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PREFACE

Ture author has been induced to write this book in order to
answer as far as possible the many inquiries in regard to bone
erafting and to present the technigque of the application of the
bone graft in the widening field for its use, whieh iz covered in no
other work vet published.  The greater portion of this book
presents the author’s original applied technique with ample
illustrations.

Bone, being one of the simple conneetive tissues, lends it=elf
favorably to transplantation and to the repair of skeletal de-
fictencies and is the most reliable means of internal bone fixa-
tion. Instead of antagonizing Nature by attempting to intro-
duce a foreign substance, the surgeon, by using autogenous
material i= following Nature's own method, being thereby able
to overcome mechanieal surgical defeets whiech he has latherto
been unable to cope with,  The use of uncertain extemporizing
methods and the application of external fixation braces eannot
compare with the accurate, direet internal implantation of an
autogenous bone graft contacting corresponding structures of
graft and host hone, <.e., periosteum to periosteum, compaet bone
to compact bone, endosteum to endosteum and marrow to
IMAarrow,

As improved machinery and tools have made the skilled
arti=an more efficient, <o hkewi=e has the mtroduetion of ront-
genography and electrically driven tools augmented the <kill
and aceuraey of the <urgeon in arresting bone diseases and re-
=toring bone defeets and has opened ways= of dealing with bone
and joint conditions such as have never been attempted with
the eruder hand tools.  Though the author considers the use
of the motor-driven tools as more nearly approaching the deal
conditions vet there are instanees where their use is not abso-
lutely essential.
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1 PREFACE

Bone and joint work i= a difficult surgieal specialt v, involving
not only the surgical management of soft tissaes but bone tissue
as well,  The sueccessful outeome of any procedure to restore
the skeletal architecture depends not only upon a proper opera-
tive technique but in many eases in a greater degree upon the <kill
with which the post-operative external fixation dressing is ap-
plicd and in the convalescent management of the ease.

The author wishes to express his deep obligation to his
associate Dr. Robert E. Soule for his cordial collaboration.  He
15 al=o indebted to Dr. Penn-Gaskell skillern, Jr., for his most
valuable eriticisms, corrections and suggestions,

Frep H. ALBEE.
40 FasT 4157 STREET,

New Youk Crry.
fetoder. 10915,



CONTENTS

CHAPTER 1

[RETH
Tir Fespaigsran Prisomenes Uspereyvisa rog Use o roe Boxe
CGVEAFT 1IN SURGERY 14

CHAPTER 11

Avrnor’s Freerrie Moror Oregarixa Ovmeir axnp Tecuxigvy op
I-""I.[l]: i -'-:I.

L=

CHAPTLER 111

ThE Boxe Grarr 1y ™oE TresrmexT aoF Porr’s Disease axnp Ornen
Li=toss oF THE SPINE . il

CHAPTER IV
Tue Iveay Bose Grarr 1x THE OpERATIVE TrEATMENT oF Fracrrres, 149
CHAPTER W

Orgrative Merpops ror BEuoDiLLisg o ANEvLosis Tie Hie-
Juoaxr o ) o ) s b

CHAIMTER V1
Tie [xay Boxe Grarr por Fixamox or Tenerevnovs Kxeg=Joisrs;
IxpasTing Paganysis OsTEOARTHROPATHY (CHapcor = IN=EA=E] ]
The WeEnceE Grarr ror Haprtvan Distocariox orrine Parenta o 276
CIHHAPTER VII

Tue Boxe Gurarr oy rneE Tuearmesrt oF Ii=seases asep DEroryiTies
ur THE Foor axp Lea : i -

CHAPTER VI

Misrprpaseors srncieal Uses orF hie Bose Girarr 1
IxpEX oF Naues ) . 0T
Ixpex HI






BDONE-GRAFT SURGERY

CHAPTER I

THE FUNDAMENTAL PRINCIPLES UNDERLYING THE USE OF
THE BONE GRAFT IN SURGERY

Cellular life may be quite independent of organie or somatic
life and. under favorable conditions, tissue cells mayv retain
their viability long after being detached from the living organ-
1=m. “The remarkable viability of transplanted periosteam
has been demonstrated by Grohe and Morfurgo, the former
showing that it is capable of preservation for 100 hours and vet,
able to be implanted and exert its osteogenctic powers.  The
latter (Morfurgo) has shown the periozteum of a corpse kept at
157 ean produece new bone when implanted after 168 hours.”
—Janeway. The duration of this cellular hife depends largely
upon the means of preservation of the detached parts or, in the
case of organie death, the preservation of the whole eadaver,
and al=o upon the amount of disintegration from the eause of
death. It i< on account of this phenomenon that detached
portion= of living tissues can be suecessfully transplanted from
a corp=e to a hving organi=m.  The higher the specialization
of the eell the less marked are its resisting and proliferating
powers,  This is especially well illusteated in the ease of tissue
aralt=,  The lower order of tissaes, which need less nutrition,
continue to live for days on their own substance which is eon-
tamed in the serum that permeates them, but the more highly
specialized ones are linble to neerosis in o short time unless
nourished by a blood eiveulation.  This viability varies with
the individual tissue, as the higher the development of the eell
—such as the ganglion or parenchymatous cells—and the richer
the tissue is in blood-vessels, the less |]i~;|'|}' Il 15 to survive,

o | a
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| B BONE-GRAFT SURGERY

The most favorable tissues for grafting purposes are the
simpler conneetive tissues, such as bone, fat, fascia, ete., which
are endowed with the eapacity of extracting nutrition from the
soil into whieh they are planted and at the same time are able
to regenerate so that the portion of the graft which disintegrates
i= replaced.  Muscles and nerves are most unfavorable.

Bone has been sueccessfully transplanted since 1809, when
Merrem obtained suceessful healing of bone plates in the <kulls
of animals after trephining.  Subsequently, Walther, in apply-
ing this technique to the human subject, secured partial healing
of the graft, in spite of the co-incident suppuration.  In 1858,
Ollier, after extensive investigations in the usze of the bone graft
in both animals and mwan, conecluded that fresh bony tissue,
covered with periosteum, remains viable.  Autogenous grafts,
or those dertved from the same individual into which they are
engrafted, are by far the most trustworthy. The fluids, al-
bumins, and tissues of every individual vary in degree from those
of every other, and while this incompatibility may be shght, it
15 sufheient eause for using, whenever feasible, the mdividual’s
own tis=ue for the repair of his defeets.

With primary union and in the absence of infection, autogen-
ous bone gratts, properly contacted, are always sucecessful, and
even infection does not neeesszarily indicate failure.  **The
vegetative capacity of the bone eell 1s as great as that of the
epithelial eell, and if one grants not only the viability of the
transplanted epithelium but alzo it power of extensive prolifera-
tion, then, judging by analogy, the bone cell ought to show, as it
has bone in this instance, equal eapability of living and growing
when transplanted.  In proportion to the size of the graft, the
smaller the graft the greater the proliferation,”— Macewen.

The knowledge of the exact histological réle which the bone
araft playvs i=, fortunately, immaterial to its elinieal usefulness,
whether it serves a= an osteoconductive seaffold or as an active
osteogenetic foree. The extensive experiments and histological
studies of Ollier, Macewen, Frangenheim, Cotton and Loder.
MeWilliams, Mayer, Phemister, and the author (see Chap. 111),
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have proved the viability and osteogenesi= of the grafts when
inserted by the proper technigue,

Cotton states: ©Owre specimens show a practically uniform
survival of the transplant when the techoique 15 adequate.
The articular transplant of the eartilage usually shows no gross
change in color or texture from that of the surrounding undis-
turbed _'|+IIIII1 =uriace. The _,I":‘Ng;.rm'.rff reri .r'r.rjm'rH:r,r hecomes ﬁi'mf.r;
fived fn place.  Histologieal preparations obtained at varving
imtervals show a =eries of changes in the bony portions of the
erafts, the more important of which are constant and very defi-
nite.  The essential picture shown is briefly: (1) the early dis-
appearance of the bone corpuseles in the transplanted trabecule
and m the trabeculie of the host bone for a short distance from
the wound surface; (2) without any loss of =ubstanee i (or any
marked foreign body reaction around) the bone from which the
corpuscles have dizappeared, this bone was rapidly and com-
pletely covered by a laver of new endosteal bone, which unites
with endosteal bone of the host; (3) the new bone i laid down
by the activity of end-osteoblasts in all portions of the grafts,
centre as well as periphery. It has not yet been proved that
=ome of the end-osteoblasts which are active in the graft may
not have originated from the endosteam of the host and ex-
tended, or even emigrated, from it to the graft; but no one, after
<tudy of our =ections, can doubt that in part, at least, these
osteoblast=  represent  the  actively  proliferating  covering
membrane of the transplanted trabeculie; (4) practieally no
changes, either of degeneration or proliferation i transplanted
articular eartilage, at least up to 4 weeks.”

MeWilliams coneludes ina recent publication: ** Living bone
graft= have life mherent in themselves, and the theory that
contact with living bone is necessary for subsequent lite of the
eraft must bhe given up.”’

“As mportant as the properties of the transplant are the
pualities of the “wound =oil” which =erves the function of
supplyving as quickly as possible nutrition to the gratt. The

fir=t step in the establhishment of the ].'””E]h flow and the eir-
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culation is the early adhesion between wound edges and the trans-
plant.  The more quickly and surely this takes place, the more
promptly is nourishment assured.  Should the cells of the
wound be injured beeause of antiseptie applications, or should
they be abnormal beeause of the presence of sears or hiemato-
mata, or the seat of previous disease, as tuberculosis, necessary
nutrition will be delayved.  Very important contributing factors
to failure are errors in operative technigue, causing infeetion with
a very slight transudate, which is instrumental in destroying the
first intimate contact, thus preventing nutrition, partially or
absolutely, and predisposing to partial or total necrosis due to
suppuration. By means of strict asepsis, this element of failure
can be eradieated,  Most important, however, is a second factor,
which preventsz the early intimate adhesion of the wound edge,
namely, imperfeet haemostasis.  The presence of the slightest
amount of blood is dangerous, as it interferes with the nutrition.
That this factor has been heretofore disregarded 1s apparent
from the literature. It is the general belief that a smooth, un-
infected wound is a sign of perfect technique.  This is not true
in conneetion with transplantation.  In this instance, perfect
technigque 1= recognized by a complete gumming and  co-
aptation of the wound edges.  For this reason, every experi-
menter in recording the results of his transplantations should
convinee himself that the transplant is really grafted as it should
be, in order that his operation be perfeet.”—Lexer.

Homoplastie grafts are those which are derived from another
individual of the same species, and when composed of the lower
order of tissues, such as bone or faseia, they may he employed
successfully, though not with the same eertainty as autogenous
grafts; when they consist of the more highly specialized tissues,
they result in failures.  Homoplastic grafts are often difficult to
obtain, and there always exists the danger of transmitting dis-
case from the donor to the host, even when the greatest eare has
been exercised.  Fibrous encapsulation oceurs more frequently
in homoplasty than in autoplasty.  This, as Lexer has pointed
out, 15 probably due to the irritation of a foreign proteid, which
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varies most with difference in race,
next with distant relatives, near rela-
tives, and least with the individuals
of one Tamily.  This variation pre-
venis proper nourishment  of many
tissues and, as a result, substitution
in  the regenerative  process  occeurs
very slowly while degeneration takes
place rapidly.

