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EXPERT ADVISORY GROUP MEETING, VIENNA, 10-12 OCTOBER 1994,

THE USE OF RADIATION STERILIZED ALLOGRAFTS IN CLINICAL/SURGICAL PRACTICE, AND

STRATEGIES FOR DISSEMINATION OF THE INFORMATION TO MEDICAL PRACTITIONERS, WITH
PARTICULAR REFERENCE TO ORTHOPAEDICS.

This meeting was aftended by seven experis, two observers and two Agency staff
(Annex 1).

1. INTRODUCTION

Dr. John F. Easey, RCA Co-ordinator reviewed the RCA structure and its programme.
He noted that the first phase of the RCA project on the Radiation Sterilization of Tissue Grafts
(RAS/7/003) had been initiated in 1987 and was completed satisfactorily in 1992, and was
followed by this Phase Il which was developed at the Project Formulation Meeting was held
in Manila, August 1992. The Mid-Term Review had just been held in Vienna, 3-7 October and
a programme had now been drawn up with the unanimous support of Member States to
define the activities and outputs to the end of the programme in 1997,

The present EAGM is specifically designed to evaluate and advise upon the use of
allografts in clinical practice.

The draft Agenda for the Meeting is given in Annex 2 and was based on the terms of
reference for the Meeting. It was adopted by the meeting without change.

2. ELECTION OF CHAIRMAN

Dr. R.N. Mukherjee was proposed and elected unanimously.

3. OVERVIEW BY EXPERTS

qa) Dr. Andrei Czitrom

The presentation was summarized in recent paper and was presented at the
meeting (Andrei A. Czitrom, in Biology of Bone Grafting and Principles of Bone
Banking "The Pediatric Spine”, Ed. S.L. Weinstein, Chapter 60, 1285-1298) 1994
(Annex 3 and 4).



b)

c)

Dr. Michael G. Rock

Osteochondral (large) allografts were used in treating the replacement of joints
after disease or trauma. These are massive allografts, with the soft tissues
attached, to allow the overall structure to be advanced into the host.
Osteoarticular allografts while offering excellent possibilities, do offer also
certain difficulties (matching, maintenance of viability etc.). Thus composite
allografts are now the preferred option. The importance of size matching of
the allograft with the recipient surface is vital. Means to improve the viability
of cartilage needs additional definition and refinement.

Dr. Christopher Harner

The presentation dealt with knee ligament reconstruction. A summary is given
in Annex 5. Allografts of soft fissues have many advantages over autografts in
knee ligament surgery. There are disadvantages as well. Fresh frozen achilles
tendon and patella tendon allografts are used. Their use in the treatment of
complex knee injuries (e.g. dislocated knees, chronic instabilities etc.) was
described. Autografts, in this setting, compromise already damaged tissue
and the use of allografts have major advantages. Radiation (1.5-2.5 MRad)
was used fo sterilize the grafts. This does effect the biomechanism of the tissue
but its ultimate affect on clinical outcome is not known.

Consideration was given to the freeze drying of soft tissue allografts. This has
maijor advantages for simplicity of storage and use. It was pointed out that
biomechanical properties need to be optimized. The hydration should be
underiaken over 24 hours. In addition, it was pointed out that, after freeze
drying, the bioburden of the tissue is reduced but not necessarily eliminated.

LIFE-NET Tissue Bank have a procedure which first uses low dose irradiation
(Annex 6) to reduce the bioburden processing procedures are then undertaken
in "clean rooms" before a freeze drying step. followed by a final irradiation
step to make the tissue “sterile”. The biomechanical properties of this
combination is still not known. Several studies have shown that combining
irradiation with freeze drying significantly reduces its strength.



d)

Dr. William Tomford

From the ca. 250,000 grafts used in USA annually, only a few hundred of these
are massive allografts, and these types of grafts are always accompanied by
expensive after care services. The most frequently used graft is freeze-dried
cancellous bone. It is expected that this distribution would also be the same
in developing countries.

If massive allografts are to be provided, then the method of production should
be carefully considered. Generally, these will be frozen grafts and it is this type
of graft in which disease transmission most commonly occurs. No AIDS
transmission has been found with a processed/irradiated graft. It is for large
frozen grafts that the use of irradiation is vital.

