0 

2 0 0  8 0  

'- RIGHT 
20 40 60 80 100 

Fig. 3. Distribution of index of deviation in form 
between the right and left TMJ (no. = 22, r, = 0.61, 
p < 0.01; (0) = men, (0) = women). 

Dental status 
The number of teeth and occluding pairs 

of molars and the presence of dentures are 
shown in Table 1. Nine individuals were 
edentulous. In one individual it was not pos- 

DC 

"4 60 

0 
0 0 

0 

0 

0 s  

DIF 
20 40 60 80 1 

Fig. 4. Correlation between index of degenerative 
chanees (DCl and deviation in form fDIF;I (no. = 22. 

Correlations between degenerative changes 
and deviation in form 

The indices for degenerative changes and 
deviation in form were correlated to each 
other (r, = 0.83, p < 0.001) (Fig. 4). Out of 
714 areas without degenerative changes on 
the condyle and the temporal component, 
only 185 (26%) were deviated in form. 
Degenerative changes and deviation in form 
were both most frequently seen on the 
superior surface of the lateral and central 
thirds of the condyle. Out of 48 areas with 
stage-1 degenerative changes on the condyle 
and temporal component 38 (79%) were 
deviated in form, out of 50 areas of stage-2 
changes 46 (92%) were deviated, and out of 
137 areas of stage-3 changes 132 (96%) were 
deviated. 

Size of joint components 
The mean value of the mediolateral 

dimension of the condyle was 20.5mm 
(range, 12.5-26.2) and of the mandibu- 
lar fossa 24.0mm (range, 19.6-29.4). The 
anteroposterior dimension of the condyle 
was laterally 7.9 mm (range, 5.0-11.6), cen- 
trally 9.2mm (range, 7.0-15.0), and medi- 
ally 7.8 mm (range, 4.2-13.2). The differ- 
ence in size between the mediolateral 
dimension of the mandibular fossa and the 
condyle of the individual joints (mean, 
2.8mm; range, -0.2-8.6) did not correlate 
significantly with the index of degenerative 
changes or the index of deviation in form. 

Discussion 
The reproducibility of evaluation of degener- 
ative changes in accordance with a similar 
grading system has been investigated pre- 
viously for the TMJ (8). Repeated evaluation 
of 10 TMJs in 3 components were in com- 
plete agreement for 28 out of 30 double 
determinations, whereas 2 differed by 1 
grade. Visual judgement of the appearance 

\ .I \ 

rr = 6.83, '~ <0.001; (0) = men, (0) = women). ' of the articular surface therefore has an 
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acceptable reproducibility when a similar 
grading system is applied. 

The correlation between the right and left 
TMJs concerning indices for degenerative 
changes and deviation in form indicates that 
both degenerative changes and deviation in 
form often are bilateral in advanced age, 
although symptoms often develop unilat- 
erally (9). Reasons for this correlation could 
be genetic, or it could be that the loading 
conditions had been similar on both sides. 
The right and left condyles are part of the 
same movable mandible. The TMJ of one 
side thus cannot function without movement 
and loading of the contralateral joint (10). 

Since the topographical distribution of 
superficial flaking or fraying and the local 
reduction of the soft tissue layer has not 
previously been reported separately in stud- 
ies of TMJ autopsy specimens, it is impos- 
sible to 'compare the detailed frequency of 
degenerative changes in this study with the 
figures of previous studies. However, in this 
study, joints with degenerative changes were 
more numerous (84%) than in previous stud- 
ies of joints from individuals aged 60 years 
and above. Oberg et al. (3) reported a fre- 
quency of arthrotic changes in the TMJ of 
24%, and Westesson & Rohlin (11) a fre- 
quency of 42%. Previous autopsy studies 
imply that only a few individuals avoid 
degenerative changes in the hip and knee 
joints (6,12,13). To judge from the present 
study, the same condition seems to prevail 
also for the TMJ. Considering only the fre- 
quency of joints with bone exposure and/or 
perforation of the disc, our figures were sim- 
ilar to those of Westesson & Rohlin (11) 
(,43% as compared with 42%). 

