Effects of Steroids on Intraosseous Femoral
Vasculature in Rabbits
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Fig. 1. Microangiograms of the femur. (A) Group A (control
group). (B)Group C (8 weeks steroid-treated group). The
steroid-treated group shows complete filling similar to that in
the control group. No significant avascular areas suggestive of
arterial ischemia are seen.

C

Fig. 2. Microangiograms of bone marrow sinusoids viewed
with a dissecting microscope. Specimens have been cleared
using the Spalteholz method. (A) Group A (control group).
(B) Group B (4 weeks steroid-treated group). (C) Group C (8
weeks steroid-treated group). An anastomosing network of
marrow sinusoids is seen in group A. In group B, the network
is indistinct, and dilation of marrow sinusoids is evident.
Changes are more prominent in group C. Bars indicate 500
pm.
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Fig.3. Scanning electron micrographs of corrosion casts of bone marrow sinusoids in group A (control group). Marrow sinusoids
ranging in diameter from 10 to 20 pm form a continuous anastomosing network and are comparatively uniform in contour. Original

magnification: (A) X200, (B) X 500.
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Fig.4. Scanning electron micrographs of corrosion casts of bone marrow sinusoids in group C (8 weeks steroid-treated group). Sinusoids
are bulged and the anastomosing network is indistinct. Sinusoids show marked variation in shape, with a maximum diameter exceeding

50 ym. Original magnification: (&) X200, (B} X500. .
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Fig.5. Scanning electron micrographs of corrosion casts of bone marrow sinusoids in group B (4 weeks steroid-treated group). Sinusoids
are bulged but the anastomosing network is partly recognizable. These findings are intermediate between group A (control group) and
group C (8 weeks steroid-treated group). Original magnification: (A) X200, (B) X500.
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Fig. 6. Scanning electron micrographs of corrosion casts of intraosseous arterioles about 70 ym in diameter. (A) Group A (control group).
(B) Group C (8 weeks steroid-treated group). No significant differences can be seen. Original magnification, X 500.
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Fig. 7. Scanning electron micrographs of corrosion casts of intraosseous arterioles about 20 pm in diameter. (A) Group A (control group).
(B) Group C (8 weeks steroid-treated group). No significant differences can be seen. Original magnification, X 500.
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Fig. 9.

Scanning electron micrographs of freeze-fractured surfaces of the bone marrow. (A) Group A (control group). (B) Group C (8

weeks steroid-treated group). S, sinusoid. Round saccular structures represent remnants of fat cells (arrow). Lipid contents have been
lost in preparation. Marrow sinusoids in group C are dilated compared with group A, and are not indented by surrounding fat cells.

Original magnification, X500.

Fig.10. Method of measuring cross-sectional area of marrow
sinusoids. White line in photograph indicates the outline of a
cross-section; its area was measured by computer.
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Fig.12. Retrograde venograms of the femur. (A) Group A
(control group). (B) Group C (8 weeks steroid-treated group).
The course of the inferior central vein in group C is attenuated
compared with group A.
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Effects of Steroids on Intraosseous Femoral Vasculature in Rabbits Takeshi Horii, Department of Orthopaedic
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Abstract

The etiology of steroid-induced osteonecrosis of the femoral head is still unknown. Possible venous causes of stasis in
bone circulation have attracted attention recently. To clarify the effects of steroids on intraosseous venous system, the present
study was performed to examine steroid-induced changes in intraosseous femoral vasculature in rabbits, particularly bone
marrow sinusoids and central veins. Mature rabbits were divided into three groups: group A, untreated controls; group B,
which received four weekly intramuscular injections of methylprednisolone acetate (4 mg/kg); group C, which received
injections for 8 weeks. Microangiography revealed an anastomosing network of marrow sinusoids in group A. The network
was indistinct in group B, and marrow sinusoids were dilated. These changes were more prominent in group C, but no
significant avascular areas suggesting arterial ischemia were present. Scanning electron micrography using a corrosion cast
method clearly demonstrated that marrow sinusoids in group C were bulged and the anastomosing network was indistinct,
with the group B appearing intermediate between the others. However, no differences from group A could be seen in
arterioles 20 to 70 um in group C. Scanning electron micrography using freeze-fracture method confirmed marrow sinusoids
in group C to be significantly dilated. Furthermore, marrow sinusoids in group C were not indented by surrounding fat cells.
The mean cross-sectional area of marrow sinusoids was 1.81>X 10" mm® in group A and 5.70X 10* mm? in group C, a
significant difference. In retrograde venography, the course of the central vein in group C was attenuated compared to the
course in group A which could suggest a disturbance of the venous drainage. These findings indicated that steroids did not
induce arterial ischemia but did produce intraosseous venous stasis extending from marrow sinusoids to central veins,
resulting in dilation or bulging of marrow sinusoids, already evident after 4 weeks. This development increases intraosseous
pressure and decreases blood flow, and this might be one of the important factors promoting osteonecrosis.



