
STUDIES ON OSTEOGENESIS AROUND AUTOPLASTIC 
BONY TRANSPLANTS IN BONY DEFECTS 

Ne\v bone can be seen growing on fresh cortical grafts relatively 
soon after their implantation in bony defects. 

There has heen considerable discussion as to the origin of this 
newly formed hone. Does it come from the host bone next to which 
the transplant has been placed, or is it formed by some action of the 
transplant itself? Slight osteogenesis can also be found on the surface 
of bony tissue transplanted in the soft parts. Murphy was of the 
opinion that grafts are  only osteoconductors, and that  the new bone 
grows from the host bone to the transplants, over which it gradually 
spreads. Murphy based his conclusions on animal experiments, in 
which he  noted that although bony tissue transplanted into the soft 
parts showed signs of osteogenesis, these signs soon disappeared and 
both the transplant and the new osteoid tissue were absorbed. He 
therefore concluded that  the grafts theiiiselves had no appreciable 
osteogenetic properties. 

Brooks found in animal experiments that  osteogenesis on the 
surface of bony transplants was approximately equally lively all over 
the transplant. In his opinion, this meant that the new bone on the 
transplant had not grown over from the host bone but had been formed 
by the transplant itself. Phemister observed, in a few cases, a rela- 
tively profuse growth of new bone on the periosteal surface of the 
grafts, despite the fact that there was as yet no bony union between 
transplant and host bone. He concluded that the new bone must have 
been formed by the graft, since it could not have originated in the 
host bone. According to  studies by Vainios, new bone forms indepen- 
dently on autoplastic grafts which have retained their periosteum and 
later fuses with osteoid tissue from the host bone. This theory is sub- 



st:inti:itctl I)y other animal cx]~crinicnts 1)y Camitz. Holingrcn and 
.Toh:liissoii. According to Reynolds and Oliwr, the ncw Imic on the 
grafts is thc rcsult of ostcoid tissue growing from the host hone to 
the graft. 

Opinions thus diffcr as to whcthcr the ncw hone 011 grafts dcrclol)s 
through ostcoid tissue growing over from the host hone. 1,ike Murphy, 
I w a s  iiiipressed, when conducting animal experiments for an entircly 
different purpose, by the insignificance of the new hone growth on the 
surface of bony grafts transplanted into the soft parts as  compared 
with grafts transplanted into hony defects. It seems rcasonahle to  as- 
sume that this means that osteoid tissue from the host bone has grown 
over to the transplant. However, results of other investigations indicate 
that  this is not the case. I therefore made a number of experiments 
on rabbits in order to study the question in greater detail. The grafts 
used were autoplastic cortical transplants retaining their periosteum. 

If it is true that the new hone on the surface of transplants repre- 
sents osteoid tissue originating in the host hone to which the graft is 
apposed, 0-ne would expect to find a t  a relatively early stage that  the 
osteoid production was greatest a t  the junction between graft and host 
bone and that it decreased progressively 0~7er the rest of the trans- 
plant. In the first three experiments, therefore, I examined the spread 
of the new osteoid tissue on the transplants, one or hoth ends of which 
were apposed to  the host bone. I also compared this new hone growth 
with that on grafts transplanted at  the same time into the soft parts. 

Experiment No. 1. Two rentimeters of t h e  cmtya l  sertion of the  shaft  of one 
radius were exrised extraperiosteallg and transected into two equal parts. One piece 
was  inserted in the  middle of t he  radial defect a t  a distance of 5 mm.  from the  
upper and lower ends of the  fragments of the radius. The other par t  of t he  ex- 
eised piece of hone was  implanted suhrutancously in the  hack of t he  animal.  Four  
weeks later the  an imal  was  killed. Histologic examination revealed hony union 
hetween hoth the  upper and  lower par t s  of the  reimplant and  the  ends of the  
fragments of the  radius (host hone) .  The  t ransplan t  and the host hone mere 
united hoth  h g  profuse periostcal osteoid t issue and  hy  new hone tha t  filled the  
entrances to the  m e d u l l a r ~  canals of hoth t ransplan t  and host. New hone was  also 
ohserved all along the  u lna r  surface of t he  transplant,  hu t  w a s  thickest a t  the  
ends (Fig. 1).  There was  no new bone on the  surface facing away f rom thc  ulna. 
The  transplant in the soft parts contained one or two small  areas showing signs 
of scanty suhperiosteal osteoid tissue. 

