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Incorporation of nonviable bone grafts

Autoclaved autogeneic and frozen allogeneic bone grafts compared

in the rabbit

In 14 adult rabbits the middle third of the ulna was resected bilaterally fol-
lowed by reimplantation of resected bone after autoclaving on one side and
transplantation of allogeneic bone on the other. In 7 animals the bilateral
implants were supplemented with allogeneic bone matrix. The reconstruc-
tions were studied in vivo by serial radiography, scintigraphy, and bone
mineral determination. The animals were killed at 16 weeks, and the ul-
nar reconstructions further studied by high resolution radiography, **Ca
autoradiography, and histology. In both types of nonsupplemented recon-
structions, new bone formation was poor; nonunion occurred in three out
of seven autoclaved reimplants and in five out of seven allogeneic trans-
plants. Supplemented with allogeneic bone matrix, both types of recon-
structions exhibited abundant new bone formation and complete incorpor-
ation of all implants.

Enhancement of new bone formation is probably more important than the
type of nonviable bone graft chosen for reconstruction of large skeletal de-
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fects.

In recent years, local resection has become in-
creasingly applied in the treatment of malig-
nant bone tumors as an alternative to ablative
surgery (Chao & Ivins 1983, Enneking et al.
1980, Koskinen et al. 1979, Ottolenghi 1972,
Nilsonne 1969, Parrish 1966). However, the
mandatory requirement for radicality often
leads to extensive resections causing consider-
able problems of reconstruction. Allogeneic
bone grafting of large skeletal defects is elabor-
ate and expensive involving a complicated sys-
tem for obtaining cadaveric bone, for specimen
storing and matching between donor and re-
cipient (Mankin et al. 1982, Friedlaender
1982).

Occasional reports indicate that reimplanta-
tion of tumorous bone after autoclaving may
afford a combined means for tumor devital-
ization and skeletal reconstruction (Smith &
Simon 1975, Johnston et al. 1983, Thompson &
Staggall 1956). The procedure, by its simplic-
ity, seems to offer several advantages to allog-
eneic bone grafting. In a previous study in the
rabbit (Kohler & kreicbergs 1987) we found
that autoclaved autogeneic bone grafts when
supplemented with allogeneic bone matrix,
known to be a potent inductor of new bone for-
mation (Oikarinen & Korhonen 1979, Urist

1967, 1971, 1974, Wittbjer 1983), consistently
incorporated as opposed to those nonsupple-
mented. However, it remains unclear whether
autoclaved autogeneic bone differs from frozen
allogeneic bone with respect to incorporation.
We have now compared autoclaved autogeneic
and frozen allogeneic bone grafts, supple-
mented with allogeneic bone matrix and non-
supplemented, in the reconstruction of large
skeletal defects.

Materials and methods

Twenty-three adult male rabbits (New Zealand
White) were anesthetized by i.m. injection contain-
ing a mixture of fluanizonium 10 mg and fentanyl
citrate 0.315 mg/mg (Hypnorm, Leo), given in a dose
of 0.3 ml/kg body weight combined with diazepam
1.5 mg/kg (Valium, Roche). The lower forelegs were
depilated and surgery was carried out under sterile
conditions. Templet-guided transverse resection of
the middle third (20 mm) of ulna including the per-
iosteum was performed bilaterally.

The ulnar defects were reconstructed by the resec-
ted specimen after autoclaving (121°C/20 min) on
one side and by an allogeneic ulnar graft on the other
side. The allogeneic grafts were collected from female
rabbits, raised by a different breeder, and subse-
quently stored in a deep freeze (—70°C) under sterile
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conditions before implantation. The periosteum was
removed from all the grafts.

In 13 of the 23 animals, the bilateral reconstruc-
tions were supplemented with 175 mg allogeneic
bone matrix both as granulate (approx. 25 mg) in the
osteotomies and as pieces (approx. 150 mg) along the
reconstructions.

Allogeneic bone matrix (ABM) was prepared from
cortical diaphyseal bone of fresh rabbit cadavers af-
ter removal of the metaphyses, marrow, and soft tis-
sues. The bones were cut into pieces, which were de-
calcified in 0.6M HCI for 24 h, rinsed 3 times in wa-
ter, defatted in chloroform-methanol (1:1) for 1 h,
rinsed 3 times in methanol and additionally 3 times
in water. The entire process was performed at +4°C.
The prepared pieces of allogeneic bone matrix were
lyophilized to a constant weight. Some of the pieces
were milled to 1 mm fragments in a Spex Freezer
Mill in liquid nitrogen. The preparations were disin-
fected by dry ethylene oxide exposure for 24 h and
subsequently ventilated in dry air for 1 week to re-
move any remaining gas.

