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INTRODUCTION 

Botip traiisplanlation is a conuiion ijrocediire in orthopaedic siirííory. In order 

to speed up llie operation and lo mininiiz.p the operative risk it would be 

advantageous it it would not be necessary to take the bone recpiirecl for sraftinp; 

I'roni the patient bimself. especially when a great amount of bone is needed as 

e.g. in spinal fusion involvini; several vertebrae. Therefore, hoinoscnous bank 

bone is often used in bone transplantations, either as such or together with auto­

genous fresh bone. Bone may also l)e taken from the patient some weeks 

before operation and preser\('cl in the bone bank to await tbe grafting. Tliis 

method was usetl some yi^ars ago al tbe Orlliopaedie Hospital of the Invalid 

Foiiiidalion. when mueb bone was needed for spinal fusion in severely paralyzed 

patients. It was thought that autogenous bank Ijone is more valuable than homo­

genous bank bone. 

The i)rere(piisite of the use of bank bone and abandoning autogenoi\s fresh 

bone is. howe\cr, that the operalive results do not deteriorate. During recent 

years many clinical malcriáis have been published, in whieh the value of bank 

bone in demantling transfilanlalions has b(-en (|ue,slionefl. Also, al the Ortho­

paedic Hospital of the h n a l i d Foimclalion. Riskii (1964) found, during follow-up 

exaniinalions of pntienls o|)er;itecl upon for scoliosis, llial non-imion had 

occurred more often following spinal fusion with autogenous frozen bone than 

when fresh autogenous bone had been used. On ihe basis of tliis observation it 

was foimd necessary to elucidate experimentally whether the tlifferenee between 

autogenous fresh and autogenous baidi bone is so great ibal ¡I woidd be belter 

to abandon the |)i'actiee of taking bone from tbe patient and preserving it in 

bone bards Ixdor'e rniplantatroir. The tetracycline method, based on labelling 

new bone with U^raeyi'lini-. was choseri for llie study of ihis question. Tn the 

course of the investigation the primary sid)ieet widened to include the eom-

liarabilily of boire ]ii'eservecl in another way with fr'esh autogenoirs bone.*) 

*) A preliminary r-eporl was pi-eseriletl al the Anniinl Meeting of The l-'inriish Orllie-
pacdic ,'\sso(ialion. \overid)er I"). I 9 ( j 1 . 



R E V I E W OF L I T E R A T U R E 

Theories of osteogenesis in bone transplants 

Since Oilier laid llio sciciililie ioimdalion U)v tlio sUidv ol liaiisplaiitcd bone 

ill I8')H, l i l c r a t u i c c o i i r c r n i i i f i l l i is s u b j c c l has IM-CII a l ) m K l a n l . In a way it is 

understaiulablt' thai bono- ftralts. which play such a major role in orthopaedic 

snriiory. Iia\e provided the inipeliis ior tliorousli research, bill acliially the i;real 

mmiber οΓ pLiblieatloiis is explained by the laet that the problems involved in 

bone transplantation are anythiiif; but unambiííous. The results oí various 

imcstisal ions tliU'er Irom eneh other and opinions eoneerninii the |)roress ol 

bone I'oiniallon in the firal'ts are perpetually controNersial. 

One ol the key (|ueslions in the study oi transplanted bone is wlu-ther the 

resulting; osleoijenesis in the iirait lakes place throiifih the aijeney ol its own 

cells or of the host's cells. Not until ibis (piestion is setllecl by a ííenerally 

accepted seientiiie explanation will clilierenees of opinion on different kinds ol 

fíraíls die out. 

In his wide and syst(>nuili<' inxestiftalioiis Ollier (·;ιη)!· to t h e conclusions that 

the periosteum plays the fleeisi\e role in the osleoi;enesis of bone transplants. 

He believed thai, under iavoiirable eondilions, periosleum-eovered bone may 

sui'vi\e and thai tlu> i;ialt receives ils niitrilion ihroush the periosteum. 

l i e was also ihe first lo make a distinetion, in principle, between aiitofienous. 

homo^cnons and helerosenons bone. In his opinion, in homofrenous i;rafls the 

periosteum mifibt survive but not in beteroí¡;rafts. Therefore he l irmly rejected 

the us(- of lietero<;eiions bone lor transplantation. 

The doctrines ol Oilier were prevalent until 1H95 when Biirlh demonstrated 

llial 1 ransplaiiled eonipaet bone dies and i se \ entua l ly replaced by bone-lormiiii; 

sunouiidiiii!, lissiies. Aecordini; lo him, llu- periosteum plays no fiarl in re-

oríi,anÍ7.at¡oii but perishes in the same way. Neither did be find any siijnificant 

<lifl'erenees between tlifferent kinds of hone fjrafls. Whi le lie had sonic 

supporters, be was soon siibjeeled to widespread eritieisiii. also Irom praetieiii;; 

surgeons, 

G, Axhdiiseii. with his extensive and scientifically planned studies (1907. 

1909) . inad(- a kind of synthesis of the \ iews of Oilier and Bnrlh. He supple-



mclik'il Iiis cxix-riinciilal wiirk wilh i-ahbils and lals bv hislolof^ical studies οΓ 

inalerial Ironi operated patients. He sliowed that the hone substanee in 

periostenni-eovered Iransphuits ches hut that most οΓ t l i e periosteum survives 

and ]iossesses stroni; osleofienetic properties. In his \ ievv autofienous and homo-

¡íenous transplants do not di l ier in principle Init only in the speed oí reiíene-

ration. I le (>mphasi/.ed his pnd'erenee lor I'resh. perioslemn-eovered aulofienous 

hone lor eliiiieal transplantation. On tlu" other hand he completely condemned 

the use ol h e t e r O f ' ^ e n o u s bono in surf^ery. 

The osteoblast theory is based on the in\estigations ol Oilier nná G. Λ.ιΊιαη-

scn. Aeeordin;; to this theory, new-hone I'ormation in a transplant mainly takes 

place through t h e ai;eney of its survi\inii; cells. This \ iew was generally aeee()ted 

for years until ¡A-vandcr presented the results of his investigations in lf)54. He 

hati effected new-hone formation by injeetnii;: alcoholic extracts of hone into the 

nuisele of rabbits. On the basis of his observations, Li'i'ciudt'r believed that the 

reorganization of transplants occurs from the surrounding pliu'ipotenlial connec­

tive tissue cells wliieh are induced into osteogenic cells by the substances 

released from t h e dead tissue. This opinion, known a s t h e induction theory 

(llieory of metaplasia), aroused wide enthusiasm, which is reflected in the 

hteralm-e. Several investigators (Amierslen IfMO. licrtcheii I!>I4. ()berd(dboff 

1947. ¡Mcn>i.v 1947. Η art Icy el (d. 1949. Willcsluedi el al. 1950 . Rotli 1950) 

performed \arious types of extraction experiments, trying to isolate the substance 

called osteogenin by Ldcroi.v. The existence of such a substance was (|nestioned 

by Ilcinen cl al (1949) after they had demonstrated new-bone formation in the 

nuisele of rabbits lollowing the inji-etion of pure alcohol, in expi-riments with 

other animals. Liiidahl anfl Orvä ( 1951) as well as W. Axhauscn ( ¡ 9 5 6 ) 

showed that alcoholic hone extracts and hone fragments kept in alcohol had no 

effect on osteogenesis. 

These extraction expeiimenls l u n c however, not |)ro\ed eonvineing, and no 

osleogenetie substance has been isolated. On t h e other hand, t h e metaplasia 

theory is belter supported by the observations which have been made in eomiee-

tioii with traus[)lantations of pieces of hone. A s early a s in 1 9 1 2 Basclikirzew 

and Petroii', on t h e basis of their experiments, concluded that reorganization of 

bone transplants occurs from th(- surrounding tissues. Fji!;,xlröiu and Orcll (1945) 

implanted bone grafts fro/.i'n to —190"(; into the sulx iitan(-ous tissues of humans 

and observed reorganization after 55 days. They were certain that no living 

cells coidd h a \ e been preserved in the bone grafts, and since they had also 

obtained similar results with fn-sli autogenous h()n(> tran-.plants. they felt that 

new-hone h)rmation in hone grafts occurs exclusively from the surrounding 

young proliferative cells which through the action of dead hone tissue become 

transformed into osteoblastic e(41s. 

file:///arious
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Llnc(jiiiv()cal evitlcTicc oi' iiuliidion by bone lissur liiis larking. Dulhie 

(19Ö8), lliulcy el al. (1959) aiul Danis (19(J()) did not s e e any induction in the 

surroundinfis when th(- trans[)lant was encased in a niiihfjon» filter: i iew-hone 

I'oriiiation occurred o n l y inside the casino. Research on osteogenesis is. however, 

not tuiambiftous since Goldliuber (1961) under similar experimental circuni-

slanees has been al)le to cause bone-forttiation in the :-.urronndiníí liost tissue as 

well. 

Urist in I9i)5 presented new evidener- in favour of the theory of indnctinn. 

In his experimental work, he su^sests that bone formation in the interior of 

de\i lalized, decalcified bone im[)laiU occurs by auloinduction in which both 

the inductor cells (wandering histiocytes) and the induced cells (perivascular 

connective-tissue cells) are derived from ingrowiiif; cells of the host bed 

stimulated b y 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 

a 7 i d has an activating effect on osteogenesis. Opinions differ, however, in 

ex | ) la ining 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 1 9 5 1 . Ray et al. 1952 . Campbell et al. 1953, 

Harn und Harris 1956 , Bonfi^o 1958 . Chalmers 1959 , IIcslop et al. 1960. An­

derson 19fSl. Burivell and Goivtand 19ÍÍ1. Biinvell 19()4. Deleii and Tniein 19(i5), 

In his extensive histological experiments with dogs. IV. .Alhausen (1956) has 

found that reorganization of bone grafts preserved at —15°C and transplanted 

into the muscle begins after three weeks, but very slowly. On the other hand, 

he demonstrated that new-bone formation in fresh autogenous bone already 

starts within a week. In his view, this occurs through the surviving cells of the 

transplant. , \ t the same time he stressed the sigiufieance of the periosteum in 

osteogenesis. On the ba.sis 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-bone fonuation begins in 

the fresh autogenous graft within seven days, originating in pre-exislini; 

specific cells of the ])eriosteum, marrow and bone canals. In the second phase 

some osteogenesis appears, after 5 to 4 weeks at the earliest. This originates in 

the non-specific pluripotential connective tissue cells of the host which differ­

entiate into osteogenic cells. In bony surroundings this second pha.se develops 

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

W. Axhausen 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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Different bone transplants 

The first aut()i;en(His bone Iransplanlations w e r e performed in 1820 by von 

Walther, and the first transplantation of liomofirafts in 1878 by Manuren 

(quoted by Chase and llerndou 1955). Not until after the ex|)erimental work of 

Oilier and G. Axliausen, however, did the use of bone transplantation really 

start in sur^iery. in 1925 Albee published his experiences with 5000 and in 192'i 

Lexer his with 1000 bone transplantations. Albee accepted only the autojípnous 

graft. According to Lexer, a fresh, 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 c o n d e m n e d by Lexer. In the 

beginning of the twentieth century, both autogenous and homogenous bone 

was used as transplants. The results 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, homogiMious bone grafting was given up for several 

decades in surgery. 

New methods of preserving homt)genous bone presented a solution to organi-

zatory problems. The report of hielan in 1942 gave a real impetus to the 

development of bone preservation. He liad preserved both autogenous and 

homogenous bone in from -f- 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. lit 1 9 4 7 and 1951 Wilson published his experiences 

with homogenous lione transplantations in which he had used refrigeration at 

—20 to —29°C. In his opinion, bone-bank bone fully corresponds to the auto­

genous bone transplants. Several investigators (Bush and Carber 1 9 4 8 , Weaver 

1949, Huh 1950, Reynolds and Oliver 1950 , Rath 1950 , 1955 . Schmid-Schmids-

felclen 1950 . 1954 . Biihier 1952. 1955. Ehalt 1954) stressed later that clinical 

results were e(ptally good with fresh autogenous bone and bone-bank bone. 

Later, other methods of storage have been used such as merthiolate solutioti 

(Reynolds et al. 1951 ) . a polymerical plastic called Palavit (Idelberf^er 1956). 

which pliiiiinates the old dualism. Vaiiiio in I9-18 and Hrhl and McÍa'íiii in 

1952, in princi[)le. arrixocl at similar r(>siilts on the basis (ΐΓ their histológica I 

studies. The view that both the í^rall and the host are ca[)al)le of lahiiifi part iti 

osteogenesis is supported by study id' Hay and Sabcl in I9()5 wlio used tritiatecl 

thymidine and by that οΓ Arora and Lashin in 19()4 who used se.\ chromatin as 

a cellular label. 
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l\()pliili/.iitinii. etc. Nevertheless. preser\ a t i o i i οΓ bone in a cleep-irozen state is 

most vvitlely em]iloyed in many parts of tbe world. 

The doctrines of ¡ A ' V ü n d c r (1954\ 1958) provided a llu-oretieal basis lor the 

operation of bone-banks. Tbe role of the bone graft was considered to consist of 

indiieing" the s i u T o n n d i n g eoimeetive-tissue cells to metaplastic bone formation. 

This makes it i m d e r s t H i i d a b l e that, in the beginning, homogenous and heteroge­

nous bone w e r e .so entbusiaslieally ibought to fulfil the same osleogenelic func­

tion as fresh autogenous bone, . l u d e t (19Ί·9), Meiss (1952) and Giiille/ninet et al. 

(1955) went even so far as to maintain that heterogenous bone-bank bone was 

almost eipiivalent to autogenous bone. It was found comparatively soon, however, 

that because of biologically misuitable |)roperties heterogenous bone was w o r t h ­

less f o r graft ing |)urposes in human surgery. On the otiier hand, suitable material 

has been prepared from calf bone by removing all organic material Ironi it. 

Inununologieally, the bone thus obtained is eomphUely neutral. Such hone, 

prepared aeeordiiig to Maalz and BaiieniH'tsh'r and called Kieler Span, has been 

energetieally (d'ferecl for sale in recent years, but tbe excellent results of the 

authors (I9i)l) and others lia\i' not found convincing support. 

Prior to the introcluetion of Kieler Span. Ort'll (1954) , however, by maeeratiug 

bovine bone, had already pre|)ared material which he called "Os purum" and 

"Os novmn". Orell bad mainly used this in operations by tbe Alhi'C method. At 

|)resent these bone materials only survive as a curiosity in the literature. 

Ihuiiig recent detades. eomparalixe research has largely centered in auto­

genous bone and homogenous bank-bone. On the basis of (Tmieal uuiterial. only 

a few authors (Magnolfi 195iS, hiippenumiii 195Í), Amis HXif. Rctin 1964, 

Sihircitiiiier and Coiilzeii I9()f) have l)een completely content with the hoiie-

baids. In 1959. when reporting on Ins large o|)erative series. Burke de la Camp 

mainlained that although a fresh autograft is replaced by new bone more 

rapidly than I 'ro/.en bone, the difference is neverthelc-ss iH)t striking and play.s 

no essential role. Many authors emphasi/.e that bone-bards bone carmot replace 

autog(-noirs fresh Ixine and thai the indications for its use must be carefully 

weighed {Sielwr 1954 , Dc Toiniixi 1955. Schock I95(i. l i u K c r 1959) . In 1959, on 

the basis id their' elinieal evperienee (\inii'stilc and Spdiifius stressed, that 

preserved homogenous bone may b(> used when tin- availai)le supply of auto­

genous hone is not acleipiale for the parlienlar situation or when the hazard of 

sirr'gei'v is malcriallv irrcreased by obtaiinng tbe autogenous bone. The per­

centage of failures has generally been over 20 in published series where bank 

bone was used {liepnrl of the Committee to Study llw Prescri'iilioii of Bone 1953. 

