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INTRODUCTION

Bone transplantation is a common procedure in orthopacdic surgery. In order
to speed up the operation and to minimize the operative risk it would be
advantageous if il would not be necessary to take the bone required for grafting
from the patient himself, especially when a great amount of hone is needed as
c.g. in spinal fusion involving several vertebrae. Therefore, homogenous bank
bone is often used in bone transplantations. either as such or together with auto-
genous [resh bone. Bone may also he taken from the patient some weeks
hefore operation and preserved in the bone bank to awail the grafting. This
method was used some years ago at the Orthopaedic [Hospital of the Invalid
Foundation. when much hone was needed for spinal fusion in severely paralyzed
patients. It was thought that autogenous bank bone is more valuable than homo-
genous bank bone.

The prerequisite of the use of bank bone and abandoning autogenous {resh
hone is, however, that the operalive results do not deteriorate. During recent
years many clinical materials have been published, in which the value of bank
hone in demanding transplaniations has been questioned. Also. at the Ortho-
paedic Hospital of the Invalid Foundation. Riska (1964) found. during follow-up
examinations of patients operated upon for scoliosis. 1hat non-union had
accurred tmore often following spinal fusion with autogenous {rozen bone than
when fresh autogenous hone had been used. On the hasis of this observation it
was found necessary to elucidate experimentally whether the difference between
autogenous fresh and autogenous bank bone is so great that it wonld be better
to abandon the practice of taking bone from the patient and preserving it in
hone bank before implantation. The tetracycline method. based on labelling
new bone with tetracveline. was chosen for the study of this question. In the
course of the investigation the primary subject widened to include the com-

parahility of bone preserved in another way with fresh autogenous hone.”)

*) A preliminary report was presented at the Annual Meeting of The Finnish Ortho-
paedic Association. Novemiber 13, 1961



REVIEW OF LITERATURE

Theories of osteogenesis in bone transplants

Since Ollier laid the scientilic foundation for the study of transplanted bone
in 1858, literature concerning this subject has been abundant. In a way it is
understandable that bone gralts. which play such a major role in orthopaedic
surgery., have provided the impetus for thorough rescarch. butl actually the greal
number of publications is explained by the fact that the problems involved in
hone transplantation are anything but unambigous. The vesults ol various
investigations differ from cach other and opinions concerning the process of
hone Tormation in the grafts are perpetually controversial.

One of the kev questions in the study of transplanted bone is whether the
resulling ostecogenesis in the gralt takes place through the ageney of its own
cells or of the host's cells. Not until this question is scttled by a generally
accepted scientific explanation will differences of opinion on different kinds of
gralts die out.

In his wide and svstemalie investigations Oflier caine to the conclusions that
the periosteum plays the decisive vole in the osteogenesis of bone transplants.
TTe believed that, under favourable conditions, periosteum-covered bone may
survive and that the gralt receives its nutrition through the periostenm.

TTe was also the first to make a distinction, in principle. between autogenous.
homogenous and heterogenous hone. In his opinion. in homogenous grafis the
periosteum might survive but not in heterografts. Therelore he firmly rejected
the use of heterogenous bone for transplantation.

The doctrines of Ollier were prevalent until 1893 when Barih demonstrated
that transplanted compact bone dies and is eventually veplaced by bone-forming
surrounding tissues. According 1o him, the periostcum plays no part in re-
organizalion but perishes in the same way. Netther did he find any significant
differences hetween  different kinds of  hone  grafts. While he had  some
supporters. he was soon subjected to widespread ceriticism. also from practicing
surgeons.

G. Arhausen. with his extensive and scientifically planned studies (1907.

1909). made a kind of synthesis of the views ol Ollier and Barth. He supple-
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mented his experimental worl with rabbils and rats by histological studies of
malerial from operated patients. He showed  that the bone substance in
periosteuni-covered  transplants dies but that most of the periosteum survives
and possesses slrong osteogenctic properties. In his view aulogenous and homo-
genous transplants do not differ in principle but only in the speed ol regene-
ration. He emphasized his preference for fresh. periosteum-covered autogenous
hone for clinical transplantation. On the other hand he complelely condemned

the use ol heterogenous bone in surgery.

The osteoblast theory is based on the investigations of Ollier and G. Arhau-
sen. According 1o this theory. new-bone formation in a transplant mainly takes
place through the agency of its surviving cells. This view was generally accepted
for vears until Levander presented the results of his investigations in 1934, Tle
had elfected new-hbone formation by injecting alcoholic extracts of hone into the
muscle of rabbits. On the bhasis of his observations, Levander believed that the
reorganization of transplants occurs from the surrounding pluripotential connee-
tive tissue cells which are induced into osteogenic cells by the substances
released from the dead tissue. This opinion, known as the induction theory
{theory of melaplasia), aroused wide enthusiasm. which is reflected in the
literature. Several investigators (Annersten 1910, Bertelsen 1944, Oberdalhoff
1947, Lacroir 1947, Hartley et al. 1949, Willestaedt et al. 1950, Rotl 1950)
performed various types ol extraction experiments, trying to isolate the substance
called osteogenin by Lacroir. The existence ol such a substance was questioned
by Heinen ei al (1919) alter they had demonstrated new-bone formation in the
muscle of rabbits following the injection of pure alcohol. In experiments with
other animals. Lindahl and Orell (1951} as well as M. Arhausen {1956)
showed that alcoholic hone extracts and bone fragments kept in alcohol had no

efleet on osteogenesis.

These extraction experiments have. however. nol proved convincing, and no
osteogenetic substance has been isolated. On the other hand. the metaplasia
theory is better supported by the observations which have been made in connee-
tion with transplantations ol picces of bone. As early as in 1912 Basclhikirzew
and Petrow, on the basis of their experiments. concluded that reorganization of
bone transplants oceurs from the surrounding tissues. Fngstrom and Orell (1943)
implanted hone grafis frozen to —1907C into the subcutancous tissues of humans
and observed reorganization after 53 days. They were certain that no living
cells could have been preserved in the hone grafts, and since they had also
obtained similar results with fresh autogenouns bone transplants. they felt that
new-bone lormation in bone grafts occurs exclusively from the surrounding
voung proliferative cells which through the action of dead hone tissue become

transformed into osteoblastic cells.
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Unequivocal evidence of induction by bone tissue has been lacking. Duthie
(1958). Hurley et al. (1959) and Danis (1960) did not see any induction in the
surroundings when the transplant was cncased in a millipore filter; new-hone
formation occurred only inside the casing. Rescarch on osteogenesis is. however,
not unambigous since Goldhaber (1961) under similar experimental circum-
stances has been able to cause bone-formation in the surrounding host tissue as
well.

Urist in 1965 presented new evidenee in favour of the theory of induction.
In his experimental work. he suggests that bone formation in the interior of
devitalized. decalcified bone implant occurs by autoinduction in which both
the inductor cells (wandering histiocytes) and the induced cells (perivascular
connective-tissue cells) are derived from ingrowing cells of the host bed
stimulated by degradation products of dead matrix. The osteogenic cells arise

through interaction of these cells.

The osteoblast theory and induction theory have so much in common that,
according to them. the actual hard bone substance dies after transplantation
and has an activating effect on osteogenesis. Opinions differ. however, in
explaining where this bone formation originates. The subject remains a contro-
versial one, although an increasing number of works have been published
suggesting that at least some osteogenic cells are surviving in bone transplants
(Fell 1928. Vainio 1948, Phemister 1951, Rav et al. 1952. Campbell et al. 1953,
[lam and Harris 1956, Bonfiglio 1958, Chalmers 1959, Heslop et al. 1960. An-
derson 1961, Burwell and Gowland 1961, Burwell 1964, Deleu and Trueta 1967).

In his extensive histological experiments with dogs. W. Azhausen (1956) has
found that reorganization of bone grafts preserved at —15°C and transplanted
into the muscle begins after three weeks. hut very slowlv. On the other hand.
he demonstrated that new-hone formation in fresh autogenous hone already
starts within a week. In his view, this occurs through the surviving cells of the
transplant. At the same time he stressed the significance of the periosteum in
osteogenesis. On the basis of these investigations he came to the conclusion
that reorganization of the transplant takes place in two osteogenetic phases.
In the first and most important phase. rapid new-hone formation begins in
the fresh autogenous graft within seven days. originating in pre-existing
specific cells of the periostcum, marrow and bone canals. In the second phase
some osteogenesis appears. after 3 to 4 weeks at the earliest. This originates in
the non-specific pluripotential connective tissue cells of the host which differ-
entiate into ostecogenic cells. In bony surroundings this second phase develops

more rapidly. leading to a more rapid reorganization of the transplant.

W. Azhausen thus combined the osteoblast theory and the induction theory

into an entity, and gave to experimental and clinical results an explanation
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which eliminates the old dualism. Fainio in 1918 and Urist and Melean in
1952, in principle. arrived at similar results on the basis ol their histological
studies. The view that both the graft and the host are capable of taking part in
osteogenesis is supported by study of Ray and Sabet in 1965 who used tritiated
thymidine and by that of Arora and Laskin in 1964 who used sex chromatin as

a cellular label.

Different bone transplants

The first autogenous bone transplantations were performed in 1820 by von
Walther, and the first transplantation of homografts in 1878 by Macewen
(quoted by Chase and Herndon 1955). Not until after the experimental work of
Ollier and G. Azhausen, however, did the use of bone transplantation really
start in surgery. In 1925 Albee published his experiences with 3000 and in 1924
Lezer his with 1000 bone transplantations. Albee accepted only the autogenous
graft. According to Lexer, a [resh, autogenous, periosteum-covered transplant is
also superior because it most certainly contains surviving cells. Homogenous
bone may be used if the surrounding tissues are capable of replacement. Hetero-
genous bone, on the other hand. was completely condemned by Lezer. In the
beginning of the twentieth century. both autogenous and homogenous bone
was used as transplants. The resulls obtained. however, were better with the
former. Besides. fresh homogenous bone was not always readily available. and
it was feared that diseases could be transferred as a result of possibly inadequate
sterilization. Therefore. homogenous bone grafting was given up for several
decades in surgery.

New methods of preserving homogenous hone presented a solution to organi-
zatory problems. The report of Inclin in 1942 gave a real impetus to the
development of hone preservation. He had preserved both autogenous and
homogenous hone in from + 2 to + 5°C in citrated blood and obtained favour-
able clinical results which were comparable with the new-bone formation in
fresh autogenous grafts. American surgeons. especially, started to develop
methods of preservation. In 1947 and 1951 Wilson published his experiences
with homogenous bone transplantations in which he had used refrigeration at
—20 to —29°C. In his opinion, bone-bank hone fully corresponds to the auto-
genous bone transplants. Several investigators (Bush and Carber 1948, Weaver
1949, Hult 1950, Reynolds and Oliver 1950, Roth 1950, 1953, Schmid-Schmids-
felden 1950. 1954, Béhler 1952, 1995, Ehalt 1951) stressed later that clinical
results were equally good with fresh autogenous hone and bone-bank bone.

Later. other methods of storage have been used such as merthiolate solution

(Reynolds et ul. 1951), a polymerical plastic called Palavit (Idelberger 1956).
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Ivophilization. etc. Nevertheless. preservation ol bone in a deep-lrozen staic is
maest widely emploved in many parts of the world.