Heteroplastie  gralts  are  those
which are obtained from an individ-
ual of another species,  Living grafts
from different species may die when
implanted  into man or the higher
animals.  The graft m these cases
acts as a foreign body, and if there
s even mild infeetion it i= liable to
uleerate out.  In the event of no n-
feetion, it either hecomes eneap=ulated
or dizappears, and i= <lowly =ubs=tituted

by the proliferation and migration
of the tissues in which it is embedded.
Thiz process may require month=

the case of the bone graft, and thus .
$ s
it follows that the graft may be a
suceess  clinieallv, though histologie-
I 14z, 1. Mt oo of

allv it undergoes partial or even com-

twar oeafts, coeh 3o, longe, -
plete absorption, or, in other words, srted by the author for a

tilsiaal elefioet fromme 1lae remwoyvial
it acts as an osteoconductive seaffold,  of twoathivds of s shaft for

=i Fcaafieii, It wes lpree==nry Lo

songaetate Phe leg just 4 weeks
alter the msertion of (le grafe=, o0 necount of §he rocigere e ol Chae =seeone, il i
thi= short fime the grafts had Decome fivmdy anited (an €0 by soliod o, alt hoaeh
the dhinmeters of ||,|- graft= bt b pleove aoel Daeloow the uniton rierssiraed] 0l = s
when tmpdanited,  “Phose proliferating eallios bone eclls condd Baove oristmatod fromm o
erthier =omree tlisen the two gealt s, thiz proving conclusively thie aetive osteagienesis
-|-|' 1JL'|""I' fresee prrali=, II-lll' Illilll'hl"_'. il rE||- ||I||||' 1_-.-:|_|'| l'llll[ll Faiak ||| lsrnna |-.'||-:|.|.“r|_
strzsbedd tlan by this specimen. A, indieates where fiem union has ocewrred between
the tipper gralt and ilee upper remoining cwd of che b 82, where the lower sradt
hus Dwwvomee anited to the lower fragment of the tilda; € indieates fiven bony anion
Bt wecn the two gealt ends whieh were contaeied to the ecntee ol the lee Gar away from

any ol lhor "-'---i|I|l' =eibl e o gresw Basgpe,
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Just what happens to the autogenous bone graft from a mi-
eroscopieal standpoint, is still a matter of discussion.  Whether
the boue gralt lives as such, or whether the eclls wander into
it from the bone with whieh 1t = connected, = still sud judica.

Froo, 5.—DBy the kindonesz of Mre. Bolaert Jone=. 08 Glicates fiem anion aiwd callus
thirown ot by the gealt eagineni=,

In the author's experienee both with human beings and with

animal<, perfeet union of the autogenous aseptic bone graft with

the bone into which it was placed has bheen secured in 100 per

cent. of cases, and, after all 1= said, thi= 1= the nnportant consi-

deration,
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The subject of the bone graft is being widely disenssed, and
the men who are studyving this problem may be divided into two
schools: those who elaim that a eertain portion of the eells in
the graft hive and that the graft 1= a distinet and separate osteo-
genetie foree: and those who elaim that the eells of the graft do
not per se have any osteogenetic power and that the graft merely
serves an osteoconduetive purpose.  There are at present, how-
ever, very few who continue to uphold the latter view, especially
sinee Barth, its originator, has been convineed that his former
position was wrong and that the ecells of a portion of an autog-
enous perlosteum-covered bone graft live and play an important
osteogenctic role (see Figs. 1 and 3).

One should not be too dogmatie coneerning the exact role
that every graft must plav.  Individual eonditions or individual
environment determine the exaet role of each particular graft.
There may be a considerable blood-clot, or tissue shreds, which
interfere with the nourishment of the graft, preventing an imme-
diate and perfeet union; or there may be a slight or severe infee-
tion, or other disturbances to deal with, and these conditions
determine the exact histology in each individual ease or, in other
words, how many of the graft cells have received sufliciently
early nutrition and remain viable, and how much of the graft
dies and serves i an osteoconduetive role, It fortunately does
not matter, from a surgical standpoint, what happens histo-
logically, so far as the exact role of the graft is coneerned. 1t is
known that an autogenous bone graft alwavs “takes” and
becomes permanent, if it s put in under aseptie conditions;
and, 1f it has funetion to perform, it stavs there and adapts
i=ell in structure, size, contour, and in strength to the new
environment,

Boiled bone has been used by Kauseh and others for yvears
as a =ubstitute for the bone graft.  From a recent diseussion of
this matter, one would gather that this material had never been
used before.  Boiled bone is far inferior to an autogenous bone
eraft, and Kauseh, in 1910, from an extensive experience pre-
parcd a table llusteatimg the seale of value of different material
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for bone substitution and made the following statement @ Boiled
hone and bone from the cadaver are not adapted for implantation
in a bed free from periostenm, and foreign substanees are =till

less suitable for this purpose,

Fri, 40— An antero-posterior lengitadinal =cetion of o0 =pine # years afier the tilia
Bosanas ezl 0 bosnad Qowvenn dnnepelenratosd dpgton i0= =pdit spinnns poroeesses 1o ankylo=e the tabereulons
ifected vertelbra present bastween o aoed §3,

The deawing was mosde from an actual specimen and represent= the alteration which
has l:llu’-:ll I.l].'tl'1' il| thee clizraeter of e ;:rh['l .'I||1| 1= bl

The arca A to S has been so cliogeed that it Presents the characteristics of a .'ii|||_'|l,:
Lvapraas \.'l.:i1||| il -liﬂri|..-| ol ey |-||q-|||-.'u|:: r'.'tl|e'|'”1-ll-- ||u[u' SEERpa-b s I||I'rl'|L'_L|‘|HII1 ar tn other
words i1 has v ddentieal in s anontomien] stroetaee o the spinees processes Lo
'I.'|.J|.il'|| il I|:|- |‘l|'|'1-l|u' .'|.I|J:||J_':|.I|::|h'l].

This 15 o fortunsie claraeterisie of the bope erali, o, 10 asdapsts bsell o its
1'I|'L'i|'u||I|4|'|||,

KAUSCH'S TABLE OF VALUE OF DIFFERENT MATERIALS FOR BONE
TRANSPLANTATION

1. Peduneulated soft parts with periostenm-covered bone
flap.

2. Free transplanted pertosteum-covered autoplastie bone.

3. Free transplanted periosteum-covered homoplastic hone,

4. IFresh boiled bone,

3. Fresh preserved bone,

6. Cadaver or fetal bone, obtained under sterile conditions,
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7. The same bone, boiled.

8. Ivory.

). Foreign bodies, such as metal.

10, Fresh animal bone, living or boiled.

Lexer states: “* Boiled bone, obtained from a eadaver, or
fresh bone which has been sterilized, acts as does a foreign body
which slowly undergoes substitution; it is rapidly destroyed by
vigorous granulations.  Foreign body suppuration with extru-
<ion of the dead graft, long after primary union, oceasionally
oceurs,”

Barth ( Verhandlung der Dewtsch. Gesell. fir Chir., xxxviil,
1909) makes this statement in reference to boiled bone for
transplantation purposes: * Personally, T (Barth) have had
nothing but failures.  Absorption follows in these cases, or see-
ondary suppuration if the patients are allowed to use their
limbs, and the bone must be removed. 1 therefore believe that
it would be going backward to make use of dead bone as a routine
measure in osteoplastic work,  Accordingly it can no longer be
doubted that in the substitution of very large defects, only the
living bone covered with periosteam  furnishes  trustworthy
results.”

Baum reported five cases of intramedullary graft for ununited
fractures.  our were homoplasty grafts (taken from ampuatated
limbs and fetal bones). The fifth graft was an autogenous
eraft and was= the only one which resulted in solid union, thereby
proving the value of live autogenous bone graftz and possibly
the disadvantage of the intramedullary technique.

[n thi= connection, Bier elaims that most bone regeneration
comes from the endosteum and bone-marrow and that no re-
generation oceurs in a =eraped (or reamed-out ) medullary eavity.,
This undoubtedly explains in part, at least, failures from the
intramedullary  technique of inserting the graft in ununited
fractures,

[mplanted ivory is merely absorbed, without any substitu-
tion formation of new bhone,
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Autogenous live hone is the only material which ean be -

|1|:illll'||. with =afety in o bed free of perios
L.

Lacwen made histologieal studies of hone
hiadd 11

weeks, and by injecting the hlood-vessels of

aeraft=  wlach been  transplanted
the amputated arm found that there had
the
transplant which had been obtained from
T"he graft

wis being gradually abzorbed and replaced

been o  complete  vascealarization  of

the tibia of the =ame patient.

by new bone which proliferated from the os-
teogenetie hone-cells i the periphery of the
Haversian canals of the graft nself; and
al=o the periosteum lived and was active n
proliferating new bone from its deep osteo-
genetic laver.  The new hone alwavs took
on the contour of the part which it re-
placed.

After extensive experimental investiga-
tion= and a large amount of human work,
the author 1= convineed that the best trans-
plant 1= a live piece of autogenous bone -
cluding all 1t= elements, namely, periosteam,
compact  hone, endosteum, and  marrow
substance; that the periosteum which is
separated from attached museles should be
ineized  in numerous places to provoke a
greater =timulation and also a freer blood
=upplyv: it lets out osteogenetie cells and lets
i nourishment, that the bone is best taken
from the same individual or, if this 1= nn-
practicable, from another individoal of the
nearest Kin, preferably o brother or sister;

that the bone should never be obtained from

T TLL L] |||||||'|-|.."I.'!”

.
ilizeerim
frnest Jyooad

i'hllal |-|-_ _‘.
izt eatimge the
=il o=t freguently o

epeaftine froit trees, It
will b pootend that i 42 2
:iln]n_'( sepsift semped £ a0 ee
fhree  elements ol e
el ar (NTHETITE RSN
the bark, solbmroaem (=aged
.'I!Il! 'l.'l.ll-lll|l H gk l'|1l-1'|_'|.'
conpted with their eor-
rr-.-||--r|-li||-_r clismments ol
the =tack I"l'i'i|lii'l||
Birameh.  Uhis comt et il
kv iddnal brvier=
i= prwio=t essential i pres
eraftime, and i 1= T
Biesvesel vy Dowe coneanbosgsonng= 100
iel hiise
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an animal, because its viability or replacement is uncertain or,
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at best, delayed, and according to Axhausen itz periosteum does
not proliferate.

There are certain fundamental rules which should always be
observed in the transplantation of all tissues.  Theserules must be
adhered to as elosely in the animal as in the vegetable kingdom.
The seience of grafting in the plant kingdomiseenturiesold, The
most important rule of the process of grafting in the vegetable
kingdom is the contacting of the alburnum of the scion or graft

Fro, G=—Note increazed density of the geaft in (Fig, V3. This rontgenogram was taken
5 weeks after the implantation,

(which, in a way, corresponds to the periosteum) to the alburnum

of the stock, or the part grafted.  (See Fig. 5.0 The contacting

of the corresponding histological layers is not of such paramount

importance in the grafting of bone as it is in vegetable life, but

the importance of its observanee is unquestionable.

The more closely these rules are adhered to, the greater will
be the pereentage of elinieal suceesses.  In the ease of the bone
transplant, nature iz confronted with the following problems:
(1) the rapid establishment of cellular nutritionand blood supply,
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which 1= brought about by the extension ol blood-vessels, and
by the cellular assimilation of the serum in which the graft is
immersed; (2) the union of the geaft to the contacted bones or
fragments of bones hy osteogenesis on the part of the graft or
recipient bhone, or both: (3) through WolfT's law, which is the
adaptation in form and inereased strength of the graft to its
mechanieal requirements.  If nature i< to succeed in aceomplish-

Fra. T.—Rinteenogram of a ense of Pott’s disease =howing o tibial graft spanning
three vertebral spinous proeesscs and alvhonsh thiis eeaft iz constdered o be too shore,
vet it haz held the diseased vertebewe hvperextended and arrested the progeess of the
digease. The prineipal interest of this rinteenposeram is that it shows o marked inerease
of density of the graft (6 mopths after mplantation) from funetional stimualation.,
(Wolff's Inw.)

ing this, it 1= quite e=sential that both the graft and the recipient
bone should be favorable to eellular life and proliferation.