Bosu'orlh el al. 1955. Ilachclhai I95(). Mor lf)5,S. Biska IfKvl). 

Since tbe (-ntbusiasm prevailing at the lime oï establishing the bone-banks 

waned, in the opinion of most investigators, histological studies have demon-



15 

stralcd lliat refíeiici-alion ol' I'losh aiilogciioiis Ijonc occurs moic rapidly than llial 

of homogenous bone. Slriiifid in 1957 and /úiígmo and ΙΙαπιμι· in I9(if slndicd 

the rates of \asculari/.ation in autogenous and frozen hone by histological and 

injection teclmi(|ues. They fouiul that vascularization in homogenous bone was 

two to three times slower and li'ss complete- than in an autograft. 

The actual controversy emerges in attempts to find a reason lor tlie superiority 

of aiilogenous bone. 'I'iie role of immunological arl ivi ly has been widely 

investigated but without coneliisivc results. Some investigators {Zeiss el al. 19f)(), 

Sabetetal. 1961) believe that antigen-antibody reaction reduces revaseidarization 

of homogenous bone. 

The possibility that liie superior osteogenetic capacity of autogenous hone is 

due to relatively intricate immunological factors, has n-sulled in the use of 

various deproteinized and decalcified bones in order that antigen-antibody 

reaction may be avoided. In experiments with dogs, flcijile el al. (19(i5) com­

pared different hone grafts. They found that regeneration In dc-ealeified. irradi­

ated frozen and (le|)roleinize(l homogenous transplants oceurred more slowly 

than in freeze-dried homogenous hf)ne or frozen bone; of these two, new-bone 

fornialion was more rapid and more salisfaetory in lyophilized bone than in 

frozen bone. In their work they established the antigenic status of different 

transplants. They I'oiuid that freezing and lyophilization destroy the antige­

nicity of homogenous bone. In (his way they arrived at the conclusion that 

perlia|)s the above-mentioned methods of preservation do not exerl the same 

effect upon the iiuhiclor mechanism. In these investigalions ihey employed as 

control fresh autogenous bone which proved definitely superior to other bone 

grafts. The results of the study of //(•//)/(' el al. suggest that antigenicity does 

not play any decisive part in the regeneration of bone. 

De Bniyn aiul Kabish (1955) stress the importance in osteogenesis of osteo-

geiieiic truilerial released from the ilead Ijone transplant. They studied ru-w-boiu' 

forinalioii in Iransiiianls imtiUmled in the nuisele oí rabbits; llu'ir observation 

period ranged from (> to 129 days. New-bone formation occurred in 8(> per cent 

of the fresh autogenous grafts, whereas In liomogeiious and aiilogenoiis Irozen 

bone it could only he found in 0 to <S per cent. They explained this remarkable 

difference by assuming that freezing destroys the osteogenetic indiietor. On the 

other hand, no histological evidenci- could be found to suggest that surviving 

cells ill autogenous hone (.•onlrihule to the reorganization of the trans|)lant. 

Contrary to this latter investigation, an increasing number of investigators 

have now confirmed tluit osteogenic cells do indeed survive in fresh autogenous 

bone. In 1 9 5 1 . RcynoUh and Oliver were still of the opinion that a slight time-

factor was the only difference in reorganization between autogenous fresh bone 

and liank Ijone. but a few years later they agreed that the difference is evident. 
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and belie\ccl llial this is partly due lo ihe cells surviving in a n autogenous graft. 

Thus. I'u'Yiiolds (195")) said that he had almost entirely abandoned the use of 

bank bone in si)inal ftision. 

The difference between fresh autogiMious and frozen homogenous transplants 

has been studied by I'aiiiio (1957) in exiieriments wilh rabbits, imitating the 

teclmitjue of S[)inal fusi(ni by the Albcc method. /M'ter the inter\al reqtnred by 

the aulogenous graft to become fully regeneratetl. the liotnograft had still 

preserved its size and original shape. Regeneration occurred most easily when 

the aulogenous bone was covered with periosteum. On the basis of his experi­

ments. I aiiiio believed that at least a part of the cells siu'vives in autogenous 

transplants. Entirely similar results are reported by W. ixlumscii (I9f)2) in his 

exleitsive and tlun-ougli histological investigations. He concluded that the bone-

bank in the course of this development will become unnecessary. 

It would seem that after decades (d' investigations we a r e again reluming to 

the basic views already presentetl at the end of the last centin'V by Ollit'r and 

G. Axhtinseii. Hone-bank lione is neverlheless still u.sed all over the world even 

in very exacting bone transplantations. Large parts ol bones (e,g, the Ictnnr) 

m a y be replaced by homogeiu)iis bone-bank boiu'. VVIuMbcr liomogeiious bone 

is iirel'erable to a metallic endoprosthesis in r(>|)lacing a n u i j o r portion of a bone 

is a question which arises when the use of atitogenous bone is impossible lor 

(piantitativc reasons. 



PROBLEMS 

It is obvious t h a i ovcji iu i b c lu luic t h e use ol bont' I r a n s p l a n t s wi l l j 'c la in 

a p l a c e in or l l iopaecl ic s u r g e n , n o l w i ' t l i s l a n d i n g tin- I'ael lluil c e r t a i n m e t h o d s o í 

metal f ixat ion , e.g. in p s e u d a r t h r o s e s . b a s e r e d u c e d the need for b o n e g r a f t i n g , 

just as drug t r e a t m e n t h a s o f t e n r e n d e r e d a r t h r o d e s i s or s p o n d y l o d e s i s umie-

cessary. On [he o t h e r b a u d , b o n e t r a n s p l a n t a t i o n h a s g a i n e d n e w i n d i c a t i o n s . 

Although t h e s l m l y of b o n e t r a n s p l a n t a t i o n h a s a r o u s e d w i d e i n l e i c s l , i b e 

problcHis invoKed a r e a n y t l n n g b u t so lved . Even t h o u g h nuitters h a v e been 

somewhat c la i i f i ed in recent l i t e r a t u r e , so m u c h c o n t r o v e r s y still p r e v a i l s that 

lurt l ier i n v e s t i g a t i o n s a r e ca l l ed lor. Since b o n e p r e s e r v e d in a f r o / e n s l a t e is 

contiiuially used in m a n y p a r t s of tbe woi' ld, ihere is e v e r y n~ason to try to f ind 

out whether, aiid to w h a t e x t e n t , such b o n e is ecpud to fresh b o n e in t r a n s ­

plantation. / \ l so , it is i n i p o r t a n i to k n o w h o w the h a n d l i n g of a n a u t o g e n o u s 

hone t r a n s p l a n t a l l e c l s its oste()gen<-tie p r o p e r t i e s . 'Tlu-se (pres l ions a r e s i g n i f i c a n t 

in surg<M'y. becarrse o s t e o g e r i e l i c a l l y low-gr-ade boire l eads to poor- o p e r a t i v e 

r-esirlts. 

In surger'y. the b io log ica l v a l u e of a b o n e Irarrsp lant is d e t e r m i r r e d by its 

osleogenetie c a p a c i t y a n d l)y t h e ( p i a l i l y a n d spei-d id' its r -eorganiznl ion . h'resh 

autogenous bone h a s b e e n cons idered to be ihe best for g r a f l i n g p u r p o s e s , but 

whether its os teogenet i c c a p a c i t y is e s s e n t i a l l y d i f f e r e n t Ir'orn l l ia l of preser'ved 

hone, is a p r o b l e m w h i e h earr o n l y b e so lved by a t t e m p t i n g to p r o v i d e a n s w e r s 

to the f o l l o w i n g q u e s t i o n s : 

1) Are there arry d i f f e r e n c e s in l e o r ' g a n i z a t i o n b e t w e e n a fresh a i r t o g e n o u s 

t ransp lant a n d 

a) airtogeiU ) irs borre preser'ved in a frozen corrdi lron 

b) honrogenoirs boni' p r e s e r v e d in a frozerr corrdit ion 

c) autogenoLrs b o n e p r e s e r v e d in t h e o p e n air or in rrormal sal irre so lut ion 

at room l e m | ) e r a t u i e 

d) a u t o g e n o u s b o n e p r e s e r v e d in blooti a t ")7''C? 

2) What role in r e o r g a n i z a t i o n of t h e g r a f t is p l a y e d by the tirn(~ f a c t o r ? 

The d i l i e r e n c e b e t w e e n a fresh a n d a j i r e s e r v e d t r a r r s p l a n t is of theore t i ca l 

interest. However, t h e m a i n prrrpose of this s t u d y iras been to Iry to e l u c i d a t e tfri' 
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question whether an inunediately transplanted autogenous bone gral'l is much 

more quickly and completely incorporated into the skeleton than a |)rescrved 

autogenous or homogenous gra i l ; il' so it makes the use of fresh autogenous 

grafts preferable in orthopaedic surgery whenever [iossible. 

In the process of bone Iransplantalion. new-bone lorination occurs both in 

the graft and the host bone. In the former, bone undergoing necrosis is replaced 

by new bone. This jirocess involving both resorption and ap|)osition is called 

rcorgiinizalion of the IrunspJant. New-bone formation iji the liosl bone, on the 

other hand, serves lo fix the graft and finally enclose il in the host bone. In 

this investigation, the osleogi'iiclir ctipdcilr of the transplant implies the ability 

of the graft to be reorganized and lo stimulate new-bon(> formation in the host 

bed. 



M A T E R I A L A N D M E T H O D S 

Material 

With the exception ol' six adult rabbits, the study was pert'ortncd on rabbits 

aged 5 to 15 weeks, in young rabbits, the osteogenetic processes in bone are more 

rapid than in atlults. so that regeneration of transplants occurs in tliem in a lar 

shorter time. 

A total of Π(ί rabbits were operated on, and 15 of them died |«)stoi)eratively. 

This left 121 rabbits, of which thr(>e rabbits with a plastic tube as the transplant 

were added to the control series. 

Thus there were 1 1 8 rabbits asailable b)r tetracycline and histological exa­

minations. In nine rabbits two grafts were implanted in both femurs, 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 fetmirs only. Tims 

the material cotisistetl of 127 experiments. 26 femurs with grafts vver(> reser\(>d 

lor both tetracycline and histological examinations. 

Distribution of the nuiterial according to tin- methods of study: 

Experiments with 

tetracycline 9'f ( 95 rabbits) 

histological method 7 ( 7 .. ) 

tetracycline and histological method 2() ( 1 8 ,, ) 

Total 127 ( l i s .. ) 

Surgical technique 

The operations were perfortned aseptically under local anaesthesia (0.25 per 

cent Xylocain-Exadrin®. Astra). The lowest ribs, either adjacent ones o r from 

opposite sides, were used as transplants containing only diaphysial bone. The 

periosteum was occasionally preserved in order that observations could be made 

as to its role in reorganization (Table 5 and 4), 

The transplants were grafted into the left lemur, in .some cases in 

both femurs. One tip o f the transplant was lying ot i the siu'face of tlie hnmir 
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F I G . I . — S(/u'iii<i/ic (liau'iiig. ii) Siilf i'icw of ΐ!η· fcniiir irilli livo liaiixpliiiilx. Ii) ('ross 

scclion of llic ft'iiiiir wil/i tlivce Iransp/anls. 

and ihc o thtT was laid in to an oblique bolo (Fig. 1). This hole, reaching lo the 

marrow ca \ ¡ ly . was drilled either p r o x i m a l l y or clislally inlo ihe anterolateral 

diaphysial surlaee. Two transplants were usually gralted inlo the same lemLU' 

and one of these was t h e fresh autograft. The ribs were placed to lie partially 

side by side, at which point they were fixed lo ibe L m d e r l y i n g bone with a nylon 

o r ealgut suture, in order lo secm'e them lirmly. Because of the curved form of 

the ribs the transplants were only in contact with the bone at bolb ends. If il 

was deemed desirable to graft a third rib. it was placed on the lateral side of the 

distal rib. 

Except for the bin-r holes, the femoral periosl<'um was n o t (lamag(-d in any 

way. The fresh autogenous bone was transplanted dislally o r |)mximally 

in order to el iminate the effect of an eventually better osteogenetic capacity al 

either end of fenun-. The fresh transplant was preserved in idiysiological saline 

solution during the lime it took to close the chest with some sutures and make 

t h e necessary preparations for grafting il lo the lemur, o r about 5 miindes. 

ft was not allowed to slay dry even for a rnoiuent. 

Λ bony surrounding was chosen for the transplants because il ex|)licilly 

corresponds lo surgical practice. Since the lioiie transplants were grafted mostly 

into the same lenun\ as described above, the conditions for osteogenesis were 

uniform and thus observation of the reorganization of the bones presented no 

difficullv. 

Handling of preserved bone transplants 

Frozen hone. Both aniogenous and homogenous frozen bone, mostly vvilboul 

periosteum, was taken from the rabbits usually I to 10 days before transplantation 

and placed inmiedialely in a temperature of —I") to —17"C, According to Roth 

(1952) . this is the most favourable lempei-alure for the preservation of bones. It is 

true thai the literature contains descriptions of even much lower temperatures 
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Investigation with tetracycline 

In this study, tin- reorganization of boii(< transplants was followed by means 

of tetracycline deposited in the bone. 

Tetracycline in hone labelling 

Λ surgeon, .lolin Belrbier. in 1 7 r e p o r t e d thai the bones of pigs 

which had been fed on madder were eoloiued red with this dye. Duhamel 

between 1759—171") and Hauler between I 7(i()—I 770 used madder as an aid in 

the study of hone growtli ((pioled by Sissons 195fi), In 1957, Mileli el al. reported, 

that antibiotics of the tetracycline group have a special affinity for hone tissue, 

where they have the ability to fluoresce in ultraviolet light, BeeaLise of its 

striking and clearly diseernilih- yellow fluorescence and because of its lesser 

toxicity, tetracycline is superior to alizarin in bone research. 

Tetracycline given by mouth or parenlerally is distributed diffusely into the 

organism, hut after 2 1 hours it has already disappeared from the soft tissues 

and only lemains in ealeifieil tissues, Tetraeycline-labelled bone app(-ai's as 

yellow-stained, clear-eul hands which are parallel to and in the snljstance of 

die lamellae. The bands do nol cross lamellae or ((-ment liiu-s. The labelled 

band-widths are a direct funetiiin of the duration of tetracycline medication and 

the rate of mineralization of ost(-oid. When life continues after withdrawal of tlu-

and lyophilization tfchniípu's for the p r c s o r N ation of bone, hut different methods 

are not known to aeeonnt for decisive differenies in osteogcMietie capacity. Prior 

to implantation the hone-bank hone was placed in normal saline solution 

warmed to room temperature. 

Bone i>i('srn'C(l in ii'liolc blood. Immediately after the removal of an auto-

geiious rib wilh or vvilhout periosteum it was placed in a glass tub(- containing 

liepariniz.ed. penicilhn-conlaining whole- blood of ihe same rabbil. The lube 

was then kept in an incubator for 5 or Ί days at 57"C. 