The doctrines of Levander (1934, 1938) provided a theoretical basis for the
operation of bone-banks. The role of the bone graft was considered to consist of
inducing the surrounding connective-lissue cells to metaplastic bone formation.
This makes it understandable that. in the beginning, homogenous and heteroge-
nous bone were so enthusiastically thought to [ulfil the same osteogenetic fune-
tion as fresh autogenous bone. fudet (1919), Meiss (1952) and Guilleminet et al.
(1953) went even so far as lo maintain that heterogenous bone-bank bone was
almost equivalent to autogenous bone. It was found comparatively soon, however,
that because of biologically unsuitable properties heterogenous bone was worth-
less for grafting purposes in human surgery. On the other hand. suitable material
has been prepared from call bone by removing all organic material from it
Immunologically, the bone thus oblained is completely neutral. Such bone,
prepared according to Maatz and Bauermeister and called Kieler Span, has been
energetically offered for sale in recent years. but the excellent results of the
authors (1961) and others have not found convincing support.

Prior to the introduction of Kicler Span, Orell (1934). however, by macerating
bovine bone, had already prepared material which he called “Os purum™ and
Qs novum™. Orell had mainly used this in operations by the Alhee method. At
present these bone materials only survive as a curiosity in the literature.

During recent decades, comparative rescarch has largely centered in auto-
genous bone and homogenous bank-bone. On the basis ol clinical material. only
a few authors (Magnolfi 1938, Kiippermanin 1959, Arens 1961, Rehn 1964,
Schuvemmer and Contzen 1961) have been completely content with the hone-
bhank. [n 1959, when reporting on his large operative series, Biirke de la Camp
maintained that although a [resh autograft is replaced by new bone more
rapidly than frozen hone. the dilference is nevertheless not striking and plays
no essential role. Many authors emphasize that bone-hbank hone cannot replace
autogenous fresh bone and that the indications for its use muost he carelully
weighed (Sieber 19351, De Tomasi 1955, Schoch 1956, Buser 1959). In 1959, on
the basis of their clinical experience Carnesale and Spankus stressed, that
preserved homogenous bone may be used when the available supply of auto-
genons bone is nol adequate for the parteular situation or when the hazard of
surgery s materially inevcased by obtaining the autogenous bone. The per-
centage of Tailures has generally been over 20 in published series where bank
bone was used (Report of the Committee to Study the Preservation of Bone 1953,
Bostoorth et al. 1955, Hackethal 1956, Moe 1938, Riska 1964).

Since the enthusiasm prevailing at the time of establishing the bone-banks

waned. in the opinion ol most imvestigators. histological studies have demon-



strated that regeneration of fresh aulogenous bhone occurs more rapidly than that
of homogenous bone. Stringa in 1957 and Kingma and Hampe in 1964 studied
the rates of vascularization in autogenous and frozen hone by histological and
injection technigues. They found thal vascularization in homogenous bone was
two to three times slower and less complete than in an autograft.

The actual controversy emerges in attempts to lind a reason for the superiority
of autogenous bone. The role of inmmumological activity has heen  widely
investisated but without conclusive results. Some investigators (Zeiss et al. 1960,
Sabet et al. 1961) believe that antigen-antibody reaction reduces revascularization
of homogenous bone.

The possibility that the superior osteogenclic capacity of aulogenous bone is
due to relatively intricate immunological Tactors, has resulted in the use of
various deproteinized and decalcified bones in order that antigen-antibody
reaction may he avoided. In experiments with dogs. Fleiple ef al. (1963) com-
pared ditferent bone grafts. They found that regeneration in decalcified. irradi-
ated frozen and deproteinized homogenous transplants occurred more slowly
than in freeze-dried homogenous bone or frozen bone: of these lwo. new-bhone
formation was more rapid and more satisfactory in lyophilized bone than in
frozen bone. In their wark they established the antigenic status of different
transplants. They found that freezing and lyophilization destroy the antige-
nicity of homogenous bone. In this way they arvived at the conclusion that
perlm])s the above-mentioned methods of preservalion do nol exerl the same
effect upon the inductor mechanism. In these investigations they employed as
control fresh autozenous hone which proved delinitely superior to other hone
grafts. The results of the study of Heiple et al. suggest thal antigenicity does
not play any decisive part in the regeneration of bone.

De Bruyn and Kabish (1955) stress the importance in osteogenesis of osleo-
genetic material released from the dead bone transplant. They studied new-bone
formation in transplants implanted in the muscle of rabbits; their observation
period ranged from 6 1o 129 davs. New-bone formation oceurred in 86 per cent
of the fresh autogenous gralts, whereas in homogenous and aulogenous [rozen
bone it could only be found in 0 to 8 per cent. They explained this remarkable
difference by assuming thal freezing destroys the osteogenelic inductor. On the
other hand. no histological evidence could be found to suggest that surviving
cells in autogenous hone contribute to the reorganization ol the transplant.

Contrary to this latter investigation, an increasing number of nvestigators
have now conlirmed that osteogenic cells do indeed survive in fresh autogenous
bone. Tn 1951, Reynolds and Oliver were still of the opinion that a slight time-
factor was the only dilference in reorganization between autogenous fresh bone

and bank bone. but a few years later they agreed thai the difference is evident.
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and believed that this is partly due 1o the cells surviving in an autogenous graft.
Thus. Reynolds (1953) said that he had almost entirely abandoned the use of
bank bone in spinal fusion.

The dillerence between fresh autogenous and frozen homogenous transplants
has been studied by Fainio (1957) in experiments with rabbits, imitating the
technique of spinal fusion by the Albee method. After the interval required by
the autogenous gratt to become fully regenerated. the homogralt had still
preserved its size and original shape. Regeneration occurred most casily when
the autogenous bone was covered with periosteum. On the basis of his cexperi-
ments, Fainio believed that at least a part of the cells survives in autogenous
transplants. Entirely similar results are veported by W. -rhausen (1962) in his
extensive and thorough histological fuvestigations. e concluded that the bone-
hank in the course of this development will become unnecessary.

It would seem that alter decades of investigations we are again returning to
the basic views alrcady presented at the end ol the last century by Ollier and
G. Arhausen. Bone-bank bone is nevertheless still used all over the world even
in very exacting bone transplantations. Large parts of bones (e.g. the femur)
may be replaced by homogenous bone-bank hone. Whether homogenous bone
is preferable to a metallic endoprosthesis in replacing a major portion of a bone
is a question which arises when the use of aulogenous bone is iimpossible for

quantitative reasons.



PROBLEMS

It is obvious that even in the Tuture the use of bone transplants will retain
a place in orthopacedic surgery, notwithstanding the fact that certain methods of
metal fixation, c.g. in pscudarthiroses. have reduced the need for bone grafting.
just as drug (reatment has often rendered arthrodesis or spondylodesis unne-
cessary. On the other hand, bone transplantation has gained new indicalions.
Although 1he study of bone transplantation has aroused wide interest, the
problems involved are anything but solved. Bven though matters have been
somewhat clarified in recent literature, so much controversy still prevails that
further investigations are called Tor. Since bone preserved in a [rozen state is
continually used in many parts of the world, there is every reason to try Lo lind
out whether, and to what extent. such bone is equal 1o [resh bone in trans-
plantation. Also. it is important to know how the handling ol an autogenous
bone transplant affeets its osteogenelic properties. These queslions are signilicant
in surgery. because osteogencelically low-grade bone leads o poor operative
results,

In surgery. the biological value of @ bone transplant is determined by its
osteogenetie capacity and by the quality and speed of its reorganization. Fresh
autogenous bone has been considered o be the best for gralling purposes. but
whether its osteogenetic capacity is essentially dilferent Trom that of preserved
hone, is a problem which can only be solved by allempting to provide answers

to the following guestions:

1) Are there any differences in reorganization hetween a fresh autogenous
transplant and
a) autogenous hone preserved inoa {rozen condition
b) homogenous hone preserved in a frozen condition
¢) aulogenous bone preserved in the open air or in normal saline solution
at room lemperalure

d) autogenous bone preserved in blood at 37°C?
2) What role in reorganization ol the graft is played by the time factor?

The difference between a {resh and a preserved transplant is ol theoretical

interest. Hlowever, the main purpose ol this study has been o try to elucidate the
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question whether an immediately lransplanted autogenous bone grafl is much
more quickly and completely incorporated into the skeleton than a preserved
autogenous or homogenous grafi; il so it makes the use of fresh autogenous
grafts preferable in orthopaedic surgery whenever possible.

I the process of bone transplantation. new-bone formation oceurs both in
the graft and the host bone. In the former. bone undergoing necrosis is replaced
by new bone. This process involving both resorplion and apposition is called
reorganization of the transplant. New-bone formation in the host hone. on the
other hand, serves to fix the graft and finally enclose it in the host bone. In
this investigation. the osteogenetic capacity of the transplant implies the ability
of the gralt to be reorganized and to stimulate new-bone lormation in the host

bed.



MATERIAL AND METHODS

Material

With the exception of six adull rabbits, the study was performed on rabbits
aged 5 to 13 weeks. In young rabbits. the osteogenetic processes in bone are more
rapid than in adults. so that regeneration of transplants occurs in them in a far
shorter time.

A total of 136 rabbits were operated on, and 15 of them died postoperatively.
This left 121 rabbits, of which three rabbits with a plastic tube as the transplant
were added to the control series.

Thus there were 118 rabbits available for tetracycline and histological exa-
winations. In nine rabbils two grafts were implanted in both fernurs. in five one
graft in the left femurs and the other in the right femurs. and in the remaining
104 rabbits two or three grafts were implanted in the left femurs only. Thus
the material consisted of 127 experiments. 26 femurs with gralts were reserved
for both tetracycline and histological examinations.

Distribution of the material according to the methods of study:

Experiments with

tetracycline 91 (95 rabbits)
histological method 7( 7 L )
tetracycline and histological method 26 (I8 L)
Total 127 (118 .. )

Surgical technique

The operations were performed aseptically under local anaesthesia (0.25 per
cent Xylocain-Exadrin®, Astra). The lowest ribs, cither adjacent ones or from
opposile sides. were used as transplants conlaining only diaphysial bone. The
periosteum was occasionally preserved in order that observations could he made
as to its role in reorganization (Table % and 4).

The transplants were grafted into the leflt femur, in some cases in

both femurs. One tip of the transplant was lying on the surface of the lemur
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FIG. 1. — Scliematic drawing. «) Side view of the fenr with tweo transplands. b) Cross
section of the femur with three transplanis.

and the other was laid into an oblique hole (Fig. 1). This hole, reaching to the
marrow cavily. was drilled either proximally or distally into the anterolateral
diaphysial surface. Two transplants were usually grafled into the same femur
and one of these was the [resh autograft, The ribs were placed to lie partially
side by side. at which point they were fixed 1o the underlying bone with a nylon
or catgut suture, in order lo secure them firmly. Because of the curved form of
the ribs the transplants were only in contact with the bone at both ends. If it
was deented desirable to grafl a third rib, it was placed on the lateral side of the

distal rib.

