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It will come as no surprise particularly in Continental centers that the subject
of animal bone and cartilage for human use should be the subject of this
paper. It is especially appropriate since the first report of a cross species
bone graft was made by Van Meekeren in 1668 ° who described what was
an apparently successfull “graft” of fresh dog bone to a skull defect in a
Russian soldier. Unfortunately for scientific posterity the heterograft was
removed by Church order. Little was then documented of further transplants
of heterogenous bone until Ollier's 2 masterful treatise appeared.

With the exception of experimental work at a poorly defined level, with some
renewal of clinical interest, there was a hiatus of many years until the work
of Orell * describing “os purum” and “os novum” appeared in 1937. There-
after, and associated with the widespread interest evidenced by numerous
reports about storage of homogenous bone and cartilage (banking) from the
United States, there was a resurgence of interest in European centers using
similar techniques applied to animal bone, especially deepfreezing, then
lyophilization, and later “processing” of animal bone and cartilage. In the
third, fourth and fifth decades of the 20th century the interesting work of
Guilleminet, Stagnara, Dubost-Perret, the Judets and Arviset, Desbrosses,
Merieux ¢, Bauermeister and Maatz 24, % and, of course, Kingma in the
Netherlands ', appeared in the literature.

Historically, the early reports of animal cartilage implantation do not go as
far back as the 17th century. Bert® in 1865 is generally acknowledged as the
first to transplant cartilage in animals. Also, in a paper by Dupertuis 0 there
was a citation of work by Middeldorf (1852). Ollier's 2 multi-volume and
farseeing tract on bone of all types, and cartilage (1867) has become clas-
sical to all of us who are interested in bone and cartilage transplantation. Of
particular importance to this group are the observations of Leopold 2! (1881)
who was one of the first who studied fetal cartilage and concluded that even
heterotransplants studied in the anterior chamber of the eye “always” grew.
Also, Fischer observed that fetal grafts “possessed great regenerative
powers” (chondrogenic induction?). From his extensive and well controlled
studies, Loeb ** deserves great credit for his prophetic postulates about the
importance of genetic predetermination as the basic cornerstone of the
antigenic determinant in all tissue.

*) Read at the First World Conference on Rhinology, Leiden, July 9, 1963.
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Clinical reports on implants of cartilage are fewer and more current than
experimental studies. In 1796 Konig 20 was almost surely among the first to
use cartilage transplants in man. Interest in the use of chemically preserved
ox cartilage was first reported by Stout in 1933 35 This was fourteen years
before Wardill and Swinney’s work *! stimulated serious interest by Gillies and
Kristensen 2. However, such grafts were hardly far removed from fresh
heterogenous cartilage, and would have been expected to invoke an undesir-
able immune response.

Unknowingly, we have attempted to do what Peer said in 1956 32 *:. ”The clinical
use of ox cartilage by Gillies 12 and others is not criticized. Gillies has forced
plastic surgeons to consider the merits of the cartilage heterograft and to
produce evidence against its use. One should not ignore the possibility that
future discoveries may reveal some way to render the cartilage heterograft
more acceptable to human tissues.”

In the same year we began a detailed study of bone and cartilage as an
antigenic tissue using heterogenous (bovine) material. Our purpose was:

1. to find out, if possible, what and how many antigens were present in bone
and cartilage;

2. whether they could be removed without altering the basic matrix-mineral
ratio by processing; and

3. to observe such processed bone and cartilage vs. fresh in different basic
laboratory studies and animal experiments in order to determine whether
our processed tissue would provoke general or local immune response
when used orthotopically and ectopically.

It was naturally hoped that such bone would be immunologically acceptable
in man, premising early host-vascularization, rapid replacement with new host
bone and eventually complete remodelling into the biologic template of the
human host bone type. We did not wish to end up with “rubber” bone (EDTA
treated) *%, nor did we wish an “anorganic” 15 23 hone with practically no
nitrogen content as a result of the removal from the matrix of almost all but a
small fraction of the organic constituents leaving the hydroxyapatite crystals
held together with a gossamer-like ”something” (? remnant ground substance),
having no strenght, and an unbelievable inertness which is now well known;
and having neither the possibility of acting as a decent trellis, nor of evoking
the slightest osteogenetic response from the host.