In Experiments Nos. 2 and 3, the  middle section of t he  shaft  of the  rad ius  
was  excised and reimplanted in thc  defect, in the  same may as  in No. 1. The  see- 
tion of t he  rad ius  helow t h e  t ransplan t  was  then entirely removed in one ease 
and  almost entirely in the  other, so tha t  t he  transplant could nnly heeome united 
with the  upper fragment of the  rad ius  (host hone). A s  in No. 1, a t ransplan t  was  
also emhedded subcutaneously in the  soft par t s  of the  hack. The animals were 
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lcillctl two (JI '  ttircc wccks later. LIistologic cx;~iniiiati~~ii i r i  ltotlt cxpcrinirtils slic~wctl 
abundant pcriostcal new hone, which uuited the upper end of the transplant with 
the end of the radius fragment. A tapering carpet of new bone extended suh- 
pcriosteally from this point along the whole ulnar surface of the transplant (Figs. 
2 and 3). In No. 2, the carpet of new bone ran all the way to the lower entrance 
of the medullary canal of the transplant, which it covered completely. In No. 3, 
the periosteal new hone expanded at  the lower end of the transplant to form a 
thick mass around the adjacent cut surface of the cortex (Pig. 3). In No. 2 there 
was no new Iwne on  the surface of the transplant facing away from the ulna, 
while in No. 3 there were slight signs of osteogenesis. In No. 2 the upper end of 
the transplant and the adjacent fragment of the radius were united, not only by 
periosteal new hone, but also by ostcoid tissue completely covering the entrances 



E'iy. 5 .  

to Ihc inctlullary canal i ) f  the host Iione and thc tra~isplanl. In NI). 3, on the ijthrr 
hand, the hony union hetween the upper end o f  the transplant and the fragment 
o f  the radius consisted entirely of periosteal osteoid tissue, there being scarcely 
any new hone in the entrances to the medullary canals of the  host and the trans- 
plant. The transplants in the soft parts showed only small  patches with signs of 
very sparse osteoid production. 

One or two other experiments similar to Nos. 2 and 3 were made, hut had t o  

be rejected a s  the osteoid tissue on  the surface of the transplants united with the 
parallel hone, thus complicating the evaluation of results. The radius and the ulna 
are very close together i n  the rahhit ,  and the periosteum of the ulna is easily 
scraped off at  excision, with resultant osteoid production which may extend to the 
transplant. 

It appears Croni thc foregoing cxl)crinicnts tli:it thcrcs is ;in iipprcs- 
ciahlc tlitfcrence in the uinount of periosteal ostcoitl 1)rotluction 011 

hony tissue transplanted into the soft parts and on transplants placed 
next to  living bone. The former showed only signs of exceedingly 
scanty osteoid tissue in small scattered patches, while the latter ex- 
hibited large areas covered by a thick carpet of osteoid production. 
The new bone was most profuse on the part of the transplant next 
to the host, from which point it extended unbroken down the periosteal 
surface of the transplants. 

The results of these experiments are quite compatible with the 
assumption that  the proliferation of new bone on the surface of trans- 
plants in bony defects arises from osteoid tissue growing from the 
host to the transplants. That  this is not the case, however, is shown 
by the experiments described below. 

In  the next two experiments, the transplants were placed at  a 



111 l i s l )crinirnls  Nos. 4 ant1 5 .  a fiiiir-rc,iitimctcr Icing section of t l ~ c  shaft of thr 
ulna w a s  rscisrtl. ‘l*lic rsrisctl pircr c i f  I)onr was lranscc.lctl into two equal parts. 
Onr scvliiin W;IS inscrlrtl in tlir mitltllr of the dcfcct in tlir ulna. with the upper 
and lower ends a t  ;I t1ist:tnc.c of onc~ rriilimc~trr from thc,  fregmrnts of the ulna 
(host ) .  U’hcsn tlic animals  wcrix killctl 18 thyx later. thr t1.allSJ)lalltS in thr defects 
\vvrc foulid to I)r  frrcly movahlr, with n o  hony rinirin either with t h e  ulnar frag- 
ments  01’ the parallcl 1)onc. ‘l‘his o l ~ s e r ~ a t i o n  w a s  later ronfirmcd histologically. 