Except for the burr holes. the femoral periosicum was not damaged in any
way. The fresh autogenous bone was transplanted  distally or proximally
in order to eliminate the effect of an eventually better osleogenetic capacily al
cither end of femur. The fresh transplant was preserved in physiological saline
solution during the time it ok to close the chest with some sutures and make
the necessary preparations for grafting it to the lemur. or about 5 minules.
[t was not allowed to stay dry even for a moment.

A bony surrounding was chosen for the transplants because it explicitly
corresponds 1o surgical practice. Since the bone transplants were grafled mostly
into the same femur, as deseribed above. the conditions lor osleogenesis were
uniform and thus observalion of the reorganization ol the bones presented no
difficulty.

Handling of preserved bone transplants

Frozen bone. Both autogenous and homogenous {rozen bone. mostly without
periosteum, was taken Irom the rabbits usually | to 10 days hefore transplantation
and placed immediately in a temperature of —19 to —17°C. According to Roth
(1952). this is the most Tavourable temperature for the preservation ol bones. 1t is

true thal the literature contains descriptions of even much lower temperatures



and lyophilization techniques for the preservation of bone. bhut different methods
are not known to account for decisive differences in osteogenetic capacity. Prior
to implantation the bone-bank bhone was placed in normal saline solution
warmed to room temperature,

Bone preserved in whole blood. ITmmediately after the removal of an auto-
genous rib with or without periosteum it was placed in a glass tube containing
heparinized. penicillin-containing whole blood of the same rabbit. The tube
was then kept in an incubator for 3 or 5 days al 37°C.

Awtogenous bone preserved (n the open air or in physiological saline solution
at room temperature. Two adjacent ribs without periostcum were removed. one
of which was immediately grafted to the femur and the other was left in room
temperature cither to dry in the air or immersed in physiological saline. The
bone was kept dry for 1 or 2 hours and in saline solution for 1. 2 or 3 hours
before it was graflled to the same Temur. where the resh bone had been previ-

ously gralted.

Investigation with tetracycline

In this study. the reorganization of hone transplants was followed by means

of tetracycline deposited in the bone.

Tetracycline in bone labelling

A surgeon. John  Belchier, in 1736, reported that the bones of  pigs
which had been fed on madder were coloured red with this dye. Duliamel
between 1739—1743 and Hunter between 1760—1770 used madder as an aid in
the study of bone growth (quoted by Sissons 1956), In 1957, Milch et al. reported.
that antibiolics of the tetracyeline group have a special alfinity for bone tissuc.
where they have the ability to fluoresce in uliraviolet light. Because of its
striking and clearly discernible yellow fluorescence and because of its lesser
loxicity. tetracyeline is superior o alizarin in bone research,

Tetracycline given by mouth or parenterally is distributed diffusely into the
organism. but alter 24 hours it has already disappeared from the soft tssues
and only remains in caleified tissues. Tetracyeline-labelled bone appears as
vellow-stained. clear-cut bands which are parallel to and in the substance of
the lamellac. The bands do not eross lamellae or cement lines. The labelled
band-widths are a direct Tunction of the duration of tetracycline medication and

the rate of mineralization of osteoid. When life continues after withdrawal of the
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tetracycline medication. the labelled bone and caleified cartilage become covered
by unlabelled bone and caleilied cartilage. unless appositional growth ceases
during drug administration. Once deposited in bone tissue, the tetracyeline and
its TTuorescence remain until resorption ol the bone results in its disappearence.
This implies that in adults the fluorescence may persist for years. but in a
arowing individual it may disappear fairly rapidly.

From the point of view of rescarch on bone, the essential lact is that, like
alizarin and radioactive caleium, tetracyveline is taken up by the new bone.
On the other hand. tetracyeline is not deposited in cartilaginous or osteoid
tissues which thevefore, in ultraviolet light, show a bluish fluorescence. Neither
has it been found that tetracycline is deposited in necrotic bone (Rokkanen ot al.
1963).

According to Harris et al. (1962). tetracycline labels all bony surfaces, but
surfaces undergoing resorption and inactive surfaces showing fluorescence imme-
diately after tetracycline injection rapidly lose their fluorescence. On the other
hand. Harris et al. found some diffuse distribution of tetracycline and presumed
that it followed the distribution of calcium in the form of secondary minerali-
zation and long-term exchange. According 1o Hulth and Olerud (1962). the
diffuse distribution of the fuorescence is greatest during the first 24 hours.
because the tetracycline is then not sufficiently firmly fixed to the bone, but is
probably in “the hydration shell™ surrounding the apatite crystals. Fluorescence
may also appear around many lacunae. this phenomenon heing in the opinion
of Harris et al. probably an artifact. Fluorescence may also occur in connection

with so-called marginal sclerosis.

The tetracycline molecule is hound in unaltered form 1o superficially sitnated
calcium atoms in crystal nucleation sites in freshly formed bone. Polysaccharides
and collagen may play a part in this binding. The relatively high content of
tetracyeline in freshly mineralized bone is explained by the fact that the
crystals are then small and lform a wide surlace arca suspended in tissue with
maximum content of water and high reactivity ol calcium-delicient apatite. In
less than 24 hours after mineralization. calcium-deficient apatite is transformed
into a less reactive form. mature hydroxyapatite. In addition, the crystals grow
larger and the amount of waler decreases and the matrix becomes compact,
following which large molecules such as tetracycline can no longer penetrate
into the organic matrix ({/rist and lhsen 1963).

Many writers (Milch et al. 1958, Frost et al. 1960, Harris et ol 1962, Hulth
and Olerud 1962) are of the opinion that the tetracycline method is most suit-
able for investigation concerning the appositional growth ol bone. Despite the
fact that tetracycline may also become deposited elsewhere than in new bone.

this method nevertheless constilutes an interesting and adequately reliable means
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of studying the reorganization of transplants. Histological methods that have
mostly been used uniil now, feave much scope for interpretation. which is scen
in the fact that in similar investigations different authors have arrived al
opposite results. One drawback of the letracycline method is that it is difficult
to determine quantitatively the distribution of tetracycline (FHarris et al. 1962,
Vanderhoeft et al. 1962), but one must be salisfied with the qualitative demon-

stration of its deposition in the bone by means of fluorescence.

Own experiments with tetracycline

Since tetracycline marks the places where new hone is being formed, yellow
fluorescence in a transplant signifies the occurrence of reorganization in the
transplant. Reorganization proceeds through resorption and apposition (G. Azr-
hausen 1907). At first, the new hone is woven bone. but after final reorganiza-
tion the structure of the graft resembles the lamellary structure of the host hone.
Therefore. fluorescence reflected by the tetracycline accumulated in host bone
presents a point for comparison in judging the degree of reorganization of the
transplant.

Oxytetracycline (Terramycin®, Pflizer)*) was used in single doses of 50 mg per
kilogram of body weight subcutancously, this being the generally employed
dose.

The tetracycline experiments were divided on the basis of the method of

administration into two series, as follows:

Series 1: the tetracycline injection was administered after the bone grafting.

Series 11: the tetracycline was injected on 1wo successive days two or three

days prior to the taking of the rib for preservation.

Series | gives information about the new-bone formation (apposition) in the
graft and Series 11 about the resorption of the original tetracycline-labelled bone
transplanted into the femur. In this way, the reorganization can be studied from
two opposite points of view. As tetracycline virtually labels the bone formed
during eight hours after the injection (Tapp 1966), repcated doses had
to be administered in Series I, usually at intervals of one week. Tetracycline was
often administered on two successive days. especially if the time of observation

was short.

*) The author is much indebted to Pfizer for kindly supplying the Terramycin used
in this study.
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The distribution of tetracycline experiments according to the nature of the

transplants is presented in the table [.

TABLE 1. — Erperiments with tetracycline.
Combination of rib transplants Number of experiments
Series 1 Series 11
Autogenous Tresh hone (3% 10 (1)
Autogenous [rozen hone
Autogenous fresh bone 12 (8
Homogenous frozen bone
Autogenons fresh bone 509
Autogenous bone preserved in whole blood
Autogenous or homogenous frozen bone
Autogenous fresh bone 26 (23) 8 (8
Autogenous bone preserved in the open
air or saline solution
102 (93) 13 (18)
Total number of experiments 120 (111)

* In parentheses the number of rabbits.

Four autogenous bones preserved in blood and six  homogenous  frozen
bones were compared with autogenous frozen bone; in these cases altogether
three bones were grafted into the same femur bhecause every combination
included a fresh autograft. This was thoughl to be the best way to find out
possible differences.

The rabbits in Series T were killed so that the time interval between the
grafting of the ribs and the last tetracycline injection ranged from 6 days to
three months, with at least 48 hours after the last injection in order to avoid
short-term exchange. The rabbits in Series Il were killed from 2 weeks to 3
months after the grafting.

Eramination of the grafts and photography. Immediately after killing the
animals. the femur with transplants was prepared [ree of sofl tissues and
preserved by deep-freezing. The specimens were examined with a stereomicro-
scope. n ultraviolet light (HBO 200 W). using UG | as exciter filter. From
specimens. preserved in a dark deep-frozen state. the fluorescence did not
disappear to any noteworthy extent over a year. The specimens were examined
macroscopically both as such and as transverse and longitudinal sections. The
sections were prepared by sawing through the femurs with the grafts and

grinding the resulted surfaces. Tetracycline incorporation in the transplants
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could be demonstrated clearly by low magnification of the section surfaces.
Eight specimens were embedded in methyl methacrylale and ground 1o a
thickness o 100w {or microscopic examination.

The macroscapic specimens were photographed in reflected light with a Leica
Aristophot macroscopic photographic apparatus. using Agfa daylight lilm CT 18
As exciter filter before the ultraviolet light a UG 1 was used. while in the
camera a Wratten 2 B was used as the barrier and a CC20R as the compen-
sating filter. Since demonstration of the results is based on yellow fluorescence.
only colour pholography could be emploved. A black and white picture does not
give a marked view of the reorganization of the hone transplant because the
new-hone formation oceurs diffusely without distinctive growth lines.

Estimation of tetracycline fluoreseence. Reorganization of the transplant was
estimated visually on the basis of yellow tetracyeline fluorescence. The whole
graft was assessed except the implanted part that was inside the femur. The
scale used in estimating the relative amount or loss of {luorescent bone in the
transplant was: none or minimal, scanty. considerable. abundant,

The whole tetracycline material is tabulated using the following scales (Tables
3. 4. 9):

Series | (formation of new bone labelled with tetracyeline)

None or minimal = hardly any vellow fluorescence

Scanty = scattered strong vellow fluorescence
Considerable = strong vellow fluorescence in large aveas
Abundant = strong vellow fluorescence throughout the graflt

Series 11 (resorption of the original tetracyeline-labelled hone)
Loss of yellow tetracveline fluorescence in the graft was examined hy com-
B . il R
parison with a rily labelled with letracyeline. This rib was taken at the same
time with a future gralt prior to the transplantation and preserved in a frozen

state to serve as a control.

None or winimal = bardly any loss of vellow fluorescence
Scanty = scaltered loss of yellow fluorescence
Considerable = no vellow [luorescence in large aveas
Abundant = hardly any yellow fluorescence discernible.

