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Summary. We used bone allograft treated by de- d’éthylene. Le but du dgraissage et de la lyo-
fatting in chloroform and methanol, freeze-drying philisation est de faciliter une stiisation ulté-
and sterilisation with ethylene oxide gas in op- rieure en’dminant la barriere ala diffusion du gaz
erations on 396 patients. The purpose of defattingd’'oxyde d’ehylene dans les os, d'abaisser les ni-
and freeze-drying is to facilitate subsequent ster-veaux faiduels de I'oxyde dtaylene et de ses
ilisation by eliminating a barrier to the diffusion of sous-produits toxiques ajme la sfeilisation,
ethylene oxide gas into bone, to lower the residuald’éliminer les iso-antigaes et de rendre possible
levels of the ethylene oxide and its toxic by-pro-un stockage da tempeature de la piee. L'effi-
ducts after sterilisation, to eliminate alloantigens cacite et la seurite de cette miéhode ont &
and to make storage at room temperature possibleévaluees par: 1) la capacitede steilisation d'os
Postoperative infections confirmed by a positiveinfectes prdeves a partir du foyer d’'une ost®-
bacterial culture occurred in 2 of the 396 patients mydite chronique active chez six patients, 2) la
receiving the allograft, which was prepared under pendration du gaz d'oxyde dtbylene dans des
clean, but not sterile, conditions, one of which wastétes fenorales humaines trdies par cette
thought to be due to dehiscence of the woundméhode ou par d’autres, telle que la lyophilisation
rather than to the allograft. There were also 3 ou la congéation-decongdation, et 3) I'dimina-
probable infections. Histological sections of the tion de I'oxyde d’¢hylene et de ses sous-produits
area around the interface of the allograft and its toxiques, chlorhydrine dibylene et ‘¢hylene gly-
bony bed showed: (1) osteoblasts lining the surfacecol, provenant de I'os traitgar cette m#éode ou
of the dead cortical bone of the graft with appo- d’autres, telle que la lyophilisation ou la con-
sitional new bone; (2) ingrowth of new bone into gdation-decongéation. Tous les ehantillons d’os
the Haversian canals, and (3) little infiltration of provenant d’'une oStamydite chronique sont reSte
inflammatory small round cells. These findings bacteiologiquement stéles apres traitement par
indicated the ability of the bone to support new cette méode. Lorsque dests fanorales traites
bone formation and to eliminate antigens. The lowavec cette rithode ont & exposes a I'oxyde
incidence of infection confirmed the efficacy of this d’éthylene, le gaz a suffisammentniré dans la
method of sterilisation. zone centrale en quelques heures seulement. Les
niveaux fsiduels de I'oxyde diylene et de ses
Résume Nous avons tabli une mi¢hode pratique  sous-produits toxiques dans les os traifgar cette
et efficace pour la stdisation d'allogreffes os- méahode ont & bien plus faibles que ceux se
seuses. Cette Ttiode se compose de: 1)-de trouvant dans les os lyophiliseou congels-de
graissage dans du chloroforme et duthenol, 2) congeles, et ont rapidement dimingedans I'air
lyophilisation et, 3) stelisation avec gaz d'oxyde ambiant. Ces ‘multats indiquent qu'un de
graissage anteeur et une lyophilisation ont per-
mis de faciliter la pedration du gaz d'oxyde

e — - d’éthylene dans l'os durant la Stdisation et
Reprint requests toM. Kakiuchi
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I'élimination de I'oxyde d'éhylene et de ses sous- Table 1. Clinical incidence of postoperative infection; patients
produits toxiques ap‘ma steilisation. La prépara— classified by surgical procedures and sizes and types of allograft
tion dans des Cpnditionslpropres, mais [IO’IT“ﬂe, Cylindrical thick cortical bone taken from diaphysis of the
et un stockage da tempeature de la piee per- tibia or femur
mettent de rendre le syste de banque des os plus %,O cm gntgb%fl 'g‘oé.et | femoral replace
: - roximal tibial or distal femoral replace-
pratique et efficace. ment combined with endoprosthesis for
osteosarcoma or recurred giant cell tumor 7 (Dl&r 1
Less than 10 cm long
Revision of total hip or knee arthroplasty 11
Subtotal resection of lumbar vertebral body
and anterior interbody fusion 5

