
FROM THE ORTHOPAEDIC CLINIC OF T H E  KAROLINSKA 
INSTITUT, STOCKHOLM (PROFESSOR PATRIK HAGLUNDt)  

( F .  WAHLQREN, M.L.) 
RADIOLOGICSL DEPARTMENT ( N .  WE'STERMARK, M.D.) 

FROM ST.  GdRANS SJUKHUS:  PATHOLOGICAL DEPARTMENT 

O N  D E F E C T S  AND PSEUDARTHROSES O F  

TRANSPLANTATION I N  GROWING RABBITS 
T H E  BONY BRIDGE FOLLOWING PARASPINAL BONE 

BY 

G. ODELBERG - JOHNSON, M.D. 

I n  an earlier work, "011 defects iii the bone-graft after 
Albee's operation for tuberculous spoiidylitis", tlie author has 
described defects of the autoplastic bone-graft fixed in tlie 
spinous processes or of the new-formed bony bridge that has 
Peplaced it. These defects are situated either at the level of the 
tuberculous destruction of the vertebral body-in some cases 
they are level with the asis of inflexion-or a t  the level of an 
uninjured iiitervertebral coiiiiectioii peripheral to the affected 
vertebral body. The author considered these bone defects to be 
produced by strains froiii bending and tension thrown at the 
level of the axes of spinal motion upon the bony bridge formed 
by the graft and callus. The defects are described as "acute or 
insiduous fractures arisen as a result of stress on the graft 
beyond its strength, whether momentary, prolonged or  steadily 
repeated." 

Five cases of graft-defects were histologically studied 2 
weeks, G months, 6 months, 1 2  months and 15 months respec- 
tively after the defect had arisen. In  the 2-weeks case the defect 
appeared on the sections as a crack through the bony bridge, 
which here consists of nucleus-stained bone. The crack is filled 
with a blood clot, enclosing small bony fragments. Nearest tlie 
crack, bone-corpuscles are absent within a narrow area, the 
lacunae being empty. The bone also exhibits signs of active 
lacunar absorption, the fibrous bone marrow has begun to grow 
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from the medullary Rpaces into the blood clot of the defects. In 
the 6 to 15 months’ defects the diastasis between the bone frag- 
ments is filled with cartilage or cartilaginoid tissue, a couple 
of cases presenting the picture of a tjpical pseudarthrosis. 

Pig. 1. 

Boy aged 8. Frozen section. StaIn: Htxeosin. (X 130). 
To the top left byaline cartilage with calcifled matrix. The cartilagenuclei 
have proliferated and are arranged in columns. At the OBB~OUS junctlon 
the marrow spaces, whlch are fllled wlth fibrous marrow and vessels, are 
open towards the cartilage. They are surrounded by ban& and trabeculae 
of apparently new-formed bone. Some trabeculae enclose calcified car- 
tllage-remnante. 

(From the author’s work : On Defects in the bowgrults, etc). 

This is the case in a specimen from a boy aged eight years with 
a graft-defect about six months old. The space between the bone 
fragments is in this case filled with typically hyaline cartilage, 
traversed in the centre by a cavity. On both sides of the defect 
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the cell-nuclei of the cartilage are arranged in columns directed 
towards the line of ossification. At the osteochondral junction 
there is on one side a new growth of enchondral bone in profuse 
quantity, the picture resembling the zone of ossification a t  an 
epiphyseal line. (Fig. 1). On the otper side endochondral ossifica- 
tion seems to have been scarce. Provided the new bone is not im- 
mediately absorbed, an endochondral ossificatioii of this bind 
in the longitudinal direction of the bony bridge must involve 
B growth in its length. Considerable quantities of cartilage also 
occur in other investigated defects from adult persons. Here, 
too, the cartilage-nuclei show a columnar arrangement towards 
the line of ossification, where small areas of new-formed endo- 
chondral bone appear. - A girl aged 8 years, who ten months 
earlier had underione an Albee operation for tuberculous 
spondylitis, exhibited signs of “gi-aft-fracture”, and a fresh 
operation was accordingly undertaken ( H .  T.Trnldenstro,m). It 
was then found that the lower point of the bony bridge had 
become detached from its seat in a spinous process. The resected 
tip of the bridge proved to consist of nucleus-stained bone, the 
tip itself being ensheathed with hyaline cartilage. The cartilage 
immediately adjoining the line of ossification was calcified, the 
nuclei presented columnar formation towards the osseous junc- 
tion. The marrow spaces in the osteochondral junction contained 
fibrous marrow and were surrounded by strata and trabeculae 
of irregular, new-formed bone. The bony trabeculae at a greater 
distance from the cartilage contained pale remnants of cartilage 
matrix. (Fig. 2 ) .  

Ollier points out that an auto- or homo-plastic bone-graft 
covered with periosteum can heal into a bone defect with re- 
tained vitality, but that a graft which has been stripped of its 
periosteum and endosteum is absorbed. Under favourable con- 
ditions dead bone inserted in a bone defect may heal in. A graft 
of this kind is successively absorbed, to be replaced by new- 
formed living bone. Up to the present this view has been endor- 
sed by numerous observers, mainly on the basis of macroscopical 
studies (MacEwen, Hey-Groves, Albee, etc.). On the strength 
of exhaustive microscopical investigations Ban% claims that 
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Fig. 2. 
Girl aged 8. Stain : Htx-eosin. (X  75). 

Hyaline cartilage to the right, nucleus-stained bone to the left at top. 
The cartilage-nuclei nearest the osseous jnnction show signs of prolifera- 
tion with columnar arrangement. In and close to the line of ossification 
irregular bony trabeculne with enclosed pale cartilage-remnants are 
present. 

transplanted bone always undergoes necrosis, that in spite of 
the necrosis the transplants can heal into a bone defect, that 
they are then gradually absorbed and replaced by new bone. 
I n  his original publication he stated tha t  the periosteum and 
endosteuni of the inlaid graft are of no importance for the 
regeneration of the bony tissue, an opinion that he modified 
later. On the basis of microscopical investigatioiis numei'ous 
obserrers have subsequently arrived a t  results similar t o  
Bnrth's. Thus Bull, Josselin dc Jon,g and Eijknmz van cler Kemp, 
Lericlte and Policurd, Lexer, Orell, Inzbeq-t and others contend 
that an autoplastic bone graft can heal into a bone defect 
without difficulty. During the process the periosteuni and endos- 

... 
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teuni cau retain their vitality to some extent. Almost the whole 
of the osseous substance becomes iiecrotic, oiily very small super- 
ficial portions of bone being able, uiider favourable coiiditions 
of circulation, t !  survive the transplantation. The regeneration 
of bone takes place from surviving periosteuni aiid endosteum 
as well as froiii the living “osseous bed”. BIaiiy research wor- 
kers maintain that the bone-cells of the graft are able to retain 
their staining ability to some estent for a long time after 
the traasplantatioii, but that this fact does iiot afford ally proof 
of the vitality of the bony tissue. Kowzezo, on the strength of a 
large iiuiiiber of grafting experiments, asserts that aftei- trans- 
plantation tlie osseous substance clegeiierates, which is also 
uiimistaliably evident from his account and illustrations. This 
clegeiieratioii, wlii ch manifests itself by the diiniiiished staining 
power of the bone-corpuscles, is iiiost pronounced in the super- 
ficial parts of the graft. The boiie-marrow simultaneously shows 
wide-spread degeneratiou and, especially in the larger medullary 
cavities, iiecrotic disintegration. Under favourable circulatory 
and static conditions, however, considerable portions of the bone 
of the graft are  thought to be capable of retaining their vitality 
and of “recovering”. I n  my opinion, the latter assuinption does 
not rest on sufficient eviclence. 

According to Havers all parts of the bony tissue of the 
skeletoii take part in the loiigitudinal growth, this so-called 
iiiterstitial growth of bone being considered the normal form 
of skeletal growth. As against this, Hunter conteiids that tlie 
skeletal bones grow only by bone-apposition at the surface aiid 
by eiiclochoiidral bone formation at the epiphyseal lines. Xornew, 
who associates himself with Havers’s theory, considers that  tub- 
ular bones of the skeletoii grow “mittels interstitieller Auswach- 
sung der Kiiochensubstanz der Diaphysen selbst”. The chief 
function of epiphyseal cartilage is thought to be stimulation 
and control of the growth. He bases this opinion on numerous 
experiments on growing animals. Thus, in a large number of 
cases, he made traiisverse resections of the ulna or fibula. I n  
some cases, the consequent defects were filled up with auto- 
plastic grafts, in other cases they were left open. He applied 
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wire riiigs around the resection-stumps as well as around the 
grafts. In  some cases wire rings were placed around an uiiinjured 
fibula or ulna. During the process of growth Iiornezo observed 
that the distances between the wire Yings increased, this being 
so in the resectioii esperiments as well as in the esperiments 
on uiiinjurecl tubular bones. In  my opinion Iior*neu;'s resection 
esperiinents are too complicatecl to justify the di-awing of geiie- 
ral coiiclusioiis regarding the esisteuce of interstitial osseous 
growth. In control experiments 011 undamaged tubular bones, 
the rings seem in a couple of cases to have moved aloiig the 
bone, in one of the esperiments tlie two parallel bones had fused 
together. Nor do I consider these experiments as evicleiice of 
the occiirrence of interstitial bone growth. In  esperimental in- 
vestigations on the loiigitudinal growth of the tubular bones in  
growing animals Digby ,  SilfocrskiXld as well as Bisgud  and 
Bisgard were unable to find signs of iiitersitial growth. On the 
other hand, tlie epiphyseal growth had beeii so regular that  cer- 
tain laws could be set up. Silfcei*skioZd is of opinion that the 
wire riiigs in Ko172e2ds esperiments had moved along the shafts 
of tlie tubular bones, am1 he is inclined to see in this a n  ex- 
planation of the divergence between Kormm's and his own 
results. In  soiiie cases this explanation no doubt suffices, in 
others, probably, other factors had been contributai-y. After 
Albee operations and after paraspinal transplantations of bone 
on growing clogs and rabbits, Iiomezo observed in several cases 
a longitudinal growth of the paraspinal bone-bridge, the distance 
between the wire rings fixed on the graft having in a couple of 
cases increased during growth. One o r  two published radio- 
graphs from such experimental animals show defects and lines 
of rarefaction through the bony bridge. NzLssbaunz has carried 
out paraspinal bone-grafting with Hcizle's techni'que on a iium- 
ber of youiig dogs. In  one of the cases he found that the bony 
bridge had grown four centimetres in length in six years. A t  the 
lei7el of the intervertebral discs the bridge had four defects, filled 
with fibro-cartilage. Such cartilagefilled defects in bone grafts 
or  in bone bridges formed around grafts, having ad t i m e s  the 
clmracter of actual pseezidai-t hvoses, have been described in the 
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literature. Anioiig others TV. Muller has described a cartilage- 
filled defect of this kind in a bone-bridge in  a young rabbit, the 
defect preseiitiiig : “eine auffallei1de Xlinlichkeit mit cler Ver- 
knocherungszone einer Epiphysenlinie”. 

With the object of throwing some light on these conditions 
and, more especially, of inquiring into the possibilities of bone- 
growth in defects and pseudarthroses in paraspinal bone-grafts 
and bone-bridges, the author has carried out a iiuinber of aiiiinal 
experiments. On eleven half-grown rabbits autoplastic bone 
grafts were iniplaiited paraspinally, in the furrow between the 
spinous processes and the articular processes of one side, on the 
periosteum-stripped vertebral arches. The implantations were 
made in the thoracolumbar region with pieces taken from the 
ulna, radius or rib, after these pieces liad been stripped of their 
fibrous periosteum. Most of the grafts were furnished with a 
metal mark at each end. The operations mere carried out  during 
the period 17/9-10/10, 1934, on ten Pabbits, which on the 15/9, 
1934, had a weight of 1000 gin. A supplementary experiment 
was carried out  in the spring of 1936. The operations were 
performed wider anaesthesia with 6-10 C.C. of 10 % urethane 
solution injected mbcutaneously, some animals receiviiig in ad- 
dition a couple of drops of ether on a mask. After the operation 
the animals were allowed to  move freely, so that  grafts and  
callous tissues were exposed to mechanical stresses of various 
kinds from the outset. I n  rabbits 34, 31 and 32, two grafts from 
the longitudinally split diaphysis of the radius were implanted, 
in rabbit I11 whole diaphyses of the radius and ulna were trans- 
ferred. Rabbit 38 received two grafts from a longitudinally 
split rib, rabbits 35 and 39 two whole ribs, rabbits 37, 5, 
21 and 29 several costal-bone grafts of different lengths. The 
rabbits were killed 28-117 days after the operation. They were 
examined clinically, radiologically and patho-anatomically, and  
rabbits 34, 31, 32, 38, 35, 37, 21, 29 and I11 were submitted to  
more o r  less extensive histological examinations. The radio- 
graphs, (1) ventro-dorsal (V-D), (2) dorso-ventral (D-V), (3) 
side views (S), were all taken with the spine parallel to  the 
film. The focus-film distance was 100 em, except i n  the case 
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of rabbit 111, in which it was 230 cm. The maximum distance 
measured from spinous process to film for side views was 5 cm. 

