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Int raosseous pressure, oxygenat ion, and his- 
tology inarthrosis and osteonecrosis of the hip 

Niels Wisbech Pedersen’, Thomas Kim-’, Kristian Damgaard Kristensen’ and Henrik 
Starklint2 

We compared intraosseous pressure, partial pressure of oxygen and carbon dioxide, 
and histopathology in 10 hips with arthrosis and in seven hips with nontraumatic nec- 
rosis of the femoral head. Hypoxia of the subchondral bone was present in both condi- 
tions. In arthrosis the intraosseous pressure was normal, whereas intraosseous hyper- 
tension was present in necrosis. Partial pressure ofcarbon dioxide was normal in both 
conditions. Identical signs of subchondral medullary and trabecular necrosis were 
found in both conditions. 

Localized infarction of the subchondral bone has been 
found in primary arthrosis (Ficat and Arlet 1979, Ilardi 
and Sokoloff 1984, Milgram 1983, Wong et al. 1987). 
as well as in nontraumatic necrosis of the femoral head 
(Arlet and Durroux 1973, Ficat and Arlet 1979, Inoue 
and Ono 1979, Jacqueline and Rutishauser 1971). In- 
traosseous blood circulation has been evaluated indi- 
rectly by measuring intraarticular pressure (Goddard 
and Gosling 1988), intraosseous pressure (Amoldi et 
al. 1972, Ficat and Arlet 1979, Termansen et al. 198 l ) ,  
and intraosseous blood gas tensions (Kim et al. 1986, 
1988). These studies indicate that hypoxiadue to intra- 
medullary stasis is of pathogenetic importance in both 
conditions. However, because most studies of the ar- 
throtic bone have been performed in the advanced 
stages of the disease, the findings could be secondary. 

We report blood circulation and histopathology in 
patients with early arthrosis and nontraumatic necro- 
sis. 
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Patients and methods 

We studied 6 patients with 10 arthrotic hips, and 4 pa- 
tients-l alcoholic, 3 without known predisposing 
factors-with 7 nontraumatic osteonecrotic femoral 
heads (Table 1). The severity of arthrosis was graded 
according to Heripret (Danielsson 1964) and necrosis 
to Ficat and Arlet (1979). Nine of the 10 arthrotic hips 
had only slight changes: narrowing of the joint space of 
less than 2 mm combined with either osteophytosis at 
one pole or slight sclerosis or cyst formation. One hip 
showed moderate arthrotic changes. Two of the ne- 
crotic femoral heads were Grade 1, one was Grade 2, 
and four were Grade 3. None of the patients suffered 
from secondary arthrosis. All the patients complained 
of hip pain. 

The partial pressure of oxygen and carbon dioxide 
was measured in situ by a mass spectrometer (Balzers 
QMG 112, Liechtenstein) via a blood-gas catheter 
(Lundsgaard et al. 1980). The catheter was inserted in- 
to the subchondral bone through a cannula. Only intra- 
venous anesthetics were used. The patients were nor- 
moventilated with atmospheric air without oxygen en- 
richment. Intraosseous hydrostatic pressure was 
measured with a transducer (Siemens-Elema, Stock- 
holm, Sweden). The measurement was accepted only 
if pulsation was obtained. In three arthrotic hips, PO, 
andpCO, could not be measured because of technical 
failure. 
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Table 1. Hydrostatic pressure, POz,PCOz(kPa). and histologicfindings in patientswithearly arthrosis (Cases 1-6) ornontraumatic 
osteonecrosis (Cases 7-10) of the hip 

