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SUMMARY Investigations concerning normal and side only. The specific aim of this study was there-

fore to investigate the intra-individual relationshipspathological anatomy of the temporomandibular

joint (TMJ) have shown that pathological reactions between the degenerative changes and deviations

such as deviations of the shape of the condyle, disc concerning the articular surfaces of the TMJs and

thinnings, disc perforations and osteoarthrotic the topographical distributions of these findings. In

changes are fairly common, particularly in the el- this investigation both joints of 22 edentulous indi-

derly population. Autopsy studies of the TMJ de- viduals between 58 and 95 years of age were stud-

ied. Correlations were found between the right andscribe pathological findings respective to their

location in different age groups, but most authors left joints with respect to the anatomical location of

the pathological findings.describe their findings for removed joints of one

Introduction

In earlier articles the temporomandibular joints have

been investigated by different points of view.

Epidemiological studies of Helkimo (1974a,b) have

shown that disorders of the temporomandibular joint

(TMJ) were a frequent finding in the population and

all age groups can possibly be involved. A longitudinal

study over 9 years (Könönen, Waltimo & Nyström,

1996) demonstrated that clinical signs like TMJ-click-

ing increase significantly with age.

Clinical studies (Bell, 1969, 1984; Farrar & McCarty,

1979; Dolwick, Katzberg & Helms, 1983; Gelb, 1983,

1985; McHorris, 1984; Budtz-Jörgensen et al., 1985;

Sakurai et al., 1988) verified a great variation in the

appearance of complaints of the patients suffering

TMJ-disorders. The number of complaints was individ-

ually different: patients with functional disorders in

general showed a higher frequency of complaints; nev-

ertheless patients showing evidence of structural

changes seemed to have less complaints concerning

clinical signs such as pain (Fallschüssel, 1986), the

disease seemed to burn out (De Leeuw et al., 1992).

Conventional radiography and tomography are aids

to detect macroscopic changes of the TMJs (Rohlin,

Akerman & Kopp, 1986; Peltola, 1995; Wolf, Könönen

& Mäkilä, 1995). Anatomical studies investigate

macroscopic and microscopic changes of the TMJ

(Blackwood, 1966, 1969; O8 berg et al., 1971; Carlsson &

O8 berg, 1974; Hansson & O8 berg, 1977; Pareira, 1995) in

different age groups and with different dentitions. In

these studies the joints were removed and examined

while always investigating one side only. Pareira

(1995) found that the prevalence of degenerative

changes in the articular surfaces, disc perforations, disc

displacements and disc deformations increased with

age. Only a few anatomical studies (Ewers & Riede,

1980; Akerman, Rohlin & Kopp, 1984) have investi-

gated the correlation between pathological findings in

both sides of one individual.

Additional reasons leading to confusion and/or dis-

agreement in the literature are as follows: (a) the TMJ

as a bilateral joint with its complex anatomy; (b) the

great individual variation concerning shape and size of

the joint components; (c) the individually different

volume and insertion of the upper head of the lateral
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pterygoid muscle; (d) the connection to occlusion lead

to the extraordinary position of the TMJ in the human

body; and last but not least (e) the possible effect of

psychological factors.

However, in accordance with biological principles

which express the relationship between form and func-

tion, it seems to be most important to explain the

inter-individual variation of different condyle shapes

(Grunert, 1995). Hiltebrandt (1938) was the one of the

first who recognized the relationship of form and func-

tion for the TMJ.

From a functional point of view, although we refer

to the TMJ, it must be remembered that the mandible

is the one bone in the body which is hinged on both

ends and one joint cannot be moved independently

from the other. Thus, if something alters function on

one side, it will simultaneously alter function on the

opposite side (Laskin, 1980).

The specific aim of this study is therefore to investi-

gate the intra-individual relationships between the de-

generative changes and deviations in the configuration

of the articular surfaces of the TMJs and their topo-

graphical distributions.

Materials and methods

The right and left TMJs were removed from 22 edentu-

lous individuals, 14 women (mean age 8598·8 years)

and eight men (mean age 7499·25 years), who before

death had donated their bodies to research. Informa-

tion about the dental history up to their edentulism

and TMJ problems before death was not available. The

cadavers were fixed in formalin–carbol solution.

