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Forty-eight Long Evans/Turku rats were exposed to increased oxygen tension at  the age of 
11  or 13 days. Three control and three experimental rats were killed after 3 ,7 ,11  and 14 days 
of exposure and 1,5,10, and 15 days after the animals had been returned to normal laboratory 
conditions. Glycosaminoglycan synthesis decreased when the oxygen tension increased, as 
indicated by reduced rnetachromasia of the cartilage. After the animals had been returned to 
normal laboratory conditions the glycosaminoglycan synthesis of chondroblasts and chon- 
drocytes seemed to recover. Disturbances were seen in the intermediate cell layer of the 
condyle and later in the condylar cartilage. The results seem to indicate that there are 
differences in the metabolic state of the cells in different regions of the condyle. Variances 
in the metachromasia of the condylar cartilage appear to be affected by different oxygen 
tensions, which seem to be lowest in the superior region. The mesenchymal cells in particular 
seem to be sensitive to a drop in oxygen tension. 0 Condyle; histochernistry; rats; structure 
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Pressure has been found to affect the amount 
of CAMP in the cartilage tissue, which is 
obviously one of the growth-regulating fac- 
tors (1,2). Pressure also affects enzyme 
activities (3), and the role of oxygen in car- 
tilage growth is well known (4). Because of 
the articulating function, oxygen can only be 
supplied by diffusion from the blood vessels 
of the peripheral joint regions (5,6). It is 
thus possible that there are differences in the 
oxygen tension between the various regions 
of the condyle. 

The purpose of this investigation was to 
shed further light on the role of oxygen in 
the function of mesenchymal and cartilage 
cells in different regions of the mandibular 
condyle. 

Materials and methods 
Forty-eight Long Evans/Turku rats were 
exposed to increased oxygen tension in a 
chamber at the age of 11 or 13 days and 
onward. An air flow (1 l/min and containing 
28% oxygen) was passed through the 

chamber at 0.5 bar over the atmospheric 
pressure. Water and food were available ad 
libitum, and the chamber was opened every 
other day so that the water and food could 
be changed and the cages cleaned. The 40 
animals comprising the control group were 
kept under the usual laboratory conditions. 

Three experimental rats were killed after 
3, 7, 11, and 14 days of exposure to hyper- 
baric oxygen, together with three control 
animals, for microscopic studies. 

After 14 days of exposure 12 rats were 
returned to normal laboratory conditions. 
Three control and three experimental rats 
were killed at the age of 26, 30, 35, and 
40 days for microscopic study. The skinned 
heads were fixed in neutral formalin and 
demineralized in formic acid. Sagittal paraf- 
fin sections, 5 pm thick, of the temporo- 
mandibular joint were stained with hem- 
atoxylin and eosin or with toluidine blue. 

Results 
The animals tolerated the experimental con- 
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Fig. la. Histological section of the temporomandibular joint of a 20-day-old control rat. (Magnification, ~ 2 4 0 . )  
1 b. Histological section of the temporomandibular joint of a 20-day-old experimental rat exposed to oxygen for 
7 days. The mesenchymal cell layer is slightly thickened, and the strongly metachromatic deeper layer is deficient 
in cells, which have increased in size. (Magnification, ~ 2 4 0 . )  

ditions well. No untoward signs or dif- 
ferences in weight gain between control and 
experimental animals were observed. 

Microscopic examination of the man- 
dibular condyle showed that the structural 
changes were generally most marked in the 
anterior and superior regions and least 
marked in the posterior region. Slight thick- 
ening of mesenchymal and chondroblast cell 
layers was observed after 3 to 7 days of 
exposure (Fig. 1) but was no longer notice- 
able after 14 days (Fig. 2). The thickness of 

the cartilage seemed to have decreased by 
the 11th to 14th day of the experiment 
(Fig. 2). 

A general reduction in metachromasia of 
the intercellular matrix was observed in the 
course of the oxygen treatment. The strongly 
metachromatic layer under the mesenchymal 
cells was observed to be located at greater 
depth, and the cells in this layer were 
increased in size after 3 days of exposure 
(Fig. 1). The thickness and metachromasia 
of this layer gradually decreased. Erosion 



ACTA ODONTOL SCAND 44 (1986) Oxygen tension and mandibular condyle 309 

Fig. 2a. Histological section of the temporomandibular joint of a 25-day-old control rat. (Magnification. X240.) 
2b. Histological section of the temporomandibular joint of a 25-day-old experimental rat exposed to increased 
oxygen saturation for 14 days. The thickness of the cartilage has decreased, and the erosion front seems to be 
thicker. The metachromasia of the whole cartilage has decreased, and the strongly metachromatic layer under the 
mesenchymal cells has almost disappeared. (Magnification, x240.) 

of the cartilage seemed to be accelerated 
(Fig. 2). 

Five days after the animals had been 
returned to normal laboratory conditions 
strong rnetachromasia appeared inside the 
rnesenchymal cell layer, whereas the deeper 
part of the same layer remained weakly 
stained. 

In the superior region, the metachromasia 

of the mesenchymal layer seemed to be 
uneven. On later observation days the 
hypertrophying of the mesenchymal cells 
into chondroblasts and further into mature 
hypertrophied chondrocytes was apparently 
disturbed (Fig. 3). 

Acellular regions reaching the erosion 
front were observed in the cartilage tissue at 
35 days (Fig. 3). 
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Fig. 3a. Histological section of the temporomandibular joint of a 35-day-old control rat. (Magnification, x240.j 
3b. Histological section of the temporomandibular joint of a 35-day-old experimental rat. The metachromasia in 
the intermediate cell layer seems to be uneven, and there is structural derangement, including disproportionately 
small cells and acellular regions, superiorly in the condylar cartilage. (Magnification, x240.) 