.4¡ilo¿;enoiis bone preserved in the open air or in /iliysiolof^ical saline soltilioii 

al room leini>er<ihue. Two adjacent ribs without periosteum were removed, one 

of which was immediately grafted to the fennir and the other was left in room 

leinperatLue either to dry in the air or immersed in physiological saline. The 

bone was kept tlry for 1 or 2 hours and in saline solution lor 1. 2 or 5 hours 

before it was grafted to the same fermu-. where the I'resh hone had been previ­

ously ii i 'afted. 



lelracvfliiu' iiiediralion. llie labelled boiie a n d ealeiiied (αιίΙΚίΰ,ο become covered 

by unlabelled bone and ealcilied eartilage. nnless apposilional grovvlh ceases 

during drug administration. Once deposited in bone tissue, the tetracycline and 

its Ihiorescence remain milil resorption ol the bone results in its disappearence. 

This implies that in adults t b e I'luoreseenci- may persist lor years, but in η 

growing individual il nuiy disap|)ear fairly rapidly, 

I'l'om the point of view of research on bone, the essential fact is that, like 

alizarin and radioactive calcium, tetracycline is taken up by tbe new bone. 

On the other band, tetracycline is not de|)osited in cartilaginous or osteoid 

tissues whieh theridore, in idlraviolet light, sliow a bluish fluorescence. Neither 

has it been found tlial tetraeytdine is deposited in necrotic bone (Hokkanen et al. 

I9fiï). 

/Vceording to Harris el al. (I9()2). tetracycline labels all bony surfaces, but 

surfaces undergoing resoriition and inactive surl'aees showing fluorescence irimie-

diately after tetracycline injection rapidly lose their fluorescence. On t h e other 

hand, Harris el 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. Acein'ding to Ititllh and Olenid (19()2). the 

diffuse distribution of the fluorescence is greatest during the first 24 liours, 

because tbe tetracycline is then not sid'ficiently firmly fixed to tbe bone, but is 

probably in " t h e hydration shell" snrrounding the apatite crystals. I^Ίuorescence 

may also a|)pear a r o u n d many lacunae, this phenomenon being in the opiinon 

of Harris et al. |)robably an artifact. Fluorescence may also occur in connection 

with so-called marginal sclerosis. 

The tetracycline moleeide is bound in unaltered iorni to superficially situated 

calcium atoms in crystal nucleation sites in freshly formed bone. Polysaccharides 

and colIag(Mi may play a jjart in this binding. The relatively high content o( 

tetracycline in freshly mineralized bone is (>xplained by the f a d that the 

crystals are then small and form a wide surface area suspended in tissue with 

maximum content of watfM- and high reactivity of caleium-did'icient apatite. In 

less than 24 hours after mineralization, calcium-deficient apatite is transformed 

into a less reactive form, m a l i u c hydroxyapatite. In addition, tin- crystals grow 

larger and amount oí water decreases and ibe matrix becomes compact, 

following which large molecules such as tetracycline can no longer penetrate 

into the orgaine matrix (llrisi and Ihseii 1965) . 

Many writers {Milrh et al. 1958, FrosI el al. 1960, Harris rl al 1962. //(////; 

and Olcrud I9()2) arc of the opiinon that tbe tetracycline method is most suit­

able for investigation concerning the ai)[)ositional growth of bone. Despite the 

fact that tetracycline may also beemne deposited elsewliere than in new bone, 

this method nevertheless constitutes an interesting and adetpiately reliable means 
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Own experiments with tetracycline 

Since tetracycline marks the places where new bone is being formed, yellow 

fluorescence in a transplant signifies the occurrence of reorganization in the 

transplant, f-leorganization proceeds through resorption and apposition (G. Ax-

hausen 1907) . At first, the new bone is woven bone, btit after final reorganiza­

tion the structure of the graft resembles the lamellary structure of the liost bone. 

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®, Pfizer)*) was used in single doses of 50 mg per 

kilogram of body weight subculaneously, this being the generally employed 

dose. 

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

administration into two series, as follows: 

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

Series 11: llie lelracyeline was injecletl on Iwo sticcessive days two or three 

days prior to the taking of the rib for ])reservalion. 

Series 1 gives information about the new-bone formation (api)ositinn) in the 

graft and Series II about the resorption of the original telracycline-labelled bone 

trans|)lanted into the femur. In this way, the reorganization can be studied from 

two opposite points of view. As tetracycline virtually labels tlie bone formed 

dtufng eight hours after the injection {Tapp 1966), repeated doses had 

to be administered in Series I, usually al intervals of one week. Tetracycline was 

often administered on two successive days, especially if the time of observation 

was short. 

*) The aullior is ninch indebted to PI'izer for kindly sii j)plying the Terramycin used 
in this studv. 

of studying the reorganization of transiihmts. Histoh)gieal methods tliat have 

mostly been used until now, leave mueh seope for interpretation, wliieh is seen 

ill the fact that in similar investigations different authors have arrived al 

opposite resulls. One drawback of the tetracycline method is that it is difficult 

to determine (luantitatively the distribution of lelracyeline (flarris rt al. 19fi2, 

Vunderhiicfl ct id. 19ÍÍ2), but one must be satisfied with the fjualitalive demon­

stration of its deposition in the bone by means of fluorescence. 
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Cnmbination of rib Iraiispliuils Ν luuber 
Series 1 

o f experiments 
Series 11 

Autogenous Ir 'esli bone 
y\ut()gen(>iis Iro / .eu Ixnie 

5!) i'l'i]' 10 (10) 

Autogenous fresh bone 
HomogeniHis frozen bone 

12 ( Si 

Autogenous tresh bone 
Autogenous bone preserved in whole blood 
Autogenous o r lioinogenous irozen bone 

) ( ')) 

Autogenous fresh bone 
Autogenous bone preserved in i h e open 

air or saline solution 

2(i (25) 8 ( 8) 

102 (!)5| 18 (18) 

Total H i n ü b e r o f experimeiUs 120 (111) 

* In parentheses the number of rabbits. 

Four autogenous bones preservi'd in blood and six homogenous frozen 

bones were compared with aulogenous frozen bone; in these eases altogether 

three hones were grafted into the same femin- because evei-y combination 

included a fresh autograft . This was thought to be the best way to find out 

possible differences. 

The rabbits in Series 1 were killed so that the time interval between the 

graft ing of the ribs and the lasl tetracycline injection ranged from (i days to 

three montfis, with at least 4 8 hours after the last injection in order to avoid 

short-term exchange. Tbe rabbits in Series II were killed from 2 weeks lo ') 

moiuhs after the grafting. 

Examination of ihc grafts aiitl pholograpliy. Immediately after killing the 

animals, the femur with transplants was prepared free of soft tissues and 

preserved by fleep-freezing. Tbe specimens were examined witli a stereomicro-

scope. in ultraviolet l ight (HRO 200 VV). using UG I 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 

maeroseopically both as such and as transverse and longitudinal sections. The 

sections were prepared hy sawing through the femurs with the grafts and 

grinding tbe resulted siudaees. Tetracycline incorporation in the trans|)lants 

The distribution of tetracyebne experiments iieeordinii to tbe nature of the 

transplants is presented in the table I. 

'I'ABIjE I. — Ejiirruiii'iils willi tflrmyi/iiif. 



roiild be (Icmoiislratcd el<'iiilv by Um iiiagnil'icalioii of tlie section surfaces. 

Eight specimens were embedded in methyl metliacivlate and ground to a 

thickness of 100 μ for microsco|nc examination. 

The macroscopic specimens were photographed in reflected light with a Leica 

Aristophol macroscopic pliotograpliic apparat ic . using . \g la daylight I ihn CT 18 

As exciter filter btd'ore the idtra\iolet light a UG 1 was used, while in the 

camera a Wratten 2 15 was used as the barrier and a CC20R- as the compen­

sating filler. Since demonstration of the restdts is based on yellow fluorescence, 

only colom- photography could be employed. ,'\ black and white picture does not 

give a marked view of the reorganization of the bone lrans[)lant bpcanse the 

iicw-bone iormation occurs diffusely williont distinctive growth lines. 

Eslimiitioii of li'lracycliiw f/iiorfsccncc. Reorganization of the lrans|ilanl was 

eslinialed visually on the Ijasis of yellow tetracycline fluorescence. The whole 

graft was assessed except the im|)lante(l part that was inside the femur. The 

scale used in estimating the relative amoimt or loss of fluorescent bone in the 

transplant was; none or minimal, scanty, considerable, abundant. 

The whole tetracycline material is tabulated using the following scales (Tables 

5, 4, 5): 

Series Í (formation of new bone labelled with tetracycline) 

None or minimal = hardly any yellow fluorescence 

Scanty = scattered strong yellow fluorescence 

Considerable = strong yellow fluorescence in large areas 

.Abundant = strong yellow fluorescenc(> ihrougliout th(- graft 

Series II (resorption of the original tetracycline-labelled bone) 

Loss of yellow tetracycline fluorescence in the graft was examined by com­

parison with a rib labelled with letracy(4iiie. This rib was taken al the same 

time with a future grail prior to tlie transplantation and pic-ser\e(l in a frozen 

state to ser\(' as a control. 

None or minimal = hardly any loss of y(4low fluorescence 

Scanty = scattered loss of yidlow fluorescence 

Considerable = no yellow fluorescenc(> in large areas 

Abundant = liartliv any yellow fluorescence discernible. 

Histological examination 

.Mtliough the investigation was performed with the tetracycline method, ¡1 

was loimd desirable to include hislolngical examination as well (Table 2). Seven 

rabbits were reserved for histological survey only. On the other hand, 2fi 

femurs with grafts were examined bv both telracvcline and histological metfiods. 
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111 l(j cases the Γ(ΜΙΙΙΙΓ with transplants was cut in the miclclle, one end heini; 

reserved tor hislological and the other for tetracycline fltmreseenee examination, 

flistological and tetracycline sections ijrepared from the place of tlie cross-cut 

present a mutually su|)plemenlary and comparable picture of the reorijanization 

oeeurriiii; in the grafts. 

I'ABLE 2. — Histological iiiateriiil. 

Preserved bone 
iiii|)laiiled into same retour 
uitli the fresh aiitoirraft 

Autogenous Irozen bone 
bTinnogenous frozen bone 
Autogenous bone preser\(nl 
in blood 
Autogenous bone preserved 
in tlie oj)en air 

Niiiiiber of experiments and time of observation 

( i -8 

(i (1)' 
1 

14 

1 (1) 

2 " 

weeks 

5(1) 
2 

1 (1) 

months 

2(2) 4 ( 1 ) 20 
5 

Totals 9 1 

*) In paieiitlies(-s the iiiiniber of expcriinenis with histological method only. In the 
reniaiiiiiig cases tetracycline method was used as well. In these experiments the time 
of observation was counted fioin grafting to las! letracycline injection. The rabbits 
used for these experiments were killed two days later in order to avoid short-term 
exchange. 

**) As third iinplanled autogenous frozen bone. 

In assessing the histological ¡licture, attention was paid both to the topo­

graphy of the specimen and viability of the bone. Bone tissue was considered 

\ i tal wdien its lacunae contained an osteocyte whose nucleus was not pycnotic. 

The |)re|)aratiüns were decalcified with EDTA and stained with Weigert — van 

(jieson'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 tins 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 rabbits the plastic tube iu the both femurs (6 experiments); in 5 rabbits the 

plastic tube in the right femur, bone grafts in the left femur. Tetracycline injec-

file:///ital
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lion was perlorrncci accorcliiig lo the mctliod already deseribed (Series I). Tbe 

rabbils were killed a l l er one lo seven weeks. 

The shape ol the leniin' wilh ibe Iransplanls was compared wilh thai ol the 

opposite I'emiir without transplants. In this way an idea of the el'l'eet ol' the 

trans|)lants on the host bone was obtained. 

In Series II (resorption of the origiiutl letraeyeline-labellecl bone) a rib labelled 

with totraeyeline was taken at the same lime with a ftiture transplant prior to 

the transiilantation and preserved in a I'rozen state I'or comparison οΓ the degree 

of resori)tion in the graft . 



R E S U L T S 

In ihe presenl expeiimenls. Iwo or three pieces of ribs, one of which was 

the autogenous fresh transplant, were grafted mostly into tbe same fennir. This 

was thought lo provide a reliable means for the comparison of tbe reorganization 

between the different trans])lants, Tbe results are presented according to the 

combination of the transplants used in the experiments. As the material (]iage 

19) indicates, particular emphasis was laid on the investigation with lelracyeline. 

The transplantation of the fresh and frozen autogenous ribs into tbe same 

lennu' forms nmnerieally tbe most connnon condjination (Table I). 

Autogenous fresh bone and autogenous frozen bone 

Comparison b(-lween autogenous fresh and autogenous frozen Iransphnits 

was performed on the basis of tin- birmation of tbe tetracyeline-labelled new 

bone (Series I) and on the basis of the resorption of the original telraeyeline-

labelled bone (Series II). Tin- b)rnu-r comprises ibe main part of tlu> experi­

m e i U s . Tbe results are present(-fl in tbe table ~). The investigation with lelra­

cyeline was completed and controlled by Iiistological examination. 

Autogenous fresh bone 

Foniialioii of lu-ir hour lalicllcd ii'ilh lelracytliuc (Scries I). In fresh auto­

grafts, lively ri-orgaiiizalioii began soon after tbe implantalioii , Λΐ (i lo 7 days 

s o m e tetracycline was already incorporated in ihe fresh Iransplanl, After this 

the lelracyeline ineorporaliou. which indicates new-bone formation, increased 

(piiekly (Figs. 2. 5, 'i. fi). After a iiiontb the fresh autograft was already far 

reorganized (Figs. 7. 8. 10), In 2 lo ~) monlhs the transplants resendjied the 

lamellary structure of the bosl bone ( f e i i u i r ) (Figs, 12, 14), 

In a fresh autograft the reorganization began in the end (d' the rib implanted 

in the femur. However, more lelracyeline incorporation could be seen in the 

middle part of the transplant than in ils ends (Fig, 9), There could even be more 
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TABLE 3. — . íuldgi-iuiiis frcs/i graft (aF) and autogriuMs frozi'n graft iaB). 

Scries I ( tetracycline injection alter gral'ting) 

Telracyc ino nnorcscencc 
in Iht graft 

— — i ; 
Autogenous Autogenous 

= fres 1 gral frozen gra ft 

cc O ro r-
ro ro 

iß G C 
ö -Ju 

cc cc 

CÏ S 
Cv 

• 1° 
„ I CC 
3 ε cc 

Si bi c Si bi 

? bt 
< 

Β ε •2 .Ξ 
<-o en υ 

3 
< J l 

C 
O 

o 
< Remark s 

Ill s* (i 6 5 + 
141 d* () () 3 + + 
112 s* (i () 3 + pe (af) 

8 7 2 + + 
Fig. Κ) 1 'ñ s* 7 8 4 + 4-

pe (aF) 
ÍK· (oF) 

Fig. Κ) 
155 d* 

1 
7 
5 

S 
Κ) 

4 
3 

+ 
4-

4-
+ 

pe (aF) 
ÍK· (oF) 

22 
2(i 

13 
13 

in 
10 

6 
6 + 

+ 
4-

pe (aF) Fig. 
Fig. 

