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INTRODUCTION 

115 

In modern brain surgery, the fresh auto-bone-graft or the bank-bone is routine-
ly used for repair of a skull defect.I) In extraordinary cases, however, one can use 
boiled skull flaps.m1•J均的7J The skull flap is boiled, because the 自aphas accidentally 

been contaminated in the operating room, or because the flap is infiltrated by tu-

mour tissue. In the majority of these cases, the healing of the boiled flap appears 

successful. In some cases, the fate of the graft has been traced by means of 
roentgenogram. However, there is no histological evidence as to whether the graft 

shows fibrous or osseous healing. As long ago as 1893, BARTH勺 foundin animal 

experiments, that the boiled skull grafts were replaced b~· new bone tissue, and 
he called this healing process i乃’ thename“creeping substitution”. After BARTH 
no experiments of the boiled skull graft seem to have been reported in literature. 

There are surely not a few experimental studies on the fate of the boiled long 

bone graft, but the discrepanc~· of the results is so pronounced that the detailed 

research on this problem is now advisable. The purpose of the present experiment日

is to study the fate of the boiled bone piece transplanted in skull or in fibula, as 
compared with the fate of the fresh bone piece transplanted similarly. 

EXPERIMENT AL PROCEDURE 

1. Experimental Animal. 

Young mongrel dogs, weighing 3～5kg. 

2. Graft Bone and Graft Beel. 

Under ether anesthesia, the parieto-tcm11oral pericranium wa日 incisedand ablated. 
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And four holes were made with a hand drill on each side of the skull. And then 
the bone was cut by a chisel from one hole to the other. With this procedure, 
each one piece of graft bone was subperiosteally taken from each side. Skull 
defects remaining after the graft bones had been taken off, were used as graft 
beds, into which the following bone grafts were placed; (1) autogenous or homo-
genous graft bone which had previously been boiled in physiological saline solution 
for ten minutes, and (2) aut刀genousor homogenous fresh bone. And then the 
cut lines of pericranium were sutured as clrn:;e as possible. At the same time or 
after a few days, transplantation experiments of fibula were made in the following 
way. Fibula was exposed on each side and periosteum was cut longitudinally 
with a knife and ablated from the shaft. And then a part of the shaft, 1.3 cm 
long, was resected subperiosteally. The resected bone was treated in the same 
manner as in・ case of sk叫1,and placed into the defect of the shaft like a bridge. 
After this transplantation, the cut line of the periosteum was closed by suture. 
Thus one dog had four kinds of graft. Against hemorrhage from the skull and 
infection，“bone wax”and penicillin were used respectively. Modes of transplanta-
tion in eleven dogs were shown in Table l. 

1st type experiment 
2nd type experiment 
3rd type experiment 

Table 1 

I left side I討ightside J case 
boiled I fresh !examined after one yeaヰweeksor months 
homograft I autograft I 2 I 1 
homograft I homograft I 2 I 
aut冶graft I autograft i 2 I 3 

3. Macroscopical, Roentgenographical and Histological Examinations. 
One year after transplantation, dogs were killed by means of intravenous injection 
of formalin and then the skull and the fibula containing the graft bone were 
taken out and examined macroscopically and roentgenographically. These specimens 
were fixed with formalin and decalcified in trichlor-acetate solution in the lower 
atmospheric pressure. Celloidin technic was used and specimens were stained by 
hematoxylin-eosin and by VAN GrnsoN method. 

DETAILS OF RESULTS 

A. Observation after One Year. 

立＂！！＿＿：＿｝＿＿空 Skullon the 379th <la ~’ and 自.bula on the 376th tla‘γafter transplantation. 
Fresh autograft on right side and boiled homograft on left (Fig. 1-8). 

16SL (skull, left). Boiled homograft (left side) on the 379th day. Roentgeno・
graphical findings: Drill holes and cut lines are clearly recognized. Graft is a 
little absorbed. Microscopical findings : Graft ; Nowhere callus is seen. Gaps bet－、
ween the graft-and host-bone are filled with connective tissue. Pericranium has-
normal appearance and showi:; no evidence of osteogenic activity. Some marrow 
cavitiei:; contain fibrow:; tissue, while other只 havc fat. In haγcrsian canals vessels 
and connecti¥'c tissue nre present. Around haversian canals ancl marrow cavities 
there are revitalized lamellae, though in the remaining parts of the graft lacunae 



BOILED BONE GRAFT 117 

are entirely vacant and look like desert, which has nothing ali¥'e. Host-bone; 

In some small parts near the cut ends, lacunae are empty, and marrow cavities 
are fibrous, but in other parts the bone tissue has normal appearance. 

16SR (skuJl, right). Fresh autograft (right side) on the 379th day. Roentge-
nographical findings : Drill holes and cut lines are recognized. Graft is a little 

absorbed. Microscopical findings : Graft ; Nowhere osteogenic activity is recogni-
zable. Gaps between the graft-and host-bone are filled with connective tissue. 

Pericranium is thin. Near the pericranium there is a silk thread knot surround-

ed by connective tissue and by a small collection of leucocytes. Meninx becomes 
somewhat thicker, out shows no sign of osteogenesis. Some marrow cavities 
have fat, and others have connective tissues. Haversian canals are of normal 
appearance. Though small dead parts are scattered here and there, the larger 
parts have normal lamellae and osteocytes. Host-bone ; Near the cut ends there 

is a very small dead part. In other parts, the host-bone shows entirely normal 
appearance. 
16FL (fibula; left). Boiled homograft (left side) on the 376th day. Roent-
genographical findings : Cut lines are not detectable. Fibula appears normal. 