The object of the present experiments has been to study 
possibly arising defects in the paraspinal bone bridge and to 
establish and measure any growth that may take place in tlie 
length of this bridge. 

The vertebrae of the rabbit have a relatively thick body in 
the cranio-caudal direction ; tlie intervertebral discs are fairly 
thin. The articular processes are large and powerful, extend far 
dorsally, and have an apopliysis a t  their tip. I n  tlie thoracic 
region the spinous processes are long and slender, pro jecting 
caudo-dorsally; in the lumbar region they are short, point 
straight dorsally and are situated in tlie cranial part  of the 
arch. 

Rabbit 34. 

Operation 17/9, 1934: Esmarch on right foreleg. Extirpation 
of a fully 20-mm-long portion of the radial diaphysis from the 
proximal epiphysis downward. The removed bone was split 
longitudinally into two strips, 20 and 23 mm long respectively. 
The neural arches of four vertebrae in the thoraco-lumbar regioii 
were exposed and stripped of periosteuni to the right of the 
midline. The transplants were placed in line in the groove be- 
tween the spinous processes and the articular processes of the 
right side, the short transplant cranially. They were fixed with 
catgut sutures : cutaneous suture. A postoperative paresis ap- 
peared in the right foreleg. S/10: Paresis gone; healing by first 
intention. 22/10 : Muscles of operation area still contracted. 

X-ray examination 28/9, 34: S: A graft 20 mm long extends 
from upper part of sp. pr. Th. X to interv. space Th. XI-XII, 
another 24 mm long from this point to middle of body of L I, 
total length 43 mm. Contours of grafts sharply defined, calcium 
content good. Re-examinations 15/10, 29/10 and 12/11 showed 
contours of grafts to be blurred and surrounded by still denser 
callus shadows. Diastasis between the grafts, no bone defects 
visible. 23/11, 34: The rabbit, which has grown considerably, 
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is healthy and moves without restraint. I t  was killed G‘i  days 
after the operation. 

X-ray: S, exteiisioii: Irregular bony bridge from sp. pr. of 
Tli S to a point 3 u r n  below sp. pr. of L I. A narrow line of 
rarefaction a t  level of interv. space Th. XI-XII, a t  the site 
of tlie junction between the grafts. The bony bridge is 4s mm 
long. S, flesioii: the entire back forms an even arch, iiari-ow 
line of mrefaction level to the interv. space Th. S-XI. 

The removed specimeii of spine comprises Th. IS t o  and 
iiiclucling half L 11. To the right of the midline a powerful 
bony bridge extends from the sp. pi-. of TI1 S to  L I, including 
sp. pi’. and articular processes of the right side. The vertebrae 
within this area show distinct intervertebral mobility on flexion 
and extension. These movements are accompanied by small dis- 
placements of the bony bridge at the level of the interv. spaces 
Th S-XI, XI-XI1 and Tli SII-L I. These mobile par ts  to- 
gether with the corresponding neural arches were excised for 
histological examination. 

Specimen excision a comprises the bony bridge at the level 
of the interv. space Th X-XI. The caudal surface of the section 
shows a narrow band of cartilage with a small ceiitral lumen, 
mainly running in the sagittal direction. Specimen excision 71 
comprises the portion a t  tlie level of tlie interv. disc between 
T h  XI-XII, test excision c the portion at the level of the disc 
Th XII-L I. Here, tlie cranial surface of the section shows, at 
tlie midline, the transversely cut  graft united to  tlie surrounding 
bone. The caudal surface of the specimen corresponds to  the 
upper par t  of L I. The graft here lies far dorsally, is surrounded 
by cartilage and is mobile a s  against tlie sp. pi’. of L I. All of 
the specimen excisions were embedded in paraffin, stained with 
Htx-eosine, Weigert’s htx-van Gieson a s  well as Haasen’s stain- 
ing. Specimen excision a was cut  frontally, b and c sagittally. 

All three specimen excisions show portions of nucleus-stainecl 
camellous bone alternating with cliondral and chondroid tissue. 
Larger or  smaller uon-nucleated osseous areas with lamellated 
structure, in all probability graft-reninants, are present in  all 
the specimens, some embedded in nucleus-stained spongy bone, 
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Fig.  s. 
Rabbit 34. Stain: Htx-eosin. ( X  17). 

To the left a non-nucleated graft-remnant with irregular nucleus-stained 
deposits. A cartilage-lined fissure.in the centre. The deeper layers of the 
articular cartilage show calcification and proliferation of the cartilage- 
nuclei ; irregular new-formed trabeculae of bone are seen at the osteo- 
chondral junction. 

some surrounded by cartilage and connective tissue. Several of 
the sections are traversed by irregular rimae lined with hyaline 
cartilage or richly nucleated connective tissue, some of them 
being typical joint-spaces and doubtless corresponding to  inter- 
vertebral joints. At the borcler of the nucleus-stained bone t h e  
cartilage shows calcification and pi*oliferation in several places ; 
at the osteochondral junction trabeculae of osteoid and newly 
formed bone are visible. (Fig. 3). Specimen excision b, cor- 
responding to the diastasis between the grafts, shows cranially 
a rather large portion of cancellous bone enclosing small graft- 
remnants. This portion is separated by a transverse band of 
connective tissue from a sniall patch of caudally located caii- 
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cellous bone.' Within the caudal portion of boiie is a largish 
non-nucleated part  with an abrupt craiiial limit to the con- 
nective tissue. Its Haversian canals contain fibrous marrow 
.and are surrounded by narrow bands of stained bone-cells. This 
osseous 'part probably corresponds to the cranial tip of the 
caudal graft. 

Rabbit  31. 
Operatioii 21/9, 34 : Extirpation of diaphysis of riglit radius, 

during which the ulna was fractured. The extirpated bone was 
split longitudiiially and the parts implanted paraspinally on 
five vertebral arches. Cranial graft 31.5 nim, a metal pin in its 
upper end. (I) Caudal graft 37 mm, a pin in its lower end. (11), 
no diastasis between the grafts. 

22/10 : I-Ieaiiiig by first intention. Right foreleg demarcated 
.and fell off, stump healed. Field of operation in the back mobile. 

X-ray 28/9: S: Upper graft extends from sp. pr. of Th VI I I  
to upper part of Th XII, lower one from upper edge of Th XI1 
to sp. pr. of L 11. Total length of grafts 65 nim, distaiice between 
metal-pin indicators 54.5 mm. Body of L 11, 17.5 mm. Grafts 
intact. (Fig. 4). 

F i g .  4. 
R. 31. Radiograph 28/9,34, S : Two radius-transplants paraspinally, with 
:metal indicators at cranial and caudal ends. 

X-ray exam. 15/10, 29/10 and 12/11: Graft contours blurred, 
increasingly dense callus-masses, indicators in same places. 
Lines of rarefaction at level of interv. discs. 23/11/34: The rab- 
:bit, which moved freely, was killed, 63 days after the operation. 
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Fig.  5 A.  
R. 31. Radiogr. 23/11,34. S. extension: Paraspinal bony bridge Th 
IX-L 11. At level of interv. discs Th X-XI, Th XI-XI1 and T h  XII-L I 
rarefactions surrounded on dorsal side by deposits. 

X-rays, S, extension: Bony bridge between sp. pi’. of Th 
VIII-L I1 broke11 by rarefactions a t  level of interv. spaces 
Th X-XI, XI-XII, Th XII-L I as well as cranially to ~ p .  pi’. 
of L 11. Length of bridge SO mm, distance between indicators 
63 mm, L 11’s body 19 mm. (Fig. 5A). S, flexion : The back forms 
an even arch, with mobility between all the fixed vertebrae; 
diastases, with dorsal deposits, a t  site of rarefactions. (Fig. 5B). 

The removed specimen comprises caudal part of Th V I I  to 
and including L 11. To the left of the middle line, and  including 
spiiious processes and articular processes of left side of Th IX- 
L 11, there extends a bony bridge varying in width from 5 to 
10 mix When the specimen is flexed or extended, the vertebrae 
shift in relation to one another, some slight movements being 
also observed in the bony bridge a t  the level of all the inter- 
vertebral discs. A superficial frontal section above the spinous 
process of L I1 shows that the bony bridge is here traversed by 
a V-shaped band of cartilage, with its tip caudally and with a 
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Fig.  5 B. 

within the fixed area. 
R. 31. Radiogr. 233/11,34, S, flexion: Good flexibility of the spine 

narrow fissure centrally. The ci-anial part of the band of car- 
tilage corresponds to the iiitervertebral joints L I-L 11. The 
fissure widens when the specimen is flexed, narrows when it 
is stretched. 

Specimen excision a, the bony bridge and arch of Th X. Pa- 
raffin embedding, frontal sections : Staining : Htx-eosin and 
Hansen’s stain. 

The sections further dorsally strike the sp. pi’. of Th X and 
the tip of Th XI’S right upper articular process with i ts  apo- 
physeal cartilage. At the site of the left upper articular process 
of Th X I  there is a considerable area of cancellous bone, like- 
wise with apophyseal cartilage. Medial to this, stretching to- 
wards Th X’s spinous process, lie elongated lamellar, non- 
nucleated osseous bundles, surrounded by connective tissue. 
Their Haversiaii canals contain fibrous marrow and are  sur- 
rounded by a narrow concentric layer of bone with stained 
nuclei. A round defect with metallic precipitation is seen at the 
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cranial eiid of these graft-remnants. (Ind. I). More ventrally in  
the sectioiis the graft-remnants have vanished, both the lower 
articular processes of Th X caii be seen. 

Specimeii excisioii b coniprises tlie bony briclge aiid tlie left 
par t  of Th XI’S arch. Bedding ancl staining the same as  in  a, 
sagittal sections. The specimeii coiisists of irregular patches of 
cancellous bone with inyeloicl marrow and adipose inarrow. I n  
the tissue lie dark, non-nucleated iiiasses, surrounded by niacro- 
nuclear cells, (catgut reniiiaiits?). The cancellous areas are  
separated by fasciculi of connective tissue, cartilagiiioid tissue, 
aiid typical hyaline cartilage. Here, too, a re  rimae aiid typical 
articular spaces. I n  one section a sniall graft-fragment is seen. 

Specimen excisioii c : Bedding, sectioning-direction aiid stain- 
ing the same as  in b. The sectioiis comprise the left half of the 
bony bridge. The dorsal par t  of the specimen is traversed by 
a n  oblique, macroscopically visible defect. Microscopically, the 
sectioiis show irregular caiicellous areas, separated by coiisider- 
able masses of hyaliiie cartilage and coniiective tissue. Here aiid 
there irregular cavities appear. I n  a couple of places a cavity 
is borderecl by nucleus-stainecl bone with an  irregular and rag- 
ged contour. Some of the bone-lacunae nearest the contour a r e  
empty, in the cavity small noii-nucleated bone-spicules are seen. 
(Fig. 6 ) .  Small graft-fragments also occur. Both the 11011- 

nucleated aiid the iincleatecl bone exhibits signs of lacuiiar 
absorption with Howship’s lacunae and osteoclasts. 

Rabbi t  32. 

Operation 21/9,34 : Estirpatioii of diaphysis of 1-ight radius. 
This was split longitudinally, aiicl tlie strips were placed in  
line yaraspinally to the left of the arches of six vertebrae, their 
ends being markecl by metal pins. Length of cranial graf t  40 mm, 
of caudal 44 m n .  - 22/10: Healecl by first intention, back a’c- 
tively and passively mobile. 

X-ray 28/9, S: The upper graft extends from sp. pr. of Th 
I X  to sp. pr. of L I ;  on a level with upper part of T h  XI1 is 
a line of rarefaction (fracture during preparation). The lower 
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Fig.  6 .  
R. 31. Stain: Htr-eosin. ( X  45). 