It has been shown that irradiation can destroy the AIDS virus. The safest final
sterilization system is that which combines donor screening and serological

testing with radiation treatment.

The concept of one high quality Tissue Bank for the Asian region which is
responsible for tissue graft production has many advantages.

Dr. Rudiger von Versen

It is vital that procedures used in the developed countries should not be
transferred wholesale 1o the RCA Region countries. Taking the sequence:

Procurement - Advantages/Disadvantages of
various countries as sources of
grafts

Screening - Thisis also specific for the country

Processing } - These are standard methods

Preservation/Sterilization } for these

Hospitals - Local clinical demand must be

identified



In short, the system must be developed to suit the circumstances in the
particular countries. It is important, therefore, to start with Freeze
Dried/Irradiated Grafis (Bone), followed by bone tendon, before going on fo
massive allografts and other fissues (e.g. tendon and ligaments). Education
and training of tissue bank staff and surgeons is very important,

f) Dr. Heinz Winkler

Large defects, however, need to be addressed. Dr. Winkler believes this can
be done within the context of the limitations aiready noted. He noted that
cortical (split} struts, could be similarly processed, and a cortical plate could
be cleaned, freeze dried and irradiated. This would meet certain requirements.
However, it is important that the circumstances for the use of such grafts are
specified.

The meeting noted that cortical struts can similarly be safely used.

g) Protessor Glyn O. Phillips

Professor Phillips described the Tissue Banking developments in the Region,
which showed the great strides made in the use of morsellised grafts and in
specific instances massive allografts. The use in Sri Lanka of a massive
allograft for limb salvage of a young 16 year old girl with bone tumour was
commended. It was the appropriate treatment and, if fully fused at the upper
end, could be functional during the lifetime of the patient.

Additionally, Professor Phillips undertook a literature review of the effects of
gamma radiation on bone inductive properties and mechanical strength.
Neither were deleteriously effected at doses up to ca 30 kGy. However, the
combined use of radiation with other additional processing methods could
alter this position. These results are given in Annex 7.

4. COMPARISON OF RADIATION WITH OTHER METHODS (FOR TISSUE GRAFTS).

The advantages and disadvantages of radiation have been aiready outlined. The
meeting considered the use of ethylene oxide, which now had stringently low limiting levels
in the working environment (1 part per 10°). The meeting reported the hazards which



accompanied the use of ethylene oxide. (Douglas W. Jackson, Gany E. Windler, Timothy M.
Sinon, Amer. J. Sports med., 1990, 18. No.1 p.1-9) This paper is Annex 8. The hazards
associated with virus decontamination are described in AATB Information Alert (vol. lll, No. 2,
April 1, 4993) which is Annex 9.

5. LITERATURE MATERIAL.

ltems 4 and § on the Agenda were dealt with together. The meeting identified a
selection of suitable papers and reviews which can be utilized in the preparation of
background information and material which can be infroduced into the curriculum. Two
ilustrative papers are appended (Annex 10 and 11).

Therapeutic effects of Transplantation of Lyophilized and Radiation Sterilized,
Allogeneic Bone

J. Komender, H. Malczewska and A. Komender

Clinical Orthopaedics and Related Research 1991, No. 273, p. 38-49.

The Efficiency of Application of Lyophilized Radiation - Sterilized Bone Graft in
Orthopaedic Surgery, W. Zasacki, Clinical Orthopaedics and Related Research
1991, No. 272, p. 82-87.

Members undertook to send further literature material for use in the Curriculum.

6. CONCLUSIONS AND RECOMMENDATIONS.

1. Individual Experts reported that they had visited a number of RCA countries under the
TC programme. They asked why their reports were not provided for the RCA Tissue
Bank project.

It was recommended that in future all Experts Reports dealing with Tissue Banking
should be cross-circulated between the various sections involved in Tissue Banking.

2, A clear distinction should be made between the banking and use of small morseliized
bone grafts (which fully incorporate) and those larger cortical grafts which act as a
buttress or structural material in the banking and use of tissue allografts.