Microscopical findings: Osteogenic acti¥'ity is not seen. Any trace of the graft 
can not be detected. But with accurate observation, we can find some dead parts 
of bone, in which vacant haversian canals run. Probably they would be the ruins 
of the old boiled graft. 
16FR (fibula, right). Fresh autograft (right side) on the 376th day. Roent-
genographical and microscopical findings: Entirely the same as above (16FL), but 

the dead parts are smaller. 
No. 6 Skull on the 360th day and fibula on the 352nd clay after transplantation. 
Fresh autograft on right side and boiled homograft on left. 
6SL (skull, left). Boiled homograft (left side) on the 360th day. Roentgeno-
graphical findings : Three drill holes and two cut lines are evident, but remaining 
one drill hole and two cut lines are not visible. Microscopical findings : Graft ; 
In a gap between the graft同 andhost-bone, there are three “bone wax”clo匂．
Another gap is not recognizable. Pericranium has normal appearance. Meninx is 
taken off. Content of marrow cavities is normal. Osteocytes are present through-
out. But in a few small parts, osteocytes are lost. Haversian canals are normal. 
Connective tissue is seen invading into a marrow cavity. Host-bone ; There are no 

dead parts and no marrow cavities, which have abnormal contents. In a word, 

the boiled graft has undergone such a profound bony transformation, that if a 
gap and small dead parts were not found, I might mis-believe that I had an error 
in cutting out the specimen. 

6SR (skull, right). Fresh autograft (right side) on the 360th day. Roentgeno-
graphical findings : One cut line is recognizable. Other cut lines and drill holes 
cannot be 1・ccognized.No sip.;n of absorption of the graft. ?IIicroscopical findings : 

Graft ; Gaps bet¥＇’een the graft-and ho日t-boneare filled ＇γith connective tissue. 
Osteoc~·tes are present throughout. Ve1・〉討mallareas arc pre日ent,in which lacunae 
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are vacant. Marrow cavities and haversian canals have normal content. 

6FL (fibula, left). Boiled homograft (left side) on the 352nd day. Roentgeno・

graphical findings : Cut lines are not visible. The fibula has normal configuration. 

Microscopical findings: Periosteum, arrangement of haversian canals and osteocytes 

are almost normal, but with accurate observation small parts are found, in which 
lacunae are vacant. 

6FR （白bula,right). Fresh autograft (right side) on the 352nd day. Roent-
genographical findings : Cut lines are not visible. Fibula has normal configuration. 

Microscopical findings : Periosteum and arrangement of ha versian canals are normal. 

In a small area between periosteum and cortical surface a crowd of fibroblast-like 

cells and some osteoclasts are present, and the cortex is eroded at this area. 

No. 1 3 Skull and的ulaon the 378th day after transplantation. All homografts, 

boiled on left side and fresh on right. 

13SL (skull, left). Boiled homograft (left side) on the 3.78th day. Roentgeno司

graphical findings : Drill holes and cut lines are indistinct, but the graft is consi・

derably absorbed. Microscopical fmdings : Graft ; One of the gaps remains open 
and is occupied by fibrous tissue. Nearly a half of the graft is absorbed, and 

small osseous islets are scattered. The other end of the graft has united with the 
host-bone. Pericranial and meningeal osteogenic processes are not in progress. 

Marrow cavities have fibrous tissue. Host-bone; Haversian canals are of normal 
appearance. Near one of the cut ends, there are a few small parts in which 
osteocvtes are absent. 

13SR (skull, right). Fresh homograft (right side) on the 378th day. Roent-
genographical findings : Four drill holes are recognizable, but cut lines are not seen. 
Graft is not absorbed. Microscopical findings : Graft ; Gaps between the graft-

and host-bone are not visible. Nowhere osteogenic activity. Marrow cavities and 

haversian canals have normal appearance. Osteocytes are normal. 

13FL (fibula, left). Boiled homograft (left side) on the 378th day. Roentge-
nographical findings: Cut lines are not visible. Microscopical findings: Gaps between 

the graft-and host-bone cannot be detected. There are remnants of silk threads 

in the bone. There are considerably large dead parts of the bone. Haversian 
canals which run through the dead areas are very indistinct. 

13FR (fibula, right). Fresh homograft (right side) on the 378th day. Roent-

genographical findings: Cut lines are not seen. Fibula shows normal form. Peri-

osteum, haversian canals and osteocytes are entirely normal. Accurate observation 
reveals small parts, in which lacunae ・are vacant. 

笠：＿3 Skull on the 373rd da~＇ and白bulaon the 369th day af旬rtransplantation. 
All homografts, boiled on left side and fresh on right. 

3SL (skull, left). Boiled homograft (left side) on the 373rd day. Roentgeno-

graphical findings : Drill hole活 andcut lines are indistinct, but a large part of the 

graft is absorbed. Microscopical findings : Outside the graft, there is an intense 

infiltration of leucoc~·tes. In the center of this infiltration, three日ilkthread knots 

are fo山1【L Graft is very thin. Gaps between the graft-and ho日t-boneare filled 
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with connective tissue. In nearly all microscopic fields, osteocytes are clearly 
stained. But in some parts, lacunae are vacant. Haversian canals are enlarged. 

On the walls of these canals, osteoblasts stand side by side, i. e. osteogenic proce出

is going on. Host-bone ; Pericranial or meningeal osteogenic activity is not seen. 

Marrow cavities and haversian canals have normal appearance, but near the cut 

ends haversian ca:nals are enlarged. Some marrow ca,,vities have “bone wax”． 
3SR (skull, right). Fresh homograft (right side) on the 373rd day. Roent-

genographical findings : Two drill holes still remain. The other drill holes and all 

cut lines cannot be observed. Graft is not absorbed. Microscopical findings : Graft ; 

Graft-and host-bone are connected with fibrous tissue. Pericranium shows no 

osteogenic activity. Majority of marrow cavities are occupied by fat, but a few 
of them are fibrous. Some haversian canals are enlarged, and on the walls of 

these巴analsosteoblasts stand side by side. Osteocytes are present throughout the 

graft, but in some parts there ar€ empty lacunae. Host-bone ; Near the cut ends, 
a few ha versian canals are enlarged and osteoblasts are recognized. 

3FL (fibula, left). Boiled homograft (left side) on the 369th day. Roentgeno-

graphical findings : Cut lines are not seen, but fibula becomes thicker to a small 
extent. Microscopical findings : , Fibula is thickened. Osseous union between the 

graft-and host-bone is perfect. Considerably large dead areas are scattered. Some 
haversian canals are enlarged and fibrous. 

3FR （日bula,right). Fresh homograft (right side) on the 369th da~·. Roent-
genographical findings : Cut lines are not seen. Fibula is of normal form. Micro-

scopical findings : Osseous union between the graft-and host-bone is perfect. Perio-

steum and osteocytes have normal appearance. Almost all haversian canals have 

normal content, but some of them are enlarged and invaded by fibrous tissue. 