Histological examination

Although the investigation was performed with the tetracycline method. it
was found desirable to include histological examination as well (Table 2). Seven
rabbits were reserved for histological survey only. On the other hand. 26

femurs with grafts were examined by hoth tetracveline and histological methods.
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In 16 cases the Temur with transplants was cut in the middle, one end heing

reserved tor histological and the other for tetracycline fluorescence examination.

Histological and tetracyeline sections prepared from the place of the cross-cut
£ ) i I

present a mutually supplementary and comparable picture of the reorganization

occurring in the graflts.

TABLE 2. — Histological material.

Preserved bone Number of experiments and time of observation
m.l})lanlvd‘mln same lv‘mur days weeks months
with the fresh autografl -

6-8 | 11 [ 3] 4 5 167 2 | 3
Autogenous frozen hone G L1 3m | 21212 401) 120
Homogenous frozen bone {1 t]e 1 !
Autogenous hone preserved
in blood 2% 2
Autogenous bane prescrved
in the open air 4 2 6
Totals 7 3 219 1 3122 4 33

“) In parentheses the number of experiments with histological method only. In the
remaining cases letracyeline method was used as well. In these experiments the time
of observation was counted from grafting 1o last tetracycline injection. The rabbits
used for these experiments were killed two days later in order to avoid short-term
exchange.

**3 As third implanted autogenous frozen bone.

In assessing the histological picture, attention was paid both to the topo-
graphy of the specimen and viability of the bone. Bone tissue was considered
vital when its lacunae contained an osteocyte whose nucleus was not pycnotic.
The preparations were decalcified with EDTA and stained with Weigert — van

Gieson's hematoxylin.

Control series

In order to make it possible to asses the role of the transplant in hone forming
of the host bone, a piece of plastic tube was used instead of grafts. The ends
of this plastic tube were implanted in a distal and proximal burr-hole on the
ventral surface of the femur. Nine experiments were included in this series: in
5 rabbhits the plastic tube in the both femurs (6 experiments); in 3 rabbits the

plastic tube in the right femur, hone grafts in the left femur. Tetracycline injec-
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tion was performed according to the method alrcady described (Series 1), The
rabbits were killed after one to seven weeks.

The shape of the femur with the transplants was compared with that of the
opposite femur without transplants. In this way an idea of the effect of the
transplants on the host bone was obtained.

In Series 11 (resorption of the original tetracycline-labelled bone) a ril labelled
with tetracyeline was taken at the same time with a future transplant prior to
the transplantation and preserved in a frozen stale for comparison of the degree

of recorption in the graft.



RESULTS

In the present experiments, two or three pieces of ribs. one of which was
the autogenous fresh transplanl, 'were grafted mostly into the same femur. This
was thought to provide a reliable means for the comparison ol the reorganization
between the different transplants. The results are presented according lo the
combination of the transplants used in the experiments. As the material (page
19) indicates. particular emphasis was laid on the investigalion with letracyeline.
The transplantation of the fresh and frozen autogenous ribs into the same

femur forms numerically the most common combination (Table 1).

Autogenous fresh bone and autogenous frozen bone

Comparison between autogenous fresh and autogenous frozen transplants
was performed on the basis of the formation of the tetracyeline-labelled new
bone (Series 1) and on the basis of the resorption of the original tetracveline-
labelled bone (Series 11). The former comprises the main part of the experi-
ments. The results are presented in the table 5. The investigation with tetra-

cveline was completed and controlled by histological examination.

Autogenous fresh bone

Formation of new bone labelled with tetracyeline (Series 1), In fresh auto-
grafts. lively reorganization began soon after the implantation. At 6 to 7 days
some tetracycline was already incorporated in the fresh transplant. After this
the tetracyeline incorporation. which indicates new-hone formation, increased
quicklv (Figs. 2. 3.5, 6). After a month the fresh autograft was already far
reorganized (Figs. 7. 8, 10). In 2 0 5 months the transplants resembled the
lamellary structure of the host bone (femur) (Figs. 12, 14).

In a fresh autogralt the reorganization began in the end of the rib implanted
in the femur. However. more tetracycline incorporation could be seen in the

middle part of the transplant than in its ends (Fig. 9). There could even be more



29

TABLE 3. — utogenous [resh graft (aF) and auwtogenous [rozen graft (aB).
Series 1 ( tetracycline injection alter gralting)
— Tetracycline fluorescence
_2 . in the graft
T = | &
z zz | B4 Autogenous  [Autogenous
= A - fresh graft  |frozen graft
£ R -
E|lE2C 152 |2 —
S| 52| %8| z
. | 2 sz s |2 £
= 2 2= | 2% | =2 < £ <
= S| 2218 2 2|E %4
; T les| | EE 5|y EDE
= & =c £5 | = 2 2 ) H
S| F|EE|2E|2 582|288 = Remarks
14 s* 6 6 3 + +
141 <|* 6 6 3 + + .
142 5" 6 6 3 + + pe (al)
5% 8 7 2 + + .
135 5* 7 8 1 + + . Fig. 16
135 d* 7 8 1 + + pe (alf)
| 5 10 3 + + pe (alf)
2 13 10 6 + + pe (al) Fig. 2
26 15 10 6 + + Fig. 4
3% 6 11 6 + + pe (ald, ald)
6 34 14 7 + +
38 7 15 2 + + pe (al)
39 7 15 2 + +
40 7 15 3 + + pe (ak)
i1 7 15 3 + +
2 7 | 15 I + + ,
A 7 15 { + + pe (al) Fig. 5
5 7 15 1 + + pe (aB)
16 7 15 5 + +
+ 7 15 5 + + pe (alf +aB)
12 8 15 3 + + aF—s, aB—d
11 9 18 3 + +
2 5 20 3 + + alf—s, aB—d
3 30 21 5 + +
8 30 21 3 + +
29 6 21 10 + +
137 s 6 21 ) + + pe (alf)
3 5 22 3 + + ak—s, all—d
32d 7 22 19 + + pe (al)
13 7 28 3 + +
17 7 | 28 7 + + Fig. 9
) 7 28 5 + + pe (ak)
3 7 28 5 + +
121 7 28 ) + +

Continued
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Table 3. — Continued

— Tetracveline fluorescence
i . in the graft
< z= | &
z = @ = |Autogenous  [Autogenous
E =y E—g fresh graft |frozen graft
E 2L |82 = -
—= Zep | 22 | .E =2
= z |25 |55 |2 « [Z2 %
£ R Bl - o A
= - =8| 2% |z t &z g g
= = - 5% b S T = 2
> v g S |le £ % g]lyv 2% E
P4 « |Fz | 4272 d o0 =|lZ2a0= Remarks
125 7 28 7 + +
126 7 28 3 +
9 56 28 i + -+ ali—s. aBB—d
130 s* 6 28 3 + +
139 s* 6 28 3 + +
23 10 30 8 + |+ Fig. 8
10 7 35 B + ak—s, aB—:  ig. 10
52 % 7 35 6 + + pe (alf+al3) Fig. 11
37 10 42 12 + + Fig. 7
the third graft in the same
femur was an autog. bone
preserved in Palavit. It had
scanty fluorescence like the
frozen bone
133* 10 19 3 + + pe (al)
134+ 40 49 ) + |+ Fig. 20
16 7 60 6 + +
48 6 60 i + + pe (al¥)
19 6 60 | + + pe (ald)
30 8 60 2 + + Fig. 12
51 8 60 2 + + pe (alf+aldr
3 7 69 6 + + pe (ald+aldy
15 7 81 6 + +
21 13 90 6 + + Fig. 13
27 6 90 6 + + pe (alf +aB)
131 s* 7 90 3 + + pe (alF +ald) Fig. 21
151 d* 7 90 3 + + pe {al +aB)
152 * 7 90} 5 + +
88 6 90 7 + + Fig. 14
92 6 90 7 + +

Continued



Table 3. — Continued
Series 11 {tetracyeline injection prior to graiting)

—_ Loss of telracycline
iz . fluorescence
B ”
=
z z % < o Autogenous  tAutogenous
b= TE Eé fresh graft [|frozen gralt
= =i | B
g g =] = = =
= 2= 2
= s ES = g
Z TlgElE<|E =2 |E 0w
- = o — =l =
= i ST | & | " = - | & = o
I - e =L o oo | oo P
= o0 @ a a ¢ « | 8 T &
= = = o =T L DT
c v 3 Fowly 23 e 23 ¢
. v 2| €=z E =z 2| ¢ 2 =
5 Y |EE| 25|25 25|25 52 s
z < |Fe |22 |z s O<|2 8B 0= Remarks
73 8 (R 3 + +
83 6 21 3 + + Fig. 15
7t 8 25 3 + +
8t 6 28 3 + +
75 8 50 3 + +
76 8 30 3 + +
77 8 42 3 + +
33 6 42 3 + +
86 8} 42 3 + + pe (alf)
37 6 90 3 + + pe {al)
Explanations:

s (sinister) or d (dexter) after number: in which femur the grafts were implanted
*:sections for histological examinations as well

aF-—>s: only al’ implanted in the left femur

aB-—->d: only aB implanted in the right femur

pe(aF): periosteum in alf

tetracycline within the transplant than on its surface (Figs. 4. 6). Strong yellow
fluorescence also occurred in thie bone marrow (Fig. 3). Anywhere on the surface
of the transplant new bone might he seen as a deposit resembling a gnarl on
the side of a tree (Fig. 16).

[n the fresh autograft the new-hone formation labelled with tetracycline
progressed rapidly and the transplant was in the process of remodelling. So
much new bone could be formed in the fresh transplant about to reorganize.
that the graft became 2—3 times thicker than it had originally been, making it
difficult to say where the original transplant had been (Figs. 7, 20). After the
fresh autograft had heen lamellarly reorganized. it became smaller and lost its
original shape and curvature (Figs. 12, 13). It lay atrophied and thin on the
femur. as far as it was not incorporated in the host bone.
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[listological [indings. 8 to 10 days after the transplantation, most ot the
lacunac ol autogenous fresh transplants were empty. However. the fresh auto-
aralts exhibited a piclire suggesting that vital tissue was presenl, scattered
here and there (Fig. 17). Most commonly. bone tissue containing osleocytes
was found at both the external and internal surfaces of the graft. Nucleus-
containing lacunae might be seen in the bone marrow and around the haversian
canals, New immature bone was often encountered in well-discernible layers
on the external surface of the graft while especially in the superficial parts ol
the gralt itself were living arcas ol Tamellary bone (Fig. 16). In all. within 8 to
10 davs vital bone tissue was found in the [resh autogralt in the form of islands
of immature bone and as normal bone with nucleus-conlaining lacunae. The
oceurrence of the latter suggested that some parts of the transplant could
remain alive.

In the fresh autograft the changes occurred rapidly. Inereasing porousness
and vital bone islands modificd the shape ol the gralt. Numerous trabeculae
filled the bone-marrow cavily and the transplant could grow considerably larger
than it was originally (Fig. 20). In about -+ 10 6 weeks only a small amount of
necrotic hone tissue could be discerned in the fresh gralt. Within three months.
the (resh graft was reorganized and its lamellary structure completely cor-
responded with that of the host bone (Fig. 21). At this stage the transplant
had definitely attained the shape ol a tubular bone but most commonly it was
thinner and more flatiened in comparison with the original transplant.