. . ... _.__Thick cortical bone plates taken from diaphysis of the tibia or
We devised the method of preparing and sterilisinGremur and/or Cy“ndﬁcw fibula pny

bone, which is described in the preceding paper;0 cm long or more _
and have used it since 1981. The defatting, freezeRepair of defect made by resection and

Introduction

; iy gurettage of giant cell tumor 15 (PI=1)
drying and subsequent exposure to ethylene OX|d(]—§,Ostero_|ateral lumbar fusion 5 (DI = 1)
gas does not require large equipment. Our prez i, 10 ¢m long
liminary study showed the possibility of achieving postero-lateral lumbar fusion 7
good clinical results [7] Posterior lumbar fusion with internal

The purpose of the present study was to evaludixation . 14

L - Repair of bone defect in fracture of limbs 16 (Pl = 1)
ate clinically the efficacy and safety of these de- Repair of donor site for iliac autograft 4
fatted, gas-sterilised bone allografts. Less than 3 cm
Posterior lumbar interbody fusion 31 (PI=1)
) Posterior lumbar interbody fusion with
Materials and methods internal fixation 67
) . Anterior lumbar interbody fusion 7
The bone was obtained and treated sequentially under clearnnterior cervical interbody fusion 5
but not sterile, conditions as in the preceding paper. The typescorrection osteotomy in limbs 12
of graft prepared were: (1) thick cortical bone from the dia- Repair of donor site for iliac autograft 9
physis of the femur or tibia; (2) thin cortical bone from the
metaphysis of the same bones; (3) chips of cancellous bone ifpubtotal 215(D1=2,PI=3)

1 cm cubes, and (4) cylindrical-shaped diaphysis of the fibula.
Massive whole bone was not used in this series.

Defatted, gas-sterilised bone allograft was prepared as ban o :
bone at the Osaka University Medical School. The study 2VIS_IOI’1 of total hip or knee arthroplasty 18

; . . pair of bone defect in fracture of

comprised 396 patients who underwent operations performe imbs 12
by one of the two authors between November 1981 and
December 1991. All were carried out in a standard operatingChips of cancellous bone
room. The allografts were not placed in infected, or previously Revision of total hip or knee arthroplasty 27
infected, sites. Prophylactic antibiotics were given routinely. A Shelf arthroplasty of hip 12
blood test was done at one day, one week and one month aftedRepair of donor site for tibial autograft 21
operation. At least once a month during the first 6 months, theRepair of defect made by curettage of

Thin cortical bone plates taken from metaphysis of the
ibia or femur

patients were assessed for the signs of infection such as pairhenign bone tumors 91

erythema, swelling or discharge, and radiographs inspected fo — -
evidence of bone resorption around the allograft. When suchéuthtaI 181 (DI=0,P1=0)
signs were present, an additional blood test and bacterialTotal 396 (DI=2,PI=3)

culture of any drainage or aspirate was carried out. - - -

A definite infection was present when there were physical The values given are the number of patients, with the number of
or radiological signs and a positive culture. A probable infec- those with postoperative infection in parentheses (DI: definite
tion was diagnosed when there were signs of infection, infection, PI: probabe infection). When two or more pieces of

persistent leucocytosis and raised C-reactive protein, bu?one were used in a patient, the size and thickness of bone
negative cultures. indicated above are for the largest and thickest

- . . . a The infection in this patient is considered to be closely related to
alloglrg[f?l(;gr:ga:tzegg%gs t?ef(;hgpfggi?nzgosur\]/setrhee g)](tgr?:?ﬁee dOfirEh$wound necrosis and dehiscence of incision, and not associated with

patients (Table 2). surgical procedures or allograft

Follow up was for an average of 5 years, 2 months (range
from 9 years, 4 months to one year, 5 months). (1.4%) probable infection. Thin cortical strips or
bone chips were used in 181 patients and there
were no cases of infection. Table 1 classifies the
procedures, with details of the allografts used, in
Thick cortical bone allografts were used in 215 relation to the incidence of definite and probable
patients; 2 (0.9%) had a definite infection and 3infections.

