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ncorporation of Impacted Morselized Bone Allografts in Rabbits

. Judas, M.H. Figueiredo, A.M.S. Cabrita, and A. Proença

ABSTRACT

Morselized bone allografts have been used for the treatment of bone stock loss in
orthopedic revision surgery with encouraging results. However, several parameters can
influence the graft incorporation including the processing treatments. This experimental
work used a cavitary bone defect in 90 rabbits to evaluate the sequence of incorporation
of three different kinds of morselized bone allografts: uncryopreserved cancellous bone,
freeze-dried cancellous bone, and totally demineralized cortical bone each of which were
prepared in accordance with our rigid protocol. Revascularization and remodeling of the
transplanted bone grafts were evident upon histological evaluation. Bone apposition and
bone resorption resulted in a mixture of graft and new bone. Mineralized cancellous grafts
showed great osteoconductive capacity, whereas demineralized cortical grafts showed an
intense osteoinductive capacity and a weak osteoconductive capacity. In a general
evaluation, cryopreserved cancellous bone grafts showed superior biological efficacy for
reconstruction of experimental bone defects, closely followed by freeze-dried cancellous
bone grafts, and, finally, by demineralized cortical bone grafts. These results validate our

protocol for the processing and preservation of these three kinds of bone grafts.
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ONE STOCK LOSS is the main problem for revision
surgery of a failed total hip prosthesis. In our institu-

ion, impacted morselized bone allografts are frequently
sed in conjunction with a roof reinforcement ring for
cetabular reconstruction and a cementless stem on the
emoral side, even in large cavitary defects. Initially, these
efects were filled with bone cement but it soon became
lear that the failure rate of this technique was unaccept-
bly high. Although the reconstruction of the osteolyses
nduced by aseptic loosening of hip prosthesis with im-
acted morselized cancellous allografts had demonstrated
atisfactory results,1–4 controversy still exists about the best
pproach to these bone stock deficiencies. It is recognized
hat, in addition to the surgical technique, the methods of
one allograft processing, preservation, and sterilization
an alter both its initial physical and chemical properties
nd their immune response, as well as endanger the me-
hanical stability of the surgical reconstruction,5 concomi-
antly influencing the biological behavior of the allografts.

This study evaluated the incorporation sequence of three
ifferent kinds of morselized bone allografts—cryopre-
erved cancellous bone, freeze-dried cancellous bone, and
otally demineralized cortical bone—prepared in accor-
ance with our current protocol. An experimental model
as developed using a cavitary bone defect in rabbits. The
mpacted bone allografts were placed into the cancellous g
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one of the rabbit knee under mechanical stability condi-
ions.

ATERIALS AND METHODS
reparation of Graft Material

ll bone grafts were harvested from donor Californian rabbits
sing standard aseptic techniques. The cancellous bone was har-
ested from the femoral and tibial condyles, treated in 70% ethanol
nd hydrogen peroxide solutions, and stored in liquid nitrogen for
t least 2 weeks. The freeze-dried allografts underwent a comple-
entary sterilization procedure using gamma rays (25-kGy dose).
he cortical diaphyseal femoral bone was demineralized at room

emperature in a 2.4 N HCl solution (for 48 hours), defatted in a
exachlophene-ethanol solution, and preserved in a 0.5% formal-
ehyde solution at 4°C. The grafts were cut into small bone chips
morselization) yielding cancellous chips of size 200 to 400 �m, and
ortical chips of size 700 to 800 �m.
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IMPACTED MORSELIZED BONE ALLOGRAFTS 2803
rafting Method

inety Californian 9-month-old male rabbits (of body weight 3400
0039 kg) underwent graft impaction into a bone defect (diame-

er, 6 mm; depth, 14 mm) in the medial condyle of the right femur,
nder general anesthesia and aseptic conditions. The opposite side
as used for the control. Animals were divided into three groups of
0 animals each: group I—cryopreserved cancellous bone; group
I—freeze-dried cancellous bone; and group III—totally deminer-
lized cortical bone. The animals in each group were subgrouped as
0 animals, sacrificed at the end of anesthesia and day 15 (subgroup
); on day 30 (subgroup B); or on day 60 (subgroup C). Animals
ere maintained according to the laws of animal welfare.
The distal extremity of the femur was submitted to histological

valuation, using the methods developed by Schenk,6 of hematox-
lin-eosin and of trichrome Masson staining. Statistical analyses
ere performed with Student t test, using a commercial software
ackage (Excel program, Statview 4.1).