Furthest to  the right a graft-remnant, in a Haversian space fibrous 
n i a r r o ~ .  To the left an irregular area of bone containing stained nuclei 
and bordering on a n  oblique cavity. The bone-contour of the cavity is 
ragged and uneven, a number of bone-lacunae adjoining the contour are 
empty. 

transplaiit estends from middle of L I to sp. pi’. of L IV. Line 
of rarefaction a t  middle of L 11. Between the traiisplants is a 
diastasis 0.5 nini broad. The total length of the grafts is 82 mm, 
L 11’s bod? 15.5 mm. Radiographs 15/20, 29/10 and 12/11: 
Grafts surrounded by still denser callus masses, their contours 
blurrecl. Fracture of upper transplant consolidated (15/10), a 
defect has developed a t  site of lower fracture. The break between 
the grafts does not appear on radiogram 12/11. 

The rabbit was killed on 23/11, 63 days after the operation. 
X-ray; S, extension: Between sp. pr. of Th X and L IV a 

95-mm.loiig bony bridge, with lines of rarefaction a t  level of 
interv. discs Tli X-XI, XI-XII, Th XII-L I and L I-L 11. 
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A broad defect a t  level of L 11’s body, the lower par t  of the 
bridge shows no break, extends to sp. pr. L IV. L 11’s body 19 
mni. S ,  flesion: Spine curved in an even arch. Defect at L I1 
wider, sp. pr. of L IV displaced towards the bony bridge as 
compared with position in extension view. 

The specimen taken comprises the lower part of Th VIII  to 
aiid iiicluding the upper part of L 111. To the left of the mid- 

Fig. 7. 
R. 32. Specimen taken from spine. The dark-coloured bone is traversed 
by a number of light bands of cartilage. The oblique cartilage-band be- 
tween Th X and XI has a central, fissure-like cavity. No cavities appear 
in the irregular cartilage portions Th SI-XII,  Th XII-L I and L 1-11. 

line, including spinous processes and articular processes of the 
left side, there stretches a bony bridge 3-9 mm wide. The verte- 
brae are mobile against one another, in the bony bridge there 
are mobile defects at the level of the intervertebral spaces. A 
superficial frontal section of the bridge shows a series of irregu- 
lar cartilaginous bands traversing the bridge in a transverse or 
oblique direction. (Fig. 7) .  At the level of the intervertebral 
space Th X-XI the bridge is 5 mm broad ; it is here traversed 
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by a 3-1iiin-wide baud of cartilage iwiiiiiig in direction cranially 
left to caudally right and containing centrally a liarrow fissure. 
At  the level of the intervertebral space Th XI-XI1 the bridge 

Fig. 8. 
R. 32a. Stain: Htx-eosin. ( X  11). 

Frontal section of bony bridge at  level of interv. disc Th XI-XII. The 
osseous portion to left corresponds to Th XII’s left upper art. process 
with apophysis and calcified apophyseal cartilage. The Y-shaped cartilage- 
band shows varying degrees of calcification and contains a narrow cavity 
in its left, cranial part. Furthest caudally and to the left Is a largish 
.graft-remnant, to the right and cranial to the centre smaller ones. 
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is 10 mni broad. From the upper edge of the left upper articular 
process of Th XI1 there runs, almost transversely, a band of 
cartilage that broadeiis towards the right and has a fissure- 
like cavity in its left part. At the level of the intervertebral 
space Tli XII-L I there is a 3-mm-wide strip of cartilage with 
a central fissure taking directioii from L 1’s left upper articular 
process caudally to the right. From the upper par t  of L 11’s 
left upper articular process runs a strip of cartilage with a 
small cavity obliquely caudally to the right. The site of the 
cliastasis between the two grafts is filled up with solid bone. 

Specimen excision a comprises the cartilaginous band at the 
level of the intervertebral disc Th XI-XII. Celloidin embed- 
ding, frontal sections, staining : Htx-eosin, Weigert’s htx-van 
Gieson. (Fig. 8). At the site of the left upper articular pro- 
cess of Th XII, all the sections show a large area of nucleus- 
stained spongy bone with myeIoid marrow and with band-shaped 
apophyseal cartilage and, laterally, an apophysis. This osseous 
area is caudally united with the bony bridge. Obliquely through 
the specimen caudally to the right, runs ail irregular, Y-shaped 
band of cartilage surrounding a number of cavities, the largest 
cranially to the left. The cartilaginous band consists partly of 
large-celled hyaline cartilage, partly of small-celled cartilage 
with transition to fibro-cartilage, partly of portious resembliiig 
coniiective tissue. Sonie of the cavities are lined with cartilage 
arranged parallel to the surface. The cartilage exhibits calcifi- 
cation of varying clegrees at the border against nucleus-stained 
bone, in the calcified areas the cartilage-nuclei show signs of 
active proliferation with columnar arrangement towards the 
line of ossification. (Fig. 9). The medullary spaces nearest the 
cartilage junction contain fibrous marrow and are open towards 
the cartilage. They are surrounded by thick, irregular trabeculae 
of bone with bands of osteoid and new-formed bone. Some of 
the trabeculae enclose cartilage-remnants. The quantity of new 
bone formation seems to vary at different parts of the osteo- 
chondral junctibn, and is largest crauially and caudally. Cra- 
nially, at the midline and enclosed on both sides by cartilage, 
lies a small patch of cancellous bone with stained nuclei. I n  i ts  

Acta orthopaedica, Vol. X, 1. 12 
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Fig.  9. 
R. 32 a. Stain : Htx-eosin. ( X  150). 

Proliferated cartilage-noclei arranged in columns. In the line of ossifica- 
tion the marrow-spaces, which contain fibrous marrow, open towards the 
cartilage and are surrounded by bands of bone. 

centre, narrow bundles of non-nucleated lamellated bone aye to  
be seen. Caudally to the strip of cartilage lies a patch of lion- 
nucleated, lamellated bone; far over to the right are small lion- 
nucleated osseous areas enclosed in nucleus-stained spongy 
bone. The non-nucleated portioiis show irregular deposits of re- 
cently formed bony trabeculae containing numerous deeply stain- 
ed corpuscles ; around their Haversian canals nari'ow concentric 
rings of nucleated bone are present. The canals themselves 
are empty or contain fibrous marrow. The various graft-remn- 
ants do not correspond in structure, their Haversian canals 
running in different directions. Around small vessels in the 
cartilage narrow bands of nucleus-stained osseous tissue call 
be seen in a couple of places, (Fig. 10). The contour of the non- 
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nucleated as well as the nucleated bone is pitted in several 
places with Howship’s lacunae, which contain typical osteo- 
clasts. To the right, lateral to the cranial part  of the bony 
bridge, the tip of Th XII’s right upper articular process may 
be seen in deeper sections. 

Specimen excision b comprises the bony bridge at the level 

Fig.  10. 

R. 32 a. Stain: Htx-eosin. (X 150). 
To right non-nucleated graft-bone, upwards and to left cartilage. Some 
vessels, surrounded by narrow hands of young, richly-nrrcleated bone, are 
seen in the central part in the cartilage. 

of the intervertebral disc of Th XII-T I. Paraffin embedding, 
frontal sections, staining: Htx-eosin, Weigert’s hts-van Gieson, 
Hansen’s staining. In  the sections furthest doi-sally there is 
seen a broad area of nucleated camellous bone cranially and 
another one caudally. Between these, immediately cranial to 
the left upper articular process of L I, a broad strip of cartilage 
runs right through the bone-bridge, with a wide cavity centrally 
that is bordered on Both sides with connective tissue membranes 

12. 
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resembling capsular ligament. The cartilage is of hyaline type; 
along the walls of the cavity its nuclei are arranged parallel to 
the surface. The cancellous bone is irregular, its marrow mainly 

Fig.  11. 

Frontal section of bony bridge at level of interv. disc Th XII-L I. The 
bony bridge is traversed by an oblique, cartilagelined fissure, demarcated 
to the sides by a connective tissue capsule. Marked calcification of the 
cartilage, especially to the left of midline. In the central part of the bony 
bridge there are elongated graft-remnants, directly connected with sup- 
rounding nucleus-stained bone. The grafts extend into the cartilage-lined 
cavity. To the right Th XII-L 1% right interv. joint. 

R. 32 b. Stain: Htx-eosin. ( X  8). 

myeloid, being fibroui only nearest the cartilage, Further ven- 
trally on the section there appear, cranially and caudally, pale 
elongated strips of lamellated bone with empty lacunae. These 
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Fig. 18. 
R. 32 b. Staining : Hansen’s. (X  45). 

To the left cartilage, to the right new-formed bone. In deeper parts of 
cartilage proliferation with nuclei arranged in columns. Medullary spaces 
filled with vessels and open towards the cartilage are seen in the zone 
of ossification. The marrow spaces are surrounded by irregular bony 
trabeculae, enclosing pale cartilage-remnants. 

strips are enclosed in and fusecl with the spongy bone through 
irregular, nucleus-stained bony trabeculae. (Fig. 11). The Haver- 
sian canals of the lamellated bone are partially surrounded by 
concentric rings of nucleus-stained bone. Some are empty, others 
contain vessels and fibrous marrow. The non-nucleated osseous 
parts stretch on both sides as far as the cartilage cavity. Their 
free contours are covered with .cartilage that has its nuclei 
arranged parallel to the bone contour. The non-nucleated bone, 
covered on one side with nucleus-stained bony bands and bor- 
dered on the other side by the cartilage, extends a point into 
the central cavity; outsicle its contour, in  the cavity, lie small 
fragments of bone. At the interspace between bone and cartilage 
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Fig. IS. 
R. 32b. Staining: Hansen’s. ( X  85). 

Estending from the right towards the centre is a non-nucleated graft- 
remnant that runs out into a point surrounded by cartilage. Small bone- 
fragments lie outside this bony point. Above and below the non-nucleated 
bone, directly connected with the latter, are seen considerable areas of 
nucleus-stained bone with enclosed vessel-bearing cavities. Active endo- 
chondral ossification is in progress in the interspace between nucleated 
bone and cartilage, no reaction in the interspace between non-nucleated 
bone and non-vascular cartilage. 

there are no signs of reaction and new bone formation. (Fig. 13). 
Around the small vessels present here and there in the cartilage 
and in the osteochondral junction thin osseous bands are seen, 
which partly cover the non-nucleated bone. At the interspace 
between these bands and the cartilage the new-growth of endo- 
chondral bone seems to be lively. (Fig. 14). The cartilage at 
the boundary of the nucleus-stained bone shows calcification of 
varying degrees, the cartilage-nuclei present, both cranially and 
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F i g .  14. 

Graft-tip projecting into the central cavity. Fibrous marrow and vessels 
in one of the longitudinally-cut canals of the non-nucleated bone. Upwards 
to  the left, directly connected with the non-nucleated bone, is a layer of 
nucleus-stained bone with vessel-bearing marrow spaces centrally as well 
as on the border against the cartilage furthest upward. T h e  cartilage 
shows a new-formed osseous band in the interspace towards the me- 
dullary space. 

R. 32b. Staining: ,Hartsen’s. (x 200). 

caudally, signs of proliferation with columnar arrangement. The 
marrow spaces of the cancellous bone are open towards the 
cartilage. They are filled with fibrous inarrow and lined with 
osteoblasts, and are surrounded by bands and trabeculae of 
osteoid aiid new-formed bone enclosing pale remnants of cartil- 
age basement substance. (Fig. 12). In  the sections further ven- 
trally the right intervertebral joints Th XII-L I can be seen. 

Speciiiien escision G comprises the bony bridge caudally to b 
and the cartilaginous band a t  the level of the intervertebral disc 
L 1-11. Celloidiii embedding, frontal sections, Staining : Htx- 
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eosin, Weigert’s htx-van Gieson. The sections show, cranially, a 
narrow portion resembling a tubular bone and, caudally, a broad- 
er portion that includes L 11’s left upper articular process and 
the cartilaginous band cranial to this. (Fig. 15). The right upper 

Fig.  15. 
R. 32c. Stain:  Htx-eosin. ( X  10). 