The surgeon can do mueh in aiding nature by strict asepsis,
by minimizing the trauma to all the tissues ivolved, by avoud-
ing cellular death through cither bruising or comminuting with
hand tools, or by frictional heat from motor-dreiven instruments;
by the avoidance of trawmati=m, thus guarding against neerosis
of portions of the graft and lessening the danger of wound infec-
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tion: by the proper protection and preservation of the graft bed
and the graft itsell from dryving and possible infection:; by so
arranging his skin ineision that it will not come directly over a
superficially placed transplant, as this lessens the danger of
skin neecrosis and infection; by exeising, if possible, extensive
scars from the field of operation, as their poor blood supply is
likely to interfere with the establishment of nuirition to the
eraft; by closely fitting and contacting bone surfaces which
should, whenever possible, include the acceurate coaptation of
periosteum of graft to periosteum of recipient bone, of cortex
to cortex, of endosteum to endosteum, and of marrow to marrow ;
by properly suturing muscle origins and insertions to the =uit-
able mechanical locations on grafi= which replace skeletal bones
or portions of them (this is important if musele control is to be
rec=tablished); by securing =ufficient hiemostasi= in the graft bed
by means of repeated applications of hot saline solutions, and
by eareful tyving of blood-vessels. (A hwmatoma not only favors
the development of infection, but also interferes with the early
nutrition of the transplant by the permeating serum; a =mall
amount of blood-clot, however, may be desirable); by including
in the graft the periosteum, endosteum, and marrow, which not
only contain active osteogenetie elements but, on account of their
loose strueture, are more favorable than compaet bone to a rapid
reiéstablishment of the blood supply with the recipient tissues
of the graft bed, from whenee nourishment rapidly reaches the
compact part of the graft through the numerous blood-vessels
passing from these enveloping membranes into the compact
bone. In other words, a bone graft consisting of all its ele-
ments approaches more closely a complete physiologieal unit —
especially in reference to nutritional  distribution—which is
obviously an advantage.

Stohr, in his text-book on Histology, states: “*The blood-
vessels of the bone, the marrow, and the periostenm are in the
closest connection with one another and also with the surround-
ing structures.  Small branches (not capillaries) of the numerous
arteries and veins of the periosteum enter the Haversian and



PLATE I

Fre., L—=ixtv-four day Fxp. No, 138, One-half of the shaft split longitudinally;
iH'l‘i-thi'lllll ated etidostesi om: o, Ol sl ecortex; b onew bone from periosteam, o,
exten=tve pew bone froon endostenmn; o, Aleons iotevmediary callus above; o, hony
ot lswer cnele Thi= speeiten emphizsizes the impartanee of the endostoume in the
III'{JIILH'HIITI 1|r B ST ITEN

Fri, 2—Fortvesix day Fxp. Noo 156, Periostenm and endosienm boih remmoved ;
a, Callus formed on transplant froon =orviviog cellss b dead corvtex: e, ibrous ioter-
medhinry ecalluse=,  Thi= <pecimen proves that o eorviieal bome tran=plant will prodoee
new Bone from its * mareow eanals,” althongh ol it periostewm ad codostewm has
Daesiepy peennpiayanl,

Fro, 3, —Forty-zix elay FExp. 161 B Showing eapid Looy gnion —a feaetaee thaough
i tesn=plant with perio=tewm anel cwdasteans an: o, Bony periostea] eallos: b, Doy on-
dostenl eallu=: «, bhony intermedinry eallo=: o, cortex with eells demd, Tl cageicd Loe
formmations andd union in this specimen comgbesises Chie b taoeee of eoapeiatinge like lavers
of hony parts, whoether they are Teaetore Teaement= o bonse-erafi=, T here iz an iatant
cortelation hetween Pl bivers (vie., periostonm, eomgeet Do, cnddosteems, anel e
row i the formetion of hony eallu<, amd o bone-geait shoulid always, wloen pro=sibile, e
isertedd by il inlay mwethonl, whiels Lrings sl 12 Lovers in eoapiation with the eorpe
"Il"ﬂH“hL’ cames ool thes Dioest D, Aeevardinge tis I':I_".' fhe :vl‘l"ill‘tll'tull Cienmi=hie= conneciive
ti==apee Feom whieli the ostealdas=ts of (e marre tissaee Lagiled moews Do,

(2 135 Phepister in =argery, Goepeesdogs sl O0sttries"")
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Volkmann's ecanals, which on the inner surtace of the hone are in
communication with the blood-vessels of the marrow.  The lat-
ter 1= supplied by the nutreient artery, which on its way through
the compact =ubstance gives off branches to the =ame, and in
the marrow breaks up into a rich vaseular network.”

The bone contact should be of generous extent and alwavs
with healthy vaseular osteogenetie bone —the more unfavorable
the bone, the greater should be the area of contact,  Careful
suturing as well as aceurate coaptation <hould be secured whoen
early use is to he made of the part, in order to obtain the benefits
of functional ireitation.  In many instances where elose contact
and exact coaptation cannot he secured, early bony union may
he acceelerated by the interposition of numerous small grafts or
fragments of bone.  In early ununited fractures, it 15 the prac-
tice of the author to remove most of the fibrous union and sub-
stitute for it (atter the inlay has been fixed in position) numerous
hone chips between the ends of the fragments.  These coalesee
with each other and alzo with the graft and recipient fragments.

The proper contact of these bone elements ean be sceured
only by the emplovment of the author’s inlay prineiple of pro-
cedure, which should always be carried out as carefully as eir-
cumstances permit.  Examples of the various modifications of
this principle are the inlay spinal graft for Pott’s diseasze, the
bone-graft wedge for the correction of deformities, and the inlay
bone graft for fresh and upunited fractures.  In manyv of the
latton tyvpe of eases, the callus formation is so meagre that it may
well be compared 1o the eabinet-maker’s glue, which will not
hold unlez< the wood is exaetly fitted and coaptated. 1t will
not bridge space.  The same holds true in a long-existing un-
united fracture.  The surgeon must execute cabinet bone work
i order to approximate 100 per cent. of sueees=ful result=; and
this ean be accomplished only by employving the inlay method
with the author’s hone mill.

Bone graft= have been suceessfully applied by other means,
but the following are some of the obvious advantages of the

author’s inlay method, besides the approximation of correspond-
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ing bone elements of graft to recipient hbone which this proeedure
makes possible.  In the repair process, especially in fractures,
new bone appears from both the periostenm and the endosteum
on both sides of the cortex, possibly more markedly on the con-
cave side of the fracture.  The space between an inlay bone
eraft and itz host bone beecomes filled by ecells arising from
both the endosteum and the periosteum.  Cotton and Loder
consider the endosteum as the more important factor in the
formation of bone about the transplant.  In view of these facts,
the inlay method of inserting a bone graft is apparent, in that it
aifords the coaptation of both these structures of the graft to
the corresponding ones of the host bone.

The modifications of the inlay technique meet practically
all mechanical requirements; it is as applicable to fracture of the
small bones of the forearm as of the tibia or femur; it controls
the deformity of the foot, as well as of spinal caries; it= inherent
mechanies favor the fixation of the graft aswellas the immobiliza-
tion of the fragments into which it is inserted; it= technique is
not difficult, beeause it has to do with plane surfaces. The
inlay method allows the highest efficiency of Roux’s post-op-
erative funetional irritation.  To increase the potency of this
factor, Roux advises frictional dressings during the after treat-
ment, which consist of pressing or weighting of the bones and
stretehing the tendons,

That it 15 not absolutely necessary for the suecess of the graft
to be contacted with a host bone, has been proved by Carter,
who states (Med., Record, Feb, 7, 1914): * Bone grafts either
covered by periosteum or bare, but acecidentally separated from
the living periosteum covered bone (host bone) appear to be
osteoinductive and Very ]”{:‘1}' n:-éll‘u;_’,j{']]l:‘lllt'.“ He reports 20
eases where the hone graft was used to elevate the bridge of the
nose.  In many of these eases the graft was not contacted to the
hone of the face but was usually embedded in soft tissue, never-
theless the transplants ave still in place and some are larger than
thev were when they were implanted 2 or 3 vears before,

Chiari has suceeeded experimentally in grafting portions of
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hone-marrow into the spleen of the same animal. The gralis
survived and inereased in size from that of a hemp=eed at the
time of tran=plantation to the size of a pea 5 months later,  is-

tologieal examinations of the graft= i the =pleen showed that

Fic. 5. Thi= i= o rivtet o of @ ease of loss of the lower oie=third of the tilbia
one vear hefore froon osteomvelitis, The pemsindng geeviosteanmn oo temgstead to reform
the shaft and @ =mall intereugeted theead of bone ean bee seen. I however, either
Leeamme broken in two paloees ar o 1'--||||.|-'r1' Lippad e ool Doonppar wos poeever |||'|n||||'4'||; thire-
foores, e dnnflenee of Waolfi™ = Low il g L7 LR i R R stinmntlztes Fuape |l|'ll|i‘.l'l':|rilrli fevn 1R
tilada ot AL oz 00 wonld have i there bodd mor been seosoluation of continomity. The poteney
of thi= =ame Waolll's bow, however, conld ot Le better dlemonsteated 1lian e s a0 this
siipe rOntgenogrin, a* shown by the enoroen= hypertrogehy of the ibala, which hos
bornprmie thie =tge g =teensth of o ol vibea, Thies s o0 plhiv=siolosieal property ol
bisguee, spnl =hows it<ell a= =trikingly in bone geaft: andder funetional =teess s it does in
cotnpliete skeletal bones, Thevelfore, s stnted el=ewhere, ot the smome tioee the geadi
i= prodiferating., in order (o b of suflicient =trengtl for it= new envitonmeent, e tibia
frosen whieeh 11 was respovied] gorolilermt e omdler e =tieoeha= ol Towetien apdl i has

reet i d Uie 1A ppierinal 2tecneth pel =i#e
the growth was actually due to an increaze in bulk of the speeifie
bone-marrow tissue.

A thorough understanding of the modus operand: and theory
of Wollt™s law i= imperative. The influencee of this law upon

the =uecess of bone-grafting proeedures of all kinds eannot be
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too strongly emphasized. It not only influences the graft to
proliferate and strengthen to an almost unlimited degree, if
the new mechanical environment of the graft requires it, but

Fio, —Antevior posterior and lateral rdmtgenograms of a tilia from which o graft
bisvid Been remmoved for Poit's disease 12 woeeks before, A8 indiestes  loestion from
which graft was removed,  The cavity hins filled in and ander influcenees of Wolll's law
Pl vibin Bas Become nearly 00 not as stromge o=l was before the grait was removed,

the action of this law also eauses the bone from which the graft
was removed to be restored to its original strength,  (See Fig 9.)
This same influence also causes internal reconstruction of not
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only the trabeculwe, as the mechanieal forees demand, but
also of the general histologieal character of the bone, 7.,
cortical bone ultimately becomes =pongy bone if implanted
i or contacted with bone of that character, and riee versa.
—~ee Ilu 4.)

A brief statement of WollT's law i< as follows: “ Every
change i the form and pos<ition of the bones or of their funetion
is followed by certain definite changes in their internal archi-
tecture, and by equally definite secondary alterations of their
external conformation, in aceordanee with mechanieal laws"

The question as to what faetors control the growth and
development of a transplanted bone, or fragment of bone, and
causc 1t to take, later on, the size and shape of the bone which
it replaces, 1= a most interesting one. 1t is undoubtedly inti-
mately connected with the corresponding problem of the factors
concerned in the development of normal bones.  Museum
specimens and Nichols™ cases (reported in Jour. A, M. AL eh.
3. 1914) demonstrate that when a new bone casing or involuerum
i= thrown out around the necrotie shaft of a long bone, it is
thicker opposite the middle of the shaft than at the ends.

The phyziological repair of fractures badly reduced, with a
wide separation of fragments, and the restoration of the original
contour of the shaft of that bone from the two over-lapping
broken ends, demonstrates elearly what ean be done by diaphy-
seal osteoblasts, apart from the aid of the epiphyseal eartilage,
in not only restoring the external econtour but also the medullary
canal of the original hone.  The osteoblasts will not only restore
the outlines of a fractured fibula or form a new fibula shaft but,
as ha= been demonstrated by Huntington, Stone, Bond, and
others, they will transform a transplanted fibula into a new
tibia.  Skiagrams show that not only does hone deposit on the
out=ide of the shaft, but the medullary eanal is enlarged and the
fibula thus approximates the strueture, size and contour of the
normal tibia.  Bond believes that: ““This must be the outeome
of original hereditary capacity on the part of the osteoblast con-

cerned, as well as the result of new pressures and strains ex-
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perienced by these bone-cells during their growth under altered
condition=.  Thiz must mean that, although a considerable
amount of voung bony material may have been supplied by
osteoblasts from the shaft and ends of the fibula—when used
to replace the tibia—vet the real task of modelling the new hone
thus thrown out and of depositing it in the right <ituations musf
fall upon the osteoblasts of tibial aneestry, upon bone-cells which
are thrown out by the tibial extremities after these have been
rejoined by the interposition of a new shaft.”

