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ORIGINAL COMMUNICATIONS.

article I 201l gponge-Grafting. By P- J. Hamilton, M.B.,
F.R.C.S.E., etc., Pathologist to the Hamburgh Koyal Inhrmary ;
Lecturer ou1 Pathology in the School of Medicine, Edinburgh.

In a former paper ("Qn the Process of Healing," Journal of Anatomy
and Physiology, vol. xiii.,, 1879) I made the gtatement, and en-
deavoured to show experimentally and otherwise, that the vessels
of a granulating surface are not pewly formed, but are simply the
superficial capillaries of the part which have become digplaced.
They have been thrown ypwards == granulation loops by the
propelling action of the heart, because the regtraining influence of
the skin has been removed.

One of the great functions of the skin is to counteract the ten-
dency whfi_ch the superficial vessels have to be pushed outwards,
and a similar restralining action is conferred ypon the deeper
branches by the fascise which surround them. These hold the
vessels‘ in thellr proper places, and overcome the tendency which
there is to peripheral displacement.

"Whilst gelttlng the 1Informatlon for that paper, and subsequently
when studying the subject of organization and healing still further,

I was much struck with the Similarity of the process of vasculariza-

tion as seen 011 a granulating surface, and that which occcurs when

a blood-clot or a fibrinous exudation is replaced by = vascular

cicatricial tissue. Later on in this paper I shall have to refer to the

process of organizatiorj. of blood-clot and of fibrinous lymph more
fully, Put at present i1l merely observe, as a preliminary measure,
that blood-clot or fibrinous lymph plays merely = mechanical and
passive part 1P any situation where it becomes replaced by = fibrous
cicatrix, and further, that their vascularization is not owing to
new formation of hloodvessels, Put rather to a digplacement and
pushing inwards of the bloodvessels. of. surrounding tissues. Being
convinced that the blood-clot or fibrinous lymph, before organiza-
tion takes place, was just as so much dead matter in a tigge, it
occurred to me that if we could employ, instead of blood-clot or
fibrinous lymph, some dead porous animal tiggue, it, also, would,
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in the course of tige, become vascularized and replaced by cica-
tricial tissue. For long ! could not think of gny animal texture
VIVhiCh would subserve this purpoge; PUL an accidental circumstance
in thi summer of 1880 W.hlch came under my notice gyggested t°
me that gponge would in all probability, if placed Under proper
conditions, fulfil the object in view.

The reasons 011 which I grounded this hope were, firstly, that it
is a porous tissue, and in this respect would imitate the interstices
of the fibrinous network in a blood-clot eor in fibrinous Jymph.
In the second place, it is an animal tigsue, and, like other animal
tissues, such as catgut, would, if placed under favourable circum-
stances, become absorbed in the course of time. Thirdly, that it
is a pliable texture, and can, consequently, Pe easily adjusted t©any
surface, or be cut of convenient size to be placed in a cavity. If,
therefore, the blood-clot or fibrinous exudation merely acts mechani-
cally in the process of organization, there is me reasen why sponge
or any Other poroyg texture should not gimilarly become vascular
and organized.

I resolved, accordingly, to see whether this theory would stand
the test of experiment; and probably, before going further in the
way Of explanation, it will be well togjye an account of some of
the experiments which I have made, so as to afford an idea of the
objects aimed at.

Through the kindness of Dr Watson, Messrs Bell, Chiene, and
others, I have had opportunities ©f carrying o= this investigation
during the last twelve months, and I have to offer them my sincere
thanks for affording me the means of doing so.

Experiment No- 1.?The subject of this was a female patient who
had been admitted into the Chalmers Hospital during the summer
of the year 1880, suffering from several ulcerated wounds on
different parts of the body. The largest of these was situated on
the outside of the left gq. It was circular in ghape, and five
inches in diameter by from half an inch to three-quarters deep.
The edges were indurated, slightly raised, and in some places
undermined. There was still a cellular tissue glough at the
deepest part of the wound, which gave the whole ulcer a somewhat

putrefactive odour. The rest of the floor was in a granulating
condition.

The other wounds were Of a similar character, but of smaller
size. They were gituated, one on the scalp, and another further
down the leg. They looked yery much like ulcers of a gpecific
character, although the patient denied any such higtory, The
largest of them?that on which the experiment was made?had
evidently resulted from a hyge cellular tissue glough, The patient
was admitted with the expectation f having the leg amputated if
the wound would not heal by ordinary means.

The xisual antiseptic dressings were at first applied, but very
little progress was made in its contraction. On 3d August 1880
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1 filled the wound, while in the above described condition, with
one large piece and several small pieces ©f very fine sponge pre-
pared by dissolving out the siliceous and calcareous salts hy means
of a dilute mineral acid (nitro-hydrocliloric), subsequently washing

in liquor potassee, @nd then finally steeping for seme months in 1

to 20 solution of carbolic acid in water. There is not any necessity

for gteeping it so long in the carbolic solution: it had been
accidentally lying in it for this time. The sponge in the central
part of the wound rose a little higher than the edges, so that at its
greatest thickness it must have measured at least from half to three
quarters of an inch, and five inches wide. The sponge was made
to fit the wound yery accurately, and was inserted beneath the

undermined edges. 4 piece °F green protective was placed on the
surface, and, above thig, lint soaked in a 1 to 20 solution of car-

bolic acid in glycerine, with a little tincture of lavender in it. The
whole was covered by = pad of boracic lint. An ordinary bandage
was gpplied. The patient was kept in ped, with the limb at ab-
solute rest.

On the following day it was redressed. The sponge WS partially
soaked with purulent discharge, but there was not gpy marked
putrefactive odour. It was dressed as before.

On 5th AUgUSt there was a distinct putrefactive odour. It was
dressed as formerly, but, in addition, the wound was irrigated with
a1l to 40 carbolic solution. This was continued throughout the
progress Of the experiment, and at one time, when the pytrefactive
odour became great, = 1 to 20 solution was employed_ Oakum
was now used as a top dressing over the glycerine and carbolic
acid. The sponge at its shallowest part appeared to be slightly red
I eme or two points, and the undermined edge had extended for a
short distance further over it.

On 6th pygust the gponge was irrigated == before, and, in

addition, was gently Squeezed so as to remove any waste products
which were contained in it. Opposite where the cellular tissue

s]_ough was situated there seemed to be a considerable quantity ol
discharge given off. The whole gponge was mow completely soaked
with the gischarge, and, further, it wras moticed that its edges wexe
adhering to the granulating surface. At omne part .lt looked almost as
it the edge of the sponge vere dissolving. Th:_s. may have. been
caused by its having been to = certain depth imbedded in the
granulation tissue, and appearing thinner on that account.

On 8th August, or five days alter the application of the sponge,
the wound seemed to have shrunk = little. Ihere was very
little pytrefactive odour, but still the protective tissue as dis-
coloured. The thin parts of the gponge felt very fi.rm’ and their
interstices were evidently filling with organizing tissue. If the
§urface was pricked it bled freely. Healing seemed to. be going o=
0 EWO yavg, namely, from the edges towards the cgntle, and from
below upwards. The edge of the gponge 3¢ the thinnest part also
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seemed to be {iggolying as it became infiltrated with tlie new
tissue. 1Its surface, moreover, was covered by = grayish-coloured
pellicle, very much like that seen on the surface of some wounds
healing under antigeptics,

During the treatment of the case iodide of potassium was given
internally, from which marked constitutional benefit seemed to be
derived.

From this time onwards the sponge rapidly became filled with
organizing tissue, until on 29tli November there was only = small

1 of it to be seen on the surface. AS soon as it became vas-
piece

cular and filled with new tissue the epithelium spread over it.
There did not seem to be apy difficulty 10 getting the epithelium
to spread over it whenever the underlying surface was of a proper
nature, that is, whenever it became filled with y,oyng and vascular
connective tissue elements. On this day (29tli November) the
circumference of the limb at the part which had healed was 21
inches, while at a corresponding part in the other limb it measured
only 19 inches. The difference was not caused by oedema, as the
limb was perfectly free from thig, and had been kept bandaged
and in the horizontal position. It was evident that the cause of
the increase was the tumour-like mass 0f new tissue which had
now gupplanted the sponge.

On 5th January 1881 I showed the patientl through Dxr Wat-
son's kind permission, to the Medico-Chirurgical Society, at which
period the sponge had entirely vanished, and there was perely a
superficial, typically healthy granulating surface, measuring about
1% inch in diameter. Dr C(lark, Resident Surgeon at the
Chalmers Hogpital, whom I have to thank for latterly superintend-
ing the dressing of the cage, informs me that a small piece of the
sponge, the last vestige of it geen, at last became dissolved at its
attachments and separated.

In the healing of this wound it seemed that, instead of the
edges and surrounding skin peing drawn downwards and towards
the centre, aS' in the usual process of cicatrization, the re-
parative material had in reality grown up within the interstices
01'5 the gponge, and so had filled the vacuity caused Ly the cellular
tissue glough. It appeared to be, in every sense ©of the term, =
proccss of healing up instead of contracting down.