Frontal section through bony bridge at level of interv. disc L 1-11. Above, 
a narrow bony bridge, to the right mark left by indicator 3 ( the  cranial 
one in lower graf t ) .  The cartilage-band at  level of interv. disc L 1-11 is 
Y-shaped, shows calcification of varying degrees and encloses small graft- 
remnants. To the left is L 11’s left upper articular process, fused with 
the bony bridge. 

articular process of L I1 is seen to be free of the bony bridge. 
The “tubular bone” corresponds to the site of the intermediate 
space between the transplants, and shows a thin cortex with 
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lamellated structure and narrow Haversian canals ; the medul- 
lary cavity contains inyeloid marrow traversed by solitary liar- 
row trabeculae of cancellous bone. In the right periphery the 
craiiial metal mark of the caudal transplant call be recognized. 
On the inner side of the cortex of the right side and fused with 
i t  are narron-, elongated graft-remnants, visible on all sections 
all through past the metal indicator. Further caudally, tlie graft- 
remnants lie more to the left, but the structure has the same 
direction all through and therefore tlie site of the original inter- 
mediate space between the transplants cannot be exactly deter- 
mined. This space is now entirely filled up with bone. The broad 
caudal osseous part consists of cancellous bone a t  the site of 
L 11’s left upper articular process as well as of a small area of 
spongy boiie furthest caudally in the specimen. From the upper 
edge of the above-mentioned articular process to the right con- 
tour of the specimen, at  the level of the right articular process, 
runs an irregular Y-shaped band of cartilage with a couple of 
iiarrow cavities centrally. Cartilaginous tissue of different types 
occur in the band, deeply stained collagenic fasciculi appear in 
some parts, tissue of the connective tissue type in other parts- 
Towards the line of ossification the cartilage shon7s calcification 
of varying degrees, in many places the cartilage-nuclei exhibit 
signs of proliferation, and in the osteochondral junctioii are 
new-formed trabeculae of osteoid and osseous substance, most 
abundant cranially and caudally in the centse of the specimen- 
A non-nucleated graft-remnant, surrounded and traversecl by 
nucleus-stained deposits, lies caudally in the centre of the baud 
of cartilage. The right upper articular process of L I1 consists, 
in the most dorsal sections, of apophyseal cartilage, in deeper 
sections, of cancellous bone with a layer of cartilage laterally ; 
lively formation of new bone is observed in the osteochondral 
junction. 

Ra.bbit 38. 

Operation 3/10,34 : Extirpation of the tenth right rib. It 
was split longitudinally, and the traiisplants were inserted para- 
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spinally to the right of the midline. Upper transplant 25 mm, 
lower 36 mm. 22/10: Free mobility in the field of operation. 

X-rays 15/10,34: S: Upper transplant from sp. pr. of Th XI1 
to  upper par t  of L 11, lower from upper par t  of L I1 to sp. pr. 
of L IV. Contours of grafts blurred. The lower transplant shows, 
caudally to sp. pr. of L 111, a line of rarefaction. Total length 
of grafts 64 inm, L 11’s body 17 inin. 

X-rays 29/10, 19/11 and 26/11 show the forination of an 
irregular bony bridge between sp. pr. of Th XII-L IV. On the 
t ip  of the upper articular processes of the lumbar vertebrae a re  
-29/10--~ounded apophyses, separated by a rarefaction from 
the articular processes. On the 12/12,34 the rabbit was killed, 
70 days after the operation. 

X-rays : S : extension : A fully 70-mm-long bony bridge from 
sp. pr. Th XI1 to  L IV free from discernible bone defects. L 11’s 
body lS.5 nun. S ,  flexion: The fixed vertebrae form an even arch. 
A t  the level of the intervertebral space L 11-111 the bone-bridge 
shows an irregular rarefaction. 

The removed specimen comprises Th XI1 t o  and including 
the upper half of L IV. From the sp. pr. of Th  XII, to the right 
of the midline, a bony bridge extends to  the sp. pr. of L IV. 
It is thin and narrow at the lower par t  of Th XI1 and L I, broad 
and stout as  from the sp.pr. of L 11, fused with the right upper 
articular process of L 111. There is mobility between all the 
vertebrae of the specimen ; movements can be detected in the 
bony bridge at the level of the intervertebral discs Th XII-L I, 
L 1-11, L 11-111 and L 111-IV; the movable parts a re  dorsal- 
ly  covered with a compact connective tissue membrane. A super- 
ficial frontal section shows, at the level of the intervertebral 
disc L 11-111, a narrow, irregular strip of cartilage through 
the bridge, in its centre a iiawow cavity, 

Specimen excision a eomprises the bony bridge above the 
lower par t  of L I1 and upper par t  of L I11 along with L 11’s 
and L 111’s free left articular processes. Celloidin embedding, 
frontal sections. Staining: Htx-eosin, Weigert’s htx-van Gieson. 
The cranial pa r t  of the bony bridge is fairly narrow, has a thin 
cortex and myeloid marrow. The left upper articular process 
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of L I11 lies free, the riglit one is fused with the caudal part  of 
the bridge and the base of L 111’s spiiious process. Tlie narrow 
cranial part and the broad caudal part of the bony bridge are  
separated by a band of niulticellular tissue that has the cha- 
racter of connective tissue and is traversed by a f issure-like 

Fig.  16. 
R. 36. Stain : Htr-eosin. ( X  17). 

Frontal section of bony bridge a t  level of interv. disc L 11-111. The  left 
side shows L 111’s right upper articular process and the right inter- 
vertebral articulation L 11-111 with articular cartilage, joint-capsule and 
villi. The cranial par t  of the bony bridge ,terminates in a “bud-like” 
protuberance on the right side. The “joint-cavity” around the  prominence 
seems to communicate with the joint-cavity of the interrertebral joint. 

cavity. The cranial part shows cancellous bone with deeply stain- 
ed nuclei ; enclosed here and there in this are pale, non-nucleated 
graft-fragments. Tlie cranial bony portion runs caudally out 
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into two rounded “protuberances”, a narrow fungus-shaped one 
on the left side, a bi>oader one on the right. (Fig. 16.) The left 
protuberance contains both fragments of non-nucleated bone 
with signs of lacuiiar absorption aiid multi-nucleated connective 
tissue. The stein coiisists of nucleated aiid lion-nucleated bone 

1 Fig.  17. 
R. 38. Stain: Hts-eosin. ( X  70). 

The protuberance contains nucleated and non-nucleated bone as well a s  
connective tissue very rich in cells. The non-nucleated bone is partly 
divided into fragments. The joint-fissure is lined with connective tissue 
very rich in cells. 

surrounded by connective tissue rich in cells. (Fig. 17.) The 
right protuberance is composed of nucleus-stained bone ; in the 
marrow spaces fibrous marrow and osteoblasts, in the periphery 
signs of new bone formation. The cranial fragment of the bony 
bridge is limited to  the right by the intervertebral-joint space 
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with articular cartilage, villi and capsule. Both tlie “protuberan- 
ces” a re  surrounded by a iiarrow, coiitiiiuous joint-cavity, which 
communicates with the space of the intervertebral joint. Tlie 
joiiit-cavity around tlie protuberances is limi tecl by a many- 
celled substance resembling coniiectire tissue. The caudal bridge- 
fragment is connected with the spinous process aiid the  project- 
ing right upper articular process of L 111, aiicl is composed of 
irregular spongy bone with inyeloid mai-row. Here, too, small 
lion-nucleated graft-remiiaiits can be seen. L 111’s left upper 
articular process consists, in the furthest dorsal part of the 
sections, of a broad strip of cartilage ; caudally aiid craiiially 
to  this is a iiari-ow layer of caiicellous bone, in  deeper sections 
mainly of bone. 

Rabbit  $5. 

Operation 3/10,34 : Extirpation of 10th and 11th sight ribs, 
which were implanted paraspinally, on tlie r ight  side, on 
the arches of six vertebrae. Upper transplant 32 mm long, lower 
35 nim. 22/10: Healed by first iiitentioii, spinal column consider- 
ably immobilized. 12/11 : Spine freely movable, actively and pas- 
sively. 

X-rays 15/10: S: Upper traiisplaiit between sp. pr. of Th IS 
-L I, lower from sp. pr. of L I to middle of L 111. The grafts 
sliow no defects ; they aiae surrounded by thin callus-shadows, 
their aggregate length is 72 iiim. L 11’s body 15 mni. Radio- 
graphs 29/10, 12/11, 36/11, 12/12 show formation of a bony 
bridge between sp. pr. of Th S-L 111. 

The rabbit mas Billed on 14/1,35, 103 days aftep the opera- 
tion. X-rays; s, extension: Bony bridge sp. pr. Th  X-L 111, 
90 mm long. Tlie sp. pr. of Th X free. A t  level of intervertebral 
discs Th XI-XI1 aiid Th XII-L I the dorsal contour of the 
bridge exhibits deep notches. Over L 11’s lower par t  t he  bridge 
is iiot clearly visible. L 11’s body 19 mm. 

The removed specimen comprises the spine from tlie lower 
par t  of Tli IX to the upper part of L IV inclusive. F rom sp. pr. 
of Tli X to Th XII’s lower par t  runs a powerful bony bridge, 
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including tlre articular processes of the right side and the 
spinous processes. On a frontal surface section the cranial part  
of the bony bridge shows a cartilage-lined fissure running obli- 
quely through the bridge, the width of the fissure changing in 
response to movements between Th X and Tlr XI. In the S-mm- 
wide bony bridge a 1-mm-broad strip of cartilage with a central 
luiiien may be seen running from the right cranially to the left 
caudally, a t  the level of the intervertebral disc Th XI-XII. 
To the right of the midline the bridge continues as far as the 
union between TI1 XII-L I, where, a t  the site of the interspace 
between the transplants, it has a 3-nim-broad defect filled with 
connective tissue. Below the defect the bridge continues as a 
4-mm-broad crista between L 1’s spinous process and right ar- 
ticular process, forming a peg-like process that is separated by 
a band of cartilage from L 11’s right upper articular process 
and spinous process. Movements between L I and L I1 give rise 
to narrow articular spaces in the cartilaginous bands. Between 
tlre esteiision of the bony bridge and L 111’s right upper artic- 
ular process there is a similar movable union, although without 
a pronounced fissure in the cartilage. The bony bridge is fully 
SO mm long. 

Specimen excision a comprises the bony bridge with the de- 
fect on a level with the interv. space Th XII-L I. Paraffin 
embedding, frontal sections. Staining: Htx-eosin, Weigert’s htx- 
van Gieson. The sections include a cranial portion of cancellous 
bone above, and a caudal one below the defect. The defect 
consists of a band of cartilage and connective tissue. I n  the 
centre there is  an articular cavity, running from the right cra- 
nially to the left caudally. The cranial portion of bone shows, 
towards the cartilaginous junction, thick, irregular trabeculae. 
Here the Haversian spaces are filled with fibrous marrow. The 
cartilaginous band consists for the major part of hyaline car- 
tilage, which presents varying degrees of calcification. Around 
the medullary vessels growing into the cartilage there a r e  bands 
and trabeculae of osteoid and richly-nucleated bone. To the left 
the cartilage merges into multicellular and very vascular con- 
nective tissue. This tissue has numerous cavities, which do not 



PARASPINAL BONE TRANSPLANTATION 191 

communicate with the articular cavity. Here the bony trabeculae 
pass without sharp demarcation into, connective tissue. The 
caudal bone-fragment comprises the articular process and  its 
apophyseal cartilage. The cancellous bone is irregular, the mar- 
row myeloid. Nowhere in the sections can indubitable graft- 
remnants be identified. Active lacunar absorption is observed 
in the left par t  of the sections. 

Rabb i t  39. 

Operation S/10,34 : Extirpation of 10th and 11th right ribs, 
which were placed paraspinally to the right on six vertebral 
arches. Upper transplant 36 nim long, lower 37.5 mm. The la t ter  
was boiled one minute before the transplantation. 12/11 : Healed 
by first intention, field of operation mobile. 

X-rays 15/10,34: S: Upper graf t  between sp. pii. of Th IX- 
X I 1  34 mm long, presents a somewhat blurrecl contour. Lower 
graft 35 mm long, extends from sp. pr. of Th XI1  to  lower par t  
of L 11, has well-defined contours. L 11’s body 16 mm. Radio- 
graphs 29/10, 12/11, 26/11, 12/19 and 7/1,35 shorn how the 
upper transplant is rebuilt and lion- the lower one remains un- 
changed. 

The rabbit was killed on 14/1,35, 9s claxs after the  operation. 
X-rays : 8, extension : Stout, 40-mm-lOng irregular bony bridge 
covering sp. pr. of Th IX-XII. L 11’s body 19.5 mm. Caudal 
graft 36 mm long, its lower tip a t  level of middle of L 11, its 
contour sharp, shape unchanged. 

