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4'lotui Years of war lhas piovi(ded such a pletlhora of iuate-ial
for tIle stuidy of bone-grafting, operations that it is possible
for sur(geons to survey tlle field from the standpoint of
considerable experience. Heretofore discussions about
bone gtrafting lhave centred mainly round theoretical anid
aeademic questions, suell as time r6le of the periosteum in
tlme osteogenetic process, and the ultimnate fate of the graft
in its newv positioni, tlhe all-inmportaut clinical standpoint
reeciving but scanit recognlition.

So far as the osteogenetic power of periosteum is con-
cernied, the coutroversy largely appears to hang round the
point, WhIat is meant by the periosteumi? If merely tIme
fibrouis shleatlh whiclh surrounds bone, then tlle periosteumn
is butt a limiting amid vascularizing membrane; if, on the
otlher bauld, time cambiuin or epiosteum- layer lying between
p)eriosteuim and bone, and ricli in osteoblasts, is included as
part of the periosteuin, then most certainly the periosteuLm
ulays an imuportant part in tIme production of bone. This
bone-produtcinig layer, lying between time periostenin and
time surface of tie bone, clings in clhildren to tlhe periosteur,
vhlereas in aduiilts it appears to belong more properly to time
bonle, and, iii the absence of trauma or inflaimmuiation, to be
imiseparable fron it.

If tIme periosteum is preserved, witlh its clinging osteo-
blatsts, as in the case of subperiosteal resection of bone
in a child, niew bone will be forml-ed witlh muathematical
accuracy in every case. In adults subperiosteal resection
ummay or may not be followved by mmeCv bone formiiatioIn, tIme
restlit apparenitly (depenlding to a large extemmt oni wlvetler
or lnot thie osteoblcasts ate detaclhed frommm tlhe bonie in time
pr'ocess of separating time periosteum.

tF roni a practical point of view absence of tIme periosteum
fr onit an implanted bone graft probably nieanis slowver vascu-

lariz;ation and a miiore prolonged convalescence for tIme
pmatient. Tlme retention of periosteunii witlh the graft is not
essential for success, but appears to play a decided part in
time formation of ati inivolucrumi of imew bone, wlicll is seen

witli comjjparative regularity round a graft a few weelks oid.
Pleriosteal covered grafts are more perniianient, and less
Jilkely to be absorbed.

Mmurphy and1 otlmers lheld that the graft was nothiina miiore
om less than a scaffold, whiclh is replaced by new bone.
AWh11en the graft was contacted witlh livinlg bone, tile
hlaversian vessels perineated the Haversian canals of the
graft, and carried witlh tlmem osteoblasts and osteoclasts.
'lime osteoblasts mnade good tIme defects in thie graft pro.
-luieed by tIme activity of the osteoclasts. Tlmus the osteo-
blasts produces and inserts a new brick pari pasu Witll
tIme demolishing of the old structure by tlme osteoclas-ts.
Tlhat the graft is not a mnere scaffolding remnoved by thje
action of the osteoclasts and replaced by the acti-vity of

tlle osteoblasts, but is really viable and inherently carries
its own osteogenic powers, becomijes obvious under certain
pathological conditions.

If a fracture occurs, time result of accident, time graft
unites by tlme formation of calluLs' by a process sinjulating
the repair of normal bone, and if a graft becomimes in-

fected, and the infection is niot sufficiently severe to kill
it outright, tlhen an involucruui and' sequestrum may be
formed. Ini other words, alimost from the time of inser-
tioni, a graft belma-es in a mantner identical witlh ordinary
bonle.

Sir Robert Jones illustrates a case of bone graft introduced
to replace a tibia lost from disease. The graft broke iiear
the centre, but subsequent x-ray photograplms demonstrated
a very definite formation of callus at the site ot fracture.
Experience teaches nmany interesting pointas in con-

nexion with tlle surgery of bone grafting,. Ruin.is not in-
evitable if accidental infection follows thte- operation, either
through error of technique or the result of latent sepsis.
A graft will often survive all but the streptococcal and
other severe infections, and a bacteriological investigation
should be made of tle pus, in order to gauge the prognosis.
Techni(lue slioild approaclh perfectioml in every surgical
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operation, but slhould infection occuLr, or from the nature of
tlhincgs be, ijievitable, a bone graft wi iI withlstand the assault
in a surp-rising manner, and tlle enld result may be admit-
able. (Figs. 3 and 4.) In proof of tllis we lhave only to watclh
the comiipletely separated fragments of bone in a conmpoundi
" louglied" fracture the result of gunslhot wound, and see
tle fragmiienlts not only remlaining viable, but rapidly con-
solidatiilg witlh the fractured euds duiring repair. It is not
trine to suppose tljat bare bone is of niecessity devitalized
anid will end in sequestration ini a septic case, and tht
samiie observation applies to a bonie, graft. Hence the
golden rule not to remiiove loose, fragmtents in the early
treatment of septic fractures, minor diXstuirb a hone graft
because unexpected infection follows thje operation.
In fifteen cases of Albee's operationl for Pott's carie.s