This first experiment showed me that if sponge Pe placed over a
granulating surface its interstices will, in the course of time,
become filled with bloodvessels and cicatricial tissue, just as 1in
the case of a blood-clot, and, ultimately, that the whole of the
sponge Will digappear in the wound, leaving == organizing m=s= of
new tissue in its place. The vacuities in the gponge appear °©
be specially adapted for allowing ©f this, and the framework of
k(?rat.Ode affords gupport to the young vessels which are formed
within it.

It further showed that even where the wound continues in a
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putrescent condition organization Will still go on.  In the case of
the blood-clot, putrefaction tends to destroy it; in that of the
sponge, 1tS texture heing more resistant, it does not seem to make
much difference. The cellular tissue slough which lay at the
bottom of the wound, =2s previously mentioned, must have been
the chief cause of the continuous putrefaction which resisted all

antiseptic remedies.

Experiment No. 2.?The second case in which Ihad an opportunity

of Seeing what would happen if a sponge were left on an abraded
surface was where a large piece w== employed as = compress over
a wound resulting from the excision of an epitheliomatous tumour
in the neighbourhood ©f the lower jay, The gponge was employed
as a compress fOr a few gayg; and after thig, finding that it had
become adherent, the superfluous parts °f the sponge were clipped
off, leaving = button-like portion over the wound. The patient
expressing = desire to go home to the Western Highlands, he was
dismissed with the fragment °f sponge adhering and forming ==
excellent protection to the wounded surface. As to what further
happened t° it T have not had 4ny tidings.

Experiment No. 3.?The next experiment was carried out under
Mr Bell's direction in the Eoyal Infirmary, after seeing the subject
of the first experiment at the Medico-Chirurgical Society. There
happened to be in one of his wards a patient suffering from an
intractable ulcerating wound of old gtanding on the left Jgg, It
had been previously healed and had again broken out, and there
was great cicatricial contraction of the surrounding parts. Several
methods of treatment had been employed, but apparently with no
benefit, the cicatricial contraction of the skin and deep tissues
around preventing the wound from closing. There was not much
;Loss of tissue at the ulcerated part, se that the wound, although
it presented a SCOOped‘Out appearance, did not show the same
enormous yacuity as in the first case. It did not seem to be a
very promising case for carrying out the experiment, but, never-
theless, seeing that it was proposed to amputate the limb if it
would not heal, Mr Bell thought it right to make a trial of gponge-
grafting' The object in doing se was to grow sufficient young
tissue to allow of the pecessary contraction, and at the same time
to afford a healthier?that is, a more embryonic?surface for the
epithelium to gpreaq over.

The wound measured 2* inches by 2 inches, and on 8th January
of this year it was covered bY 2 layer of fine gponge ]:ising a little
higher than the level of the "skin. It was dressed with Listerian
antiseptics, but, at the time of application, was 1% = septic con-
dition, and remained so throughout. The patients age was
29.

In from a week to a fortnight after application it had taken a
firm hold on the exposed surface, and Mr Bell noticed in dressing

It that it appeared to be glightly vascular, and bled when prjcked.
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The daily record of tlie case it will be unnecessary to follow out;
but suffice it to say that it shortly became filled with young
vascular cicatricial tjggye, which grew up from below, filling the
cavities of the gy nge as in the first case. The {ischarge from
the wound was considerable, and remained of a septic nature
throughout the course of the organization.

The patient in time was dismissed with the sponge completely
organized and the wound healed. There did npet, moreover,

appear ©© be any injurious stretching ©f the parts, the newly
formed tissue having allowed for this.

Experiment No. 4 . ?A short time after the commencement of this
experiment, Mr Bell admitted a woman into his wards who suffered
from a large recurrent cancer Of the mamma. He had previously
excised the primary tumour, and this had been the first recur-
rence. Several of the axillary glands were now enlarged and
apparently cancerous . .

On 3d February Mr Bell excised the tumour, and in doing so
required to remove a large portion ©f the surrounding skin, and to
dissect the close down to the ribs. A was thus

parts large gap
left, which, instead of 3]lowing to cicatrize in the ordinary manner,
he filled with = piece of fine gponge. The enlarged glands were

removed at the same time. The operation was conducted anti-
septically.

On 13th February, ten days after the operation, the sponge
was noticed to be vascular. There had been a little serous dis-

charge from jt, but the wound and discharge had remained
perfectly aseptic, even although such a large mass Oof a material
so liable to foster putrefaction 2 sponge had been imbedded in
the tissues.

I ought to have mentioned that the sponge had been carefully
prepared in carbolic acid before being applied, and, of course, the
very conditions which would encourage putrefaction would, cccteris
paribus, Pe = hindrance to it if no living septic matter were con-
tained in its interstices. There is therefore no difficulty in keeping
the gponge aseptic in a wound provided it be so at the time of
introduction. The size of the portion placed in the wound in this
case was, roughly speaking, twice that of a crown-lpiece._

When the sponge became vascular it rapidly filled with embry-
onic cicatricial tiggye, until in the beginning of July it had entirely
disappeared, and nothing remained but = granulating surface the

size of a ghilling, partially covered by = pellicle °f epithelium.
There yag, in the place of the gponge, =2 somewhat hard mass of

tissue.

Seeing that the tumour had recurred, M= Bell naturally became
anxious about the hard feeling which the new-grown mass pre-
gented, supposing that possibly the cancer tissue had penet;ated
into the sponge, and had there found a convenient medium within

which to develop and grow.



/lll/ %
Fy.l.



1881'] SPONGE-GRAFTING. 391

In order to ascertain what the exact condition of the part was,
lie clipped out a small portion covered by a blue pe]_lic]_e of young
epithelium and gave it me for examination. It is noteworthy
that, in clipping it out, the patient did not feel any pain, so that,
probably, nerves had not found their g+ into the new mass.

I made some sections of the little piece of tigsue, both when fresh
and after being placed for forty-eight hours in Miiller's flyjd,
drawings from which are shown in Figs. 1 and 2. In Fig. 1 is
seen = piece of the section magnified about 300 diams. At ¢ is

noticed the keratode framework of the gponge as it appears With

this magnifying power, While adjacent to it is shown the gppbryonic
connective tissue (¢) which has filled the interspaces and surrounds
the framework. The surface of this new tissue is covered by =

layer of epithelium (a), With = complete germinal layer [b). The
epithelial cells, as so often happens in healing wounds, presented
well-marked serrated edges.

The whole of the sponge interspaces were filled with what would
be generally called young connective tissue cells, as seen at Fig.
1; but what was still more remarkable was the extraordinary
number of very large giant cells (4) which lay in the same situa-
tion. A little piece of the sponge somewhat deeper in the wound
is represented 1n rig, 2, where a is 3gain the gponge framework,
while all round it and sometimes adhering closely te it, lie great

numbers of giant cells. They are of very large size, 25 may be

seen from the graying, which represents them as magnified 350
diams. There were in some of them as many @° thirty nuclei,
and every nucleus had one or more very bright nucleoli, without
there being any apparent intranuclear plexus. Around these lay
spindles and round cells of a connective tissue type, In fact, the
appearance was like that of a typical giant-cell sarcoma. As will be
seen from the drawing, there does not zppear to Pe any absorp-
tion gpace in the sponge skeleton (g) at the poipt where the giant
cells are attached, and hence I can hardly believe that they were
acting as osteoclasts are supposed te do in apsorbing and hollow-
ing out a cayity in bone matrix. I should have expected that
after th1s: time, three to four months, they should have showed
seme action of this kind if they really possess such = function, but
nothing of the kind was visible. It is pogsible, @d I =m open
to further conviction on this pOint, that the portion of sponge
examined, being superficial, had not been a sufficiently long time
organized to allow of absorption taking place by the erosive action
of the giant cells.

Whatever the action of these giant cells may be in the organizing
tissue, the observation remains true that in nearly every instance
1n which I have had an opportunity of examining =n excised
portion they were present, and usually in great abundance.

The sponge framework appeared somewhat altered from its usual
homogenous aspect. It wa= marked by many little lines (pig, 2, g,
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and, at its ends, was thinner than usual (Fig, 2), appearancesIWthh
Seemingly indicated that it was diSSOlVil’lg. That such will he
the ultimate result I cannot fail to believe. Being == animal
texture, it Will, like catgut' in course of time undergo tissue
digestion.

Experiment No. SDAlthough these cases were all successful as
instances of gponge-grafting, it is right that reference should be made
to another case which proved unsuccessful, and to notice the cause
of failure. The patjent was = man who was under Mr Chiene's care
in the Eoyal Infirmary. He suffered from an old necrosis of the
lower end of the tibia communicating With a wound of considerable
size. At the bottom of the wound the exposed and gpparently dead
extremity of the bone was visible, while the surrounding parts D@
an ynhealthy, somewhat sloughy appearance. There was not any
granulating surface at any part. The cavity was filled w:thh = plug
of gponge, Put after being kept o= for several weeks it did not
seem to have formed any attachment. The reason was gapparent;
the parts could not furnish sufficient embryonic tissue to pierce
into the sponge and to Organizelit‘ There were not any under-
lying bloodvessels to penetrate into its interstices. Under such
circumstances only one result could be expected, as I told Mxr
Cliiene when he proposed applying it, namely, that there could
not be any permanent attachment.