Discussion 
High oxygen tension 

Increased oxygen tension did not seem to 
have any untoward effects on the animals, 
possibly because the oxygen percentage and 
overpressure used in this experiment were 
far lower than those of earlier experiments 

The metachromasia of the intermediate 
cell layer of the condylar cartilage disap- 
peared from the anterior region and weak- 
ened in the superior and posterior regions. 
These findings seem to imply that differences 
in metachromasia between different regions 

(7) * 

and cell layers of the condyle (8) are depen- 
dent on oxygen tension. The assumption is 
in accordance with the findings of Stockwell 
(9), indicating that synthesis in cartilage cells 
is increased if oxygen tension is decreased. 
Thus under normal conditions oxygen ten- 
sion would be lowest superiorly in the 
pressure-bearing area, where strong meta- 
chromasia under mesenchymal cells is 
observed, second lowest posterosuperiorly, 
and highest anteriorly, where the strong 
metachromatic reaction suddently disap- 
peared (8). 

The influence of oxygen on the cells may 
depend on their distance from the articu- 
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lating surface of the condyle, as the strongly 
metachromatic layer was at a greater depth 
in the experimental animals after 3 days of 
exposure. The assumption is consistent with 
events in the limb bud during embryo- 
genesis, where the distance from the blood 
vessels seems to direct the differentiation 
(10). It is possible that the slight thickening 
of the mesenchymal cell layer resulted from 
the direct increasing effect of the oxygen on 
the mesenchymal cell proliferation, as cell 
density has been found to vary linearly with 
oxygen tension (9). 

The increased cell size in the strongly 
metachromatic layer under the mesenchymal 
cells could have resulted from the increased 
distance of these cells from the surface. Thus 
the cells in the state of hyperoxia had more 
time in which to increase in size before inten- 
sive glycosaminoglycan synthesis started. A 
direct effect of the oxygen on the growth of 
the cells in this layer cannot be ruled out 
either. 

Low oxygen availability has been found 
to reduce the production of thyroxin and 
growth hormone, both of which affect the 
growth of cartilage (1 1, 12). The accelerated 
erosion of the cartilage in this reverse situa- 
tion could perhaps be attributed to enhanced 
thyroxin production. This, however, should 
also increase the chondrogenesis, which did 
not occur in the present experiment. The 
growth hormone increases the growth of the 
cartilage, but, although the mesenchymal 
cell layer was slightly thickened, the thick- 
ness of the whole cartilage was reduced. 
The reactions found therefore cannot be 
explained exclusively by enhanced hormone 
production but should rather be attributed 
to the direct effect of the oxygen on the 
condylar tissues. 
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in the mesenchymal and chondroblast cell 
layers in the superior region after the animals 
had been returned to normal laboratory con- 
ditions. The strong metachromasia normally 
present in the chondroblast cell layer under 
the mesenchymal cells now appeared inside 
the mesenchymal cell layer. This may further 
support the assumption that the effect of 
oxygen on glycosaminoglycan synthesis de- 
pends on the distance from the surface from 
which the oxygen is diffused. The deeper 
part of the mesenchymal cell layer had obvi- 
ously already adapted to higher oxygen ten- 
sion, and then a sudden drop in the tension 
led to disturbances in chondrogenesis. 

Although low oxygen tension has been 
regarded as necessary for chondrogenesis, 
the features of the mesenchymal cell layer in 
the condyle, the peripheral location, and 
the high cellularity (9) seem indicative of 
a higher oxygen consumption than that of 
cartilage tissue. This would explain why a 
sudden drop in oxygen tension induced 
pathological reactions that were carried over 
into the cartilage tissue during growth. It is 
noteworthy that increased articulating func- 
tion in association with weaning, which 
induced somewhat similar disturbances (T. 
Kantomaa. Weaning and the histology of the 
mandibular condyle in the rat. Unpublished 
observations), might also decrease the oxy- 
gen tension. 

The posterosuperior region of the condyle 
appeared structurally quite normal through- 
out this experiment. This might be because 
under normal conditions oxygen tension is 
higher in this region than elsewhere, as the 
main blood supply comes from the postero- 
superior region ( 5 , 6 )  and as this area is 
not under continuous pressure. Thus, after 
treatment the oxygen tension did not drop 
to as low levels as in other regions. This 
assumption supports the earlier suggestion 
(8) that the cells in the posterior region are 
in a metabolic state different from those in 
the superior region; it is also in agreement 
with findings that there are differences in the 
reactions to the compressive forces between 
various regions of the condyle (3). 

In conclusion, this experiment clearly 
demonstrates the effect of oxygen on glycos- 
aminoglycan synthesis in the condylar car- 

Return from high to normal oxygen tension 
The reinforcement of the metachromasia 

in the hypertrophied cartilage cell layer soon 
after the animals had been returned to nor- 
mal laboratory conditions implies broad oxy- 
gen tolerance with regard to the glycos- 
aminoglycan synthesis of these cells, which 
is consistent with findings in other studies 
(13-15). Disturbances were, however, found 
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tilage. Regional differences were found in 
reactions to an increase and to a drop in the 
oxygen tension, implying differences in the 
metabolic state of the cells. Furthermore, 
the mesenchymal cells in particular appeared 
sensitive to a drop in oxygen tension. 

The effect of oxygen on the growth of the 
condylar process was studied histologically 
in this experiment. It seems important to 
conduct experiments of longer duration to 
establish what, if any, macroscopic changes 
occurred and to test the conclusions drawn 
on the basis of the histological findings. 
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