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Abstract

Several virus inactivation procedures like heat treatment, gamma irradiation and chemical sterilization are used to increase the
safety of bone tissue transplants. In this study we present data on the virus-inactivating effect of heat disinfection on human femoral
heads, using the Marburg bone bank system ‘Lobator sd-2'. Three enveloped viruses (human immunodeficiency virus type 2
[HIV-2], bovine viral diarrhoea virus as a model for Hepatitis C virus [HCV], and the herpesvirus pscudorabies virus), and three
non-enveloped viruses (hepatitis A virus, poliomyelitis virus, and bovine parvovirus) were investigated.

In a model system the central part of human femoral heads was contaminated with the respective cell-free virus suspension,
establishing a direct contact between virus and native bone tissue. The core temperature in the femoral heads during the sterilization
process was determined in additional model experiments. A temperature of 82.5 °C, given by the manufacturer as the effective
temperature for virus inactivation, was maintained for at least 15 min in decartilaged femoral heads with a diameter of <56 mm.
Heat treatment using the Lobator sd-2 inactivated all viruses in human femoral heads below the detection limit (at least by a factor
of 24 log,,).

By combining a well-focussed anamnesis of the donors and serological testing for relevant infection markers (anti-HIV-1/2,
HBsAg, anti-HBcore, anti-HCV, TPHA) with heat treatment of femoral heads in the Lobator sd-2 system, a high safety level is
achieved. To further increase virus safety of cadaveric bone transplants, it is recommended that multi-organ donors are tested by
nucleic acid testing (i.e. polymerase chain reaction) for HIV, HBV and HCV genome.
© 2003 The International Association for Biologicals. Published by Elsevier Science Ltd. All rights reserved.

Keywords: Bone tissue transplants; Transplantation safety; Virus inactivation; Thermal disinfection; Lobator system

1. Introduction struction after extensive tumour resection. In Germany
71,000 autologous and 25,000 allogeneic bone transplan-
tations are performed each year with an additional need

for approximately 18,000 transplants [1]. In the USA the

In spite of increasing efforts to develop alternative
materials and procedures, allogeneic bone transplan-

tation remains an indispensable tool for reconstructing
extensive bone defects. Bone transplants are particularly
used in surgery to exchange endoprostheses in the hip
joint, in operations of the spinal column and for recon-

* Corresponding author. Tel.: +49-30-450-525161; fax:
+49-30-450-525976
E-mail address: axel.pruss@charite.de (A. Pruss).

number of allogeneic bone grafts implanted amounts to
between 300,000 and 400,000 per year [2].

In addition to clinical or functional aspects, the risk
of transmitting pathogens via the transplant is of major
concern [3,4]. Transmission of viruses and of microbial
pathogens by bone tissue has been reported [5,6]. How-
ever, there are no reports on the transmission of
agents inducing TSEs like Creutzfeldt-Jakob disease by

1045-1056/03/$30.00 © 2003 The International Association for Biologicals. Published by Elsevier Science Ltd. All rights reserved.
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76

allogeneic bone transplants, implying an extremely low
risk for the transmission of TSE agents via bone tissue
[7].

As starting material for the production of bone
transplants human bone tissues are collected from ex-
tremity bones like femoral head and tibial plateau,
vertebral body and Os ilium. Femoral heads are
especially suitable for correction of malpositions as well
as for individual adaptation of transplants in endo-
prosthetic surgery, because they can be fitted perfectly in
size and shape, providing solid support.

Special requirements must be met to provide
pathogen-free tissue. In addition to their reconstitutive
efficacy, a central issue in quality assessment must be the
validation of the disinfection or sterilization of the
tissues. According to the guidelines for managing bone
banks by the Bundesidrztekammer (German Medical
Association), only allogeneic bones or bone-derived
materials subjected to validated inactivation procedures
can be used for transplantation in cases where no
testing of the donor is possible after a sufficiently long
quarantine [8].

At present, several procedures for the inactivation of
viruses such as heat treatment [9,10], gamma irradiation
[11,12], and peracetic acid—ethanol treatment [13-15] are
used in the production of bone tissue transplants. In
Germany a common method used is heat treatment
of femoral heads in the Lobator sd-2 system (telos,
Marburg, Germany). In contrast to other pathogen-
reducing treatment, thermophysical disinfection pre-
serves favourable biological properties of the bone
[10,16]. Although previous validation studies of the
procedure have met the requirements of national and
international standards [10,17-21], systematic investiga-
tions of the disinfection capacity of the Lobator sd-2
system are lacking.

It was the aim of this investigation to validate the
virus-inactivating effect of the Lobator sd-2 system,
using virus-contaminated human femoral heads. We
developed a model system for the validation of the
inactivation procedure, imitating in vivo conditions. The
centre of human femoral heads was contaminated with a
high-titre cell-free virus suspension, establishing a direct
contact between virus and bone. This was of special
interest since in previous investigations PCR tubes con-
taining the virus suspension have been placed into the
centre of the femoral head. In such a model system it is
not possible to determine the influence of blood and
bone components on virus stability [22].

2. Material and methods
2.1. Viruses

The selection of viruses was made according to the
recommendations of the Paul-Ehrlich-Institut and the
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Bundesinstitut fiir Arzneimittel und Medizinprodukte
{17]. The following viruses were investigated.

2.1.1. Enveloped viruses

Human immunodeficiency virus type 2 (HIV-2),
ssRNA, Retroviridae, isolate SBL6669—propagated
and titrated in Molt 4 clone 8 cells. This virus is a model
for HIV-1. It is classified as having a low resistance
against physico-chemical treatment and is inactivated at
60 °C [19,20,22].

Bovine viral diarrhoea virus (BVDV), ssRNA,
Flaviviridae, strain Ug 59/Denmark as model virus for
hepatitis C virus (HCV)—-BVDYV was grown in foetal
calf cells. BVDV and HCV both belong to the Flavi-
viridae and have comparable physico-chemical proper-
ties (personal communication Central Laboratory of the
Netherlands, Transfusion Service, Department Clinical
Viro-Immunology [CLB] and Ref. [19]).

Pscudorabies virus (PRV; Aujeszky’s disease virus of
swine), dsDNA, Herpesviridae, strain Bartha—grown in
mink lung cells. PRV is used as a model for human
herpesviruses. It is considered to be moderately resistant
to heat treatment [19].

2.1.2. Non-enveloped viruses

Hepatitis A virus (HAV), ssRNA, Picornaviridae,
strain HM 175cyt-—grown in embryonal rhesus monkey
kidney cells, CRL 1688. HAV is considered to be highly
resistant to heat treatment [19].

Poliomyelitis virus type 1 (PV-1), ssRNA, Picorna-
viridae, vaccine strain PI 18—grown in human lung
cells. PV-1 is considered to be moderately resistant to
heat treatment [19]. After 30 min at 60 °C complete
inactivation has been demonstrated [22].

Bovine parvovirus (BPV), ssDNA, Parvoviridae—
BPV is a small virus (about 20 nm) with icosaedral
symmetry. It can be grown in calf lung cells and is widely
accepted as a model for human parvovirus B19 because
of its very high resistance to heat (personal communica-
tion CLB, The Netherlands and Ref. [19]).