The way in which osteoblasts derived from separate bones
may work in codrdination to build up bony trabeculie in situa-
tions of stress is well illustrated in Fig, 212, showing excision of a
knee, with ankylosis of the femur and tibia at a right angle to
each other. Under the mechanieal disadvantage of the two
longest bones in the body being united into one at a right angle,
the bony trabeculie have arranged themselves to carry the weight
of the body and this result has been arrived at by osteoblasts of
femoral and tibial origin, each having taken part in the forma-
tion of the new bone. " The kev-note of all bone development
seems to be a codrdinated arrangement of bone-cells in lateral
and end-on relations to each other under the stimulus of pressure
and =train within certain limits of innate capacity.”—(Bond.)

This, in brief, is Wolfl's law, which always requires a bony
conneeting medium if it= influence is to be potent.  In the same
wayv, a shaft seems to be es=ential to the proper growth of all
epiphy=es—all of which i= in confirmation of Murphy's state-
ment that ** the amount of growth in a bone depends on the need
for 1t.”" The bone-cell colony has its investing and limiting
membrane, the periostenm, just as the liver has its capsule and,
as Macewen has shown, thiz periosteam or bone-capsule serves
to keep the bone-cells within circums=eribed limits and prevents
them from invading neighboring tissue.  The fact that the
transplanted fibula =haft develops into a bone of the size and
shape of the tibia, shows that the failure to do =0 in some cases
is not due primarily to the fact that the transplanted bone is
naturally a smaller bone, but to the fact that it is not mechan-
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i"“”.“' ‘-llfnl'il‘l”h{ taken over or that s growth 1= not .-i||'|'|r-i:'||1||".'
stimulated 1:}' o=teoblast= of tibial origin.

Bond has suggested the following theoryv: It may not he
entirely uscless to regard for the moment an individual bone as
an organ, to think of 1t a= a mas== of bone cell= of definite aneestry
whose activities are exercised in becoming adapted to a physieal
environment of definite stress and strain.” 11 this supposition
be true, the selection of the hone from whieh the graft i< to be
used becomes of the greatest importance, as the degree of possi-
ble eellular proliferation of grafts or fragments of hone would be
determined by the size and strength of the bone from whieh
they were removed.  Thi= would argue in favor of obtaining
eraft= from a large and active bone, such as the tibia, when they
are to be placed in an environment where it 15 necessary for
them actively to proliferate and withstand a large amount of
funetional stres=.  Under thi= supposition, a graft obtained from
a rib would not have the mechanieal possibilities of a tibial
eratt, but would be suitable for the correction of facial bony
defects, as was so well demonstrated by Carter, or for any pur-
pose where excessive mechanieal stress 1= not required.

The external shape of the bone is the result of functional
adaptation.  The bone 15 strengthened and thickened at those
points where most stress and pressure come upon it, and is
weakened at the opposite points,  Sach transformations have
the objeet of enabling the bones or grafts in their altered posi-
tion= and relationships to meet the new and abnormally directed
stress upon then.

A good illustration of the influence of Wolfi's law 1= where a
|}1rl‘1in|| of the ti||i;| has heen destr |_1|.'{"{| |I}' t:ﬁll'irlll}'{‘l-lli:i and re-
moved.  Without the support of the tibia, the use of the leg
can=es an abnormal amount of stress from both weight-bearing
and mu=cular pull to bhe borne by the fibula, whielh hypertrophies
up to a strength commen=urate with this added stram.  (See Fig,
8.) The same thing happens to a graft which is not of suflicient
diameter to withstand the stress that comes upon it— it prolifer-
ates toan adequatesize.  Again, the tibia or bone from which the
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graft has been removed proliferates until it becomes of the same
size and strength that it was before the graft was removed ; and
thiz oceurs in about two to four months, if the skiagrams can be
trusted.  Thus it is seen that Wolff's law has to do with funetion
and i operable in fragments of bone as well as complete skeletal
bones, and that it has an important bearing upon the plan of
treatment and the progress of convaleseenee in a very large por-
tion of bone and joint work.

Loeal or general hypertrophy of a bone may occeur. Loeal
hypertrophy may oceur in consequence of inereased strain upon
certain parts of a graft, either direetly or through the musele
pull.  Schulze-Berge (Central. fier Chir., No. 48, 1913, p. 1854)
reports the removal of the knee joint, including 8 em. of head of
tibia, for spindle-cell sarcoma, and the substitution of a segment
of the hbula from the opposite leg. Radiographs taken 1 vear
later showed that the transplant had attained the strength and
=ize of the diaphy=is of the tibia.

The recognition and full appreciation of these important con-
clusions of Wolff constitute the foundation of the treatment of
deformities and the application of grafts of all kinds, It is
obvious that it is always advisable to allow the graft to funetion-
ate as early as possible by bearing mechanieal stress within the
limits of safety.  This is highly favorable to osteogenesis, estab-
lishment of blood supply, and bony union.  This funetionating
period should be preceded by the most efficient fixation of the
parts grafted for an interval of not less than 8 weeks.

THE ROLE OF THE PERIOSTEUM

[t 15 largely a question of the definition of what the peri-
ostewm is and what it ineludes as to whether it is to be considered
actively osteogenetie or not.  If by chanee the eleavage is deep,
as when the periosteum is removed with a sharp elevator and
the underlying cortical bone seraped, the periosteum is sure to
be actively osteogenetie, and it is only by this technique that
the whole anatomical or histological periostenm is secured.  On
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the other hand. if the normal periosteum is stripped off or re-

moved with a blunt mm=trument, the eleavage s not likely to he

deep enough to include the osteogenetie laver of cells on the
periphery of the compaet bone.  In that instance the periosteum
constitutes a connective-tissue lhmiting membrane (Macewen)
only and slight or no osteogenesis oceurs,

overy graft should have as large a covering of pertosteum as
po==ible, beeause it not only favors the establishiment of hlood
supply to the graft but is alzo an important factor in influencing
the permaneney of the graft, as was =o well demonstrated by
MeWilliames,

In the study of bone injuries and bone growth, the three
burning questions of the origin of bhone eallus, the role of the
periosteum and of the bone graft have largely dominated the
recent literature.

In 1692, Havers, whosze name has been perpetuated by ass=o-
clation with the vaseular eanals of the bone, deseribed the peri-
ostewm as a =simple connective-tissue **limiting and vascularizing
membrane,” but his work was based, apart from mere specula-
tion, upon purely anatomical data.

Antoine de Hevde, in 1684, published the first experimental
observations upon the repair of fractures, based upon work on
frog=<, and came to the conclusion that eallus was formed by
caleification of the blood which had extravasated around the
broken ends,

Duhamel (1739 to 1743) brought torth the first systematie
work on this subjeet and was the originator of the generally ac-
cepted modern theory of the reparative role of the periosteun.
It was= his belief that the periosteum proliferated and beeame

thickened about a fracture and formed the callus by throwing
out the new tissue.  He was also the first to define and use the
term ecambium laver™ of the periosteum which, sinee the writ-
ing= of Macewen, has become recognized as the all-important
bone-governing element of that membrane.,

Over 100 vears later, after the less important investigations

of Troja and others, appeared the great and important work of
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Ollier (1858 to 1867), whieh has stood the test of time and
remains to-day the principal foundation of all our exact knowl-
edee of bone growth, although for a time it was thought that
Barth and others had definitely refuted Ollier’s views. These
very men, however, have largely come back to Ollier’s position.
His work was =o thorough and eareful that his conelusions have
attained an almost unassailable position.  He proved the re-
eeneration of bone from periosteum in every possible wayv, and
ever since his day the pertosteum has been regarded as the most
important vital tissue of the bone.  Nearly 50 years have elapsed
since Ollier's treatize, and during this period practically the whole
of modern surgery has arisen.  Very many works have been
written, dealing with fractures experimentally produced, but
these have chiefly concerned themselves with the strueture and
origin of callus.  More recently, the practical question of filling
hone defeets by grafts of dead or living bone obtained from vari-
ous sources has absorbed the attention of workers who have
=ought to examine experimentally this method of bone recon-
struction (Groves).  Most  important  contributions on  the
subjeet have been made by Axhausen (1898), who showed that
certain portions of transplanted living bone retain their viability
and act as the centres of new bone proliferation.  Groves states
that: “Every practical worker on the subject has, moreover,
endorsed the opinion that a living bone of the same species gives
much quicker, stronger, and more certain results than dead bone
or than that taken from another species.”

Living bone iz the chief source and origin of callus, which
grows= mainly from its outer or periosteal surface and to a less
extent from its deep or medullary surface and its eut or broken
ends,

Ollier, in 1858, deseribed his technique for subperiosteal re-
section, but, so far as I am aware, he did not emphasize the im-
portance of vigorous seraping with a sharp instrument in order
to separate with the periosteum the embrvonie laver of active
osteogenetic cells which is situated on the periphery of the com-

pact bone, although it is evident from the deseription of his work
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that he |I|'l"l.]'|“'!|.1|:'|' [:II'.;li*Iin:H' = 11'[']It|li1llll", It seems= cortaim
that osteogenesis on the part of the healthy pertosteam removed
front a healthy bone i= Legely dependent on the presencee of these
active |~111||1'I'I|'Hlii1‘ cells from the outer surlface ol the cortieal hone,
Theretore, the wisdom of the use of the <harp periostenm eleva-
tor in bone resection = apparent if a regeneration of bone from
the pertosteam 1= desired.,

Thi= statement, however, refers to normal periosteum re-
moved from an uninfected bone,  Infeetion ol a bone, especially
of the marrow cavity in osteomyelitis, eauses an immediate
migration of osteogenetie cells from the Haversian eanal< of the
underlving bone into the loose areolar tissues of the periosteum,
The meshes of thi= layver become filled with osteoblasts, from
which layers of bone later form.  If the pyogenie infection be
progres=ive, the diaphy=i= mayv be involved and die; but the
o=teoblasts in the periosteum, which have eseaped before the
necrosi= occurred, avoid destruction,  Oecasionally the whole
<haft necroses without a reproduction of bone from the periosteun.
This arises from one of at least two eauses.  The first occurs
when the pyvogenie mvasion 1= more virulent, rapid, and exten-
<sive, causing blockage of the vessels not only of the medulla but
also of the shaft, producing neerosis without a preliminary
period of hyperiwmia and consequently  before regenerative
changes have had time to oceur in the shaft,  The seeond,
where the main nutrient vessels of the shaft at a very early <tage
become thrombosed by pyogenie invasion, the blood supply of
a large portion of bone i= cut off, and neerosis occurs before pro-
liferation within the bone ean take place.  In some of these
cases, the periosteam participates in the destruetive proeess, but
it does not do <o in all. Owing to its =eparate Blowod -Il]l]ll_\.'. i
1= po=sible for the periostenm to live, and it sometimes does so
apart from the bone.  In=uch a case, however, there is no regen-
eration of osseous tissue, there having been no osteoblasts re-
generated from the bone and thrown from the =haft into the
.“”i!]lt'l'i:].‘-'ll‘:!_l arcolar ti==uc before neerosis =ct . 11 1= in these

ca=e< in which an involuerum fails to regencrate that the hone
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Frao, 10—The author is codebted to D, Illis W, Jones of Los Apeeles, Cal,, for the
privilege of reporting this ease, which was an absence of one-half the tibia from an old
osteoyelitis, Ao geafl Teom the other Gibin was inserted by the anthor’s inlay metbod.
i woennned beenme septie Staphylococens aureus) and the whole graft was baid bare;
nevertlwless the graft lived, and the resalt wos execllent. (See Fie 120
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Fia, =By the Kindmess of e B W, Joenes, Los Angeles, Cal, =anee ease a=
(Fig. 1) 1 month later.

This ease illusteates splendidly the inherent bacterin-resisting properties of e bone
graft when preopeerly gpserned,
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Fre, 12 —i=ame case as Figs,
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ko about 3 months lnter, after

llll' '|'|'11||||‘I h:“i :'|||ir|'|_'l|. I||'7|[1'11|
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SURGERY

agraft is of the greatest service, In
faet, it is in many eases the only
po==ible means of avoiding anampu-
tation. (For technigue, see Chapter
on Miscellaneous Uses of the Bone
Giradt.)