The removed specimen comprises Th I X  to ancl iiicluding the 
upper part of L 11. From spinal process of Th IS to tha t  of 
Th X I  extends a stout bridge, including articular processes of 
the right side and the spinous processes aiicl with a maximum 
width of 5 mm. At  the level of the lower par t  of T h  X it is 
traversed, from the right cranially to  the left caudally, by a 
band of cartilage with a narrow, fissure-like lumen centrally. 
Above this point the bridge exhibits no defect. Between T h  X 
and X I  there is good mobility, between Th I X  and  X there is 
none or extremely little. The bridge shows, at the level of the 
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intervertebral disc Th XI-XI,  a 2-mm-broad gap filled with 
connective tissue. Between Th XII’s right upper articular pro- 
cess and spinous process lies a piece of bone 5 mm long. The 
,caudal graft is unchanged in shape, it does not exceed 37 inm in 
length, its caudal tip is soft. The whole graft is movable as 
against the vertebrae. 

Rabbit 37. 

Operation S/10,34 : Extirpation of the 10th and 11th right 
ribs (pneumothoras) . The ribs were divided into 5-mm-long 
pieces and these were implanted one behind the other paraspin- 
ally on tlie right side. 24/10 (16 days after the operation) : Swell- 
ing and fixation in the field of operation. I ts  lower part  was 
laid open: Beneath the skin masses of fibrin; to tlie right of 
the spinous processes a large, firin mass of callus. Extirpation 
-of caudal part of callus: The excised specimen consists of firm 
callus with an  embedded rib-transplant that has undergone but 
little change. 

The rabbit was Billed on 5/11, 28 days after the operation. 
S-rays 15/10 and 22/10, 8: A series of short grafts, surrounded 
by callus. X-rays 5/11, S : Dlurred, irregular bone-shadow to  the 
dorsal side of the bodies of Th IX-L 11; no graft discernible. 

The removed specimen comprises Th VIII-L 11. The spinous 
process of Th V I I I  is free ; from Th IX’s arch downward there 
is a fairly soft callus to the right of the midline. The spinous 
processes of Th S-L I-which were extirpated on 24/10--are 
missing. 

Histological examination : Specimen excision 24/10 : Paraf- 
fin embedding. Staining : Htx-eosin, Hansen’s staining. The sec- 
tions present, longitudinally and obliquely cut, elongated por- 
tions of bone with lamellated structure and mostly empty la- 
cunae, in all probability rib-grafts. Their Haversian canals ai’e 
filled with red blood cells and pale, non-nucleated masses d x d -  
.ded by numerous leucocytes or by fibrous bone marrow. I n  the 
medullary cavity of the rib lie aggregations of red blood corpusc- 
les and non-nucleated substance containing solitary leucocytes 
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Fig.  18. 
R. 37. Specimen excision 16 days af ter  the operation. 

Staining : Hansen’s. (X  45). 
At the  top to the left is a non-nucleated graft-remnant with nucleus- 
stained deposit. In the centre large-celled cartilage, merging into very 
vascular osteoid tissue. Above to the right irregular trabeculne of spongy 
bone enclosing remnants of cartilage. 

and round cells. From adjacent soft parts a very vascular tissxe 
resembling fibrous bone marrow is growing into the medullary 
cavity of the grafts. The graft-remnants are surrounded by cal- 
lus-tissue of varying types, irregular, very vascular caucellous 
bone, liyaline cartilage, and connective tissue. (Fig. IS.) The 
trabeculae of camellous bone have coalesced with the graft- 
remnants. The hyaline cartilage occurs in large rounded masses, 
its nuclei to some extent shorn columnar arrangement. Other 
callus-parts have the character of connective tissue rich in ves- 
sels and partly undergoing transformation into fibrous car- 
tilage. The callus-tissue shows haemorrhages here and there. 
Sections from the postmortem specimen, embedded and stained 

Acts orthopsedlca. Vol. X, 1. 13 
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Fig. 19. 
R. 37. Post-mortem specimen 28 days after operation. 

Staining : Hansen's. (X  17). 
Rib-transplant below to the right. Invading its medullary cavity from 
above is a tissue very rich in cells resembling connective tissue. TO the 
left is hyaline cartilage, enclosed on both sides by spongy-bone trabeculae. 

in the same way, show transplant and callus of almost the same 
appearance as  the specimen excision 12 days earlier. (Fig. 19.) 
The callus-tissue contains more bone. The new growth of cancel- 
lous bone forms an  irregular network with numerous large cor- 
puscles ; i ts  Haversiaii spaces contain fibrous marrow. The 
cartilage-nuclei in general present a columnar arrangement, here 
and there the connective tissue exhibits transitions to osteoid 
tissue and bone. 

Rabbit 5. 

Operation 10/10,34 : Extirpation of 11th and 12th right ribs. 
These were divided into four transplants, which were implanted 
paraspinally to the right on five vertebral arches, four spinous 
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processes being cut through a t  their bases. The transplants were 
14, 15, 10 and 12.5 mm respectively in length. The lowest was 
boiled before insertion. 22/10 : Healed by first intention, field 
of operation fixed, swollen. 

X-rays, S: The three uppermost grafts shorn slightly blurred 
contours and somewhat reduced calcium content, the lowest has 
a well-defined contour and unchanged calcium content. The cut 
spinous processes lie free, parts of them dorsal t o  the grafts, 
which extend from the upper part of Th XI1 to the middle of 
L IV. The total length of the grafts is 72 mm, of the three upper- 
most 54 mm. L 11’s body 1’7 mm. 

Radiographs 5/11, 26/11, 12/12, 1934, and 7/1, 1935, show 
that grafts 1-111 are surrounded by callus and undergoing 
reconstruction into a bony bridge. Graft IV shows successive 
reduction in the calcium content and a somewhat blurred con- 
tour, but is not surrounded like the others by callus. 

The rabbit was killed on 4/2,35, 117 clays after the opera- 
tion ; the spine showed normal passive mobility. 

X-rays, S ; extension: From middle of Th XI1 to  middle of 
L I11 a 62-mm-long, irregular bony bridge, thick cranially, thin 
caudally. Irregular rarefactions a t  the level of the interv. discs. 
Graft IV lies as a thin shadow dorsal to L IV. L 11’s body 
19 mm. 

The extracted specimen comprises Th X-I, V. Th XII’s 
spinal process is powerful. From here there extends a thick bony 
bridge caudally, covering the spinous processes a n d  articular 
processes of the right side to and including L 111. On a level 
with the interv. cliscs Th XII-L I and L 11-111 the bridge is 
traversed by broad bands of cartilage, a t  the level of the interv. 
disc L 1-11 by a narrow, cartilage-lined, Vshaped fissure with 
its point directed caudally. This fissure increases in  width on 
flexion of the specimen. Graft I V  was not united with the spinal 
colunin and was removed with the soft parts, 

Rabbit 29. 

Operation 10/10,34 : Extirpation of the 10th and 11th right 
ribs, one of which was divided into three pieces. The transplants 

13’ 
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were iinplaiited paraspinally, the whole rib caudally, 011 five 
vertebral arches, the corresponding spinous processes being ciit 
through at  their bases. Tlie ends of the transplants were Air- 
dshed with metal pins. 

22/10: Healed by first intention. Considerable fisation a t  
the site of operation. 

X-ray, S:  Grafts esteiid froin body of Th S to lower edge 
of L 11; their total length ‘iG mm; contours somewhat blurred. 
L 11’s body 17 mm 

Radiographs 5/11, 26/11, 13/12, 1934, and 7/1, 1935, show 
progressive reconstruction of the bony bridge. 

The rabbit was killed on 14/1,35, 96 days after the operation. 
At this time the spinal column was freely mobile, actively nntl 
passively. 

X-ray ; S, extension : Irregular bone-shadows are seen, dorsal- 
ly to the arches of Th S-XII, on the site of the grafts. From 
L 1’s spinous process caudally, a t  the site of the grafts, there 
appears a broad, iiaregular bone-shadow with two dorsal pro- 
cesses separated froni L 11’s arch by a rarefaction. The total 
length of the bony bridge is 82 mm. 

The extracted specimen comprises Th IS up to and including 
L 111. In its upper part, to the right of the midline, lies a power- 
ful bony bridge, fused with the right upper articular and the 
spinous processes of Th X, X I  and XII. The bridge is separated 
from Th IX’s spinous process by a sagittal strip of cartilage 
containing a central fissure. The slight movements possible be- 
tweeii Th I X  and X cause the width of the fissure to vary. At 
the level of the intervertebral disc Th X-XI the bony bridge 
shows a break that allows movements between these vertebrae ; 
at the level of the disc Th XI-XI1 it has a similar wide break. 
A narrow, irregular bony bridge runs caudally from the right 
aspect of Th XII’s spinous process, but free of the latter. It is 
firmly united to  the right surfaces of L 1’s and L 11’s spinous 
process as well as L 1’s arch and right upper articular process, 
and runs out into a point above L 111’s spinous process. Th XI1 
and L I are movable against each other, as are also L I and L 11. 
Movements hetween L I and L I1 disclose that the bone-bridge 
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Fig .  $0. 
R. 29. I, section 85. Staining: Weigert’s hts-van Gieson. (X  17). 

Frontal section through upiier end of bony briclge. Below is the upper 
tip of graft I with the round defect left by indicator 1. The graft-remnant 
is corered by nucleus-stained spongy bone. Above is a broad irregular 
band of hyaline cartilage, traversed by a central fissure. 

is fixed t o  L I and in its entirety movable as against the ar- 
ticular process and arch of L 11. 

The arches were sawn off the vertebral column, divided into 
three parts, embedded in celJoidin, and cut serially into frontal 
sections. Staining: Htx-eosin and Weigert’s htx-van Gieson. 

Sunzwmy of the histologicul examination: Specimen I com- 
prises the arches of Th IX, S and XI as well as the t ip  
of Th XII’s upper articular process. The plane of section 
is chiefly frontal with a slight inclination to the right. That 
part of the bony bridge which is attached to Th X’s right upper 
articular process and arch encloses remnants of graft  I. In- 
dicator 1 is located medially in Th X’s right upper articular 
process, indicator 2 in the bone-bridge corresponding to the 
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lower part  of Th X’s arch. (Fig. 20. Fig. 21). Around and be- 
tween the indicators are lion-nucleated remiiaiits of graft I. The 
bony bridge is separated from Th IX’s lower articular process 
and arch by a broad, irregular, longitudinal band of cartilage 

Fig.  21. 

Below to the left the round defect left by indicator 1, its upper border 
formed by narrow bundles of non-nucleated graft-bone. Irregular cartilage 
with proliferating nuclei occupies the upper part of the picture. The 
fissure-shaped cavity is seen a t  the top. 

R. 29. I, section 85. Staining = Fig. 20. ( X  100). 

with a central cavity (see Fig. 21). The right intervertebral 
joint Th X-XI presents a normal picture; the bony bridge is 
intercepted at the level of the intervertebral space Th X-XI by 
a broad gap filled with connective tissue. Indicator 3, placed 
at the upper end of graft 11, is to be found in a graft-remnant 
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Fig. 22. 
R. 29. 11, section 105. Staining: Weigert’s htx-van Gieson. ( X  17). 

Frontal section through bony bridge at level of intervertebral disc L 1-11. 
The bony bridge is traversed by an angular cartilage-band. I n  the centre 
are graft-remnants, the rest of the bridge consisting of nucleus-stained 
cancellous bone. 

within the bony bridge in the upper par t  of Th XI’S arch, in- 
dicator 4, placed in the lower end of graft 11, is situated in  the 
bridge a t  the lower par t  of the same arch. Between and  around 
these iiidicators there are  patches of non-nucleated bone. The 
bridge also shows a broad defect a t  the level of the intervertebral 
space Th XI-XI. From the medial aspect of Th XII’s right 
upper articular process streaks of non-nucleated bone run  obli- 
quely to the right caudally ; cranially in this graft-remnant lies 
inclicatoi* 5. Medially to L 1’s right upper articular process, se- 
parated from the latter by cartilage, lies a n  annular  graft- 
reiniiant containing indicator 7. The remnants of this lowest 
graft, a whole rib-bone, continue over the arches of L I and  L I1 
down to L 111’s spinous process, though without union to  the 
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Pig. I S .  

