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APPLICATION OF FRESH-FROZEN ALLOGRAFTS
IN ORTHOPEDICS

Abstract. At present, bone grafts are widely used in traumatology and orthopedics to replace bone defects, and
there is no doubt that this method is effective. The basic orthopedic directions requiring the involvement of bone
grafts are revision and complex endoprosthetics of large joints, oncortopedia. The requirements for the materials
used are quite high, among them the following can be distinguished: the material used should not only physically fill
the bone volume, but also possess osteoinductive properties, while the possibility of transmission of infectious
diseases must be excluded. The ideal material that is accepted as the "gold standard" is autograft, but due to certain
conditions its use is limited and various methods of allotransplantation are now being widely introduced.
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Bone transplantation is the main method of treating bone tissue defects caused by tumors, traumas,
and the consequences of arthroplasty [1, 2]. The "gold standard" for plastics is naturally autografts since
its osteogenic, osteoconductive and osteoinductive properties for a particular individual are perfect [3, 4].
However, for the use of autologous materials there are a number of constraints, so, in the case of bone, the
amount of autograft required for implantation is much larger than the amount of possible sampling [5].
The second, but less restrictive factor is the fact that the graft harvesting is another surgical intervention
with a subsequent pain syndrome, an increase in the time of intervention, and possible complications [6-8].

Currently, in connection with the increase in the proportion of orthopedic interventions of a revision
nature (especially arthroplasty), when there is a deficit of bone tissue, researchers began to pay closer
attention to the development of such an orthopedic industry as orthobiology. Biologists together with
orthopedists study the behavior of tissues after implantation of various grafts, develop new materials for
implantation, develop new methods for inducing integration processes, etc. Thus, alternative orthopedic
materials of allogeneic, xenogeneic or synthetic origin are currently available to orthopedic clinicians
[3.9].

The use of allografts is a competitive alternative to autografts. The first allograft was applied in 1889
by the Scottish surgeon, who successfully compensated for the defect of the humerus with the tibial
allograft in a 4-year-old boy suffering from rickets [10]. Later experience with the use of allografts
expanded, which led to the appearance in the United States in 1949, the first tissue bank [11]. At present,
there is a significant increase in interest in bone tissue allotransplantation, which leads to the appearance
of bone banks in many countries of the world [12].
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The main properties that characterize bone grafts are the following. Osteogenesis is the ability to
trigger bone formation in the presence of living osteoprogenic cells, osteoblasts and stromal cells. Osteo-
inductivity is the ability to induce the differentiation of mesenchymal cells into cells that produce bone
under the influence of growth factors. Osteoconductivity is the potential ability to provide structures
through which vessels and bone-forming cells can migrate to form bone and structural integrity — the
strength of the graft and its resistance to torsion and deformation, which are maximally affected by the
cortical portion of the graft. Integration is the ability of the graft to integrate and become one with the
host's bone and depends on osteogenesis, osteoinductivity and osteoconductivity.

All the proposed materials support bone regeneration due to osteoconduction, but allografts have a
relatively high regenerative potential [4, 13].

Preparation of allografts is a complex, multi-stage processing process aimed at cleaning tissues from
potential immunogenic components and preventing the transmission of infections. By the method of
processing of the allogeneic bone, there are physical and physicochemical methods [14]. Physical
handling allografts include world-wide heat treatment groups (the Maros Telos bone bank system), fresh
frozen and cryopreserved bone [15, 16]. These materials are frozen (below —20 °C) (heat-treated bone),
irradiated (freshly frozen bone) or exposed to cryoprotective agents (dimethyl sulfoxide or glycerol) and
stored at a temperature of about —196 °C (cryopreserved bone). In a freshly frozen and cryopreserved
bone, viable cells can be found, which is even the goal for cryopreservation [15].

Some of the allogenic osteoplastic materials release cells chemically, exposing the bone to several
stages of cleansing and chemical treatment (table).