2 
4· 

3") (i 14 (i + + pe(aK. ali) 
() 34 14 7 + + 

58 7 15 2 + + pe (oF) 
59 7 15 2 + + 

pe (aF) 40 7 15 3 + + pe (aF) 
41 7 15 3 4-
1-2 / 15 1 -h + 
14, 7 15 1 4- 4- pe (aF) Fig- 5 
1·5 
Ui 

7 
7 

15 
15 

1 
5 

+ 
+ 

4-
+ 

pe (aB) 

47 7 15 5 4- + pe (aF4-aB) 
\·ι 8 15 3 + + aF^s . aR^d 
11 9 18 3 + + 

aF^s . aB^d J 5 '20 3 + 4- aF^s . aB^d 
" ) 30 21 5 4- + 
κ 30 21 3 + + 

2<) () 21 10 + + 
157 s* 6 21 3 4- 4- pe(aF) 

5 22 5 4- 4- aF-*s, aB-.d 
52 d 7 22 19 + + pe (aF) 
15 7 28 3 + + 
17 7 28 7 + 4- Fig. 9 
31) 7 2H 5 + 4- ρ;· (nF) 
3) 7 28 5 4- 4-

124 7 28 3 4- 4-
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Table 3 . — Coiiüiuied 

3 

-i ^ 5 ^ 

- " ce 

o « 

h 5 II 

Tel ríicycl ine 11 udresccnce 
in the graft 

Autogenous 
fresh graft 

Autogenous 
frozen graft 

7 , CA, U < 

0̂  Co 

C O O t : Remarks 

125 
I2(i 

9 
15() s* 
159 s* 
25 
I (J 
52 s 
57 

155* 
151* 

It) 
•1-8 
•19 
511 
51 
51 
15 
21 
27 

151 s* 
151 d* 
152* 
8S 
92 

/ 
7 

5(i 
(i 
6 

10 
7 
7 

10 

M) 
ID 
7 
6 
() 
8 
8 
7 
7 

15 
6 
7 

7 
(i 
6 

28 
28 
28 
28 
28 
50 
55 
55 
12 

•19 
49 
60 
60 
60 
(¡0 
(iO 
(i9 
81 
90 
90 
90 
9« 
90 
90 
90 

+ + 
+ 
+ + 

+ + 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
•4 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
4-

af '^s . aB^d 

Pig. « 
aK^s . aB->;l Fii;. 10 
| i e (a l '+aB) Fig. 11 

Fig. 7 
the ttiird graft in the same 
femur was an dutog. bone 
preserveci in Palavit. It had 
scanty fluorescence like ttie 
frozen bone 
| i e (aF) 

l,e(aK) 
l.e(aB) 

lie (aK + aB' 
|)c (ah' + aB) 

pe CaF + aB) 
pe (uF + aH) 
pe (nF + aB) 

i-ig. 20 

l̂ ig. 12 

Fig. 15 

Fig. 21 

Fig. If 

('(nitimici 
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Paljle 5. — Conliiuiecl 

o 

ι Ί 

>S5 
71 
^\ 
75 
7(i 
77 
85 
8G 
S7 

8 
(i 
8 
(i 
8 
8 
8 
6 
6 
íi 

II 
21 
25 
28 
50 
50 
•V2 
42 
42 
90 

AiUogeiioiis 
Iresii graft 

Loss of tetraeyc! 
fluoreseeiiee 

Aütogo 
Frozen 

•nous 
írraft 

í= c í 2 
S 2 C . 2 

•y. Ό < 

+ 
+ 

= 2 

+ 
+ 

+ 
+ 
+ 

Reí 

K¡g. 15 

pe (al-') 
pe (aK) 

Explanations: 
s (sinister) or d (dexter) after iiuinber: in wliicli f e i i u i r tlie grafts were iniplaiited 
*: sections for histological examinations as well 
aF-^s: only aK implanted in the left femur 
aB-^-d: only aB implanted in the right Γοιηιη-
pe(aF): periosteum in ah' 

telraeyeline within the trans¡)lanl than on its surface (Figs. 4, fS). Strong yellow 

fluorescence also occurred in tlie bone marrow (Fig. 5). Anywhere on the surface 

of the transplant new bone might be seen as a deposit resembling a gnarl on 

the side of a tree (Fig. 16) . 

In the fresh autograft the new-bone formation labelled with tetracycline 

progressed rapidly and the transijlunt 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—5 times thicker than it had originally been, making it 

difficult to say where the original transplant had been (Figs. 7, 20) . Af ter the 

fresh autograft had been 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. 



IlisUtlogicdl jindiiigs. (S to 10 days a i icr llio transiilaiilalioi!, most of the 

lai'imac of autogenous ficsli transplanis were empty. However, the I resh auto­

grafts exlnbiled a |)ielu)e suggesting that \ i tal tissue was presenl, scattered 

here and ihere (F'ig, 17), Most eornmoidy. bone tissue contaiinng osleocyles 

was found al l)Otli the external and internal smdaees of the graft . Nucleus-

containing lacunae nuglit be .seen in the bone marrow and around the haversian 

caiuds. New innnalure bone was often eruounlered in w(dl-(liseernible layers 

on the external surface of ibe grail while especially in the superficial parts ol 

the gral t itself were l i \ ing areas of lamellary bone (Fig. Ki). In all. within 8 to 

10 days vital boue tissue was .found in tbe fresh aulograft in the form of islands 

of innnalure h o n e and as normal bone with niicleus-((inlaining lacuiuu'. The 

occLurence of the la l ler snggesled lhal some parts of ihe transphnil could 

remain alixe. 

Ill the fresh aulogral i llic eliauges ovriirrvo rapidly. Increasing porousness 

and \ i tal b o n e islands modified the shape of the gi-afl, Nmnerous trabeculac 

filled the bone-nuu'row easily and ihe Iransplanl eonid grow considerably larger 

than il was originally (Fig. 20) . In about 1· to (i weeks only a small amonnl ol 

neerolie b o n e tissue could be discei'iied in the fresh gral'l. Within three monlhs, 

the fresh graft was reoigani/.ed and ils lamellarv struelure completely cor­

responded with that of the bosl bone (Fig, 21 ) . . \ l this stage the transtjlanl 

had d(duiilely attained ihe shape of a l idmlar b o n e bul most commonly il was 

lliinuer and more flattened in eompaiison with ihe original Iransplanl. 

yVpparenlly af ler 1 lo 2 monlhs, when the dead bone bad almost entirely 

been icplaced by living b o n e , imnuilure bone lissne starled lo change inlii 

malure bone , llii' slructure of ihe Iransplanl became more dense and ihe grafl 

ihiekened during I'eorganizalion, became smallei' ihrough resorplion and again 

ae(|uire(l {lislinel bone-marrow cavily (l^ig. 2 1 ) , 

Autogenous frozen bone 

Fonriation of new bone labelled with tetraeycline (Series I). In ihi- frozen 

aulograf l . seanly amounls of fhioi'eseeut bone wei'o aclually seen only afler 

5 weeks. The yellow fluorescence increased very slowly. Thus afler about 

() weeks (Fig, 7) the degree of osteogenesis as indicated by tetracycline fluores­

cence in the frozen bone was not yet on the sanii> level as that of the 

fresh autogiafl al 10 days (h'igs, 2, 1 ) . and thu-ing ~) monlhs (Figs, I'). 14) not 

more tetracycline was incorporated in tbe frozen bone than during 2 weeks in 

tbe fresh bone (l<'ig, 5). In adult rabbits ibis difference in reorgainzalion was 

perhaps still clearer. Thus after 7 weeks ibe fresh autograft was almost 
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completely reorgani/.ed. whereas the Irozen aiitograíl was as i Γ recently trans­

planted (Fig. 20) . 

In ihe Frozen antograt't. tetracycline incorporation was seen first in llie end 

of the transplant imj)lantecl into the i'emnr and then iti that end. which was 

lying on the lemur. Reorganization ol' the transplant with the exception of the 

end parts, characteristically began from the part sitiuited most closely to the 

fresli autograft (Fig. 7). Ustially the I'rozen bone became attached to the fresh 

autograft, as the reorganization of the latter progressed, and obviously as a 

result of new-bone formation originating frotn the fresh autograft. 

When tfie transplants were studied in low nuignification, it was seen that the 

cortical layer t)f the frozen bone looked (piite 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 t l ie I'ore-

grotmd. W h i l e in the fresh autograft, "creeping a|)position"' occurred con-

ciUTently with resorption, in the frozen bone the ap|)Osition phase lagged 

markedly behind, 

Hisiologiial fiiiilings. (S to 10 days after transplantation the frozen bone 

sliowed no living cells and empty lacunae made it porous (Fig, Hi), In this 

pluuse the Iresh autograft was porous too, but in frozen autograft this |)orousness 

then iK'rsisted without change I'or weeks. Whi le reorganization was thriving in a 

fresh traiis|)lant, in frozen bone it was poor. Vital bone did not appear until 

after 5—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 ami 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 osteoeyle-containing lacunae in the preserved 

bone, indicating the beginning of reorganization. In the I'rozen autograft, vital 

bone was mostly first seen in the shaft of the graft in the part that was 

next to the fresh transplant. In the bone marrow, living bone islands were also 

encountered earlier than in other parts of the graft. 

The effect of the grafts on the host bone 

h'ornitiliori of iicip bone liilx'lird wilh ictracycliiii' (Si'rifs I). After the trans­

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

itinnediately after the implantatitni of the transplants from the holes for fixing 



tiieiii. Tliis was proved when plaslie l u b e was Lised instead ot gralts in eontrol 

experiments. Plastic tube had no osteogenetic cdfect on the lemur between the 

holes. On the other hand, the bone gral'ts stiirudated bone lormation in the 

adjacent part ol the lenun-. and even in the area between t h e ends ol the 

transplant which was not IOUCIH'II by the grai ls and which during ihe Irans-

j)lanlation was not mechanically irritated. The fresh and frozen autografts 

di l iered from each other even in this respect. Almost consistently, bone forma­

tion of lite host bone was more lively al tbe site of tlie fresh transplant (Figs. 

2, 5. 5. 7). New bone originating fron\ the host bone seemed to grow like a cuff 

along the surface of the graft (Figs. '"). I I ) . The line of demarcation between 

autogenous fresh graft and the host bone was broken quickly (Fig. 2). whereas 

in t h e frozen bone it was preserved for several weeks (F îg. 14) . 

The bone lormation originating f r o m tlie host bone seemed lo have a clear 

drift towards the fresh autograft (F îg. 19). New-bone formation could be very 

lively, attempting to f i l l t h e sjjaee between the host bone and the transplant 

(Fig. 5). The fresh graft might become jiartly or completely incorporated in 

t h e host bone, and the graft could hardly be dislinguished from it 

(Figs. 8, 10, 12). This generally occurred in about 5—7 weeks. It seemed that 

resorption of new bone began after about 2 months, because in 3 months the 

shaiie and thickness of the femur with grafts were generally t h e same as those 

of t h e l e m u r without grafts. Tlieii ihe fully lamellary reorganized fresh auto­

graft could u.sually be discerned from tlie host bone even a l a sliorl distance, and 

t h e transplant, atrophied and thin, lay on the host bone, having lost its original 

form and curvature (Fig. 15) . The amount of new bone derived from the host 

bone, however, exhibited considerable variations. Sometimes new-bone lonna-

tioii w a s rather scarce, although tbe reorganization ol the trans|danl was 

already far advanced (Fig. 9), 

Hislol<)f:,i((i/ fiiu/ings. I listologicaüy, new Ιχηκ· formation in the cortical layer 

opposite to the grafts was seen to occur in the host bone. This obviously began 

imniechately after implantation because after one week ilefinile trabecidalion 

(I'̂ igs, 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 t h e fresh transplant towards which it showed a lendi'ncy to 

progress. This new-bone formation might be so abundant that a sejiarate cavity 

covered by new bone devt-loped (Fig. 19). ,'\fler 5 to Ί' weeks the vital tissue 

could be seen to continue uninterrupted from the host bone into the fresh 

transplant. 



Resorption of the original tetraeycline-labelled bone 
( series IIJ 

The diliereiiees in reorganizatkui between aiilogenoiis I'resli and aulogenoiis 

frozen bone were not oidy studied from tiie point of \ iew of formation of new 

bone but also as regards resorption oi transplanted bone (Table 5). The bones 

of rabbits were labelled with telraeyeline on two sueeessive days. Two ribs, one 

for grafting, the other for the control series, were taken after 2 lo 5 days and 

pre.ser\ed in a deep frozen stale. After 5 days a rib from the opposite side was 

taken and both the fresh and frozen ribs were iaiplanted aeeording to the 

method described above. 

Since the transplant is replaced by new bone, resorption forms an essential 

part o f reorganization. It removes the tetracycline deposited earlier in the bone. 

Thus, the s o i u u - r a bone graft is ri-organized, ihe mon- (piickly the telracycliiu' 

disappears. The loss o f yellow fluorescence in the graft was compared with the 

rib labelled with tetracycline, taken prior to the trans|)lantation. As can be seen 

from the figure 15 aiul table 5 resorption occinivd definitely nu)re rapidly in a 

fresh bone, fully corres|K)nding with the obser\ations in the preceding series 

based o n the deposition of tetracycline in the bone after transplantation. 

The effect of the time of preservation 

Autogenous frozen bone was preserveil for I to 19 days in a frozen state. The 

lime of preservation within these limits had no effect upon the rate of uptake 

of tetracycline in the transplant. This observation was further \erified in a 

series of 14 rabbits. In 10 ca.ses (2 litters, rabbits Nos. 5 8 - 4 7 ) the time from 

grafting to last tetracycline injection was 15 days and in 4 cases (the same 

litter, rabbits Nos. 48—51) 2 nu)nlhs. In this series the time of preservation 

\aried in pairs from I to 5 days. 

.lulogenous hone preserved in Paliwit. for the sake of cLir ios i ly , an autogenous rib 
was preserved for 12 days in a plastic snbslaiice called Palavil. Autogenous frozen b o n e 
was implanted in the same lemur as a third graft in addition lo a fresh Iraosplanl. 
This residí did not differ IVoni that observed in other' methods ol preservation (big- 7). 

Comments 

Although lU'W-bone foiinalion v a r i e d to s o m e e x t e n t d e p e n d i n g on individual 

factors and the d i f f e r e n t specinUMis a r e not a b s o l u t e l y d i r e c t l y c o m p a r a b l e with 

each other, it was n e v e r t h e l e s s p r o v e d that a fresh atitograft w i t h o u t except ion 

i n c o r p o r a t e d t e t r a c y c l i n e decidedly f a s t e r t h a n a frozen a u t o g r a f t . 
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Autogenous fresh bone and homogenous frozen bone 

In the present study 11 homogenous frozen bones were grafted. The material 

(Table I) provides the possibility id' coni])aring homogenous frozen bone, not 

only witii autogenous fresh bone, but also with autogenous frozen bone, bone 

[ireserved in whole blood, and bone iireserved one hour in the open air (spec. 

I 10 d in the table 5). In lliLs way. the mutual dild'erences between these types 

of bone were most easily recognized. 

As regards the deposit of tetracycline, homogenous frozen bone was not 

essentially different from the other |)reserved bones (F"ig. ()), The histological 

findings in homogenous frozen bone (Figs, 17, 19) were (piite the same as 

those in autogenous frozen bone described on tbe page 5"). 

