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o
ligaments to the spinous processes. Each of the three spinous
processes was sphit longitudinally with a chisel and mallet
into halves for a depth of about two-thirds of an inch. eare
being taken that the right halves of the SpINOUS processes
were not broken. A separation of the tips of the halves of
these spinous processes produced a wedge-shaped cavity, into
which the ulnar transplant was later inserted. A hot saline
compress was placed in the wound until the bone insert was
obtained. This was for the purpose of securing as perfect

Fig. 1.—¥iew of 1 dog's vertebra (Experiment 1), into 1t1n'_:-'31§t‘.ﬂll1.*
process of which a portion of his ulna !!lllfl been lIZI:I:':L-.ll'ii_]\!-!]f"-
months before; a, b and ¢ Indicate the outlines of the graft., whic i';
has become firmly grown into the split spinous process. Figure 2
is from a photomicrograph of a seéction of graft grown 1nto the
gplnous process at this point,

hemostasis as possible for a bed for the bone-graft. Half the
diameter of the shaft of the dog’s right ulna was then removed
with chisel and the bone-foreeps. The graft consisted of perios-
teum, compact hone, endosteum and marrow substance. ].1
was inserted between the halves of the i11l--|'-!-i1115ll.- H:_f:llllt'lll?"
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Necropgy—May 28, 1912: The wound had healed with the
exception of a small sinus; a sliver of mearly one-third
the diameter of the oraft anteriorly and tapering to &
pointed end posteriorly had sequestrated from the rest
of the graff, whieh had become firmly united to the spinous
processes. The whole posterior diameter had lived and become
firmly grown into the spinous processes. The result was @
bridge of bone uniting three vertebrae. Although sepsis had
occurred and no attempt had been made to immaobilize the
dog’s spine, a gauge dressing was applied at time of opera-

Fig. 3. Junection of graft qnd spinous process in n case of =six
months [ Experiment 1}. No dead bone-cells conld be found in these
gpecimens. From & high-power ||'I1u'lmun'l‘ngruph_

tion and the dog was placed in a cage. X-ray examinations
of the gross specimen and a microscopic study of decaleified
and non-decaleified sections failed to show degeneration of that
part of the graft which had become united. No cartilage cells
could be found; the union of graft to gpinous process Was
by new bone formation.

ExpPERIMENT 2.—dJan. 18, 1012: Dog, male, mongrel, weight
2014 pounds. Ether anesthesia. Assistant, Dr. Iseller. l't'_:=-
cigely the same technic was carried out in this case as 10
l"..'«;]mgn'imwl. 1. except that the whole diameter of the shaft of
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the ulna was removed subperiosteally. A sharp periosteum
elevator was used and the periosteum was t'm.nm'mi fromn ?hu
bone with force for the purpose of being certain of m.ﬁlmra‘lcljlg
the deep osteogenetic layers from ”!{'r!lﬂrti‘ 1_:<:I1'f_n.x and ‘utjt:;L.u;-
ing 1t as a part of the periosteum. Jhl.‘h |H.=r|.n:-:l,vum was left
i st in the leg. The transplant was 111:-;1:1‘1;_(.-+| by the same
technie as in Experiment 1, except that the periostum had been
removed as previously described. The leg and back 'u.'n..'mllml-.
were closed by a continuous suture of linen. The periosteal
tube was allowed to collapse.

Jan. 22, 1912: Back wound septie. :

Jan, 28, 1912: Leg wound healed by primary union.

Necropsy.—Feb. 29, 1912: Back wound was :sv]l_tlrf: graft
had sequestrated. Tt is believed that the difficulty in prepar-

IFig. 4. —8pecimen from Experiment 1 showing bridge of bone

between three wvertebrae, the result of a Lone-graft
months before,

inserted six
ing the dog’s skin for operation, in addition to large hemo-
tomata which invariably collect into loose areolar tissue of
the dog’s back in spite of all precautions, was largely respon-
sible for the sepsis in the back

wound, at the same time the
leg wounds were clean.