Most of our basic studies of animal bone and cartilage were done using careful
and scientifically acknowledged immunologic techniques which were at least
qualitative and to some extent quantitative.

Millonig, Amrein, and Borman2* who explored the antigenicity of cortical
bovine bone (fresh) used male albino rabbits which were immunized by weekly
intramuscular injections of 100 mg. of pulverized fresh cortical bone suspended
in 1 ml. of Freund’s complete adjuvant which contained approximately 4 mg.
of bone nitrogen. Each animal received 24 injections and 10 days following the
last injection were bled, the sera collected and stored at —20° C. until used.
These antisera were eventually assayed by the hemagglutination reaction
according to the procedure of Boyden as modified by Fineberg 4. Bovine serum
and an equeous extract of bovine cortical bone were used as test antigens.
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Following this, antibodies to bovine serum and to bovine red cell antigens were
absorbed from the rabbit anti-bone serum. Antigens used for absorption were
bovine serum, bovine red cell lysate, bovine albumin, gamma globulin, and
fibrinogen. Absorption of antibodies was considered complete when the serum
no longer gave a positive hemagglutination reaction with bovine serum or
bovine red call lysate, or a precipitin reaction with bovine albumin, bovine
gamma globulin, or bovine fibrinogen. The results are essentially compiled in
the following table.

Table |

Antigenicity of Bovine Cortical Bone
Antigenicite de I'os bovin cortical

Demonstration, by the hemagglutination assay, of circulating antibodies in sera
of rabbits immunized with bovine cortical bone.

Demonstration d'anticorps circulants en sera de lapins immunises avec de
I'os bovin cortical, par I'essai hemagglutinin.

Hemagglutination titer
Test antigens

Bovine Red Cell Cortical
serum lysate bone
Test sera extract
Rabbit anti-cortical bone serum 1:128 1:64 1:32
*|dem, absorbed free of bovine
serum and red cell antibodies 0 0 6

It should be noted here that rabbit anti-cortical bone serum, when absorbed
free of bovine serum and red cell lysate gave a negative hemagglutination
titer, but there was a positive titer when tested against a cortical bone aqueous
extract. * Thus, it was felt that there was clear indication of the presence of
antigens in bovine cortical bone unrelated to its serum and red cell content.

To determine the nature and number of such remaining antigens, the immuno-

Fig. 1. Antigenecity of the aqueous extract of the test bone demonstrated by the
precipitin lines (indicated by arrows).
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electrophoretic method of Grabar was used (most recently described in full
detail by Ouchterlony 3!, By this method it was possible to demonstrate the
presence of two antigens in the aqueous extract of the test bone, separate
and distinct from the serum and red cell content of the bone (Figure 1).

The precipitin lines on the plate as pointed out by the arrows show them as
weak antigens which might be related to ground substance complexes, lipids,
mucopolysaccharides, osteocyte protein, etc. It was thus concluded that the
major antigens of fresh calf cortical bone were contained in the serum and red
cell complexes.

Burwell of Leeds ® in a Medawarian type approach implanted pieces of fresh
and variously treated pieces of bone in the rabbit’s ear, and used the regional
nodes as an histologic indicator of the ”T”24* (cell bound antigens) and
concluded that these antibodies were produced by the antigenic components
of marrow elements particularly the non-nucleated red cells, and hence were
capable of producing an immune response and rejection as are the “H™ (cir-
culating) antibodies 24 *. Evidence that our processing techniques very likely
get rid of most of the antigens responsible for circulating and cell fixed
antibodies follows.

Briefly stated we obtain young calves and bovine embryos; carefully detailed
controls are used in the selection. These animals are slaughtered naerby and
brought immediately to our newly designed facility. Under maximum sterile
precautions our bone and cartilage is obtained. It is then processed using a
biologic detergent, an organic solvent, followed by a prolonged wash with
sterile, filtered, deionized water; then lyophilized and sealed in vials under
vacuum and stored at room temperature. Betapropiolactone is used as the
sterilizing agent several times during the process.

Per cent fatal anaphylaxis - Pour anaphylaxic mortelle
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Fig. 2. Standard curve — Percent fatal anaphylaxis vs. sensitizing dose bovine serum.
Courbure étalon — pour cent d’anaphylaxie mortelle contre dose sensibilisatrice
de serum bovin.