Apparently after 1 10 2 months, when the dead bone had almost entirely
been replaced by living hone. immature bone tissue starled to change into
malure bone, the structure of the transplant became more dense and the grafi
thickened during reorganization, became smaller through resorption and again

acquired distinel bone-marrow cavity (Mg, 21).

Autogenous frozen bone

Formation of new bone labelled with tetracycline (Series ). In the [rozen
awtogralt. scanly amounts of fluorescent bone were actually seen only after
5 weeks. The vellow fluorescence increased very slowly. Thus after about
6 weeks (Fig. 7) the degree of osteogenesis as indicated by tetracycline fluores-
cence in the frozen bone was not yet on the same level as that of the
fresh autogralt at 10 days (Figs. 2, 4). and during 5 months (Figs. 15. 14) not
more tetracyeline was incorporated in the frozen bone than during 2 wecks in
the fresh bone (IFig. 3). In adult rabbits this difference in reorganization was

perhaps still clearer.  Thus alter 7 weeks the fresh autograft was almost


file:///ital
file:///ital

3%

completely reorganized. whereas the frozen autograft was as if recently trans-
planted (Fig. 20).

In the frozen autograft. tetracycline incorporation was seen first in the end
of the transplant implanted into the femur and then in that end. which was
lying on the femur. Reorganization of the transplant with the exception of the
end parts. characteristically began from the part situated most closely to the
fresh autograft (Fig. 7). Usually the frozen bone became attached to the fresh
autograft, as the reorganization of the latter progressed, and obviously as a
result of new-bone formation originating from the fresh autografi.

When the transplants were studied in low magnification, it was scen that the
cortical layer ol the frozen bone looked quite compact for several weeks.
whereas in the fresh bone it was porous (Figs. 2. 15). On the other hand. in
reorganization of the frozen bone the resorptive component was in the fore-
ground. While in the fresh autograltt. “creeping apposition™ occurred con-
currently with resorption, in the frozen bone the apposition phase lagged
markedly behind.

Histological findings. 8 to 10 days afler transplanlation the frozen bone
showed no living cells and empty lacunae made it porous (Fig. 16). In this
phase the fresh autogralt was porous too, bul in frozen autograft this porousness
then persisted without change for weeks. While reorganization was thriving in a
fresh transplant, in frozen bone it was poor. Vital bone did not appear until
after 3—4 weeks in small amounts. Within 5 months (Fig. 21) there was approxi-
mately as much vital bone in frozen bone as in a fresh transplant 2 weeks after
implantation.

When a few weeks had passed since the transplantation, the fresh and frozen
autografts had often grown firmly together. Histologically, it might be seen
that the living bone tissue of the fresh transplant mostly ended with a sharp
line of demarcation against the necrotic tissue of the frozen bone. The corres-
ponding phenomenon is illustrated with homogenous bone in the figure 19.
However. there might be scattered osteocyle-containing lacunae in the preserved
bone. indicating the beginning ol reorganization. In the {rozen autograft. vital
bone was mostly first scen in the shaft of the graflt in the part that was
next to the fresh transplant. In the bone marrow. living bone islands were also

encountered carlier than in other parts of the graft.
The effect of the grafts on the host bone
Formation of new bone labelled with tetracyeline (Series 1). After the trans-

plantation. bone formation also occurred in the host bone itself. This began

immediately after the implantation of the transplants from the holes for fixing
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them. This was proved when plastic tube was used instead of grafts in control
experiments. Plastic tube had no osteogenetic etfect on the femur between the
holes. Oun the other hand. the bone grafts stimulated bone formation in the
adjacent part of the femur, and even in the arca between the ends of the
transplant which was not touched by the grafts and which during the trans-
plantation was not mechanically irritated. The [resh and frozen autogralls
differed from cach other even in this respect. Almost consistently, bone forma-
tion of the host bone was mare lively at the site of the fresh transplant (Figs.
2. 5. 5. 7). New hone originating from the host bone secmed to grow like a cuff
along the surface of the graft (Figs. 5. 11). The line of demarcation hetween
autogenous fresh grait and the host bone was broken guickly (Fig. 2). whereas
in the frozen bone it was preserved lor several weeks (Fig. 14).

The bone formation originating fvom the host bone scemed to have a clear
drift towards the fresh autograft (Fig. 19). New-bone formation could be very
lively, attempting to fill the space between the host bone and the transplant
(Fig. 5). The fresh grail might become partly or completely incorporated in
the host bone, and the graft could hardly he distinguished from it
(Figs. 8, 10, 12). This generally occurred in about 5—7 weeks. It scemed that
resorption of new bone began after about 2 months, because in 3 months the
shape and thickness of the femur with grafts were generally the same as those
of the femur without grafts. Then the fully lamellary reorganized fresh auto-
araft could usually be discerned from the host bone even at a short distance. and
the transplant. atrophied and thin, lay on the host bone. having lost its original
form and curvature (Fig. 13). The amount of new bone derived from the host
hone, however, exhibited considerable variations. Sometimes new-bone forma-
tion was rather scarce, although the reorganization of the transplant was
already far advanced (Fig. 9).

Histological findings. Histologically, new bone formation in the cortical layer
opposite to the gralts was scen to occur in the host bone. This obviously began
immiediately after implantation because after one week definite trabeculation
{Figs. 16, 17) could be seen in the surface of the host bone. Characteristic of this
phenomenon was the additional fact that new-bone formation occurred in greater
amounts near the fresh transplant towards which it showed a tlendency to
progress. This new-bone formation might be so abundant that a separate cavity
covered by new bone developed (Fig. 19). After 3 1o 4 weeks the vital tissue
could be seen to continue uninterrupted from the host bone into the fresh

transplant.



Resorption of the original tetracycline-labelled bone
(series 11)

The differences in reorganization between autogenous fresh and autogenous
frozen hone were not only studied {rom the point of view ol formation ol new
bone but also as regards resorption ol lransplanted bone (Table 3). The bones
of rabbits were labelled with tetracycline on two successive days. Two ribs, one
for grafting, the other for the control series, were taken after 2 o 3 days and
preserved in a deep frozen state. Adter 3 days a rib from the opposite side was
taken and both the Iresh and Irozen ribs were implanted according to the
method described above.

Since the transplant is replaced by new bone, resorplion forms an essential
parl of reorganization. Il removes the tetracycline deposited carlier in the bone.
Thus, the sooner a hone graft is reorganized, the more quickly the tetracycline
disappears. The loss of yellow fluorescence in the graft was compared with the
rib labelled with tetracycline, taken prior to the transplantation. As can be seen
from the figure 15 and table 3 resorption occurred definitely more rapidly in
fresh bone, fully corresponding with the observations in the preceding series

based on the deposition of tetracyeline in the bone alter transplantation.

The effect of the time of preservation

Autogenous frozen bone was preserved for 1 1o 19 days in a frozen state. The
time of preservation within these limits had no eflect upon the rate of uptake
of tetracycline in the transplant. This observation was further verified in a
series of 14 rabbits. In 10 cases (2 litters, rabbits Nos. 38—17) the time from
grafting to last tetracycline injection was 15 days and in 4 cases (the same
litter. rabbits Nos. 48—51) 2 months. In this series the time of preservation
varied in pairs from 1 to 5 days.

Autogenous bone preserved in Palavit. For the sake of curiosity, an aulogenous rib
was preserved for 12 days in a plastic subsiance called Palavit. Autogenous frozen bone
was implanted in the same lemur as a third grall in addition to a [resh transplant.

This result did not dilfer from that observed in other methods of preservation (Fig. 7).

Comments

Although new-hone formation varied to some extent depending on individual
factors and the different specimens are not absolutely directly comparable with
each other. it was nevertheless proved that a fresh autograft without exception

incorporated tetracycline decidedly faster than a frozen autograft.
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The histological ohservations ave in agreement with those oblained by means
of the tetracycline method. Of those preparations of which both histological and
tetracycline sections were taken from the same place, it could be seen that
hone containing osteocytes was present in the place where yellow tetracyceline
incorporation was scen. However. 8—10 days after implantation, osteocyte-
containing lacunae were seen in the histological section. especially in the super-
ficial parts of the transplanl where no letracyeline had occurred. This observa-
tion suggests that, in immediately lransp]anlcd autogenous grafls, osteocyles
might survice after transplantation (Fig. 16). Some investigators (Albee 1944,
Vainio 1950, Vainio and Solonen 1957) hold the view that a part of the [resh
aulograll is able to survive and cven to become a part of the regenerated

transplant.

Autogenous fresh bone and homogenous frozen bone

In the present study 14 homogenous frozen bones were grafted. The material
(Table ) provides the possibility of comparing homogenous frozen hone. nol
only with autogenous fresh bone, but also with autogenous frozen bone. bone
preserved in whole blood. and bone preserved one hour in the open air (spee.
110 d in the table 5). In this way. the mutual diflerences between these types
of hone were most casily recognized.

As regards the deposit of tetracveline, homogenous frozen bone was nol
essentially different from the other preserved bones (Fig. 6). The histological
findings in homogenous [rozen bone (Figs. 17, 19) were quite the same as

those in autogenous frozen hone described on the page 53,

Autogenous fresh bone and autogenous bone preserved
in whole blood at 37°C

As a counterbalance to frozen hone it was thought relevant to investigate
whether preservation of bone in the experimental animal’s own blood at 377C
prevents loss of its osteogenetic capacity. In order to make comparison with
frozen bone also feasible, frozen bone was grafted into the same femur as a
third transplant (Table 1). Two ol the tive rabbits were chosen for histological
survey as well; the results are presented in the table 4. In the light of this small
experimental series (3 rabbits). no differences from frozen bone could be observed

cither with tetracyeline (Figs. 3. 6) or with histological methods (Fig. 18).



qe ur umagsowrad :(jejod
J[e™ se suoljeuIEXs ed1F0[0IsIY 10J SUOIIILS :,

—uFuu:m—QHC_ [ RIS ALY v‘ammhﬂ OH: .:::.w.w L,:L.; :m n.—.wﬂ_ﬁ::C hmawm :mwx‘wﬁyv “mCCmum-m~qu
9 B (1ge+ Je) od + + + 8 S 1e L 19
¢ Bl (1de+ge) od + + + ¢ ¢ +1 Y/ 12
{ge) od + + + ¢ ¢ +1 z 0L
(e "ge “ge) ad + + + ¢ 14 k2 L +09
gl A + + + ¢ ¢ +1 2 .89
mﬂ— J0 M—m ~m‘m
+ + + L IA 06 9 16
+ + + L L 06 9 06
+ + + ¢l < ¢t 6 Bee
82UPSIION|} B|GRIBPISUOD PRY gy
oys jo yred msip ay  (qe) od + + 01 qc 9 WP 6Ll
61 'S + + 01 8¢ 9 P9l
+ + 618 e 9 PLEY
(e} od + + 6o ¥4 yA 9
(qv) sd + + + vl ¢ ¢l 8 cL
(ge+ qeiod + + + ¢ ¢ ¢l 8 09
(Je) ed + + + L + Gl JA ch
+ + 0ol L L 192
AL + + L 9 9 Pkl
dqe a4 Aqe
S A A s R A A T e -
= 3 7 2| % Z|zzl|sElzElFE) E =
= =2 5l ¢= = s 93 Z =
- 2 o= e = o =
1Jeasd pary], [1jeas puodsg| e s [ LT ([ E e | 2o 5.8 -
) pEii=d = | T5 z
ietd ol w M = . M[
wo:.w,um.WLCZEH L-:U,AQG._-OF -

N\MNC\ poejq ajoipar ui *\NLKRMMKN\ UG M:Q:Nm0~w~§ ~
(dY) auoqg uszodf snousForuoviy iyou0g poaussasd Furriopof ayr fo oy 10 auo
(gv) uoq uszoaf snouaFojny — NN pPRUIGIUOD (JD) dUOG Ysadf snousFoinps — 4+ LITIEV.L



Autogenous fresh bone and autogenous bone preserved
in the open air or in normal saline solution at room
temperature

[n orthopaedic operations where bone transplantations must he employed. it
is often customary first to remove the bone to be transplanted and then keep
il in room temperature either in the open air or in normal saline solution. After
preparatory measures have been taken the transplant is grafted to its new
location. This may well take 1 to 2 hours. especially in spinal fusion. In a survey
of patients after spinal fusion for scoliosis at the Orthopaedic Hospital of the
[hvalid Foudation the suspicion arose that bone transplants, when preserved in
the open air, may lose a part of their osteogenetic capacity.