Results
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Fig. 2. Histological sections of area around the interface of the
recipient bone bed and the defatted, gas-sterilized fibular bone

Fig. 1. Histological sections of the defatted, gas-sterilized l0graft obtained from a thirty-nine-year-old man (Case 2,
cortical bone allograft obtained from a thirty-nine-year-old '2Ple 1) seven months after grafting. Ingrowth of new bone
man (Case 1, Table 1) five months after grafting. OsteoblastdNto Haversian vascular channels is noted (hematoxylin and
with appositional deposits of new bone are noted. No infiltra- €0Sin,x25)

tion of inflammatory small round cells is observed (hematox-

ylin and eosinx123)

from a biopsy specimen. Intravenous antibiotics
S _ were given and the signs of infection disappeared.
Definite infections The resorbed bone repaired spontaneously and

One of the 2 patients with definite infections de- tN€ré was no recurrence S years later.

veloped drainage from the wound with intermittent , Th€ sécond patient had resection and curettage
fever 3 days after posterolateral lumbar fusion© @ giant cell tumour of the proximal tibia and
using long thick pieces of cortical bone. Staphy-10nd thick cortical bone ‘was used. Erythema,

lococcus aureus was cultured. The allograft was>Velling of the wound and leucocytosis developed
removed and the infection cleared. after the operation. Bacteria were not cultured in

The other patient had a proximal tibial en- fluid aspirated from the wound and the knee. The

doprosthetic replacement for osteosarcoma andPC@l signs cleared after 5 weeks. .
long cylindrical cortical bone had been added. . 'N€ third patient had undergone open reduction
Wound necrosis developed with dehiscence 3 dayS @ tibial plateau fracture using thick cortical
after operation and staphylococcus epidermis wafone: There was intermittent fever with persistent
grown. The complication was considered to be dug>"elling and local heat, but no discharge. Bacteria
to the dehiscence of the wound and not the surgica)/€re not cultured in aspirate from the knee and the
procedure or the allograft. The infection cleared WoUNd-

; The results indicate that of the total of 396 bone
after removal of the allograft and endoprosthesis. allografts infection occurred at most in 4 (1.0%)

patients (the patient whose infection was related to
wound dehiscence is excluded). Of the 215 thick
cortical bone grafts, 4 (1.9%) developed infection.

One of the 3 patients with probable infections hadThin cortical strips or bone chips were used in 181
a posterior lumbar interbody fusion with thick patients with no cases of infection, definite or

cortical bone. Low back pain developed 18 monthsprobable.

after operation and radiographs showed resorption

of bone around the graft. Bacteria were not grown

Probable infections
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Biopsy specimens replaced with canine skull autograft [12], but at

The histological findings in the area around the 370.(|:| for 4 t.?. 6 h, which completely eliminated
interface between allograft and recipient bone are22Cillus subtilis spores, demineralised bone is in-
given in Table 2. Those obtained after 6 monthscaPable of bone induction in rats [1, 11]. These

showed osteoblasts lining the surface of deaofesu'ts are not contradictory if it is assumed that
cortical bone with deposits of appositional new ethylene oxide sterilisation has an adverse effect

bone (Fig. 1), and ingrowth into Haversian vas- on osteoinduction of the bone matrix, but no effect

cular channels (Fig. 2). Those obtained a few year§m osteoconduction, and that the osteoinductive

after grafting had living new bone surrounding the ngt?\?ét:ﬁsh?fhtgfmrgﬁ% ?re alr(heady dmuchrrl‘essk ef-
dead bone, as in normal bone graft incorporation 9 als, such as dogs, monkeys

Little or no round cell infiltration was seen in ei- &nd humans, than in lower mammals, such as ro-
dents. There is no evidence that demineralised

ther case. . o S
bone induces sufficient new bone formation in
nonskeletal tissues of humans, although semi-pur-