Dissection (Fig. 1)

In all cases the upper compartment of the TMJ was

opened laterally (a) by a circumferential incision of the

capsule; then the disc–condyle assembly was prepared

(b) and removed after dissecting the condylar neck of

the mandible (c); the lower compartment was opened

by separating the lateral, anterior and medial attach-

ments of the disc, the posterior attachment remained

intact (d); the temporal component was photographed

from below (e).

All condyles have been photographed from the ante-

rior, lateral, medial and posterior views.

Macroscopic analysis

The shape of the condyles was divided into groups

according to the frontal view described by Mongini

(1972) in rounded, V-formed, lateral flattened, medial

flattened, cranial flattened and irregular formed

condyles. The articular surfaces of the condyles were

examined for deviations in form and degenerative

changes by the naked eye examination according to

Moffett et al. (1964): progressive or regressive remod-

elling of the condyle, local and severe osteoarthrosis.

Findings related to the disc were divided into thin-

nings, small and large perforations and destroyed discs.

Findings in the temporal component were classified as

flattening, small and severe osteoarthrotic lesions.

The location of the pathological reactions was

classified by dividing every joint component into nine

sections (in the medio-lateral view: medial, central and

lateral parts and in the antero-posterior view: anterior,

superior and posterior parts).

The data of the measurements of the joint compo-

nents, the distribution of condyle form, the frequency

and location of condyle remodelling and osteoarthrotic

changes have already been published (Grunert, 1995,

1996).

Pathological conditions were very common in the

joints of elderly, edentulous individuals. Remodellings

of the condyle were found in 65% and osteoarthrotic

Fig. 1. Procedure of dissection. (a) Opening of the upper com-

partment of the joint from laterally; (b) presentation of the

disc–condyle assembly; (c) removing of the disc–condyle assem-

bly; (d) opening of the lower compartment; (e) the temporal

component.
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Fig. 2. Decreasing frequency of the pathological findings from

lateral to the medial parts of the joint.

Statistical methods

Spearman rank correlation coefficients were computed

to evaluate pairwise associations between the variables

within the temporal components, the condyles and the

discs (a value of 0 indicates no relationship, a value of

+1 a perfect positive relationship). Significance tests

for independence between rank orders are performed

with the Wilcoxon matched pairs signed-rank test (PB
0·01).

Results of significance tests are only used in an

exploratory way. Significant correlations do not allow

to determine any cause-and-effect conclusion.

Intra-individual correlation. Not only statistical analysis

of all data was performed, but also the relationship of

the findings on both sides of every individual. The

location and the degree of pathological conditions were

classified into three groups:

1. Regular findings on both sides.

2. Symmetrical pathological reactions: same condylar

shape, similar location and degree of pathological

findings.

3. Asymmetrical reactions: different condylar shape,

different location and degree of pathological

findings.

(a) One side with regular and the other with

pathological findings.

(b) Both sides with pathological findings in differ-

ent locations/different degrees.

changes in 10%. The location of the pathological find-

ings differed from case to case and every part of the

joint could be involved. When the joints were classified

in lateral, central and medial parts, changes were

mostly found in the lateral third of the joint as de-

scribed by O8 berg et al. (1971). However there were also

changes in the central and medial parts with decreasing

frequency (Fig. 2).

Figure 3 shows the great inter-individual variation

of condylar shape, the different forms and degrees

of condyle remodelling and osteoarthrotic changes

and the different location of the pathological find-

ings.

Fig. 3. Great inter-individual

variation of condyle form,

appearance and location of the

remodelling.

© 2000 Blackwell Science Ltd, Journal of Oral Rehabilitation 27; 671–681



674 I . G R U N E R T et al.

Fig. 4. Correlation of the right and

left TMJ: temporal appearance.

Results

Correlation between the right and left TMJ

Temporal component (Fig. 4 and Table 1). In this study

normal temporal appearance was found in 41%. In

33% local and in 11% extensive osteoarthrotic lesions

could be diagnosed in the joints of the edentulous

individuals. A flattening of the whole temporal compo-

nent of the joint was found in 15%.

Statistical analysis of the ratings for the temporal

joint components revealed a highly significant corre-

spondence between right and left joint in all cases.