2.2. Cell culturing and virus titration

Cell culturing as well as virus propagation and virus
titration were performed in a laminar airflow safety
cabinet essentially as described elsewhere [13,23].

2.3. Bone material {femoral heads)

The preparation of the femoral heads used in the
present validation studies followed the procedures rou-
tinely used for the production of medicinal preducts at
the bone bank of the university clinic Charité (Berlin,
Germany). The bone donors were negative for HIV-1/2,
HCV, HBsAg and TPHA in serological testing. The
femoral heads generally had a diameter of 55+ 1 mm
and were stored at — 70 °C until use.
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Fig. 1. Schematic drawing of the femoral head prepared for the
validation study.

Human femoral heads were removed from the freezer
(—70 °C) and thawed in double-distilled water at 20 °C.
The tissue was inspected for visible damage, especially
for necroses. Intact tissue was decartilaged, i.e. cartilage
was manually removed by means of scalpel and bone
rasp or carlilage milling cutter (Aesculap, Tuitlingen,
Germany). To prepare the bone tissue for the validation
of the heat treatment, it was processed as shown
schematically in Fig. 1.

Through the centre of the decartilaged human femo-
ral head, starting at the sagittal plane of the femoral
head, a bone cylinder (@ 15 mm) was sawed by means
of a keyhole saw under constant cooling. The resulting
channel through the femoral head was widened to a
diameter of 17mm to fit in a 15ml polypropylene
centrifuge tube with an outer diameter of 17 mum and an
mner diameter of 15 mm (Nunc, Wiesbaden, Germany).
The bottom part of the 120 mm long tube was cut off to
fit the length of the channel. At one end of the bone
cylinder a 5 mm disc was sawed off and used later as lid.
Into the remaining cylinder a central hole with a length
of 45 mm was drilled (diameter 6 mm), while a bottom
plane of 5 mm remained intact. The drillhole served as
. container for virus suspensions. For technical reasons,
permitting the further processing of the bone cylinder in
the Omni-Mixer (type OM, Ivan Sorvall Inc., Norwalk,
CT), the cylinder was sliced into discs of around 5 mm
thickness.

The open bottom end of the polypropylene tube was
closed tightly with a rubber plug which was sealed and
fixed with Palacos-R bone cement (Heraeus Kulzer,
Wehrheim, Germany). Then the unpierced part of the
bone cylinder and the pierced cylinder disks were placed
into the tube. After the drillhole was filled with 1 ml of
the respective virus suspension, the bone lid was placed
on top. Finally the tube cap was screwed onto the tube.
The femoral head thus prepared for the experiments
was placed into the sterile container of the Lobator sd-2
and heat treated according to the manufacturer’s in-
structions (see below) in Ringer’s solution (B. Braun,
Melsungen, Germany). After the cooling phase the virus
suspension was harvested from the drilthole under sterile
conditions and the virus titre determined. The central
bone cylinder as well as the suspension remaining in the
tube were collected, 9 ml of cell culture medium were
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ig. 2. Marburg bone bank system Lobator sd-2.

added and the bones in the medium were homogenized
in a sterile stainless steel container of an Omni mixer in
an ice-water bath at 1500 U/min. After centrifugation of
the mixture (4 °C, 3000 xg) the virus titres in the
supernatant as well as in the suspension from the bone
pellet were determined. '

2.4. Lobator sd-2 system

This device was developed by telos H+V GmbH,
Marburg, Germany, for thermal disinfection of allo-
geneic femoral heads for internal use in clinics (see
Fig. 2).

The temperature gradients (heating phase, plateau,
cooling phase) in the incubation device are programmed
by the manufacturer and cannot be altered by the user.
According to the manufacturer, a temperature of
82.5°C for at least 15min is reached in the centre
of femoral heads with a diameter of <56 mm. For
technical details of the calibration and validation of
the device, see documentation of the manufacturer
(http:/fwww telosl.de).

2.5. Evaluation of temperature kinetics by determining
the core temperature in the femoral heads

To verify that the required core temperature and
holding time were achieved, three additional experimen-
tal approaches were taken: native femoral heads (I),
femoral heads with the cartilage removed (II) and the
model system for the validation of virus inactivation
(1IT; see Table 3). Starting at the onset of the Ligamen-
tum capitis femoris (native or decartilaged), a canal with
a diameter of 0.5 mm was drilled, ending in the centre of
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Table 1
PDetermination of temperature kinetics in the femoeral heads

A. Pruss er al. [ Biologicals 31 (2003) 75-82

Diameter of the femoral heads (mm) Duration of incubation at >82.5 °C

Peak temperature Time necessary to reach 82.5 °C (min}

(min) ]
I: native
52 26 85.7 53
53 20 84.7 54
61 -8 81.5° =8
II: decartilaged
51 31 88.3 48
52 32 86.2 49
53 29 87.2 46
53 24 85.7 53
54 21 84.7 53
54 23 84.6 54
56 24 85.3 5
61 15 83.8 64
HI: model system
51 23 85.3 57
53 21 84.7 55
53 19 84.2 56
55 28 85.9 50
56 ) 20 83.8 59
58 18 85.4 56
61 10 82.8 61

® Required temperature was not reached.

the femoral head (i.e. for a femoral head with 55 mm @&:
0.5x27.5mm). A temperature sensor measuring at its
tip was inserted, allowing only the central temperature
to be recorded (T430-2L050, measuring from —40 to
+500 °C, resolution/accuracy 0.5K; Therm 2281-8,
Ahlborn Mess- und Regelungstechnik, Holzkirchen,
Germany). The sensor was fixed in the bone at the
central position (i.e. in the example mentioned at
27.5mm) with Palacos-R bone cement (Heraeus
Kulzer). The wire of the temperature sensor was run
through the screw-type cap of the disinfection container.
The heat treatment in the polypropylene disinfection
vessel followed the procedure described for the treat-
ment of femoral heads. Temperature was recorded
manually per minute and entered in a computer pro-
gramme (off-line version 4.32/D0S-7.10, DEMA-soft
GmbH, Holzkirchen, Germany).

3. Results
3.1. Core temperature measurements

The starting temperature within the femoral head
ranged between 24 and 26 °C. It could be shown that
the respective diameter as well as the type of manipula-
tion played a role in the kinetics of the core temperature
during the heating of the device (Table 1). Furthermore,
difference in heat conductivity of individual bone tissues
might influence the required heating time and the height
of the peak temperature. As expected, the polypropylene
tube inserted into the bone tissue in the model system
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had a retarding effect on the temperature kinetics as well
as on the peak temperature achieved in the centre of the
femoral head. However, in all experiments evaluating
the virus model system (Table 1, IIT) with femoral heads
ranging in diameter between 51 and 56 mm the tempera-
ture of >82.5 °C as well as the incubation time of at
least 15 min were achieved.

In Fig. 3 the temperature kinetics in femoral heads with
diameters of 51, 53 and 56 mm, respectively, are given.
Despite a lower starting temperature the rise in tempera-
ture in the femoral heads was steeper in the heating period
compared to the model system. Furthermore, in the native
and the decartilaged femoral heads a higher peak tem-
perature and a longer holding time at 82.5 °C were
achieved. The analysis of the ceoling period showed that
the temperature decline in the femoral heads was faster
than that in the model system (Fig. 3). However, in
general the temperature kinetics in the femoral heads and
in the model system were comparable.