E. 29. 11, section 111. Staining: Weigert’s hts-ran Gieson. ( X  100). 
Dctnil picture from cartilage.bnnd Fig. 22. In the centre, partly bordered 
by the cartilage, partly by a small cavity, is a non-nucleated graft-fragment. 
Below and to  the right are bone, osteoicl and connective tissue. 

latter. Jus t  above the intervertebral space L 1-11 the graft- 
remnant and the bony bridge are traversed by 811 angularly bent 
band of cartilage. (Fig. 22, Fig. 23, Fig. 24.) The bony bridge 
has a broad union with the arch of L I, continues beyond the 
intervertebral space L 1-11 to a point just above the t ip  of 
L 111’s upper articular process, and in its lowest tip contains 
indicator 8. I n  this its lowest part the bridge contains large, 
non-nucleated graft-remnants, which are surrounded and in- 
vaded by nucleus-stained bone. Between the bridge aiid L 11’s 
arch lie large masses of cartilage and connective tissue, no signs 
of osseous union between bridge and arch of L 11. 
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Rai5 7, it 21. 
Operation 10/10,34 : Extirpation of the 11th a n d  12th right 

i*ibs, which, divided into six pieces, were implanted paraspinally 
to  the right on five vertebral arches, the corresponding spinous 
processes being cut through a t  their bases. The transplants were 

Fig.  24. 
R. 29. 11, section 113. Staining: Weigert’s htr-van Gieson. ( X  100). 

To the left fibro-cartilage, in the centre a non-nucleated graft-remnant. 
The right contour of the graft-remnant is notched by Howship’s lacunae 
containing osteoclasts. 

marked a t  each end with metal indicators. 22/10 : Healed by first 
intention. Field of operation swollen, fixed. 

X-rays, S : The grafts show sharp contours ; they extend from 
upper par t  of Th XI1 to middle of L IV. The five upper  grafts 
have a n  aggregate length of 61 mm. L 11’s body 17.5 mm. Radio- 
graphs 5/11, 26/11, 12/12, 1934, and 7/1, 1935, show the grafts. 
surrounded By callus under successive transformation into a 
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bony bridge. The rabbit v a s  killed on 4/2/35, 117 days after the 
operation. 

X-rays; S, extension: Irregular bony bridge dorsal to the 
arches of Th XII-L 111. I ts  length (corresponding to the five 
upper grafts) is 70 mm. Dorsally above L I1 is a free bony arch; 
to the ventral side of tlie arch are two indicators. 

The excised specimen consists of Th X I  to and including 
L IV. The spiiious process of Th XI1 deviates t o  the left, is broad 
and thick. A bony bridge stretches from the medial aspect of 
Th XII’s right upper articular process to the lower part of L I, 
covering spiiious and articular processes. From the medial 
aspect of L 11’s right upper articular process to L 111’s spinous 
process there esteiids a 17-nim-long osseous bar without attach- 
ment in tlie arch and consisting of bone and cartilage. To the 
ventral side of this bar, the vertebral arch has a narrow ridge 
of bone, in which indicators 7 aiid S, which had been placed in 
each elid of graft IV, are firmly fixed in the bone. The spinous 
process of L I1 is missing, that of L I11 is powerful ; the furrow 
between the latter and the articular process of the right side is 
filled up with bone. From the spinous process a narrow bony 
ridge continues caudally in the medial line. (On L IV there is 
a similar ridge, though narrower.) The upper bony bridge shows 
a mobile break at  the level of the intervertebral disc Th XII- 
L I. The coiiiiectioiis between L 1-11, L 11-111 and L 111-IV 
are also mobile. Indicator 4, inserted in lower end of graft  11, 
a n d  indicator 5, in upper end of graft 111, are both situated 
firmly in the bony bridge oii L 1’s arch. All of the specimen ex- 
cisions were embedded in paraffiii and stained with Htx-eosin 
and Weigert’s htx-van Gieson. 

Specimen excision a: Transverse section of the whole spine 
at the level of the intervertebral disc Th XI-XII. The section 
strikes tlie left dorsal corner of Th XI’S body and cuts through 
the markedly calcified apophyseal cartilage, in the dorsal edge 
of which lively endochondral ossification appears to be in pro- 
gress. On the right side the intervertebral disc is cut. Both the 
intervertebral joints cut by the section present a normal picture. 
A t  the osteochondral junction, the articular cartilage of the 



PARASPINAL BONE TRANSPLANTATION 203 

articular processes contains nuclei arranged in  coluinns ; a t  the 
osseous margin, bands of new-formed bone are  seen arouiid the 
medullary spaces. The apophyseal cartilage in Th XII’s right 
upper articular process is cut by tlie section. The rib-graft 011 
the vertebral arch is cut transversely. Its outer contour is ir- 
regular with numerous Howship’s lacunae, some with osteo- 
clasts, while very small baiids of new-formed bone a r e  present. 
The structure of the graft is irregular, solitary empty lacunae 
a re  visible, but otherwise the corpuscles show normal shape ancl 
are  well stained. The periosteuni is rich in cells, wi th  bands of 
osteoblasts close to the bone. The medullary cavity of the graft 
contains myeloid marrow, tlie Haversian canals contain fibrous 
marrow, vessels and baiids of osteoblasts. No osseous union be- 
tween graft and arch is visible in the section. 

Specimen excision b:  The specimen comprises a transverse 
section of the earire bony bridge, which extends from the middle 
of Th XI1 to the middle of L I, corresponding to the lower par t  
of graft I and the upper part of graft 11. Macroscopically the 
specimen is composed of two pieces of bone, movable against one 
another and separated by a band of soft par ts  that  ruiis froni tlie 
right cranially to the left caudally. Serial frontal sections : The 
sections furthest clorsally show cranially a wide, irregular area 
of cancellous bone with stained corpuscles and myeloid marrow. 
Within this bony area is a patch of cortex abruptly c u t  caudal- 
ly, probably the lon7er tip of graft I. Caudally there is a small, 
irregular area of bone with stained corpuscles aud myeloid mar- 
row. Between the fragments lies a 3-mm-broad strip of connec- 
tive tissue poor in cells and traversed by irregular cavities. 
Osteoblasts and bands of new-formed bone may be seen at the 
margin of the bone. On more ventral sections no fragments of 
graft I are  traceable. The right intervertebral joint Th XII-L I 
adjoins the right side of the connective tissue band. 

Specimen excision c comprises that  par t  of the bony bridge 
which is immediately caudal to B ,  corresponding to  L 1’s arch 
at the site of the interspace between grafts I1 and 111, and  the 
indicators 4 and 5 in the bony bridge. Serial f rontal  sections 
were cut. 
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The whole specimen consists of cancellous bone of irregular 
structure. The nuclear staining is good, only an insignificant 
iiumber of empty lacunae are present. The bone marrow is  mye- 
loid, in solitary Hav6rsian caiials i t  is fibrous. Lacuiiar absorp- 
tion occurs in small areas. The indicators are surrounded by 
rather coarse trabeculae of cancellous bone ; within small area@ 
here the lacunae are empty. At the site of the interspace between 
grafts I1 and 111, between indicators 4 and 5, the osseous struc- 
tnre exhibits no notable irregularities and no break. Graft-rem- 
nxnts are not visible. 

IZnh11i.t I II .  Weight 1050 gin. 

Opei-ation 33/3,36: Esapticulation of the right forearm. Dia- 
pliyses of radius and ulna freed froni soft parts, epiphyseal car- 
tilage thoroughly removed. Radius-cliaphysis 35.5 mm long, ulna. 
cliaphysis 39 mm. Metal maiqlcs (silver wire) drilled into ends of 
both grafts. The grafts were implanted paraspinally in the thora- 
colunibar region, the radius cranially and ulna immediately 
caudally to the radius. The wounds healed by first intention, 
the rabbit grew considerably, but had difficulty in moving. It 
was killed on 16/6,36, 84 days after the operation. 

X-rays; S and V-D: Two grafts paraspinally to the left, 
radius from upper part of Th IV to middle of Th X, ulna from 
upper part  of Th X I  to lower part of L I. Upper part of radius 
surrounded by large deposits and united to the spinous proces- 
ses of Th V-VIII. Upper part of ulna surrounded by small 
deposits, appears to be free of Th XI and, a t  the level of inter- 
vertebral disc Th XII-L I, is traversed by a narrow zone of 
rarefaction. Below this rarefaction, at the site of the caudal 
part  of the ulna-transplant, there is an irregular callus-shadow, 
without graft-fragments, containing the caudal indicator of ulna, 
the distance between the grafts is 10 mm, Th X’e broad spinous 
process occupies the middle of the gap. 

Postmortem specimen : Th IV’s spinous process long, down- 
ward bent, free of radius-transplant. Latter movable as against 
Th V, firmly fixed to Th VI-VIII, and movable as against Th 
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IX. Gap between i*adius and ulna occupied by powerful spiiious 
process of Th. X. Upper end of ulna extends to lower edge of 
Th X, its upper part, which has preserved its shape and shows 
insignificant deposits, is movable as against Th XI  and solictly 
united to Th XII’s arch and spinous process. At the level of 
the intervertebral disc Th SII-L I the graft is eiiibeddecl in  

Fig. 15. 

Frontal section through bony bridge at level of Th  X-XI. The cranial par t  
of the ulna-graft appears to  the right, its cranial indicator i s  marked by 
a metallic precipitate, cranially enclosed by deposit. To the left of the 
ulna-graft Is a deposit. Cranially the bone-marrow is of myeloid type, 
further caudally there is darlr-coloured necrotic substance in the marrow- 
cavity. 

R. 111, section 109. Staining: Weigert’s htx-van Gieson. (X 12). 

callus-substauce with a mobile interruption. There is a powerful 
bony bridge on the left side of L 1’s arch. The distance between 
metal marks in the ulna is 35 mm. In the area of the radius- 
graft the bony bridge showed no interruption, and accordingly 
this part was not histologically examined. The ulna-graft aggre- 
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gate was embedded in celloidin and cut into a series of frontal 
sections. Staining : Htx-eosin and Weigert’s htx-van Gieson. 

Microscopical erainination : The cranial end of the ulna-graft 
with its cranial metal inark lies at  the level of the sp. pr. of Th 

Fig. 26. 

Frontal section at  level of Th XII-L I. At top to the right is the ulna- 
graft but little changed, chiefly necrotic; to the left of this are deposits. 
L 1’s left upper articular process is large and projecting to the right, is 
connected downwards (caudally) with the bony bridge. At  the level of the 
Process the specimen is traversed by n band of connective tissue enclosing 
a horseshoe-shaped graft-remnant. a, The bony bridge is intact caudnlly to 
the connective tissue, consists of cancellous bone that contains a metallic 
Precipitate a t  the site of the caudal indicator of the ulna-graft. There are 
no graft-remnants wlthin this area. 

R. 111, section 125. Stain: Htx-eosin. (X  12). 

XI, but without bony union with the latter. The fragment is sur- 
rounded by deposits and has been divided from the large more 
caudal ulna-graft. (Probably fractured during preparation, no 
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reaction at  the fracture surfaces). The cranial two-thirds of the 
main ulna-graft present the picture of a tubular bone with a 
mostly necrotic cortex containing empty lacunae and pale 0s- 
qeous substance. The Haversiaii canals here and there contain 
bundles of nucleus-stained fibrous bone-marrow as well as  small 
vessels. (Fig. 25.) Around the canals, on the subperiosteal sur- 
face and also within the medullary cavity, small areas of ap- 
parently new-formed, nucleus-stained bone are noticed. The me- 
dullary cavity is filled partly with nucleus-stained myeloid mar- 
row and adipose marrow, partly with dark-stained masses devoid 
of cellular structure. Around the graft, though without visible 
osseous union with it, lie irregular deposits of nucleus-stained 
cancellous bone. These deposits have no visible bony union with 
Th XI, but merge directly into Th XII’s processes and arch. 
The graft breaks off abruptly a t  the level of the intervertebral 
disc Th XII-L I, and the deposits are traversed by a broad, 
transverse strip of connective tissue that contains larger and 
smaller necrotic fragments of bone. Caudal to the connective 
tissue strip, within the area for L 1’s arch, lies a powerful bong 
bridge to the left of the midline, fused with the articular pro- 
cess and arch of L I. The bony bridge is here built up of irre- 
gular nucleus-stained cancellous bone ; no graft-remnants can be 
seen. The caudal metal indicator of the ulna-graft is found about 
5 mm cranially to  the intervertebral articulation between L I- 
11. (Fig. 26.) 