TI~LIs, in  the last two cxl,erinicnts, no ostcoitl tissuc was ahlc to 
grow from the host honc to the transplant. Nevertheless, a relatiycly 
profuse inass of new bonc spread over the transplant, particularly its 
periosteal surface. There was a striking difference in volume het\veen 
this new bone and the extreinely scanty osteogenesis on the trans- 
plant in the soft parts (cf. Nos. 1, 2 and 3 ) .  Nos. 4 and 5 showed practic- 
ally the same histologic picture. Osteoid production was more profuse 
around the ends of the fragments of the host hone than on the trans- 
plants. I t  corered the ends of the medullary canal of the host hone and 
surrounded the ends of the fragments. Proliferation of new hone was 
somewhat greater a t  the ends than on the rest of transplants. I t  usually 
appeared as a deposit on the end of the cortex, from which it spread, 
sometimes as  a continuous periosteal osteoid deposit along the trans- 
plant (Figs. 4 and 5).  In  hoth cases the osteogenesis on the trans- 
plants was most pronounced on the side facing away from the parallel 
hone. Sometimes there was scanty osteogenesis in the middle of the end 
of the medullary canal of the  transplants or along their endosteal 
surfaces. The osteogenesis on the transplants in Nos. 4 and 5 was 
somewhat less than in Nos. 1, 2 and 3, in which the transplants showed 
hony union with the host hones. 

Thus, since 110 osteoid tissue grew from the host to the transplant 
in Nos. 4 and 5, the osteogenesis in these transplants must  have ori- 
ginated a s  a result of some action of the transplants themselves. The 
question then arises: Why was the osteoid production around these 
transplants in bony defects so much more active and profuse than in 
hony transplants in the soft parts? I t  must be assumed that  the very 
proximity of the host hone in some way stimulates osteogenesis around 
transplants in bony defects. Nevertheless it is difficult to explain the 
mechanisni of this action. The pathogenesis of osteogenesis in general 
is a problem of which we have relatively little understanding. Any at- 
tempt to explain how the host hone influences osteogenesis around a 



transi)l:tnt will he 1)urcly siicculntivc. I t  is teiii1)tiiig Lo ;lssuiiic that the 
iiijuretl host h i e  gives oft‘ suhst:wces which stiuiulatc tlic cells :wound 
the hotly trunspl:tti t to ostcoitl Iirotluction. 

Accwrditig to studies hy T,ev:rntler, thc t ) o w  rontuins cxtract:il)lt 
sul)st:iiiccs, \vhich, it‘ injected into soft tissue, give rise to osteogcncsis. 
1,ev:intler considered that, a s  hony tissue of the transl)lnnt necroses, 
substances are  released, which, together with the tissue fluids, disperse 
in the surroundings afid have the capacity to activate non-specific 
mesenchymal cells so that the latter become transformed into bony 
tissue. Annersten reproduced Levander’s experiinents and arrived at  
the same conclusion. He considered that osteoid tissue is formed in 
fractures as a result of an  osteogenetic substance being released from 
necrotic tissue in the fracture fragments into the surrounding tissue 
where it stimulates the mesenchymal cells to osteogenesis. Meantime, 
Heinen, Dobbs and Mason, as  well a s  Lindahl and Orell, investigated 
this matter by means of experiments with bony tissue extracts, but they 
were unable to confirm the existence of such substances. 

If the substances in question emanate from the necrotic tissue in a 
bony transplant, it is also conceivable that they stimulate osteogenesis 
on an  adjacent bony transplant (summation) ,  with the result that the 
osteoid production on two adjacent bony transplants is particularly 
profuse on the surfaces that face each other. This question was studied 
in eight experiments (Nos. 6 to 13). Two one-centimeter long trans- 
plants, including the entire circumference of the shaft, were excised 
from the central par t  of the shaf t  of the radius. The  transplants were 
attached to each other by Kirschner wires inserted in the medullary 
canal, so that they lay parallel to and about two millimeters away from 
each other. They were implanted subcutaneously in  the sof t  tissue of 
the back. In six of the.experiments the periosteum was left on and in 
two it was whittled off. The transplants were removed for histologic 
examination ten days to two months later. Some of the specimens 
showed small scattered areas with signs of insignificant osteoid growth, 
while the others exhibited no trace of new bone. In no case was there 
any appreciable continuous osteogenesis and consequently no bone 
union between the transplants. I t  could not be proved that the surfaces 
of the transplants facing each other more often showed signs of osteoid 
production than other parts. The  investigation thus yielded no evidence 
to  prove that  substances with a strong stimulating effect on osteogenesis 
emanate from the bony transplants. 