To be able to compare the results of the temperature
kinetics determined even more precisely, the area below
the curves in Fig. 3 representing the temperature kinetics
was calculated which gives a relative measure of the
amount of heat. The areas between the x-axis (time in
min) and the y-axis (temperature in °C) regarding model
system and decartilaged femoral head were calculated as
follows:

Unit of area=(x,,;—x)— 2
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Fig. 3. Temperature kinetics in femoral heads.

Table 2
Relative heat quantities (temperature/time in units of area) in
relation to the femoral head diameter

Relative quantity of heat
(in units of area)

Femoral head 2 (in mm)

51 53 56
Decartilaged femoral head 6123.30  5901.95 5892.55
Model system 5842.55 583225 5750.65

where x; is time at point { and y, is temperature at
point 7.

The results in Table 2 indicate that in the course of
the disinfection process a larger amount of heat acts in
the centre of the native decartilaged femoral head than
in the centre of the model system.

In Fig. 3 the time interval is given when the tempera-
tureis >82.5 °Cin relation to the diameter of the femoral
head. The manufacturer declares that this interval marks
the effective phase of inactivation. In the model system a
shorter interval with a temperature above 82.5 °C is ob-
served compared to the native or decartilaged femoral
head. However, in all the native or decartilaged femoral
heads as well as the models with a diameter of up to
58 mm the required temperature of 82.5 °C was reached
and maintained for the necessary 15 min. Exceptions were
the model femoral head with a diameter of 61 mm in
which only a temperature of 82.5 °C for 10min was
maintained and the native femoral head in which only a
peak temperature of 81.9 °C was reached (see Table 1).

3.2. Virus inactivation

For each experiment two femoral heads with an
identical diameter (54-56 mm) were prepared. Both were
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spiked with a given virus suspension, then one femoral
head was submitted to the disinfection procedure in the
Lobator and the other was incubated at room tempera-
ture (RT) and at 4 °C, respectively, as controls to
determine the influence of the bone material and storage
conditions on the virus inactivation. Three independent
experiments were performed for each virus. In two
experiments the incubation of the controls was per-
formed at RT (20-25 °C, see Table 3). In a third
experiment the incubation of the controls was done at
4 °C (see Table 4).

The inactivation studies showed that in the disinfec-
tion device all the viruses were inactivated below the
level of detection, i.e. the application of the Lobator sd-2
programme led to a virus reduction of more than 4 log,,
in the core of human femoral heads. The controls
incubated in parallel at RT showed very high spontane-
ous inactivation, particularly for HIV-2. When the con-
trols were incubated at 4 °C, no or only a slight effect on
the virus titres was observed.

In some of the experiments—probably depending on
the biological and structural properties of the femoral
head used—toxic effects of the suspension on the
indicator cells were observed after incubation for
94 min in the Lobator sd-2 system. As summarized in
Table 3, this resulted in a higher detection limit
(TCIDsq given as logyy), ie. <249 (BPV, PRV,
BVDYV, HAV), respectively. Furthermore, in the PV-1
imactivation experiments the virus suspensions as well
as the homogenates of the bone cylinders had a toxic
effect on cells, and in these suspensions virus titres
could not be determined (Table 3). In no other experi-
ment in the Lobator sd-2 was toxic effects observed.
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Table 3

Virus inactivation experiments in the Lobator sd-2 (Lsd-2) with a control at RT (values are given as log;)

Virus Starting titre Virus titre 94 min/RT Virus titre 94 min/Lsd-2 Reduction factor 24 min/RT Reduction factor 94 min/Lsd-2
(TCIDsy/ml) (TCIDsy/ml) {TCIDsy/ml) (TCIDgy/mly {TCIDgy/ml)

BPV 8.49 4.74 <2.49 3.75 >6.00
BPV 8.25 5.74 <249 2.51 >5.76
BPV 7.49 3.74 <1.49 375 =6.00
PRV 8.00 4.49 <2.49 3.51 >551
PRV 8.37 6.25 <1.49 212 >6.88
PV-1 10.38 7.87 n.e.p. 2.51 n.e.p.
Pv-1 9.87 7.37 n.e.p. 2.50 n.e.p.
HIV-2 5.55 <1.49 <1.49 >4.06 >4.06
HIV-2 5.00 <1.49 <1.49 >3.51 >3.51
BVDV 6.74 5.49 <2.49 1.25 >4.25

- BYDV 6.62 5.25 <£2.49 1.37 >4.13
HAV 7.40 4.88 <1.49 2.52 >591
HAV 6.50 5.50 <£2.49 1.00 =401
HAV 7.90 6.50 <249 1.40 >541

n.e.p., no evaluation possible.
TCIDy/ml was calculated according to Spearman and Kirber {24].

Table 4

Virus inactivation experiments in the Lobator sd-2 (I.sd-2) with a control at 4 °C (values are given as fog;,)

Virus Starting titer  Virus titre 94 min/4 °C  Virus titre 94 min/Lsd-2  Reduction factor Reduction factor 94 min/Lsd-2
(TCIDsy/ml)  (TCIDg/ml) (TCIDy/ml) 94 min/4 °C (TCID 5p/ml) (TCIDyy/ml)
BPV 5.75 6.00 £1.49 None >4.26
HIV-2 7.00 5.75 <1.49 1.25 >5.51
PRV 8.50 7.50 <1.49 1.00 >7.01
PV-1 8.00 8.00 <1.49 None >6.51
BVDV 6.00 6.25 <1.49 None >4.51
HAV 8.00 7.49 <1.49 0.51 2651

The level of virus detection could be calculated as low
as £1.49 TCIDy,,.

Considering the results obtained in the three inde-
pendent experiments, it can be concluded that the incu-
bation temperature of the controls (RT vs. 4 °C) has a
significant effect on the spontaneous loss of infectivity.
Furthermore, toxic effects observed with individual bone
preparations hamper the determination of the reduction
factor.

4. Discussion

To lower the risk of transmifting an infection via an
allogeneic bone transplant, national and international
recommendations and guidelines have been published
over the past 10 years [8,17-21]. Criteria for the selection
of bone donors and testing of the donors for markers of
infection were recommended. To enhance the safety
of the transplants, inactivation procedures like heat or
chemical treatment and irradiation were introduced.

There are several reasons for the widespread appli-
cation of the Lobator sd-2 system for the preparation of

81

femoral head transplants by heat treatment. Femoral
heads can be prepared from individual bones for tissue
replacement in various orthopoedic and traumatological
operations. Furthermore, pathogens transmissible by
bone tissue are heat sensitive. Heat treatment as used in
the Lobator systemn can inactivate microbial pathogens
while retaining osteoinductivity, structure and stability
of the bone [10]. The latter is affected by treatment with
heat at > 100 °C (autoclaving) or by pasteurization [25].
Chemical inactivation procedures are afflicted by insuf-
ficient permeability of the tissue and by problems in
removing chemicals from the tissue after inactivation
[15]. According to reports by several authors, irradiation
largely destroys the osteoinductive properties of trans-
plants, especially when high doses are used [12].