These comprise the experiments which I have made in the
human gybject; but, in order to carry out the inquiry still further, I
have performed certain experiments o= animals, with a view to
studying the process °f sponge organization under more favourable
circumstances. My friend Dr Woodhead, who had been working
in my laboratory in the commencement of the winter gession, un-
dertook to get the experiments carried out for me in Professor
Strieker's laboratory in Vienna. I have to offer him my warmest
thanks for the trouble he took in getting the experiments per-
formed, and also to tender the same to Professor Strieker for the
interest he showeld in the experiments, and for placing his labora-
tory at Dr Woodliead's disposal.

One set of experiments consisted in placing pieces of sponge
within the peritoneal cavity and leaving them there for various
periods of time, whileanother set Comprised the introduction of the
same into muscular parts. A third series 0?. experiments “=S
made by inserting twe thin glass plates with a layer °f sponge
between them into the subcutaneous tissues, while Ziegler's original

; ] ing th
experiments (Centralblatt, 1874, Nos. 57 and 58), of inserting these
beneath the tissues without any sponge intervening, were also re-
peated. Whether the gponge was placed 17 the peritoneal cavity
or in a muscular part, theresult, where the case went on favourably,
was invariably the same, namely, that the sponge " = few days
after insertion pegan to organize in the same manner as I had
found to occur in the human gybject.
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Tlie following description ©f the appearances presented is, how-
ever, taken from a sponge which had been in the abdominal cavity
for a period of ten days, There was considerable peritonitis, and
this occurrence, either of a local or general nature, is extremely
liable to be set yp in all such experiments o= the peritoneum of
the lower animals, chiefly from the difficulty °f avoiding septic
contamination. The gponge, 25 generally happens, was found to
be adherent to = loop of the intestine. The union was so firm that
it could with difficulty be detached. Throughout the abdominal
cavity there was a considerable quantity of fibrinous lymph, but
the part of the sponge not attached to the intestine was only
partially covered by it.  The greater part of the unattached surface

was still quite porous, and did not present any evidence of grganiza-
tion.

On cutting into it, after it had been hardened in Miiller's fluig,
there was seen to be a ]ayer of dense pewly formed tissue at the
attached edge of the sponge, about a quarter of an inch thick. The
rest of the sponge Was porous, and didnot seem to be much altered
in appearance.

Sections were now made through different parts of the gponge,
and one of these, magnified 50 diameters, IS represented in pig. 3.
The part represented is taken from where the newly formed tissue
was greatest. .

In all the experiments I have made, the first thing noticed 1is
the infiltration of the interstices of the spongewit:h a certain amount of
fibrinous lymph. The canals do not become occluded by it, but
fibrin with' entangled leucocytes is found adhering to the sponge
framework (Fig. 3 a, and Fig. 4 a and y), The cicatricial tissue,
however, gradually invades the gpertures ©f the sponge subsle-
quently to this, and, as will be afterwards more fylly shown, dis-
places the fibrin and destroys it. In a section made from the
interior of such a sponge there are always to be seen two distinct
areas. The internal is the part which has been in the first instance
filled with fibrinous lymph, while the other, the external, is that
which is becoming pervaded with cicatricial tissue. Thes'e two
areas are gigtinctly seen in Fig, 3. From Atold (inclusive) 18 s=en
the sponge framework infiltrated with fibrinous lymph, while t.he
area comprised within C is the cicatricial er organizing layer **-
vading the gponge and displacing the fibrinous lymph. At there
intervenes a very granular 1ayer, which, a= will be pomted out, 18
composed of broken down fibrin and leucocytes.

The line of demarcation between the fibrinous and organizing
layers was in all cases perfectly distinct. In no instance was
organization found to commence Within the interior of the sponge

among the primarily effused Iymph. Without exceptiqn Ithe
cicatricial elements into the gponge P the form of a distinct

grew , \ ,

layer, springing from the intestine or other tissue to which it had

become” attached. From this attachment bloodvessels also arose,
vol.

XXVUu.?no. v. 3D
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which, along with the cicatricial elements, were the means of bring_
ing about the organization.

Let us examine a little more clogely, in the first place, 2 piece of
the sponge comprised within the area A (pig, 3], that is to gay, the
portion which is infiltrated with fibrinous lymph. A small piece
of it is seen more highly magnified in Fig. ¢ Lying in the sections
of the " incurrent" and " excurrent" canals formed Ly the gponge
skeleton there is seen to be a network of fibrin (p), while in its
meshes are contained many blood-leucocytes (a), all more or less

in a state of digintegration. The disintegration, however, of these
and of the fibrinous network was much more evident at a point

nearer to the cicatrizing layer (B, Fig. 3), where the whole network
of fibrin, after becoming invaded by the connective tissue elements
found in the cicatrizing part, seemed to fall to pieceg and to be
absorbed. I was not able to discover gpy cell other than a leuco-
cyte in this lymph-infiltrated portion of the sponge. There was,
further, not = vestige of a bloodvessel to be noticed.

Within the cicatricial ]_ayer (c, E‘]_g 3), however, the appearances
were yery different. As this layer had arisen from the intestine, it
will be well to describe in what state the different coats of the
intestine were, as the connexion between the cicatrizing layer and
the bowel will then be better understood. The mucous and sub-
mucous coats of the bowel gppeared to be unaltered, and the same
can be said of the mluscular coat, as may De noticed in Fig. 3, E.
All the changes which had ensued in the texture of the bowel
appeared t© be concentrated in the serous or peritoneal coat.

From gtydying the appearances in different gtages, as seen in
various portions of the gponge, the first thil’lg noticed in the serous
coat was that its bloodvessels became much distended. At the
same time they also became unduly tortuous, se that each vessel
could bel seen to have a markedly undulating character. The
fibrous tissue around these also became cedematous, as shown by
the surrounding wide connective tissue spaces.

On examining these distended vessels in other parts, long
straight offshoots (I:ould be seen arising from them and running
directly upwards 1nto the cicatrizing layer (Fig. 3, C and e e
The large number of these was in some parts very remarkable,
forming, as seen in the drawj_ng, a dense bundle in certain places.
For a considerable distance after they left the parent trunk in the
peritoneal °r subperitoneal .tlssue they gave ©°ff only = very few
divisions. Nearer the fibrinous jayer —however, they could be
seen to give off branches enclosing wide meshes, and at the ex-
treme internal limit of the cicatricial Jayer they ended in a net-
work of wide loops (Fig. 3, b, and Fig. 5, = and p),

Now, the convex side of these loops was, without exception,
always towards the distal extremity of the Vesse]_, the concave
towards the proximal (Fig. 5, b), and in no instance could I find
anything but loops in this situation. I could not see the glightest
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evidence of these bloodvessels ending in free extremities. There
was glways = complete afferent and efferent vessel. When such a
loop reached the gponge framework it was pushed into it often
some distance in advance of the cicatricial elements which usually
surrounded these vessels. It still, however, maintained the char-
acter of a complete capillary loop, and I was unable to detect
thing like a free, newly formed, and pointed offshoot.

While the loops were always filled and usually distended with
blood, it sometimes happened that the stem leading to or from
them was comparatively empty. It seemed as if there had been

greatest pressure upon the extremity of the loop, and as if the
afferent and efferent vessels had been stretched and so rendered

any-

anaemic. On examining other portions of these vessels for any
evidence of gproytg from their gides, I must say that T could not
detect gnything of the kind. It might have been eypected that

at this time (tep days), if these vessels were newly formed,
the offshoots described by Arnold (Virchows Archiv, vol. liii.

70) and others, should have been distinctly vigible. After the
most searching examination’ however, I must confess that nothing
of the sort presented itself.

Another curious point, if these vessels were newly formed, was
that the stems ]eading up to the capillary loops at the edge of the
cicatricial layer possessed, 1" many cases, = completely formed
adventitious coat. Arnold certainly refers to this circumstance
in what he considers to be newly formed vessels in keratitis
vasculosa, but whether those which he noticed having this appen-
dage were actually newly formed is a matter of doubt. As regards
those seen in the sponge, 2t least, possessing an adventitia, I shall
have to give quite = different jpterpretation i the summing up
of the facts of this oper in the sequel, Suffice it at present t°
state that the vessels at the invading extremity of the cicatrizing
part were always in the form of loops, that these loops could be
seen to be pyghed into the gpaces Of the gponge, and, further, that
even at the gytremity of this part they presented the appearance
of fully developed capillaries, without any evidence of offshoots
branching from them.

I noted a gignificant phenomenon supporting the theory that
the bloodvessels were pushed into the sponge == loops, namely,
that when the convexity Oof = loop came in contact with the
sponge framework, instead of ome of 1its poreg, = curvature
formed on the vessel at the Opposing point (Fig 5, C), and on each
side of the obstacle there was pushed i» = secondary loop (Fig. 5,
d) similar to that from which both had arisen. By this process ©f
invagination, == it were, it seemed to me that the gponge became
first vascular. A cgpillary loop w=< pushed against the sponge.
If it happened to =u= into a pore it was driven further and
further iHWardS’ but if it abutted against an arm of the sponge
framework the vessel became invaginated, 34 2 secondary loop



396 MR D. J. HAMILTON ON [NOV

formed on each side. Whether another method of vasculariza-
tion?by formation of new vessels?ensues at a later period, I
cannot gay; but certainly,ten days 2fter being implanted in = tissue,
everything seems to favour the idea that the vascularization is
caused by already formed vessels becoming much elongated, and

being subsequently pushed into and invaginated against the frame-
work of the sponge .