Davis and Hunnieutt, in Bulletin
of Johns Hopkins Hospital, record
the following findings: Free perios-
teal transplants  did not  produce
bone in a large majority of experi-
ments, even though osteoblasts were
adherent to the transplants,  Pedun-
culated flaps of periosteum did not
produce bone.  Free and peduncu-
lated periosteal flaps with bone shav-
ing= attached produced bone in each
experiment.  Autogenous bone, both
with and without periosteum, lived
and was successtully transplanted to
fill defeets in bone.

Although not advisable, many
liberties ean be taken with the bone
oraflt without interfering with its
success, It has certain baeteria-re-
sl=ting properties.

The author’s experimental grafts
were kept in normal salt solution for
varyving periods up to 1 week, with
sueeessful results following their im-
plantation.  In other eases, sepsis
oceurred immediately after insertion
of the graft (experimental); never-
theless parts of the graft beeame
united to recipient bone. while the
rest of the implant sequestrated.
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Human autogenous gralts have been repeatedly so plaeed
that, at their maddle portion, they extend through tuberealar
foel, and in no mstance has pronary union or taking eare of the
araft farled.  Likewize, grafts have been so placed as to span
attenuated pyvogenie mfeeted arveas, and here the gralts have
heen equally successiul,

To =ubstantiate the author’s previous statement, based
upon animal experimentation and many similar surgieal experi-
ences, that many liberties may be taken with the bone graft
without nterfering with its =ueeesz” (Albee:  Experimental
Study of the Bone Growth and the Spinal Bone Transplant,
Jour, A. M. A, April 5, 1914), Galloway ( Western Canada Med.
Jowr,, April, 1914) eites the following personal experieneces:
“1 have operated on four patients (bone graft for Pott’s dizease)
in whom a discharging lumbar sinus was present.  Of course,
extra precautions were taken, the mouths of the sinuses and the
surrounding =<kin being thoroughly disinfected with iodine and
then sealed with collodion on the day preceding the operation
and before the regular pre-operative disinfection of the patient’s
skin was commenced.  Inoall four eases primary healing took
place.

“In several instances where there was a prominent kyphosis,
small pressure =ores oceurred, eausing exposure of the edge of
the graft. but in only two or three of these did any sequestra-
tion oceur, and in these not enough to interfere with the suceess
of the operation.

“In one patient, pseado-arthrosiz of the tibia, 1 (Galloway)
put in one graft which greatly improved the condition of the
limb and beeame firmly healed in, The tibia could still be
casily bent, however, and a =econd operation was attempted.
The first graft was firmly united throughout and was firm, but
the recipient hone, which was noted to he very soft at the time
of the first operation, had not improved, hut was almost like
dense fibrous tissue. A second graft was then cut. In shaping
it after removal, it unfortunately slipped out of my hands and

fell upon the floor. It was immediately picked up, washed in
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watery solution of hydrarg. biniodide, 1 in 1,000, followed by
rinsing with normal saline solution, and was placed in position.
Mild suppuration followed but healing finally occurred.  Un-
fortunately, however, the recipienl bone remained fibrous and
the limb failed to become firm, and T was finally foreed to
amputate.”

The author has found that experimental grafts taken from
ong bones, such as the tibia or ulna, showed evidence of greater
osteogenesis than those taken from vertebral spinous processes.
Bone from which the periosteum had been removed proved as
=atisfactory as bone grafts on which the periostenm had not
been removed.

It is deemed advisable, as stated elsewhere, to always include
the periosteum and marrow substanece, when posszible, on the
graft.

The bone graft acts alwayvs as a stimulus to osteogenesis to
the bone into which it i engrafted or to which it is contacted.
This 1= a constant and 1important factor, and may be depended
upon toward securing results.  If the graft is placed in a loca-
tion where there 1= no mechanical funetion for it to perform its
cells retain their vitality, but nearly always there will be few or
no proliferative changes in the transplant.  On the other hand,
if 1t 1= transplanted into a defeet where there i= a demand for it
to perform a mechanical function, proliferative changes are
usually marked, and it rapidly becomes united and =imilar in
structure to the part into whieh it 1= grafted.  This is the law of
functional irritation as laid down by Roux. The more perfect
the technique of transplantation, the greater will be the effect of
this law of irritation.

The bone graft, when well contacted, becomes immediately
adherent to the recipient bone by newly formed tissue, which
changes to solid bone within 4 weeks.  In the author’s opinion,
this, together with the graft’s bacteria-resisting property, strongly
favors, when feasible, the emplovment of the bone graft in
place of any metal internal splints, especially when it is appreci-
ated that metal has an effeet opposite to that of a graft in that it
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inhibits callus formation, produces bone absorption, and favors
infection,

The dowel, the inlay. and the wedge bone graft fulfil all
mechanieal requirement= and afford o means of repairving and
remodelling the skeleton whieh the =urgeon has not hitherto

posses=ed.

PEESERVATION OF THE BONE GRAFT

Various methods have bheen suggested for the preservation
of bone-graft material. but in the experience of the author the
following have proved most conventent and reliable.

The temporary immersion in normal salt =olution 1= most
satisfactory, and even this i usually not necessary, =inee, when
po==ihle, the graft bed <hould alwavs bhe prepared prior to the
removal of the graft, and the graft 1= immediately implanted in
the prepared bed.  This sequence of the operation i= important,
because (1) it assures an interval of time for the more perfect
hiemos=ta=1= in the graft bed; (2) it enables the surgeon by means
of calipers, hone wax model and flexible sterile pattern rod or
flexible probe to obtain the exaet <ize and contour of the grafr re-
quired, thus avoiding unnecessary traumatization from holding
forceps in reshaping a graft after its removal.  Fven in grafts
where drill holes are necessary, it is far preferable to drill the
araft before loosening it from the bone from whieh 1t 1= obtained.
A graft should alwavs be used as =oon after it= removal az possi-
ble, but if it i necessary for any amount of time to elapse before
it can be used, normal saline i= not satisfactory as a preserving
medinm beeause of its evaporation and the consequent LoxIe
effiect.  In the experiments of the author, sterile vaseline has
proved a most satisfactory medinm in which to keep the graft.
It 1= not only perfectly non=toxie, but it 1= an eflicient preventive
of drving,  The graft should either he nimersed in a jar of vase-
line or wrapped in gauze smeared with the same and placed in
cold storage at a temperature of 47 to 5 O, Freczing 1= not
1|"“~]]';I|I]E'_ 0= I[u- resultant i'nnlr':u'!in]:l .'LI][1 {'?';[!:lllﬁ'lull 1I:I]]].'l,l_t'l‘

the cellular content of the graft,  Human grafis removed Trom
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the living as well as from a cadaver have been suecessfully kept
by the author for 48 hours on different oceasions.  Emphasis
should again, however, be laid upon the importanee of using au-
togenous bone grafts whenever possible, as they are the most
reliable; and as they are always used immediately, no preserving
medium is necessary,

The surgieal status of the value of the bone graft has now
become =0 thoroughly established that the surgeon should be
ready and equipped to make the best use of it in every indi-
vidual ease requiring osteoplasty.  An unabridged enumeration
of the indications for the employment of the bone graft would
be mos=t difficult, and the following tabulation serves only as a
suggestion of its broad field of usefulness.

GENERAL INDICATIONS

1. To immobilize and stimulate osteogenesis in certain
tuberculous joints,

2. To repair traumatic bone injuries,

3. To replace bone destroyed by infeetion.

4. To =upply bone congenitally absent.

5. To strengthen or replace bone weakened or destroyed by
benign or malignant growths.

6. To correct congenital or acquired deformities of the face.

7. To establish joints congenitally absent and restore those
destroved by disease,

8. To fix in place certain dislocated joints (acquired or
congenital ),

9. To close bone foramina in neuralgias.

10. To correct congenital or acquired deformities of extremi-
ties or trunk.

More specific indieations for hbone grafting are:

1. To immobilize, support, and stimulate repair in spinal
vertebrie whose bodies are infected with tubereulous or other
chronie infeetions where mechanical treatment is indicated. It

i< also applicable in cases of persistent non-union following
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fracture of the spine, presenting pain, dizability, and inereasing
l]_l'l.lll"lﬂitl\.'. and should he inserted as for Pott s disease. Further
indications are for certain fresh fractures of the spine: spondy-
liti= traumatiea  (Kiammell's  disease) and neuropathic spine
Charcot) where, on aceount of a rarefving osteitis, erushing of
the vertebral bodies and inereasing deformity iz likely to produee
cord compression.

2. In the support and immobilization of eases of tuberculosis
of the saero-tliae joint, in certain desperate eases of tuberculosis
of the tarsus, and m the form of inlays= to hasten or insure bony
union in erasure or excision operations for adult tubereulosis of
the knee or hip.

3. In eertain ease= of paralytic =coliosi= to =upport the weak-
ened spine and prevent lateral deviation, due to superincumbent
e pull.

1. To immobilize and support or replace bones of the tarsus

weight and unbalanced muse

destroved, or ]ml'!l}.‘ destr r}.‘v:l. l:-}.' tuberculosis.

. To correet deformity or restore balance In congenital
clubfoot and acquired deformity from loeal disease or paralysis,

. A= a =ubstitute for all metal plates, serews, nails, spikes,
and wire<, az u=ed in the internal fixation of fractures and other
conditions.  The graft, in the form of inlavs and various sizes
of nails or pegs=. 1= emploved by the author in all types of
iractures, =uch as fre<h and ununited fracture of the long bones
and of the neck of the femur.

7. To prodice a permanent elosure of nerve foramina after
nerve resection for neuralgia (Isanavel ).

S, A= a prevention of luxating or =lipping patellie by raising
the low femoral condyle by inzerting a graft in the form of a
wedge,

9. To aid, in the form of numerous =mall grafts, rapid
bone union where juil|1 re<cetion has been done or where a |;t]‘,=,,',jl.=
oraft has been used.

10. To strengthen and prevent lordosis or other deformity of
the '-]jjlll!" 1 Ca=es r:[’.n'pinu Bifidda, where a |.'|;]',=_‘:E' amount of bone 1=

congenitally absent,
|
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11. To replace the head and neek of the femur. when pre-
viously destroved by disease, the head and neek of the astraga-
lus being used as a graft (Roberts),

12, In congenital and paralytic disloeations of the hip where
the acetabulum is shallow and the femoral head will not remain in
place.  The upper half of the meagre rim of the acetabulum is
separated with a chizel and foreed out and down, forming a pro-
nounced rim.  The cuneiform ecavity thus produced is filled
with wedge grafts.

13. To produce an ankvlosis of the ankle joint in =evere
paralvtie ca=es, or tuberculozi= in the adult, by placing a bone-
eralt peg through the o< ealeis and astragalus into the lower end
of the tibia (Lexer).

14. To replace bone removed for osteomyelitis, tubereulosis,
and spina ventosa.

15. Fordeformities of the nose, by contacting graft with nasal
bones. If the skin inecision is made in the tip of the nose, the
sear 1= not noticeable.

16. To replace or repair defects of the lower jaw; to fill in
sunken spaces in the face, in the forehead following operation, in
bony defects due to tuberculous osteitis of the facial bones, in
recession ol the superior maxilla due to harelip.  To replace a
mas=toid process removed by operation,

17. In intraarticular fracture-disloeations, the head of the
humerus or femur, ete., should be replaced, at an open operation,
as a gralt,

15, To repair cavities in the eranial bones by transferring
from the immediate neichborhood one or two segments of the
external table covered with periosteum.  The cortex of the tibia
or a portion of the scapula may likewise be u=ed; the latter
<source is preferable, as both surfaces of the graft are covered
with periosteum.