Heat treatment of femoral head grafts with the pre-
vious model, Lobator sd-1, has been examined in detail
[9,22]. Femoral heads of different size and density served
as the basis for the application of the treatment which
took place in a water bath heated up within 30 min
to 80 °C. The necessary exposure time to achieve a
temperature of 80 °C over at least 10 min was deter-
mined and reached in the core even of large femoral
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heads. Recent findings by CLB (personal communica-
tion) regarding BVDV and canine parvovirus (CPV)
inactivation led to the suggestion to increase the effective
temperature/time function (82.5 °C/15 min).

We provide evidence that in the Lobator sd-2 system
the necessary parameters (82.5 °C, 15 min) for the in-
activation of a variety of relevant and model viruses
are reproducibly achieved in decartilaged femoral heads
with a diameter <56 mm. When the diameter is
=60 mm, the inactivation parameters are not reproduc-
ibly guaranteed. As expected, the polypropylene tube
used in the virus miodel decreased the height and dura-
tion of the maximal temperatures and accordingly on
the total heat quantity compared to production condi-
tions. But in all femoral heads with a diameter between
51 and 58 mm the required temperature and holding
time were reached. Therefore reduction factors deter-
mined in the virus model are not only transferable to
production conditions of thermal disinfection of femoral
heads, but represent a ‘worst case’.

HIV is considered relevant for the safety of bone
transplantation and was classified as weakly resistant to
physicochemical treatment. It is well known that HIV is
heat labile and is rapidly inactivated at >60 °C [22,26].
Validation of the Lobator sd-1 system regarding a
sufficient inactivation of HIV was published previously
[22] and confirmed in the present study.

It is well known that the virus species and the kind of
environment (dry or moist heat, protein content) influ-
ence the heat resistance of viruses [27]. In suspension
experiments at 65 °C over 15min Lelie et al. [28§]
demonstrated a complete inactivation of vaccinia virus
(Poxviridae), encephalomyocarditis virus (Picorna-
viridae), sindbis virus (Togaviridae), mouse hepatitis B
virus (Coronaviridae), influenza virus (Orthomyxo-
viridae), vesicular stomatitis virus (Rhabdoviridae)
and cytomegalovirus (Herpesviridae). A significant in-
fluence of the environment was demonstrated for parvo-
viruses. At a temperature of 80 °C, 15 min was required
for the inactivation of BPV in drinking water, 27 min in
double-distilled water and 9 min in cell culture medium.
Wigand et al. [29] showed that heat resistance is in-
creased by a factor of 3 when the virus in cell culture
medium is diluted with double-distilled water (1:100).
Under the influence of dry heat at 100 °C BPV shows
exceptionally high resistance. Virus suspended in plasma
shows higher heat resistance than virus suspended in
double-distilled water [30]. Therefore direct contact of
the viruses investigated with the centre of the femoral
head was essential for validating the inactivation
process.

HBY and HCV remain problematic viruses in the
context of femoral head transplantation (as well as in the
context of blood transfusion and organ transplantation)
[31-33]. Both viruses cannot be used in in vitro
cell culture systems and only to a limited extent in
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animal experiments [17,32]. For these reasons BVDV
is considered as a model for HCV and parvoviruses as
a model for highly heat-resistant viruses. In another
model system for HCV Charm et al. [26] have shown
that yellow fever virus as a representative of the
Flaviviridae was completely inactivated at 60 °C after
5 min.

For two essential reasons human HBV cannot be
used in validation studies of the Lobator sd-2 system: (1)
at present, no generally suitable cell culture system is
available, and duck hepatitis B virus (DHBV) which was
used as a mnodel for HBV in other inactivation studies
[34] grows only in primary duck hepatocytes which were
regarded as unsuitable for investigating heat-treated
bone tissue. Furthermore, the German Advisory
Committee Blood has stated that so far there is no
suitable model virus for human HBV and that therefore
such investigations cannot be made a requirement [32].
(2) After inactivation in the Lobator sd-2 the
homogenized and centrifuged virus suspension contains
remaining fat and bone tissue which inhibit an amplifi-
cation of nucleic acids via PCR (inhibitors, disturbing
factors). Therefore, PCR is not suitable for an
assessment of the inactivation procedure under routine
conditions and could only serve as an additional
criterion of an efficacy assessment [35].

There are arguments in favour of using parvoviruses
in validating thermal disinfection procedures regarding
their efficacy for heat-resistant viruses [27]. The results
by Bréduniger et al. [30] demonstrate that at 60 °C BPV
shows heat resistance at least similar to HBV. Therefore
in the assessment of heat resistance BPV can be used as
a model virus for HBV in determining the efficacy of
thermal disinfection procedures. In our investigations
BPV was completely inactivated, i.e. by a factor of >4
logyy. Borovec et al. [36] recommend PRV as a model for
validating the inactivation of HBV. Our investigations
also showed a complete inactivation of PRV as well as a
sufficient titre reduction. In addition, the non-enveloped
viruses investigated (HAV, PV-1) were completely in-
activated in the Lobator sd-2 system, and by >4 log,,
steps.

In conclusion, we can state that a sufficient titre
reduction (4 log,, steps) of clinically relevant viruses
is achieved in the Lobator sd-2 thermal disinfection
system. In consideration of physiological fluctuations in
morphology and fat content, a transversal diameter of
the femoral head, of <56 mm, to be treated is recom-
mended. In addition, the criteria for selecting donors
in the guidelines for managing bone banks by the
Bundesdrztekammer should be observed and the re-
quired serological tests should be done as well. In
case femoral heads from multi-organ donors are used,
additional tests should be mandatory regarding HIV,
HBY and HCV genome via nucleic acid amplification
techniques (e.g. PCR).
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Abstract The design and management of an ortho-
paedic bone bank is a complex process in which
medical organisation and legislation intertwine.
Neither in the Netherlands, nor in any other European
country, there are official guidelines for the organi-
sation and management of an orthopaedic bone bank.
In the Netherlands, the recently modified ‘law of
security and quality for using human materials’
(WVKL) dictates requirements for technical and
organisational aspects for the use of human tissue
and cells. The bone bank procedures include a
thorough questionnaire for donor selection, extensive
serological, bacteriological and histopathological
examination, as well as standard procedures for
registration, processing, preservation, storage and
distribution of bone allografts. This article describes
the organisation of an accredited bone bank and can
be used as a proposition for an official guideline or
can be useful as an example for other orthopaedic
bone banks in Europe.
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Introduction

For reconstruction of bone defects, donor bone from
orthopaedic bone banks is often necessary. Bone
grafts are used in bone defects that arise from trauma
(Friedlaender 1987), infection, resection of bone
tumours (Mankin et al. 1996) or it is used in spinal
fusion (Raizman et al. 2009) and as impaction
grafting in revision of total joint arthroplasty (Slooff
et al. 1996).

Autologous bone is preferred because of its osteo-
conductive and osteoinducive activity, but it is often
not sufficiently available and it repeatedly involves
donor site morbidity (Summers and Eisenstein 1989).
Allogenic bone exclusively has osteoconductive activ-
ity; it serves as a frame against which newly formed
bone gets deposited (Elves and Pratt 1975; Urist 1953).
Allogenic bone is provided by an orthopaedic bone
bank.