dluring the last five years tlhe woun(d twice became infected1.
In one case, a child seen by Professor Osgood1 whien visiting
Dublin, the graft protruded thronlgi the lower angle of the
wound for some weeks, withoout aniy sign of local inflainn-
mation in the soft tissues. Eventually -the protrudin)-f
portion was removed witlh b6ne pliers, and the skin at once
healed actross the gal), leaving tlle imain portion of the graftt
undisturbed. This case recovered rapidly, witlh the graft
firmly consolidated itn siht.

In the second case, a very tlhin young adult, a pressure
sore developed from insufficient padding of the frame oii
which the patient was placed after operation. The lower
third of the graft became exposed, and the wound sup-
purated freely. In twelve montlhs' timiie a sequestrum was
thrown off, and tlle wound hlealed. X-ray photographs
showed tlle graft in sitit and firmly fixed to tlle diseased
segument of tlle spine.

'lThe first tlhouglht of the surgeon must be hlow to fix the
graft in its new bed anid by what metlhod the limb is to b}!
immobilized itumediately after operationi. A small am-ount -
of movement does not delay unionl ini a simple fracture, a-s
evidenced by the rapid repair of mt brolien rib or jaw, but
the sliglhtest mobility in a bone graft miaay iumalke all thlc
differenice between success an(d failure.

1i planniing the line of the incision there will be no diffi-
culty in dealing witlh easily accessible bones, sucll as tlIe
ulna and tibia, but in the case of tlle lhumilerus and raditus
real respect ulust be paid to anatomiiical structutres. Cases
operated on previously, and exhibitinig umany scars, require
ingenuity in planininig tlhe operation, so as to avoid, itter
atia, then usculo-spiral anid posterior interosseons nerves.
The best plan is to expose the bone in its most easily
accessible portion and then to extend the dissectioni by
keeping unider tIe periosteumii, or as close to tlhe bone as
possible. The less thle multisctular attachmlXents are inite.-
fered witlh thle miore rtapidly will the osteogenetic process he
established. Ruthless stripping of the bone mullst be
avoided.

lIn old unutnuited fractures the diffictulty at once arises of
lhow to prepare a bed for tIme graft in tihe presence of,
perhaps, two or tlhree inclhes of sclerosed avascular bone.
Comnplete resection often cannot be done witlhout undue
sacrifice of lengtlh of tIme limb. In su11ch cases relianice
muay be placed on a long stout graft exten(ling for a conl-
siderable distance above andi below thje selerosed area, aud
an attempt miiade to create new va.scullar clannels by
lrilling lholes and reaming ouit a niew mneedullary cavity
before placing the graft in positioni. (Fig. 7.)
A lonig stouLt inlay graft is imost likely to succeed, but

it slhould be remlembered that the recipient bone in tlhe
critical area--thlat is, tle region of tlhe fracture-is un-
suitable soil; osteogenesis amid thickening of tIme graft msay
fail, and the solution of comitinuity reappear on absorption
of the graft many imonitlis after operatiotn. Radfical
slhortening of the bone is tIme only remiledy if grafting fails,
and in the case of the hrumerus gives a good functional
result. The operationi should for clioice take the fortn of
"tIme step" coaptation recommiiemicdede by Ilev Groves.

In ol(d cases a sliding giaft, takeni froms above or belowv
the site of fracture, m mist nIot be used; tIme lower or upper
end of a graft so taken would consist of sclerosed bome,
avascular and devitalized by pmolonged inflammatory
clhanges. Sliding grafts slhould be reserved to bridge a
fracture in recent sitniple cases, and even then sliould be