In our study the degenerative changes 
were evenly distributed in the condyle, disc, 
and temporal component, in contrast to the 
study by Oberg et al. (3), in which the disc 
and temporal component were most fre- 
quently involved. Our findings thus do not 
support the suggestion that degeneration 
usually first involves the disc and then the 
temporal component (3). 

I n  the TMJ the topographical distribution 
of superficial flaking and fraying has not pre- 
viously been studied separately, whereas this 
phenomenon. also called fibrillation, has 
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been mapped out for several other joints 
(6,1616). In other joints certain cartilage 
fibrillation is non-progressive (17). Byers et 
al. (6) and Meachim & Emery (16) pointed 
out that there is probably a difference 
between non-progressive and progressive 
cartilage fibrillation. This distinction was 
impossible to make in the present study. 
However, changes of stages 2 and 3 implicate 
loss of articular tissue and therefore might 
represent progressive lesions, whereas 
stage-1 changes may be partly non-progres- 
sive alterations. Goodfellow & Bullough 
(18) have pointed out that areas of the ar- 
ticular surface in the knee joint, which 
ordinarily carry little load, acquire degener- 
ative changes but that they rarely advance 
beyond overt fibrillation. 

The finding that bone exposure and per- 
foration of the disc occurred oftener in the 
lateral third than in the central and medial 
thirds of the joint is in accordance with pre- 
vious studies (3, 10, ll), although the pre- 
dominance of these lateral changes was not 
that pronounced in this study except for the 
disc. Perforation of the disc was never seen 
separately in the central or medial thirds but 
always occurred with lateral perforation. In 
this study perforations were found in the 
posterior soft part of the disc just as often 
as in the posterior and middle dense parts, 
in contradiction to the study by Oberg et al. 
(3), in which the disc never was perforated 
in the posterior part. This difference in dis- 
tribution might depend on different ways in 
dissecting the joint-for example, the pres- 
ervation of the posterior attachment in the 
present study. 

Deviation in form was more frequent in 
the condyle than in the temporal component, 
as has been shown earlier by Blackwood (l), 
Oberg et al. (3), and Carlsson & Oberg (19). 
Deviation in form was, however, found more 
frequently in the present study, 51% of 
recorded areas on condyle and 36% on the 
temporal component as compared with 42% 
and 23%, respectively, in the study by Oberg 
et al. (3). In the present study deviation in 
form was recorded separately from degener- 
ative changes, resulting in a higher frequency 
of deviation in form. Degenerative changes 
and deviation in form were found to be 
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strongly and positively correlated to each 
other, which corroborates the results of 
Oberg et al. (3) and Carlsson & Oberg (19). 
One probable explanation of this correlation 
is that the two conditions have etiologic fac- 
tors in common, such as age and changed 
functional loading conditions. Similar to the 
present study, degenerative changes of TMJs 
of women were more frequent also in the 
studies of autopsy specimens by Blackwood 
(1) and Oberg et al. (3). Deviation in form 
in this study was more frequent in joints of 
women, which was not the case in the study 
by Oberg et al. (3). In an interview survey 
of the Swedish population and a review of 
previous studies Bjelle (20) found that the 
prevalence of osteoarthrosis among women 
after 65 years of age was higher than among 
men, whereas the prevalence figures for men 
and women were similar before this age. The 
sex difference with regard to degenerative 
changes might be attributable to inherent 
sex differences in articular cartilage, as pro- 
posed by Freeman & Meachim (21)-for 
example, different fatigue failure of collagen 
fibre network for men and women. 

The average size of the joint components 
was similar to those reported by Yale et al. 
(22) and Oberg et al. (3) for individuals 
above 60 years of age. The anteroposterior 
dimension of the condyle found centrally in 
this study corroborates the findings by Oberg 
et al. (3), who measured the largest 
anteroposterior diameter of the condyle. It 
could not be shown that discrepancies in size 
of the condyle and temporal component- 
that is, that the temporal component is either 
too wide or too narrow for the condyle-are 
correlated to degenerative changes or devia- 
tion in form of the joint. 

It can be concluded from the results that 
degenerative changes and deviation in form 
of the TMJ in this age group are correlated 
between right and left joints and also that 
degenerative changes and deviation in form 
are correlated within the same joint. 
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