This question was studied with the method described above in both tetra-
cveline series. The material consists of 34 experiments. Six specimens were
reserved for histological survev as well. All the grafts were implanted without
periostetm. The material and the results are presented in the table 5.

It was found out that one hour's preservation in the open air was enough to
change the properties of the bone transplant to such an extent that the bone
began to resemble frozen bone (Figs. 22. 23, 25, 27, 28).

In normal saline solution the hone graft retained the properties found to be
characteristic of fresh aulogenous bone for a more prolonged period (Fig. 29).
but a difference began to appear within 2 hours (Fig. 26). and after three hours
the bone behaved like hone preserved one hour in the open air in comparison
with freshly transplanted bone.

All tetracycline (Figs. 22—29) and histological (Fig. 30) preparations in
these experiments gave fully uniform results.

Commenis. Tt was unexpected that bone tissue is so sensitive that one hour's
preservation in the open air was enough to make the autogenous bone similar
lo the frozen bone. Dryness. lack of oxygen ete. are obviously the reasons for
which, after 4 weeks, the formation of the tetracycline-labelled bone and hone
tissue containing osteocytes were seen to he scanty in such bone. The same
reasons probably prevented the formation or influence of some Tactor stimulating
osteogenesis. because there was less bone formation in the host bone at the
site of such a transplant in comparison with a fresh autograft.

No attempt was made to make any distinction between time intervals of less
than one hour of preservation in the open air. because many other factors, such
as air humidity etc. may contribute to the time factor in changing the properties
of a bone graft.

From the practical point of view it scems important that one hour was suffi-

cient to reduce the osteogenetic properties of fresh awtogenous bone, if preserved
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in the open air. to the level of those of frozen bone. This suggests thal in

clinical surgery it may be wise to transfer the bone immediately to its final

site or. if this is impossible. at Teast to preserve it in normal saline solution.

In the literature. not enough attention has been paid to this question. nor

have experiments elucidating this matter, as far as known, been previously made.

TABLE 5. — Autogenous fresh bone and aulogenous bone preserved in the open air
or in normal saline solution.
Scries I (tetracycline injection after grafting)

- Tetracycline fluorescence in the graft
?f i Autogenous | Autograft Autograft
Z =) % | fresh graft | preservedin | preserved in
z . z S the open air [salinesolution
EET e TS
: el s |58 : g
- = $¥®| ¢® | g8 | = = 8=
E g | 258|523 |E =2 |E =2 |E =2
= < Ss b 2| g = g = g =
: | E ST gilzc B E s gz £z
= - Sew| ®° & |5 v «| B8 s | 8 % ©
g s = | By | &= 232 3 z 32 F 22 E
v g oy o v 5B Sly 52 8¢ s B =
g & |E2| 5T |28 8 E|l8 s 82|85 582
z < |ES |28 |<E|Z A0 X ZHOT|Z2 & 0= Remarks
19 6 15 1 +
65 6 15 2 + + Fig. 24
60 6 15 2 + +
&0 6 21 1 + + Fig. 25
81 6 21 1 + +
120 6 22 1 + +
121 6 22 1 + +
122 6 22 1 + +
125 6 22 1 + +
105 5 28 1 + +
127 * 6 28 1 + +
128~ 6 28 | + +
140 s* 6 28 1 + +
140 6 28 1 + a frozen homograft as
the second graft. Scanty
Flucrescence
93 5 35 { + +
04 5 35 1 + + Fig. 2%
93 5 35 1 +| + Fig. 22
96 5 35 1 + +
120 * 6 1 1 + + Fig. 30
130~ 6 +H 1 + +
3 6 | 15 2 + + Fig. 26
64 6 15 2 + +
78 6 21 3 + +
79 6 21 3 + +
102 6 28 1 + +
103 6 28 1 + +

Continued
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Series 11

(tetracycline injection prier to grafting)

Table 3.

— Continued

lLoss of tetracyeline fluorescence

2
i
:ﬂ: = Autogenons | Aulograft Autograft
z Z % 7 | Tresh graft | preserved in | preserved in
z T.= P2 z the open air [salinesolution
= == Z =
E s“ B2 | 8=
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109 5 1 30 1 + + Fig. 28
110 5 30 1 + +
111 5 12 1 +
112 5 | 42 1 + Fig. 27
114 5 42 1 +
106 5 30 1 + +
107 5 42 i + +
108 5 | 42 1 + + Fig. 9
Fxplanations:

s(sinister) or d(dexter) after number: in

*:sections for histological examinations

which femur the grafts were implanted
as well
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DISCUSSION

For almost a hundred years. experimental studies on bone transplantation
have been carried out in various parts of the world. Mice, dogs and especially
rabbits have been employed as experimental animals. Bone has been trans-
planted into solt tissues, into the anterior chamber of the eye and into bony
surroundings. using widely different techniques. On the basis of such investiga-
tions, quile contradictory views have been expressed concerning the fate of the
cells in transplanted bone tissue. This may partly be duc to the diversity of the
methods. but it is highly probable that. after all. the main reason for this
controversy has heen the lack of adequate methods ol demonstrating the fate of
transplanted hone. The interpretaiion of the histological appearance may give
rise to differences of opinion. The more unambiguous a method of investigation
is. the more reliable are the conclusions. In recent years, isotope studies have
heen successtully employed in studies on bone transplantation. Still simpler
than the isotope technique is supravital labelling ol bone formation with tetra-
eveline, used since 1957 in bone rescarch. As far as is known, this is one of the
very first times that the tetracveline method has been used in studies of bone

transplantation.

With the aid of the yellow fluorescence caused by the tetracycline, the sites
of new-bone JTormation may be readily and unambiguously distinguished.
Although tetracyeline may also he deposited elsewhere, as was staled above, this
occurs in such low concentrations that misunderstanding will not arise. provided
that time interval between the last tetracycline injection and killing of the
animal is al least 48 hours. In this case, no tetracycline will be seen in the
place of resorption and the short-lived fluorescence of inactive surfaces has
disappeared (Milch et al. 1958, Harris et al 1962, Hulth and Olerud 1962).
Many investigators (among athers, Sarén 1969) have observed that tetracycline
has an inhibiting effect on osteogenesis. In the present study, letracyeline doses
were usually administered at intervals of one week. Thercfore the inhibiting
effect of tetracveline is hardly of any consequence. because the inhibition is

reversible and tetracveline will be eliminated in 24 hours (Sawén).

The surgical technique employed in the present experimental work is simple.

Naturally there are individual differences in new-bone formation between
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different rabbits. but this is of no significance. since the differences in osteo-
genesis were studied in bone transplants grafted into the same femur.
Reorganization of bone grafts occurs through resorption of the original graft
and formation of new hone. Both of these events were studied with tetracyeline
in a way deseribed on page 235, and complementary pictures of the reorganization

of the bone transplant were thus obtained.

The present investigation has proved bevond dispute that a fresh autograft
possesses the greatest tendency to be reorganized and incorporated as a part of
the living skeleton, not attained by preserved bone even in a bony environment.
There were no differences worth mentioning between autogenous frozen bone.
homogenous frozen hone and autogenous hone preserved in whole blood
(Figs. 3. 6).

In a fresh autografl, new-bone lormation was seen within one week, whereas
preserved bone began to show some slight osteogenesis only after 9 weeks.
Reorganization of the fresh autogralt progressed quickly (Figs. 2, 5, 7. 8, 12).
Within 5 months (Figs. 14, 21), the fresh autograft completely resembled the
lamellary structure of the host bone, whereas in the preserved hone not more
vellow tetracycline fluorescence could be seen than after 2 weeks in fresh
autogenous bone (Fig. 3). New-bone formation in the fresh autograft could
be so abundant that the iransplant grew 2—3 times larger than it was
originally (Figs. 7. 20). and it was impossible to say where the original
transplant lay. This suggests that the fresh autograft actively participates
in the bone formation.

Reorganization of the preserved bhone occurred very slowly. For a long time
the reorganization was therefore restricied merely to paris close to the surfaces
of the graft. Within 5 months. the preserved bone retained its shape and never
grew larger than it was originally. The resorption was more strongly apparent
in the preserved bone than in autogenous fresh bone, because in the former
new-bone formation lagged clearly behind.

Besides  reorganization of the bone grafi, in these preparations. new-
bone formation could be seen on the surface of the host bone (femur) in the
immediate neighbourhood of the transplant. The new-bone formation origina-
ting from the host bone had a clear drift towards the fresh autogralt (Figs. 19.
24). Tn about 5 to 7 wecks the fresh autogralt was generally becoming embedded
in bone formed by the host bone and obviously also by the graft itself. and
ometimes  the  graft could hardly be distinguished from the host bone
(Figs. 8, 10). New-bone formation at the site of preserved bone. on the
other hand. occurred mostly slowly and the preserved graft could easily be

detached from the host bone even after several weeks.
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The present investigation also produced evidence to the effect that it made
no diffevence whether bone was preserved in the bone-bank for one or several
days. hecause it reorganized cqually poorly. The time factor. however. played
an important role in the handling of autogenous hone. Keeping it for one
hour in the open air at room temperature already meant that the bone decidedly
lost its osteogenetic capacity and maost closely resembled frozen hone (Figs, 22—
29). I preserved in normal saline solution. however, definite differences in

B

osteogenesis became apparent after 2 hours (IFig. 26). and after 3 hours it was
cqual to frozen bone, Autogenous bone preserved for 3 to 5 days in the animal’s
own blood at 37°C behaved in the same manner as frozen bone (Fig. 3).

In this study. the pieces of ribs utilized always contained also bone marrow.
Both tetracyeline and histological findings showed early bone formation in the
bone marrow of the autogenous fresh graft. The role of the fresh autogenous
marrow in reorganization of the transplant is supported by Burwell's cxperi-
ments (1964) with the composite homograft-autogralt. tle found that most of
the new bone formed in this kind of composite graft is derived from the auto-
genous marrow. In his opinion, the primary wandering cells (called the inter-
mediate cells by Truete 1963). derived from the littoral cells of the surviving
marrow. are differentiated into osteoblasts by the osteogenetic substance liberated
from the dving bone and marrow tissues of the transplant.

