Experimental Study on the Osteosynthetic
Properties of Sterilized Allografts
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Fig.1. Schema of the skin graft assay. Autoclaved (135°C,
10min), ethylene oxide gas sterilized, and frozen (—807C)
allografts are obtained from the resected femurs of Wistar
rats.  Under aseptic condition, a 10mm fragment of the
three types of allograft and fresh allograft is then
implanted into the back muscle of the anesthetized SD
rats. After a three-week delay, to allow the SD rats to
become sensitized to the allograft, a thoroughly defatted,
full-thickness skin graft from another Wistar rat is
transplanted to the same SD rats. After transplantation,
the skin grafts are graded daily to the point of clinical
rejection. This second graft serve as a “skin test” to
detect the ‘presence or absence transplantation immunity
to donor tissue in the host.
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Wistar rat (10~ 12 weeks)

Resection of the femoral
diaphisis, 10mm

Frozen allograft éutoclaved allografD OG sterilized
(-801C) (135°C, 10min) allograft

SD rat (10~ 12 wecks)

Reconstruction of 10 mm femoral defect by allografts
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Fig.2. Schema of the transplantation of the sterilized
allografts. Autoclaved (135C, 10min), ethylene oxide gas
sterilized, and frozen (—807C) allografts are obtained from
the resected femurs of Wistar rats. A 10mm segmental
defect in the femoral diaphysis of SD rats is reconstructed
using the three types of allograft, supplemented and
nonsupplemented with AAA bone.; AAA bone, autolyzed
antigen-extracted allogeneic bone.
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Fig. 3. Results of the skin graft assay. Values are express:
ed as the means and standard deviation of the rejection
times. There was a significant difference between the
first and second set skin rejection of the treated bone
(frozen allograft and sterilized allograft), and between the
second set skin rejection of the fresh allograft and that of
the treated allograft. No significant difference was found
between each treated allograft. A, first set skin rejection;
B, second set skin rejection; C, fresh allograft; D, frozen
allograft; E, autoclaved allograft; F, etylene oxide gas
sterilized allograft.
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Table 1. The achievement of bone union at host-graft junction in radiograph

No supplement with AAA bone

2ws 4ws 8ws 12ws 1B6ws 24ws

Frozen allograft (n=6)
Autoclaved allograft (n=86)
EOG sterilized allograft (n=8)

0/6 1/6 4/5 5/6 5/5 6/8
0/86 0/6 1/4 4/6 5/5 5/6
0/6 0/6 1/3 4/5 6/6 6/6

Supplement with AAA bone

Autoclaved allograft (n=6)
EOG sterilized allograft (n=8)

0/6 0/6 5/5 4/4 6/6 5/5
0/6 0/6 5/6 4/5 6/6 6/6

AAA bone, autolyzed antigen-extracted allogeneic bone; EOG, ethylene oxide
gas; ws, weeks after transplantation .

4Ws 8Ws 24Ws

8Ws  12Ws AW

Fig. 4. Radiological changes after transplantation of the
allografts; frozen allograft (A), autoclaved allograft (B), and
EOG sterilized allograft (C). Bony union are recognized at
8 weeks after frozen allograft transplantation (A), at 12
weeks after autoclaved allograft transplantation (B) and at
12 weeks after EOG sterilized allograft transplantation
respectively (C).; EOG, ethylene oxide gas; ws, weeks
after transplantation.
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Fig.5. Radiological changes after allogeneic bone graft
supplemented with AAA bone. Bony union are observed
at 8 weeks after autoclaved allograft supplemented with
AAA bone (A) and EOG sterilized allograft supplemented
with AAA bone (B) transplantation. AAA bone, autolyzed
antigen-extracted allogeneic bone; EOG, ethylene oxide
gas; ws, weeks after transplantation.
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Fig. 6. Photomicrograph of the host-graft junction of the frozen allograft. A, 4 weeks after transplantation. Fibrous connective

tissue is seen at the host-graft junction. Cartilagenous change (Ca) is formed at the border of the host bone and graft bone
(hematoxylin-eosin stain, x25). B, 8 weeks after transplantation. Cartilage (C) is seen at the host-graft junction. New
a?positional bone (NB) is formed at the border of the host bone and graft bone (hematoxylin-eosin stain, x32). C, 12 weeks
aiter transplantation. Newly formed bone (NB) is seen at the host-graft junction (hematoxylin-eosin stain, x40). D, 24 weeks
after transplantation. Newly formed bone (NB) and the necrotized bone is seen at the graft bone near the host-graft junction