Sensitizing dose — mcg. bovine serum injected.
Dose sensibilisatrice — mcg. serum bovin injecte.
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By the use of an experimentally determined curve, we found that the amount
of bovine serum contained in injected pulverized bone and cartilage could
be correlated with the percent occurrence of resultant fatal anaphylaxis in
guinea pigs following an intravenous challenge with bovine serum. A standard
curve was obtained by measuring the percent fatal anaphylaxis following an
intravenous challenge dose of 1 ml. of 1 % aqueous bovine serum given to
guinea pigs previously sensitized with known quantities of lyophilized whole
bovine serum (Figure ).

In the actual determinations of the bovine serum content of both fresh and
processed bone and cartilage, guinea pigs were well sensitized. Ten days
after the last injection the animals were challenged with 1 ml. of 1 9, aqueous
bovine serum. Determination of the incidence of fatal anaphylaxis using the
above-mentioned standard curve permitted quite an accurate quantitative
expression of the bone and cartilage being tested in terms of mg. of bovine
serum present per 15 gram aliquot of the bone type or cartilage under test.
Our processing markedly reduced the bovine serum content of the 6 types of
bone and cartilage tested .

Bovine serum (BS) content of fresh and processed bovine cortical, cancellous and
embryo bone and cartilage.

La teneur de sérum bovin (BS) d'os bovin cortical, spongiose et embryonnair et
cartilage.

Bone Sample Type mg BS/15 Gms Bone
Cortical Fresh 240-390
Processed <5.0-20.0
Cancellous Slabs Fresh 1300-1900
Processed <5.0-14.0
Ground Cancellous Fresh 1800
Processed <5.0-27.5
Embryo Mandible Fresh 900-1060
Processed <50
Embryo Orbit Fresh 1800
Processed <50
Embryo Orbit Chips Fresh 1800
Processed <5.0
Emryo Cartilage Processed <5.0

In another study from our laboratory, Dingwall, Millonig et al 7 felt that it
would be of considerable interest to compare fresh bovine bone with Squibb
processed bone in the three major parameters most often used as determinants
of an immunologic response: 1) the presence, absence, or titer of circulating
antibodies, 2) the presence or absence of cellbound or fixed antibodies,
3) microscopic evidence of the presence or absence of a local immune
response — “heterograft reaction”. For the purposes of this study, we chose
guinea pigs, and in a totaal of 240 male albino animals, subcutaneous implants
af cortical, cancellous, and embryo bone and cartilage, both fresh and
processed were done at 10 day intervals (Figure V).
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Fig. 4. Diagram of the technic of guinea pigs implants.
Diagramma de la technique d'implantations dans les tissus de cobayes.

The immunologic results are summarized in Figure V and Figure VI.

Presence or Absence of Anaphylaxis

Fatal anaphylaxis following the intravenous injection of 1 ml of 19 bovine serum in
guinea pigs 10 days following 1st, 2nd, and 3rd implants.

Présence ou absence d’anaphylaxie

Anaphylaxie mortelle par suite de I'injection intraveineuse de 1 ml de 1 9% sérum bovin
chez des cobays, 10 jours aprés les premiéres, deuxiémes et troisiemes implantations.

Bone Sample Type Fatal Anaphylaxis
1st Implant 2nd Implant 3rd Implant
Cortical Fresh + + L
Processed —_ = =
Cancellous Slabs Fresh + B o
Processed = — e
Ground Cancellous  Fresh + + 1
Processed —_— — L
Embryo Mandible Fresh — — =
Processed — — =%
Embryo Orbit Fresh — L L
Processed — — —
Embryo Orbit Chips rresh — L 4
Processed — — —
Embryo Cartilage Fresh — Es -+
Processed — = S
fatal anaphylaxis obtained in all four guinea pigs in group

[R5

(I

no animals in groups died of anaphylaxis
anaphylaxie mortelle obtenue dans tous les quatre cobayes du groupe

1
s
— aucun animal du groupe mourut d'anaphylaxie



Hemagglutination Reaction

Circulating antibody titers to bovine serum in the sera of guinea pigs 10 days following
1st, 2nd, and 3rd implants of test bone or cartilage.

Réaction hémagglutinine

Titres d’anticorps circulants envers sérum bovin dans les séra 10 jours aprés les pre-
mieres, deuxiémes et troisiémes implantations de I'os d’essai ou du cartilage.