Marrow cavities contain fat. 

No. 20 Skull on the 357th day and fibula on the 352nd da：＞’ after transplan-

tation. All autografts, boiled on left side and fresh on right. 

20SL (skull, left). Boiled autograft (left side) on the 357th day. Roentgeno-

graphical findings: Drill holes and cut lines are not distinct. Graft is partly 

absorbed. Microscopical findings : Osseous union between the graft-and host-bone. 

Osteogenic process is nowhere going on. Majority of marrow cavities contain fat, 

but some contain fibrous tissue. Haversian canals are normal. In small parts, 
lacunae are empty. 

20SR (skull, right), Fresh autograft (right side) on the 357th day. Roent-

genographical findings : Drill holes and cut lines are indistinct. Absorption of the 

graft is not evident. Microscopical findings : Osseous union between the graft-and 

host-bone is perfect. 羽Tecannot see the border of the graft. Osteogenic activity 

is not recognized. Majority of marrow cavities have fat, but a few have fibrous 

tissue. There are small necrotic are出．

20FL （白bula,left). Boiled autograft (left side) on the 352nd day. Roentgeno-
graphical findings: Fibula has entirely normal form (Fig. 11). Microscopical find-

ings: Some small dead areas are recognized. Ma.jorit~ of haversian canals a問
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normal and osteocytes have normal appearance. 
20FR （白bula,right). Fresh autograft (right side) on the 352nd day. Roent-

genographical findings: Fibula appears entirely normal. Microscopical findings : 

Arrangement of haversian canals is normal and osteocytes have entirely normal 

appearance. Marrow cavities are normal. 
No. 14 Skull and fibula on the 378th day after transpfantation. All autografts, 
boiled on left side and fresh on right. 
14SL (skull, left). Boiled autograft (left side) on the 378th day. Roehtgeno-

graphical findings : One drill hole is clear, but th-e other holes and cut lines are 

indistinct. The graft is a little absorbed. Microscopical findings : Graft ; the 

graft-bone is thinner than the host-bone, but osseous union is so complete that we 

can not see the border of the graft. Osteogenic proむessis not going on. There 
are large parts, in which lacunae are empty. Haversian canals have normal 

appearance. Appositional bone from the meninx is evident. There are bony is-

lands in the meninx. 

14SR (skull, right). Fresh autograft (right side) on the 378th day. Roent-

genographical findings : Drill holes and cut lines are indistinct. The graft is 

partially absorbed. Microscopical findings : One of the two gaps seen in the prepa-
ration between the graft-and host-bone is filled with fibrous tissue, and another 

with osseous tissue. Pericranium and meninx show no evidence of ostcogenic acti-

vity. The graft帽boneis thinner. Some of the marrow cavities are fibrous, but 

others are normal. Haversian canals show normal appearance. Very small dead 

foci are present in the graft. Appositional bone from the meninx is evident. Host自

bone; Near the cut ends there are small areas, in which lacunae are empty. The 

host-bone is very thick and nearly a half of i臼 thicknesswould have been produ-
ced probably from meninx. 

14FL (fibula, left). Boiled autograft (left side) on the 378th day. Roentgeno” 

graphical findings : The original position of the graft is not evident. Fibula has 

normal form. Microscopical findings : There is some deformity at the site of 

transplantation. But o田eousunion is so perfect that we can not see the －ゐorder

of the graft. Arrangement of ha versian canals・ and of osteocytes is irregular at 
the junction of the .,graft. Considerably large dead ・areas are present. 

14FR (fibula, right). F'resh autograft (right side) on the 378th day. Roent-

genological findings : Fibula has entirely normal appearance. Microscopical foidings: 

There are very small necrotic foci. In larger parts, periosteum, ha versian canals 
and osteocytes are entirely normal. 

B. Observation after a Few羽Teeksor Months. 

並」 Skullon the 45th day and白bulaon the 34th day after transplantation. 
Fresh autograft on r勾ightside and boiled homograft on left. 

SSL (skull, left). Boiled homograft (left side) on the 45th day. Roentgeno-

graphical自ndings:Cut lines and drill holes are clearly recognizable. The graft is 

sQrnewhat absorbed. Microscopical findings: Graft; Approximation is good. Th~ 
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graft-and host-bone are connected with newly formed bone tissue. Pericranium 
is not thick. Outer plate of the graft is partially eroded and diploe is widely 

destructed. A few bony islands are present, around which osteogenic activity is 

going on. Osteocytes in the graft are lost. Some haversian canals are fibrous. 
Host-bone; Near the cut ends, there are some necrotic areas. Marrow is intact. 

To the periosteal surface newly formed bones are attached. Also the meninx on 
the inner surf ace of the host-bone is the source of new bones. 

SSR (skull, right). Fresh autograft (right side) on the 45th day. Rοentgeno・

graphical findings: Drill holes are recognizable, but cut lines are somewhat indist-
inct. Microscopical findings : Graft; Approximation is vuy good. One of the 

gaps is united by newly formed bone, but another one is白lledwith connective 

tissue. ドrommeninx .new bone is formed and covers the inner surface of the 
graft. Osteocytes of the transplanted bone are entirely lost. Haversian canals 

contain living cell elements. Majority of the marrow cavities are filled with 

負broustissue, but some cavities are normal. In about one quater of the graft 

“creeping substitution”has taken place. From pericranium comes scanty new bone 
to the outer surface of the graft. Host”bone ; A few small necrotic areas are 
present near the cut ends. The meninx becomes very thick, in which newly form-
ed bony islands are scattered. 

SFL (fibula, left). Boiled homograft (left side) on the 34th day. Roentgeno-

graphical findings : Graft-bone has no callus around it, but host-bone has callus 

near the cut ends. Microscopical finding : Graft ; Graft is surrounded by a crowd 

of leucocytes and a fibr・ousmembrane. Osteoc~·tes are lost. All ha versian canals 

contain leucocytes. The central part of the graft is eroded by a crowd of leucocyte-

like cells. Near one end, large cancellous bone日 arenewly formed. Host-bone ; 

One end of the host-bone is eroded by leucocyte-like cells. Inner layers of the cor-

tex have vacant lacunae. Large callous masses are attached to the host-bone. 
Marrow cavities have normal content. 