The conditions about back wound were precisely the same
a5 those in Experiment 1. namely, a deposit of osteoid tissue
- wall of sequestrum pocket. The graft, however, had
sequestrated,

In the leg a bridge

of bone had appeared where the shaft
of the ulng

had been remaoved. In the center it tapered to a
diametey about one-half that o

f the original bone. This hone
growth had been verv r

apid and connected the ends of the ulna.
EXPERIMENT 3.— Jan. 24, 1912.

Dog, terrier, female. weioht
pounds.  Ethey

L 1y} N & . t
L anesthesin.  Anesthetiat, Mr. Cassellius.
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Assistant, Dr. Keller. The spinous processes of last two
dorsal and first, second and third lumbar vertebrae were pre-
pared as asual for the graft. With chisel and mallet and
saw about 13 inches of the left ulna were removed leaving
‘the periosteum, from one-half its diameter, in situ in the
leg. The periosteum was removed in this instance with the
blunt end of a pair of scissors and no force was used in
seraping the periosteum from the bone. The periosteum peeled
off easily. The portion of the ulna which had been removed
was then split longitudinally with a chisel into equal parts,
on one of which was the periosteumn. This latter fragment
was inserted into the last two dorsal vertebrae. The portion
from which the periosteum had been removed was inserted
into the second and third lumbar vertebrae.

Necropsy—Feb. 29, 1912: [Posterior end of wound was
filled with pus. Anterior end of wound had healed by granu-
lation, The graft from which the periosteum had been
removed and which had been placed in the lumbar vertebrae
had sequestrated and was surrounded with pus. The oraft
insert which was placed in the dorsal vertebrae was firmly
united into those vertebrae. A microscopic examination
showed the union to be bony. No evidence of degeneration
or cellular death ecould be found. No bone or evidence of
osteogenesis appeared between the ends of the ulna where
the grafts had been obtained, except about the bone ends. The
periosteum in this case, as stated, was removed from the bone
by means of a plunt instrument and with no effort to get into
a deep cleavage.

EXPERIMENT 4 —Jam. 255 1912: Dog, mongrel, female.
Ether anesthesia. Anesthetist, Mr. Cassellins, Assistant, Dr.
Soule. This dog on the evening before the operation received
a bath in 2 per cent, agqueous dilution of liguor cresolis com-
positum. In all following pxperiments this bath. was given.
Two inches of the ghaft of left nlna were removed subperi-
osteally. A sharp periosteal elevator was used for the pur-
pose of getting into deep cleavage. The portion of the ulna
chaft removed was then split Jongitudinally with a chisel and
mallet into halves. One of the bone fragments was inserted
by the usual technie into the last dorsal and first and gecond
jumbar vertebrae. The remaining bone fragment Wwas placed
in sterile normal salt solution in an ordinary ice-box for the
purpose of transplanting it jnto the next dog operated om.
Wounds healed by primary union.

Necropsy—May ¥, 1912: Transplant Was found united
firmly with the spinous processes. The graft had Jost 1ts
identity. From the appearance of the bridge of bone between
the tips of the three spinous processes one could not say from
what it had originated. Mieroscopic examination showed
hony union of graft to gpinous Pprocess and no evidence of
cellular degeneration. A strong Lridge of bone was present
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between ulna ends filling in the space where the transplant had
been removed. This bridge of bone was not quite so large in
diameter as the nmormal ulna shaft. It was, however, sufli-
ciently strong for functional purpose. It is believed that the
satisfactory osteogenesis obtained in this case as, for instance,
compared with practically no bone growth in Experiment 3,
was due to the method of removing the periosteum by a sharp
instrument for the purpose of getting into deep cleavage. In
this way the chances are large that the very aective osteoge-
netie layer of cells which is situated on the surface of and

Fig. 5.—Tunction of praft and
plant had been inserted four
power photomicrograph.