No internal fixation was used, and postoper-
atively, the animals, which were kept in cages, were
allowed full weight bearing.

Incorporation of the implants was studied in vivo
(in Hypnorm-Valium anesthesia) 2, 4, 8, 12, and 16
weeks postoperatively by a) radiography, b) scinti-
graphy, c) bone mineral density determination (ex-
cept at 2 weeks). At 16 weeks the animals were
killed by an overdose of i.v. pentobarbital sodium (60
mg/ml), and the ulnar specimens were collected for
postmortem investigation that included d) high-reso-
lution radiography, e) autoradiography, and f) histo-
morphology.

Radiography. The forelegs were placed in plastic
tubes permitting reproducible projections. At exam-
ination the position of each implant in relation to the
olecranon was determined in mm with a plane paral-
lel ruler placed along the foreleg. Hence, the region
of interest for subsequent bone mineral determina-
tion (see below) could be accurately defined in each
animal.

Scintigraphy. The animals were given 50 MBq
$¥mTc-MDP i.v. 2 h before the investigation, which
was performed (forelegs in plastic tubes) with a max-
icamera 400T (General Electric) connected to a
Gamma-ll image-processing system (Digital Equip-
ment). A total of 300,000 counts per 64 x 64 pixel ma-
trix frame (pixel size = 6.3 x 6.3 mm) was acquired to
obtain approximately 10,000 counts in the chosen re-
gions of interest. The uptake of ®*™Tc-MDP was de-
termined for an 120 pixel rectangular region of inter-
est over each lower foreleg. In addition, the number
of counts in a 16 pixel rectangular area over each
shoulder was assessed as a reference. Thus, the

mean uptake of both shoulders was calculated, and
the ratio between the uptake of each foreleg and the
reference was determined each time for each animal.

Bone mineral density determination. The meas-
urements were performed in a Bone Density Scanner
(Nuclear Data 1100), which permits quantitation of
the total amount of calcium hydroxy apatite in the
scanned part of the specimen. The method is based
on transmission measurements using '**I as the
emission source. The calculated absorption provides
a measure of the bone mineral content (Sorenson &
Cameron 1976). The animals were placed in a spe-
cially designed box for measurement of the forelegs
in water to compensate for differences in soft-tissue
absorption. The position of each implant was de-
duced from radiographs taken with a ruler indica-
ting the distance between the clecranon (easily pal-
pated) and each of the two osteotomies. Two 5 mm
wide, depilated implant areas were scanned perpen-
dicular to the longitudinal axis of each lower foreleg.
The mean value of the two determinations was calcu-
lated as a measure of the total bone mineral content
of each implant area.

High-resolution radiography. Radiographs provid-
ing very detailed depictions of postmortem speci-
mens were obtained by using high-resolution film
(Kodak Industrex M) in a Hewlett Packard Faxitron
at 35kV/144 mAs.

Autoradiography. One animal in the ABM and in
the nonsupplemented group was given 30 MBq
%CaCl i.v. 2 days before death. The ulnar specimens
were collected for embedding in carboxy methylene
cellulose and sectioning (35 p) in a cryomicrotome.
The sections were mounted on tape and firmly at-
tached to film (Agfa Gaevert Structurix D7) for 7
days. The films were developed and subsequently
analyzed with respect to distribution of *Ca incorpo-
rated in the specimens (Rohlin et al. 1977).

Histomorphology. After fixation (10 per cent buff-
ered neutral formalin) and decalcification (mixture
of 0.5 M formic acid and 1.48 M HC)), the ulnar speci-
mens were grossly cut, subsequently paraffin embed-
ded, sectioned at 10 p, and stained in Weigart’s hem-
atoxyline and van Gieson for microscopic analysis.

Calculations and statistics. Numerical data from
scintigraphy and bone mineral determinations were
used a) to assess changes in relation to time in each
type of implant (thus, the means of the recorded val-
ues for each type of implant was calculated at 2, 4, 8,
12, and 16 weeks postoperatively) and b) to compare
autoclaved reimplants and allogeneic transplants.
Thus, the ratio between the two values in each ani-
mal at different times was calculated, and the means
of the ratios analyzed by paired two-tailed Student’s
t test. P values >0.05 were considered not signifi-
cant.
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Figure 1. **mTc-MDP uptake in relation to time. Mean uptake of
autoclaved reimplants (squares) and allogeneic transplants
(circles). Filled symbois denote ABM — supplementation.