The area in which tlu bloodvessels were contained I have named
the ” cicatrizing layer," because it was in reglity the layer which
contained the organizing elements. The character of the cellular
structures found in this cicatrizing layer was (1) chiefly that of
round cells (Fig. 6, a) several times larger than a leucocyte, (2)
spindle cells (Fig. 6, ¢) developed from these, and (3) giant cells of

great size (Fig. 2, IJ. The large round cells (Fig. 6, a) always
contained at least ome nucleus, Sometimes two or more. They had
also a yery well defined border. Different gtages ©f develop-

ment were met with between the round and gpindle cell. The
cellular elements were in all respects identical with those met
with in grganizing inflammatory products. The giant cells, 2= in

other cages, 1ay in very close contact with the sponge framework,
and were frequently twisted round it.

Besides the above-mentioned cells, however, there yere, as Arnold
has described in parts becoming vascular, masses of coloured blood-
corpuscles in certain gpotg, which, looking at the distended condition
of the neighbouring capillary loops, and the localized character of
the collection, I cannot regard otherwise than as extravasations.
Various interpretations Dave been pyt ypon the occurrence of
these collections of coloured p]ood-corpuscles by Cohnheim, Arnold,
Strieker, and others; but gurely it is only reasonable to guppose
that where such intense hyperemia exists, as in a panophthalmitis,
for instance, or in the case under consideration, small extravasa-
tions are Only to be EXpected. In other parts, however, depots of
what undoubtedly were blood-leucocytes were to be seen, mowe
particularly in the subperitoneal tissue, and there was good evi-
dence to show that they had egcaped from the distended vessels.

Are these leucocytes, however, to be looked upon, 2° Cohnheim
(Allgcmeine Pathologie, Band i. 5. 29) does, as the elements out of
which the larger round, or, as he calls them, epithelioid" cells,
above described, are developed ? IP speaking ©f the organization of
inflammatory products in Bis lectures, he hasthe following:?" Cer-
tain it is that all further development is dependent upon the large
epithelioid cells, closely related to which are the large giant cells,
although the latter are much less numerous. The more rounded
epithelioid cells, on account of their sending ©Ut processes, become
spindle and stellate in ghape. The processes grow and become
further metamorphosed, chiefly in that they split and become con-
verted into fine fibres and fibrils. From each end of a gpindle cell

there is then produced = pencil Of fine, wavy, attenuated fibres, but
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tlie broad side of the cell can also give rise to fibres which develop
out of its protoplasm. From the fact that the fibres from different
cells lie side Ly side, complete bundles of fibres regylt, to which, as
a rule, several cells belong. The remainder of the protoplasm
becomes converted into a fixed cell, which lies in the spaces be-
tween the bundles of fibres." He, therefore, clearly traces the origin
of a newly vascularized cicatricial tissue to the transformation of
these Jarge epithelioid cells. L

As regards the origin of the new cicatricial tigsue, the question,
therefore, comes to be?Whence do these epithelioid cells arise :
into in the work above pentioned, o=

This question i fully gone . .
but, I cannot but think, with some-

several of the preceding pages,
what of a biassed mind. The whole object of the author seems to
be, by keeping to ene line of argument, °* by Want of sufficiently
wide ‘and accurate observation, to endeavour to prove that they are
derived from blood-leucocytes which pagg out of the newly formed
bloodvessels. The fact of there being = possibility of any mode of
origin other than this is never taken into consideration, the only
point which the author cannot explain beingwhy, " ordinary pro-
gressive inflammation, large number.s of these are extruded from
the vessels and infiltrate the part Without haying any tendency to
form fibrous tissue. He regards the formation of mew bloodvessels
as essential for the genesis and growth of the ° epithelioid " cells.
Without this they would be destroyed by fatty degeneration (p.
287). He further describes the method p,y, which leucocytes become
transformed into these " epithelioid " cells. He believes that what
Ziegler has observed?namely, the enlargement of " individual pyg
cells by the absorption ©f others = (p 285)?throws = great deal of
light upon the subject, and, further, that these epithelioid cells,
apparently by over-nourishment, may become converted into giant
cells.

Now, although this theory of the Origin of the new tissue has

been sccepted by many pathologists =s correct, yet it seems to me
that the evidence showing that a blood-leucocyte <an become con-

verted into a bundle of fibrous tissue is not proved by anything
which the supporters of this doctrine have prought forward.

In the first place, if it is true that an over-nourished leucocyte
will f'orm fibrous tissue, why is it, then, that, wher} immersed in
t':he Irlch.est of nourishing fluids, the blood, there is not only =ne
inclination to form fibrous tissue, but not even = tendency to over-
gl’OWth? Nothing approaching the size Of‘ the "epithelioid" Icellls
1Is reached. It might be urged that there 1s some spe;ial condition
in the blood itself or bloodvessel which prevents their growing to
an inordinately great size. Why, then, 1s it that, after they leave
the bloodvessels in the natural course Of the circulation and enter
the lymph spaces, where they are bathed in nutritive pabulum,
they still do not enlarge, still do not form fibrous tissue ?

To any unbiassed observer who will take the necessary care in
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looking at such an organizing tissue as the gponge from which
Fig. 3 was drawn, I cannot conceive that the origin of the large
epithelioid cells should remain = matter of doubt. In Fig. 7 I
have represented a few of the fibres from the fibrous tissue of
the subperitoneal coat at the part where the sponge had become
aFtaChed. What is the signification of the enlargement of every
fixed connective tissue corpuscle upon these bundles of fibrous
tissue, their polynucleationl their giving birth to a progeny of new
cells, the accumulation of these cells in depots, their gubsequent
wandering into the newly forming cicatricial mass ? Are we totally
to ignore such appearances, and say with Professor Cohnheim that
the connective tissue corpuscles remain unaltered in such a part,
or at least that they are mot the progenitors of the cells out of
which the cicatricial tissue is produced ’

I presume that the gupporters of such a theory will not deny

that the cells of yqung growing Ccomnective-tissue tumours have
a close resemblance to the so-called " epithelioid" cells already
mentioned. Will they say that these are formed from leuco-
cytes ? Would they deny that such can be traced to an ex-
cessive getivity of the connective tissue corpuscles of the part in
which the tumour has originated > Why, then, where there is the
most distinct evidence to gypport it, are they seo averse to admit
that the connective tissue elements in the neighbourhood of an
organizing inflammatory tissue, such as Cohnheim refers to, are
also the origin of the so-called gpithelioid cells?  Even zlthough
o believer, in former times, of the current theory of fibrous tissue
formation from leucocytes, I cannot fipnd, in all the search which
I have made afterufacts to support it, a single instance in which
it could be sgaid, Here is a leucocyte undergoing fibrous tissue
transformation." On the other hand, I have overwhelming evidence
to prove that in vascularized newly formed tissues the new con-
nective tissue corpuscles are derived from old connective tissue,
and that the so-called epithelioid cells are the direct offgpring of
the connective-tissue cells of the part,

Where, then, was the connective tissue layer derived from in
this case of a gponge attached to the intestine ? From the peri-
toneal and Subperitoneal tissues and from the endothelium covering
them. It was from the connective tissue nuclei lying upon the
bundles "of fibrous tissue in these that the progeny of new " gpi-
thelioid = or connective tissue cells mginly arose. The whole of the
fibrous tissue of these parts was opened ©ut and to a certain extent
destroyed (Fig. 3, D). Its place was taken by = layer of young
cicatricial elements a quarter ©f an inch thick. The proximate
cause of this unusual activity of the connective tissue will be ex-
plained afterwards.

It has 3]ready been stated that at the free edge of the cicatricial
layer the fibrinous network which filled the interior of the gponge
had broken down, and the contained leucocytes had also fallen to
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pieces. The part to which I refer is seen in Fig. 3 at B, while the
same part, more highly magnified, i represented in Fig. 5. It was
very interesting t© notice how the Joopg of the bloodvessels hrought

with them nepithelioid" cells, and how, after the former were

. . pro-
jected into the interstices of the

sponge, the " epithelioid " cells
and gpindle cells (Fig. 5, 1and g) made their 5+, into the meshes
of the fibrinous network (Fig. 5, ¢ and rapidly destroyed it.
Layer by layer the fibrinous lymph was thus yemoved, until the
whole of the gponge canals came to be filled with the cicatricial
tissue.

Such were the usual appearances S(?en when a sponge was left in
the abdominal cavity. In some rabbits experimented upon, how-
ever, the gponge had first become infiltrated with pus. This had
caseated, and, as =a result, I am informed by DPTr Woodhead that
geqeral tulljerculosm was exc1tedl. . Such sponges were practically
solid, and in all pregpects were similar, =s regards powers °f organ-
ization, to a caseous mesenteric gland. Their interstices were
filled by a solid, resistant, caseous mass. When this occurred the
sponge never showed 4ny tendency t° organize, but became
encapsuled by = layer of cicatricial tissue. The extreme periphery
of the gponge w== organized, this having happened apparently
before caseation had occurred, but only for a very short distance.
The interior was filled Simply by caseous clbris and shrivelled
corpuscles.