ESULTS

he results were evaluated as a function of the postopera-
ive time: 15, 30 or 60 days. Histomorphological studies of
oth decalcified and undecalcified material showed the
evascularization process and apposition of new host bone
n the fragments of the three kinds of grafts. None of the
rafts showed the presence of a fibrosis capsule or biolog-
cal intolerance reactions. The three kinds of bone grafts
ere incorporated. New bone formed by creeping substitu-

ion of bone grafts as well as endochondral and intramem-
ranous processes. Intramembranous ossification was the
ain mechanism of osteogenesis in all groups. On the other

and, neither collection nor infiltration of lymphocytes, or
f small round cells, was found in any of the defects filled
ith the bone grafts. In contrast control defects showed
one formation with great amount of fibrous tissue at
ostoperative day 60.
Cryopreserved cancellous bone grafts were almost totally

evascularized and replaced by new host living bone.
reeze-dried cancellous bone grafts showed similar biolog-

cal behavior to cryopreserved cancellous bone grafts. How-
ver, the former showed a slower, less complete incorpora-
ion. A less extensive, more prolonged process of
ncorporation was observed in demineralized cortical bone
rafts compared to mineralized cancellous bone grafts.
ineralized cancellous grafts showed great osteoconduc-

ive capacity, whereas demineralized cortical grafts revealed
n intense osteoinductive capacity and a weak osteoconduc-
ive capacity.

In a general evaluation, cryopreserved cancellous bone
rafts showed superior biological efficacy for reconstruction
f an experimental bone defect, closely followed by freeze-
ried cancellous bone grafts, and, finally, by demineralized
ortical bone grafts. In all groups, the biological events
elated to the incorporation of bone allografts were not
omplete at the end of the experimentation. The deminer-
lized cortical bone graft group showed the presence of

umerous incompletely remodeled graft fragments. s
ISCUSSION

he validity of the impaction allografting technique has
een demonstrated previously by histological and mechan-

cal criteria. Histologically, grafted bone chips were shown
o be replaced by host bone in human retrieval studies and
nimal experiments. The mechanical properties of mor-
elized cancellous allografts themselves have also been
eported.3,4 On the other hand, processing treatments are
aramount to incorporation of the bone grafts.1

The three kinds of bone grafts used in this experimental
tudy were revascularized and incorporated, meaning that
he grafts were surrounded by living tissue, with new bone
ormation on the graft, which does not necessarily have to
e totally resorbed. Mineralized cancellous grafts showed
reat osteoconductive capacity, whereas demineralized cor-
ical grafts presented an intense osteoinductive capacity and

weak osteoconductive capacity. Previous studies have
een shown that mineralized cancellous bone graft, as
ompared to demineralized cortical bone, not only reveal a
igher porosity but also a wider pore size distribution,
hich is much more favourable for early bone regenera-

ion.8 On the other hand, the production of a large fracture
urface area, by microfracturing the bone during morseliza-
ion, they expose the bone matrix to surrounding tissues9

nd the impaction technique release bone growth factors
rom the cancellous bone graft.

Urist and Peltier10 demonstrated that demineralized
one matrix placed into subcutaneous or intramuscular
ites induced new bone formation. Processing methods for
his matrix influence its osteoinductive performance. Hy-
rochloric acid (0.5 to 0.6 N) is the most commonly used
emineralizing agent.11–13 In this study, 2.4 N HCl solution
id not influence the DBM osteoinductive properties in a
rthotropic situation.
On the other hand, no collection or infiltration of lym-

hocytes, or of small round cells, characteristic of an
mmune response, was observed in any defect filled with
one grafts, leading to the assumption that the phenomena
f graft rejection did not influence the biological behavior
f bone grafts. Neither surviving cells nor bone marrow
ere present in these grafts. The major source of antigens

n a bone graft is the cellular elements.14

One limitation of this study is that there was no direct
oading of grafts. However, the sequence of histological
vents that occurred in our specimens was identical to that
bserved in the process of incorporation of impacted mor-
elized allografts in loaded animal studies. Schreurs et al15

eported that loads play a minor role during the initial
hase of graft incorporation. Other factors related to the
rauma induced by surgery or the immunological conditions
re much more important.

Histomorphological findings of this study showed cryo-
reserved morselized cancellous bone grafts to have a
uperior biological efficacy for reconstruction of experimen-
al bone defects, closely followed by freeze-dried mor-

elized cancellous bone grafts and, finally, by demineralized
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orselized bone grafts. These results validate our protocol
or the processing and preservation of these three kinds of
one grafts.7
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