spinous. process (a, ). The trans-
months (Experiment 5). From a high-

considerably adherent to the compact bone, will

either entirely or partly, and
periostenm,

be loosened
separate off as g part of the

.|'.!~;I'I-',]tl_‘nll-2."\"J' o.—Jan., 30, 1912.
Ethey anesthesia,
Botle,

: ”H,i_F. black hound, male.
v Anesthetist, Mr, Cassellius.  Assistant D
X l neision was made over Inst three dorsal a nd first
ree |y T T i Vot o e -
2 r|r|1|.1_| verte hraoe., ."~]|5|:;,“||-c proceésses of the threa h'l]ll['l'lt'
Criehroe weypp split int 1 ' :
! nto right and left halves i hi
and the bhone IT S LFES Wikl n chisel
- Iragment 2 inches lone whie .
R ng which had heen

erlg = s ; removed
dog’'s ulng 11 ]-,.’\;nq-l']]llpﬂi 4, Jan. 25, 1019 and: Len
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in normal salt solution in an ice-box, was inserted into the
prepared lumbar vertebrae. The spinous processes of the tenth
and eleventh dovsal vertebrae were denuded with a blunt instru-
ment of their periostenm from the neural arches posteriorly
to the tips of the spinous processes where they were left
attached to each. The separated ends were then held in
a ppn}xinmt'\un by linen sutures. The skin was sutured by the
subeutaneous method. In all previous cases the skin was
closed with the ordinary through-and-through stiteh; all sue-
ceeding wounds were closed with the subeutaneous suture,
resulting in muech less skin infection.

N eeropsy.—May 8, 1012: The transplant was amalgamated
into the spinous processes and had nearly lost its identity.
1t showed the contour of the graft on one end. From the
appearance of the bridge of bone, one would not have thought
that it was due to a bone transplant, There were only a few
<mall disconnected plaques of proliferated bone from the
periosteum which had been <tretehed across between the dorsal
spinous processes.

It is thought that the fact that there was not a satisfactory
pone growth from the periosteum may be accounted for in
two ways: first, the periostenm on the spinous proCesses is
meager and unsatisfactory on account of so’ many muscular
and ligamentous attachments; secondly, the periosteum was
removed with a blunt instrument without a speeial effort
being made to get into ceep cleavage. '

ExperIMENT G.—Jan. 30, 1912: Dog, bull, male, weight 28
pounds.  Ether anesthesia. Anesthetist, Mr. tassellius.
Assgistant, Dr. Ggule. Incision Was made over and down to
spinous processes of last two dorsal and first three lumbar
vertebrae. Two and one-fourth inches of left ulna with its
periosteum were removed with saw and split with chisel longi-
tudinally into halves. These fragments of bone were then
snserted into the spinous processes by the usual technie, one
into the lumbar vertebrae, the other into the lower dorsal. The
wounds healed by primary union.

The dog was found dead May 6, 1912. In my absence Mr.
Cassellius removed the ‘operated portion of the spine and
placed it in fixing solution for future examination. These
transplants, like 11 the others in the presence of asepsis, had
become firmly united to the spinous processes into which they
had been inserted.

JIXPERIMENT 7 —Teb, 1, 1912: Young dog, mongrel terrier,
weight 18 pounds. Tther anesthesia. Anesthetist, Mr. Cas-
cellius, Fields of operation prepared by iodin method. An
incision over last three dorsal and first three Jumbar verfebrae
was made. The Jumbar spinous [irOCesses were split longitudi-
nally on the left side of their conter down to the neural
arches. Wound a8 usual was packed with hot saline com-
press. One and three-fourths inches of diaphysis of left nlna
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just before operation. This preparation was used in all of
the succeeding cases and was found very satisfactory. Ether
anesthesia. Assistant, Dr. R. E. Soule. Site In back for
graft was prepared as in previous cases and packed with
caline compress. Two inches of middle of left ulna were
removed subperiosteally with blunt dissector. This portion
of the ulna was then split longitudinally into quarters, two
of which were placed in the tips of three lumbar vertebrae. A
strip of periosteum one and one-fourth inches by one-third
inch taken from the ulna by a blunt dissector was ‘placed
into the tips of two split spinous processes anterior to those
that contained the graft previously inserted. The periosteum
was placed in a similar manner to that of the bone graft.
The back wound was closed. Two pieces of bone one-fourth
inch by one-fourth by one-eighth inch in diameter, which had
been taken from the tip of a spinous process of the same dog,
were placed in the helly of a muscle in the left fore leg. Two
pieces of bone of the same size were taken from ulna and placed
in belly of another musecle in left fore leg, the object being to
determine which was the more osteogenetic.