The reason of this’ as will be more thoroughly shown, un-
doubtedly was that the interstices of the sponge had become filled
by = solid and hard material which as effectually resisted the
entrance of Dbloodvessels and cicatricial elements as the solid
texture of a caseous ]_ymphatlc gland or other caseous mass would.
I have never seen gny evidence of caseation of the sponge and its
contents in the human Subjectl and must account for its occcurrence
in the rabbit by the well-known liability which there is for

purulent collections to become caseous in these and certain other
animals.

pus

Another set of experiments was made by placing pieces ©f
sponge between the muscular parts of animals, with yery much the
same results as those seen when it was left in the abdomen. In
some, extensive organization had taken place, in others caseation

had occurreq, accompanied by encapsuling of the sponge, Put with-
out much grganjzation of its substance. I regret that these pieces

of sponge were perely inserted between the fibres of = muscle, and
were not made to occupy the place of a portion which had been
excised.

This would make, I believe, a most important difference
in the result.

Several other experiments were also made by placing a thin
layer of sponge between two thin glass p]_ates, and inserting this
into the gubcutaneous tissues. The results from this method of
experimentation, however, were not gatisfactory. The best regylts,
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=s regards organization, have been obtained by gimply placing =
portion of sponge in a natural cavity, or in a part where there has
been loss of tiggye, as in those experiments recorded as made upon
the human gypject, In these the organization w== completely
successful, and took place without suppuration where the wound
was fregh; but where inserted so as to cause pregsure °= adjacent
parts, and thus to interrupt the circulation, the sponge seemed to act
injuriously, and induced profuse suppuration. Experiments o= the
human subject, when made in a fresh wound, are also moxre suc-
cessful than those in animals, because the wound can be kept

aseptic, which is a very difficult matter to gzccomplish in the
lower animals.

Organization of Blood-Clot.

Such peing the facts derived from these as yet somewhat crude
experiments, it seems to me that not only may they have a certain
utilitarian value, but also that they open up 2 new field for inves-
tigation in the gtudy of healing and growth. We have all been
familiar for many years with the gubject of skin-grafting, where a
few young epidermic cells, placed upon 2 proper surface, will live,
grow, and cover it. John Hunter's experiment °f grafting the
cock's gpur on to the gtump of the cock's comb was the first
authentic indication we had that such a thing w=s possible. of
course the two sets of facts connected with gkin-grafting and what
I have called "Sponge_grafting" are 1in no respect Comparable,
because, in the former, living epidermic cells are placed on =
vascular surface and are simply nourished by it, so that they con-
tinue to live and.grow, while, in the latter, the sponge merely acts
= passive part % supplying = framework in which grganization
may take place, NO one, I think, will say that a sponge, after it
is deprived ©of its sarcode, is = living tissue; and yet we have seen
that it is quite as capable °f becoming organized a= = blood-clot is.

When, however, we come to examine how a blood-clot organizes,
the fact that a sponge may also be utilized for the growing of a
new tissue is only what would be expected. Any porous substance
will gipilarly fulfil this purpose, although sponge, owing t° certain
qualities, seems at present t© me £ possess peculiar advantages.

When blood is effused and coagulates == == abraded surface it
will, == originally pointed cut by John Hunter, and more fylly
demonstrated by Lister, in the course of time, become vascular,
and, finally, apparently converted into cicatricial tissue. How is
this accomplished? Where do the cicatricial elements come from?

For some time past I have studied with great care what occurs
in this so-called grganization of blood-clot, and am now fylly per-
suaded that Dblood, after being effused from a bloodvessel, merely
acts as = pagsive agent 1M bringing 3POut organization?it serves
the same purpose 28 the sponge framework. Any vitality which
its leucocytes may have exhibited immediately after the blood has
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been effused, is, in = sliort time, lost. In tlie mere' act of coggulating

a great many of tlie 1eucocytes are destroyedl as Schmidt has
shown, and remnants of these are always found in any fresh clot.
In giving up their fibrin ferment they fall to pjeces, Hence in a
blood-clot there are always relatively fewer colourless blood-cor-
puscles thanin an equivalent quantity of blood before coagulation.

What, then, does take place when such organization of blood-clot
in a wound occurs? The first thing that happens when blood is
effused en a granulating surface or into a tissue is coagulation.
At least, such is the first thing seen when organization is going t°
occur. Blood which remains fluid when effused into a tissue is
either all immediately absorbed, or becomes encapsuled by = layer
of fibrous tissue. Suppose, then, that such a mass of blood has
coagulated in or upon @ recent wound, the next thing seen is that
the bloodvessels of the ynderlying parts begin t° dilate and to
become tortuous. The connective tissue corpuscles around them
also commence to show unusual gigng of activity. The interfibril-
lar gpaces become oedematous, and each connective tissue corpuscle
rises yp from the bundle on which it is placed. It then divides
into several new cells, and the young brood so produced finds its
way into an interfibrillar space. After the distention of the bléod—
vessels has existed for some time hlood-corpuscles of both kinds
are seen to wander out through their coats.

The next change perceived in the now tortuous and distended
bloodvessels is that they are displaced @nd pushed outwards
towards the clot which is lying on the surface of the wound. The
blood-clot is an gxcessively porous Substance. It is more finely
porous than the finest ghonge. The fibrin forms a network con-
taining only = few blood-corpuscles, while the serum is gqueezed
out of, or drains away from, the interstices. It 1is, therefore, =
tissue which, if its assumed vital properties Pe laid aside, 1
extremely like a gponge in its structure, €ach being composed of &
delicate framework with large and small meshes.

The ploodvessels which have been pushed outwards from the
neighbouring parts bear with them great numbers of the actively
proliferating connective tissue corpuscles derived in the allbove—
described manner from the neighbouring conmective tissues.
Coming in contact with the blood-clot, these vascular loops pene-
trate into its interstices, and the cells which abundantly surround
them i,y soon fill its interfibrinous spaces. Almost 1mmed1ately
after this has taken place the fibrinous network disappears It

. i be t
falls to pieces?and blood-corpuscles Of POth Kinds can BE seen,
the gdge of the clot, to undergo = Similar fate. They become
granular, apparently in some cases fatty/ and then dlsmtegrate.

The vascular 100pS surrounded by their tlssue-formlng Cells, con-

. 1 N
t:.Lnue €0 penetrate further and further into th? clot | and as succes-
sive meshes of the fibrinous network are filled by them, so they
appear to cause its degtruction, until the whole clot becomes in this

VOL. XXVII.?NO. V. 3 E
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way removed, its place being taken Ly mew vessels and the above-
described cicatricial elements. The latter soon glongate 10to gpindle
cells, and thege, in from three weeks to = month, become transformed
into fibrous tissue.

It was from ghserving the merely passive part played by the
blood-clot when yndergoing organization " wounds, i» bloodvessels,
and in other parts, that I was ledto gyppose that a porous substance

like sponge, if applied under the same circumstances, would sexrve

a similar purpose.

Organization of Fibrinous Lymph.

Fibrinous lymph, or, == it is sometimes ¢gllgd, = "false mem-
brane," is simply = modified blood-clot. It is composed ©f a net-
work of fibrin with leucocytes mexe or less gpundant, and a certain

number (often many) coloured blood-corpuscles. It is a blood-clot
with a disproportionate mixture of the elements; for while the
fibrin and leucocytes =re in great abundance, the coloured blood-
corpuscles =re relatively few. In certain instances even the leuco-
cytes are so few in number that the false membrane appears t°
consist almost entirely of a dense mass of fibrin. Such a false
membrane, as seem on the pleyrg o= peritoneum, for instance, in
pleurisy or pericarditis, * extremely porous : it Bas quite = sponge-
like consistence.

Suppose such a sponge-like mass of fibrinous lymph to be effused
into the pericardium, Pow is it that the permanent organization of
a fibrous adhesion is accomplished ?

It was formerly supposed, a@nd it is still held by pmapny, that the
f.lbrlnous lymph has some inherent propgrty of Iforming fibrous
tlssue.l Such. a fallacy, howevler,l only requires = little careful ob-
servation for its gypnoqyre. Fibrinous lymph has no more of

' . power
forming per = 2 fibrous tissue than blood-clot or a piece of sponge

has. If we were to place within the pericardial sac a layer of sponge
instead of an effusion of fibrinous lymph’ I have little hesitation in
saying that a permanent fibrous adhesion would be produced be-
tween the epi_ and pericardial surfaces just 2= well as by the agency
of fibrinous lymph. For, seeing that this fibrinous lymph is
nothing more than a modified blood-clot, it is only reasonable to
suppose that its higtogenetic powers Would not be greater than those

of such a sanguineous effusion.
The first thing that occurs in the formation of - pericardial or

pleuritic adhesion is that the two fibrin-coated surfaces come to-
gether and coalesce. A fibrinous union is the result. But in the
course Of a few days the vessels on each side of the cavity become
distended, just == in the sides of a wound with an grganizing blocd-
clot within it. They also become tortuous, and very soon the capil-
laries on each side of the cavity are seen standing out at right
angles to the surface. They are surrounded by young cicatricial
elements, and within a few days are pushed into the fibrinous 1ymph
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and organize ¥ Organizing layers thus invade the Jlymph,
both from the pericardial 279 epicardial surfaces, and gradually
produce absorption of the tibrin and Jgycocytes on eachside. The
two cicatricial layers, after the lymph has all been removed,
meet; they grow together like the two sides of a ywound, and a
permanent fibrous adhesion is the result. The same process may
be observed in the formation of a fibrous adhesion between any twe
parts of a natural cavity. The method of union is the same as
that by which a wound heals when fibrinous 1ymph or blood-clot
is interposed between its surfaces.