In Leiden, the Netherlands, the Dutch Bone Bank
Foundation (NBF) was founded in 1988 (Veen et al.
1990). In this central bone bank, bone- and tendon
transplant material of deceased donor patients is
stored (Veen et al. 1991). When needed, hospitals
may order such material from the NBF.

A number of hospitals manage their own bone
banks, such as the VU university medical center in
Amsterdam, where an orthopaedic bone bank has
been established. This VUmc orthopaedic bone bank
contains only femoral heads of suitable patients
who underwent total hip replacement surgery. The
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advantage of possessing a bone bank is that the
hospital always has its own supply of donor bone
material; this may also be a financially viable strategy
for hospitals carrying out many procedures for which
donor bone material is required.

Up to now, nationally recognized guidelines for
maintenance and management of bone banks do not
yet exist in the Netherlands. In this paper we describe
the VUmc orthopaedic bone bank procedure, which
recently gained official approval and recognition and
could serve as a potential outline for other hospitals.

Bone bank procedure

From October 2008, the Ministry of Health, Welfare
and Sport (VWS) officially recognized the orthopae-
dic bone bank of the VUmc (Inspectie voor de
Gezondheidszorg 2008). A biannual inspection is
performed by the Health Care Inspectorate (IGZ) as a
requirement to maintain this recognition. The bone
bank procedure has to meet the requirements of the
adjusted ‘law of security and quality for using
human materials’ (Wet Veiligheid en Kwaliteit
Lichaamsmateriaal 2003). This law became effective
from mid-2007 in the Netherlands as a result of
European guidelines 2004/23/EC and 2006/86/EC.
These guidelines state the technical requirements for
coding, processing, preserving, storing, and distrib-
uting of human tissue and cells. Human tissue should
be traceable, and serious side effects and incidents
with human tissue and cells should be reported.

The procedure of our orthopaedic bone bank is
based on guidelines of The American Association of
Tissue Banks (AATB), and the criteria of the Council
for Blood Transfusion of the Netherlands Red Cross
(Richtlijn Bloedtransfusie 2004), together with the
recently merged Netherlands Bone Bank Foundation
(NBF) and Bio Implant Services (BIS) (NBF-BIS
Foundation 2010).

Previously, we followed the guidelines of the
European Association of Musculoskeletal Transplan-
tation. As a result of diverging European legislations,
this organization has been discontinued as an Euro-
pean umbrella organization; currently only national
associations prevail. To date, the Netherlands has not
possessed such an association; consequently there is
no national guideline with regards to maintenance
and management of an orthopaedic bone bank.
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The bone bank protocol

The bone bank procedure should be -carefully
described in an extensive protocol consisting of the
following five components: organization, donor selec-
tion, documentation, storage and processing, and
implementation. The HOD (Head of Department) of
the Department of Orthopaedics and the bone bank
administrator compose this protocol.

Organization

In an organization chart we describe the responsibil-
ities of different stakeholders: the HOD of the
Department of Orthopaedics, a bone bank adminis-
trator, a theatre nurse, a medical microbiologist, an
anatomic pathologist, a clinical chemical analyst, a
haematological laboratory technician, and a trainer.
The HOD is the main responsible of the bone bank,
whereas the bone bank administrator is responsible
for the daily management. The knowledge and skills
concerning surgical techniques and clinical hygiene
are guaranteed by the orthopaedic surgeon and
theatre nurse. The bone bank administrators’ respon-
sibilities include administration as well as storage and
allocation of donor bone. Additionally, the adminis-
trator takes care of the maintenance and cleaning of
the storage facilities (freezers, etc.), and verifies
the registration forms of femoral heads meeting the
requirements for storage in the bone bank. Both the
bone bank administrator and the trainer are respon-
sible for training of bone bank employees.

Apart from an orientation module for new
employees, the training program consists of regular
refresher courses for all members of the staff, in order
to keep the knowledge of the procedures updated.

Donor selection

Preceding the hip replacement procedure, the attend-
ing orthopaedic surgeon requests the patient for his
permission to store any removed tissue for donation.
It concerns patients whose femoral head grafts will be
retrieved in order to be replaced by a total hip
prosthesis. Corticospongious bone tissue can not be
sufficiently obtained in knee or shoulder arthroplasty;
therefore patients undergoing such procedures cannot
be taken into consideration for donor bone tissue
donation.
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The attending orthopaedic surgeon informs the
patient both orally and in written. In case the patient
grants permission he or she signs the consent forms, and
fills out a standard survey (see Table 1). The orthopae-
dic surgeon now decides whether the patient is suitable
for being a donor; he uses general and specific exclusion
criteria (see Tables 2, 3). All criteria must be met; if not,
exclusion necessarily follows. The orthopaedic surgeon
examines the patient thoroughly: blood samples are
collected to determine blood type, Rh-factor and
erythrocyte sedimentation rate (ESR) (Tables 4, 53).

During surgery, bacterial culture swab samples
from hip ligament are collected and a biopsy of
corticospongious bone is sent off for histopathological
analysis. Serological screening for infectious diseases

Table 1 Questionnaire patient for orthopaedic bone donation

is performed 6 months after surgery. Once all require-
ments are met (Tables 1, 2, 3, 4, 5), a femoral head
can be released for donation:

e approval donor

e signed consent forms of donor

e completed survey; all questions should yield a
negative answer

e preoperative ESR rates within criteria

e no abnormal bacteriological values in surgery
derived tissue B

e no abnormal histopathological structures in sur-
gery derived tissue

e no abnormal serological values 6 months after

surgery

In the past 3 months, did you suffer any infection? If so, what infection?

In the past 3 months, did you have any vaccination or inoculation, or have you been injected with narcotic drugs?

In the past 6 months, did you have a malaria attack or did you use anti-malarial medication?

Have you ever been infected with a sexually transmitted disease?

Have you ever been diagnosed with jaundice or liver illness?

In the past 6 months, have you been in contact with patients diagnosed with jaundice/hepatitis?

In the past 6 months, have you been in contact with patients diagnosed with AIDS, or individuals at risk to AIDS? If yes,

how and when?
Have you ever been tested for HIV/AIDS?

Have you had homosexual intercourse after 1977? (males only)

Have you emigrated after 1977? If so, to what country?

Are you diagnosed with haemophilia? If yes, are you using anticoagulants?

Are you a sexual partner of an individual for which any of the abovementioned questions can be answered with ‘yes'?

Have you been actively involved in prostitution after 1977, or have you been a sexual partner of a person involved in prostitution in

the past 6 months?

Have you ever been diagnosed with a haematological disease or any malignant disorder?

Have you ever been treated for diabetes mellitus?

Have you ever been treated for chronic brain- or neurological diseases?

Have you ever received radiation therapy?
Have you ever been diagnosed with rheumatoid arthritis?

Have you ever been diagnosed with tuberculosis?

Have you ever been diagnosed with any disease, other than the abovementioned?

Have you ever received hormonal treatment?
Do you use any prescribed medication?
Have you ever used any narcotic drugs?