The dog was found dead Feb. 27, 1912.

Necropsy.—Xeb. 28, 1012,  Assistant, Dr. Soule. DBone
transplant was found firmly united by callus to those spinous
processes into which they had been inserted. The graft pre-
sented every appearance of being live bone. The small piece
of bone from the tip of a spinous proeess, which had been
implanted into a musele belly at operation, had changed very
little; there was a Very small proliferation on the side of
the periosteum. The piece of bone taken from the ulna and
snserted into a muscle belly had changed also very little. There
wasg, however, considerable prn]iferation on the side of the
periosteum. The piece of periosteum (114 inches by one-third
inch), which had been placed between the tips of two splif
spinous processes, presented no evidence of proliferation and
was hard to find. :

ExperimENT 10.—Feb. 13, 1912: Puppy, terrier. Ether
anesthesia, Assistant, Dr. Soule. Incision 5 inches long was
made over and down to tips of last dorsal and first three
‘lumbar vertebrae. Interspinous ligaments iwere split with
scalpel, spinous process with chisel. A piece of the ulna bone
of the dog previously operated on (134 inches long and one-
half the diameter of the ulna) was inserted by technic above
described into the spinous processes of the second and third
jumbar vertebrae. A piece of the same dog’s leit ulna of about
the same Size Was then removed subperiosteally with chisel
and saw and inserted into the last dorsal and first lumbar
vertebrae. A piece of periosteum (114 inches by one-third inch)
removed by blunt dissection from the ulna was placed into the
fascia one and one-half inches to left of the first lumbar
vertebra and fixed with linen sutures. On the opposite side
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(right) and in the same relation to the 1’11-5_1_1. ]u}ml;:t_r-x‘rzt'it]?(l‘;;tl'-..l
f pitcu of the left nlna (omne-half by Gne.-‘E:E_?I:tl mij‘_l]:u1 I-]‘,-I,.hi
was pliced in the same manner as the per 10:,[&1!]1”‘. | ;]*Li 311%
fore leg was broken over the .'~__'qu} of a talrh: .anrn :E 5|?_31}1_L1:u.“.1
;applied; in order to obtain HLw]mInm_i proliferating perioste
for grafting purposes in ten L[:I;;'E.i.]ﬂk[l‘. 1
Necropsy.—Feb. 27, 1912: Both pieces of bone, the mu,.
from another dog and the one from the same dog, were erllmﬂ_}-
firmly united into the spinous processes. A careful microscopic
examination of sections made through graft at various places
and through junction of union of graft to spinous In'nfﬂ,z_ﬁ_ss
failed to show any evidence of degenerated bone-cells, The

Fig. 6.—Two vertebrae of i dog into which the hone transplant

(A, B) had been inserted six weeks before. (Experiment 11}
A photograph. Sections have been taken
tion.