Autogenous fresh bone and autogenous bone preserved 
in whole blood at 31^C 

\ s a counterl)alance to frozen bone it was thought relevant to investigate 

whether |)reservatioii of bone in the e.X[)erimental anii i iars own blood at 57"C 

prevents loss of its osteogenetic capacity. In order to make eomiiarison with 

frozen bone also feasible, frozen bone was grafted into the same femur as a 

third transplant (Tai)le 4) . Two of the five rabbits were clio.sen foi- histological 

survey as well: the results are presented in the table 4. In the light of this small 

experimenlnl series ('5 ral^bils), no di l lerenies from frozen bone could be observed 

either with tetracycline (Figs. 5. (i) or with histological methods (F4g. 18). 

ΤΙκ' lilslological oljscrvalioiis arc in agrcciiiciit wild tlioso obtained by means 

of tlie tetracycline melliod. Of tbose |)rej3arations of which both bistolofiical and 

letracycUne sections were taken from tbe same place, it could be seen thai 

bone containing osteocytes was present in the jilace where yellow tetracycline 

incorporation was seen. However. 8—10 days after implantation, osleoeyte-

contaiiiing lacunae were seen in the histological section, especially in the super­

ficial parts of the transplant where no tetracycline had occurred. This observa­

tion suggests that, in immediately transplanted autogenous grafts, osteocytes 

might survice after transplantation (Fig. Ifi). Some investigators (Alhce 1944. 

I'ainii) 1 9 Í 0 , Vainio and So/oiicii 1957) hold the view that a part of the fresh 

autograft is able to survive and even to become a pari of the regenera teil 

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

temperature 

In orl liopaedic npi-inl ions wlioro bone Irnnsplanlalions nnisl bo oniployed. il 

is ol'lcn custoniary first to rcnirivc flic bone to be transplanted and then kee|i 

it in room temperature eitber in the open air or in normal salin(> solntion. After 

preparatory measures have been taken the transplant is grafted to its new 

location. Tfiis may well take I to 2 hours, esiiecially in spinal fusion. In a survey 

of [latients after spinal fusion for scoliosis at the Orthopaedic Hospital of the 

invalid Fondatinn the stjspieion arose that l)one transplants, when preserved in 

llie o|)en air, may lose a part of tlieir osteogenetic capacity. 

This question was studied with the method described above in both tetra­

cycline series. The material consists of ,54 experiments. Six specimens were 

reserved for histological survey as well. ,ΛΙΙ the grafts were implanted without 

lieriosteiini. The material and the n^sults are |iresenled in the table 5. 

It was found out that one hour's preservation in the open air was enough to 

change the ))roperlies of the bone transplant to such an extent that the bone 

began to resemble frozen bone (Figs. 22. 2,5, 25 . 27 , 28). 

In normal saline solution the bone graft retained the properties found to be 

characteristic of fresh autogenous bone for a more [irolonged period (Fig. 29), 

but a difference began to appear within 2 hoiir.s (Fig. 2β). and after three hoin-.s 

the bone behaved like bone preserved one bour in the open air in comparison 

with freshly transplanted bone. 

All tetracycline (Figs. 22—29) and liistological (Fig. 50) preparations in 

these experiments gave fully imiform results. 

Coinineiils. It was iinex[)eeted that bone tissue is so sensitive that one hour's 

preservation in the open air was enough to make the antogenons bcnie similar 

to the frozen bone. Dryness, lack of oxygen etc, are obviously the reasons for 

which, after 4 weeks, the formation of tlie telracycline-labelled bone and bone 

tissue containing osleocytes were seen to be scanty in such bone. The same 

reasons i)robably |)rev(-n1ed the formation or influence of some factor slimvdatiii/', 

osteogenesis, because tliere was less bone formation in the liost bone at ΐΐκ' 

site of such a trans[ilant in comparison with a fr(>sh autograft. 

No attempt was made to make atiy dislinctiim between time intervals of less 

than one hour of preservation in the open air. because many oilier factors, such 

as air humidity etc, may contribute to the time factor in changing the properties 

of a bone graft . 

From the practical poiiil of vicie il seems important that one hour ivas suffi­

ciënt lo reduce the osleogeiielie proi>rrlies of fresh aulogenous hone, if preserved 
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in the open air. lo ihe level of ihose of frozen bone. This suggests that in 

elinieal surgery it may be wise to transfer the bone immechately to its final 

site or. if tliis is impossible, at least to preserve it in normal saline solution. 

In the l iterature, not enough attention has been paid to this question, nor 

have ex|)eriments elucidating this matter, as far as known, been previously made. 

TABLE 5. — AulOfrennus fresh hone and miio^rnous hone preserved in the open air 
or in normal saline Solution. 
Series I (tetracycline injection after grafting) 
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Tetracycline fluorescence in the graft 

Autogenous 
fresh graft 

Autograft 
preserved in 
the open air 

Autograft 
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Isaline solution 
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i-i 
O) 

^ 1 
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11') 
6') 
6(i 
811 
81 

12« 
121 
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125 
105 

127* 
I2,S * 
14(1 s* 
140(1* 

95 

t)4 
I ) ' ) 

% 
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150* 

(i5 
(i4 
78 
79 
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6 
6 
(i 
6 
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6 
6 
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6 
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6 
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15 
15 
15 
21 
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22 
22 
22 
22 
28 
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28 
28 
28 

55 
55 
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Fig, 24 

Fig, 25 

a frozen homograft as 
the second graft. Scanty 
Fluorescence 

Fig, 25 
Fig, 22 

Fig, 50 

Fi«. 26 
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Tnlilt' '·). — Continued 

Series 11 (tetracycline injection prior to grafting) 

c .Ξ I 
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OJ .S 
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Loss of telraeyeline fluorescenct-
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fresh graft 
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Autograft 
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the open air 
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109 5 30 
n o 5 30 
111 5 12 
112 5 12 
114 5 42 

106 5 30 
107 5 42 
108 5 42 1 

+ 
+ 

Fig. 28 

Fig. 27 

Fig. 29 

Rxplanations; 
s(sinister) or d(dexter) after nund^er; in which lemur the grafts \\cre implanted 
*: sections for histological examinations as well 
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DISCUSSION 

For aliiiosí a l i i i iKlrcd vcar.s. o\|)<~rimontal studios on bone trans|)lanlalion 

havf been carried out in \arious parts (d' tbe world. Mice, dogs and especially 

rabbits have been employed as experimental animals. l5one has been trans­

planted into sol't tissues, into the anterior chamber of the eye and into bony 

surroundings, using widely dii'l'erent techniipies. On tbe basis ol' such investiga­

tions, cpnte contradictory views have been expressed concerning the late ol the 

cells in transplanted bone tissue. This may partly be due to the diversity <d the 

methods, but it is highly probable that, after all. the main reason for this 

controversy has been tbe lack of adequate methods of demonstrating the fate of 

transplanted bone. The interpretation of the histological aiipearance may give 

rise to differences of opinion. The more imambiguous a method of investigation 

is. the more reliable are the conclusions. In recent years, isotope studies have 

been successfidly employed in studies on bone transplantation. Still sinqdei' 

thati the isotope techinque is supravital labelling of bone formation with tetra­

cycline, used since 1957 in bone research. As far as is known, this is one of the 

very first times that the tetracycline nu'lhod has been used in studies of bone 

transplantation. 

Wil l i the aid of llii' yidlow fluorescence caus(>rl by the tetracycline, the sites 

(il new-bone lormation may be readily and unambiguously distinguished. 

Altlidugh telracyclini- may also be deposited elsewhere, as was stated 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 at least Ί'8 lunirs. In this case, no tetracycline will b(> S(>eii in the 

place of resor|ition and the .short-lived fluorescence of inactive surlai'cs has 

disappeared {Milch rl al. 1958, Harris rl al I9(i2, Hiillli and Olcrud I9(i2). 

-Many investigators (among others, Sa.rcii I9(i5) have observed that tetracycline 

has an inhibiting idfect on osteogenesis. In the present study, tetracycline doses 

were usually administered at intervals of one week. Therefore the inhibiting 

eflecl of tetracycline is hardly of any consequence, because the inhibition is 

reversible and tetracycline will be eliminated in 24· hours (S(rrru). 

The surgical techni(|ue employed in the present ex|)erimental work is simple. 

Naturally there are individual differences in new-bone formation between 
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The jiresent investigation has proved beyond dispute that a fresh aulografl 

possesses the greatest tendency lo be reorganized and incorporated as a pari of 

the l i \ i i ig skeleton, not attained by preserved bone even iu a bony environment. 

There were no differences worth mentioning between autogenous frozen bone, 

homogenous frozen bone and autogenous bone preserved in whole blood 

(Figs. 5, 6), 

In a fresh autograft, new-bone formation was seen within one week, whereas 

preserved bone began to show some slight osteogenesis only after ") weeks. 

Reorganization of the fresh autograft progressed (pnckly (Figs, 2, τ . 7. 8. 12), 

Within 5 months (Figs. 14, 2 1 ) . the fresh autograft completely resembled the 

lamellarv structure of tfie bosl bone, whereas in the preserved bone not more 

y(dlow tetracycline fluorescence could be seen than after 2 weeks in fresh 

autogenous bone (Fig. 5), New-bone formation in the fresh autograft could 

be so abundant that the transplant grew 2—5 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 bone occurred very slowly. For a long time 

ihe reorganization was tiierefore restricted merely to parts close to the surfaces 

of the graft . With in 5 months, the preserved bone retained ils shape and never 

grew larger than i I was origiiuilly, Tbe resorption was more strongly ap|)arenl 

in the preserved bone than in autogenous fresh bone, because in the former 

new-bone formation lagged clearly behind. 

Besides reorganizniion of the bone graft , in these ])reparations. new-

bone forniation could be seen on ibe surface of tbe host bone (fennir) in the 

iimnediate neighbourhood of the Iransplanl, The new-bone formalion origina­

ting from ibe host bone had a clear drift towards ihe fresh autograft (Figs, 19. 

24), fn about "i to 7 weeks the fresh autograft was generally becoming embedded 

in bo]ii' f(n-med by the host bone and obviously also by lh(> grafl itself, and 

..oinetimes tbe graft could hardly be distinguished from tbe host bone 

(Figs, 8, 10), New-bone formation at the site of preserved bone, on the 

other hand, occurred iriostly slowly and the preserxed graft could easily be 

detached from the host bone even afler several weeks. 

(liflVrcn! rahbits. but ibis is of no signiiicani-c, since the dit'fei'ences in osleo-

genesis were sluthed in bone lrans|dants gral'led into the same femur. 

Reorganizalion of bone grafts occ iu ' s througii r(>sorptir)n of the original graft 

and formation of new bone. l?otb of tb<-se (-venls were studied with telracveline 

in a way described on page 25, and complemenlary pictures of ibe reorgainzalion 

of the l)one transplant were lluis oblained. 
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The prcsciil iiivcsligalion also prodiicecl cvidi-ncc lo llio (-ΓΓΟΓΙ llial it tiiadc 

no diileicnci- vvhctlicr bono was prosorved in the bone-bank lor one or several 

days, because it reorganized ecpially poorly. The time factor, however. play(>d 

an im|K)rtant role In the handling of autogenous bone. Keeping it for one 

hour in the open air at room l(-m[)erature already meant lhat the bone decidedly 

lost ils osleogenetie capacity and niosl closely resembled frozc-n bone (iMgs. 22— 

26). If [)reser\ed in normal saline solution, however, definite differences in 

osteogenesis became apparent after 2 hours (l''ig. 2()). and after 5 hours it was 

ec|ual to frozen bone. y\utogenous bone preserved for 5 to 5 days in the an imars 

own blood al ")7°(" behaved in the same manner as frozen bone (Fig. 5). 

In this study, the pieces of ribs utilized always contained also bone marrow. 

Both tetracycline and histological findings showed early bone formation in the 

bone marrow of the autogenous fresh graft. The role of the fre.sh autogenous 

marrow in reorganization of the transplant is supported by fíiinrell'» ex|,)eri-

ments (1964) wilh the composite homograft-autografI. l i e fouiul that most of 

the new bone formed in this kind of c()m]5osite graft is derived from tlie auto­

genous marrow. In his opinion, the primary wandering cells (called tfie inter­

mediate cells by Trnela 1965) . derived from the littoral cells of the surviving 

marrow, are differentiated into osteoblasts by the osteogenetic sulistanee liberated 

from the dying bone and marrow tissues of the transplant. 

The role of the periosteum in osteogenesis. emi)hasized by Oilier. G. and W. 

A.rhmisen and Vainio. was not syslematieally studied, since this ((uestion has 

been competently dealt with in earlier investigations {^'airiio 1948) . In the 

present study the general impression has also been that fresh bone 

Iransplanled with its periosteum will regenerate more rapidly than if tlie 

periosteum is absent. On the other hand, it seemed that periosteum-covered 

preserved bone does not undergo osteogenesis any belter than when transplanted 

vvithoul the jieriosteum. 

What causes the difference between fresh autogenous bone and lu'eservcd 

bone? It becomes obvious that antibody reaction cannot play any significant role, 

as ¿ipari from homogenous frozen bone, only autogenous preserved bone was used. 

Besides, freezing has been found to diminish the antigenic status of the homo­

genous bone, and in the present invesligalion no differenci'S could hv found 

between autogenous and homogenous frozen bone. 

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

a'.!tog;enous transplant, two qiu'stions must be answered: 

1) Are there, in a fresh autograft, surviving osteogenic cells? 

2) Are factors stimulating bone formation and imporlanl to the process of 

the reorganization of llie lraiis|)laiit destroyed during the preservation? 
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ΊΊκ' picscnl series would suggest lluit I'ree/.ing destroys llie eidls in a graft. 

") weeks following transplantation the laeiinae of frozen hoiu- were still histo-

logieally eiiiply. nor had any tetraeyeline ineor])oration worth nientioiiiiig 

occurred. Several previous investigations corroborate these observations, and 

physico-chemical incidetils in the frozt^i bone make them underslandablc. 

Drying, lack of oxygen etc.. on the other hand, are obviously the reasons why 

a bone preserved for one hour in the open air acts like Irozen bone. 

It seems obvious that osteogenic cells survive in a fresh aidogenous transplant. 

This is supported by the following observations: 

— New-bone formation could already be seen after one weidi. 

— New-bone b)rmation did not always apirear first in that part of the gralt 

that had l)een inserted into the b u r r - h o l e of the femur. It could also 

arise from a part of the transplant separated from the host bone and some­

times e \ e i i from the interior and not from the outer surface of the gralt. 

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

autogenf)US bone survived after transplantation (see c(nnments, page ~ή). 

The idea according to which osteogenic cells siirvice in a fresh transplant, is 

supported by recent investigations, Ray and Sabct in 19fi5. using tritiated thymi­

dine, and ./com and ÍAiskin in 1964, using sex chromatin as a cellular label, 

found that in a n isograft (naturally also in an autograft) both the cells of tiie 

graft and tliose of the host are capable of taking part in new-bone hninatinn. 