Have you recently been exposed to hazardous or toxic materials? If yes, please specify.

What is your alcohol consumption per week?

Have you recently been in surgery? If so, when? Did you receive blood from a blood transfusion?

In the past 14 days, have you been traveling through or staying in a region exposed to a SARS epidemic, or have you been in

contact with patients infected with SARS?

In the past 6 months, have you tattooed yourself or did you get a piercing?
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Table 2 General exclusion criteria

No permission from patient
Under aged donor (<18 years)
Active or recent systemic infection/sepsis

Active infection of transplantation tissue (especially coxitis/osteomyelitis)

Previously infected with mberculosis

Active “slow-virus” infection or anamnesis in the past

Anamnesis of previous infection with hepatitis B or C, AIDS or AIDS related complex, or tested positive for HIV

Active or past syphilis infection

Recent (<4 weeks) vaccination with live vaccine (measles, yellow fever, mumps, polio, oral typhoid, rubella)

Rheumatoid arthritis

Diffuse connective tissue disorders/autoimmune diseases
Metabolic disorders

Existing insulin dependent diabetes mellitus
Treatment with growth hormones

Chronic medication (especially corticosteroids)
Recent exposure to toxic substances
Malignancies

Donor location has been exposed to radiation
Chronic neurological disorders

Dementia

Language barrier or when patient does not understand the information for any reason (e.g. psychiatric patients)

Table 3 Specific exclusion criteria

A clinically proven HIV infection
Men having homosexual intercourse after 1977
Intravenous medication/narcotics use, currently or in the past

Immigrants (after 1977) from countries of which it is known that heterosexual intercourse is an important factor for HIV

transmission

Haemophilic patients administered with clotting factors concentrate

Sexual partners from abovementioned individuals

Men and women active in prostitution since 1977, and individuals being their partner in the past 6 months

Individuals who recently (past 6 months) placed a tattoo or piercing

Individuals who have had a blood transfusion before 1980

Individuals who have had a blood transfusion outside Europe or North America
Individuals who stayed in a SARS epidemic area or individuals who had face-to-face contact with a SARS patient

Documentation

Accurate documentation and coding are a necessity
for a well functioning bone bank. A unique registra-
tion code is allocated to each femoral head. Only
the bone bank administrator is able to trace the donor
based on this code. Of every registered femoral head, a
file, containing the consent forms and results of ESR,
bacteriological and histopathological examination, is
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kept updated. Other relevant data, such as the size of
the femoral head and the allocation date are also
documented and stored in this file. When the file is
completed (which takes at least 6 months due to the
serological examination), and no abnormalities are
recorded, both bone bank administrator and the
responsible orthopaedic surgeon sign the forms. The
femoral head is now available for transplantation. In
case a file cannot be completed in full, or any
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Table 4 Haematological examination before surgery

Blood type and rhesus factor

Erythrocyte sedimentation rate (ESR), age and sex
dependant

Normal values
Male
<50 years: 0-15
>50 years: 0-20
Female
<50 years: 0-20
>50 years: 0-30

Table 5 Serological examination 6 months postoperative

Viral (hepatitis)
Hepatitis B antigen
Hepatitis B antibody
Hepatitis C antibody
Viral nucleic acid

Viral (additional)

HIV
HTLV

Bacterial syphilis

TPHA

abnormal values are recorded, the femoral head will
be destroyed according to hospitals’ protocol.

Storage and processing

The femoral head is surgically removed under sterl-
ized conditions. The ligament and synovial tissue are
cultured on aerobic and anaerobic bacteria. In order to
exclude malignancies, auto-immune processes, or
infections, a biopsy of 1 em® corticospongious bone
and ligament is collected for histopathological exam-
ination. After determining its size, the femoral head is
wrapped in a sterile plastic bag and in three layers
parcelled in sterile packing material, labelled and
stored in the freezer within 30 min.

The freezer has a temperature of —80°C, and has a
continuous temperature registration device installed.
Should the temperature fall outside the acceptable
range of —90 and —70°C, an alarm system gives off a
warning signal to the Technical Service, guaranteeing
a 24-h security against temperature-induced damage
to the tissue. A nitrogen tank is fitted onto the freezer,

88

as a backup cooling mechanism in case of mechanical
breakdown of the freezer. In deep frozen condition,
the allogenic bone tissue can be preserved for a
maximum of 5 years. The temperature data is stored
and managed by the bone bank administrator for a
period of at least 5 years.

Allocation and implementation

If during surgery a surgeon decides to tic. a femoral
head as an allograft, a femoral head from the freezer
together with its documents are handed over to the
orthopaedic surgeon and surgery team. The ortho-
paedic surgeon and theatre nurse verify the file and
expiration date of the femoral head. The femoral head
is thawed in physiological saline; after being
defrosted the theatre nurse takes a bacterial culture
swab.

The hospital or care institution warrant fulfilment
of the traceability requirements, which implies stor-
ing the file of the femoral head and records of the
receiving patient for 30 years post implantation.

Discussion

Macewen first describes the use of allogenic human
bone tissue in 1881 (Macewen 1881). From that year
onwards, the use of allogenic bone transplantation
has been increasingly applied and is nowadays a
standard orthopaedic procedure (Tomford et al.
1987). However, much has changed in the past
decade: donor selection, clinical hygiene, storage and
processing, allocation, implantation, and documenta-
tion are bound to strict rules.

Donor selection takes place by a thorough broad
survey and supplementary physical examination. The
survey should be regularly revised to comprise the
latest knowledge and developments, and as a
response to the spread of new infectious diseases.
For instance, after the outbreak of the SARS
epidemic in certain countries, a question was added
to the survey; prospective donors were asked whether
they had been in SARS-infected regions or whether
they had been in contact with an infected person. It is
not unthinkable that newly arising infectious diseases
will be included in the survey and henceforth become
exclusion criteria.
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Laboratory examination is performed before sur-
gery, including ESR determination. Elevated values
are often encountered, often without clinical impli-
cations. However, the exclusion criteria are strictly
enforced. Preoperatively, blood type and Rh-factor
are determined. The Rh-factor only becomes an issue
if the receiving patient is a young woman. Addition-
ally, the donor is serologically examined, to exclude
possible transmission of infections, such as HIV and
hepatitis (Strong et al. 1996; Shutkin 1954; Patel and
Trampuz 2004; Karcher 1997). The serological tests
are carried out at least 6 months after surgery to
avoid type II error (false negative): if the patient was
infected at the time of surgery, the test will provide
conclusive evidence of this. Normally, the donor will
not be informed of the results, unless specifically
requested by the donor.

In addition to existing national and international
guidelines and procedures of the AATB, NBF-BIS,
and former EAMST, histopathological examination is
added to the current bone bank procedure. Previous
studies have found pathological abnormalities in 8%,
and B-cell lymphomas in 2,2% of donor femoral
heads (Palmer et al. 1999; Zwitser et al. 2009;
Sugihara et al. 1999). Though transmission of malign
cells following transplantation has never been shown,
femoral heads with histopathological abnormalities
are excluded from allogenic bone transplantation.

