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Supply and demand of bone allograft for
revision hip surgery in Scotland
G. Galea, D. Kopman, B. J. M. Graham

From the East of Scotland Blood Transfusion Service, Dundee, Scotland

he Scottish National Blood Transfusion Service is

the main provider of bone for grafting in
Scotland. Bone is procured only from live donors,
following very strict selection criteria, and we have
investigated whether the amount being collected was
adequate.

Our current harvest of approximately 1700 femoral
heads per year is shown not to be enough to meet the
future demand for revision surgery of the hip. Many
more of these operations are being undertaken, and
impaction grafting is being used increasingly.

We have calculated the predicted rates of collection
and usage for the next four to five years so that we
can expand our service in a controlled fashion.
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Small bone allografts are collected, tested, ‘fresh frozen’
and distributed by the five regional transfusion centres of
the Scottish National Blood Transfusion Service (SNBTS)
based in Glasgow, Edinburgh, Dundee, Aberdeen and
Invemess.

All these regions collect femoral head allografts from
patients undergoing elective primary total hip replacement
(THR), most with a diagnosis of osteoarthritis (OA). Some
regions also collect tibial plateaux, but these are a small
proportion of the total. Bone is not collected from patients
with fractured neck of the femur or rheumatoid arthritis, or
from cadavers or multi-organ donors.

Collected bone is tested for mandatory viral markers and
bacteriological infection. If these tests are negative it is
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frozen and quarantined for six months. The donor is then
retested for the viral markers and, if these tests are clear,
the bone is released for use. When a bacteriological infec-
tion is found, bone does not have to be discarded but can be
processed further. This occurs in 10% to 15% of all avail-
able bone.

Small bone allografts are used in a number of ortho-
paedic operations such as spinal fusion and in trauma, but
particularly in revision of THR. We investigated the avail-
able supply of fresh-frozen bone allografts from live donors
in Scotland, and attempted to predict the total demand for
their use in revision THRs.

Materials and Methods

Supply of fresh-frozen bone allografts. The overall avail-
ability of such allografts from live donors can be calculated
by estimating the rates of primary elective THR for OA.
The annual Standard Morbidity Records (SMR 1), as coded
by the Office of Population Censuses and Surveys (OPCS),
for primary THR in Scottish hospitals from 1989 to 1994,
were studied and the number of primary elective replace-
ments calculated as described by Williams et al.>® This was
compared with the SNBTS" information on the number of
potential bone donors in order to check the accuracy of
coding in each hospital and to indicate whether the SNBTS
was collecting bone from all available patients.

Although the numbers are relatively small they were
considered to be adequate to provide relatively crude pre-
dicted rates. Once we had shown that the SMR 1 figures
were relatively accurate, estimates of the number of opera-
tions expected for the period 1996 to 2001 were made,
using varied assumptions concerning the factors which
influence the demand for hip surgery, including the incid-
ence of disease, the impact of population changes and
resource constraints.

An upper range of predicted rates of surgery for 1996 to
2001 was derived by taking the average proportional rate of
change in the rates and numbers of elective primary THR
for OA from 1989 to 1995, using the formula:

Gn = (141) Gy 4

where n is the year, q is the quantity and r is the proportional
rate of change. This gives an indication of the current trend
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Table I. SMR 1 records were used to determine the total number of THRs for OA and the SNBTS records (where available) were used to determine
the total number of potential femoral head donors. The source of the SMR 1 records was the Information and Statistics Division of the CSA,
Edinburgh. The SMR 1 data relate to calendar years and the SNBTS data to fiscal years

1989 1990 1991 1992 1993 1994
Region SMR1 SNBTS SMR1 SNBTS SMR1 SNBTS SMR1 SNBTS SMR1 SNBTS SMR1 SNBTS
SEE. 655 673 698 700 739 724 765 759
West* 1035 1047 1067 1140 1138 1188
Northt 197 223 262 242 234 141 225 211
NE. 194 196 163 300 275 323 369 405 456 438 551
East} 468 396 323 266 140 238 238 272 278

* data are captured differently and cannot be used for this analysis
T North total for 1993 is for seven months
I East total for 1992 is for five months

Table II. Rates per 100 000 population for primary elective THR with the diagnosis of OA between 1989 and 1995 as well as upper

and lower predicted rates up to 2001

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Rates 48.78 48.15 5052 511 53.1 5565 5715
Upper predicted 58.68 6026 6188 6354 6525 67
Lower predicted 5528 554 55.6 55.8 56.1 56.3

and assumes that the rate of growth recorded from 1989 to
1994 will be maintained during the next five years.

