Effects of steroids on intraosseous pressure and
nutrient vessels in the rabbit femur
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Fig. 1. 'The method of measuring intraosseous pressure of the femur in rabbits. 16-gauge needles are inserted into the left femoral head,

greater trochanter, and femoral shaft.
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Nutrient canal

Fig.2. A diagram showing the femoral nutrient vessels and
nutrient canal. [], artery; B, vein. The nutrient vein lies
deeper than the nutrient artery in the nutrient canal.
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Fig.3. Results of intraosseous pressure in three sites in the

In the steroid-treated rabbits (groups B and C) intraossous
pressure increased in the three sites. As the period of steroid
administration continued, intraosseous pressure increased
uniformly at each location. Values are expressed as X = SD.
*, p<0.05.

Wallis#R5E ? @ 5 Mann-Whitney URRE % 1T% - 7. p<0.05%
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Fig. 4. Microangiograms of the femur. (A) Group A (control
group). (B) Group C (steroid-treated group). Compared with
the control group, steroid-treated group showed poorly filled
microangiogram.
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Fig.5. Microangiograms around the femoral nutrient canal. (A) Group A (control group). (B) Group C (steroid-treated group). In the
nutrient canal, the control group showed a narrow artery and a wide vein, whereas the steroid-treated group showed a narrow vein.

A B C

Fig. 6. Histology of the nutrient canal (by Elastica van Gieson stain). (A) Group A (control group). (B) Group C (steroid-treated group).
(C) Group C (steroid-treated group). A, artery; V, vein. Compared with group A, most samples from the steroid-treated group showed a
narrow venous lumen, wide arterial lumen, and thick fibrous tissue around the nutrient vessels as shown in B. In some cases, there was
marked perivascular fibrous thickning as shown in C.
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Fig.7. Photomicrographs of perivascular fibrous tissue in the nutrient canal in group C. (A) HE stain. (B) Elastica van Gieson stain. In
the steroid treated group, the tissue around the vessels consisted of fibroblast and collagen fibers which were stained red by the Elastica
van Gieson method. These collagen fibers were thickened and irregular; and the matrix appeared myxomatous, compared with the

control group.

(X 10'mm?)
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Fig.8. Luminal areas of the nutrient artery and vein in the
three rabbit groups. [, group A; & , group B; B, group C.
A double asterisk is used in the case of p<0.01, and T bars
represent their SD. The arterial lumen widened and the
venous lumen narrowed in the steroid-treated rabbits (groups
B and C), compared with the untreated group (group A).
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Circle graphs showing the rates of spaces occupied by vein, artery, and fibrous tissue in the femoral nutrient canal. , fibrous

tissue; [], artery; B, vein. The arterial lumen widened, the venous lumen narrowed, and the fibrous tissue proliferated in the steroid-

treated rabbits (groups B and C).

Table 1. Comparison of spaces occupied by vein, artery, and fibrous tissue in the femoral nutrient canal
Rate (%) of spaces in the femoral nutrient canal
No. of
Group animals Vein Artery Fibrous tissue
A 12 59.4%7.7 ]** 9.6+2.8 ]** 31.0i7.3]*
B 12 43.3i10.2]** 16.3+4.2 g** ,40.4:t8.8]*
C 12 39.3+10.5 21.9%5.5 38.8k7.2

*p<0.05; **p<0.01.
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Abstract

Steroids are considered to have some connection with the occurrence osteonecrosis of the femoral head, and it has been
proposed that steroids affect the arterial blood supply to the femoral head, causing ischemia. However, it has recently been
proposed that they may cause stasis in bone. To clarify the pathogenesis of avascular necrosis of the femoral head, in the
present study rabbits were organized into three groups: group A, non-treated (control); group B, treated with
methylprednisolone by weekly intramuscular injection (4 mg/kg) for 4 weeks; group C, treated for 8 weeks. Measurement of
intraosseous pressure in three sites of the femur, those of the luminal areas of the femoral nutrient artery and vein, and
intraosseous microangiography were carried out. Intraosseous pressures in the femoral head were 19.6mmHg in group A,
37.8mmHg in group B, and 43.9mmHg in group C. In the greater trochanter they were 32.8mmHg, 50.3mmHg, 59.8mmHg,
respectively, and in the femoral shaft they were 39.2mmHg, 62.7mmHg, and 72.8mmHg, respectively. As the period of
steroid administration continued, intraosseous pressure increased uniformly at each location. These results showed that there
was no compartment in the femoral head, and that intraosseous stasis occurred in the whole femur. The intraosseous
microangiography showed narrowing of the nutrient vein and widening of the nutrient artery, and the microscopic findings
from the femoral nutrient canal and femoral nutrient vessels indicated narrowing of the venous lumen, widening of the arterial
lumen, and proliferation of the perivascular fibrous tissue in the steroid-treated groups, as compared with the control group.
Luminal areas of the nutrient vein were 2.80 X 10 ' mm’ in group A, 2.25 X 10™' mm’ in group B, and 1.74 X 10 "' mm® in
group C, and those of the nutrient artery were 3.11 X 10 * mm’, 6.98 X 10 * mm’, and 7.06 X 10> mm’, respectively. In
group A the artery occupied 9.6% of the whole luminal space of the femoral nutrient canal; the vein, 59.4%; and the fibrous
tissue, 31.0%, while in the steroid-treated group the artery occupied 16.3% in group B and 21.9% in group C; the vein, 43.3%
in group B and 39.3% in group C; and the fibrous tissue, 40.4% in group B and 38.8% in group C. Thus the perivascular
fibrous tissue proliferated by steroids, and the narrowing of the nutrient vein induced by the proliferation of the fibrous tissue
may have caused pooling of blood in the femur, resulting in an increase in intraosseous pressure.