The frequency of the findings in the right and left

TMJ can be seen in Fig. 4. Table 1 shows Spearman’s

correlation coefficients (correlation between groups of

ordinal data) and belonging significances of the right

and left temporal components.

Condyle appearance (Fig. 5 and Table 2). Progressive re-

modelling of the condyle became the most common

finding and could be seen in 46% of the joints, regres-

sive remodelling, which according to Blackwood

(1966) is found particularly in edentulous subjects in

older age groups, was seen in 19·55% and severe

osteoarthrotic changes in 11%. Both progressive and

regressive remodelling were found more often in the

right condyle, compared to the left. The frequency of

the findings in the right and left TMJ can be seen in

Fig. 5. Table 2 shows the statistical work-out of the

ratings concerning the right and left condyles. The

correlation between the indices of the right and left

side is less significant compared to the temporal com-

ponents, nevertheless there is an accentuated corre-

spondence between the right and left condyle

particularly in the medial part.

Disc condition (Fig. 6 and Table 3). Pathological reactions

were seen in more than 60%: in 28% local thinnings,

in 11% small and in 13% extensive perforations. Both

small and large perforations were more often seen on

the right than on the left side. Macroscopic examina-

tion revealed that local thinnings and perforations of

Table 1. Spearmann’s correlation coefficients and significances

for the right and left temporal components

Pathological findings

Location Right CorrelationLeft Significance

Fossa lateral 3 3 0·64 PB0·01
0·55 PB0·01Fossa 3 4

central
Fossa medial 3 3 0·68 PB0·01
Slope lateral PB0·055 0·479

0·7256 PB0·01Slope
central

0·59 PB0·01Slope 5 5
medial

Crest lateral 5 5 0·58 PB0·05
PB0·010·6754Crest central

Crest medial 4 4 0·76 PB0·01
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Fig. 5. Correlation of the right and

left TMJ: condyle pathosis.

Pathological findings

Right LeftLocation Correlation Significance

6 5 0·41Lateral posterior n.s.
Central posterior 3 3 0·30 n.s.
Medial posterior 1 2 0·72 PB0·01

8 5Lateral superior 0·38 n.s.
6 4Central superior 0·50 n.s.
6 5Medial superior 0·49 PB0·05

Lateral anterior 3 5 0·43 PB0·05
3 3 0·28Central anterior n.s.
2 3Medial anterior 0·37 n.s.

n.s., not significant.

Table 2. Spearmann’s correlation coefficients

and significances for the right and left condyles

the disc had the same location as remodelling (progres-

sive or regressive) of the corresponding parts of the

condyle. It was also detected that destroyed discs

were always accompanied by extensive remodelling of

the condyles or osteoarthrotic lesions. The frequency of

the findings in the right and left TMJ can be seen in

Fig. 6.

Table 3 shows Spearman’s correlation coefficients

and belonging significances of the right and left discs. It

is striking that the statistical comparison of the right

versus the left side shows differences only for the

lateral-posterior, medial-posterior and lateral-superior

subparts of the discs whereas it is demonstrated that

both, right and left discs together, are commonly af-

fected referring to all other parts.

In Table 4 it is demonstrated that degenerative

changes and deviations in tissue-configuration of the

different TMJ-parts investigated in edentulous individ-

uals show a positive correlation between the right and

left joints.

Intra-individual correlation and examples:

Regular findings on both sides: five individuals

Symmetrical reactions: eight individuals. An example of a

symmetrical shape on both sides were the condyles

from a 91-year-old male, anterior view (Fig. 7a, b). At

the changeover from the medial to the central third on

the superior part, the left condyle showed a small

© 2000 Blackwell Science Ltd, Journal of Oral Rehabilitation 27; 671–681
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Fig. 6. Correlation of the right and left

TMJ: disc condition.

Pathological findings

RightLocation Left Correlation Significance

5 6Lateral posterior 0·26 n.s.
6 8Central posterior 0·63 PB0·01

Medial posterior 3 3 0·19 n.s.
8 6 0·10Lateral superior n.s.
2 3Central superior 0·77 PB0·01

Medial superior 3 4 0·46 PB0·05
Lateral anterior 4 4 0·44 PB0·05

2 3Central anterior 0·77 PB0·01
Medial anterior 1 2 0·65 PB0·01

n.s., not significant.