GENERAL DISCUSSION 

In all the rabbits the untreated grafts were soon surrounded 
by callus tissue, which was found to contain connective tissue, 
cartilage, and bone, as early as 16 days after the operation. The 
grafts became fixed to the vertebral arches through the callus 
tissue. A powerful paraspinal bridge of bone in course of time 
developed a t  the site of the grafts. In  several cases this bony 
bridge, or parts of it, increased in length during the time of 
observation. This increase was evidenced by nieasurements on 
radiographs as well as ou anatomical specimens from the ani- 
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rnals killed : when the espeiiiiiieiital animal was killed the bridge 
was loiigei* than the aggregate length of the grafts measured a t  
the operation aiicl 011 the earliest radiographs. Iii a couple of 
eases in which the inetal iiiclicators had preserved their position 
in the bone, longitudinal growth witliiii the bony bridge could 
be inferred from the increased distance between the indicators. 
The greatest growth in length was observed in rabbit 31, tlie 
aggregate leiigtli of grafts on the radiograph taken seven clays 
after the operation being 65 nim aiicl the length of tlie bony 
bridge 011 a radiograph taken G2 days after the operation being 
SO mm. The distance between the two metal marks had siinul- 
taneously iiicreasecl from 54.5 to 63 mm. On the radiographs i t  
is possible to follow the forinatioii of an irregular bony bridge 
with iiuiiiei’oiis defects, most of them located a t  the level of the 
iiiterveiztebid discs, soiiie assymetrical in relation to these. 
Some grafts had fractured while being prepared. A couple of 
such fractures had consolidated, these having been located at 
the level of the centre of a vertebral body. Defects were formed 
a t  the site of other primary graft-fractures of this kind. (Rabbit 
32.) I n  two cases, rabbits 39 aiid 5, oiie of the transplants was 
killed by boiling before the operation. These boiled traiisplants 
did not become surrounded by callus or united with the verte- 
bral arches. I n  rabbit 39 the boiled transplant lay free in the 
soft tissues 9s clays after the operation, its shape and size uii- 
changed, its surface smooth without deposits. 

On macroscopical esamination the excised specimens of the 
spine showed paraspiiial bony bridges of varying width and 
thickness, including the spinous processes and the articular pro- 
cesses of the one side. Some of the inserted metal marks had 
disappeared, others could be fouiid in the soft tissues, others 
were seated firmly in the bony bridge. The vertebrae included 
in the specimeiis showed normal or aliiiost normal mobility 
between themselves, a fact that is also to be seen from lateral 
views of killed rabbits in which the spine was either flexed or  
extended. (Fig. 5A. 5B). There was a rather solid union be- 
tween Th I X  and X in rabbit 39, and between Th VI-VIII in 
rabbit  111. All of the bony bridges exhibited numerous breaks 
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and defects of varying widths. Movements between the origi- 
nally fixed vertebrae were rendered possible by the bridge- 
clerects, most of which were at the level of the intervertebral 
discs. The dittei*enx segmenm ur the bony bridges were solidly 
united with the arches and processes of the vertebrae. I n  some 
cases the defects had the character of broac gaps filled with 
connective tissue (R. 39, Th XI-XII; R. 34, Tb XI-XII; 
Ii. 21, Th XI-SII ;  R. 111, Th XII-L I). I n  other  cases the 
defects resembled an irregular cartilaginous clisc traversing the 
bonv bridge. irregular cavities often occupying t h e  centw of 
the disc (TL. 32, Th XI-XI1 ancl L 1-11; R. 29, T h  IS-X). 
In  still other cases the bone-defect had developed into a joint 
with an articular space, articular cartilage and a capsule lined 
with enclothelium (R. 39, Th X I - L  I ;  R. 35, T h  XI-XII). 
In  certain cases the new-formed articular cavity appeared to  
be connected with the intervertebral joints of one or both sides 
(R. 31, L I-L 11; R. 38, L 11-111; R. 5, L 1-11). The width 
of the articular spaces varied in response to  inoveineats between 
the vertebrae. I n  soiiie cases a part of the bony bridge had solid 
union with a vertebral arch and extended without iiiterruptiord 
over to another arch, from which i t  was separated b y  cartilagin- 
ous or connective tissue substance, ancl agaiiist which it was 
movable (R. 34, caudal par t  of bony bridge movable a s  agaiiist 
L 1’s arch ; R. 32, caudal par t  of bony bridge at tached to  L 111’s 
arch and niovable as  against L I1 and L I V ;  R. 111, upper p a r t  
of ulnar graft movable against Th XI’S arch). These irregular 
clefects allowed movements between the vertebrae t o  the same 
estent a s  did the clefects located a t  the level of the intervertebral 
discs. 

HISTOLOGICAL EXAMINATIONS 

I n  rabbits 34, 31 ancl 32, in which longituclinally split radius- 
transplaiits had been inserted, and in rabbit 111, in which 
radius- and ulna-transplants had been inlaid, the graft-remnants 
were readily discerned by their strictly lamellar structure and 
their abundance of compact bone. The graft-remnants observed 
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in these animals showed a pale colour and einpty bone-lacunae. 
The rib-grafts possessed a less characteristic structure, with 
thinuer and inore irregular cortex A specimen escision taken 
16 days after the operation from the bony bridge in rabbit 37 
disclosed a rib-graft with einpty lacuiiae and, in the medullary 
cavity as well as the Haversiaii canals, bone-marrow that was 
necrotic and studded with haemorrhages. At  the ends of the 
graft a tissue that was rich in nuclei and had the structure of 
fibrous bone-marrow grew into the marrow cavity and the 
Haversiaii canals aiid spaces. The graft lay embedded in callus 
tissue composed of richly nucleated connective tissue, fibrous 
cartilage, h yaline cartilage, and irregular trabeculae of osteoid 
and new-formed bone with iiunierous large corpuscles. The bone 
trabeculae were directly united with the necrotic graft. The 
cartilage, which was present in greater abuiidaiice than in  any 
other esperimental animal, lay inore especially arouud the gap 
between the grafts. On tlie specimens from tlie sanie animal 16 
and 28 days after the operation, the cartilage-nuclei lay arranged 
in irregular columnar rows, and at the junction with the bone 
a lively endochondral ossification appeared to be in  progress. 
The amount of new-bone formation appeared larger and that 
of cartilage less in the specimen excised 28 days after the opera- 
tion. I n  rabbit I11 there remained, 84 days after tlie operation, 
considelaable necrotic reinnants of the cranial part of tlie ulna- 
graft, this part  beiiig niovable in relation to  Th XI’S arch and 
firmly attached to Th XII’s arch, while its caudal part  was 
entirely absorbed and replaced by a new-formed bony byidge 
that had fused with L 1’s arch. I n  rabbits 38 and 29 pale graft- 
remnants with einpty lacunae were found in various parts of 
the specimens 70 and 96 days respectively after the operation. 
I n  rabbit 21. there were no graft-remnants after 115 days; the 
bony bridge here showed signs of being under reconstruction. 
Rabbit 35 showed no graft-remnants 105 days after the opera- 
tion. I n  rabbits I11 and 21 the defects of the bony bridge con- 
tained no cartilaginous tissue. 

As a rule frontal sections afforded a better topographical 
survey than sagittal oiies. The bony-bi-idge defects that  were 
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filled with coiinective tissue did not preseiit any specific pic- 
ture. These defects coiiicided in rabbits 29 aiid 34 with the 
joiiits between the grafts. I n  rabbit 21 a defect of this Bind was 
found a t  the site of graft 11. Tlie defects in rabbit 32 a t  tlie 
level of the intervertebral discs Th XI-XI1 and  L 1-11, and 
those in rabbit 29 a t  the level of the iiitervertebral space Th 
IS-X, had the character of cartilaginous discs containing 
irregular central cavities. There 11-as a typical foriiiation of an  
articulation in rabbit 32 a t  tlie level of the intervertebral space 
Th X I - L  I. The articular cartilage here showed wide-spread 
calcification and active osseous new-growth bordering on live 
cancellous bone. Neciwtic graft-remnants invaded the  articular 
cavity from both sides. Tlie iiearthrosis in rabbit 35 was seen 
to  communicate with tlie right intervertebral joiiit L 11-111 ; 
tlie articular surfaces were covered with a tissue rich in  cells 
resembling connective tissue. I n  rabbit 34 tlie t ip  of the lower 
graft was surrounded by cartilage and connective tissue and 
mas movable a s  against L 1’s arch; the cranial pa r t  of the  graft 
was osseously united to Th 111’s arch. The bony bridge iii 
rabbit 29 had solid union with L 1’s arch;  a t  the level of the 
caudal par t  of the arch it was traversed by a n  irregular s t r ip  
of liyaline cartilage. Between the powerful bony bridge and 
L 11’s arch was a layer of cartilage aiid connective tissue. I n  
cases where two transplants had been placed end to  end at tlie 
level of the middle of a vertebral body, the bone-defects had 
entirely consolidated (R. 32: Fig. 15, test excision c ) .  On the 
surface adjoining live bone tlie cartilaginous bands a s  well as 
tlie cartilage of the nearthroses, in particular in t h e  cranial 
and caudal parts, sliowecl signs of proliferation wi th  cartilage- 
nuclei arranged in columns against the line of ossification. Here 
the medullary spaces were filled with fibrous marrow and  lined 
with osteoblasts. They were open towards the cartilage and 
surrounded by bands and trabeculae of osteoid a n d  irregular 
bone containing numerous large coi*puscles. A t  a fur ther  dis- 
tance from tlie cartilage-line the bony trabeculae in  several 
places enclosed remnants of cartilage matrix. (Fig. 2, Fig. 12). 
New-formed bone could be obserred around the vessels that  

14. 
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perforated the liyaline cartilage. (Fig. 10).  A t  the junction be. 
tween necrotic bone without vessels and cartilaginous patches 
there was no new-bone formation. The articular cartilage of 
the intervertebral joints showed proliferation, calcification aiid 
endochondral ossification a t  the margiii towards tlie bone. 

CONCLUsIONS 

Iii his work “On defects in the bone-graft after Albee’s 
operation for tuberculous spoiidylitis” the author points out 
that defects of the kind in question have their site at the level 
either of the tuberculous destruction of the vertebral bodies or 
of an uniii jured intervertebral union peripheral to the destruc- 
tion, tha t  they are  produced by tlie strain of bending and tension 
acting upon the graft or upoii tlie bony bridge formed around 
this graf t  a t  the level of the axes of spine movenieats, and  tha t  
they have the character of acute or insidious fractures. The 
defects observed iii the bony bridge formed around tlie grafts 
placed in the experimental animals are  in most cases situated 
at the level of the axes of motion ruiiiiiiig through the inter- 
vertebral discs, i.e. a t  those points which a re  exposed t o  the 
greatest stress from movements of the spinal column. The frac- 
ture-defects thus  arising restore to  the fixed portion of the spine 
a normal or  almost normal mobility. Primary traiisplant defects 
and fractures, if placed level with the centre of a vertebral 
body, will in some cases consolidate. The view advanced by the 
author in tlie work cited above-that defects in an  Albee-traiis- 
plant o r  iii the bony bridge constructed around tlie latter are 
produced by mechanical stress callecl forth by movements of the 
vertebral columns-has received further corroboratioii froin the 
animal experiments described in  tlie present work. 

The author’s histological exanha t ions  confirm the present 
view that ,  in rabbits, transplanted autoplastic bone to  a very 
great extent indeed undergoes necrosis and is secoiidarily re- 
placed by living, new-formed bone. Those defects which arise 
in the bony bridge as a result of the movemeiits of the animals 
a re  filled up  with connective tissue, with cartilaginoid tissue, 



01% with typical liyaline cartilage. At  times the defects develop 
into pseuclarthroses with a central cavity, in some cases iiito 
true iiearthroses. Soinetimes these nearthroses 81-e connected 
with tlie intervertebral joints. On the boundary of the living 
bone of the boiiy bridge, in particular cranially aiicl caudally, 
the cartilage s1i0~1-s active proliferation --it11 signs of eudo- 
choiiclral new growth of bone. The junction between bone aiid 
cartilage here preseiits the appearance of an  irregular zone of 
ossification in an epipliyseal line. Against this zone there is 
occasionally seen a new-formed osseous larer  of iiot iiiconsider- 
able width and of the same appearaiice as tlie layer of bone 
which mas observed in a boy of eight years aiicl which has been 
illustrated in Fig. G in the author's above-cited ~-oi=B. 

