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Editorials

Bone and Tissue Banking: The Need and Scope
in India

Over the last decade, bone banking has become a highly sophisticated activity in
which international standards have been established to provide safe and effective
allografts. Bone and related soft tissue allografts are often required in orthopaedic
surgery, neurosurgery and maxillofacial surgery. In the USA alone, more than
200 000 bone and soft tissue transplants are performed annually. 1 The use of banked
bone is convenient for the surgeon and reduces operative trauma to the patients. It also
reduces blood loss and operative time and dispenses with donor site morbidity. In
patients who need large amounts of bone or in whom autologous bone has been
harvested previously, banked bone provides an almost unlimited supply of biological
reconstructive material. Banked bone is also useful when small amounts of bone are
needed and pain and scarring at the donor site might be greater than that at the recipient
site.

In orthopaedics, the main indications for the use of bone allografts are revision
arthroplasties of the hip and knee.' Over 5 million total hip replacements have been
performed worldwide and over 200 000 total hip replacements are performed
annually in the USA alone. About 10% of hip replacements being performed currently
are revisions. A majority of these patients need some type of bone allograft for
reconstruction. While anatomically-specific proximal femoral and acetabular allografts
are often required, the use of morsellized cancellous allografts has increased dramati-
cally following the success of impaction grafting in revision hip replacements.'
Excellent results have been reported after fresh osteochondral shell allograft trans-
plantation, for the treatment of large, full-thickness articular cartilage defects of the
knee.' Other indications in orthopaedic surgery include difficult and gap non-unions,
arthrodeses of the knee or spine,' difficult major primary fractures in osteoporotic
bones, a large bone cyst or residual bone defects after tumour excision+

Bone banks have been established with the aim of supplying suitable, safe and
sterile graft material. Bone and tissue allografts, just like blood transfusions, may
transmit infections from the donor to the recipient. Transmission of HIV, and hepatitis
Band C viruses has been reported with the use of femoral head allografts in primary
hip arthroplasties.' Recently, a case of HTLV transmission by bone allograft use has
been reported." Since bone allografting procedures are used during 'life-enhancing'
rather than 'life-saving' reconstruction, the risk of disease transmission is not accept-
able. This risk is minimized by comprehensive screening of donors and meticulous
care at all stages of retrieval, processing, storage and transplantation.

The clinical exclusion criteria for donors are old age (>80 years), malignant
neoplasms (except cutaneous malignancies), rheumatoid arthritis, previous intra-
articular injections, history of sepsis and long term steroid therapy. Other medical and
social factors which exclude donors are confinement in a prison or mental health
facility, use of street drugs or a homosexuallifesty le. Biochemical/serological exclu-
sion criteria are positive serology for HIV, hepatitis or syphilis. In 1991, the American
Association of Tissue Banking? recommended direct serological testing for AIDS
(HIV antigen by polymerase chain reaction, HIV 1 and 2 antibodies, HIV antigen),
hepatitis (hepatitis A antibody, hepatitis B surface antigen, hepatitis B core antibodies
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and hepatitis C antibody), HTL V 1-2 antibodies and rapid plasma reagin (RPR) or
fluorescent treponemal antibody (FfA) for syphilis." Autopsy of the cadaveric and
multi-organ donor is recommended routinely with a separate study of the lymph
nodes to rule out early infection with HIV. In addition, follow up studies of organ reci-
pients from the same donors (in case of multi-organ donors) are important. If a vital
organ recipient from a multi-organ donor were to be identified as having developed
any transmissible illness, bone from that donor is not released for clinical use.

Forliving femoral head donors, screening tests are repeated at 180 days (to rule out
seroconversion for HIV and hepatitis) and the allograft material is quarantined until
the results of re-testing are available. Since it is possible that the bone and tissue might
have been retrieved from donors infected with currently unrecognized, transmissible
diseases, many bone banks store serum from all donors for retrospective analysis.