Table 3. Spearmann’s correlation coefficients and
significances for the right and left discs

osteoarthrotic lesion (arrow). This location is below an

adhesion, which was found in the upper compartment

of the joint (Fig. 7c, arrow).

Asymmetrical reactions: nine individuals. Two cases

had one joint without pathological findings and seven

cases had different conditions on both sides. In

these seven cases, the most frequent locations of the

pathological reactions were found in the lateral-

superior parts of the joint followed by the superior

and posterior central parts and the superior me-

dial parts, whereas in the contra-lateral joints the

superior medial, superior lateral, posterior and super-

ior central parts were involved, with decreasing fre-

quency.

The following joints of three individuals serve as

examples for pathological conditions on both sides.

Joints from a 78-year-old male, the right joint in

frontal and the left in superior view (Fig. 8). The left

condyle showed more serious pathological findings

Table 4. Chi-square test of right and left TMJ’s appearance

Source Value Significance

TAR–TAL 33·12 0·00013
0·0020126·03CAR–CAL

28·84 0·00909DCR–DCL

TAR, temporal appearance right; TAL, temporal appearance left;

CAR, condylar appearance right; CAL, condylar appearance left;

DCR, disc condition right; DCL, disc condition left.
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Fig. 7. Example of the symmetric shape of the condyles on both

sides ((a) right condyle, (b) left condyle, (c) adhesion upper

compartment). (b) The left joint shows a small osteoarthrotic

lesion (arrow). (c) This osteoarthrotic lesion was below an adhe-

sion of the upper compartment (arrow).

sented with severe pathology. The right condyle

showed regressive remodelling and flattening in all

parts, the disc was anteriorly displaced with a perfora-

tion in the lateral superior part. The contra-lateral joint

showed severe regressive remodelling, especially in the

medial and central parts of the condyle. In this case the

upper head of the lateral pterygoid muscle was also

remarkably thickened.

The last case (Fig. 10) showed the severest pathology

which was seen in this investigation. They were joints

from a 81-year-old female. The left joint showed a

large perforation of the disc and a totally destroyed

condyle (superior view). The right condyle (anterior

view) showed progressive remodelling of the medial

third and extreme regressive remodelling in the central

and lateral parts, which lead to a totally irregular shape

of the condyle. The disc adapted completely to the

atypical shape of the condyle.

Location of the pathological reactions of all components

(Fig. 11)

When the joints were classified by dividing every joint

component to nine sections (in the medio-lateral view:

medial, central and lateral parts and in the antero-pos-

terior view: anterior, superior and posterior parts) it

was found that pathomorphologically relevant changes

were demonstrable in every part of the joint, but the

frequency decreased from lateral to the medial parts.

The highest frequency of pathological reactions was

seen in lateral superior parts (in all components) of the

joint.

Discussion

In this study joints of edentulous individuals were

investigated. The amount of pathological reactions was

expected to be higher than in usual anatomical studies

dealing with mixed dentitions: on the one hand be-

cause of the higher age of the edentulous cadavers and,

on the other, because of the pathological reactions in

the TMJ which were caused by tooth loosening and/or

insufficient dentures.

In the literature there are only a few authors who

have investigated TMJs on both sides (Ewers & Riede,

1980; Akerman, Rohlin & Kopp, 1984).

The results of this study are in opposition to the

findings of Ewers & Riede (1980), who always de-

than the right. In lateral-superior parts of the condyle

regressive remodelling and osteoarthrotic changes

could be seen. There was a normal disc–condyle rela-

tionship, the disc was without perforations. Remark-

able in this case was the upper head of the lateral

pterygoid muscle, which impressed with increased

muscle density. The contra-lateral joint showed regres-

sive remodelling of the condyle.

The next case illustrates the joints from a 82-year-

old female (Fig. 9), both joints (anterior view) pre-

© 2000 Blackwell Science Ltd, Journal of Oral Rehabilitation 27; 671–681
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scribed pathological reactions symmetric in the lateral

areas of the condyles. In this study symmetric findings

were seen as often as asymmetric and all parts of the

condyle can be involved with remodelling and

osteoarthrosis.