* The lpractice of Lerichle and otlhe-s of freely removing loose
fragments subpteriosteally in earlIy cases is to be condenined in view ot
late results, umiiess the metlhod is lirnited to those violently septic
cases which;would emid in ampuLitation withotut drastic sacrifice of tieinjured Ljutme.
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sparingly employed: they are frequiently too short and
insecure.
The intrameidullary pea is condemned by m-any, but

it provides the simlplest form of bone graft, and in the
late J. B. Murphly's lhands it gave - excellent results,
the peg becoming firtuly incorporated with the bone
into wshich it was inserted. In one of my cases, an
ununited fracture of the lhumerus of eiglht years' stand-
ing, the u1pper portion of the pea failed to lunite, and
gradually formed a species of -ball-and-socket joint within
tlle inedtllary cavity, but there was firm incorporation of
the lower end of the graft withl tlh recipient bone. At a
second operation. three montlhs afterwards, it was fopnd
impossible to remiove this pQrtion of the graft without the
free use of tlhe clisel.
There is one obvious difficulty in the introduction of a

pe( graft, for if lhalf he driven into the medullary cavity of
-one fragment it is iumpossible to complete the introduction
of the otlher without undue traction of the limb. To over-
come this difficulty, the end of tlhe graft wlhiel protrudes
from the inedtillary cavity of one fragment slhould be laid
in a groove cut in the other d,uring traction of the limb.
When the traction is relaxed the end of the peg glides
past the groove into position. Thle alignment is of necessity
p>erfect.

It imlust be remembered that overstrenuous traction of
the arm in a case of uinuinited fracture of the humerus
will produce transient inLseulo-spiral paralysis, and give
1ise to anixiety for two or three monthis. The peg graft
is admirable if it were not for the real danger of fracture
during convalescence. (Fig. 6.) This accident has occurred
over and over againi niotwitlhstanding the greatest care
in applyinig splints andc plaster dressings. Owing, to tlhis
liability to fracture, the use of a peg graft may with
advantage be confinei to eases of fractuire or defect in tlhe
bones of the forearm (Figs. 1 anid 2), and more stable lateral
inlay grafts be reserved for the repair of tlhe femur and
htumerus.

Inijurv to the radius or. ulna is followed often by prona-
tion deformiiity, the correction of wlhichi is an imiiportant part
of the preliminary treatmnent. An intramedullary peg in the
radius will not be disturbecld .lhe coaxing, of tlhe lower
fragmeuts into a supinateI Mition, althouah, whenever
possible-, evely defortiity should be corrected before opera-
tion is undertaken. Whlen an1 inlay graft is employed it is
a simple matter to lay the ppper end in a groove of the
proper dimiiensions and then puslh it for a slhort distance
into the meduLllary cavity above; btut in tlhis case the lower
end may tend to spring away from the lower fragmnent, and
somyie means inust be adopted for its fixation. Surrouinding
tlhe bone by two or three heavy catgtut ligatures tighltly tied
round tlle graft suffices in miiost cases, provi(led tlle rigid
fixation of the limb is after'war(ds ensuired.
By some, reliance is placed onl the rigid fixatibn of tlie

,,raft in sitit by miieclhanical aids, andt early Imovemlents
of thie lilmb encouraaed to stinmulate the activities of the
bone (so well seen in clhil(lren) according to W\olff's law.
By otliers the graft is so arranged that suecess entirely
depends on the fixity supplied by the splint or plaster cast,
and no movemuent is allowed for at least thiree months.
All are agreed that unless the graft lies in its bed iucapable
of movement thie operation is certain to fail.
In the lhan(ds of Lane, Hey Groves, and otlhers, as miglht

be expected, excellent resuilts follow the use of plates,
bolts, and screws in coimbination withl grafts. This pro.
cedure, however, prolonas and complicates the operation,
and I am frankly afraid of disappointments in attemipting
too mnuch. Bonie nails can be readily made with the latlhe
and appliances provided with the Albee electro-motor saw,
and the graft can be thus secured in position. It is
fascinating buit tedious work. I have twice fixed the graft
suiecessfully witl a series of bone nails, but the operation
.appeared to ml-e to be uinduly prolonged. By making the
gtraft a tiglht fit for the groove and hammering it into
position reasonable fixation can also be secured.
In all my cases (except two) the graft, consisting of

ieriosteunm, compact bone, endosteum, and marrow, was
taken in tlhe ortlhodox manner from the suibcutaneous
surface of the tibia by means of Albee's twin electro-
motor saw. In the t%vo cases-one a congenital dis-
location of the lhip, and the other caries of the spine
with muich dleformity--a rib trausplant wvas -foutnd m<ost
suiitable in size and shape.