What is the Cause of the Organization of the Sponge in
the Experiments just related?

From what has been recorded there cannot be any doubt that
sponge, if placed under proper conditions, will cause the pyjilding
up of a mass of cicatricial tissue. The reason for thiS, or the prin_
ciple on which the sponge becomes infiltrated with young cicatricial
elements, does not, however, at first gight appear to be so clear.
For why 2 porous dead substance should of itself have the
power ©°f huilding up = mass of new tissue containing many
bloodvessels geeng, at any rate, = strange problem in tissue meta-
morphosis. The following explanation wWhich I am about to giye
has become more and more COIlViIlCil’lg to me by the observation of
many collateral circumstances.

Every part of the pody is under a certain plood-pressure. The
expulsive action of the heart, Opposed by the elasticity of the
tissues, strikes a balance at a certain mean pressure. Under such
circumstances a cavity, in the strict sense of the term, whose walls
are not rigid 18 = physical impossibility, ALl the so-called
cavities, such as the peritoneum, pleura, ©* pericardium, m™ust
necessarily either have their surfaces in accurate apposition ex must
be filled with some resistant material which will counterbalance
the pressure of the blood on their various sides. If = separation
were to occur between the surfaces of the pericardium, the pleura,
o.r the peritoneum, then the immediate effect would be t}'le transuda-
tion of 'fluid from the bloodvessels to fill the vacuity until the preg-
furle in the cavity were equal to that of the bloodvelssltﬂs ramifying
in its walls , o if this were prevented, tPen the cajpillelvy loops o=
either gide of the cavity, mot meeting with sufficient guppoit fr.om
the mutual pressure ©f the two walls, would tend to be pyghed 1n-
wards so as to fill the vacuity.

Every capillary in the body has a tendency ©° P€ pushed further
and further outwards from the heart as = pumping centre, 25 may
be explained by the accompanyin% diagram. .

Let L rooresent the left side of the heart, and R the yight,  The
hlood, leaving the left ventricle by the aorta (B), will be diverted

£Xom running in-a straight 1ine only it o fa¥ 2= 1% opposed by
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certain forccs. In completing the circulation it is so acted ypon by
these forccs that it runs back through the vena cava (V () in exactly
an opposite direction from that in which it passes down the acrta (),
The opposing force which determines this
entire change in the direction of the blood-
stream 18 to be found in the walls of the blood-
vessels , for if we suppose ¢, ¢, © Y represent
capillaries, it is evident that it is by their inter-

vention that the reversal of the stream occurs.
Now, it is apparent that as the blood would,

practically speaking, continue to run in a
straight line unless it were for the intervention

of the curved bloodvessels, it must follow that

the stream will impinge against the ceat of the

vessel at points al, a?, a?, and will tend to drive

the vessel outwards. That this displacement

does not actually oceur ig, I hold, the result of

the resistance of the fasciae and gkip, which so
bind the capillaries down in their places that eversion is prevented.
In the case of a cayity, Such digplacement i prevented by the
mutual compression of the various sides.

There are yany facts which prove that a restraint of this kind is
required in order to prevent capillary displacement, and the follow-
ing may Pe taken as examples. If, for instance, we remove the
skin and leave the part exposed, the almost immediate effect is
that the surface begins t° granulate; and if we study how these
granulation vessels are formed, it is evident that they are nothing
more than the Superficial capillaries of the subcutaneous tissues

which have been gigplaced and glongated by the pressure Of the

blood within them. There 1is not any evidence in such a case to

show that the bloodvesssels are newly formed. The ]gopg can be
seen in all spages of eversion. That these capillary loops, further,
are mot, as 15 generally supposed, = provision of nature towards
reparation, is shown by the fact that the larger they grow the less

rapidly healing proceeds. They require to become atrophied before
healing Will commence. This is shown to be the case even better

by the fact that wounds of non-vascular parts, such as the gypeg,
heal much more quickly than those of yageylar, and also that a
wound heals quicker by the first intention than by the second.

Granulations, if nmot otherwise yrilized, undoubtedly are ome of the
great obstructions to a wound healing.

Another example bearing upon the point it question is seen in
the healing of wounds by the first and by the second intentions.

Make an incision in a tiSSUe, bring the edges together so as to
exert mutual presgure, keep the part free from jrritation, and the
two injured surfaces will rapidly unite without granulating. Ex-
pose the surfaces of such a wound by separating them, and do not

apply any counter-pressure, and the whole of the gyperficial capil-
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lary loops, which have lost the regtraining influence of the tjggyes,
will be everted as granulationS.

Thirdly, there isnot gny tendency to granulation o= the pleyral o=
peritoneal surfaces nor on the mucous membrane of the bladder.
Separate the adjacent surfaces, however, 289 expose them, and they
will begin to granulate like the surface of a fresh wound.

The vessels of the brain are restrained in their position by the
resistance of the cranial vault and membranes. Remove these
resisting media, and the brain is seen to pulsate in the first instance,
and then is forced out in the form of a hernia.

The granulations in an ulcer of the leg are larger when the limb
is dependent, because there is more than ordinary pressure exerted
upon them by the weight of the whole blood-column. The tendency
to ulceration on the leg is simply an EXPIESSiOH of the effects of
increased pressure upon the resistant skin. In order to relieve this
pressure and to avoid ulceration, we raise the limb and place the
patient in the recumbent position, The cause of the ulceration is
that the balance which naturally exists throughout the whole bOdy
between the expulsive action of the heart and the resistance of the
tissues has been disturbed and is in favour of the former. The
cellular tissue infiltration which precedes the formation of an ulcer
is simply a mass of granulations. The vessels within it are all
much distended; they are under an undue preggyre, and are ready,
when the skin is destroyed, to burst out in the form of capillary loops.
We must remove the undue capillary tension by counter-pressure
or by raising the limb before the balance can be again struck
between the expelling force and the resistance. If, on the other
hand, == unduly great amount of contracting cicatricial tissue
should result after hea]_ing is complete, then the balance between
the two may be again disturbed in an opposite direCtiOH, and a
shrinking of the 1limb follows.

Lastly, =s another example of the digplacing action of the heart
upon Ithe bloodvessels, we may take that of the different length of
the limbs and stature of the body in a blood-vascular animal ot the
Same genus and gpecies, Why is it that in different individuals
there is such o difference in stature, Such a contrast in the length
of the limbs ? May it not be that the cause of it in reality is that
the propelling action of the heart is specially Vigorops in thosi ?f
great gtature, and the resistance of the tissues glight, y]ijle" "
those of small stature the reverse conditions are present.’\. Why 1s it
that growth goes om yp to = certain age’ May it mot be
that the heart is relatively more powerful thar} the delicate strletch—
able tissues of youth but that as adolescence is reached the tissues

L ! i . while in old
become sufficiently rigid to counteract the heart s acltlon i hw ; ein o
aoe> ggain, the balance is actually o= the other gide, the heart be-
coming weak, the tissues more rigid, @and = consequent shrinking
taking place. ‘

Much the same thing is seen in plants. When growth 1s most
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active the plant is in & cellylar, pliable condition. Its interstices
are gagily distended Ly the ggcending sap, which, rushing upwards,
will no doubt tend to push out the plant further and further;
while, as it becomes older, and as more WOOdy fibre is formed
within it a stable condition is reached, which, if carried to an ex-
treme degreel ends in the atrophy and death of old age.

Thelfe therefore seems to be very good reason to believe that
there is a constant tendency to displacement of the bloodvessels
throughout the body, and that this does not take place oftener than
actually happens is'due to the resistance of the tissues. The fasciaa
bind down those which are internal; the skin has the same effect
on those which lie Supelficiallyl It is Only necessary to remove
these restraining influences in order that the phenomenon of eversion
and elongation of the bloodvessels should manifest itself.

If it be granted that this theory is correct, it goes far to explain

lovww a poroys Substance, such as = gponge o blood-clot, may be-
come organized if placed under certain conditions. We have already

drawn attention to the fact that the peritoneal, pleural, and other
so-called cavities are in reality not to be looked ypop =s such.
Their parietes keep up = mutual pregsure, S° that no Vacuity is
left.

If, however, we open one of these cavities and place within it a
porous substance such as a sponge, then we entirely alter the con-
ditions. By =° doing we leave within the space @ body filled with
minute pores, in which the preggyre must be yery much less than
that of the bloodvessels in the walls of the cavity in which it is con-
tained’, and, further, if we suppose the pores t° be filled with air
when introduced, this air will in all prohahility Pecome absorbed,
or at gpy rate it will be capable of great compression. 1B the
course Of time it would undoubtedly become removed and its
place perhaps be taken by water vyapour. The pores of such a
substancewill afford insufhcientsupport to the bloodvessels ramifying
in the walls of the cavity in which it is contained. These blood-
vessels will consequently tend to become displaced and pushed

into the pores, for the same reason that granulation loops are
pushed outwards on a part from which the skin has been removed.