: Trom
for microscopic examina-

periosteum inserted into the faseia to the left of the spine,
presented no evidence of proliferation, either periosteal or
bone. The bone placed under similar condition to the right
of the spine showed considerable proliferation, especially

on
the periosteal side,

EXPERIMENT 11.—TFeb. 15. 1912:  Puppy, male mongrel,
weight 179

i pounds. IEther anesthesia. Assistant, Dr, Soule.
shaft of left ulna was removed,
and placed in norma] salt solution,
tollowing ensge.

with its periosteum intact,
to be kept in ice-box for a
The spinous praocesses, last dorsal and first
were prepared as usual and a piece of
PUppy’s ulna (one-half its
which had heen

lumbar vertebrae a

diameter and 1% inches long),
removed two days previously and kept in
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Ringer’s solution in an ice-box, was inserted by usual technic
into the second and third lumbar vertebrae. A fragment of
ulna, with periosteum of approximately the same size, which
had been removed from an old dog two days previously and
kept in salt solution in an ice-box, was inserted into the last
two dorsal vertebrae.

Necropsy—Six- weeks from time of operation: Both bone-
grafts were found firmly united into the spinous processes.
X-rays taken in different planes of specimens (see Fig. 06)
failed to show any areas of degeneration in the graft. Both
decaleified and non-decalcified (ground) microscopic specimen
(see Fig. T) were prepared and examined carefully. No dead
bone-cells could be found. The graft, although only six weeks
after insertion, was very completely united into the spinous
processes by new-formed bone, No cartilage cells could be
found.

ExperiMEsT 12 —Feb. 20, 1912: Dog. Ether anesthesia.
Anesthetist, Mr. Cassellius. An incision 3 inches long was
made cver three lower dorsal spinous processes. The musecles
and licaments with periosteum were separated from them down
to the neural arches and retracted. The processes were divided
at their base with bone foreeps and chisel close to the neural
arches. The processes were then placed longitudinally so that
the tip of one process came into approximation with the sev-
ored base of the next superior process. The soft tissues with
periostenm were brought back with interrupted sutures of
linen. Skin was closed with subeutaneous linen suture. The
cecond and third lumbar processes Were then exposed, Their
tips were splif for two-thirds of an inch in situ with supra-
spinous and interspinous ligaments undetached in the usual
manner. A fragment of an nlna removed from a dog one week
previously and kept meantime in normal salt solution in an
jce-box was inserted as a oraft by the usual technic. This
transplant was 1% inches long and one-half the diameter of
the ulna shaft. The skin was closed by subeutaneous suture
of linen.

Necropsy.—Lwo and one-half months after operation: Bony
_union had not oceurred between the dorsal vertebrae whose
spinous processes had been broken down. It should be stated,
however, that, as in all other cases, no attempt to fix or immo-
bilize the dog's spine was made. The graft which had been
inserted into the second and third lumbar processes Was well
united.

ExperiMENT 13.—April 24, 1912: Dog, mongrel, male.
weight 2114 pounds. This experiment Wwas possible only
through the kindness of Drs. Beebe and Berkeley, who allowed
me to remove a part of a sheep’s ulna while Dr. Berkeley was
operating on it. A fragment of ulna 816 inches by one-third
inch, including periosteum a3 well as marrow substance, Wwas
removed from a large sheep and placed in normal salt solution

T e R M el ...uL'.'LL.'nfln
—r—
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until the dog’s spinous processes, three in number (first dorsal
and first and second lumbar), eould be split and prepared in
the usual way. The transplant was then inserted and covered
with the ligaments as above deseribed.

Necropsy.—Five weeks after operation: Although the wound
had healed kindly by primary union, the transplant was found
in a pocket filled with serum. No evidence of osteogenesis on
the part of the graft or union to spinous processes was present.

g, 7.—
Huctlﬁu .{.:[ rI;::]u;.film!inul section through spinous process with cross-
: Iuw-;:{:w:f}' I (@, b, ¢) which had been inserted six months: from
) photomicrograph of a non-decaleified ground specimen

Aumerons blood-vessels
5 can be seen, under hie i
extending from spinous process into graft. o e