5FR （白bula,right). Fresh autograft (right side) on the 34th day. Roentgeno-

graphical findings : Graft-and host-bone are connected by osseous tissue. Microsco-

pical findings : Graft ; About two同thirdsof the graft are absorbed. All osteocytes 

disappear, except in the superficial layer of the cortex. Newly formed lamellae are 

found on the walls of enlarged haversian canals. Into the marrow cavities invades 

fibrous tissue. The graft is surrounded b~’ enormous newly formed cancellous 

bones. They contain cartilage tissue, in which enchondral ossification is taking 

place. In gaps between the graft-and host『bone,cancel!ous bone and cartilage 

tissue are scattered. Host-bone; Marrow cavities are normal. No osteocvtes are 
changed. Around the host-bone there are cancel!ous bones. 

No. 4 Skull on the 37th day and fibula on the 19th day after transplantation. 

All homogenous grafts, boiled on left side and fresh on right(Fig. 13～20). 

4SL (skull, left). Boiled homograft (left side) on the 37th day. Roentgeno-
graphical五ndings: Cut lines and drill holes are recognizable, but edges of some 

ho＼~s are not distinct. Microscopical findin宮s: Graft; Adaptation is good. ¥Jnio11 
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by cancellous bone has been made between the graft-and host-bone. Osteogenic 

activity of the pericranium is not seen, but the dura is thickened and forms new 
bone surrounding the graft. Osteocytes of the graft disappear and lacunae are 

empty. In marrow cavities, there is fibrous tissue, but no marrow cell. Almost 

all haversian canals have living cell elements. Creeping substitution is in progress. 

Host-bone ; Osteogenic activity of the pericranium is not recognized. On the cont-

rary, meningeal osteogenic process is seen near the cut edge to the extent of about 

one centimeter. Dead parts are present near the cut edges. 

4SR (skull, right). Fresh homograft (right side) on the 37th day. Roentgeno-
graphical findings : Cut lines except one are clearly’ seen. Drill holes are not 

distinct. Graft is not absorbed. Microscopical findings : Graft; Approximation is 
good. Pericranium is not thick. Erosions of the bone are present under pericra-

nium, where many osteoclasts collect. Heavy thickening of meninx is recognized 
and dense connective tissue proliferates therefrom in and around the graft. Nearl~γ 

a half of the graft is destructed, and abrnrbed. All osteocytes are lost. Haversian 

canals contain connective tissue and vessels. Host-bone; In small parts osteocytes 

disappear. Osteogenic activity of the pericranium is not seen. On the contrary, 

a considerable amount of cancellous bone is attached to the inner surface of the 
skull. 
4FL (fibula, left). Boiled homograft (left side) on the 19th day. Roentgeno・

graphical findings: Approximation is good. Around the graft c.ome callus is formE;!d. 

The surrounding bone become日 thicker. Graft is not abrnrbed. l¥Iicroscopical 

findings: Graft ; Approximation is good. Gaps between the host圃boneand graft 

are filled with connective tissue and osseous union has not occuned. Lacunae are 

emptJ’and haversian canals contain leucocyte-like cells. The marrow cavities are 
also occupied lη・ leucocyte-like cells and dead cells. The graft is surrounded imme-

diate!J’by fibrous tissue, and outside of it by a large callus. Beneath the periosteum 

there is cartilage tissue, at the eel広esof which enchondral ossification proceeds. 

Host-bone ; Around the host-bone, abundant cancellous bone develops. In larger 
parts of the host-bone osteocytes are normal. Marrow cavities of the host-bone 
are also normal. 

4FR (fibula, right). Fresh, homograft (right sid<:!) on the 19th day. Roentge-

nographical findings : Spicula-formation is demonstrated between the host-bone and 
fragment. Around the graft-and host-bone, distinct callus develops. Microscopi-

cal findings: Graft; Nearly one half of the graft is destructed and all osteocytes 

are absorbed. Some haversian canals contain connective tissue and leucocytes. And 

along the canals erosion of bone proceeds. Around the destructed graft, there is 

a massive callus, in the center of which cartilage tissue is observed. Numerous 

osteoclasts are also present. Host-bone; Massive cancellous bones have developed 

around the host-bone. Osteocytes are not absorbed. Haversian canals and marrow 
cavities are of normal appearance. 

担ニ.！＿5 Skull and仙 ulaon the 7th day after transplantation, All autografts, 
)::>oiled on left side and fresh on right. 
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15SL (skull, left). Boiled autograft (left side) on the 7th、，day. Roentgeno・
graphical findings : Drill holes and cut lines are distinct. Graft is not absorbed. 
Microscopical findings: Graft; Approximation is good. Gaps between the graft-
and host-bone are filled with connective tissue. The pericranium is attached c1ose-
ly to the surface of the graft and in some parts shows some osteogenic activity. 
Meninx is taken off. In the marrow cavities no element is alive, except at the 
ope~1 ends. Haversian canals contain living cell elements. Osteocytes are rec9gni-
zable・ in all lacunae, but they are poorly stained. The:< have disappeared・ in some 
areぉ nearthe cut ends. Host-bone; Pericranium shows no osteogenic activity. 
On the contrary meninx becomes thicker and forms new bone surrounding ・the 
host-bone. Osteocytes are seen in all lacunae except near the cut end. Marrow 
cavities have normal appearances. 
15SR (skull, right). Fresh autograft (right side) on the 7th day. Roentgeno-
graphical findings : Drill holes and cut lines are clearly recogni11,able. Absorption 
of the graft has not begun. Microscopical findings: Graft; Adaptation is good. 
Gaps between the graft-and host-bone are 自lledwith dense connective tissue. 
Osteogenic activity of pericranium is not seen. On the contrary, meninx becomes 
thicker and forms cancellous new bone around the graft. Marrow cavities have 
dense fibrous tissue. Some haversian canals contain living elements, while others 
contain dead elements. Osteocytes are present near the surfaces, but in the deeper 
layer all osteocytes are kw.t. Host-bone ; Both meninx and pericranium form 
massive cancellous bone日 oneach surface of the host-bone. Osteocytes are present, 
but lacunae near the cut ends are vacant. 
lSFL (fibula, left). Boiled autograft (left side) on the 7th day. Roentgeno-
graphical findings : Adaptation is good. Cut lines are distinct. Absorption of the 
graft is not seen. lVIicroscopical findings : Graft ; Gaps between the graft-and 
host-bone are filled with connective tissue. Osteocytes are recognizable in all micro-
scopic fields, but somewhat poorly stained by haemato幻 lin. The marrow cavities 
contain dead elements. No evidence of absorption of the graft. Haversian canals 
have also dead elements. Host-bone; Periosteal osteogenic activit~· is seen. Callus 
radiates from the surface of the h9st『bone. One islet of cartilage tissue is present 
near the periosteum. 
15FR （白bula,right). Fresh autograft (right side) on the 7th day. Roentge-
nographical findings : Adaptation is good at one end of the graft, but・ bad at 
another end. Microscopical白ldings:Graft; Gaps between the host-bone and graft 
are. filled with fibrous tissue. Periosteal osteogenic activity is intense and newly 
formed cancellous bones surround the graft: In outer la vers of these new bones 
there is cartilage tissue. The marrow cavities are normal. Som~. haversian canals 
have living elements, but others have dead ones. Majority of lacunae -are empty. 
The enlargement of haversian canals is distinct. Host-bone; Newly formed bone 
surrounds the graft. Osteocytes are recognizable in all microscopic fields ex関pt
those near the cut ends. The marrow cavities are normal. 
No. 2 Skull and fibula on the 12th day after transplantation, All autograft, 
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可ふI