There are definite and important reasons why an end-sterilization process should be
employed. Radiation is an effective method. Radiation inactivates the HIV virus. (D,,
4-6 kGy). This compares with B. pumillus of D,, = 3.2 kGy. Fora 41 xm 10 ® SAL, a dose
of 40 kGy is required. With suitable serological screening, the group considered that
25 kGy was a satisfactory level of safety. Annex 40 is a calculation for the presently
accepted HIV virus concentrations in Tissues. Moral: the more you process the bone,
the safer it becomes. It is recommended, therefore, that an end-sterilization method
is universally adopted in the RCA region. The use of fresh, frozen non-irradiated
allografts cultured only for bacteria should be discouraged. Additionally, it was
pointed out that the radiation sterilization dose should be related to the potential
bioburden. There is no logical reason to always use 25 kGy. It was also noted that a
maijor Tissue Bank in Canada, simply triply wrapped the bone after sterile procurement
and irradiated without further treatment. Despite certain off-flavours which resulted,
this bone has been safely and effectively used over many uses.

Having regard to the vast majority of bone grafts used in the world today being small,
morsellized, freeze-dried, irradiated allografts, then it would be prudent for the RCA
programme to be concentrated on this area. A subsequent area could be related
bone-tendon grafts. Although the demand for soft tissue allografts relative to
morsallised bone is low, it is felt that over time, this tissue will become more utilized
and increased supply will be made. In addition there will be certain cases that fresh
frozen irradiated bone and soft tissue allografts will be needed. (Revision total hip
surgery, tumor surgery, knee ligament/cartilage surgery).

Without extending as far as massive allografts, the procurement of cortical bone from
femur and tibia can be commended for the region for the preparation of struts (freeze-
dried), plates/freeze dried, rings (freeze-dried), powder both freeze dried (3mm), and
demineralized (75-400,.1], and 3-5mm granules, both freeze dried and demineralized,
wafers (freeze dried), match sticks (freeze dried), cylindrical fibular struts (freeze dried).

The overall safety of the methods advocated for using allografts can be illustrated by
these statistics: from 4 million tissues transplanted since there was an effective HIV test
employed, only one donor proved positive, which had escaped the screening
process.

Having regard fo the intense interest in finding an appropriate radiation dose to
inactivate the HIV virus, further research in this subject is proposed.



8. The group addressed the problem of the use of massive tissue grafts, either fresh frozen
or processed. In either event, radiation sterilization is advocated as an end-sterilization
procedure. The group recognized the need for further training in the production and
use of such grafts. Two mechanisms are propdsed to make further progress in this

areqQ:.

Experts to visit the region to demonstrate the use of such massive allografts

Surgical practitioners in the Region to visit specialist centres outside the Region
to gain in-depth education in the subject.

The experts attending the Meeting said that they would be prepared to offer their
services in an advisory capacity if suitable missions were formulated.
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INFORMATION ON THE EXPERTS ATTENDING THE EXPERT ADVISORY GROUP MEETING

Dr. Heinz Winkler, Chairman of Central Bone Bank of Vienna, Austria

- Medical Director Bone Bank Baumgartner Hoehe
- Consultant Orthopaedic Surgeon at Danube
Director of Sub-department for Endoprosthetics

Professor R. von Versen, Director, Berlin Tissue Bank, Berlin, Germany:

- Specialist in medical tissue preservation and tissue banking
- Specialist in tissue culture and use in cell and tissue replacement

Professor G.O. Phillips, Director, Ciwyd and Oswestry Research Tissue Bank, United
Kingdom:

- Broad expertise in designing and setting up a tissue bank
- Radiation researcher on radiation effects biological tissues and their protection

Dr. A. Czitrom, Tissue Bank, Texas, USA:

- Orthopaedic surgeon and clinical user of tissue allografts

- Author of tissue banking books, manuals and academic and research papers

- IAEA expert at Member State Institutes for tissue banking and clinical use of
bone grafts

Dr. Christopher D. Harner, University Pittsburgh, USA

- Associate Professor of Orthopedic Surgery

- Extensive clinical and basic science research in knee surgery and sports
medicine

- Author of numerous scientific articles and textbooks

- Extensive experience in allograft knee ligament and cartilage surgery



Dr. Michael G. Rock, Mayo Clinic, Rochester, USA

- Orthopaedic surgeon/oncologist with extensive experience in the use of
allografis tissue for reconstruction
- Director of Tissue Bank Mayo Clinic; Mayo Foundation
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- Director of Bone Bank

- Orthopaedic Surgeon
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Studies on radiation resistance of bacteria.