(hematoxylin-eosin stain, X 40).
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Fig. 7. Photomicrograph of the host-graft junction of an autoclaved allograft. A, 8 weeks after transplantation. Fibrogs
connective tissue is seen at the host-graft junction. Cartilage (C) is formed at the border of the host bone (hematoxylin-eosin
stain, X32). B, 12 weeks after transplantation. Cartilage (C) is seen at the host-graft junction. Calcified cartilage (CC) is
formed at the border of the host bone. No new appositional bone is formed at the border of the resorption cavity at graft
bone (hematoxylin-eosin stain, X40). C, 24 weeks after transplantation. Newly formed bone (NB) and the necrotized bone 18
seen at the graft bone near the host-graft junction (hematoxylin-eosin stain,” X32). D, 24 weeks after transplantation. A
deep-blue osteoid (arrows) is seen at the rim of Haversian canal in the allograft (Ralis tetrachrome stain, x200).
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Fig.8. Photomicrograph of the host-graft junction of an EOG sterilized allograft. A, 8 weeks after transplantation. Fibrous
connective tissue and cartilage (C) is seen at the host-graft junction. The cartilage (C) is formed at the border of the host
bone but not at the border of the graft bone (hematoxylin-ecsin stain, x40). B, 12 weeks after transplantation. Cartilage (C)
is seen at the host-graft junction. Calcified cartilage (CC) is formed at the border of the host bone. No new appositional bone
is formed at the border of the resorption cavity at graft bone (hematoxylin-eosin stain, X40). C, 24 weeks after
transplantation. Newly formed bone (NB) and the necrotized bone is seen at the graft bone near the host-graft junction
(hematoxylin-eosin stain, x32). D, 24 weeks after transplantation. A deep-blue osteoid (arrows) is seen at the rim of Haversian
canal in the allograft (Rélis tetrachrome stain, x200).; EOG, ethylene oxide gas.

Fig. 9. Photomicrograph of the host-graft junction of an autoclaved allograft supplemented with AAA bone. A, 8 weeks after
transplantation. Fibrous connective tissue and cartilage (C) is seen at the host-graft junction. The cartilage (C) is formed at
the border of the host bone and the graft bone (hematoxylin-eosin stain, x40). B, 24 weeks after transplantation. New
appositional bone (NB) is deposited along the graft bone (hematoxylin-eosin stain, X40).; AAA bone, autolyzed
antigen-extracted allogeneic bone.
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Fig. 10. Photomicrograph of the host-graft junction of an EOG sterilized allograft supplemented with AAA bone. A, 8 weeks
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after transplantation. Cartilage (C) is seen at the host-graft junction. Calcified cartilage (CC) is formed at the border of the
host bone and the graft bone (arrow) (hematoxylin-eosin stain, x40). B, 24 weeks after transplantation. New appositional bone
(NB) is deposited along the graft bone (hematoxylin-eosin stain, x40).; EOG, ethylene oxide gas; AAA bone, autolyzed

antigen-extracted allogeneic bone.
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Fig. 11. Changes of relative blood vessel density evaluated
by microangiography. Values are expressed as the means
and standard deviation of the vessel density. The
allografts supplemented with AAA bone show higher blood
vessel density than the allografts nonsupplemented with
AAA bone. (O, frozen alograft; @, autoclaved allograft;
A, EOG sterilized allograft; A, autocalved allograft+AAA
bone; [, EOG sterilized allograft+AAA bone; AAA
bone, autolyzed antigen-extracted allogeneic bone; EOG,