A lower range of estimates for primary THR is based on
the assumption that the number of primary THRs for OA is
reaching a plateau and that the demand for operation is
being met. Using the General Registrars Office data on
population predictions for 1995 to 2001,5’6 lower estimates
were calculated based on the age- and sex-specific rates of
THR in 1995 using the formula:

45, = Q1995/Pp

where n is the year, q is the quantity and p is the projected
population for that year.

To estimate the available supply of bone we subtracted
from these totals the number of potential donors who will
be deferred for medical reasons, those who will probably
not consent and those who will require an autologous graft
at operation, from our projected number of THRs. We
assumed that the criteria for operation, and the rates of
medical deferral, consent and autologous use would remain
constant.

Estimates of the supply from live donors depend on the
ability of the SNBTS to collect the bone, and on the loss
due to positive testing for virological and/or bacteriological
markers. Bone which tests positive for viral infection is
discarded, but that showing bacteriological contamination
can be processed further and used clinically. We assumed
these factors to be constant, and also assumed that there
was minimal wastage of bone.

The demand for bone. The future demand for bone was
assessed from the predicted rates of operations in which
allograft is currently used, or may be used. The key opera-
tion is revision of a THR, and we used the same assump-
tions to estimate the number of such operations during 1995
to 2001. We applied linear regression to monthly data from
1984 to 1995 to check the accuracy of our predicted rates
for revision of THR calculated using the proportional rate of

change based on the annual figures from 1989 to 1995. The
total demand for bone was then derived from the average
number of femoral heads used in each procedure. Allow-
ance was made for the effect of possible changes in tech-
nique which could affect the amount of allograft needed.

Results

Comparison of the numbers of potential donors. The
total number of primary THRs carried out in NHS hospitals
in Scotland from 1989 to 1994 for OA is shown in Table I,
which also shows the number of potential donors notified to
the SNBTS Bone Banks. The number of discharges recor-
ded on SMR 1 corresponded well to the potential donors
identified by the bone banks, showing that most of the
available femoral heads were collected.

Predicted rates of collection. The number of THRs carried
out for OA increased throughout all age groups between
1989 and 1995. Using these figures the maximal and mini-
mal predicted rates for elective THR for OA per 100 000
population until 2001 are shown in Table I (Fig. 1).
Unsuitable donors. We try to obtain femoral heads from
all appropriate donors, but rigorous medical screening rules
out 48%. The use of autologous bone in primary THR will
decrease the amount available for allogeneic transplant,
although the amount so lost is now small. Bone is rarely
discarded because of a positive mandatory marker. The
number of femoral heads collected by the SNBTS is shown
in Table TII with the number issued to Scottish hospitals.
The number of bones issued has increased significantly and
is now approaching the limits of supply.

Predicted demand. The number of revision THRs
increased in all age groups between 1984 and 1995. On
these figures, using the methods previously described, the
upper and lower predicted rates per 100 000 population to
2001 are shown in Table IV (Fig. 2). The difference in the
predicted rates for revision THR is wide, depending on the
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Primary THR where the patients were admitted with the principal diag-
nosis of OA. The rates of elective THR are reported for 1989 to 1994 and
predicted for 1995 to 2001.

Revision of, or conversion to, prosthetic replacement of the hip. The rates
of demand are reported for 1989 to 1994 and predicted for 1995 to
2001.

Table III. The annual number of femoral heads collected by the SNBTS and the number (where
available) issued to Scottish hospitals between 1990 and 1995. It is not possible to break down the
number of bones issued by operation, although most are for revision of THR. A six-month
quarantine period is an essential requirement and therefore bone collected in one year may be
issued the following year

Bone 1990 1991 1992 1993 1994 1995
Collections 163 275 509 1559 1641 1778
Issues 438 1061 1329 1567

Table IV. Rates per 100 000 population for revision THR between 1989 and 1995 as well as upper and lower predicted rates to