ILv<'n recent innnunological investigations have snjjported this view (Chalmers 

1959, Burwell and Gowlaiid 1 9 6 1 , Mau'dsh-y and Harrison 1965), Chalmers 

loLind that alter implantation into the mu.scle, new-bone Iormation occurs in 

two i)hases in Iresh homogenous cancellous bone: in the early ])hase new bone is 

already present on the h)nrtli day and dies out on the eighth day, while in the 

late pilase, new bone will appear a l ter four weeks, albeit in only some tran.s-

[ilants, .'Vccording lo bis interpretation, the destruclion of the bone h)rmed in the 

early plias(> proves that these osteogenic, ]ηοΠieraling cells survive in the liomo-

gral't. resulting in actpiired immunity in the host, in the late phase, on the 

other hand, new-bone Iormation starts from the surrounding connective tissue as 

a residt of induction, Chtdnters as well as Harwell and Goieliaul made tlic 

observation thai if the host bone is sensitized to the donor beforehand, this will 

prevent early bone formation in homogenous graft . In their opinion this supports 

the view that ihe new-bone lOrmation in the early phase is derived from the 

C(dls of the transplant. They found that in the fresh autograft this early bone 

formation is more abundant aiitl jirogresses without interru|)tioii becau.se there 

is not inmninological reaction to destroy the cells. 

To the first (|uestion whether osteogenic cells are surviving in a fresh auto­

graft, (uie is thus justified to answer in the aff irmative, ,'\s regards the second 
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qiioshoii. ¡1 ¡s obvious thai bono degenera tion and necrosis always occur in free 

bone Iransplantaiion when blood circulation to the transplant is interrupted. 

This results in the ridease οΓ biocheniieal agents which, in the view οΓ many 

authors, are responsible lor the reorgainzation <d' the transplants since these 

agents stinndate surrounding pluripotential cells to form bone. According to 

TnuHu (19Γ)~)). such a substance would arise after the death of chondrocyles. 

osteocytes and endotbidial cells of the graft, exerting a stimulating influence 

upon angi(d)lasts iu the \ascidar system of its en\ iroinnent. This leads to vascu­

larization of the graft and. unless there' is an antibody r'eaction as occurs when 

homogenous bone is used, the development of osteoblasts from endothelial cells 

begins. 

Freezing always causes alterations in the biochemical structure of the bone 

[Sifber 195(i). So having compared fresh and frozen autogenous and homogenous 

bone grafts with each other. De Bniyn and Kabisli (1955) found that fresh auto­

genous bone is defiintely more valuable. "J'hey concluded that free­

zing ch'strovs the osteogenetic substance. They also explained that at the monu'ut 

( i f transplantation there are still cells surviving iu an autogeuinis fresh bone 

that are capable of producing such a substance, which induces the mesencbymal 

cells to form bone. Since homogenous fresh bone cannot do this, lliey believed 

thai this substance is partly specific. 

However, attempts upcni isolating some osteogenetic substance have not been 

succ:essful and Llrist (19()5) does nol even believe in its existence. According to 

him. bone induction is more coni|dex than a simple chemical stimulus and 

direct cellular response. On the basis of Si¡emtiiiiíí theory of induction lie sug­

gests that cellular differentiation occurs by autoinduction: proliferating, pluri­

potent, ingrowing connective-tissue cells interact and produce osteoblasts. Ilow-

:'ver. the evidences for induction by bone tissue are not bevond dispute and 

many investigators (Danis 1957. Diilliie I95H. Bnt/f>;cs 1959) cpieslioii its value 

in osteogenesis 

The present investig¿itions demónstrale: 

— There was no early bone hirmation in jireserved bone, such as there was in 

fresh bone .After 5 weeks, however, the n^organizatioii (d preserved bone 

startcxi but it progressed slowly. 

— The transplant was also found to exert a delinile osteogenetic action on the 

surface of the host bone. There, even vivid trabecidatioii occurred in thai 

area which was not in contact with the transplant and which had not 

suffered any mechanical damage during transplantation, 

— It was also found in the experiments that a fresh transplant had a definitely 

stronger influence n))on the Irabeculation of ihe host bone than pn\served 

bone. 
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On ¡he basis of the results of the presenl ineesligalion, il is apparenl lhal ihe 

rapidilY ivith which innneth'ately Iransplanled autogenous bone reorganizes as 

conijxired ivilh ihe preserved bone, is due lo ihe surviiuil of a pari of ihe grafted 

bone Iransplanl, mid to ihe infliienee of some easily ileslrtielible factors slimiila-

ling osleogem'sis. 

.Sir Reginald Walsou-.lones said when s|)enking of hone graft ing al the Ameri­

can (College of Surgeon's meeting in San h^rancisco in Ι9'ΐ1 that, if be bad to per­

form a bone-grafting operation he would require grafts, the bone cells of which 

would fight for bim (quoteil by Wilson 1955), This is exactly what bone trans­

planted from the donor site without delay does, Il would not merely serve as a 

guiding struelure but actively |)arlicipates in the bone lorination. 

— The fresh aulograf l has obviously some osteogeuetie effect on preservctl 

bone, because new-bone formation in the latter almost regularly started 

in tbe part that was next to the fresh transplant (Figs. 7. 25. 50). 

These observations Wf)idd suggest that there exists some system stinudating 

osteogenesis with an effect on the reorganization of the transplant, e\cn in the 

case of preserved bone, Tn addition, it is [dausible that the preservation of the 

bone destroys some sensitive factors stinudating osteogenesis. This deleterious 

effect on the aulogenous bone is already produced by one hour's preservation 

in the open air. However, the nature of tbe system stinmlating osteogenesis is 

obscme. Solution of this (piestion is difficult, because obviously osteogenesis is 

a result from interaction of manv biochemical lactors. 
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In lilis cxperinii'nlal work, ihc reorgani/.ation ol aiilogonous Irosli bono was 

compared with that of autogenous and homogenous frozen boue and with that 

ol aulogenous lione preserved in the open air. in normal saline solution o r in 

whole blood, after free transplantation. Attention was also paid lo tbe role of tbe 

lime factor in reorganization. 

The properly of lelracyeline lo form a deposit in ru'wly-fonned bone and lo 

produce yellow fluorescence in ultraviolet liglil was utilized in the examinalion 

of reorganization. The study was performed mainly on young rabbits. Ribs were 

used as transplants, which were implanted in ihe femur (KIg. 1, page 20). The 

nuiterial comijrises 118 rabbits (see page 19). ΊΊιο rabbits were killed 8—90 

days afler operation. 

By the tetracycline method it was possible lo study both components of 

reorganization; the lormal i tMi of new bone aiul the resor|)lion of the original 

Irausplantcd bone. New bone formed afler transplanlation (a|)position) was 

made visibli- by injecting tetracycliue iu rabbits at intervals of al)oul one week 

after the b ( M i e grafl iug. Resorplion coidd be eslimaled by observing bow the rib 

labelled with tetracycline before graft ing lost ils yellow fluorescence when il 

was serving as a triuisplanl. In addition, histological examination was used as a 

parallel melhod. 'Che residís oblained with both methods are in conlormity willi 

each other. 

In the c.rprrinienls prrfornictl. the difjcrcncc in oslfogcitctic c/ipmily hctirrcn 

(itiliigcitoiis fresh hone and niiy other kinil of bone graft proi'ed to be very 

great (Figs. 2. 'i. 24). First, fresh autogenous bon(> became reorganized decidedly 

more raiiidly. and second, new bone was also I'ornied from the host bed in 

greater amounts al ihe siLe a\' the fresh traiisplaiU than when preserved bone 

was used. 

There were no dil'h'r<>iices worth iiu-iitioning between homogenous and aulo­

genous frozen bone and autogenous bou<' preserved in wliole lilood (F'igs. 3 . ()) . 

It could iiol be shown here lhal the lime of preservation of the bone in a 

Irozen state could have any essential effect on ils ca|)acity of reorganization. 

Atitogeiums bone preseiveil in the open air al room temperature for about 

one hour /os/ its osleogenelie properties lo Ihe extent that il abiiosi resembU'd 



frozen bone (Figs. 22, 2"), 25). On llio oilier hand, il' hone was preserved in 

normal saline solnlion. this degradation did not occur until after abotit 2 hours 

(Figs. 2(i. 29) . 

The difference between fresh and preserved autogenous bone may be due to 

the fact that living osteogenic cells, even some osleoeytes. survive in fresh bone 

after transplantation. Λ fresh autograft would thus not merely serve as a guiding 

striictiue but actively participates in the bone formation while, al same time, it 

gives rise lo stronger bone formation from the host bone than preserved bone. 

The [jossibility cannot be excluded that the tranplant contains or develops some 

inductive sidistanee 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 from 

the point of view of clinical iiractice. 

The main focus of this study has been to try to elucidate the cpiestion whether 

an immediately transplanted autogenous bone graft is more quiclvly and 

completely incorporated into the sKeleton than a preserved autogenous or homo­

genous graft . The experiments strongly support a preference for immediate 

transplantation of autogenous bone. 



REFERENCES 

Albee. F. Fl.: Fiiiidanientals in boiu- fiansplaiitaliori. Ex|K'ri(Mi(fs in three thoiisend 
hone sral'l operations. ,Ι.Α.Μ.Α.. 17. <"f/:1429. 1923. 

Albee. I'. Fi.: F>\olutioii οΓ bone graft snrgerv. Amer. J . Surg., 6^:421, 1914. 

Aiidenon. K. ,/.: The behavior of antogenons and boniogerums bone traiisplaiUs in the 
anterior chandx-r of the rat's eye. .1. Bono and .loint Surg., 4!-,4:9S0. 19()1. 

Annersten, S.: F!.x|)erinu'ntelle Untersueluuigen über die Osteogenese und die Biorheniie 

des Fraidíturealbis. Acta Chir. Scand., Suppl. (iO, 1910. 

.trens, li'.: Erfahrungen und F'olgeriuig aus "íOO KtHicheiiverpflanzungeii. fjangenbecks 

Arch. Klin. CÏbir., ÍIIS:W2k 19()4, 

Arora, Β. Κ., Laskin. D. Μ.: Sex cbroinatin as a celbdar label of osteogenesis by bone 
grafts, ,1. Bone and .loint Surg., 46-A:\'2m. 19(il. 

Axliausen. G.: Histologische Unlersuchmigcn über Kuochentraiisplaiitation am Men-

scbeu. Deutsch. '/. Chir., V/:3«8, 1907, 

.Alhausen, G.: Die histologischen und klinischen (¡eset/.e der freien Osteo])laslik auf 

(jriuul von Thierversuchen. Langeidjccks Arch. Klin. (>liir., <S',y:23, 1909, 

.ixhausen. W.: The osteogenetic phases cd' regeneration of bone, A histological and 

experimental Study. .1. Bone and ,loiut Sing, i<S'-/i:593, I95(), 

.hliausen, W.: Die Bedeutung der Individual- ιιικΙ Arlspe/.ifitiit der (jevvebe für die 
freie Knoclienüberpflan/.uiig. Msclir. Uiifalllieilk.. ff(4't 72, 1962. 

Barth, .-/.; Über histologische Befunde iiacb Kuoclieiiiniplantaliiiiieii. Langcubecks Arc:li. 
Klin. Chir., 46:Α(», 1893, 

Basclikirzew, N. ./.. I'etroiv, N, N,: Beiträge zur freien Knoclienüherpflanzuiig. Deutsch. 
Z. Chir., / / ; ; 4 9 0 , 1912. 

Bertehen, Α.: Ex[)eriniental investigations into post-foi'tal ostcogenesis. Acta Orthop. 
Scand., // .•139, 191-4, 

Ronfiglio, M.: Repair of bone-transplant fractures. ,1, Bone and .loint Surg,. 4Ú-.4: 
446, 1958. 

Bosworth. Ü. M., Wright, H. Α.. Fielding, ./. W., (ioodrieh. Fl Η.: A study in the use 
of bank bone for spine fusion in t\ilx'rcu!osis. ,1, Bone and .loint Surg., ÍS-A: 329, 
1953, 

Bridges. J. B.: Experiniental heterotopic ossification. Int. Re\. (>ylol.. Λ':255, 1959, 

Burwell, R. G.: Studies in the Iraiisplanlation of bone. Vll. The fresh composite 
lioniograft-autograft of cancellous bone. ,1, Rone and .loint Surg., 46-B:]\i). 
1964. 



50 

ΒιιηνιΊΙ. li. ί λ , (hnvland. (/.: Slmlics in the tiaiisphiiilalion ut' bone. 11. The changos 
iicciiiring in the lymplioid tissue after honiiigrafls and aniografts c i f fresh can-

cellinis bone. J . Bone and .Joint Surg.. •^ί-β.·82ΙΙ, I9()l. 

Bitser. P.: Krfahrnngeii mit Källckonser-, ierteii Knoclicnspiincri. Langenbecks Arch. 

Klin. Chir.. 2W: 289, 1959. 

Basil. L. /·'.. (\irber. C. Z.: The bone bank. .Ι.Λ.Μ.Λ., /;7.-588. 1918. 

liiirkle de la Caiiip. //.;Knocheiitransplantationen. VerharuHuiigsbcriclit d. XVIIl. Kongr. 
d. Sociëté Internationale de Chirurgie. S. 11)9—205. Impr. Med. et Scient., 
Brnessel. 1959. 

Böhler, ./.: Ürfahrungen mit der Knoclicidjank. Chirurg, 2ί ;255. 1952. 

Hohler. J.: Banksvcrpflari/.uiig bei frischen Schafibrüchen der langen Röhrenknochen. 
Chiriug, 26: 7t>. f955. 

Campbell, C. ./., Hroiver. 'J'li.. MarlAiildeii. D. (1.. Payne. Ε. β., Doherty. J.: E.vperi-

iiienlal study of the fate of bone grafts. .1. Bone and .loint Sing.. iJ- . / :552, 
1955. 

Carnesale, P. L.. Spankus. ./. I).: A clinical comparative study of aLitogcrioiis and 
homogenous-bone grafts. .1. Bone and JoiiU Sing., 7 / - . i ;887 , 1959. 

Clialnwrs. ./.; Transplantation iinnuinily in bone honiografting, J . Bone aiul Joint 
Surg.. 41-B: 160, 1959, 

Chase. S. W., Uerndon. C. II.: The fate of aiilogcnoiis and homogenous bone grafts. 
A historical review. .1. Βοηι· and .loinl Surg.. i7-./:80S). 1955 

üanis, .1.: Rtude de I'ossification dans les grelles de m o d l e asseiise. Acta (^hir. Belg.. 
Suppl. 5. 1957. 

Danis. . / .; Après vaie grid'fe de tissii s<inelctt!(pie osteogene c'cst a partir des celhiles 
lrans])lante'es cpic sc contitiié Tos de nouvelle l'ornuUion. Bidl. Soc. Int. Chir.. 
19: M7, im). 

De Bruyn. P. P. H., Kahiseh. W. T.: Bone formation by fresh and frozen, aiitogenoas 

and homogenous transplants of bone, bone marrow and periostemn. Amer. J. 

Anat., '>n;375. 1955. 

Delcu. ./.. I'raela. ./.; Vasciilarisatioii of bone grail in the aiilerior chamber of ihc eye. 
.1. Bone and Joint Surg.. 47-B:~'>\9. 19(i5. 

De Totnasi. L.: Gli innesti d'osso: iilteriorc contriliiilci clinico e speriineiitale alia ban­

ca dellOsso. Arch. Ortop.. όΛ'; 242. 1955. 

Diitliie. R. B.: Λ histochemical study td' transplanled skeletal tissue during tissue 
culture in vivo. Brit. J . Plast. Surg., / / ; 1, 1958, 

Ehalt. W.: lirgebnisse bei der Verwendung konservierter Knochen. I^angenbecks Aich. 
Klin. Chir.. 27.y;44, 1954. 

F.naströin, IL. OrelL S.: (]ber I\cgeneratioii rings um siilxulaiie Knocheiiiiiiplantate. 