The l’nl]uwil];: deductiong and eone
on the experimental work
Junction with a ¢lini
]Et}ne-gl‘ﬁrting ope
five of whiech

lusions are based
reported herein, in con-
nical experience gained from 130
rations on the human subject, ninety-
have been for Pott’s disease. ten for club-
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foot, eleven for paralytic deformities, eight for ununited
fractures, one for osteomyelitis cavity, one fixation of
tarsus for tuberculosis, one for deformity of tibia, one
for deformity of the jaw, one for paralytic drop-wrist,
and one for absent head and neck of femur and ununited
fracture of neck of femur. In three of the cases of Pott’s
disease, the bone transplant has been cut down on for
minor reasons, inspected and parts removed for exami-
nation. The time after operation has been three, five
and seven weeks. In all of these cases the grafts have
been well united into the spinous processes wherever
contacted. In two cases the end of the graft had sprung
posteriorly into the soft tissues. In every instance the
portion of the graft, which was contacted into the spin-
ous processes bled wherever cut with bone forceps;
its periosteum was proliferated and the transplanted
portion in every way presented the appearance of via-
bility. On the other hand, in both cases, the portion
of the graft projecting into the soft tissues was pale,
the periosteum had not proliferated, the bone did not
bleed in its central portion when cut, and was thought
to be acting as an «osteoconductive scaffold,” whereas
there seemed every reason to believe, especially in the
light of our microscopic results, that the portion in and
hetween the spinous processes was viable, on account of
the contacted points of haversian blood-supply being
<o numerous and near together.

SUMMARY

1. Many liberties can be taken with the bone-graft
without interfering with its success. It has certain
bacteria-resisting properties. In one case the trans-
plant was kept in normal salt solution in an ice-box
tor one week and in others for shorter periods and suc-
cessful results followed. In two cases sepsis occurred
in the same wound; nevertheless, parts of the graft in
each case became united to the recipient bone and
remained, while the rest of the transplant sequestrated.

From these experiences and the fact.that in my series .

of 130 bone-grafting procedures on human subjects only
parts of four grafts sequestrated, it 1s believed that one
is safe in deducting that the hone-graft has considerable
germ-Tesisting ability.

9. Tt seems very probable that the amount of haver-
sian blood-supply 18 in a Very large degree, if not wholly,
responsible in determining whether the bone-graft lives

. TR Bl
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as such or acts as an osteoconductive scaffold. This
was especially emphasized in the three human cases cut
down on. If the graft is to live as such the blood-sup-
ply contacts must be of favorable character and numer-
ously distributed at short intervals along its whole
extent. Such as is the case with the spinal graft or
the transplant used for ununited fractures described
elsewhere.

3. Ollier in 1858 described his technic for subperio-
steal resection, but as far as I am aware, did not empha-
size the importance of the employment of a sharp instru-
ment with force in order to separate with the periosteum
the embryonic layer of active osteogenetic cells, which
is situated on the periphery of the compact bone,
although it is evident from the description of his work
that he frequently practiced this technic. It seems cer-
tain that osteogenesis on the part of the healthy peri-
osteum removed from a healthy bone, is largely depend-
ent on the presence of these active embryonic bone cells
from the outer surface of the cortical bone. Therefore
the wisdom of the use of the sharp periosteum elevator
In bone resection is apparent.

4. The bone transplant apparently acts always as
a stimulant to osteogenesis on the part of the bone into
which it has been implanted.

9. The spinal graft in the dog loses its 1dentity at
about the fourth month. After that time one would not
know from its appearance that the bone bridge had
originated in this way.

0. Bone taken from another species, such as the sheep,
- did not unite to the recipient bone of the dog, although

In the presence of asepsis. This one experiment does
not prove that sheep’s bone will mot unite to dog’s
bone as a graft, but it does prove the unreliability of
the procedure,

. A bone bridge between different vertebrae tas
?ﬁcumphshed n this small series of experiments only by
: Iﬁitlipnﬂ-graft. Breaking down 1;+he. spinous processes,
tEl Ing the spinous processes with approximation to

s alled to produce the desired continuous hone

8. Bone transplants taken from a long bone such as

th '
w]:}e 111;191 showed evidence of greater osteogenesis than
n taken from the 8pinous processes,
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