- 
Case Sex Age Grade of arthrosisa Hydrostatic p4 

or necrosisb pressure 
PCO, Grade of histologic 

necrosisC 

1 

2 
3 

4 

5 
6 

- 

- 
- 

- 
Mean SEM 

7 

8 
9 

10 

- 

- 
- 

Mean SEM 

S 
S 
S 
S 

S 
S 
S 
S 
S 

m 

2 
1 
1 
3 
3 
3 
3 

1.7 - 
4.9 - 
3.2 6.8 
3.7 4.9 
5.1 8.0 
5.9 8.0 
4.0 7.3 
3.5 - 
1 .I 6.4 
3.7 10.5 

3.7 0.4 6.9 0.7 

7.9 7.3 
6.0 7.5 
7.6 12.4 
9.3 8.0 
7.3 7.9 
10.7 1.6 
8.7 1.9 

8.2 0.5 6.7 1.5 

- 2 
1 

3.6 2 
8.0 3 
7.3 3 
6.5 2 
5.9 2 

3 
5.5 0 
6.0 0 

6.1 0.5 

- 

- 

4.5 2 
6.8 0 
5.8 2 
4.9 3 
3.7 3 
10.1 2 
10.0 2 

6.1 0.9 

a m moderate; s slight (Danielsson 1964). 
b 1-3 (Ficat and Arlet 1979). 
1 disappearance of the hemopoietic marrow. Separation of lipocytes by edema or hemorrhage; 2 necrosis of the fatty marrow; 
3 medullary fibrosis and appositional bone formation (Arlet and Durroux 1973). 

After the gas measurements, a core biopsy was ob- 
tained with a trephine with an outer diameter of 8 mm. 
Specimens were taken from the femoral neck and head 
up to adistance of 5 mm from the joint space. The biop- 
sies were all examined by the same pathologist and 
graded according to Arlet and Durroux (1973). 

For statistical analysis the Mann-Whitney rank sum 
test was used. 

Results 

The hydrostatic pressure was increased in hips with 
necrosis as compared with arthrosis ( P  < 0,001). No 
difference in PO, or pC0, could be found between 
arthrotic and necrotic hips. The degree of histologic 
necrosis was evenly distributed between the two 
groups (Table 1). 

Discussion 
One hypothesis of the etiology of arthrosis is that ini- 
tially synovitis causes increased intraarticular pres- 

sure (Amoldi and Reimann 1979, Goddard and Go- 
sling 1988) leading to increased intraosseous pressure, 
which has been found in advanced arthrosis of the hip 
(Amoldi et al. 1972, Termansen et al. 198 1, K i m  et al. 
1988), but not in early arthrosis of the knee (Arnoldi et 
al. 1975). However, we found normal pressures in our 
cases of early coxarthrosis. 

Blockage of the intraosseous microcirculation caus- 
ing elevated intraosseous pressure may incite cell 
anoxia and death of the osteocytes (Ficat and Arlet 
1979, Hungerford and Zizic 1983). In agreement with 
previous studies (Ficat and Arlet 1979, Solomon 198 1, 
Hungerford and Zizic 1983), we found increased intra- 
osseous pressure in these patients. 

Decrease of partial pressure of oxygen and intraos- 
seous hypertension has been found in patients with ad- 
vanced arthrosis of the hip (Kim et al. 1988). suggest- 
ing that hypoxia is caused by reduced regional blood 
flow. We now found decreased PO, also in early ar- 
throsis, but with normal intraosseous pressure in seven 
out of 10 hips. Another interpretation of the hypoxia is 
increased oxygen consumption; but in bone tissue 
showing histologic signs of necrosis, this seems im- 
probable. 

Our findings suggest that the hypoxia in nontrau- 
matic osteonecrosis is caused by decreased blood flow 
due to increased outflow resistance. 
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Reduced blood flow, as well as increased oxygen 
consumption, would be expected to cause an increase 
inpCO2 This was not observed in our cases of arthro- 
sis or osteonecrosis, probably because of the reversible 
exchange of C02between blood and bone matrix (Poy- 
art et al. 1975). 

In advanced arthrosis, focal necrosis of the osteo- 
cytes in and adjacent to the ebumated bone and cysts 
has been noted (Ficat and Arlet 1979, Milgram 1983, 
Ilardi and Sokoloff 1984). In two thirds ofpatients with 
advanced arthrosis, widespread bone death was found 
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