Implant Sample Type Hemagglutination Titers
1st Implant 2nd Implant 3rd Implant
Cortical Fresh 1:32 1:128 1:256
Processed Negative Negative Negative
Cancellous Slabs Fresh I£5 1:100 1:100
Processed Negative Negative 1:64
Ground Cancellous  Fresh 1:10 x-* 1:100
Processed Negative Negative 1:128
Embryo Mandible Fresh Negative 1:16 132
Processed Negative Negative Negative
Embryo Orbit Fresh Negative 12 1:8
Processed Negative Negative Negative
Embryo Orbit Chip Fresh Negative 12 11532
Processed Negative Negative Negative
Embryo Cartilage Fresh Negative 2 1:8
Processed Negative Negative Negative

*x- not tested

*x- pas analysé

It can be seen that in every instance of a “first set” implant of all bone types
and cartilage there was no evidence to suggest that either circulating or fixed
tissue antibodies were evoked when the processed material was used, and
low titers to embryo material developed only after the second and third
implants, but even following three implants there was no fatal anaphylaxis
indicating cell bound antibodies. |t thus seemed reasonable to extrapolate
these findings to man and conclude that no sensitization or immunization would
occur, particularly since the human “antigenic dose” would be many times
smaller than 250 mg. in a 250 gm. guinea pig.

Serial histologic examination of all the implants of fresh and processed bone
and cartilage were carried out with particular emphasis on the group 3
implants. Unfortunately space does not permit the inclusion of all the
representative photomicrographs. Suffice it to say that the histologic study
was surprisingly accurate in that the “heterograft reaction” (or the lack of it)
coincided most accurately with the first two parameters mentioned above when
fresh vs. processed material was compared. Two photomicrographs will
graphically demonstrate this.

The authors have been privileged to speak at previous meetings of the
American Rhinologic Society. On these occasions as some of you will
remember in was constantly emphasized that in rhinoplastic procedures the
surgeon who uses implants is working in an unusual combination of an
orthotopic and ectopic site wherein an implant might be bone to soft tissue,
cartilage to bone, or bone to bone, etc. Therefore, as Doctor Peer pointed out
in 194332 % and others after him who have used “diced cartilage” all over the
body whether fresh or preserved, autogenous, homogenous or heterogenous,
that vascular connective tissue followed by fibroblastic invasion, converted to
a dense fibroplasia with a “collagenous cement” which binds the cartilage
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pieces together is the usual result — and apparently successful. Preserved
bone is anatomically, chemically and physiologically quite different than
cartilage and will not survive, bathed only in a tissue milieu but requires host
vascularization, replacement and eventual remodelling as an orthotopic
implant. However, in the mixed tissue of the nose fibroplasia will invade and
replace bone. In either instance the host response generally leads to a
successful rhinoplastic result.

Fig. 7. Fresh cancellous bone (calf) implant (320 x).
Implantation d’os réhiculé (de veau) fraiche (320 x).

The authors do not wish to introduce axiomatic dogma into your specialty,
but it does seem reasonable to say: 1) that too little fibrous reaction is useless;
2) too much inflammation (particularly on an antigenic basis) is more than
likely to bring about a catastrophic clinical result (Figure VII); 3) the right
amount of non-antigenic; non-specific inflammatory response should be ideal;
and this would appear to be the value of the processed heterograft of bone
or cartilage (Figure VIII). '

Finally, with the superb collaboration of Doctor Maurice Cottle and members
of the American Rhinologic Society more than 1500 varied rhinoplastic
procedures have been done using processed bone and cartilage with a long
term success rate which has been most encouraging.

As a general surgeon with orthopaedic inclinations one of the authors
(JAD) wil perhaps be forgiven for mentioning that the above described
processed heterologous bone has performed experimentally * ** 13 and
clinically 2 1¢ 26 37 38 39 a5 well as autogenous bone in over 1000 clinical
cases with more than adequate follow-up, and as proven by = 50 biopsies
optained at intervals from 2 weeks to 19 months following grafting.
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Fig. 8. Processed cancellous bone (calf) implant (320 Xi)s
Implantation d’os réticulé (de veau) préparé (320 X

SUMMARY
Already printed in Vol. I, no. 1.
RESUME
Déja publié dans le Vol. I, no. 1.
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