Apart from an orthopaedic bone bank, many
hospitals often have more organ banks, such as a
haematological bone marrow bank for stem cell
transplantation or the IVF laboratory of the depart-
ment of Gynaecology and Obstetrics. Therefore, in
every hospital a central system for tissue vigilance
should be established and all departments that require
cells and/or tissue for transplantation purposes should
participate. Thus, highest cell and tissue security
levels within the hospital are warranted by control-
ling the complete transplantation chain from donation
to transplantation, including appropriate reporting
and follow-up of incidents and side effects.

Conclusions
The design and management of an orthopaedic bone
bank as an organ bank is a very complex process in

which aspects of medical organization and legislation
intertwine. In this paper we describe our bone bank
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procedure, which is approved and recognized by the
Ministry of Health, Welfare and Sport (VWS) of the
Netherlands. This procedure could serve as a provi-
sional Dutch protocol for the setup and maintenance
of other orthopaedic bone banks.
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BONE ALLOGRAFT BANKING IN SOUTH AUSTRALIA

D. G. CaMPBELL* AND R. D. OAKESHOTT

*University Department of Orthopaedic and Trauma Surgery, Royal Adelaide Hospital and YBone Transplant Unit,
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The South Australian Bone Bank has expanded to meet an increased demand for allograft bone. During a 5 year beriod from
1988 to 1992, 2361 allografts were harvested from 2146 living donors and 30 cadaveric donors. The allografts were screened
by contemporary banking techniques which include a social history, donor serum tests for HIV-1, HIV-2, hepatitis B and C,
syphilis serology, graft microbiology and histology. Grafts were irradiated with 25 kGy.

The majority of grafts were used for arthroplasty or spinal surgery and 99 were used for tumour reconstruction. Of the
donated grafts 336 were rejected by the bank. One donor was HIV-positive and two had false positive screens. There were
seven donors with positive serology for hepatitis B, eight for hepatitis C and nine for syphilis. Twenty-seven grafts had positive

cultures.

Bone transplantation is the most frequent non-haematogenous allograft in South Australia and probably nationally. The low
incidence of infectious viral disease in the donor population combined with an aggressive discard policy has ensured relative
safety of the grafts. The frequency of graft rejection was similar to other bone banks but the incidence of HIV was lower.

Key words: allograft, bone graft, bone banking, HIV.

INTRODUCTION

Transplantation of bone allografts has an established role in
orthopaedic - surgery and where there are centralized tissue
banks it has been shown to be the most frequently transplanted
allograft excluding blood and blood products. There were an
estimated 200 000 allograft recipients in the United States in
1989! and 6000 allografts were performed by 45% of the clin-
ical hospitals ‘during the federal survey of German Surgical
Clinics in the same year.? In Australia it has been suggested
that the most frequently transplanted tissue is cornea;? however,
a review of the South Australian Bone Bank in this study sug-
gests that bone is the most frequently transplanted tissue.

Since the initial report of the South Australian Bone Bank*
it has been expanded and undergone organizational changes to
have it established as an institutional bone bank servicing the
public and private sector hospitals of the State of South
Australia. Bone harvested during a 5 year period since these
organizational .changes ‘is the subject of this review which
includes the years 1988-92,

An audit of the South Australian musculoskeletal bank was
undertaken to determine the frequency and patterns of bone
allografting in that State, Of particular interest were the demo-
graphic data of the donor population and allograft bones that
were discarded to determine the cause and incidence of bone
being rejected.

METHODS
Bone donations are received from two sources. Femoral head

specimens are obtained at the time of total hip replacement or
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South Australia,
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hip hemiarthroplasty for fracture. Long bones and pelvic bones
are harvested from cadaveric organ donors as part of the State
wide general organ transplantation programme.

Femoral head donors are required to sign a declaration stating
the absence of risk factors to potentially infectious disease
transmission as outlined in a pre-donation proforma modelled
on the American Association of Tissue Banks.® The donors are
interviewed by the donating surgeon who completes the pro-
forma listing exclusions directed at the possibility of transmis-
sible viral diseases, bacterial infection, tumours and diseases of
unknown aetiology including connective tissue diseases, dia-
betes and Paget’s disease. The bone bank co-ordinator may
assist with donor screening and will exclude any donors with
an incomplete or unsuitable history.

Pre-donation screening tests are performed at the time of
completion of the risk declaration form. The screening tests
may precede surgery by several weeks and there is the potential
for bone to be excluded before it is sent to the bone bank if -
there is an abnormal result. The following screening tests are
performed; HIV-1 and HIV-2 antibody (recombinant HIV-1/
HIV-2 third generation, Abbott, Chicago, IL, USA), hepatitis B
antigen (Auszyme, Abbott), hepatitis C antibody (HCV EIA
3.0, Abbott), syphilis serology (Centocore EIA/G, Centocore,
USA). ABO and Rhesus blood groups were recorded but donor
and recipient matching was infrequent.

Cadaveric organ donors are screened by proxy via relatives
and the treating physicians who are usually from an intensive
care environment. The co-ordinator of thé South Australian
Organ Donation Programme assists with counselling relatives
and assessment of donor risk factors. Pre-donation screens are
the same as for femoral head donors with the addition of blcod
cultures. .

All specimens are removed under strictly aseptic conditions,
femoral head donors and most long bone donors are harvested
in the operating room, 27% of long bone donors were harvested
in the autopsy room. Specimens are triple wrapped in sterile
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plastic bags or containers or both and stored at —70°C. Anti-
- biotics used during hip arthroplasty surgery are withheld until
bacteriological swabs are taken. Bacteriological culture swabs
are taken at the time of harvesting and include the cut bone
surface and synovial fluid. Swabs are incubated in Stuart’s
transport medium and subcultured onto blood agar and culture
broth for 4 further seven days. A biopsy of the specimen is
examined by a histopathologist.

During the time of this review all specimens were irradiated
with 25kGy of gamma irradiation (Cobalt 60 source) while
maintained on dry ice. .

All consecutive allograft specimens during this period were
reviewed by analysis of donor and recipient demographic
factors, donor proforma questionnaires and pre-donation
screening tests.

RESULTS

Donations

During the period of review 2361 bone grafts were collected
from 2176 patients (Fig. 1). There were 2146 living donors
including 1856 femoral heads and 296 knee bones. Bone
wedges from knee arthroplasty surgery were harvested when
the demand for femoral head bone exceeded supply. Sixty-five
per cent of femoral head allografts were received from metro-
politan public hospitals and 35% from private hospitals or the
Mount Gambier Regional Hospital. From 30 donors 215 long
bones were harvested.

Donor demographical data are included in Table 1. There was
an approximately equal sex distribution at each age range. The
majority of living donors were aged greater than 60 years and
most of the cadaveric donors were younger adults. Of the
cadaveric donors 60% died from non-violent medical illness
(Table 2).