Two animals died within 48 hours postoperatively
showing signs of pulmonary hypoxia. One animal
died during anesthesia 4 weeks postoperatively. An-
other 6 animals had to be excluded because of unilat-
eral fracture of the radius. Thus, a total of 14 ani-
mals, i.e., 7 with nonsupplemented reconstructions
and 7 with reconstructions supplemented with allog-
eneic bone matrix (ABM) completed the entire study.

Results

Serial radiography essentially showed the
same features in both types of nonsupple-
mented reconstructions, i.e., some new bone
formation around the osteotomies, but almost
none along the implants. There were signs of
nonunion (at least in one osteotomy) in three
reconstructions with autoclaved reimplants
and in five with allogeneic transplants. In the
reconstructions supplemented with ABM,
there were clear signs of new bone formation in
the osteotomy areas already at 2 weeks, scat-
tered new bone covering the entire length of
the implants at 4 weeks, with subsequent con-
solidation between 8 and 16 weeks. At the end
of the study, the allogeneic implants appeared
less well outlined than the autoclaved ones.
Nonunion did not occur in any of the 14 ABM-
supplemented reconstructions.
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Figure 2. Bone mineral content in relation to time. A. Mean con-
tent of autoclaved reimplants (squares) and allogeneic trans-
plants (circles). B. Content ratio (triangles): autoclaved reim-
plants/allogeneic transplants. Filled symbols denote ABM —
supplementation.

Serial scintigraphy of the compared nonsup-
plemented reconstructions showed no differ-
ences. There was increased uptake 2 and 4
weeks postoperatively, mainly over the osteo-
tomies, subsequently decreasing to almost the
base level. In both types of ABM-supplemented
reconstructions, the uptake was increased over
the entire implant area 2, 4, as well as 8 weeks
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Figure 3. High-resolution radiography of nonsupplemented re-
constructions with autoclaved reimplants and allogeneic trans-
plants showing A incorporation, and B nonunion.
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Figure 5. Autoradiographs showing amount and distribution of
“Ca deposition in nonsupplemented reconstructions: A auto-
claved reimplant, B allogeneic transplant. implant area be-
tween arrows.

\i

Figure 4. High-resolution radiography of ABM-supplemented
reconstructions: A autoclaved reimplant, B allogeneic trans-
plant.

postoperatively, followed by a slow return to al-
most normal uptake (Figure 1).

Comparison of the two types of nonsupple-
mented implants showed no difference in bone
mineral content except at 8 weeks, when the
allogeneic transplants had higher values (Fig-
ure 2). In the ABM-supplemented reconstruc-
tions the bone mineral content was higher in
the autoclaved reimplants than in the allogen-
eic transplants at 8, 12, as well as 16 weeks,
postoperatively.

High-resolution radiography (Figures 3 and
4) of removed specimens essentially confirmed
the findings of conventional radiography, but
more clearly illustrated the amount and distri-
bution of new bone in the specimens. Further,
it convincingly showed that there was non-

Figure 6. Autoradiographs showing amount and distribution of
deposition in supplemented reconstructions: A autoclaved re-
implant, B allogeneic transplant. Implant area between arrows.

union in 8 of the 14 nonsupplemented recon-
structions, but in none of the ABM-supple-
mented ones.

Autoradiography showed moderate deposi-
tion of *Ca in the osteotomy areas of the non-
supplemented reconstructions, but only a thin
layer along both types of implants (Figure 5).
In both types of ABM-supplemented recon-
structions there was abundant “*Ca deposition
in the osteotomy areas and also along the im-
plants corresponding to newly formed bone.
There appeared to be some deposition in the
implants themselves. No difference in amount
and distribution of ¥*Ca could be demonstrated
between the two types of ABM-supplemented
reconstructions.

Histologic analysis disclosed no major differ-
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Figure 7. Nonsupplemented autoclaved reimplant with thin
layer of appositional new bone.

ences between the nonsupplemented recon-
structions. Both the autoclaved reimplants and
the allogeneic transplants appeared nonviable,
for no cell nuclei in the lacunae or any distinct
vessel structures could be demonstrated. An-
other common feature was resorption, which
appeared somewhat more pronounced in the
allogeneic transplants. Along both types of im-
plants there was a thin, irregular, appositional
layer of presumably new viable bone in intim-
ate contact with implant bone (Figure 7).
Histologic analysis of the ABM-supple-
mented reconstructions showed abundant new
bone around the implant areas. A thick layer
of appositional new bone in intimate contact
with implant bone (Figure 8) was consistently
found in both types of reconstructions. In the
junctional area, particularly in the allogeneic
reconstructions, new bone appeared to have re-

Figure 8. ABM-supplemented autoclaved reimplant showing
thickness of new appositional bone (N) in relation to cortex of
implant bone (1). Junction denoted by arrows.