The first thing that ought to be seen in such a part would be
dilatation of the bloodvessels in tissues immediately adjacent t°
the gponge. Then they should become tortuous. The tortuosities
should be forced ypwards °* inwards, = the case magy be, @nd then
they should become elongated and their meshes widened. That
such actually occurs in the vascularization of the gponge may Pe
seen from the drawings and the description Which I have given,
That new formation of bloodvessels may Subsequently occur I will
not deny’ although I have never seen 1t 1N any of my experi_
ments. ~That the primgry means of vascularization, however, is
from the old vessels of the part becoming elongated and pushed
inwards, T believe is thoroughly borne out by what can be ob-

£
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served. The principle holds good in any part of the body, that if
you remove the resistance, thelbloodvessels will protrude; if
apply counter-pressure, they w1ll‘ be .restralned. .

The same, method of vascularization prevailg in the application
of a gponge t° = wound of an external part.

you

Here the resistance
in the formof the skin has been removed, and the granylation

loops are pushed 1nto the gponge porosities. Were the hody applied
not porous, then of course the effect would be to restrain the vessels
instead of encouraging their evagination.

It might be said, however, if this theory be trye, if bloodvessels
will become protruded in this way when the resistance of the skin
is removed, why d°© they mot grow on» indefinitely without the
application °f a porous body such as a gponge or = blood-clot.  In
certain cases granulations do become so exuberant as to rise up
above the level of the skin; nay, they may form a little wart-like
growth in some situations and under certain circumstances. Their
growth, however, is generally cut short for various g5, two of
the most important being the spread of epidermis over them, and
the constriction of the healing part of the wound. There is another
reason, however, WRich prevents their growing e» indefinitely,
namely, that they require a framework to act as a support, and to
which they may become attached very much as a climbing plant
does to a trellis-work.

We all know that if a climbing plant does not meet with the
necessary support it* growth i$ impeded and the whole health of
the plant is impaired. Tendrils, if they do not meet with a gy,
port, dry, become yoody, and finglly die (Sachs, Text-Book of Botany,
p. 777). The circulation in such'a plant must be seriously inter-
fereld with if the plant is allowed to grow a]_ong the ground instead
of in its naturally uprj_ght condition. It seems to be very much
the same with grapulation capillaries. In some of my preparations
tendril-like bundles of spindle cells can be seen to twist round

2 portion of the framework of the

sponge, and, being fixed
at the other end to

> capillary loop, t° support this, and in
some cases apparently to contract and pull it outwards. In certain
instances I have seen a rope-like bundle of gpindles twisted round
= piece of the sponge framework and attached at each end to a
small capillary vessel, which it was pulling further gnd further
Fowards the interior of the sponge. If sucha gupport is mot given
i can be eagily seen that the granulation loops, When they become
of a certain length, would tend to fall over. lhe;'r circulation
would thus be impeded, and the loop would probably die or become
abortive. The sponge or blood-clot, however, affords a most ser-
viceable trellis-work to which the ends of the loops may become
fixed, so as to allow of their circulation going °==» with as little
impediment as pogsiple, The structure Of the gponge is thus

excellently adapted for the pyrpose ©F growing m»ew tissie, because
its framework is so delicate and its porosity se great.
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I woulld therefore conclude that the sponge 2cts in a twofold
manner 10 jnducing mew growth ©of tissue, firstly by its porosity
allowing the vessels to gain entrance, and, secondly, by its frame-
work affording = support for the capillaries to €1imb upon.

It might be said, however, if you place = sponge I = peritoneal
or pleural cavity, will fluid not be effused into it and so equalize
the pressure within the interstices of the sponge and the vessels on1
the wall of the cavity? If such did happen, then I believe the
sponge never would organize. I have already quoted experiments
in which it became filled with pus and then caseated, and in which
there was not any effort at organization. The same thing would
happen if it became filled with serous fluid. One of two things
must happen if placed in sucha cayity : either fluid must be effused
so as to fill the interstices and thus to equa]_ize the pressure, ©F
bloodvessels and cicatricial tissue will have to do so. In all
those cases in which organization has taken place the sponge WS
not filled with flyig, although, of course, a certain amount was
always present, and in those which were applied to an external
part the opportunity for the exodus of fluid was quite free, = <on-
siderable quantity being given off a= discharge.

The next point that has to be accounted for is the cause of the
great cellular proliferation and invasion of the sponge. It has
been related that the gponge, in the first place, shows a few leuco-
cytes in its interior, but that gubsequently these, along with the
fibrinous ]ymph Which accompanies them, give place t© = layer of
much Jarger = epithelioid cells, which gradually invade the g,
from the peripherY. These, as can be seen from Figs 3 and 5,
form a dense layer round the bloodvessels. Why are these formed ?
What is the cause which excites their development. Professor
Cohnheim would answexr that they are leucocytes which have
exuded from the vessels. I have very little hesitation in replying,
that although = few leucocytes are mixed yp with them, the greater
number do not exude from the ploodvessels, but are derived from
the connective tissue.

Almost simultaneously with the hyperemia of the serous coat of
the intestine, in those cases where the sponge was laid in the ab-
dominal cavity and became attached to the poyel, it could be
observed that the connective tissue corpuscles showed unusual
activity and began to assume a germingl character. In fig, 7 i
represented a small portion of the subserous fibrous tissue of tlif
intestine opposite the attachment of a sponge. Bundles of fibres
are geen, with great enlargement of the fixed connective tissue cox-
puscles upon them. At a is noticed a fixed connective tissue
corpuscle, lying between and upon the bundles of fipres, becoming
enlarged and granu]_ar, while at b is seen one Of the same which
has yndergone Still greater enlargement, and whose flat surface is

r§ndered visible by its superficial pOSitiOIl. Others are spindle-
like bodies, owing to their being looked at on edge between two
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bundles. In many of them two nuclei are visible. There was almost
always one such nucleus, although it was frequently much obscured
from the excessive granularity of the corpuscle. When these
bodies became J]arger they could be seen to elevate themselves
from the bundle on which they lay, in the same mannexr as can be
observed in the fibrous tissue out of which a young Sarcomatous
tumour is growing. They then lost their attachment to the
bundle, and moved off in rows or arranged themselves in masses

(). They subsequently became polynucleated, and germination,

with the most active division of the cell, followed with great

rapidity. In the Superficial part of the serous coat the whole of
the fibrous tissue had become destroyed by this means, the remains
of its fibres being dragged towards the gpnonge bY the everted blood-
vessels. The cells thus produced were typical = epithelioid = cells,
as Cohnheim describes them, and it was by the further enlarge_
ment (a Simple Overgrowth) of these that the giant cells were
formed.

The Jeucocytes and coloured plood-corpuscles, on the other hangd,
which could be seen exuding from the vessels in certain places,
remained as such; and although they in many cases became
mixed with these other cells of connective tissue origin, yet they
never became any larger, either pyy over-nutrition or by the coales-
cence of several together. The cells of connective tissue origin, on
the other hand, could be traced through all the gtageg from their
point of origin to the time when they elongated into spindles.
The rapidity with which they divided was yery much like that
sever.) 1 a young sarcoma. In faCt, at certain parts of this cica-
tricial layer the appearance was identical with that of a round-cell
sarcoma.

How is it, then, that the activity of these fixed connective tissue
cells was aroused ? What influence was it that brought them into

this embryonic state of myltiplication ? The question, t© P gone
1nto groperly, would yequire = special treatise, and I do mot
intend eptering into the coplete evidence on the gupject =t
present. It will be sufficient to state that, after examining into the
Subject with great care, I cannot find any other cause than that the
part was overnourished. The distended state of the vessels would
allow a greater amount of fluid to egcape from them, and t?hat fluid
would have a richer gomposition than ordinary sewum i would,
Like an inflammatory effusion, be almost pure liquor sanguinis.
IhiS, being poured out in great quantity, WIOUld undoubtedly, as
always happensl induce a SpeCial activity in the Cellullar tissue
elements, and would, as may be seen in any such case, lnducle“an
overgrowth of their substance with subsequent prolifeiation. *ivem
moa Simp]_y cedematous art the same thlng can b.e noticed to a
certain gy ione. but if the fluid effused should be richer than mere
cedematous fyiq should it be pyre © nearly pure liquor sanguinis
containing =n excess of albumen, then I have never failed to gee in

vol. xxvii.?NO. v. F
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such circumstances, appearances similar to the above. It is jUStI a
questj_on whether a constructive inflammation does not owe 1ts
ne‘.ﬂ tissue simply to an excessive quantity of a highly nutritious
fluid exuding from the inflamed bloodvessels and overnourishing
the tissue elements.