ethylene oxide gas.
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Fig. 12. Microangiogram of the host-graft junction of an
allograft at 8 weeks after operation. The network of
newly formed blood vessel invading into the graft bone
from the host bone is seen. These relative density is
higher in the frozen allograft than in the autoclaved
allograft or EOG sterilized allograft. A, frozen allograft ;
B, autoclaved allograft; C, ethylene oxide gas sterilized
allograft ; G, graft bone ; H, host bone.
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Fig. 13. Microangiogram of the host-graft junction of the
allograft at 24 weeks after operation. Revascularization is
seen in the frozen allograft. The relative network density
of newly formed blood vessel is higher in the frozen
allograft than in the autoclaved allograft or EOG sterilized
allograft. A, Frozen allograft; B, autoclaved allograft; C,
ethylene oxide gas sterilized allograft; G, graft bone; H,
host bone.
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Fig. 14. Microangiogram of the host-graft junction of the
allograft supplemented with AAA bone at 8 weeks after
operation. The network of newly formed blood vessel
invading around the graft bone from the host bone is
seen. These relative density is higher in the frozen
allograft than in the autoclaved allograft or EOG sterilized
allograft. A, autoclaved allograft; B, EOG sterilized
allograft ; AAA bone, autolyzed antigen-extracted allogeneic
bone ; EOG, ethylene oxide gas; G, graft bone; H, host
bone.

Fig. 15. Microangiogram of the host-graft junction of an
allograft supplemented with AAA bone at 24 weeks after
operation. The relative network density of newly formed
blood vessel is similar in the frozen allograft to in host
bone and higher than in the autoclaved allograft or EOG

sterilized allograft. A, autoclaved allograft; B, EOG
sterilized allograft; AAA bone, autolyzed antigen-extracted
allogeneic bone; EOG, ethylene oxide gas; G, graft bone;
H, host bone.

Table 2. Statistical analysis of the blood vessel density

1) 8 & 12 weeks after

2) 16 weeks after

3) 24 weeks after

implantation implantation implantation
F|A|E |AAIEA F | A | E |AAIEA F|A| E|AA|EA
F * | k| ok | % F * | * F * *
A
E E E
AA AA * AA * |k
EA EA * EA * | *

* significant difference between the two groups (p<0.05) by Scheife F-test; F,
frozen allograft; A, autoclaved allograft; E, EOG sterilized allograft; AA,
autoclaved allograft + AAA bone; EA, EOG sterilized allograft + AAA bone;
AAA bone, autolyzed antigen-extracted allogeneic bone ; EOG, ethylene oxide gas.
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Abstract

Serious problems associated with frozen allografts include infection developing after implantation and difficulty in
obtaining them in Japan because of religious and social factors. If the osteosynthetic properties of sterilized allografts, such
as autoclaved allografs (135°C, 10 min) and ethylene oxide gas sterilized allografts (EOG allografts), are similar to those of
frozen allografts (—80°C), such allografts would overcome the problem mentioned above. The purpose of this study is to
compare the osteosynthetic properties of sterilized allografts with those of frozen allografts in animal experiments. The allo-
grafts were obtained from the 10 mm femoral diaphysis of Wistar rats and treated to bring them to one of the above-men-
tioned sterilization conditions. The immunological response was checked by skin graft assay. Each allograft was implanted
into a 10 mm femoral diaphyseal defect made in an SD rat. In other sterilized allograft implanted groups, the reconstructions
were supplemented with autolyzed antigen-extracted allogeneic bone (AAA bone). The reconstructions were investigated
with respect to incorporation by radiography, histology and microangiography at 2, 4, 8, 12, 16 and 24 weeks after recon-
Struction. In the skin graft assay, the antigen level of the sterilized allografts was similar to that of the frozen allografts, but
Was not completely extracted. Bony union was achieved at 8 weeks after reconstruction of the frozen allografts and at 12
weeks after reconstruction of the sterilized allografts radiographically. New appositional bone was present at the border of
the grafted bone at 8 weeks after transplantation of the frozen allografts. On the other hand, no appositional bone was pre-
Sent at the border of the sterilized allograft at 12 weeks after transplantation. These findings suggest that frozen allografts,
but not sterilized allografts, have an osteoinductive property which is largely destroyed by the sterilization methods. The
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blood vessel density of the sterilized allografts was lower than that of the frozen allografts. The reason for this difference is
that sterilized allografts have only osteoconduction. But new bone formation after the invasion of new vessels occurred in
the sterilized allografts by osteoconduction. Supplemented with AAA bone, each type of allograft exhibited abundant new
bone formation and invasion of new vessels compared to the nonsupplemented allografts. As the union of the sterilized allo-
grafts was satisfactory at the host-graft junction by osteoconduction, it is concluded that these allografts can be used for the

reconstruction of large skeletal defects, and that the addition of osteoinductive material can improve the incorporation of the
sterilized allograft.