boiled on left sid~隊約1d fresh on right. 
2SL (skull, left). Boiled, autograft (left side) on the 12th day. Roentgenolo-

gical findings : Drill hQles are clearly seen, but cJet lines are not distfrict. Absorp-

tion of the graft i!' not :apparent. Microscopical findings: Graft; Approximation 

is good. In the g~s between the graft-and host-bone, there are many new bones. 
Pericranium and nieninx show no osteogenic activity. There is dead tissue in 

marrow cavities, into which connective tissue i~ invading from the open ends. 

Haversian canals have nothing alive. In the gap邑betweenthe hose恥neand graft, 
some blue-stained,,homogenous ma8ses （“bone wax”） are present. Ost€0cytes are 
recognizable in nearly a half of the microscopic fields, but they are poorly st弓ined. 
Host-bone; In some part near the cut ends the host-bone has vacant lacunae. 

Around the host-bene, there is no osteogenetic activity. Contents of marrow cavities 
are normal. 

2SR (skull, right). Fresh, autograft (right side) on the 12th day. Roentgeno-

graphical findings : Drill holes are distinct, but cut lines are not so distinct. Absor-
ption of the graft is not apparent. Microscopical findings: Graft; Approximation 

is not good. Osteocytes are recognizable in a few parts, but missing in larger 

parts. PericranitJ,m and meninx do not show any osteogenic activity. Contents 

of haversian canals and rparrow cavities are all living cells. Host-bone; There are 

some dead are部 nearthe cut ends. Meninx forms massive callus, but pericranium 

does not. Clots of “bone wax”are surrounded bγfibrou日 tissue.
2FL （白bula,left). Boiled, autograft (left side) on the 12th day. Roentgeno・
graphical findings: Approximation is good. Callus is not visible. Absorption of 

the graft is not apparent. Microscopical findings: Osteocyte日 arerecognizable in 

all lacunae, but poorly stained. Haver日iancanals have a few leucocytes. Contents 

of marrow cavities are dead. Osteogenic activity is not seen. Host-bone; There 

are small dead parts in the host-bone, which is surrounded by newly produced 
cancellous bones. 

2FR (fibula, right). Fresh, autograft (right side) on the 12th daγ. Roentge-

nographical findings: One cut line is visible, but others are indistinct('・ Absorption 

of the graft is not apparent. Microscopical .find.ings : Graft ; In the superficial 
layer of the cortex osteooytes are seen, but in the inner layers they have dis-

appeared. Haversian canals have elements alive. Fibrous tissue invad田 intothe 

marrow cavities. The graft is encapsulated by loose connective tissue. Osteogenic 

activity is not evident. Host-bone; Near the cut ends,・ there are some dead parts. 

Marrow cavities are of normal appearance. Ne:wly formed cancellous bone are 
attached to the surface of the host-bone. 

笠二..！＿ Skull on the 17th day and fibula on the 12th day after transplantation. 
All autografts, boiled on left side and fresh on right. 

1SL (skull, left). Boiled autograft (left side) on the 17th day. Roentgenogra-

phical findings : Drill holes and cut lines are recognizable, but indistinct. Graft is 

not absorbed. Micrm:copical findings: Graft; Approximation is good. In .the 

rniddte Qf the ~raft runs a fra<;ture line. Two gaps are filled with connectiv~ 



BOILED BONE GRAFT 125 

tissue, and one of them hasβslender bridge of new bo:ne. Osteogenic activity of 
the pericranium is absent. .pn the contrary, meninx forms new bone which pro-
liferates onto the surface of the graft. Into the marrow cavities of the graft, 

connective tissue invades, bpt“creeping substitution" has not been completed. 
Osteocytes are recognizable in all microscopic fields, but poorly stained. Host-bone ; 

Abundant callus is attached to the bone surface. In some small par包 nearthe cut 

ends, osteocytes are lost. Marrow cavities and haversian canals have normal 

contents. 

ISR (skull, right). Fresh autograft (right side) on the 17th day. Roentgeno-

logical findings : Drill holes are recognizable but somewhat indistinct. Cut lines are 

vague. Microscopical findings (Fig. 21, 22) : Adaptation is very good. Graft and 

host同boneare connected with new bone. Pericranium ・does not evidently produce 

bone, though the surface of the graft is a little erodeq. On the contrary, meninx 

thickens and forms new bones which proliferate onto the surface of the graft. 

There is no cartilage tiss'Ue. Connective tissue invades into marrow cavities. Nearly 

all haversian canals have elements alive. In the superficial layer of the skull 
ost回 cytesare seen, but in other parts they have disappeared. In some of the 

marrow cavities，“creeping substitution”is going on. Host-bone ; Pericranium and 
meninx produce abundant new bone around the graft. Cavities in new bone tra-

beculae are filled with loose connective tissue, looking like bone marrows. Osteocytes 

near the cut ends are lost. Marrow cavities and haversian canals have normal 

con.1;ents. 

