Early Magnetic Resonance Imaging and
Histologic Findings in a model of Avascular

Necrosis of Femoral Head
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Fig.1. Lateral aspect of the left canine hip joint. (A) The
branches of the inferior gluteal artery and vein to the sciatic
nerve were severeq. G, branches of the inferior gluteal artery
and vein to the sciatic nerve; N, sciatic nerve. (B) The femoral
head was dislocated posteriorly, and the dislocation was
consistently maintained at a distance of one and a half femoral
heads from the original position. The lateral and medial
circumflex femoral arteries and veins were severed. A,
acetabulum; H, femoral head.
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Fig. 2. MR images at 3 days. T2-weighted MR shows only a
slightly high signal (white arrow) in the proximal half of
operated left femoral head above the epiphyseal scar
compared with the signal in normal right femoral head.
Arrowhead, epiphyseal scar. Scale bar, 1 cm.
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Fig.3. MRimages at 1 week. (A) Tl-weighted MR shows a ringlike area of low signal intensity (white arrow) above the epiphyseal scar in
operated left femoral head. The right femoral head is normal control. White arrowhead, epiphyseal scar. Scale bar, 1 cm. (B) T2-
weighted MR shows the same ringlike area of high signal intensity (white arrow) in operated left femoral head. Scale bar, 1 cm.

controlf

B
Fig. 4. MR images at 2 weeks. (A) T1-weighted MR showing a low signal intensity area (white arrow) in the proximal half of operated left

femoral head. The right femoral head is normal control. Scale bar, 1 cm. (B) T2-weighted MR showing inhomogeneous pattern (white
arrow) in operated left femoral head. Scale bar, 1cm.

Fig.5. MR images at 4 weeks. (A)(B) MR showing a low signal intensity area centering on the weight-bearing region in operated left
femoral head on T1 (A)- and T2 (B)-weighted images (white arrow). The right femoral head is normal control. Scale bar, 1 cm.
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Fig. 6. Photomicrograph at 3 days. Edematous bone marrow
change, decrease in the number of marrow cells and bleeding
in the bone marrow note histologically corresponded to the
high signal intensity area on T2-weighted image (Fig.2). HE
stain. Scale bar, 100.m.

Fig.7. Photomicrographs at 1 week. (&) Very immature fibrous tissues in bone marrow on histology are seen corresponding to the
ringlike area on T1- and T2-weighted MR images (Fig.3). HE stain. Scale bar, 100 m. (B) The region proximal to the ringlike area on
Ti- and T2-weighted MR images (Fig.3) shows bleeding and necrosis in the bone marrow. HE stain. Scale bar, 100, m.

A

Fig.8. Photomicrographs at 2 weeks. (A) On histology, somewhat matured fibrous tissues are seen corresponding to the high signal
intensity area on T2-weighted MR image (Fig.4). HE stain. Scale bar, 100xm. (B) Appositional bones corresponding to the low signal
intensity area on T2-weighted MR image (Fig.4) are observed. HE stain. Scale bar, 100.m.
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Fig.9. Photomicrograph at 4 weeks. On histology, more
matured fibrous tissues and increased appositional bone
corresponding to the low signal intensity area on T1- and T2-
weighted MR images (Fig.5) are observed. HE stain. Scale
bar, IOO/zm.

Table 1. Summary of MRI and pathologic findings
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Number of dogs showing

MRI findings

Pathologic findings

Time after operation ~ Number of dogs

Tl i)

NF LR Ho NF Hi HR DR Ho IH NF Ed EL FT ABF
3 days 79 4 0 0 31 0 0 0 0 3 4 0 0 O
1 week 75 6 1 0 6 0 1 0 0 O 4 2 3 3 0
2 weeks 79 302 2 30 0 2 1 1 1 0 6 6 6
4 weeks 7 0 1 6 o 0 0 1 3 3 o o 7 7 7

ABF, appositional bone formation; DR, double ring sign; Ed, edema; EL, empty lacunae; FT, fibrous tissue; Hi, high signal
intensity area; Ho, low signal intensity homogenous pattern; HR, high signal intensity ringlike area; IH, inhomogenous
pattern; LR, low signal intensity ringlike area; NF, normal finding; T1, T1 weighted image; T2, T2 weighted image.

a) MRI examination, 4; pathological examination, 7.
b) MRI examination, 7; pathological examination, 7.
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Abstract

The present study was performed to examine early MR images and histologic findings using a canine model of avascular
necrosis of femoral head (ANFH). The ANFH model was surgically induced. At three days, 1, 2 and 4 weeks after surgery,
the proximal femurs were excised. MR images were obtained in 4 dogs at 3 days and 7 dogs at each of the other intervals.
Histologic examinations were performed on 7 dogs at each interval. Three days after surgery, MR showed almost no
abnormal findings. Histologic changes included edematous bone marrow and bleeding in the bone marrow in some regions.
One week after surgery, empty lacunae in trabecular bones and immature fibrous tissues in the bone marrow were seen in
some cases, but appositional bone was not yet apparent. In only one case, abnormal MR findings -a ringlike pattern- were
seen. Two weeks after surgery, 4 cases showed appositional bones on histology and abnormalities on MR images. Four
weeks after surgery, fibrous tissues had matured and appositional bones had increased. Therefore, all 7 cases showed MR
imaging abnormalities. Abnormal MR images included a ringlike pattern, and homogenous and inhomogeneous patterns.
These results indicated that MR imaging shows abnormality 2 weeks after surgery at the latest.