The role of the periosteum in osteogenesis. emphasized by Ollier. G. and W.
Arhausen and Vainio, was not systematically studied. since this question has
been competently dealt with in earlier investigations (Fainio 1948). In the
present  study  the general impression has also been  that  fresh  bone
transplanted with its periosteum will regencrate more rapidly than if the
periosteum is absent. On the other hand. it seemed that periosteum-covered
preserved bone does not undergo ostcogenesis any better than when transplanted

without the periosteum,.

What causes the difference between fresh autogenous bone and preserved
bane? It becomes obvious that antibody reaction cannot play any significant role.
as apart from homogenous [rozen bone, only autogenous preserved hone was used.
Besides. freezing has been found to diminish the antigenic status of the homo-
genous bone. and in the present investigation no differences could be found
between autogenous and homogenous frozen bone.

When Jooking for the cause of the more rapid reorganization of a fresh

antogenous transplant, two questions must be answered:
1y Are there. in a fresh autograft, surviving osteogenic cells?

2) Are tactors stimulating bone formation and important to the process of

the reorganization of the transplant destroyed during the preservation?
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The present series would suggest that Treezing destroys the cells in a graft.
3 weeks following transplantation the lacunae of {rozen hone were still histo-
logically empty. nor had any tetracyeline incorporation worth mentioning
occurred. Several previous investigations corroborate these observations. and
physico-chemical incidents in the frozen bone make them understandable.
Drving. lack of oxygen cte.. on the other hand, are obviously the reasons why
a hone preserved Tor one hour in the open air acts like frozen bone.

It seems obvious that osteogenic cells survive in a fresh autogenous transplant.
This ts supported by the {ollowing obscrvations:

— New-bone Tormation could already he scen after one week.

— New-bone formation did nol always appear first in that part of the graft
that had been inserted into the burr-hole of the femur. Tt could also
arise from a part of the transplant separated from the host bone and some-
times even from the interior and not from the outer surface of the graft.

-~ In addition, histological findings suggested that some part of the fresh

. . . r
autogenous bone survived after transplantation (see comments, page ).

The idea according to which osteogenic cells survice in a fresh transplant, is
supported by recent investigations. Ray and Sabet in 1963, using tritiated thymi-
dine, and Arore and Laskin i 1964, using sex chromatin as a cellular label,
found that in an isograflt (naturally also in an autograft) both the cells of the
gralt and those of the host are capable of taking part in new-bone formation.
Lven recent immunological investigalions have supported this view (Chalmers
1959, Burwell and Gowland 1961, Mawdsley and Harrison 1963). Chalmers
found that alter implantation inte the musele, new-bone formation oceurs in
two phases in fresh homogenous cancellous hone: in the carly phase new bone is
already present on the lTourth day and dies oul on the eighth day. while in the
late phase, new bone will appear after Tour weeks, albeit in only some trans-
plants. According 1o his interpretation. the destruction of the bone formed in the
carly phase proves that these osteogenic, proliferating cells survive in the homo-
graft. vesulting in acquired immunity in the host. In the late phase, on the
other hand. new-bone formation starts from the surrounding connective tissue as
a result of induction. Chalmers as well as Burwell and Gowland made the
observation that il the host hone is sensitized to the donor beforchand. this will
prevent early bone formation in homogenous graft. In their opinion this supports
the view that the new-bone formation in the ecarly phase is derived from the
cells of the transplant. They found that in the fresh autograft this early hone
formation is more abundant and progresses without interruption because there
is not immunological reaction to destroy the cells.

To the first question whether osteogenic cells are surviving in a fresh auto-

grall, one is thus justified to answer in the alfirmative. As regards the second
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question. it is obvious that bone degeneration and neerosis alwavs occur in free
hone transplantation when blood circulation 1o the transplant is interrupted.
This results in the release of biochemical agents which. in the view of many
authors. are responsible for the reorganization of the transplants since these
agents stimulate surrounding pluripotential cells to {form bone. According to
Trueta (1963). such a substance would arise after the death of chondroeytes.
osteacytes and endothelial cells of the grafl. exerting a stimulating influence
upon angioblasts in the vascular system of its environment. This leads to vascu-
larization of the graft and. unless there is an antibody reaction as oceurs when
homogenous hone is used. the development of osteablasts from endothelial cells
hegins.

Freezing always causes alterations in the biochemical structure of the bone
(Sieber 1956). So having compared fresh and frozen autogenous and homogenous
bone grafts with cach other. De Bruyn and Kabish (1953) tfound that fresh auto-
genous  hone is  definitely  more  valuable.  They  concluded  that  free-
zing destroys the osteogenctic substance. They also explained that at the moment
of transplantation there are still cells surviving in an autogenous fresh bone
that are capable of producing such a substance, which induces the mesenchymal
cells to Torm bone. Since homogenous fresh bone cannot do this. they believed
that this substance is partly specific.

However, attempts upon isolating some osteogenelic substance have not heen
successful and Urist (1965) does not even believe in ils existence. According to
him. bone induction is more complex than a simple chemical stimulus and
direct cellular response. On the basis of Spemann’s theory of induction he sug-
gests that cellular differentiation occurs by autoinduction: proliferating. pluri-
polent. ingrowing connective-tissue cells interact and produce osteoblasts, How-
aver. the evidences for induction by bone tissue are not beyond dispute and
many investigators (Danis 1957, Duthie 1958, Bridges 1959) queslion its value
I osteogencesis

The present investigations demonstrate:

— There was no early bone formation in preserved bone. such as there was in
fresh bone After 3 weeks, however, the reorganization ol preserved bone
started but it progressed slowly.

— The transplant was also found lo exert a definite osteogenetic action on the
surface of the host bone. There, even vivid trabeculation occurred in thal
arca which was nol in contact with the transplant and which had not
suffered any mechanical damage during transplantation.

— 11 was also found in the experiments that a fresh transplant had a definitely
stronger influence upon the trabecutation of the host hone than preserved

hone.
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— The fresh autograft has obviously some osteogenetic effect on preserved
bone. because new-bone formation in the latter almost regularly started

.
in the part that was next 1o the tresh transplant (Figs. 7. 25, 50).

These observations would suggest that there exisls some system stimulating
osteogenesis with an effect on the reorganization of the transplant, even in the
case of preserved bone. Tn addition, it is plausible that the preservation of the
hone destrovs some sensitive factors stimulating osteogenesis. This deleterious
effect on the autogenous bone is already produced by one hour’s preservation
in the open air. However. the nature of the system stimulating osteogenesis is
obscure. Solution of this question is difficult, because obviously osteoscnesis is

a result from interaction of many biochemical Tactors.

On the basts of the results of the present investigation, it is apparent that the
rapidity with which immediately transplanied autogenous bone reorganizes as
compared with the preserved bone. is due to the survival of a part of the grafted
bone transplant, and to the influence of some eastly destrictible factors stimula-
ling osleogenesis.

Sir Reginald Watson-Jones said when speaking of bone grafting at the Ameri-
can College ol Surgeon’s meeting in San Francisco in 1951 that. if he had to per-
form a bone-grafting operation he would require grafis. the hone cells of which
would fight for him (quoted by Wilson 1953%). This is exactly what bone trans-
planted from the donor site without delay does. Tt would not merely serve as a

cuiding structure but actively participates in the bone formation.



SUMMARY

(i this experimental work, the reorganization of autogenous fresh bone was
compared with that of autogenous and homogenous frozen bone and with that
ol autogenous hone preserved in the open air. in normal saline solution or in
whole blood. after free transplantation. Attention was also paid to the role of the
time factor in reorganization.

The properly of tetracyeline to form a deposit in newly-formed hone and 1o
produce vellow fluorescence in ultraviolet light was utilized in the examination
of reorganization. The study was performed mainly on young rabbits. Ribs were
used as transplants, which were implanted in the lemur (Fig. 1, page 20). The
material comprises 118 rabbits (see page 19). The rabbits were killed 8-490
days after operation.

By the tetracycline method it was possible 10 study both components of
reorganization: the formation of new bone and the resorption of the original
transplanted bone. New bone lformed after transplantation (apposition) was
made visible by injecting tetracycline in rabbits at intervals of about one weck
after the bone gralling. Resorplion could be estimated by abserving how the yib
lahelled with tetracyeline before grafting lost its yellow [luorescence when it
was serving as a transplant. In addition. histological examination was used as a
parallel method. The results obtained with both methods are in conformity with
vach other.

In the cxperiments performed, the difference in osteogenetic capacily between
autogenous fresh bone and any other kind of bone graft proved 1o be very
great (Figs. 2.5, 24). First. fresh autogenous bone became reorganized decidedly
more rapidly. and second. new bone was also formed from the host bed in
greater amounts al the site of the fresh transplant than when preserved hone
was used.

There were no dilferences worth mentioning between homogenous and auto-
genous frozen bone and autogenous hone preserved in whole blood (Figs. 3. 6).

It could not be shown here that the time of preservation of the bone in a
frozen state could have any essential effect on its capacity of reorganization.

Autogenous bone preserved in the open air at room lemperature jor aboul

one hour lost its osteogenetic properties 1o the extent that it almost resembled



frozen bone (Figs. 22, 25, 25). On the other hand. il hone was preserved in
normal saline solution. this degradation did not occur until after about 2 hours
(Figs. 26. 29).

The difference between {resh and preserved autogenous bone may be due o
the fact that living osteogenic cells, even some osteocyles. survive in fresh bone
after transplantation. A fresh autografit would thus not merely serve as a guiding
structure but actively participates in the bone formation while, at same time. it
gives rise to stronger bone lormation from the host bone than preserved bone.
The possibility cannot be excluded that the tranplant contains or develops some
inductive substance which is rapidly destroyed or whose development is readily
inhibited.

The observation that one hour's preservation in the open air in the experi-
ments resulted in diminished osteogenesis of the bone might be significant {rom
the point of view ol clinical practice.

The main focus of this study has been o try to elucidate the question whether
an immediately transplanted autogenous bone graft is more quickly and
completely incorporated into the skeleton than a preserved autogenous or homo-
genous grall. The experiments strongly support a preference for immediate

transplantation of autogenous bone.
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FIGURES






FIG. 2. — (spec. 22). 10 days Jrom grafting to last lelracycline injection. Cross section.
The frozen awtogralt al3 displays only bluish awtofluorescence (no new-bone formation).
The fresh awtograft al’ looks porous (resorption) and there s yellow tetracyeline
fluorescence (apposition). In the host bone there is lively trabeculation that is
strongest at the site of the fresh transplant. The line of demarcation betiveen the host
bone and the fresh graft is not clear-cut.

FIG. 3. — (spec. 71). 14 days from grafting to last tetracycline injection. Cross section.
In the fresh awtograft af’ yellow [luorescence indicates apposition. Note new-bone for-
mation in bone marrow. The frozen awtograft aB3 and the autogenous bone preserved in
whole blood aBl are as if recently implanted.
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FIG. 4. — (spec. 26). 10 days from grafting 1o last tetracycline injection. Longitudinal
section. The frozen wutograft aB displays bluish dense awiofluorescence. In the fresh
autograft al’ there appears vellow fluorescence (apposition) mosily in that part which
is not inplanted in the host Gone. Note that the new-bone formation seems to begin in
the central part of the upper corticalis.