After the obligatory screening procedures, bone banks proceed with the retrieval,
analysis, processing and storage of bone allografts. A standardized protocol has been
developed for the retrieval of allograft material from different donor sources.
Retrieval of material from live donors is performed at the time of routine orthopaedic
operations under aseptic precautions. It is important to obtain consent from donors for
donating allografts as well as undergoing re-testing for HIV and hepatitis at 180 days
to minimize the risk of disease transmission. In the case of cadaveric donors, bone
allografts must be procured as early as possible and definitely within 12 hours of death
of the donor, because after 12 hours there is a significant increase in the incidence of
bacterial contamination. Post-retrieval cadaveric reconstruction with wooden dowels
is vital for ethical and aesthetic purposes.

Analysis of the allograft segments is as stringent as the testing of donors. At the
time of retrieval, the surface of each segment of bone is swabbed and sent for culture.
Samples of the synovium, capsule and synovial fluid are sent for culture and histo-
pathological examination. A regional lymph node is removed for histological exam-
ination. A recent working party of the National Health and Medical Research Council
has recommended that a neurohistopathological analysis of cerebral tissues from
donors should be performed to look for signs of Creutzfeldt-Jakob disease.

It is not possible to microscopically assess the whole allograft segment for the
presence of disease. Though recent reports suggest that 8% of femoral head allografts
show evidence of disease, 10 histopathological examination is still not advocated rou-
tinely. An occult tumour or septic process may still be missed. A radiological analysis
of all allograft segments can be added to increase the margin of safety.

All retrieved allograft segments are quarantined until the results from the micro-
biological, histopathological, serological and biochemical tests are available.

Processing of bone allografts depends on the storage protocols and their ultimate
use. Fresh allografts are used for osteochondral allografting but have to be implanted
without waiting for the results of culture and tests for late seroconversion for HIV.
Also, the 3-6-month period for assessing the recipients of other solid organs retrieved
from the same donor is not available prior to transplantation. Fresh frozen allografts
are harvested and processed by first washing away blood and marrow elements as
completely as possible and then by storing the sterile bone grafts at very low tempera-
tures ranging from -20°C to -170°C (usually -70°C to -80 0C). The main advantage
of a frozen graft is the simplicity of its preparation for storage. Once thawed, the
allograft has the same handling qualities as fresh bone. Freezing does not adversely
affect the strength of the allograft and also reduces the immunogenicity." Frozen
bone retains a high axial load-bearing strength and can bear light loads in addition to
filling gaps. The main disadvantage is the need to keep the graft continuously frozen
at low temperatures. Freezers must be continuously monitored to avoid inadvertent
thawing and spoilage of grafts. Freezing alone does not destroy all viruses and
bacteria (especially spore formers) and secondary sterilization should be done.

Freeze-dried bone involves removal of water from the frozen tissue by sublima-
tion in vacuum. It has the distinct advantage of storage at room temperature, easy
transportation and a long shelf-life. However, their processing is time-consuming,
expensive and laborious. Also, the allograft has to be reconstituted at the time of
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surgery and this process takes time. Freeze-dried bone tends to become brittle and
thus may have limited applications due to reduced and altered mechanical properties.

Demineralizedbone is chemosterilized, antigen-extracted, surface-demineralized,
autolysed-allogeneic (AAA) bone prepared from diaphyseal cortical bone. It lacks
structural strength and has a high rate of resorption after grafting. Therefore, it has
limited applications.

In view of the high rates of contamination of bone allografts, secondary steriliza-
tion is extremely important to reduce the risk of disease transmission. Gamma
irradiation of allograft bone with 25 Gy from a cobalt-60 source is a recognized prac-
tice in bone banks all over the world. Recent reports have suggested that irradiating
the allograft bone at low temperatures (-78°C) causes less alteration in the mechani-
cal properties of the allograft by causing less collagen damage." Ethylene oxide
sterilization can also be used but the risk of subsequent elution of the agent from the
allograft segment has rendered this method unpopular.