Z. Mikr. Anal. Forsch.. >i;285. 1945. 

I''ell. H. B.: Skeletal ilevelopinenl in tissue culture. In Biochemistry and Physiology of 

Rone. (Chapter If. Edited by G. H. Bourne. Academic Press Inc.. New York. 1956. 

FrosI. II. M.. I illiieitun. ./. /}.. Kiilli. II.: Tetracycline staining of newly forming bono 
and mineralizing cartilage in vivo. Slain Tcclin., ÍÍ: 155, 1960. 

(joldliaher. P.: Osteogenic indiiclion across inillipore fillers in vivo. Science, /ii.-2l)65. 
19(il. 

file:///irber


51 

diiilli'iniiu'l. Μ., iS7(/K'""'"- /'·• IhilosI I'crn'l. '1'.: Pif|)ni'aliiiii aiicl iisr r)f hcU'iDfii'iiims 

hnnc fíriifls. .1. Bunt' and .loini Sarg.. Í)-R:'^ii\. 1955. 

Hüikcihal. Κ. II.: IM ΓηΙιηηιΐίΐΜΐ mit der Knoclicrdiank. ΒΐΊΐπί',οΙιοΓΐ Ζ. ()rtlu)|).. <S7; 59. 
1956. 

Híiiii. .1. W.. !¡(irr'is. II'. Ii.: K('|)a¡i- and Iransplantalinn nf I H I M C . hi HÍDchciiiisI r\ and 

PliysioliigA (>r BoMc. (>lu>pl(M- Iti. Kdilfd l).v G. II. Boiu-no. Acodcrnic Press Inc.. 

New York. 1956. 

Harris. W. II.. .larksan. 11. II.. .lairscy. ./ .; TNe iu viva tlistriinilion of lelracvclines in 

canine Ixme. .1. Bone and .loinl Sorg., 44-A: l5()iS, 1962. 

Ilarllry. ./.. Ί'αηζ. S. S.. Scliuriiirr. M.: Osteogenesis produced bv a cbeniical extracl of 

bone. .1. Mount. Sinai I losp.. 15:Ίί^Ί. 191f). 

Ilcinen. .1. IL. Dahhs. (i. IL. Mason. II. Α.: Tlie experimental |n-ocliiction of ectopic 
cartilage and liniic in llie muscles of rabbits. .1. Boiu- aiul .loint Surg.. 2/-.i:7()5, 
1949. 

Heiple. K. (λ. Chase. S. (4., llerniltin. C. II.: A coiiipaiali\e stiid.v of the bealiiig 
process following dilTerciil types of bone Iraiisplaiilatioii. .1. Bone and .loitil 
Surg.. 4)-A: 1595, 1965. 

Heslop. Η. F.. Zeiss. I. Μ.. Nistel. Ν. ti .: Studies on Iranslereuce of bone. 1. Λ com­
parison of autologous and lioiiiologoiis bone iiiiplaiils with reference to osteo­
cyte survival, osteogenesis and host reaction. Brit. .1. Rxp. I'atb,, ' / / ;269, I9(i(l. 

Hull. L.: Some experiences with a bone bank. .'\ila. Ortho]). Scand,, /'Vil-Zb, 195(1. 

Ilullli. ./., Olerurl. S.: Tctrac\cliiie labelling of gmwiiig bone. Acta Soc. Med. Upsal., 
67; 219, 19()2, 

Hurley. L. ./., Slinchj'icid, /·'. E.. Basscll. I. /,., Lyon. IV. II.: The role of soft tissues 
ill osteogenesis. .Λπ ex[)eriiiietital study of canine spine tusions. .!. Bone ancl Joint 
Siirg., 4!-A:\>\\ 1959. 

Idclheri^er, K.: Kiioclieiikonservieriiiig in Palavit nnd durcb GefriertiOcknung. Beilage­
heft /.. Orthop., ,S'7;69, 1956, 

hu-lán. .(..• The use cd' preserved bone graft in orlhopac;lic surgery. J . Bone and .loint 
Surg.. 14:i^\. 1942. 

.Indel. H.: I létérogrefl'es d'os frais. Mém. Acad. Cliir,, 7f; 524, 1919. 

Kinf^uia. M. ./.. Iliunpc. .1. /''.; The belnniour of blood vessels after experimental traiis-
plaiilation (d bone. .1. Bone and .loiiil Surg.. 46-B: 111, 19()!. 

Kiippcnniaiii. (I .; Knochen stalt Metall bei der Osleosyntliese. Beilagehefl Z. Chir.. 
y/:5l 1. 1959. 

I.acroi.r, P.: Organi/ers and the grmvili of bone. .1. Bone and .loint Surg., l'):2')l. 1917. 

Lrpinulcr. (!.: On the rormalioii id' new bone in bone transplantation. ,'\iia Chir. 
Scand.. 7-/.•425. 1951. 

Levander. C,.: A study of bone regeneration. Surg. Gynec. Obstet.. í)7; 705, 195H. 

Lerer. Ε.: Die freien 'fraiisplaiilatioiieii. f. iMike, Stuttgart. 1921. 

Lindidil. (>., Orrll. S.: lixperiiiients willi hone extraéis. Acia (jbir. Scand.. /ÍÍ/.156. 
1951. 

Maalz. H.. Bauernieisler. Α.: Klinische Krlaliriiiigeii mit dem Kieler Span. Langenbecks 
Aich. Klin. Chir., 2'AV.-259. 1961. 



52 

Rokkinvn. P.. Sliilis. P.. Laine. II.: OxytctracytJiiie labelling o f experimental aseptic 
necrosis of the f e i i K u a l bead. Ann. Chir. Oyiiaec. Feiiii., )'2;()95, Π)ί)5, 

Roth. iL: Zur l-rage d e r "Βοηο Bank", Schwei/.. Med. Wscbr., ,SY>; 545, 19'30. 

Roth. IL: l^vtraktversii(lie mit konserviertem J<iio(4ieiigeu(4)e. Schweiz. Med. \V.schr.. 
SO: 1051, 1950, 

Roth. IL: l)ic Koiiserv ieiuiig von KiiO(4iciige\v(4)e für 4'raiiS|)bintatioueii. Springer. 
Wien, 19)2. 

Roth, FI.: Spiitresultatc b(4 Pseiiilartlirosenoperationen mit konservierten Kno(4ieti-
s|)äncn. Langenbe(4is Arcli. Klin. Chir.. 276;183. 19)3. 

Magno/ft. / ί . : Lit (crapiit cicllc cisli ossec S f í l í l a f r e grovurirli cotí ittoesli ossei. Accli-

OttO|)., 7 / ; fñ , lflí<S. 

Maa'fhiry. It.. Harrison. C. ,1.: l-'alc οΓ Itaiisplatited b o n e . Naltire, /V<S':I95. 19(v>. 

A/cm. Μ . Ti-atiS|)latitalioiis a \ e c de I'os coiiscrvé. Acta Orthop. I^cli;.. /i?.-19, 1952. 

Milch. /{. ./.. Hall. I). P.. Tnhic. ./. K.: Hone locabzatioti ι.Γ the tetracscbiics. .1. Nat. 

Cancer hisl., /̂ .· H7, 1957. 

Milch. /{. ./., Rail, D. P.. Tohip., .1. hltanescetice ol' tcttacvcbne antibiotics in bone. 

,L Btiiie and .Joint Stttg.. 4ΙΙ-.Ι:^7. 195«. 

Miie, .1. IL: A critical analysis ol' methods oi' I'usiini I'm- scoliosis. .1. Bone and .Joint 

Siirg.. 4II-/I:'r29. 195Κ. 

Oherdalhuff. H.: Zur ('rage der Knoclictiticttbildtitif!,. ("Iiirttri;. Ι7:\2ί. I947. 

Oilier. I,.: Trniié ex|)ériiiietilal i-t clinitpic de la régénéraliiiti dos os ei de la | n O d i i i i i o n 

artiricit-lle dii lisstt ossenx. Massen et Iiis, Paris. 18(i7. 
Orell. S.: Studien über Kiiocbenimplantation und Knoebeniiciibildnng. Implantation von 

"()s Purum'" sowie Transplantatiim von "Os ISiovuni". Acta Chir. Scand.. 74: 
Suppl. 51. I9>K 

l'heniislrr. Γ). Β.: Biologic principles in tbc liealiiig οΓ fractures and their bearing on 
trealMieut. Aim. Surg., 455, 1951. 

liny. R. I).. Degge. Gloycl. P.. Mooney. O.: Bone regeneration. An experimental 
study of bone-grafting materials. J. Bone and . J o i n t Siirg.. ¡4-4:6''))^. 1952. 

Ray. R. I).. Sähe!, Τ. )'.: Bone grafts: Cellular survival versus induction. An experi­
niental study ill mice. .L Bone and .Joint Surg.. 4)-.i:'Y>7. 1965. 

Rehn. •!.: Indikationen zur Verwendung von Auto- und flonioiotransplanlaten am 
Knochen. Laiigenbecks Arcb. Klin. Chir., S0<S:\()2\. I96L 

Report of the committee to study the presereation of hone, .1. Bone and Joint Surg., 

?S-.4:774. 1953. 

Reyntdds. F. (\: The late (d bone grafts (discussion). .1. Ihme and Joint Surg,, ÍJ-A: 
544·, 1955, 

Reynolds. /•'. (\. Oliver. D. /{.; L.xperiineiital evaluation id' bdiiiogenous bone grafts. 
.L Bono and Joint Surg., 12-Λ:2Άί. 1950, 

Reynolds. F. ('.. Oliver. D. R.. Riansey. R.: (Clinical evaluation o f the nierlhiolalc l)one 
bank and liomogeiious bone grafts. J. lioiic and Joint Surg., iJ- . / :873, 1951. 

Riska. E. IÍ.: Spinal fusion in scoliosis. Acta Ortliop. Scand., Siiiipl. 67, 19()4. 



Sabel. 7'. v.. Hidvegi. Ε. Β.. Ray. R. D.: Boiic immimology. II. Comparison of' cni-
lirvonic mouse isografls a n d homogral'ts. ,1. Bouc and .loint Surg.. 4i-A:\()07. 
1961. 

Saxen, L.: Telracycline: l'',rre(ts on osteogeuL'sis in vitro. Science. l49:i^T{), 1965. 

Sarcu., L.: P<'rsonid couununicalion lo llie aullior. 

Schatid-Sehinidsfi'lden. ().: Unsere iM'l'aln'ungcn mil der Knoclicni)anl\. Wien. I^liii. 
VVscln-.. 62:977. 19-50. 

Srlitnid-Scliiiudsfelden, ().: Isin Weiterer Beitrag /.ur Transplivritation von Källekonser-
\iertem kncichcn (KnocIienlmuK) mit Kritik der Spatcrgi-Iiiiisse. Arcli. Orlliop. 
LInfallchir.. -^Λ.-ΪΙό. 1951. 

Scliocli. ./.; Krilisclies zur KnoclienlransplatUation. Z. Orthop., <W; 69, 1956. 

Schu'cintner, C, Conlzeti. Η.: Einheihuigszcit bei auto-homoio- imd hetcroplastischen 
KiiocIicMspäncn. Langenbecks Arch. Klin. (^hir., JÍAV;105I. 1964. 

Sieher. E.: lirgebnissc mit kältekonservierten homoioplastischen Knochenspänen, spe­
ziell bei der PscudartbrosenopenUion luich Pliemistcr. Langenbecks Arch. Klin. 
Cliir.. _'79;()9. 1954. 

Sieber. E.: Biochemische Untersuchungen an konserviertem Knochengewebe. Zbl. Chir., 
,S7.-558. 1956. 

Sissons. II. Α.: The growlh of bone. //; Biochemistry and Physiology o f Bone. Chapter 
15. Edited by 0 . H. Boiu-ne. Academic Press Inc.. New York, 1956. 

Spcitianit. 11.: Iviibryonic development and induction. Yale Univ. Press, New Haven, 
Conn., 1958. 

Siringa. Cl.: Sludies ol \nscularisalion of bone grafts. .1. Bone and .loiiit Surg., }9-B: 
595, 1957. 

Tapp. Ε.: Tetracycline labelling methods <d" measuring the growlh of b o n e s in the rat. 

.1, Boue and .loint Surg, •/,S'-ß.-5l7, 1966, 

Truela, .ƒ.; The role of the vessels in osteogenesis, .1, Boue and ,Ioint Surg,. 4S-B:M\2. 
1965, 

Urist. M. R.: Bone: Formation b y auloinduction. Science, ί/ίλ·895, 1965, 
Urist. M. R.. Ihsen. K. IL: Chemical reactivity o f mineralized tissue w i t h O x y t e t r a c y c ­

line. Arch. Path., 7(i;4SK 1965, 
Urist. M. R., McLean. F. C: Osteogenetic p o t e n c e a n d ncw-boiie formation b y induc-

lioii in Irausplnnls lo the anterior chamber of t h i ' e y e . ,1. Bone and .loint Surg,. 
;•/-./: f l5. 1952. 

Vainio, S.: Luun autotraiisplantaatin regencraatio. Kokeclliiien tutkimus. Helsinki, 1948. 

Vainio. S.: Observations on the regeneration o f an autogenous transplant f)f the bone. 

All e .vper i i iuMila l investigation. Acta CÁúr. Scand., U)t):H\ 1950. 

I aiiiio. S.: Traiis])lHnlalioii o f bone. An experimental sliulv. Ann. Chir. Gynaec, hVnn,. 
Suppl, 67, 1957, 

/ ainio. S.. Soloneii. l\.: The regenerative ability oi the aiiloijlastic and deep-frozen 
liomophislic Iransplanl o f bone. Λ compaialive experimental study. Ann. Chir, 
Gynaec. Eeim.. 4(i:2Í2. 1957, 

Vanderltoeft. I'. Kelly, P. ,/., Peterson. L. F.: Deteriniiiation of growth rates in 
cnuiue boue b y means o f tetracyeline-labelled pallerns. Lab, Invest., i / ; 7 l 4 . 
1962. 

file:///iertem


51· 

ίί'ί'αΐ'ί'Γ. J. Β.: Kxpcrit'iices in the u s e ol l i e u i o g e n o u s ( h o n e !)nnk) h i tne . J . Hone and 

Joint Surg.. n-A:77i>,. 1949. 

I'l'illfsl/irdl. H.. I.L'iHDider. (}.. Hull, I..: Studies in o s t e o g e n e s i s . Acta Ortli(i(). Scand.. 
I'>: 419, 19'>tl. 

Wilson. P. I).: l i x p e r i e r i c e w i t h a h o n e l)aid<. Ann. Surg., /26:9ϊ2, 1947, 

Wilson. P. D.: I'ollow-up s t i i d v of the usi- o f r e f r i g e r a t e d l i o i n o g e n o u s - h o n e t rans -

p l i n U s in o r t h o p a e d i c o p e r a t i o n s . .J . Bone and J o i n ! Snrg.. ^J-,'i;507, B)'")!, 

Wilson. /'. D.: Disiiissioii. .]. Bone a n d Joint Surg., 1 >-.1 lyV'i. 19'il, 

Zeiss. I. M., Nishel. N. W.. Hesslop. B. F.: Studies o n I r a n s t e r e n c e o f l)onc. II. Vascu­
l a r i z a t i o n o l a u t o l o g o u s a n d h o m o l o g o u s i m p l a n t s oi c o r t i c a l b o n e in r a t s . Brit. 