: : ified morphogenetic bone protein induces new

Discussion

bone in muscles of monkeys [10]. In squirrel
Limbs amputated for trauma or ischaemic necrosismonkeys, allogeneic or autogenic demineralised
have a greater risk of transmitting bacteria to re-bone matrix does not induce extraskeletal bone
cipients than when strictly screened cadavericformation [2]. Our biopsy showed that the defatted
bone is used, and bacterial contamination may nogas-sterilised bone, whose ability to induce new
always be detected by the culture of swabs. If bonébone in nonskeletal tissues may have been lost,
from such limbs is used for grafting, efficient supported new bone formation on its surface. This
sterilisation is essential as in the method we havepositive result in humans must be due to properties
described. In spite of the use of amputated limbsother than osteoinduction, and osteoinductive
and preparation under unsterile conditions, weproperties may contribute little to new bone for-
found evidence of infection in only 1.0% of pa- mation in allografts used clinically. Therefore,
tients at most, and only with thick cortical allo- ethylene oxide sterilisation, though capable of re-
grafts. This may be explained by the relatively ducing osteoinduction, does not necessarily have
greater invasiveness of the operation compared tdiarmful effects on bone formation in clinical al-
when thin cortical bone or cancellous chips arelografts. The role of osteoinduction in humans will
used. be elucidated when pure bone morphogenetic
Defatting in organic solvents, such as chloro- protein on appropriate carriers, with higher in-
form and methanol, reduces the antigenicity of theductive properties than those of bone matrix, be-
allograft [9, 19], and our biopsy specimens showedcomes available.
little infiltration with inflammatory round cells. Donor screening is considered effective in pre-
Another concern is whether demineralisation of venting human immunodeficiency virus (HIV)
the allograft favourably affects bone repair in hu- transmission, but a risk remains. Organs, or fresh-
mans. In lower mammals, such as rodents, demifrozen bone, taken from a thoroughly screened
neralisation with hydrochloric acid enhances os-antibody negative HIV infected donor have con-
teoinduction in allografts and new bone is inducedsistently transmitted HIV to recipients. The dona-
even in non-ossifying tissues [17, 18, 19] as a re-tions were most probably made during the period
sult of the bone morphogenetic properties of thebetween infection and antibody seroconversion
matrix. Experiments in higher mammals have [15] which ranges from 4 weeks to 6 months in
however shown that demineralised bone has failednost cases [5]. Sterilisation further reduces the risk
to induce new bone formation in muscles [2], and of transmission. Storage in a dried state at room
does not enhance it in orthotopic sites [14]. Ourtemperature for many days, or treatment with al-
clinical data showed that allografts, which are cohol for some minutes, inactivates HIV [13].
completely demineralised and exposed to ethylendrying, or treatment with solvents such as alcohol,
oxide gas, were completely resorbed without newether or chloroform, usually inactivates the en-
bone formation when they were placed in para-veloped virus. Each procedure of defatting, freeze-
skeletal sites in humans [6]. These data providedrying and exposure to ethylene oxide gas, as used
sufficient reason for excluding demineralisation in our method, may be capable of inactivating HIV.
from the preparation of allografts used in patients. There have been a few cases reported of trans-
Sterilisation with ethylene oxide at 3C for4h  mission of Creutzfeldt-Jacob disease (CJD)
does not affect the results of repair of skull defectsthrough dura mater allografts [8, 16], but none
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Takemitsu Y (eds) Lumbar fusion and stabilization (1st
edn.). Springer, Berlin Heidelberg New York Tokyo,
pp 354-363

. Masullo C, Pocchiari M, Macchi G, et al. (1989) Trans-

mission of Creutzfeldt-Jakob disease by dural cadaveric

graft. J Neurosurg 71: 954-955

Mikulski AJ, Urist MR (1975) An antigenic anti-

through bone allografts. The CJD virus has usually
been found in neural tissues, and only infrequently
in non-neural tissues in humans [3], so the risk of g
transmission by bone is small. The CJD virus is
resistant to most disinfectants, including ethylene
oxide [4] and autoclaving is not always effective. 9

Since there is no laboratory screening test, donors

with neurological iliness or dementia (the primary 1q

symptoms of CJD) should be excluded. The dis-
ease usually occurs in older people [16], so donors

should be under 50 years of age.
Our method is safe and biologically acceptable.

The bone can be procured in unsterile conditions

and stored and transported at room temperaturei2.

making the procedure easy and cheap.
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