Once sterilized, the allograft segments are stored. Most banks store fresh frozen
bone in deep freezers at -70°C to -80 "C.These bone allografts have to be transported
in specially sealed styrofoam containers packed with dry ice.

Record-keeping is mandatory in bone banks for medical and legal purposes.
Records of individual donor screening tests are maintained and kept on file. The
movement of each allograft segment during the course of processing is recorded to
eliminate the risk of dispersal of inadequately processed or unsuitable allograft
material. Recipient records are equally important and review of recipient case records
allows the allograft performance to be studied. A confidential linkage should be main-
tained between the banked bone and the identity of the donor. Regular random
cultures are obtained at 6-month intervals from the freezer. This eliminates the risk
of contamination during storage. An additional precaution is to swab the surface of
the allograft at the time of use.

The assessment of the utilization rates of allografts can help in determining the
requirement for specific types of allograft and the cost-effectiveness of the pro-
gramme.

Bone banking: The Indian perspective
In India, bone and tissue banking has been carried out largely in an unorganized
manner. However, in view of the potential for transmission of life-threatening
diseases, the storage of femoral heads in the operation theatre complex freezer with
subsequent transplantation without appropriate testing is no longer acceptable. Bone
banking today is a highly sophisticated, carefully regulated professional programme.
The principles of practice and guidelines for operation have been published by the
American Association of Tissue Banks? and the European Association of Tissue
Banks." As we move into the next millennium with our population of one billion
citizens, the need for safe and efficient bone banks cannot be overstated.

Establishing a bone bank for storing deep-frozen bone is not expensive. The
recurring costs are primarily those of the screening tests for donors. The setting up of
an institutional bone bank in a major hospital of a metropolitan city could be the start
of such a programme. This bone bank could coordinate with satellite hospitals in the
city for retrieval and collection of allograft bone from the femoral head, during hemi-
arthroplasty or total hip arthroplasty. While it is not necessary to have more than one
bone bank within the same city, the aim should be to have one in every city.

The parent bone bank could then be upgraded to a regional or national level bank
with specialized facilities for processing (such as freeze-drying) allografts from all
over the country. Arrangements could be made to transport processed bone from this
bank to other parts of the country which do not have bone bank facilities. Such an
institution could be the nodal point for training manpower in techniques of efficient
and safe bone banking.

The establishment of bone banking facilities in India is likely to be fraught with
difficulties. Organ donation is not yet popular in India and most people (including a
large number of medical personnel) have no idea about bone banking. This is further
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complicated by the fact that the body in the majority of cases is cremated and there
is a ritual of collecting the ashes for dispersal in holy rivers. Also, an autopsy of the
donor, considered vital to prevent transmission of disease, is for most people akin to
mutilating the body. Thus, the most important step in solving these problems remains
education of the masses. Public awareness, created with the help of various social and
non-governmental organizations, would go a long way in encouraging people to
donate bones as well as other organs. Above all, once the use of bone and tissue allo-
grafts is started, their success will inspire confidence in physicians and patients about
the safety and utility of these allografts.

In conclusion, the key factors in the initiation of the bone banking programme in
India will be the establishment of facilities, availability of technical know-how,
education of the masses to dispel their myths and fears, and training of personnel in
various aspects of the complex and intricate process of bone banking.
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Caesarean Section on the Rise
The unexpected finding by Pai et al. that 45% of a group of well educated women in
urban Chennai had been delivered by Caesarean section (CS) gives cause for
concern.' If this observation is confirmed by other studies or scrutiny of routinely
collected hospital or government statistics, India will join the majority of the western
world in having an unjustifiably high rate of CS.

In England and Wales, for example, birth trauma as a cause of death for term babies
had virtually disappeared by 1970 when the CS rate was 4.8%. In Great Britain,
obstetricians surveyed in 1990 most commonly cited fear of litigation and improved
survival of preterm babies as the reasons for the rise in CS rate to its level of 12% in
1989. The former cannot be justified ethically and the latter showed a skewed percep-
tion of the causes for the rise which related to greater use of CS in term babies.'