I n  sereral of tlie esperiiiieiital aiiiinals a growth in length 
of the bony bridge is observed. It has iiot been possible by 
iiieasureiiients to deterniine the spot at n-hich this growth takes 
place. In  several cases the boiiy bridge is found to coiitaiii long, 
coherent graft-remnants with interruptions at the defects of the 
bridge. Loiigituclinal gi-owth of necrotie bone is excluded, inter- 
stitial growth of bone in tlie coinpletecl bony bridge appears 
extremely iniprobable. The histological investigation shows that  
iii tlie esperimental animals zones of growth with eiidochoiidral 
new-bone formarioii occur in tlie cartilage-filled defects of the 
bony bridge. It is accordingly assumable tha t  in the esperi- 
mental animals growth in the length of the bony bridge depends 
011 an endochonclral sssificatioii in cartilage-filled defects in  tlie 
bony bridge. I n  a girl aged eigth years a zone of growth with 
enclochmdral new-bone forination has been observed at the t i p  
of the bony bridge. From what has beeii adduced above, there- 
fore, it is evident that  in a growing individual a paraspinal 
boiiy bridge that  has developed around an  autoplast is capable 
of longitudinal growth both a t  possibly arising transverse de- 
fects aiid a t  its teriiiinal points. 
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ZUSAMMENFASSUNG 

Verf. hat an eiiier Anzahl halbwuchsiger Kaniiicheii eiiie 
paraspiiiale Transplantation voii autoplastischem Iiiiocheage- 
webe rorgeiiomnieii. Das Iiiiocheiitraiisplaiitat war iii lcurzer 
Zeit voii Callusgemebe umgebeii, welches es an die Wirbelbogen 
uncl deli Doriifortsiitzen fisierte. In der solcherart eiitstandenen 
paraspinalen I<iiochenbriiclce trateii nach eiiiiger Zeit quer ver- 
laufende Defekte auf. Die auf operativeill Wege fisierte Ruck- 
grstspartie bekain auf diese Weise wiecler eiiie fast iiormale 
Beweglichkeit. Die meisten Defekte liegeii in gleicher Hohe mit 
deli Zwischenwirbelscheibeii uiid deii clurch cliese verlaufenden 
Eeweguiigsachseii clefs Ruckgrates. Dieser Uiiistaiicl stellt eine 
weitere Stutze dar fur clie in eiiier fruhereii Arbeit geausserte 
Aiisicht des Verfassers, class Defelcte in eiiier paraspinalen Iino- 
cheiibruclce voii mechaiiischeii Faktoreii herroi-gerufen werden, 
hauptsachlich voii cler Diegungs- uiid Zugbelastuiig bei deii 
Bewegungeii des Ruckgrates. 

Die histologischen Untersucliiiiigeii des Verf.s bestatigeii clie 
iibliche Auffassung, class eiiie traiisplaiitierte autoplastische 
Ihochensubstanz bei Iiaiiiiicheii ziiiii grossten Teil iielcrotisiert 
uiid voii neugebilcletem Iinocheagewebe ersetzt wird. Gei den 
meisten Versuchstiereii fiiidet maii langgestreckte, keriilose 
Iiiiocheiibogen an der Stelle des Traiisplantats wiecler. Die oben- 
genannten Defelcte in der Knochenbruclce sind von Bindegewebe, 
lcnorpelaliiilichem Gewebe oder typisch hyalinem Knorpel aus- 
gefullt. I n  gewisseii Fallen haben sich Pseudoarthrosen oder 
wirkliche Nearthroseii im Iiiiorpel ausgebildet. Insbesondere 
kranial uiid kaudal im Knorpelbande zeigt der Knorpel Zeichen 
voii Proliferation, Degeneration mit Verkalkung und reichliche 
Neubilduiig voii eiichondralem Kiiochengewebe, und die Kno- 
chen-Knorpel-Grenze zeigt das Bild einer unregelmassigen Epi- 
physenfuge. Verf. hat das gleiche Phanomeii in einem Defekt 
einer paraspinalen ICiiochenbriicke bei einem Sjahrigen Kiiaben 
beschrieben. Es wird eiii weiterer aiialoger Fall mitgeteilt ; bei 
einem Sjahrigen Madchen wird die Spitze dell Knochenbrucke 
von einer Schicht hyalinen Knorpels bedeckt. An der Grenze 
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gegen den Iinochen hin zeigt diese Knorpelschicht Zeichen einer 
enchondralen I~llochel?neubildullg. 

Eei den Versuchstieren koniite ein Langenwachstum der pa- 
raspinalen Iinochenbriicke festgestellt werden. Die Stelle dieses 
Langenwachstums koiinte jecloch durch die ausgefuhrten Mes- 
suiigen nicht festgestellt werdeii. Ein Langenwachstuni von lie- 
Brotiscliem Gewebe ist ausgeschlosseii, ein interstitjelles Wachs- 
tum nach Havers iiiiierhalb der 17011 ausgebildeten Knochen. 
briicke erscheint ausserst unwahrscheinlich. Durch histologische 
Untersuchung konnten Wachstumszonen in cleii Defekteu der 
Kiiochenbriicke nachgewiesen werden. Es erscheiiit aus diesein 
Gruiide wahrsclieinlich, dass clas Wachstuni cler I<nochenbriicke 
voii einer enchondralen Iillocheniieubildung in diesen Zonen be- 
dingt ist. Wachstumszonen von gleicher Art sincl bei zwei Sjaliri- 
gen Kindern konstatiert worcleii, das eiiie Ma1 in eiiiein Defekt 
eiiier paraspinalen ICnochenbriicke, das anclere Ma1 i n  der Spitze 
einer solchen Briic1;e. Eiii Langenwachstum eiiier paraspinalen 
Iinochenbriicke in ihrer Gesamtheit ist vom Verf. beim Men- 
schen nicht beobachtet worden. 

SUMMARY 

On a series of half-grown rabbits the author has made para- 
spinal transplantation of autoplastic bone. After a short period 
the transplants were surroundecl by callous tissue, which fixed 
them to the arches and the spinous processes. After some time 
transverse defects appeared in the paraspinal bony bridge thus 
formed. I n  this manner the part of the spine immobilized by 
operation regains an almost normal motility. The majority of 
the defects are situated on level with the intervertebral discs 
and a t  the site of the axes of motility which have their seat here. 
This phenomeiioii is a further support of the view expressed by 
the author in a previous work: The defects in a paraspinal bony 
bridge are brought about by mechanical factors, mainly the load- 
ing of bending and tension due to the movements of the spine. 

The histological examinations made by the author verify the 
coiiimon opinion that in rabbits transplanted autoplastic os- 



seous tissue mostly iiecrotizeo aiid is replaced by new-forliied 
bone. I n  the majority of the experimental animals long bands 
of osseous tissue without nuclei are found at the site of tlie 
transplant. The above-mentioned defects in the bony bridge are 
filled up by connective tissue, tissue reseiiibliiig cartilage OF 

true liyaline cartilage. I n  soiiie cases pseudartliroses, or true 
nearthroses have been formed iii tlie cartilage. Especially in the 
cranial and caudal parts of the cartilaginous bands there are 
signs of prolifei*atioii, degeneration with calcification aiid aiiiple 
formation of encliondral bone, the bone-cartilage limit present- 
ing the picture of an irregular epiphyseal line. Previously the 
author has described tlie same pheiiomeiioii in a defect in the 
paraspinal bony bridge of an eight year old boy. Auother 
analogous case is reported: In  an  eight year old girl the point 
of the bony bridge was covered by a layer of liyaline cartilage. 
At the limit of the osseous tissue this layer of cartilage preseiited 
signs of enchondral new-formation of bone. 

I n  the experimental animals it was definitely established, 
that the bony bridge had increased in length. It has, however, 
not been possible by the nieasurements carried out, to determine 
the site of this growth. An increase in length of necrotic bone 
is out of tlie question, iiiterstitial growth like Havers’ within 
the ready formed bony bridge seems very unlikely. Histological 
examination has shown zones of growth in the defects of the 
bony bridge. Based on this it seems likely that the growth of 
the bony bridge is due to eiichondral new-formation of boiie in 
these zones. Zones of growth of the same kind were found in 
two children of eight years, in one case in a defect in a para- 
spinal bony bridge, in the other case at the tip of such a bridge. 
Increase in length of the whole paiaaspinal bony bridge has iiot 
been observed by the author in man. 

L’auteur a pratiquC uiie transplantation paraspinale d’os 
autoplastique cliea un certain iioinbre de lapins mi-adultes. Au 
bout de peu temps la traiisplaiitatioii osseuse se ti-ouva entouree 
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de tissu callus qui la  fixa & l ’ a ~  et  & l’apophyse des vert&bres. 
I1 apparut, aprbs un certain tenips, des d6fectuositBs traversant 
le poiit osseux paraspinal ainsi form& La partie de l a  colonne 
rertCbrale fixbe par voie opCrative reprend cle l a  sorte une mobi- 
lit6 peu prbs norniale. La plupart des clCfectuosit6s constatbes 
sont situCes au niveau cles disques intervertbbraux, atteignant 
par cons6quent les axes cle mobilitb de la coloiiiie vertkbrale. Ce 
fait constitue une nourelle preuve & l’appui de l’opinion Cnon- 
cCe par I’auteur clans un travail aiitbrieur, A savoir que les clC- 
fectuositbs d’uii pont osseux paraspinal sont provoquCes par  des 
facteurs mbcaniques, principalement sous l’effet cle la Plexioii 
et cle la  traction, lors cles mouvements cle la coloiine vertbbrale. 

Les recherches histologiques de l’auteur confiriueiit l’opinion 
gbnbralement admifie que la majeure partie cle la  substaiice os- 
seiise autoplastique trausplaiitbe chez les lapins se nCcrose et 
qu’elle est reniplade par une nouvelle formation osseuse. Chez 
la plupart cles mininus d’essai, o:i a re t row6 & l’enclroit de la 
transplantation cle longnes parties osseuses c1Cpourvues cle cor- 
puscules. Les cl6fectuositCs prCcitCes clu pont osseus sont  reniplies 
par du tissu coiijonctif, du tissu d’apparence cartilagineuse on clu 
cartilage cle caractPre hgaline tFpique. Dam certains cas, cles 
pseudarthroses ou de vdritables nearthroses se sont formCes clans 
le cartilage. C’est notammelit clans les parties craiiiennes e t  cau- 
dales que le ligament cartilaginem montre une teiidaiice a la  
prolifbration, B la d6gknCration avec calcification et une abon- 
dante nouvelle forniation (1’0s enchondral ; la  liniite de 1’0s car- 
tilagiiieux a l’aspect cl’une ligne d’Cpiphyse irrCguli&re. 

L’auteur a antkrieurement dCcrit le m h i e  ph6nomGne d’une 
clCfectuosit6 daiis un pont osseux paraspinal chez u n  garponnet 
de S ails. I1 comniunique encore un cas analogue, chez une fi l-  
lette cle S a m  oh le sommet du poiit osseux est recouvert de cap- 
tilage hyaline. A l’endroit oil elle touche & 1’0s’ cette couche car- 
tilagineuse rnontre cles signes de nouvelle forniation osseuse en- 
chondrale. 

Chez les animaux cl’essai, on a pu constater un allongenient 
du pont paraspinal. I1 n’a toutefois pas bt6 possible de d6terrni- 
ner, par des rnesures, en quel enclroit la croissance avait lieu. 
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Un accroisseineiit cle longueur daiis un 0s ii6crotique est im- 
possible, un accroisseineiit iiiterstitiel A 1 intbrieur d’un pont 
osseux eiitiQrenient fornib, parait tr8s iiivraisemblable. Par 
des recherches histologiques, il a 6tb possible de prouver 
clam les dkfectuosit6s d’uii poiit osseus des zones de crois- 
saiice. Sur  cette base, il seinble cloiic probable que l’acrois- 
seiiieiit d’uii poiit osseus clam ces zoues btait conditiomk par 
uiie iiouvelle iorinatioii enchoiidi*ale. Des zones de croissaiice de 
la m&me esp&ce oiit 6t6 coiistatbes chez denx eiifaiits cle S aiis, 
d a m  l’uii des cas B l’eiidroit d’uiie dbfectuosit6 d’uii poiit osseux 
paraspinal, daiis l’autre au sommet d’uii pont de ce genre. L’au- 
teur ii’a pas observ6 cle croissaiice clans I’eiiseinbIe d’uii poiit 
osseux paraspinal chez l’hoiiiiiie. 
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