IFL (fibula, left). Boiled autograft (left side) on the 12th day. Roentgeno皿

graphical findings: Adaptation is bad. Callus is not formed around the graft-bone. 

A small quantity of callus is found around the surface of the host-bone. Microsco-

pical findings: Graft; Periosteum does not show osteogenic activity. The surface 

of the graft is not eroded. Osteocytes are visible, but stained poorly. Contents of 
the marrow cavities and haversian canals are dead. Host-bone ; Periosteum forms 

callus. Osteocytes disappear in small parts near the cut ends, where the bone is 

eroded and replaced by dense fibrous tisse. 
IFR (fibula, right). Fresh autograft (right side) on the 12th day. Roentgeno-

logical findings : Adaptation is good. Callus is present. Graft is not yet absorbed. 

Microscopical findings : Graft ; Gaps between the host-bone and graft are filled 
with connective tissue. Periosteum forms cancellous bone which is deposited on the 

surface of the graft. The surface of the graft and haversian canals are eroded 

and partially replaced by dense connective tissue. Contents of marrow cavities are 

homogeneous and dead. Some osteoc：）ァtesremain in the superficial la~℃r of the 

graft. Host-bone ; Around the surface of the host-bone, there a陀 largecancellous 

bones. On the outside of this bone, there is cartilage tissu.e. Near the end of the 

host-bone, some osteocytes are lost. Marrow cavities have normal content. 

COMMENT 

i. The mode of the healin[J of a boiled bone graft. BARTH stated that the 
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graft bone once died out and then was replaced by new hア formedbone from the 
host bed. This is a principle acceptable with some exceptions in transplantation 

of bone in general. A number of experiments and clinical exper色ncesin this 
line have been reported:'-'$) RecentlyγCAMPBELL14J proved this principle by experi-

ments using various bones. Also my experiments, show that not only boiled bone 
grafts, but also fresh ones, heal though the process of substitution of bone tissue. 

2. Is there ωゅdifferencein the final outcome between boiled and fresh bo仰
grafts, and also between auto-and homografts? It is generally accepted that a 

fresh autograft is the best material for transplantation, and a boiled bone is less 
suitable. However, I can not find any experimental work in literature, in which 

the fate of a boiled bone graft was followed up and compared with that of a 
fresh bone graft in the course of one vear. This has been done in my experiments. 

The results of my long-term observation show some di仔erencebetween fresh and 
boiled grafts, but little between homo-and autografts. In general, the bony sub-

stitution of a boiled bone graft is poorer than that of a fresh bone graft (Fig. I 

～8). This difference is observed more markedly in the skull than in the fibula. 

In addition, two of the skull grafts in my experiments underwent mild infection 

and were partially lost b~· absorption, but largely revitalized. Thus a boiled bone 
graft may be of practical use, as YAMAKI") formerly stated. 

3. Does the observation during one少earshow the final result ? It is said that, 
in animal experiment日， ittakes for the complete transformation of a graft bone a 
period of time from three month日 toone ~·ear after transplantation.16l＇ηIn this 
experiment it has been evidenced that after one year absorption and regeneration 
of bone are no longer actively going on, i. e. the reparation of bone is in the sta-

tionary states. Thus it may be supposed that the dead parts in our specimens 
will no further be repaired. 

4. Does osseous union between the graft-and host-bo仰Etake place ? Fluorosco-
pically perfect osseous union is uniformly observed in every 白bula (Fig. 9, 12). 

The skull, on the contrary, sometimes shows osseous union, but other times does 

not. It seems that occurrence of osseous union is related not to the kind of the 

graft bone used, but rather to the individuality of an experimental animal. Thus 

the osseous union is observed almost equally in each pair of roentgenograms of the 

skull (Fig. 10). It is well known that in man fracture lines, drill holes and saw-
ing lines of the skull remain open for a long time. Some surgeons consider that 

osseous union of the skull never occurs in humans.川 Accordingto EGGERS’experi圃
ment，＇町 skullflaps of rats never heal by osseous union without be¥ng compressed 

continually against the edge of the host-bone. In my experiments, however, osseous 
union has occurred frequently and intense!Y. 

5. Is the rate, with which a graft bone is incorporated, different according to 

the h仰dof the graft done? Various graft bones are incorporated almost in the 
same manner, but the rate of the incorporation is not the same.uJ~o）~，）~＂J This fact 

is clearly observed in a series of roentgenograms of fibula which have been taken 

~ver1' month (Fig. 11). The boiled 13"raft bone is definite!}' slower in process of 
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incorporation than the fresh graft bone. 
6. Disappeara幻ceand reαppearance of osteocytes in the boiled graft. After boil-

ing, the bone tissue preserves the stainability so well, that microscopically it is not 

easy to differentiate the boiled bone from the fresh one. However when a boiled 

bone is transplanted into a host, osteocytes are stained gradually worse, though 

identifiable up to 12 days after transplantation. On the contrary, osteocytes of a 

fresh graft are absorbed more rapidly and lacunae become empty as early as on 

the 7th day after transplantation. In other words osteocytes of a boiled bone graft 
disappeai・ more slowly than those of a fresh bone graft. This fact has already 

been noticed by PHEMISTER,'7) who states that dead osteocytes are liquefied by fer-

ment and absorbed, and when a graft bone is boiled, the protein of cells is coagu-

lated by heating, and b巴comesmore resistible to fermen七. I also found that the 

absorption of a fresh graft bone took place earlier and more conspicuously than 

that of a boiled bone (Fig. 13～20). 