J, Rxp. Path., 4l:5ió. 1960, 



F I G U R E S 





57 

FiG. 2. — (spfc. 22). 10 i/<iys from grafling to last lelratví line injeelion. Cross section. 
The frozen autngrafl al! tlisplays only bluish atdoflaoreseenee (no new-bone fornuilion). 
The fresh autograft ah' looks porous (re.wrption) and Ihere is yelloii' lelravyeline 
fhioreseeiue (a¡i])¡>sil¡on). In the host bone Ihere is lively Irabeenlalion that is 
strongest iil the site of Ihe fresh transplant. 'The line of demarcation between the host 
bone and the fresh graft is not elear-eul. 

FIG. 3. — (spec. 71). 14 days from grafting to last letraeyeline injection. Cross section. 
In the fresh autograft ah' yelhnv fluorescence indicates apposition. Note new-hone for­
mation in bone nunrow. The frozen autograft aß and the autogenous bone ¡¡reserved in 
whole blood aBl are as if recently implcmled. 
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FIG. 4. — (spec. 26). U) days jrnai frrafling to last letracycline injection. iMngitudinal 
section. Tlie frozen aiilografl aB displays bhiisli dense aulofluorescence. In the fresh 
autograft aF there appecns vellón' fluorescence (apposition) nioslty in that purl which 
is not implanted in the host hone. Note that the neu'-hone forinutioii seems to begin in 
the central pari of the up¡>er corticalis. 

FIG. 5. — (spec. 44). IS days from grafting to last tetracycline injection. Longitudinal 
section. The endogenous frozen bone aB exhibits niininud tetracycline fluor­
escence outside the site of inipbnilation. ITie fresh autograft ál·' is ejlensively reorga­
nized especially in the distal part. /\t both ends of the trcmsplunt there is abundant 
neiv-bone formation derived from the host bone. Tliis bone fornuition has distally 
resulted in fusion ivith the transplant. 
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FIG. (). — (spec. ()7). } weeks front grafting to last tetraeyeline injection. LongilntUna/ 
section. In the liontograft hB anil initograft preserved in blood aBl there is reorgatii-
zation only at the site of iinpkmtation. The fresh autograft aF has yellow fluorescence 
in most parts of the trtmsplant, espeeicdiy in the upper eorticalis. The bone formation 
derived from the host botie is almost tion-e.rist ent in preserved bones, but in the fresh 
graft it has reached the surface of Ihe Ircmsplant, and at the site of implantation the 
obtuse angle between the host bone and the graft is filled up with new bone (arroiv). 
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I'ICÏS. 7. a. Ii, c, (I íiiul ('. — (.sy«'c. >7). (> wccJíí. fniin gnifliiig lo lost U-lnicyrHue iiijec-

lioii. 

— 11. FronI liciv of llw jeinur uhIIi Ihr gitijls. Tlic frozrn aiilogrojl iiR tiiid llic tiiilo-

gi'nou.s hiiiw nP picsi'rvrd in PiiUivil iiir ιΊηιιΊγ χιίίι. 'Flie frcah tiiilogidll nF 
hi'livccn botli prcscrvrtl hotii's is hardly ílistcrnihlc from Ihr hosi hone. 

— I). I.ongiladinid saliou of llic jrcsh aulografl aF. This proxtnad ¡líoi is ainiosi 

foniph'Icly aiiarporatcd inlo ihr hosI honr. 

— c and (I. ¡Amgiludiiurl scclion. In cilS and in al' rrorganizalion is foiaal only al 

ihr silr of iaiplanlalion. ΎίΊΙοα' roloar ituliralrd hy ihr arron's is rrflrrird ¡rom 

Ihr siirfarc of llir frrsh traiispltail. Il ihr silr of llirsr Irausplanls llirrc is only 

vrry lilllr arir-hone formalion derirrd front llic hosl honr. 

— e . Cross srrlion (dong ihr dollril liar of llic tlislal pari of llic Iríais¡)liinls (see 

fig. a.). Tlir fresh aulografl is finiiid lo he romplrlrly rrorgiadzcd. lircdiisr of 

ihc nriv-hoiir forming. Ihr IraiisplanI lias lost its form lo the rxirni that it is 

hard lo say ¡chai pari of il rrjiresrals Ihr original transplant. 'Telracyrliiu: 

incorporation in the preserved hones is seen mainly in the pari adjareiil lo die 

fresh transplant. 
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FIG. 7 b. 

FIG. 7 , FIG. 7cl. 

FIG. 7 c . 
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FIG FIG. 9. 

- ^ 

FIG. 10. FIG. 11 . 

FIG. 12. FIG. 13. 

I'lG. iS. — (spec. 2Í). Λ month from grafting to last tetracychne injection. The fresli 
initogruft aF is almost incorporated in the host hone. Tlie autogenous frozen hone nB 
loohs as if il luid heen recently grafted. 

FT(i. 9. — (spec. 17). 4 iveeks frniu grafting to last tetracycline injection. The fresli 
autograft aF has started to reorganize and, peculiarly, new hone is present mostly in 
that j)art of Ihe triuisplant which is not iiiiplanled in the host hone. I'he frozen auto­
graft aB looks as if il had heen recently transplanted. 
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J-ΊΟ. 10. — (sper. Ill), j ii'eeks ¡rom grnfling lo lasi IrlrarycHiie iiijerlion. Thr frrsli 
aniogrnfl aF is roiiiplrlely iurorporaird inio ihe liosi hone. Tlir frozrn lailografi all 
r.rhihils scatily yrlloiv fhioresrenre. 

1"'IG. 1 1 . — (spec. >2 s). > iveeks from grafling lo hnl lelraryrline injerlion. Tlw frozen 
{allograft aB disjilays only hhiish aniofliioresreme. In Ihe fresh (allograft ál·' there is 
lively resorption ami apposition. The neiv hone derived from Ihe host hone al Ihe site of 
implanlatian has starled to surround Ihe transplant like α rujl. 

Ι'ΊΟ. 12. — (sper. )0). 1 months from grafting lo last lelraryrline injerlion. In Ihe 
frozen autograft aB there is sranty neiv hone. The fresh autograft aF is fully 
reorganized and only the lip of il is not inrorporaird into Ihe host hone. 

Ι'ΊΟ. 13. — (sper. 21). J months from grafting to last lelraryrline injerlion. Side vieiv. 
Both the (allografts are riearly disrernihle. The fresh graft aF has lost ils original shape. 
Il e.rhihils ahundani yelloiv fhioresrenre, ivhirh is (dmosi larking from Ihe frozen hone 
aß. Only scanty neiv-hone formation at the transi}la?ils in the host hone. 

F K i . 11·. — (spec. SS). ) months from grafting lo last lelrarytline injerlion. dross ser-
lion. The autogenous frozen graft oB has only sranty tctraryrline incorporation and its 
rontour is well defined. The fresh autograft aF has undergone romplele lainellary 
reorganization ami al this site is inrorporaird in the host hone. Note the strong new-
hone formation in the host hone. The surfare of the femur is not seen in Ihe pirlure. 
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Fro. F-)l). 

F K J S . Fl. a and I) — (spec. Si) i ii¡eeks ¡rom graflhiij; la kil/ing. I'elr/irycHne injeclion 
prior lo grajimg. 

— a. broul vieir oj the jeimir irilh the trrinsplaii/s. Tlic frozen anlograjt tiB has 
retained its vel/ow tetraeyeline flaoreseenee (minimal resorption). Ihe fresh 
autograft aF crclading the distal ¡lart, lias lost its yellow fliuireseence through 
resorption. The arrow indicates the ¡iro.riinal end of the fresh autograft. 

— 1 1 . dross seelion along the dolled line (see fig. a). In ali ihe oiilline is only sliglilly 
broken and Ihe loss of telravycline has hardly starled, in al'' reorganization 
has progrcsseil to a greul extent and il is diffivall to discern il from llie. 
hone lornialion derived from the host hone. 
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The squared areas in Uie picture of the grafts are magnified in the figures above as 
jKjinted hy tlie arrows. 

FIG. 16. — (sper. I)>s). 10 days from grafling to killitig. linnmture hone traheculae 
are enamnlcred on tlie external surface of llie fresh autograft aF. Nucleus-containing 
lacunae of normal bone are seen, especially in the superficicd pcvts of the graft. In 
tetracycline ground section (prepared from the site near histological .section) there is 
yellow fluorescence in the area of immature traheculae but not in that of normal bone 
tissue of the graft. The frozen autograft aB is necrotic cdl over. New-bone formation on 
the host bone. 
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FIG. 17. — (siier. 142 d). 8 days from grafting to killing. All lacunae of the homo­
genous frozen hone hB are empty. Islands resembling immature hone and nucleus-
containing lacunae of nornuil bone are found in the fresh autograft aF. Abundant 
osteoblasts indicate active osteogenesis. Note the numerous cells in autogenous graft. 



67 

FIO. 18. — (sper. 68). 16 days from grafting lo killing. The aulografl aBI preserved in 
blood and the frozen autograft aB are nerrotie. Especially in thai part of the frrsh auto­
graft aF which is close to the host hone the hnmature bone trabeculae and numerous 
osteoblasts indicate intensive reorganization. Cf. fig. ¡. 



68 

FIG. 19. — (spec. Ii6(l). .i mcmlli Irani grafling lo killing, hi liislological section the 
transplants have heroine jnseil. The vital hone tissue of the fresh autograft ah' enils 
with a sharp line of ileiiinrcalion against the necrotic tissue of Ihe frozen honiograft liB. 
Some niu leus-conlaining lacunae in Ihe frozen hone are seen mainly in the part ad­
jacent to the fresh transplcnil. In tetracycline section (prepared from Ihe site near the 
histologicid section) some spots of yelhnv fluorescence are found in Ihe frozen graft. In 
the fresh graft the yellow fluorescence indicates considerahle reorganization. New-hone 
fornuilion from host hone has a drift lowards llie fresh autograft and is so abundant a 
separate cavily has developed. 
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Ι'Κί. 20 . — (sj}cc. I Η). SI liars froai grajliag to killing. The fresh autograft ah' lias 
lost lis shape anil grown iiiueh larger lliiin it iras originally, lis hone tissue is vital all 
over and signs of active osleogeiiesis are seen at the hone margins. 'I'lie frozen aalo-
grafl aB is as if rejected alongside Ihe fresh autograft. Its larnnae are eiiiply. Traheeu-
lalioii in the host hone is seen near Ihe fresh autograf I. In lelrivycline ground section 
(jirepared from a site near Ihe hislologieal section) yelloiv flaoreseenee indicates míense 
neiv-hone formation in the fresh graft ah'. Ί he strong trabeeiiUie cement the Iransplaiil 
to the host hone. 'The frozen graft ali e.rhihits only minima! lelracyeline flaoreseenee. 
.Idiill rahliil. 
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FIG. 21. — (spec. Π Is). > inonlhs ¡rom grü¡tinii to killing. ΊΊιΐ' ¡rrsii initogr(i¡t ιιΙ·' 
lias Iwroini' denser nnd lost its original ¡onn and size. Its structure resembles the lamel-
bny structure o¡ the host bone. The ¡rozen tuUogra¡t ali is porous, but there are only 
scanty mirleus-confaining larutnte. 
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FIG. 22. — (spec. 95). S weeks from, grafting to last tetracycline injection. Front ineiv of 
tlie femur ivith the transplants. The. tiutograft al) preserved for one hour in the open 
llir is as if recently implanted. 'The fresh tiiilograft aF, excluding the distal end, is 
fully reorganized. 

FIG. 23. — (spec. 94). J leeeks from grafting to last tetracycline injection. The fresh 
autograft aF has imilcrgone lamellary reorganization. The autograft aD ])rescrved for 
one hour in the open air displays tetracycline incorporation in the part adjacent to the 
fresh graft. 



VWi. 24. — (sper. 6S). Ii days froiii grafling lo lasl Irlraryrliur iajrilioa. Thr inili>-
g/Yí/V aU prrsrrvrd far la<i) hiiars ia ihr apru air disi>lays hiaish íailDJluori-scrarr. la 
ihr frrsh aulografl al' llirrr is sirong rcorganizalion indirairíl hy yrlloír fluorrsrrnrr. 
.\rir-honr jorauílion jroni Ihr hosl honr has rrsallrd in fusion οίΙΙι Ihr frrsh grajl. 

Ι-Ί(λ 2ό. — (spri-. SO). ¡ irrrks from grafliug lo lasl Irlraryrliur injrclion. Thr (nilo-

gr(d'l aD prrsrrvrd for our hour in Ihr oprn air displays only sranly yrlloiv flaorrsrenvr 

m Ihr pari (aljarrni lo Ihr frrsh aulografl. 'I'hr frrsh aulografl <d'' has andrrgonr 

rrorgiauzalion. 
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FIG. 2(). — (spec. 6ί). IJ days from grafting to last tctracyclint' itijcition. Tin' fresli 
aniografi ah' and the autograft aS preserved for tiro hours in saline solution have no 
great differences (ilthoiigh in the fresh graft reorganization has progressed soineivhal 
further. 

VWi. 27. — (sjiee. 112). i> iveehs from grafting to killing. Tetracycline injection prior to 
grafting. Side vieiv. The autograf al) preserved for one hour in the ojien air has retained 
considerahle yellow tetracycline fluorescence (scanty resorption). The fresh autograft aF 
is completely incorporated in the host hone. Small yellow j>oints on its surface indicate 
the site ivhere the transplant is lying. 
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FIG. 28. — (spec. 109). A month from grafting to killing. Tetracycline injection prior to 
grafting. Cross section. The autograft aD preserved for one hour in the open car has 
kept intense yelloiv tetracycline fluorescence (minimal reorganization). The fresh auto­
graft shows only some spots of yelloiv fltmreseenee (considercdtle resorption of the 
original tetracYcline-lahelled hone). 

VIC. 29. — (spec. IOS). 6 weeks from grafting to killing. Tetracycline injection prior to 
grafting. Two cross sections. The fresh autograft aF ami the autograft aS preserved for 
one hour in saline .solution are incorporated in the host hone. Only some tetracycline 
spots left. No difference in reorganization. 
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FIG. ")Ü. — (spi'c. 12')). 4¡ (hiys from griifling to killing. The fresli autograft has heeome 
denser and is definitely smaller in size than originally. Most of its lacunae contain a 
nucleus and its structure resemhies the lamellary slraeture of the host hone. The auto­
graft aD, preserved for one hour in the open air. is porous, hut nneleas-eonlaining 
lacunae are not seen anywhere else than in the part adjacent to the fresh graft and 
largely in the form of islands on the medullary aspect. 





CORRECTIONS 

Page 14, line 7: read rounded instead of free 

Page 15: line 4 : read convex instead of concave 

Page 22, line 27: read convex instead of concave 

Δ ν 
Page 27, line 4 : read —— 

Δ χ 

Page 35, line 9: Insert (Tylman and Ramotowski, 1961, Harrington, 
1962) 

Page 39: Test Number 22 was eliminated from the results because of the 
possibility of metastatic abscesses 

Fig. 21 : Strain gage A is in electrical series and no external connection 
should exist across the gage 

Fig. 22: distance a is along the axis of the gages and must be joined to Ρ 
by a perpendicular 

Page 85: insert Parker, H.E.: Simplified Mechanics and Strength of 
Materials. 2ND Ed. John Wiley and Sons. New York, 1961 