There is the closest relationship between what we call cedema and
what is known as inflammation. The difference is one of degree.
In the former = comparatively thin fluid, = to speak, s poured ©u*
and induces a certain amount of germination in the tissue elements.
In the latter an extremely rich £luid?in fact, the ]_j_quor sanguinis?
exudes, and, accompanying this, and, I hold, in great part due te it,
is produced =» appearance such as that shown in Fig, 7. It may
be said that similar appearances are seen in non-vascular parts
when stimulated . but what parts can we gayare non-vascular ? If
the cornea be taken as an examp]_e, it may jU.Stly be said to be
devoid of bloodvessels; but has it not the most quuiSite plexus of
lymph-channels capable °f conducting into it fluid poured cut by
the neighbouring bloodvessels ? Is not swelling of this connective
tissue from distention of its interfibrillar spaces with a rich 1ymph
fluid one of the prominent signs of its inflammation ? And if
so, does it differ in any material respect from a vascular part
under the same circumstances:?® The study of the cornea as a
non-vascular tissue is quite a superficial distinction. It does
not possess bloodvessels, but they are 1in abundance all round
it, and its nutritive supply must be influenced by the condi-
tion of the bloodvessels at the periphery just as much as a fascia
or a tendon with bloodvessels thinly scattered throughout them.
Complicated as the gubject of proliferation as = result of inflam-
mation may be, it seems to me that the cause of all such prolifera_
tive phenomena can be reduced to that of over-nutrition. Under
normal circumstances the supply of nutritive fluid is commensurate
with the demand. If from any cause this becomes abnormally
increased, excessive growth is the result.

I would, therefore, say that the bloodvessels axe the primary
cause of the vascularization of the sponge, and that they bear into
its interior actively dividing connective tissue corpuscles derived
from neighbouring connective tiggues, and that it is out of the latter
that the mew cicatricial tissue is evolved. The bloodvessels are the
primary, the connective tissue elements the secondary factors in

the organizing process.

Some Suggestions as to the Application of Sponge-
Grafting.

Having emee recognised the principle hat =2 porous body
may Pecome vascularized and be the medium for the construc-

tion of new tissue, the application of the method to various

purposes naturally suggests itself. In gpplying any porous body
with a view to this organization certain points must always b€ kept
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in mind. The porosity of the pody must be such that all the
canals freely communicate. Sponge is exquisitely suited for the
puipoge ©n account of the free anastomosis between its channels,
but many Other substances pight be utilized in the same way. I
have ot late thought that charcoal or calcined bone might be em-
ployed in certain cases.

For one purpose at least such a solid
framework would be useful.

Where it is desired to prevent con-
traction ot the newly formed tissue when it cicatrizes, where it is

of moment to retain the newly formed tissue of its original bulk,

then a solid framework must Dbe employed. A. solid framework

will, I feel syre, organize just == = sponge would, and will have the
special quality ©f preventing cicatricial ghrivelling, When once
incorporated with the tissue it will not cause
than the calcareous matter of a bone does.
kind is not of itself an irritant.

any more irritation
A dead body of this
It is the ipjurious application of
it’ or the SeptiC matter which it may introduce[ which gives rise to
the mischief.

Such a solid framework, it strikes me, would be particularly

useful for forming new bone. One of the great dangers of a simple

penosteal detachment operation is that the future'bone is not suffi-
ciently bulky and strong, By supplying = solid framework of this

kind we would avoid this, and the formation of bone would
ceed within it just as well

meshes of a

pro-
as in the gpaces Of cartilage or the

Bone is nothing more than a fibrous
tissue modified by being impregnated by calcareous and other salts,

e paiticular elements which go to form bone are nothing mere
lan connective tissue

fibrous tissue.

corpuscles, and by supplying = framework
tle above nature for these to ramify within, Pone might be
giown o an almost unlimited extent. The gponge framework, I

s doud thinkl although I have not as yet had any practical expe-
rience in the parrer, would be rather too yielding, and would be
ta ¢, when infiltrated with bone elements, te contract. Whether

ie

o

oimation ot bone would commence early enough to preVent
U-L, not know. It is quite possible that it might.

leiever it ig applied, it must be always remembered that the
sponge © other framework must be employed merely for the pur-
pose °f fi]]ing « vacuity, otherwise it will cause great inflammation,
and the efforts at organization ¥ill not proceed. My experiments
so far have ghown me that, if thrust between two portions of a
muscle, £or jngtance, without a portion Of the muscle being excised,
organization does not proceed nearly =° equally =% when  a
piece ot tissue is removed and the gponge Merely Fakes 1t place.
The reason is opvious. If thrust between the muscles of a part it
Will, especially when it gets softened by the juices of the tlSSU.IEi,l

, ' ' wl

tend to gyell, and, by pressing =» neighbouring blOOdveS,selésll
interrupt the circulation within them and so induce an intlamma-
tion.  Where it merely fills = vacuity, however, the case 1s yery
different, and organization will then follow.
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Before being applied it should always be rendered antiseptic,
and, ©°f course, this specially holds good of its application to a fresh
wound.  Fyery ene will admit that nothing i mere conducive to
putridity in = wound than a geptic sponge, while, if applied in an
aseptic, or rather antiseptic, condition, and dressed with the view
of retaining it g5, it can be kept, == shown in one of 5, recorded
experiments, perfectly free of putrefaction through = period of
several months.

So far as I see at pregent, the method of ™ gponge-grafting |
seems eycellently suited for growing new tissue where that is in-
sufficient to cover a part or to allow of stretching, but whether it
may not have a wider range °f app]_j_catj_on remains for future ex-
perience to demonstrate. The only objection which I perceive t°
its application is the somewhat ]ong time pequired t° organize it-
During the first ten days I found that a part °f = sponge placed in
the abdomen had organized from an eighth to = quarter ©f == inch,
but it 3lways happens that eme part organizes quicker than another,
and hence, although in = large wound ome part may thoroughly
organize in, say, = month, OtheTr partg of the same gponge require
longer. T cammot gee, however, what objection there would
be to the patient going about, if this were ‘practicable, after the
sponge had once become fixed. On the ontrary, I should think
that this might actually, in certain .,geoq, exert a beneficial influence
upon the organizing powers of the tissues.

List of Illustrations.

Fig. 1.?Portion of gponge from Mr Bell's case of excision of the mamma
three months aftervthe operation a, new epidermis; b, germinal 1ayer
of same; ¢, 2 portion ot the gyonge framework somewhat attenuated
at the end; q, giant cells; . round connective-tissue cells tilling the

. sponge interstices and ypderlying the mew epidermis.

Fig. 2.?Portion of same sponge = 1N Fig, 1, deeper down : 4, sponge frame-

w.ork; b, multinucleated giant cells; ¢, round and spindle connective-
' tissue cells occupying the intervals between the gjgpt cells.

Fig. 3.7?Section through the side of a sponge left in the abdominal cavity for
ten days, and which had become adherent to the bowel: p, the interior
of the gyonge, whicI:h is filled with f%brinous 1 Ph.: but:. .has not as yet
organized; B, portion of the same adjacent to the cicatrizing layer (0), in
which the fibrinous network is becoming destroyed b the invading
cicatricial elements and bloodvessels; €, the cicatricia layer derived
from the peritoneal and subperitoneal tissue o.f the intestine (p); D, the
remains of the peritoneal and subperitoneal tissue of the intestine, show-
ing the bloodvessels sprouting from them , g, muscular coat of the in-
testine ; 5, fibrinous lymph lymg in the meshes of the sponge ; b, 2 capil-
lary loop being pushed into @ space in the gponge ; c giant cells adhering
to the sponge ramework (g), , cicatricial elements passing into the sponge
along with the bloodvessels , . the straight vessels running off at rlght
angles to the intestine; /, vessels in subperitoneal coat in a distended
and tortuous condition.

Fig. 4.?Portion of same gponge as in Fig. 3, taken from the gentre, showing
the infiltration with fibrinous ]ymph: a, leucocytes; b, fibrinous nec-

. work , . framework of sponge.
Fig. 5.?Portion of same sponge s in Fig. 3, at the extreme edge of the cica-
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Fig.

Fig.

trizin' layer ; it corresponds to the part comprised within B in pig, 3, hut
is more highly magnified (300 diams.) - a, capillary stem leading up t°
capillary loop (b) i b, capillary loop being pushed 1into the gponge frame-
work ; ¢, portions of the sponge framework ; ¢, a capillary ].OOp rising up
on each side of a pOl’tiOl’l of the sponge framework . , the fibrinous 1ymph
breaking down as the gponge is becoming invaded by the oo,y cicatricial
elements ; f, = bundle .Of spindle cells twisted round a piece of the sponge
framework ; 4, cicatricial elements zccom anying the vessels, p a leu-
cocyte in the fibrinous lymph : i, cicatricial cells invading the fibrinous
lymph. ,

6.?Portion of the sponge framework taken J:rom a part which had cica-
trized ; it corresponds to the area marked C in fig, 3, only more highly
magnified : a, cicatricial cells occupying the spaces ©f the gponge frame-
work ; } the sponge framework ; . some spindle cells twisting round the
framework.

7.?A portion of the subperitoneal fibrous tisslue talken from same sponge
as that represented in Fig. 3« a, fixed connective tissue corpuscles begin-
ning to enlarge : they 1look like gpindleg When seen on gdge between
two bundles of fibrous tissue , b, the same, more enlarged, and seen on

their flat surface ; ¢ a group °f large epithelioid cells formed from these.