SUMMARY

The bone graft is a trustworthy surgical agent, as proved by
the author’s untform success in its use in over 400 surgical cases;
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al=o by a careful study of its vesults, microscopically, maero-
scopically. and by the X-ray, when used experimentally in the
presenee of both primary union and =ep=is,  The field of useful-
nes=s ol the cortieal graft s distinetly enhaneed beeause of its
resi<tance to tubercular and attenuated pyosenic infection, 1t
ficld is al=o enlarged by the enaplovment of motor-driven instru-
ments, cireular saws of different sizes, the adjustable twin saws,
and the lathe or dowel instroment with different adjustiments
for making, a= conditions demand, various =izes of bone-grafi
inlavs, nail=, or =pike=. By the use of thi= motor outfit and its
products, i conjunetion with kangaroo-tendon, the author has
heen able during the past two vears to avoid entirely the use of
metal in the form of =erews, nails, Lane’s plates, wire, ete,, for
mternal bone-fixation purposes.  This has been made possible,
largely, by utilizing the best of well-known mechanieal deviees
hitherto rarvely, if at all, used in =urgeryv-——=uch as bone inlays,
wedees, dowels, tongue and groove joint=, mortised and dove-
tailed joints,

CONTRAINDICATIONS

The only contraindications to the surgical use of the bone
graft are a markedly =eptie field of operation and exeessive scar
tissue as an environment.  Syvphilis <hould he eured before
operation, although one case of svphilitic osteitiz of the spine
has been unintentionally operated.  The graft healed in imme-
diately and controlled entirely the spinal symptoms,



CHAPTER 11

AUTHOR’S ELECTRIC MOTOR OPERATING OUTFIT AND
TECHNIQUE OF USAGE

Until 1911, when the author first began to do his bone-graft-
ing operation for Pott’s disease, the bone transplant had been so
infrequently uszed as a surgieal agent that no special technique
had been developed for its removal.  The eleetrie motor eircular
=aw (Doven) had been used for skull work—driven by either a
flexible shaft from a motor on a near-by stand, or by the Hartley-
Kenvon apparatus, where the cutting tool is attached directly
to the motor shaft-—and, so far as the author iz aware, it had
not been uszed in any systematic way for the removal or the
modelling of bone transplants.

The author began his spinal work by removing the graft
from the tibia with chisel and mallet, and later others made use
of the Gigli saw. It was soon found that these methods were
not only slow and inaceurate, but that they presented the dan-
vers of bruising, eracking, or fracturing the graft or tibia, or
both. This is especially true in adult patients, on account of the
brittleness and thickness of the cortex.  In the child, on account
of the small diameter of the bone, the danger of fracture 1s evi-
dent, although the graft is obtained by means of hand tools with
muech less difficulty and much less likelihood of fracturing it.

Also, in obtaining grafts 8 in. or more in length, it was found
that the hand-tool methods were erude, requiring too much time,
firing the surgeon, and unnecessarily shocking the patient, In
removing the graft with the chisel and mallet, the graft must
many times be handled and shaped after its remsoval, whereas
with the cireular motor-driven saw a pattern marked in the peri-
osteum with a sealpel can be followed aceurately and the graft
shaped @n situ during its removal.  The graft pattern is usually

a2
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obtained by bending a flexible probe or leaden har into the pre-
pared graft-bhed, whose shape is transferred to the tibial surface
from which the transplant is to be removed.

In modelling the graft into dowels, wedges, inlavs, and in
making us=e of the difterent well-known mechanieal deviees, sueh
as tongue and groove joint, dove-tail jommts, mortises, ete., the
motor outfit 1= =till more indispen=able.  An aceurate eabinet-
maker fit may mean sucees= in many instances where an ordinary
crude coaptation would mean failure.  FEspecially is this true
in ununited fractures,

The scepticism as to the value of the graft, plus the difficulty
in obtaining and moulding it, has undoubtedly delaved the
earlier development of the use of this most valuable surgieal
agent, It is difficult to give an adequate reason why in the
rapid advanee of surgery the work of osteoplasty has, until very
recently, stood for so long a time practically at a standstill,
especially in view of the faet that Ollier, in 1838, from extensive
animal experiments and surgical work —although working in
the pre-antiseptic era—furnished abundant evidence that the
autoplastic bone graft survived and lived when consisting of
cortex, periosteuam, and endosteum, and mmplanted into a bony
defeet where it had funetion to perform.

A= in many other fields of endeavor, eleetrie power has been
the chief means of placing this valuable agent at the dispo=al of
the surgeon.  In recent vears the generalization of the use of
clectricity for lighting, heating, and power purposes in most
hospitals, private dwellings, ete., has also been a potent influenee,
and has enabled the surgeon alwavs to be in reach of the neces-
=ary power for operating hi< motor outfit—whether he iz oper-
ating in the eity, suburban hospital, or private dwelling.  The
cleetrie automobile or slornee 1]:1|1l'l'_\' can al=o be made to
furnish a movable source of supply whieh can be utilized at any
time or place,

The ideal 4||]'§_r_"u':|| clectro-motor outhit should measare up to
the following requirements:

. It should permit of the thorough and rapid sterihzation
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of every part which comes in contact with the surgeon or the
field of operation, including the eleetrie eable for transmitting
the power.

2. It should permit of ready application to all types of osteo-
plasty, whether situated superficially or in a deep wound;
whether the work to be done is the procuring of the graft, the
preparation of itz bed, the drilling of holes, the removal of hone
for the correction of deformity or diseasze, or to allow the proper
approximation and alignment of bone fragments in eazes of
fracture.

3. It should permit aceurate control and guidance of the
motor cutting tool in all wounds and at all angles.

4. It should permit easy and convenient control of the elee-
tric current.

5. It should be light in weight, small in bulk, and permit of
easy transportation,

t. The motor should be universal and adapted to all tvpes
of eleetrie current,

7. The motor instruments—saws of different types, drills,
dowel shapers, ete.—should be held in place in the motor by an
automatic cateh favoring their speedy interchange.

8. The motor-cutting tools should be construeted similarly
to those long-used by the artisan for working hard materials,
and should be of suflicient variety to meet every requirement of
bone carpentry.  The twin saw for inlay work should be so
constructed that it ean be readily adjusted—to the fraction of
a millimetre—by the gloved hands of the surgeon at the oper-
ating table,  The dowel ecutters with drills of eorresponding
diameters should vary in size sufliciently to meet all require-
ments=.

0. The motor should furnish enough power to drive rapidly
a saw or large drill through the thickest human cortex without
tendeney to stall.

The author's outfit, deseribed in this chapter, has been earve-
fully devised and perfected to fulfil all of the above-mentioned
requirements.  The motor tool is attached directly to the motor
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shaft: the motor i= covered by an adjustable sterithzable shell,
¢ the

chabling the =urgeon to hold the motor in his hands whi
tool 1= entting; the weight of the outhit has been found to bhe an
advantage rather than a detriment it appheation, and it is
helieved that it completely fulfils every demand.

DESCRIPTION OF QUTFIT

The author's electrie operating bone =et consists of 2 =mall
universal motor, .e., one which will operate without readjust-
ment on all types of eleetrie eurrents, such as direet, alternating,
and of varving eveles.  If 1t is to be used on a 220-volt direct
current, a 100-c.p. 220-volt lamp should be placed in series with
motor.  EFleetrical engineers have found it impossible to con-
struect a light motor which will resist deterioration from repeated
hotling of the motor it=elf, or any other safe type of sterilization.
Both the insulating material and the earbon brushes are liable
to disintegration from repeated subjection to heat. There-
fore, the Hartley-Ikenyon method of removable, sterilizable
shells has been adopted, as it seemed by all means the most
desirable.

The apparatus consists of a =mall portable motor with a
sterilizable shell which is divided into two parts, so that it ean
be removed for boilling, A guide handle, which alzo can be
botled, i adjusted at right angles to the small end of the motor
over the <hell,

A foot switeh i= supplied to make and break the eleetrie eir-
cutt. A long electro-conducting cord is provided to transimit
the eurrent from the =ource of =upply.  In one end of the cable
1= a fitting, to be inserted into the cleetrie supply, and on the
other end i= a connection for the foot switeh. :"';{i{h'l.':l}' between
the two terminals, o connecting bloek i= mounted into whieh is
in=erted the connecting cord leading to the operating motor,
This connecting cord has= fitted on to one end of 1 a metal tube
and conneetion for the motor, and i= the only portion of the elee-
trie eable NeCessary 1o b Doiled.

The foot switeh can be used with either side upward.  1f the
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corrugated rubber side is upward, the connection is made by
pushing down with the foot. If the other side is used upward,
the foot should be placed over the entirve switeh, and by depress-
g, or allowing the aluminum lever to rise by moving the heel

B

Fro. 13.—Authors aropomentariom for bone work. 1 Calipers. 2,0 Doyen
wazhers or guards for motor saw. 3. Spray and guard for saw., 4. Twin saw. 5.
Dowelling instroment or lathe. G0 Right angle twin =aw. 7. Wrenches for twin saw

and drill chuek, % Dwrill with guard o prevent o0 penctrating too deeply, 9, Drill

chuek amd 2mall deill in place. 10,0 Burer for deilling fractured neck of femuar for peg
graft. 11, Small ecireular saw., 12, Large saw. 13, Carver’s gouge. 14 Lowman

fracture clamp. 15, Berg feacture olamps, 160 Wide osteotome for splitting spinons
prrocesses for e in=ertion of bone gralt for ot ’s disease, 170 Soareieal eleetrie motor.
I8, Compassies, 14, Lamdbsstre fraciure elomps, loree and small.

up and down, the current is turned on or off in varving degrees
and aets as a speed regulator to the cutting tool.

Cutting Instruments.— The single (eireular) saw, about 114
in. in diam.. with Doyven graduated washers or guards, is used
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more than any other of the eutting tools.  These saws= are of
the best =teel and are very thin, and are held on the shaft by
menns of nuts which allow the saw blades to be changed when
they become dulled.

The fiein sawe 15 so constructed that it ean he :u|_i11.-l|-|| 1oy any
desired width, even to the fraction of a millimetre, 1t con-
sist= of two =ingle =aws=, which ean be used singly or together,
Inach saw i= mounted on a separate shaft, one of which is hollow
<0 that the other shaft ean be inserted into 1t and =0 bring the
=aws at any distanee apart that may be desired, according to the
s1ze¢ of the bone being operated upon and the width of the graft
or gutter to be formed.

In determining the =ize of the inlay or the gutter, the saw
teeth are placed on the exposed bone in the manner of a compass
or calipers in order to determine the width of the inlay or gut-
ter, and, with the saws undizturbed, the shaft of the proximal
=aw 1= prevented from turning by placing the accompanyving
wrench or a heavy elamp on the flat-sided end of the shaft,
while the operator locks the saws together by turning the
saw (proximal) on thi= shaft away from him protecting his
gloved right hand with a pieee of gauze over the saw teeth.

The dowel instrument or lathe 1= fastened into the motor by
the automatic eateh, precisely as are the other cutting tools,
Its speed of rotation is reduced about 10 times by steel gears.

The size of the bone graft dowel or nail 1= regulated by the
=size of the cutter, which is adjusted i the lathe.  The largest
cutter i= for turning out a bone graft spike for a fracture of the
neck of the femur.,  The smallest one is for making pegs to hold
inlay graft= in place.  The medinm-=ized eutter is for making
eraft nails for pinning the seaphoid to the head of the astragalus
in an arthrodesis for advanced flat-foot, or other condition,

The dowel-<haper is used by first inserting it into the motor,
and then placing the apparatus, parallel with and on the edge
of the instrument table.  While the assistant steadies the motor
and lathe by gently preszing the same on the table, the operator,

]ifa]:“hg with o strong 1'|:L||||r the .‘-1I'i|'r of bone to be -"I'“i”"]-
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pushes it into the dowel-cutter,  When withdrawn, it is a per-
feetly round dowel, and is ready to be driven into the drill hole
made by a drill of a size corresponding to the dowel-cutter used.
The strip of bone i= obtained by means of the single or the twin
CHA

The small saw is used for cutting the ends of the inlay graft
or the =trip of bone which is being removed to produce a gutter.
On account of its =mall diameter (3, in.) the saw does not en-
croach into the gutter walls while it is cutting across the inlay.

The guard with spray 15 an important attachment. It 1s
connected by a =terile rubber tube with a douche bag =uspended
over the operating table, and maintains a constant spray of
saline solution on the saw, preventing friction, heat, and flving
of the =olution.

The twist drills are of the type used by the machinist for
drilling metal.