2001
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
743 101 102 1203 121 132 1475
Upper predicted 16.6 18.61 20.88 2342 12626 2946
Lower predicted 13.19 13.14 1328 1334 1342 1349

model used, and therefore a different statistical approach
was used. Figure 3 shows the monthly discharges after
revision THR reported on the SMR 1 between 1984 and
1994. This suggests that some grouping of the data may be
appropriate, but linear regression provides an acceptable
estimate of the equation for the line (Fig. 4), and analysis
suggests that the model is acceptable (t value highly sig-
nificant at p < 0.01). Estimates of revision THR up to 2001,
based on this latter model, are shown in Table V. These
results, if included in Figure 2, lie below the predicted
upper rates for available bone and well above the lower
estimates. This suggests that the model for establishing the
ranges of prediction is valid and it was therefore used.
Ratios of revision THR to total THR. The Health Care
Evaluation Unit of the University of Bristol estimates that
the rate of revision, which was 11% of the total number of
THRs carried out in Scotland in 1994, could rise to as much
as 40%.>” The projections in Table V show that the rate
will have increased to 15% by 1998 and to 20% in 2001.

VOL. 80-B, No. 4, JULY 1998

Quantity of bone per revision. Not all THRs require bone
grafting, but the amount of bone required for revision
surgery has increased significantly in recent years because of
the introduction of impaction grafting. The demand for bone
is influenced by both the increase in the rate of revision and
the quantity of bone required for each procedure. Table VI
shows our projections for the numbers of revision proce-
dures and the bone requirements, expressed in femoral head
equivalents. Figure 5 shows an estimate of potential require-
ments, assuming that 1.5 femoral heads are required for each
revision. These estimates may be low since the amount of
bone required at each operation is rising. The demand may
well exceed the supply in 1997 to 1998.

Discussion

The Scottish Blood Transfusion service has served as a
prototype for other tissue banks within the UK. The
similar requirements for storage and testing of blood and
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Month line fit plot of the number of discharges after revision THR
between 1984 and 1994.

Fig. 3

Histogram of monthly discharges
after revision THR between 1984
and 1994.
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femoral head bones and central predictions for demand from revision THR
and revision TKR (1.5 bones per revision).

Table V. Annual ratios of projected (central) revision THR to total THR for 1993 to 2001 (primary THR includes all diagnoses). The source
of the SMR 1 records was the Information and Statistics Division of the CSA, Edinburgh

1993 1994 1995 1996 1997 1998 1999 2000 2001
Recorded/projected primary THR 5377 5592 5725 5860 5999 6141 6287 6436 6588
Recorded/projected revision THR 612 667 747 837 938 1051 1177 1319 1477
Ratio of revision to total hip surgery 0.10 0.11 0.12 0.12 0.14 0.15 0.16 0.17 0.20
Table VI. Recorded and projected demand for bone from revision or a primary prosthetic replacement of the hip

1993 1994 1995 1996 1997 1998 1999 2000 2001
Recorded/projected revision THR 612 667 747 837 938 1051 1177 1319 1477
Demand at 1 head/revision 612 667 747 837 938 1051 1177 1319 1477
Demand at 1.5 heads/revision 918 1000 1120 1255 1407 1576 1765 1978 2215
Demand at 2 heads/revision 1224 1334 1494 1674 1876 2102 2354 2638 2954

bone, and the experience of the SNBTS has resulted in the
development of bone banking along similar lines to blood
procurement. We obtained bone only from live donors
who were in-patients for primary THR, and currently this

provides about 1700 femoral heads each year.

Our study has shown that the SNBTS is being notified of
most of the potential donors. This shows an efficient use of
available resources, but also indicates that there is little
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potential for increasing the supply of bone from these
sources, unless there is an increase in the number of
primary hip replacements.

This source cannot meet the demand for revision surgery
of the hip or for other operations because of the increase in
the number of revisions and the use of techniques which
require more bone, such as impaction grafting which may
use up to five femoral heads. Other studies have reached
similar conclusions.””

The demand for allograft cannot be met from current
sources. There is a significant loss of potential donors
because of rigorous selection and screening, which is un-
avoidable since safety is paramount. The use of bone from
other live donors has been considered, such as those having
surgery for fracture of the neck of the femur, but logistic
difficulties and concern about bone quality have prevailed.

To maintain self-sufficiency we need to consider using
cadaver donors, but there are many problems in relation to
this, which need further consideration. Qur study has
reviewed the supply and demand of bone only for revision
surgery of the hip, but more will be needed for other
operative techniques. This emphasises the need for further
appraisal of potential sources.

VOL. 80-B, No. 4, JULY 1998

Data for this study were supplied by the Information and Statistics
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article.
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