The absorption of a graft bone progresses along the surface, haversian canals 

and marrow cavities, and the new formation of bone follmvs along them. This 

phenomenon is a typical creeping substitution. As the result of observations in the 

course of one year, it is concluded that the absorption and replacement of a fresh 

graft bone are not onl.＼’ more rapid but also more exhaustive than those of a boiled 

bone, and that therefore a fresh bone graft is more favorable for transplantation. 
Nowadays a refrigerated bone graft is widely used in Europe and America. The 

purpose of this procedure is not to keep the cells of the graft bone alive, but to 

maintain their chemico-physical property “fresh”.＂3J Reverse is the 0RELL’s idea of 
“Os purum”．叫“Ospurum”is a b:me which is deprived of all organic substances by 
the action of chemicals and heat, in order to be easily invaded by tissue elements 
of the host. But the absorption of “Os purum”seems to be delayed. 
7. Appeara仰ceof cαrtilage tissue in the newly for med bone・ Nocartilage 

tissue is seen in specimens after one year. But in earlier stages after transplanta-
tion, cartilage tissue is observed in fibula, (Fig. 17～20), but not in skull (Fig. 21, 

22). p』王EMI号TER17)and BwcK"'J reported the same fact. Embryologicallyア thebone 

of cranial vault is produced by means of intramembranous ossification (namely 

direct transformation of fibrous tissue into osseous). On the contrary, long bones 

are produced by means of enchondral ossification. Accordingly the appearance of 

cartilage tissue in fibula and non-appearance in skull perhaps mean the di古erence
of embryological development. 

8. Attitude of hos.t-bone. In early stages after transplantation, there are 

found near the cut edges considerably large areas, in which osteocytes disappear 

and lacunae are empty. Later, ''cre2pi11g substitution" takes place in some of 

these areas. Even after one year the host・bone contains some dead parts near 

the cut edges of skull. This phenomenon has been recognized by PHEMISTER17〕and

REYNOLDs,26) and suggests that osteocytes are so sensitive to injury that even in a 

fresh autograft osteoc.¥・tes once die out, being finally replaced b.¥・ regenerated ones. 

9. Has meninx osteogenic ability ? BLOCK吋 statesthat pericranium, cndosteum 
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and meninx have osteogenic ability, and amongst these three the most active one 

i~ meninx. In early stage after transplantation in my experiment, large network明

like new bones are pr吋 ucedby meninx and attached to the surfaces of the graft-
and host-bone. (Fig. 21, 22). This fact evidently indicates the osteogenic ability 

of meninx. And at the same time, more or less pectinate new bones are produced 

by pericranium. Thus osteogenic process takes place probably both in pericranium 

and meninx. 
10. “Bone wax＂. “Bone wax”clot is not absorbed even after one year and is 
surrounded by fibrous tissue, as is silk thread, showing白brousincorporation. “Bone 
wax”may be regarded as a relatively inert substance. Because of the fact, that 
no cells can invade“bone wax”clot, a mass of wax used at operation must in旬r-
fere with the union between the graft司 andhost-bone. 

11. Ca何回texpect the good heal問gof a boiled bo仰 graftin humαns ? 
As compared with the experiments of other researchers,27J2iJ the present experiments 

have shown the very good incorporation of a boiled graft. Although I do not 
know the true reason why such excellent results have been obtained, following con-
ditions may have to be taken into consideration: (1) younger dogs were used~ (2) 
skull flaps were smaller as compared with those in case of human craniotomy, and 
(3) periosteum of fibula was always kept intact. 

SUMMARY 

In dogs I have made some experiments of bone transplantation. The fate of 
a boiled bone graft has been compared with that of a fresh bone graft in fibula 
or in skull. The results of the experiments are summar包edas follows. 
1) Both boiled and fresh bone grafts show osseous incorporation in fibula and 
句 acertain degree in skull one year after transplantation. 
2) Fibula (after one year) : In both boiled and fresh bone grafts osseous 
union between the graft-and host-bone is so complete that even the roentgenogram 
can not reveal the grafted bone. However microscopically some dead parts are 
remaining which are larger in a boiled bone graft than in a fresh bone grafL 
3) Skull (after one year) : Osseous union between the graft-and host-bone 
is not complete so that the site of transplantation can be easily recognized by 
roentgenogram. In a fresh bone graft revitalized parts are large and dead parts 
are small, being scattered like islets in the graft. In a boiled bone graft revitalized 
parts are smaller. 
4) One year after transplantation, ostcogenic process is no longer actively going 
on in both fibula and skull. This fact shows that the transformation of bone has 
already stopped. 
5) Transformation of a fresh bone graft begins and stops earli巴rthan that of 
a boiled bone graft. 
6) Osteocytes of all bone grafts disaiipear in early stage. And oste;;icytes of a 
boiled bone graft disappear日lowerthan those of a fresh bone graft. 
7) In the com問。flion.¥' tran日formation,cartilage tissue appem・sin抗bula,but 
never in skull. 

8) Not on!:> 111cni11x lrnt also pericraniurn haγe the osteogenic abilitv. 

9） “Bone ¥1’ax”is not abrnrbcd, but nrnains there日unoundcd by fibrous tissue. 
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2 

Fig. 1 Experiment No. 16. Skull, boiled homo- Fig・. 2 A part of the graft-bone (4 in Fig. 1) 

graft. 379 days after transplantation. (1) Graft- is enlarged （× 55). (1) Viable osteocytes ar 

bone. (2) Host-bone. (3) Meninx. (4) Enlarged in present around the margins of haversian canals 

Fig. 2. There is no osseous union b号tweenthe and marrow cavities. (2) Old bone in which la司
graft-and host-bone. cunae are empty. (3) Marrow cavity contains 
Fig. 1-8: the same animal. fibrous tissue. (4) fat marrow. 

2 

3 

Fig・. 3 Experiment No. 16. Skull, fresh auto-

graft. 379 days after transplantation. (1) Graft-
bone. (2) Host-bone. (3) Meninx. (4) Enlarged in 

Fig. 4. There is no osseous union between the 
graft-and host-bone. 

Fig・. 4 A part of the graft bone (4 in Fig. 3〕
is enlarged ( x 55 l. (1) Viable osteocytes. (2) 

Remnants of the old graft-bone are seen like 
islets. 
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ι 

Fig・. 5 Experiment ~o- 16. Fibula, boiled homo-

graft. 376 days after transplantation. Osseous 

union between the graft-and host聞boneis com-

plete so that the fibula shows the normal con-
figuratian. 

ー一

Fig. 7 Experiment No. 16. [Fibula, ・fresh auto-

graft. 376 days after transplantation. Osseous 

union between the graft-and host-bone is com-

plete. Fibula shows the normal configuration. 
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千三五

Fig・. 6 A part of fibula (between the two aト

rows in Fig. 5) is enlarged. (1) There is a con-
siderably large part, in which lacunae are 

empty. (2) Viable osteocytes are present around 

haversian canals. 