Bone usage

The distribution of living and cadaveric allografts is included
in Table 3. At the time of data collection all the living donor
allografts lad been used and 140 of the 215 cadaveric allografts
had been used. The most frequent indication for bone allograft-
ing was arthroplasty surgery and spinal fusion. Femoral heads
were used as structural grafts or milled bone chips and more

8007
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Fig. 1. South Australian Bone Bank donations [988-92. (®), dis-
carded bones; (@), cadaveric donors; (0), living donors.
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Table 1. Bone donor age distribution

Age Living donors Cadaveric donors
13-19 3

20-29 5 7

30-39 : 11 4

40-49 69 6

50-59 228 7

60+ 1507 3
Unknown 4

Total 1824 30

Table 2. Cadaveric donor cause of death

Cause of death No. of donors No. of bones
Intracranial haemorrhage 13 94
Cardiogenic 7 49
Vehicle accident 6 28
Suicide 3 36
Accidental shooting l 8
Total 30 215

Table 3. Allograft bone recipient procedures

Recipient procedure Living donors  Cadaveric donors

Arthroplasty 758 80
Spinal fusion 675 10
Tumour 66 33
Fracture/osteotomy 105
Maxillofacial 27
Other 47 17
Unspecified 52
Total 1730 140

than one femoral head was often used during the recipient pro-
cedure. Long bones used for arthroplasty surgery were most
often utilized as proximal femoral allografts and one or two
bones were required with the second being utilized as a strut
graft.

The bone bank was available to all surgeons but was most
frequently utilized by orthopaedic surgeons. A smaller number
of grafts were used by neurosurgeons and maxillofacial -
surgeons.

' Discarded allografts

Three hundred and thirty-six allografts were discarded. Of these -
77 were discarded because of a positive donor history such as
a previous tumour or Paget’s disease. Seventy-one bones were
discarded because of incorrect handling procedures including
incomplete donor history or screening tests, mishandling of the
grafts (such as placing the graft in formalin) or an excessive
delay in refrigeration after procurement. After collection 103
bones were rejected due to logistical errors mostly when the
graft had been returned unused and allowed to thaw.

There were 85 exclusions because of positive patient or graft
screens (Table 4). Biopsy exclusions were mostly non-specific
such as excess numbers of inflammatory cells but also included
an undiagnosed Paget’s disease and an undiagnosed lymphoma.
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‘able 4. Bone grafts excluded with positive screening test
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Culture positive results included 17 Staphyloccocus epider-
tidis, four Staphyloccocus aureus, two streptococci, two anaer-
bic diphtheroids, one Gram-negative and one Gram-positive
acillus.

Three bone donations were rejected because of a positive
[IV-antibody test result. One test result was confirmed positive
y western blot. This patient had an elective total hip replace-
1ent and donated his femoral head without knowledge of his
antibody status which was determined as a result of bone bank
creening for HIV antibody. The patient had unknowingly
igned his consent form denying any risk factors; the proforma
t that time did not include heterosexnal contact with sex
rorkers from an area endemic to HIV (Thailand) and was the
ause of infection in this case. Two other patients were rejected
ecause of an initial HIV-positive test result, one was an incor-
zct interim report from the laboratory, the second was an
Iderly woman with no risk factors who returned repeat inter-
1ediate test results and did not seroconvert on repeat testing at

months.

DISCUSSION

ince the resurgence of interest in bone allografting in the
970s there have been well established reviews and guidelines
escribing the methods of harvesting and storage of bone in
one banks.’® The United States bone collection and ‘trans-
lantation programmes are generally conducted on an insti-
ational basis and community hospital based programmes
zmain the major source of bone banking in Australia and the
Jnited Kingdom due to the limited resources required to estab-
sh these smaller banks.® The South Australian Bone Bank
emains a hospital-based bank but since the first year of the
ank’s operation* there has been increased demand for allo-
raft bone. The bone bank has expanded to meet this need
nd now services 20 public and private hospitals within South
sustralia.

During the 5 year period of this review 2361 allografts were
ollected from 2176 donors. During the same period the South
\ustralian organ donation programme harvested 510 organ and
issue allografts from 115 donors. During a 6 year period the
.ion’s Eye Bank of South Australia collected corneas from 790
lonors.!® Nationally there were 3585 cornea transplants and
7787 kidney transplants from 1986 to 1991.* National figures
or bone allografts are not recorded but the current study sug-
:ests that the number of bone allograft procedures exceeds
.orneal grafting, which was previously believed to be the most
requent tissue/organ allograft.

A feature of our bank has been its priority of graft safety
sarticularly since the majority of grafts were used for elective
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surgery such as arthroplasty and spinal fusion. There is a low
incidence of significant viral disease carriers in the donor com-
munity and the bank has an aggressive discard policy. Initially
there was a high discard rate of 46% during the foundation
year* but this has been decreased to 14% in the current review,
The majority of grafts continue to be rejected as a result of
handling and logistical errors such as incomplete documenta-
tion, inadequate screening tests or poor graft handling at pro-
curement or unused returns.

As a result of positive screening tests 3.6% of grafts were
rejected and the bacterial infection rate was 1.1%. The infec-
tion rate has fallen dramatically from the initial year when
17% of grafts had positive cultures. This decline is partly
explained by the inclusion of approximately 5% of grafts
which had a light growth of S, epidermidis in broth culture.
Previous reports of positive cultures have varied from 2.2 to
22%.5'12 The majority of banks perform microbiological
screening of bone grafts but the significance of a positive
culture varies with the philosophy of the tissue bank, some
banks discard bone that is found to have bacterial contami-
nation and others will accept known contamination and rely
upon secondary sterilization.'?

All grafts were irradiated with 25 000 Gy of gamma irradi-
ation as recommended by the International Atomic Energy
Agency'® but this may not be sufficient to inactivate viruses
such as HIV. 1413

Infectious viral diseases continue to be a major concern to
allograft banks particularly when the donor population has a
significant incidence of viral carriers. The American Red Cross
Transplantation Services reported 0.46% hepatitis-B-surface-
antigen-positive and 0.3% HIV-positive® which contrasts to -
the South Australian Bone Bank figures of 0.3% hepatitis-B-
positive and 0.04% HIV-positive. The relative low incidence of
HIV has been reported in other Australian blood and tissue
banks. Forty six of 5.4 million Australian blood donations were
HIV-positive's and the South Australian Lions Eye Bank iden-
tified two HIV-antibody-positive donors and three hepatitis- B—
positive donors from 790 donors.'°

The donor demographic data and medical history remain the
most important factors to decrease the risk of donor to host
virus transmission.’” Femoral head donors tend to be of the age
range least associated with HIV and hepatitis transmission and
they offer the ability to obtain a more detailed medical history.
The pre-donation proforma directs questions to the risk of HIV
and hepatitis transmission, neurological slow virus transmission
{for which there are no screening tests freely available), current
or previous malignancies (although there have been no reports
of malignancy arising from organ or tissue allografts) and other
conditions of unproven aetiology such as connective tissue dis-
orders, diabetes and Paget’s disease.

Cadaveric donor bone may be less safe than bone from
living donors because of the donor’s age and mode of their
death.'® Only 9% of bone allografis in this series were from
cadaveric donors but it may be an important source of bone
in some American tissue banks who receive donors from major
trauma including social violence such as gunshot and knife
wounds.’”” Trauma patients presenting to trauma centres have
a high incidence of HIV from 0.04 to 16%°2' and 1.3% was
reported in an Australian series.”> The majority of cadaveric
donors in the current series died from non-violent medical
illness.

Screening for HIV and hepatitis was introduced in 1985 and
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