STERILIZATION (Hartley-Kenyon Method)

The parts to be sterilized are first removed from the motor
by releasing the plunger on the end of the eleetrie cable <o as to
allow it to come out.  This part of the electrie eable, from the
motor to the black rubber union on the contacting cord, is
hotled,  The handle and shells are removed and, together with
the cutting tools, stevilized by boiling.  The part into which the
cutting instruments are inserted i removed {from the motor,
with the long part of the sterilized =hell.  This i= the part which
contains the automatie eateh. A little vaseline is placed in the
motor shaft opening, and the motor is laid aside until the
sterilizable parts are ready to be readjusted.

After sterilization, the operator picks up the long part of the
shell with his gloved hand and places it on the corresponding
end of the motor, which the nurse holds with the small end up.
(See Fie. 14,0 The nurse holds the large end of the motor in the
palim of her hand while the surgeon fastens the =hell to the other
end by turning the =hell toward the right as far a=s it will go, or
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until the dart on the shell comes opposite the dart on the motor
Iig. 150, The operator can then manage the motor alone by
ara=ping the sterile hall shell which is firmly secured to the motor,

Froo, 14 —Methol of gaoting auther's motor outfit tosetler, Thee sterile shell 1=
frermeel to thie Lefe wneil ot ean Le taened o forther sod 1w aerow an Che shiell comes in
lines swith the areow on the motor, The surgeon then las conteol of the peotor and toens
it over,  [See Fre, 15

The second half of the shell is placed over the other end of the
motor and is locked in place to the first hall <hell by a bayonet

fitting (IFig, 151, The guide handle is placed over the neek
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of the motor and securely fastened by the set serew.  The con-
necting plunger on the side of the eleetric cable iz then inserted
through the sleeve on the shell into the motor. This portion
of the eleetrie eable, with its metal tube and bloek connectors,

D) __—~STERILE

Fro. 15 —While the surseon holds the motor by the stevile shell already attachoed, he
loeks the otler lindf shell to b,

i especially construeted to withstand sterilization by boiling.
The corresponding conneetor is next inserted into the black con-
necting block in the central portion of the eable leading from the
socket of electrie supply to the foot switeh whieh the nurse has
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Fig, 16, Al mvanener ol Boldiee e mmotor saw, The eonmeeting wire (o ihe elees

tric wall fixvuee,  The (oot switelh coptrel,  The stertlizable conpecting wire o the
tistior.  Uhe sterilized eabbaer tabse eomueetiee Chie tank aof mormal =aline solution aod
the spray attachment above the =aw are=lown. Ul snthor = B thin osteotonee Do
'|'|;|'ill'-r LA IT o LR VLELVE N 1 KRERCREE TR MINEInE .--_-||i|n-|:- Fosnr dlestorrnmmnpneie thie lepet e of e s=rabt

wre o Lhe instrameent tabile.
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previously conmeeted and arranged with the foot switeh in a
convenient position for the surgeon’s controlling foot while he
i= operating.  The motor is then ready for use. The saws or
the cutting tools are inserted by turning them over a little to
the right or the left while the knurled ring on end of the shaft,

Fro, 17.—Martel’z attachment to author's electrieal surgical outfit for laminectomy
and skuall work,

1= pres=ed in by the operator’s thumb, or until the spring en-
gages the slot on the side of the shaft of the instrument. The

cutting tool is unloeked by pressing the knurled ring on the end
of the shaft at the same time that the instrument is withdrawn.

Frg, 18— Martels sttachment o author’s electrieal sorgieal eutfit for skall work,

The action of the motor is controlled by the foot switeh which
makes and breaks the eleetrie eireuit, and the surgeon thus has
the uninterrupted use of both hands and the most precise speed
control of the cutting instruments,

This automatic control is a great improvement over the
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serew and serew-driver arrangement for holding the eutting
in=truments a= u=cd on the H:II'[]l‘}'- |":1*||I'k'l||| motor.  In certain
plastic work, especially fracture work, it mayv he necessary at
one operation to employ several different cutting tools, <ueh
as two sizes of ingle saws, twin saw, different <ized drills, and
surgieal lathe, and also to interchange these several times.
The automatic cateh permits of almost as speedy a change of
motor tool a=s of hand ms=traments, and 1= a0 most Hportant
feature of the outhit. A= far as the author 1= aware, this i= the
first automatic eateh to be incorporated into an eleetrie-motor
<urgical outfit, and it 1= almost indispensable to rapid work.
Then, again, the serew=driver i= a =ource of danger to the opera-
tor’s gloved hand. beeause while loosening or tightening the
serew, the motor shaft mayv turn, allowing the serew-driver to
push by and puneture the surgeon’s glove,

TECHNIQUE OF USING MOTOR

When the motor tool is cutting, the handle, which is placed
at a right angle to the long axis of the motor, i held in the
operator = right hand: the base of the motor 1= grasped in the
left hand, and the right foot manipulates the foot switeh, which
i= placed on the floor beside the operating table, at a place con-
venient for the operator’s foot. I found necessary, the position
of the motor and the hands may be reversed.  The various
technical applications of the outfit will be illustrated in detail in
the various special chapters.



CHAPTER III

THE BONE GRAFT IN THE TREATMENT OF POTT'S DISEASE
AND OTHER LESIONS OF THE SPINE

Pott's disease was so called from the fact that Percival Pott,
in 1779, was the first to deseribe aceurately this slowly develop-
ing deformity, accompanied by pain and at times by paralysis,

= 0

Frez, 19, —A eaze of Poit’s disease in a young man of 17 yvears, alter ||_r VEInrs "r_t'l”""""
of-Paris jacket treatment.  The marked compression of the thorax is very striking.
He did not. however, ascertain its eause, and it was not until
1882 when Robert Koch made his discovery of the tubercle
oreanism that its etiology was definitely determined.

il
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At the present time the term, instead of ineluding the various
cat=es of angular deformity, such as may be the resalt of frae-
ture, malignant disease, erosion of an ancurism, svphilis, or other
pathological process, is confined to those eases of kvphosis where
the deformity 1= due to a tuberculous infeetion of the bodies of

Fuoa, 2b= Rontgemogram of o ens=c of Pote’s disease of the spine showing extreme
rarefmetion of the wedge-shmpedd pess of bonee deteitos ar o, which has resulted from
the disintegration and erashing of two verteliral bodies, during plaster-jacket treatment,
although there has been o bareee destraetion of bone there has been no eoincidend
proliferation of osseo1s P,

This factor i= Inreely respons=ibile for the 2teiking tendeney to progresston of disepse
and deformity in spite of eonservative treatiment, and is at the same Wme a3 $trong
argunment in favor of the bone-geall instrament,

the vertebrie,  The compression and disintegration of these
vertebral bodies produces the charaeteri=tie angular deformity
of Pott’s disease,

A= the strueture of the bodies of the vertebrwe is made up

almost entirely of spongy bhone, and a= tuberculous disease in
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bhone is confined almost entirely to this eancellous bone strue-
ture, it follows that this portion of the vertebra is involved
to the exclusion of the denser or cortical portion, i.e., the lateral
masses and spinous processes,

A= the action of each vertebra in the spinal column is for
the most part a leverage action, and as the superincumbent body

IT1; 21, I{.ii||| TN il 11||' |:|v|:-|'.-u|:-|||l|:||l.'1 I .‘i|li.!|1' Hlllr“'inl_t [|!1I' II”IHI‘FG IllI 1.|l1' vierte-
brae f2 oand € completely obliterated and ope direetly above and below thinped and
wedge shaped due to the tnberenlous proeess,

The resulting kyvplotie angele of the 2pine thas prodoaecd shoald Tae poted.,

The principal feature, however, of thiz rintgenogram as in Fig, 20 is that ao repair
Iy bone preoliferation is shown, althonzeh i he dlestrnetive lesion in this eaze had existed
|'."|. pot less than 3 vears. The necd of the illlIJI;L|||:I1i1III of Baope is appuirent.

weight is borne in very large measure by the individual hodies
of the vertebral column with their interposed intervertebral
cartilaginous dizes, it follows that as respiratory action and
involuntary contraction of the abdominal museles, together with
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the activity of the tuberculons focus, weakens the resi<tanee of
the bodies to weight-bearing, these hodies are erushed, and unless
measures are taken to prevent this erushing and transfer the
weight-hearing morve upon the articular processes and lateral

|

B

o

[
8

% 2

i,

Foo, 228 ense of infeetions ostites of thee bombeer spine. Uhe arvows incdieate hae
T oot of tew Doree Bormection wlineh b= too=oels macked conteast too e absetes of
Lo proliferation in talwerenlosis of the =pine. Uliimate teleseoping of the verctelbeal
Lepcdies caang bee poreventod i swele eases by sonservative splind tread onent Bresinn=e of e
sl v Daosgpee |rJ'rr|i.|'|'I':tli“r:..

nas<es, thi< erushing effeet continues and the vertebral column
collapse= forward at the expense of the anterior arms of the
levers (the vertehral bodies), causing a scparation of the posterior
arnis of the levers (the spinous processes). thus producing the



6HS BONE-GRAFT SURGERY

inereasing angular deformity, or kyphosis, so noticeable in these
Cases,

Various procedures have been adopted on the basis of this
prineiple of the leverage action of the vertebrie in order to
prevent the inerease of this posterior angular deformity.  The
arrest of the tuberculous process depends upoen the ability to
cheek this inereasing kvphosis and prevent further collapse
of the vertebral bodies. A< ean be readily seen, any external
fixation applied to the series of levers of the spine as a whole

Fre, 23.—Aeute Potd's disease, with an angular kyphosis and much respiratory
motion between the vertebeae of the gibbaz, This was pactially steaightened and a graft
inserted.  (See Fig 24.)

cannot be o exact in its control of any segment thereof as a
fixation applied directly to the leverage action of the particular
vertebrie involved.  Thus, we can compare the mexactness of
the plaster jacket with the direet fixation of the bone graft.
The means adopted to bring about this arrest of inereasing
deformity also relieve the other symptoms accompanying the
disease— pain, involuntary musele-spasm, general  weakness
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and the eharacteristie awkwardness of attitade. The methodds
heretofore emploved to accomplish this have been 1) Re-
ctumbeney, which removes one of the chiel exeiting [actors,
namely, the superincumbent weight of the body.,  This must
e maintained during the activity of the destruetive Proeess,
2y The f:lulufrlr‘rrﬁfim of plaster-of-Paris jackels or braces, either as

a further means of fixation following the months= of compulsory

Fro, 24 —=mme ea=c s Figo 265 Two vears after correction and ingsertion of srafi.

recumbent treatment on a gas-pipe frame or, as it is employed
by many, in conjunction with a certain amount of rest in the
recumbent posture from the time the lesion is discovered— the
=o-called :llnlrll]rllul'}' treatment.,

Nature, in her endeavor to protect the spine when attacked
by tuberculosiz, resorts to immobilization of the diseased area
by the means at her command, and, by fixing the attached spinal

and abdominal museles in involuntary spasm, accomplishes this
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immobilization to a certain degree, but in so doing inereases
the crushing effect of the diseased vertebral bodies with in-
creasing collapse of the spine, which together with the added
influence of respiratory  motion uvsually results in extensive
kyphosis and disability,

Fra, 25.—A result of 10 vears of [Fria, 206, Clase of aeute Pott's disease
conErrvative treatment, ineludineg 11 operated]  during the first year of the dis-
Ve rs O Eas=p e froommee s "I_u ".I:Ir:- ea=e when there was o very 2mall ky phosis,
of plaster-of-Paris jackets, Y =pinal

sfppeort was sl necessary.

As nature has tanght us that immobilization is the prime
factor in arresting tuberculous osteitis, we have endeavored to
substitute for nature’s method our artificial fixation In an at-
tempt to prevent the disfiguring and erippling angular deformity
and progress of the disease; but as in conservative brace methods

we had the means only approximately to accomphsh thiz end,
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mny cases continued to develop inereasing deformity and come-
1.]4-“- invalidi=m and suceumbed to this debilitated <tate.