Akerman et al. (1984) reported about the same num-

ber of investigated joints. They had similar results com-

pared to this study, but their statistical analyses did not

explain the connection between the pathological find-

ings on both sides of every individual.

The most common findings in this investigation were

deviations in form of the condyle, disc thinnings and

perforations. They may be a result of chronic overload

or a result of an aging process (Pareira, 1995) and are

also seen when the disc–condyle relation is regular.

Predisposing intrinsic factors for osteoarthrotic changes

are age, genetics, sex, race and body overweight. Extrin-

sic factors are of traumatic and biomechanical nature

according to the form of the joint and to chronic

overload (Baici, 1998).

Chronic overload to the joints can be caused by:

1. Internal derangement of the disc–condyle assem-

bly. Anterior disc displacement leads to disc thin-

nings and perforations, to condyle remodelling and

osteoarthrotic lesions predominantly in the lateral-

superior parts of the joint as well as in the posterior

central parts in the region of the posterior disc

Fig. 8. Example of pathological

conditions on both sides: the left joint

shows extensive regressive

remodelling and osteoarthrotic

changes in the lateral superior parts

of the condyle; the contra-lateral

joint shows regressive remodelling of

the condyle. Remarkable in this case

is the hypertrophy of the upper head

of the M. pterygoideus lateralis on

both sides.

Fig. 9. Another example of pathological

findings on both sides: the right condyle

with severe regressive remodelling in all

parts and the left with extensive regressive

remodelling in the medial and central

parts. Remarkable in this case is also the

hypertrophy of the upper head of the M.

pterygoideus lateralis on both sides.

Fig. 10. Example of severe pathology on

both sides: the right joint shows

extensive progressive and regressive

remodelling (C, condyle; D, disc; m,

medial; l, lateral), the left joint shows a

large disc perforation and an

osteoarthrotic destroyed condyle.

© 2000 Blackwell Science Ltd, Journal of Oral Rehabilitation 27; 671–681
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Fig. 11. Location of the pathological findings

dividing every joint component to nine parts.

attachment. This pathological progression has

been described by Farrar & McCarty (1979).

2. Transversal shift of the mandible (Fig. 12). Both

joints are involved with different locations of the

pathological reactions. The disc–condyle relation-

ship may be regular on both sides. Through the

transversal shift of the mandible there occurs an

overload of the joints, which leads to contusion of

the discs, disc thinnings and perforations. The

condyle reacts with progressive or regressive re-

modelling on both sides with different locations

(on one joint are the lateral parts involved and

on the contra-lateral the medial and central ar-

eas). This transversal shift of the mandible has

been described by Gerber (1971).

3. Bruxism with hypertrophy of the masticatory

muscles may also lead to degenerative changes of

the condyle through chronic overload of the

joints (Clark et al., 1989) (Figs 8 and 9), while the

disc–condyle assembly may be discoordinated of-

ten combined with restricted condyle translation.

Degenerative changes seem to increase the pro-

gressive remodelling which leads to deviations in

the configuration of the joint (Palla, 1998). Re-

modelling of the joint may be therefore a hope-

less, useless and overshooting reparative attempt

of the body to prevent or repair a damage and

may not be a reaction to biomechanic stress

(Luder, 1993).

Conclusion

As a bilateral joint with complex anatomy and because

of the connection to occlusion and to the influence of

psychological factors, the TMJ has an exceptional posi-

tion in the human body. However, it functions in

accordance to biological principles and the relation

between form and function seems to be the most

important.

Contrary to O8 berg et al. (1971) and Hansson & O8 berg

(1977) pathological findings can be seen in every part

of the joint, also in the medial parts. In cases when

pathological findings are found in both joints, the most

common location in the joint with severe pathology is

Fig. 12. Transversal shift of the mandible leads to pathological

reactions on both sides in different locations.

© 2000 Blackwell Science Ltd, Journal of Oral Rehabilitation 27; 671–681
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in the lateral third, whereas the contra-lateral joint

reveals pathological findings in the medial and central

parts. This can be explained by transversal shift of

the mandible, which leads to local overload in both

joints.

It is concluded that degenerative changes and devia-

tions in form in edentulous individuals are correlated

between the right and the left joints.
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Fakultät der Universität Zürich.
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