A note of warning is necessary regarding fracture of the
tibia from which a graft has been taken. This mtiay
occur some months after operation. As a precautionary
measure a light plaster casing should be employed, and
the use of crutches encouraged until strengtll of the leg
is assured.
Hey Groves expresses the thought of most workers in

this branch of surgery wlenlihe states that his ";feelingas
are those of disappointment and hope-disappointrljenit
that the proportion of successes has been so small, land
hope that by the experience gained one may be able to
avoid causes of failure, which are seen to be so obviots,
and therefore so possible of evasion."
Fromn the above remarks, based on a study of tltirty

cases, it rnay be concluded that-
1. Whatever tlhe hiistological r6le the clinical usefuilness

of a bone graft is not affected.
2. The final success of bone grafting in cases in whichl a

gap is bridged depends upon the operation of Wolff's lawv
(Fig. 5)-that is, the graft, stimulated by strains anid
stresses, clhanges its internal architecture and externial
conformation until the required strength is attained. In
otlher words, "tthe amount of growth in a bone depends
on the need for it " (Murphy).

3. The periosteum should Ibe left on the graft, because,
although not essential, it is the medium tbhrouglh wilieli
new blood vessels enter the graft and the surroundinig
structures. Furtlhermore, in renmoving tlhe periosteuLm
superficial layers of osteoblasts mnay be sacrificed. A
periosteum covered graft is less likely to become rapidly
absorbed.

4. To provide tlle necessary strains andl stresses it is
advisable to allow the graft to functionate as early as

Ipossible, btut in nmost cases preliminary fixation for tlhree
I nmontlhs is essential.

5. In old ununited fractures with false joints the bonie in
the critical area (near the site of fracture) is sclerosed anid
avascular, and makes an unsuitable soil for that portion of
the graft in contact with this area. Growth in the graLft
is impeded by the surrounding sclerosis. Dense sclerotic
bone lhas no osteogenetic power.

6. In suclh cases a periosteal covered graft, instead of
exllibiting osteogenetic powers and responding to Wolff's
law, miay become attenuated and absorbed or break in the
5critical area five or six months after operation.

7. In thie same class of case very prolonged fixation iH%
particularly unfavourable to osteogenesis, to the establishll.
ment of blood supply, and bony union. Early movements
and the bearing of mechanical stress and strain, on thte
other lhand, may lead to yielding of the graft and failure.
The problemn is a difficult one in the case of the lhunmerus
or femur, wlhere strengtll is essential from the commence-
mtent of treatment, but may be solved by wide resection
of the selerosed bone, and resignation on the part of tJhe
patient to a short limb.

8. But for. sliglhtly slower osteogenetic powers. anud a
real tendenoy to fracture, the intramedullary peg is
effective. Thsis ethod of bone grafting is satisfactory
in the case of, the radius and the ulna.

9. In tlhe case of the lhumerus and femur, long stout
inlay grafts give tlle best results. Sliding grafts slhouild
only be employed in sim-lple and fresh cases.

10. The bone graft hias inlherent bacteria-resistinig
properties.

11. Absolute fixation of the graft in its bed, eitlher as
part of the operation, or afterwards, by splints or plaster,
is essential to success.

12. Bone grafting for spinal caries is followed by more
uniformly successful results than is seen elsewhere. This
is to be expected, since both the graft and tlhe recipienit
bed (in the regioii of the spinous processes) consist of
lhealthy bone.
13. As in the operation of tendon transplantation and

nerve suiture, the operation of bone grafting slhould bI
preceded by correction of al1y existing deformity and by
the freeing of adhesion;s in neighbouring tendons and
joilnts.

ON the initiative of Professor Carlo Besta, director
of a neurological centre in Milan, an institute for
suifferers from wounds of the brain is to be established
in that city. Already £7,200 has been subscribed for the
purpose.
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FIG. 1.-Bones of forearm on admis.sion. Great angular deformity

and shortening.

;.,... -3;

FIG. 3.-Gu-shot woun. of low. r enid of humerus
before operation. Temporary musculo-spiral paralysiN
disappeared par passu with the healing of the wound
three months after injury.

FIG. 5.-Unicn of fibula and tibia. Note
thickening of fibula. the result of weighL
bearing. Good functional result.

FIG. 2.-Showing reconstruction of the forearm shown in Fig. 1
by resection of bone, plate, and wires en bloc, and bridging of gaps
with intramedullary pegs. The radial peg increased in diameter
to size of normal radius after six months.

.J

FIG. 4.-After operation. The introduction of a peg
graft four months after healing was followed by light-
ing up of latent sepsis in the oldt wound. The graft
survived, firm union followed, with full imiovements at
the elbow-joint.

FIG. 6.-Illustrating fracture of )eg graft in F1G.7.-Long inlay gi aft inanun-
old fracture of humerus. These cases should united fracture of the humerus of
be treated by shortening and inlay grafts or the eight years' standing Six months
step operation. after operation there was ab-orption

of the graft in the "'critictl areas'>
alid failure of tunion.
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