• e’ ..〆， ， ， ， 
. －・ ..
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Fig. 8 A part of th~ graft between the two 
arrows in Fig. 7) is enlarged ( x 55). (1) Here 

is a small part, in which lacunae are empty. In 
other parts, viable osteocytes are seen. 
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3 

Fig・. 13 Experiment No. 4. Skull, boiled homo-

graft. 37 days after transplantation. (1) Graft-

bone. (2) Host・ bone. (3) New bone above meninx. 

(4) Enlarged in Fig. 14. 

Fig. 13 -20 : the same animal. 

4 

inx. (4) New bone above meninx. 

Fig. 16 A part of Fig. 15 (rectangle) is 

enlarged. Ill Graft-bone is heavily absorbed. (2) 

Pericranium. (3) Meninx. (4) Osteoclasts. 

‘.... ・-
.. .;1,・J 

J ‘’ －－、．、’.......
~ .... ＇・ 一 ・－
も伊 ； ~－~~~－－.，
・~ ....、＝

Fig・. 14 A part of Fig-. 13 i41 is enlarged ( x 
l:iOJ. (1) Graft bone in which osteocytes are 
absorbed. (2) New’ly formed lamellae in the wall 

of a marrow cavity. (3) Marrow cavity. 
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5 
Fig・. 17 Experiment ¥:o. 4. Fibula, boiled homo-

graft. 19 days after transplantation. (1) Graft-
bone. (2) Callus. (3) Cartila空e.(4) Host-bone. 15) 
Enlarged in Fig. 18. 

Fig. 18 A part of Fig. 17 I乃）is enlarged t× 
551. (1) One end of the graft-bone. (2) New bone ー＋

formed by enchondral ossification. 131 Cartila邑・e
tissue. 

1 5 
3 

4 
Fig・. 19 Experiment ¥:o.』.Fibula, fresh homograft. 19 ~ 
days after transplantation. II) Graft-bone is heaYily ab-
sorbed. 121 Callus. はICartilage tissue. (4) Host-bon.e. (5) 
Enlarged in Fig. 20. 

Fig・. 20 A part in Fig. 19 (5) is enlarg・・ed( x5S＇.い Graft-
bone is hca、• ily absorbed. r:?I New bone for111引Ihv encho-
ndral ossification. 131 Cartilag・" tissue. → 





Fig・. 9 Roentgenograms of removed fibu1as. Near1y one 

year after transp1antation. 

L(1eft side) R(right side〕

upper row boiled homograft fresh autograft 

middle row boi1ed homograft fresh homograft 

lower row boiled autograft fresh autograft 

All fibulas appear nearly normal. 

Fig. 10 Roentgenograms of excised sku11s. Nearly one 

year after transplantation. 

L(1eft side) R(right side) 

upper row boiled homograft fresh autograft 

middle row boiled homograft fresh homograft 

1ower row boiled autograft fresh autograft 





Fig・. 11 Experiment No. 20. Roentgenographical tracings 

of grafted fibulas. Left side, boiled autograft, and right 

side, fresh autograft. (11 Immediately, (2) 30days, 

1::;1 73 days, 141 100 days, (5) 120days, (6) 352 days 

after transplantation respectively. 

Fig・12 Roentgenograms of excised skulls and removed 
fibulas. Lr left日ide)boiled, R(right side) fresh graft. 

left right 

1¥Zo. 15 Sk. 7 days Fib. 7 days Autogr. Autogr. 

No. 1 Sk. 17 days Fib.12 days Autogr. Autogr. 

No. 2 Sk. 12 days Fib.12 days Autogr. Autogr. 

No. 4 Sk. 37 days Fib.19 days Homogr. Homogr. 

No. 5 Sk. 45 days Fib. 34 days Homogr. Autogr. 
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Fig・. 21 Experiment '¥o. l. Skull, fresh autograft. 17 days aft告rtrans-

plantation. iJ I Graft-bone. (2) Host-bone. (3) '.¥le＼＼’ bone between meninx and 
host bone. (4) Pectinate new bone from pericranium. (5) New bone con-
necting the graft-and host-bone. 1fj1 Enlarged in Fig. 22. 

Fig・. 22 A part of Fig. 21 16) is enlarged ( x 55). 11) Graft-bone, its 

lacunae are empty. (2) '.¥Jetwork-like new bone, probably produced by 

meninx 18¥ which~is remarkably thickened. 

135 
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江本修治

煮沸骨と新鮮骨を同一犬の頭蓋骨と JY~骨とに移植し ない．これに反して移値煮沸骨では死滅斑が大きし

て1年後の状態を比較観察した． 骨表面，ハーパース管p 髄mo等の周囲にて小範囲に限
1. 排骨p 頭蓋骨共に l年後には改造行程は終止状 り改造されているものが多い．

態にあった． 4. 1年後の標本では自家新鮮骨と同種新鮮骨の間

2. 1年後の排骨：新鮮骨，煮沸骨共に改造著しく には顕著な差異がなく，又自家煮沸骨と同種煮沸骨の

骨住癒合を営みp 肉限的にもレントゲン学的にも移植 聞にも著しい差は認められなかりた．

個所の不明なものが多かった．組織学的にも骨細胞， 5. 移宿新鮮骨自身の改造は移植煮沸骨の改造より

ハーパース管等は正常の状態にあるが，死滅骨小体が 早期に起り且つ早く完結する．

集合して斑状をなす部分がある．この骨苑滅斑は改造 6. 骨細胞はすべての移植骨に於て一度消失する

されずに残った移植骨の部分であるがp 煮沸骨の死滅 が，新鮮骨の骨細胞消失は煮沸骨のそれよりも早期に

斑は新鮮骨のそれより大きい． 起る．

3. 1年後の頭蓋骨：新鮮骨，煮沸骨共に部分的骨 7. 頭蓋骨の骨新生には頭蓋骨膜と脳硬膜が関与す

癒合の程度のものが多く，レントゲン写真によると移 る．

植訴はすべての標本に於て明瞭であった．組織学的に 8. 骨新生に際してはp 排骨には軟骨組織の出現を

見ると移植新鮮骨では広範囲に亘って新骨を以て置換 みるが，頭蓋骨には出現しない．

されており，小さい死滅斑が島状に残っているに過ぎ