FIG. 5. — (spec. 44). 15 days [rom grafting lo last tetracycline injection. Longitudinal
section. The autogenous frozen bone aB exlubits minimal tetracycline  fluor-
escence outside the site of implantation. The fresh autograft ald is extensively reorga-
nized especially in the distal part. At both ends of the transplunt there is abundant
new-bone formation derived from the host bone. This bone formation has distally
resulted in fusion with the transplant.



FIG. 6. — (spec. 67). 3 weeks [rom grafting to last tetracycline injection. Longitudinal
section. In the homograft hB and auiograft preserved in blood aBl there is reorgani-
zation only at the site of implantation. The fresh auiograft ab’ has yellow fluorescence
in most parts of the transplant, especially in the upper corticalis. The bone formation
derived from the host bone is alinost non-existent in preserved bones, but in the fresh
graft it has reached the surface of the transplant, and at the site of implaniation the
obtuse angle between the host bone and the graft is filled up with new bone (arrow).
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FIGS. 7. a. by oo d and e, — (spec. S7). 6 weeks from grafting to last tetracyeline injee-
tion.

— a. Front view of the femur with the grafis. The frozen autograft aB and the auto-
genous bone al’ preserved in Palavit are clearly seen. The [resh autograft alf
between both preserved bones is hardly discernible fron the host bone.

— b. Longitudinal section of the [resh awtograft al'. This procimal part s almost
completely incorporated into the host hone.

— ¢ and d. Longitudinal section. In al3 and in alP reorganization is found only af
the site of implantation. Yellow colowr indicated by the arrows is reflected from
the surface of the [resh transplant. At the site of these transplants theve is only
very little new-bone formation derived from the host bone.

— ¢. Cross section along the dotied line of the distal part of the transplants (see
Jig. a.). The fresh autograft is found 1o be completely reorganized. Because of
the new-bone forining, the transplant has lost its Jorm o the extent that it is
hard 1o say what part of it represents the original transplant. Tetracycline
incorporation in the preserved bones is seen mainly in the part adjacent to the
fresh transplant.
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FIG. 7ec. FIG. 7d.

FIG. 7e.



FIG. 9.

FIG. 10. FIG. 11.

FIG. 12, F1G. 15.

FIG. 8. — (spec. 23). A month from grafting to last tetracycline injection. The fresh
autograft aF is almost incorporated in the host bone. The autogenous [rozen bone aB
looks as if it had been recently grafied.

FIG. 9. — (spec. 17). 4 weeks from grafting to last tetracycline injection. The fresh
autograft alf has started to reorganize and, peculiarly, new bone is present mostly in
that part of the transplant which is not implanted in the host bone. The frozen auto-
graft aB looks as if it had been recently transplanied.



FI1G. 10. — (spec. 10). 5 weeks from grafting to last tetracyeline injection. The fresh
autograft al’ is completely incorporated into the host bone. The frozen autograft a3
erhibits scanty yellow fluorescence.

FIG. 11. — (spec. 32 s). 5 weeks from grafting to last tetracycline injection. The frozen
autograft aB displays only bluish autofluorescence. In the [resh autograft ol there is
lively resorption and apposition. The new bone dervived from the host bone at the site of
implantation has started (o swrround the transplant like a cuff.

FIG. 12, — (spec. J0). 2 months from grafting 1o last tetraeycline injection. In the
Jrozen awtograft aB there is scanty new bone. The fresh autograft ol is fully
reorganized and only the tip of il is not incorporated into the host Lone.

FIG. 13. — (spec. 21). 3 months from giafting to last tetracycline injection. Side view.
Both the autografts are clearly discernible, The fresh graft al' has lost its original shape.
It exhibits abundant yellow fluorescence, which is almost lacking from the [rozen bone
aB. Only scanity new-bone formation at the transplants in the host hone.

FIG. 1t — (spee. 88). 3 months from grafting to last tetracycline injection. (Gross sec-
tion. The autogenous frozen graft aB has only scanty tetracycline incorporation and ils
contour is well defined. The fresh awtograft al’ has undergone complete lamellary
reorganization and at this site is incorporated in the host bone. Note the strong new-
bone [ormation in the host bone. The surface of the femur is not scen in the picture.
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FIG. 15a.

FIG. 15h.

FIGS. 15, a and b — (spec. 83) 3 weeks frome grafting to killing. Tetracycline injection
prior to grafting.

—a. I'ront view of the femur with the transplants. The Jrozen autograft aB has
retained its vellow tetracyeline  fluorescence (minimal resorption). The  fresh
awtograft al’ excluding the distal part, has lost its yellow [luorescence through
resorption. The arrowe indicates the provimal end of the fresh awtograft.

— b. Gross section along the dotted line (see Jig. a). In aB the outline is only slightly
broken and the loss of teiracycline has hardly started. In al’ reorganization
has progressed lo «a great extent and it is difficult to discern it from the
bone formation derived from the lost bone.



The squared areas in the picture of the grafts are magnified in the figures above as
e sq ; g g
pointed by the arrows.

FIG. 16. — (spec. 135 s). 10 days from grafting to killing. Immature bone trabeculae
are encountered on the external surface of the [resh autograft aF. Nucleus-containing
lacunae of normal bone are seen, especially in the superficial parts of the graft. In
tetracycline ground section (prepared from the site near histological section) there is
yellow fluorescence in the area of immature trabeculae but not in that of normal bone
tissue of the graft. The frozen autograft aB is necrotic all over. New-bone formation on
the host bone.



FIG. 17. — (spec. 142 d). 8 days from grafting to killing. All lacunae of the homo-
genous frozen bone hB are empty. Islands resembling immature bone and nucleus-
containing lacunae of normal bone are found in the fresh autograft alF. Abundant

osteoblasts indicate active osteogenesis. Note the numerous cells in autogenous graft.



FIG. 18. — (spec. 68). 16 days from grafting to killing. The autograft aBl preserved in
blood and the frozen autograft aB are necrotic. Especially in that part of the fresh auto-
graft alf which is close to the host bone the immature bone trabeculae and nwmerous
osteoblasts indicate intensive reorganization. Cf. fig. 3.
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FIG. 19. — (spec. 136 d). A month from grafting to killing. In histological section the
transplants have become fused. The vital bone tissue of the fresh autograft al’ ends
with a sharp line of demarcation against the necrotic tissue of the frozen homograft hB.
Some nucleus-containing lacunae in the frozen bone are seen mainly in the part ad-
jacent to the fresh transplant. In tetracycline section (prepared from the site near the
histological section) some spots of yellow fluorescence are found in the frozen graft. In
the fresh graft the yellow fluorescence indicates considerable reorganization. New-bone
formation from host bone has a drift towards the fresh autograft and is so abundant a
separate cavily has developed.



NG 200 = (spee. 134). 51 days from grafting to killing. The [Jresh awtograft ol has
lost its shape and grown much larger than it was originally. Its bone tissue is vital all
over and signs of active osteogenesis are seen at the bone margins. The [rozen aito-
grall aB is as if rejected aongside the [resh autografl. lis lacunae are empty. Trabecu-
lation in the host bone is seen near the [resh autograft. In tetracyeline ground section
(prepared from a site near the histological section) yvellow fluorescence indicates intense
new-bone formation in the fresh graft al’. The strong trabeculae cement the transplant
to the host bone. The frozen graft aB exhibits only minimal tetracycline fluoreseence.
Adudt rabbit.



VI1G. 21, — (spec. 131s). 3 months from grafting to killing. The [resh awtograft ol
lras become denser and lost its original form and size. Its structure resembles the lanel-
lary structure of the host bone. The [rozen awtograft a3 is porous, but there are only
scanty nucleus-containing lacunae.
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FIG. 22. — (spec. 95). 5 weeks [from grafting to last tetracycline injection. Front view of
the femur with the transplants. The awtograft aD preserved for one howr in the open
air is as if recently implanted. The [resh wdogralt al?, excluding the distal end, is
fully reorganized.

FIG. 23, — (spec. 94). § weeks from grafting to last tetracycline injection. The fresh
autograft al’ has undergone lamellary reorganization. The awtograft al) preserved for
one hour in the open air displays tetracycline incorporation in the part adjacent to the
fresh grafi.



FIG. 24 — (spee. 65). 15 days [rom grafting to last tetracyeline injection. The aulo-
graft al) preserved Jor two hours in the open air displays bluish antofluorescence. In
the fresh awtogralt al there is strong reorganization indicated by yellow fluorescence.
New-bone Jormation [rom the host bone has resulted in fusion with the [rest graft.

FI1G. 25, — (spec. 80). 3 weeks from grafting 1o last tetracycline injection. The auto-
graft al) preserved for one hour in the open air displays only scanty yellow fluorescence

in the part adjacent o the fresh autograft. The fresh autograft al’ has undergone
reorganization,



FIG. 26. — (spec. 63). 15 days from grafting to last tetracyeline injection. The [resh
awtograft al’ and the autografll aS preserved for fweo hours in saline solution have no
greal differences although in the fresh graft reorganization has progressed somewhat
further.

FIG. 27. — (spec. 112). 6 weeks [rom grafting to killing. Tetracycline injection prior to
grafting. Side view. The auwlograf al) preserved for one hour in the open air has retained
considerable yellow tetracycline fluorescence (scanty resorption). The fresh autograft al?
is completely incorporated in the host bone. Small vellow points on its surface indicate
the site where the transplant is lying.
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FIG. 28. — (spec. 109). A month from grafting to killing. Telracycline injection prior to
arafting. Cross section. The autograft al) preserved for one hour in the open air has
kept intense yellow tetracycline fluorescence (minimal reorganization). The fresh auto-
graft shows only some spots of yellow fluorescence (considerable resorption of the
original tetracycline-labelled bhone).

I'1G. 29. — (spec. 108). 6 weeks from grafting 1o killing. Tetracycline injection prior to
grafting. Two cross sections. The [resh autograft ol and the autograft S preserved for
one howr in saline solution are incorporated in the host bone. Only some tetracycline
spots left. No difference in reorganization.



F1G. 50, — (spec. 129). 43 days from grafting to killing. The fresh autograft has become
denser and is definitely smaller in size than originally. Most of its lacunae contain «
nucleus and its structure resembles the lamellary structure of the host bone. The auto-
graft aD, preserved for one hour in the open air. s porous. but nucleus-containing
lacunae are not seen anywhere else than in the parl adjacent to the [resh graft and
largely in the form of islands on the medudlary aspect.
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CORRECTIONS

line 7: read rounded instead of free
line 4: read convex instead of concave

line 27: read convex instead of concave

. A
line 4: read =2
AX

line 9: Insert (Tylman and Ramotowski, 1961, Harrington,
1962)

Test Number 22 was eliminated from the results because of the
possibility of metastatic abscesses

Strain gage A is in electrical series and no external connection
should exist across the gage

distance a is along the axis of the gages and must be joined to P
by a perpendicular

insert Parker, H.E.: Simplified Mechanics and Strength of
Materials. 2v0 Ed. John Wiley and Sons. New York, 1961