Judging from my experiments, osteogenesis is most pronounced 
around the host bone and therefore probably originates in  that area. 
I t  next appears on the par t  of the transplant nearest to the host, after 



which it sprc:ids o w r  t lw sui.f:iw of tlic tr:inspl:iiit. ‘ l ’ l i (w:ift(*r,  tlir 
ostcoid tissue froiii t I i ( -  host I ) o i i c -  f u s c ~ s  \vitli t1i:it from tlic tr:inspl:int. 
o i i  the c*ontlitioii tli:it t l i c  triins1)l:iiit is c4thcr i i i  cont:irt with thc host 
hone or situated vcrg nrar to it. A s  :ilrc;rdy mrntionc4 i t  is difficult 
to explain the I)rofusr ostcoid protlurtion :iround tr;insl)l:riits i n  bong 
defccts :as coinlxirctl with tr:rnspl:ints i n  soft tissues, i n  view of the fact 
1li:it ostcogcncsis is ol)srrvcd even i f  no new hone has grown froin tlic 
host I)onc to the tr:insl)lant. One 1iyl)otIictical cxl)lanation of  the pro- 
hlcm is that. :is a result of activity hy living cells in thc injured host 
hone, a su1~st:incc is relc:isctl that first gives rise to  new hone at  the 
site it is released and later. when it comrs into ront;ic*t with the trans- 
plant, stiniu1:ites ostcwgenrsis thcrc also. 

S IT A1 A1 A H Y 

Animal experiments revealed that  osteogenesis around autoplastic 
bony transplants in bony defects was much more profuse and more 
massive than the extremely scanty new bone on bony transplants im- 
planted in soft parts. This was the case even before bony connection 
had been established between transplant and host hone. Therefore, 
osteogenesis on these transplants could not have taken place by osteoid 
tissue growing from the host bone to the transplant. New bone on 
transplants in bony defects originated next to the host bone, from which 
point it proceeded along the transplant. The  host bone must  in some 
way have had a stimulating influence on osteogenesis around the 
transplant. 

On the other hand, it was not found that  transplants in soft parts 
stimulated osteogenesis in adjacent transplants. 

R E S I J M E  

Des essais expbrimentaux sur  animaux ont montri: que les nouvelles 
formations osseuses dans les transplantations autoplastiques SUI’ un 
milieu osseux sont beaucoup plus riches et cohkrentes que  les nou- 
velles formations osseuses tr2s parcimonieuses qui se  fornient sur  une 
transplantation osseuse insCrCe dans des parties molles. Telle est la 
situation deja avant qu’il se soit Ctabli une relation osseuse entre la 
transplantation et 1’0s qui  I’hCberge. La nouvelle formation osseuse de 
la transplantation ne peut donc pas provenir d’une supercroissance du  
tissu osteide de 1’0s qui hkberge. La nouvelle formation osseuse d’une 
transplantation d a m  un  niilieu osseux commence B I’endroit le plus 



I n  tierex~~eriiiieiitelleri Vcrsuchrn zeigte es sich, tlass Knochenneu- 
hi I clung ui i i  :I ii toplas t ische Knochcn t raiisl)l:uit:rte iin Knochen tiiilieu 
vie1 rciclilichcr und iiichr zits:iiniiicnh8ii~ciitl auftritt :ils dies hei dcn 
5 iissc r s t s 1) a r s :I i i i  e t i  Kiioch en neubi I tl u n gen tl c‘ r Fa I I is t , tl ie iiii A t i  - 
schluss voti freier Verpflanzung von Knocheii in die Weichteile auf -  
treten. So verhalten sich die Dinge hereits his etwas knocherne Ver- 
bindung zwischen Transplantat und \Virtsknochen herstellt ist. Daher 
ist die Knochenneubildung in diesen Transplantaten nicht durch 
Heriiberwachsen von osteoidem Gewebe voin \Virtsknochen entstan- 
den. Die Knochenneul~ildung heim Transplantat im Knochenmilieu 
hcginnt zunachst deiii \Virtsknochen und schreitet entlang dein Trans- 
platate fort. Der Wirtsknochen niuss in irgendeiner Weise einen stiiiiu- 
lierenden Einfluss auf das Transplantat ausiiben. Dagegen gelang es 
nieinals nachzuweisen, dass ein frei in den \Veichteilen liegelides Trans- 
plantat Knochenneubildung u i i i  ein zweites danehenliegedes Trans- 
plantat anregte. 
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