Chemical agents used to purify the bone from cells of various allogeneic bone-plastic materials

Allografts Chemical agents used

Puros Allograft, Tutoplast® Spongiosablock [17] | Hydrogen peroxide, NaOH, ethanol, acetone

DIZG-bone blocks [18] Peracetic acid is ethanol
C + TBA-bone blocks, Maxgraft® [19] Diethyl ether, ethanol, hydrogen peroxide
TBF-bone blocks Ethanol, chloroform, hydrogen peroxide, sodium hypochlorite

The final drying process, which ensures the long-term storage of bone blocks at room temperature, is
carried out by evaporation of acetone (Puros Allograft, Tutoplast® Spongiosablock), this type of material
is referred to in the literature as solvent-doped bone allografts (SDBA) or freeze-dried (all other
producers) which are often referred to in the literature as freeze-dried bone allografts (FDBA) [20, 21]. In
general, all these materials are classified as mineralized bone allografts (MBA) [22].

The whole process of purification aims to create bone-plastic material that will act as an osteo-
conductive matrix with optimal physico-chemical characteristics without immunogenic properties. It is of
fundamental importance that, after processing, allogeneic bone-plastic materials undergo a check for the
preservation of physical properties and safety.

The Research Institute of Traumatology and Orthopedics has extensive experience in the use of
native, fresh-frozen allografts, and the local bone bank has been operating since October 2007. When
creating a bone bank, we were guided by the recommendations of the American Association of Tissue
Banks (AATB). The main supplier and user of this bank is the Republican Center for Endoprosthetics at
the Research Institute of Traumatology and Orthopedics.

The literature describes the high efficiency of frozen allografts [23]. The intake of freshly frozen
allografts is carried out under aseptic conditions from the corpse or from the living persons (the head of
the femur with joint replacement). A necessary condition is a six-month bone quarantine [24], without the
need for additional bone processing, all osteoinductive proteins remain [25].

Freshly frozen bone is then available in the form of spongy, cortical-spongy or cortical granules, as well
as in the form of chips. Immediately after thawing, the allograft restores the properties of fresh bone [23].

The advantages of this method include the convenience for the surgeon, reducing the operative
trauma for the patient, virtually unlimited bone volume, reducing intraoperative blood loss, the absence of
pain in the donor site, and reducing the time of surgery [23, 25].
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One of the main concerns with the use of transplants of this group is the possibility of transmission of
infectious diseases, of which the most significant HIV infection and viral hepatitis [26]. However, the
instructions developed by the bone bank to select patients, store tissues, maintain documentation guaran-
tee the safety of allogeneity [27, 28]. Another concern is the antigenicity of allogeneity, but it is proved
that when the bone is frozen below -20° C, this risk is significantly reduced [8].

Man W.Y. and colleagues [29] provide information on the positive long-term (14 years) application
of this type of allografts. Storage at low temperatures and compliance with the rules of freezing and
thawing also reduces immunogenicity, which is due to the destruction of antigen-presenting cells in
intertrabecular spaces. The main advantage of freshly frozen allografts treated, in comparison with
allogeneic bone-plastic materials, is better preservation of the biological and physico-mechanical
properties inherent in normal bone [30].

D.J. Costain [31] carried out a comparative study of the use of freshly frozen allotransplants. So, it
turned out that this type of allografts possesses high strength characteristics, is resistant to bending, is
characterized by high fatigue strength, while frost does not affect the differentiation of osteoblasts, which
positively affects the processes of osseointegration. However, the authors also point to the need for further
in-depth study of the use of allografts.

The process of material for allotransplantation begins with an assessment of the head of the femur by
the orthopedist based on the radiographic and computed tomography (CT) data before the fence. This is
done in order to elicit factors that can adversely affect the quality of the bone, for example, foci of lysis,
cystic sclerotic processes and stop the procurement process at an early stage. There is an anamnesis and
serological tests are performed to exclude HIV, HBV, HCV and syphilis from the donor. Only after
receiving negative results of all these analyzes, fetus and further bone processing are allowed. Of the 970
we collected from 2007 to 2013, the head of the femur was suitable for use were 402 heads.
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Figure 1 — Clinical example.
A — aseptic instability of the acetabular component of the endoprosthesis with the central dislocation of the acetabular
component of the endoprosthesis.
B is the long-term result of revascular endoprosthetics with alloplasty of the bottom of whirlpool vapdina with freshly
frozen allograft.
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Figure 2 — Clinical example.
A — X-ray of the right femur in 2 projections is a giant cell tumor of the proximal femur.
B — a distant result of removing the formation of the proximal femur, the plasticity of the freshfrozen allograft, the
preventive blocking osteosynthesis of the femur.