Figure 9. ABM-supplemented allogeneic transplant. High
power magnification of junctional area (arrows) between new
appositional bone (N) and implant bone (1).

placed implant bone (Figure 9). Thus, the only
difference observed between the compared im-
plants was the degree of resorption, which ap-
peared somewhat more pronounced in the al-
logeneic transplants. The remainders of the
implants appeared to be nonviable in both
types of reconstructions.

All the specimens, regardless of whether
ABM-supplemented or not, were surrounded
by a highly vascular fibrous tissue of nonde-
generative type with a few areas of fatty nec-
rosis, but no signs of inflammatory reaction.

Discussion

Our study indicates that there is no decisive
difference between autoclaved autogeneic and
frozen allogeneic bone when used for recon-
struction of large skeletal defects; both types of
implants were found to be associated with poor
new bone formation and a high rate of non-
union. However, when supplemented with al-
logeneic bone matrix, the reconstructions exhi-
bited abundant new bone formation, and both
types of implants incorporated consistently.
Our findings indicate that enhancement of
new bone formation probably is more import-
ant than the type of nonviable bone graft cho-
sen for reconstruction.

The only variable showing a difference be-
tween autoclaved reimplants and allogeneic
transplants proved to be bone mineral content;
in the nonsupplemented implants the bone
mineral content was higher in the allogeneic
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grafts at 8 weeks postoperatively. This might
reflect an increase in bone mineral content of
the allogeneic transplants and/or a decrease in
the autoclaved reimplants. Whether the ob-
served difference solely at 8 weeks should be
attributed to true changes in the bone mineral
content of the implants or merely represents a
coincidental finding, in spite of statistical sig-
nificance, remains unclear. In the ABM-sup-
plemented implants, there was a consistently
higher bone mineral content in the autoclaved
reimplants compared with the allogeneic
transplants from 8 weeks and onwards. Note-
worthy, both types of implants showed a slow
decrease in bone mineral content during this
period. This indicates that resorption occurred
in both types of ABM-supplemented implants,
although at different rates. The reason for the
observed difference in resorption remains ob-
scure, but may be attributed to differences in
antigenicity of the compared implants and/or
physical effect of previous freezing and auto-
claving.

An important factor for the development of
the several nonunions in the nonsupplemented
reconstructions, apart from low osteogenic ac-
tivity, applies to the surgical technique. In a
previous study (Albrektson 1971) on internally
fixed allografts after subperiosteal resection of
ulnar segments in the rabbit, the rate of non-
union was only 10 per cent. Thus, it appears
that nonviable implants incorporate better if
recipient periosteum is preserved and the
grafts are properly stabilized. However, local
resection of bone tumors should include the
periosteum. In our study it was, therefore, re-
moved, which entails a significant loss of os-
teogenic tissue (Kirkup 1965). In spite of this
fact and deficient fixation, all ABM-supple-
mented implants incorporated.

There are reasons to believe that the combi-
nation of two grafts, i.e., a nonviable bone
specimen and a bone inductive substance, is
superior to either of the two for reconstructions
of skeletal defects. Merely substitution with al-
logeneic or autogeneic bone matrix without a
bone implant has been reported to be asso-
ciated with incomplete osseous bridging in 19
and 25 per cent, respectively (Tuli et al. 1978,
Wittbjer 1983). However, other experiments
applying an analogous principle to the one now

presented, i.e., a combination of a bone induc-
tive substance and a skeletal substitute using
surface decalcified allogeneic bone, have given
similar good results (Dubuc & Urist 1967,
Gupta & Tuli 1982, Urist et al. 1975, 1981).
Nonviable bone implants may be assumed to
play an important role as temporary stabilizers
and possibly also as primers for new bone for-
mation.

We conclude that autoclaved autogeneic and
frozen allogeneic bone are essentially equival-
ent as grafts. Addition of allogeneic bone ma-
trix seems to improve the incorporation of such
grafts. For reconstruction of large skeletal de-
fects, autoclaved autogeneic bone is simpler to
use and therefore appears preferable to allo-
geneic bone.
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