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Fig. 1. The method of replantation.

First, osteosynthesis of the femur with intramedural
singular pinning, and muscle suture were per-
formed. Then, the sciatic nerve was sutured, and
finally, the femoral artery and vein were anasto-
mosed under an operating microscope.
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Table 1. Success Rate of Replantation

D;ISr éﬁgﬁigf Prizzfr(zr;tfion Success Failure Death Succeg/os Rate

0 Warm 20 0 0 100

2 Warm 5 0 50.0

4 Warm 7 2 40.0

6 Warm 24 21 4 49.0

6 Cold 5 5 0 50.0

9 Warm 10 0 33.3

9 Cold 6 0 45.5
Total except 0 50 54 . 6 155

Ischemia
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Table 2. Relationship between Duration of Ischemia and Tibia Length % Ratio

Duration of Ischemia hours 0 2 4 6 9
Number of Rats - 5 5 6 9 5
Tibia Length % Ratio :
Mean +SD % 100.94+1.1 98.3+1.0 99.8+0.3 97.2+43 87.9+9.5%
* p<0.05

SD: standard deviation.
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Photo. 1. Photomicrographs of epiphyseal plate of proximal tibia 10 weeks after replantation (Hematoxylin-

Eosin stain, x20).

Left: réplanted side. Right: opposite side.- a0 hour; b: 2 hours, ¢: 4 hours, d: 6 hours, e: 9 hours of ischemia.
Within 4 hours of ischemia, there were no abnormal findings. With longer than 6 hours of ischemia, destruc-
tion of the epiphyseal plate occurred (“d” arrow), and with 9 hours of ischemia, complete destruction of the

center of the epiphyseal plate occured (“e” arrows).
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Table 3. Time Course of Tibia Length % Ratio with 0 and 6 hours of Ischemia

Duration of Postoperation weeks

1 2 4 10
Duration of Ischemia hours
0 : 101.4+05(5)  101.5+1.1(5) 100.2:0.2 (5) 100.9+1.1(5)
6. 979+15(B) 975E£39() 955+6.6() 97.2+43(9)
Mean +SD, (Number of rats) N.S.
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Fig. 2. Time Course of Tibia Length % Ratio with
0 and 6 hours of Ischemia.
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2-f

Photo. 2. Photomicrographs of epiphyseal plate of proximal tibia of replanted side with 0 and 6 hours of
ischemia ( Hematoxylin-Eosin stain except “d”. d: Safranin-O stain). g

a: 0 hour of ischemia, 1: 1 week, 2: 2 weeks, 3: 4 weeks after replantation ( X 20). b-f: 6 hours of ischemia, b-d:
1 week, e: 2 weeks, f: 4 weeks after replantation (b, e and f, left: x5, right: X20. ¢ X50. d: X20)

With 0 hour of ischemia, there were no abnormal findings.

With 6 hours of ischemia, massive segmental necrosis and fibrosis in the proliferative zone occurred at one
week after replantation (“b” arrows). Epiphyseal vessels over the necrotic epiphyseal plate were completely
destroyed and filled with fibroblasts (“c-left” arrows), and those over the intact epiphyseal plate remained
(“cright” arrows). There was a decrease in safranin-O staining of the pericellular matrix in the necrotic and
fibrous areas (“d” arrows). At two weeks after replantaion, the central part of the epiphyseal plate dissappeared
(“e” arrows), and at four weeks after replantation, complete destruction of the epiphyseal plate occurred (“f”
arrows).

Table 4. Relationship between Temperature of Preservation of Amputated Limb and Tibia Length % Ratio with 6 and
9 hours of Ischemia

Temperature of Preservation (State)

4°C (Cold)

20°C (Warm)
Duration of Ischemia hours
6 . 97.2+4.3(9) 100.4+1.3 (5)
9 87.919.6% (5) 100.6 0.9 (5)

Mean £ SD, (Number of rats) *p<0.05
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Fig. 3. Relationship between Duration of Ische-
mia and Tibia Length % Ratio.
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Photo. 3. Photomicrographs of epiphyseal plate of proximal tibia with 6 (a) and 9 (b) hours of ischemia in a
state of cold preservation ( Hematoxylin-Eosin stain, X 20 ). Left: replanted side. Right: opposite side.

Abnormal findings were not observed.
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Longitudinal Bone Growth after Replantation in Immature Rats

Tohru SUNAGAWA

Department of Orthopaedic Surgery, Hiroshima University School of Medicine
(Director: Prof. Yoshikazu IKUTA)

With the aim of studying the effect of ischemia time on longitudinal bone growth following replanta-
tion surgery, hind limb replantation model was produced with 5-week-old rats and the following experi-
ments were conducted.

1. The amputated limb was left at room temperature (20 °C) with ischemia time of 0, 2, 4, 6, and 9
hours and the tibia of the replanted limb was evaluated 10 weeks after the surgical procedure. When the
ischemia time exceeded 6 hours, growth disturbance of tibia became apparent. Histologically, partial
closure and early closure were observed in the epiphyseal plate of the proximal tibia.

2. Evaluation of the rats with 6-hour ischemia was made 1, 2, and 4 weeks after the surgical proce-
dure. Even at one week postoperatively, growth disturbance could be observed, and extensive necrosis
was histologically apparent in the central region of the epiphyseal plate of the proximal tibia. Histologic-
ally, there was complete destruction of the epiphyseal plate four weeks postoperatively.

3. Study was made on the usefulness of cold preservation of the amputated limb of the rats with
ischemia for 6 and 9 hours. By cold preservation, growth disturbance could not be observed even in rats
with ischemia for 9 hours. Furthermore, no abnormal findings could be observed histologically.

With extension of the ischemia time, growth disturbance of the replanted limb could be observed with
the disturbance becoming apparent soon after the surgical procedure. Necrosis and destruction of the
epiphyseal plate observed histologically suggest direct disturbance of chondrocytes due to ischemia and
at the same time the possibility of indirect disturbance of chondrocytes due to disturbance of the epiphy-
seal vessels attributable to ischemia. Our study indicated that in limb replantation, efforts should be made

to restrict the ischemia time to the minimal and that cold preservation of the amputated limb is important.
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