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Fig.1. Measurement of temperature changes inside the bone. The tip of one thermometer was inserted into the bone marrow and that of
the other one into the subchondral bone of the metatarsus. Temperature changes were measured under three incubation conditions: in
liquid nitrogen at -196 degrees, at a room temperature of 20.degrees, and in physiological saline at 30 degrees.
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Fig. 2. Evaluation of tumor cell viability (in vitro study). The tumor mass which had proliferated on the back of a nude mouse was
resected. It was then subjected to liquid nitrogen treatment, incubated in a 0.1% BrdU/culture solution for 1 hr, and stained
immunologically to evaluate cell viability. The tumor mass from the control group without the liquid nitrogen treatment was processed
similarly in the culture solution and was incubated in a 0.1% BrdU/culture solution for 1 hr.
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Fig.3. Examination of actual tumor proliferation potential (i vivo study). A 0.3g piece cut from the tumor, which had proliferated on the
back of the nude mouse, was transplanted to the back of another nude mouse after treatment with the liquid nitrogen method. Changes
in tumor volume and histological findings in the control and liquid nitrogen groups were examined and compared.
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Fig.4. Examination of compression strength. Using a
compression tester like the one shown in the figure, the
compression strengths of intact bone, autoclaved bone, and
liquid nitrogen treated bone were measured.

- % T
Fig. 6. Immunohistochemical staining of BrdU of the control

group treated as described below Fig 2, and showing positive
appearance. Scale bar: 25, m.
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Fig.5. Temperature changes in the metatarsus. (A)
Temperature changes during liquid nitrogen processing. The
temperature became nearly stable in about 20 min. (B)
Temperature changes of the liquid nitrogen-treated bone after
incubation at a room temperature of 20 degrees. It took about 15
min to reach a temperature of -100 degrees. (C) Temperature
changes of the bone treated as in (B), and after its incubation
in physiological saline at 30 degrees. The temperature

. became nearly stable in about 15 min. Temperature in the
medullary cavity (@) and subchondral bone (O) are shown.
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Fig.7. Estimated tumor volume of the control group treated as
described below Fig 2.

Fig.8. (A) Low magnification image of the histology of the
control group treated as described below Fig 2. (B) High
magnification image, histologically demonstrating that tumor
cells have permeated the spaces between muscle fibers. Scale
bar: 500 m (A); 50 xm (B).
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Fig.9. [Estimated tumor volume of the liquid nitrogen method
(1 cycle) group.

Fig.10. (A) Low magnification image of the histology of the
liquid nitrogen method group. (B) High magnification image
showing histological evidence of fibrous tissue around the
transplanted mass. Necrosis and infiltration of inflammatory
cells are also observed. Scale bar: 250 x m (4); 25« m (B).
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Compression strength (kN)
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Fig.11. Compression strength. Values are expressed as X =
SD. * p<0.05. * % p<0.05.

Fig.12. Scanning electron micrographs of fracture surface. (A)
Autoclaved bone. (B) Liquid nitrogen treated bone. While the
fracture surface of the autoclaved bone was irregular and
uneven, that of the liquid nitrogen treated bone was smooth
and fine-grained. Scale bar: 3.33 .. m.
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Evaluation of Reimplantation of Tumor-Bearing Frozen Autografts Treated with Liquid Nitrogen Norio
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Abstract

Although autoclaved or pasteurized autografts could be used for reconstruction in malignant bone and soft tissue tumors,
these methods have many problems. To overcome such problems, we devised a new method for treatment of autografts
utilizing the hypothermic effect of liquid nitrogen. The purpose of this study is to evaluate this new processing method and to
elucidate the capability for practical use. We measured temperature changes inside the bone incubated under three conditions;
in liquid nitrogen at -196 degrees, in the air at a room temperature of 20 degrees, and in physiological saline at 30 degrees.
‘We established a liquid nitrogen for the treatment of bone, in which bone specimen was cooled in liquid nitrogen for 20 min,
followed by incubation in room air for 15 min, and then in physiological saline for 15 min. To examine the viability of the
tumor cells, treated under the liquid nitrogen method, BrdU immunostaining was carried out. The nuclei were not stained,
suggesting either that the tumor cells died out or that cell cycle was blocked after the liquid nitrogen treatment. In vivo tumor
proliferation potential was also examined in nude mice. We evaluated tumor volume and histological findings in the control
and liquid nitrogen method groups. In the control group, the tumor volume increased over time, and histologically tumor cells
permeate spaces between muscle fibers. On the other hand, the volume decreased over time in the liquid nitrogen method
group. Histologically fibrous tissue was observed around the transplanted mass, and necrosis and infiltration of inflammatory
cells were observed. From these results, we assumed that the tumor cells died out in the liquid nitrogen method. The
compression strengths were measured for intact bone, autoclaved bone, and liquid nitrogen treated bone. There was no
significant difference in the compression strength between intact bone and liquid nitrogen treated bone. However, the strength
of the autoclaved bone was reduced to about two-third of that of the intact bone. We observed the fracture surface of the
autoclaved bone and liquid nitrogen treated bone after the compression test with a scanning electron microscope. The fracture
surface of the autoclaved bone was irregular and uneven. On the other hand, the fracture surface of the liquid nitrogen treated
bone was smooth and fine-grained. This might reflect the difference of compression strength. From these results, we

conclude that the liquid nitrogen method could be one of the most effective method for the reconstruction in malignant bone
and soft tissue tumors.