Dr. Teresa Vellicer, Department of Surgical Reconstruction and Burns, Hospital,
Hinos Ameijeiras, Havanna, Cuba:

- 10 years experience in the use of allografts and Xenografts in Surgical
reconstructive and burns patient treatment.
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SUBJECT: USE OF RADIATION STERILIZED ALLOGRAFTS IN CLINICAL/SURGICAL PRACTICE,
AND STRATEGIES FOR DISSEMINATION OF INFORMATION TO MEDICAL PRACTITIONERS (WITH
PARTICULAR REFERENCE TO ORTHOPAEDICS)

1. Q)
o)

AGENDA

An overview of the RCA/IAEA programme in Tissue Banking
Election of Chairman

Presentation of Experts on the Production and Utilization of Allografts

Comparison of the use of radiation for the sterilization of allografts compared with
other methods

Identification of literature material which can be used to brief surgeons in the
Asia/Pacific Region

Preparation of a document which can supplement the Curriculum on Tissue Banking,
particularly with reference 1o the application of tissue allografts in orthopaedics

Advise about future RCA and IAEA programmes on the preparation and utilization of
radiation sterilized allografts (recommendations).
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The Pediatric Spine: Principles and Practice,
S. L. Wcinsteia, Editor.
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The use of bone as a tissue graft was one of the first
surgical transplants. Throughout the twentieth cen-
tury, it has been the most frequently performed surgi-
cal tissue transfer other than that of skin and blood
(23). Bone grafting has a major role in most orthopaedic
subspecialties, but its importance and frequency of use
are greatest in spinal surgery.

The aim of this chapter is to discuss the basic biology
of bone grafting, with special emphasis on how autoge-
nous bone grafts differ from allografts in terms of heal-
ing, incorporation, and remodeling. This comparison
is prompted by the increased use of allograft tissues in
general orthopaedic surgical practice (37) and of allo-
graft bone in spinal surgery (24,25,45,49,61,79,81,82,
86,92,99,103,105,122). These developments coincide
with an unprecedented growth and sophistication of
techniques used in tissue banking (34,87). Conse-
quently, the first section of this chapter covers the biol-
ogy of bone grafting, and the second part discusses
principles of bone banking. A third section outlines
how biology and banking are relevant for bone grafting
in spinal surgery.

A. A. Czitrom, M.D., Ph.D.: Clinical Associate Professor
of Orthopaedic Surgery, University of Texas Southwestern
Medical Center, Humana Advanced Surgical Institutes, Dal-
las, Texas 75280.

BIOLOGY OF BONE GRAFTING
Healing and Incorporation of Autologous Bone Grafts
The Concept of Clinical Success

From a biologic point of view, the process of *‘heal-
ing”’ of a bone graft means the complete union of the
graft to the host bed; “‘incorporation’ refers to the
complete remodeling of the graft and its integration
with host bone. Clinically, these two processes cannot
always be well defined or separated. Consequently, the
clinical success of a bone graft is often defined as “‘an
ability to withstand physiological load’” (53). Clearly,
this clinical end result has an underlying biologic expla-
nation in terms of healing and incorporation, but it is
important to understand that this end result does not
always require a complete remodeling of the graft. On
the one hand, a cancellous graft used to fill a bone
defect in the metaphysis of a long bone has to heal
(unite) and incorporate (remodel) completely before
the construct can withstand load and thus be defined
as a clinical success. On the other hand, a cortical inter-
calary graft used to reconstruct a segmental defect in
the diaphysis of a long bone can unite solidly with host
bone and be a clinical success despite the fact that it
has not incorporated to any significant extent. This dis-
tinction brings out the complexity of the biology of

1285