It 1= the CNCeH lon and not the rule for eases of Pott's diseqse
ll‘L-:qlml Erl'-.' the I'I-I!l".'i'llli.ﬂil,'ll et hioed = of c'§.11'1']|;|||.1.' ;4E||r]]|-L|
fixation to produce a =olid bony union, and when actual lirm
|m|1_k' fixation 1= not .'Il'l'HI|||!l'I==|H'ti the eas=e cannot be cons=idered

cured,

These joints, like other joint< of the body attacked by
tubereulosis where only fibrous union has taken place, are
always liable to a relapse.  As has been pointed out by
many men dealing with tuberculons osteitis, 1t 1= alwavs es<<en
tial 1o =ecure a strong bony ankvlosiz in order to wrest and
cure tuberculous lesions where actual bone destroction has
taken place. This rule applics even more =<trongly to the
vertebral joints of the spine.

With =ueh ['H.'I]I!ir]l."- ol meffectual control of this |PI"1L':I'E'“="IH‘
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tuberculous dizease constantly in evidenee, further efforts were
made to provide more aceurate fixation of the tuberculous spine.
Appreciating the leverage action of these vertebre and failures
to arrest the disease by external appliances, actual surgical inter-
vention by wiring together the spinous processes of the diseased

vertebrae with silver was tried: but as silver wire stands very

Frg, 28, —Photograph of aewte ease of Pott’s disease before insevtion of bone grafr,

little strain, this wiring breaks, or, being a foreign material,
it eauses absorption of the bony =tructure in which it is placed
and pulls through and drops out by its own weight, and so loses
its value: or infection takes place and the resultant neerosis
neutralizes any possible henefit.

Lange, in 1910, presented before the American Orthopaedie

Asszociation a method which he had tried, which consisted in
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placing a metal bar on either side of the spinous processes,
secured by metal or silk sutures. This method has not heen
adopted, undoubtedly beeause of reasons similar to those given
for the failure of the silver wire fixation of the vertebra,  Never-
theless, the suggestion was offered that if some means conld
he provided for rendering  the

B T

posterior arms of the vertebral
levers more accurately hixed, a
consequent arrest of the inereas-
ing deformity  and  disability
could be rendered more eertain.

In the folder of the American
Orthopadic As=ociation pub-
lished Mav 15, 1911, and distrib-
uted to its members, the author
deseribed a method of ankylos-
ing together the spinous proe-
p==e=  of tuberculous infeeted
vertebrie by autogenous osteo-
plasty, which seemed to offer ad-
vantages over the methods pre-
viously emploved, conservative
or operative,

The technique emploved upon
four cazes consisted in splitting
the =pinous processes longitudi-
nallv in halves, fracturing these
halves at  their bases, freeing
them of ligamentons and museu-

Fro, 20, —=ame case as e 2

lar attachments, turning one-half  Eight months after bone-graft opera-

tiere.  Funetion execllent.

down to contact with the frac-

tured base at the fractured half of the spinous process below,
and turning up the other half to contact with the base of the
fractured half of the spinous process above, and =0 on until
a =ufficient number of spinous proeesses had been =o dealt with
as to include the entire area of the diseased vertebrie and ex-
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tend above and below to inelude a healthy vertebra.  Praeti-
cally the whole spinous proeess is covered with ligamentous anil
museular attachments, consequently there i= very little aetual
periosteum obtainable.

I'Ili‘i. AL, st powrame ol o0 =i uf I'llll'.- ||‘i-L';|-|- I~-||_unl.l.'i.|;|;-_5 LT 'u'rlll:lnrul hlu!ivsi
eruzhoed into o thin wedege shape mass less in thickoess tlooe one pormed  vertebeal
bady,  The resulting kv phosis iz elearly demonsteated,  (See Fig 81, after implantation
of the gralt.)

In these cases, which were all ehildren, this ligamentous
covering, together with what  periosteum  was  found, was
separated off these spines and sutured over and about the
arranged split fragments of the spinous processes.  In this
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way, an attempt was made 1o ankylo=e together the posterior
segiments of these vertebre and thus actually to inhibit all inter-
vertebral motion from respiration or musele action, and finally
to =top the further erushing together of the diseased bodies of
these vertebre,

Fric, 31— Latera]l rdntoenioeeinn of o bone graft (el in ploes 1 vese for taberealo-
g15 of the =ceamd, third and Bogerh lombae vertelreae: of indieates e Doge repeir sl
fusions of Ul formerly disessed vertehoal beedies, indiaecd By the Done-graft fissation.
(e Tae. 00

=inee this method consumed much operative time and in-
volved dealing with a number of =small picees of hone which
had to be secured in a position favorable to final hony anky-
loziz, and a= there was an element of uneertainty (on aceount
of constant uncontrollable respiratory motion) in bringing
about thi= desired ankylosed condition of all these segments of
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bone—a failure to produce thiz ankylosis between any two given
vertebrae necessarily producing a failure in the ultimate result—
the author was further influenced tochange the method on aceount
of the meagre amount of osteogenetie bone present in the spinous
processes (especially in children, where it is largely in a cartilagi-

Fra, 32, —DPott’s disease of last lambar vertebre and Qest seesment of sacram in o
VORI IR WAORIIRT of U yinrs, A omiistaken diagnosis led te pl'l.";il.ul..- riemoval of most of
i iz '||1-'|'.,'i_1' viseera for Fhl‘[\'jl' |.r:|ir1. | RETERTRITR Wik l!l.l'l‘l ]II'II:'L'Il il dh p|;|.-l1-|'-uf-.!":,"-i_na |'||'||_
for 1 year for Poit's disense, At the end of this time patient was allowed LT witly
|,“|;|= .-.|,§||__-1| Boianamie, A |'1'1;|];.ﬂ1' il ||-|'I' ol sVImplom= with i 1||t’|l:|l4l||i1||;’ |r:||';||:|l-ui__'|
oeciprred in o few weeks, A well-known orthopmedie surgeon advised another Aienr an
a plaster bed, was refused and e gralt A8 was inserted 2 vears apo with continued
reliel of all symptoms Lo date,

nous state) and toadopt the much simpler bone-graft method now
employed, which has given extremely satisfactory results.

This consists in the implantation of ene continuous strip of
bone (removed preferably from the tibia) sufliciently long to
span the diseased vertebree and include one or two healthy
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vertebrme above and below those imvolved i the tuberculons
infection. This tibial bone graft s i||||1|.'||!||l"] i o gutter
previously made by splitting the spinous processes to receive

thi= long graft of bone between their =-|'||i1 hialves,

A= broken or mersed cartilage tends to heal I'."" the formation

G, 43, Yuthor's Lroad thin osteotome for splittinge 11w spanons g
oo pereparing the seafe Ded,

of bony ecallus, and as the implantation of a bone graft into

cartilage al=a influences the -=III'I'[||l|HI-IIIE_': el i].'u_'l‘ L0y i|||r||t'lli;|14']_*.'

change to bone, the inereased trustworthiness of the bone grafi

(especially in small ehildren), as compared with the previous

o=teoplast Y, | apphrent,
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The detailed steps of the technigque of preparing the graft
bhed, together with the removal of a suitable graft and its
implantation, as carried out by the author, is as follows (and
this applies in a general way to its use in the different segments
of the spine):

The patient, having been prepared for operation in the usual
way, is placed prone upon the operating table, and a general
anwesthetie 1= administered.  The region of the spine ineluded
in the field of operation is sterilized, as well as the leg from
which the graft i= to be obtained.  The author uses the iodine
method,

Frc. 34, Fue., 35,

Fii, $4.—Drawing of cross-scetion of tibia, oL iz apinal geaft for an early easze that
has mot beeome kvphotic,  §# is cross=section of geaft which on aceount of the large size
of the kyphosis i bent over it, £ represents the ol viple saw euts on the marrow side.

Fra, 35— illuziraies a eposs-section of a spinons proeess split in half and fractared
at its hasze.  The decp, thin graft in eroas=seetion las heen removed from e erest of
the tibia having it2 pericostenm attached to two sides. The side in eontaet with the

unbroken half of the spinous proeess is the saw cut or the medullary =surface of the
Elm;s'- illustrates o eross-scetion of o spinous process which haz been split and one-half
hins been =et over to prodacee a sap @aflicient o reecive o broad gealt removed from the
antero-internal surfaee of the tibia having periostewm on one 2ucfaee only; the medoal-
lary surfuee of the graft lies pearest the base of the spinous process in the gap.

Author’s Operative Technique. .\ sufficiently long <kin -
cision i= made, starting well above the diseased area and swerving
to one side of the midline, and carried back to the midline well
bhelow the affeeted area, thus forming a semilunar =kin flap
with its border well away from this midline to avoid having the
<kin wound direetly over the bone ineisions and graft, thus
fortifying the grafted area should any skin or suture infection
take place.
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Having dissected up this <kin flap with it cubeutaneous

structure, the tips of the spinous processes. with the supra-

A= no
11

spinous ligaments, are expos=ed.,

immportant vessels are encountered
this region, hemorrhage 1= of sheght con
It be,  the

point= may be elipped and tied off, but

SCqUenee, neesl bleeding
a hot saline compress 1= usually suflicient
to control any undue vozing and prevent
X eer-

tain amount of =crous exudate and blood

laree blood-clot=s from forminge,

1= considered advantageous to early fixa-
tion of the grafted area.

With a =ecalpel, the =upraspinous
ligament i= split over the tips of the
spinous  proeesses, dividing them into
equal halves; the interspinous ligaments
are also sphit, care being exereised fur-
ther not to =ever any of the musele or
attachments to these
Then, ihe

sharp osteotome,

hgamentous

SPINOILS  Processes, with

author’s broad thin
1' in. wide (made by Tiemann & Co,
of New York), the spinous processes are
=plit to a depth, u=ually, of from one-
third to two-thirds of One-

half of each spinous proeess, alwavs on

an inch.
the =ame side, i= fractured completely
at itz baze and =et over a distance vary-
g according to the thickness of the
oraft which All

bleeding points are ligated or eheeked

1= to he tnplanted,

by hot saline compresses,

izl
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It necessarily rest= with the operator to determine the size

and thickness of the graft required, taking into con=ideration

the segiment of the spine to bhe grafted and the amount of strain
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the graft must endure. In general, the thickness of the graft
should inelude the total thickness of the tibial cortex. including
periosteum, endosteum, and marrow substanee,

The graft bed now prepared presents on one side of the
gutter the incised surfaces of the unbroken halves of the spinous
processes, and in the intervals between these processes are the
cut surfaces of the halves of the supraspinous and interspinous
lignments with their osseous attachments undisturbed. The
opposite wall of this gutter is formed by the incised surfaces of
the fractured halves of the spinous processes, with their portions

FFro:, 37.—The flexible probe bent (o conform to the 2pinal kyphosis and used az o
prttern in removing the curved geaft from the aptere-internal surfaee of the tibia if
the spine i= not =suitable to be =teaichtcned.
of supra- and interspinous lignments undisturbed, as in the oppo-
site side of the gutter.  This leaves the musele and ligamentous
attachments intact, save for the splitting, fracturing, and
spreading on one side of the spinous proeess halves with their
attached lignments,  In other words, the antero-posterior diam-
eter of the spinal eolumn has not been diminished or weakened
to any degree by the preparation of the graft bed.  The full
leverage of the spinous processes, as posterior arms of vertebral
levers, has been preserved.

In this conneetion, it should be appreciated that the spine
is made up of a series of levers, and that each vertebra is an in-
dividual lever with its fulerum at the lateral facets, and that its
anterior arm 15 the vertebral body, the pozterior arm being

the spinous process,
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The length and shape of the required graft i determined by
'i':llll[!!‘t"" and ”l‘x”lh‘]lr'uiu*:ll‘rll]i:'l[ lind ii['gu[ ter-hed., The whole

denuded field 1= packed with a hot <aline compress until the next

Fra, 3% —To illustrate method of applying foree to steaighten spine, at the same time
thar the contour of the corrected kvphosis is obtained with fexible probe for purpose of
pattern for removal of zraft from tiban,  (See Fie, S357.0)

step 1= completed, namely, the removal of the graft from the
tibia.

Removal of Graft. —-With the patient still in the prone posi-
tion on the operating table, the leg from which the graft is to

A

m

I 1453, 55, Vbl il fanigr aal ilu"\il‘u!l' !.l'.rl.-l'-_ Forerat Boatae Lipred b SIS fRrTHi SIS {TER
Lare :”l'l abter Boareadale conres l"i--lq, A 1= PoceFapmas a=oampasit jaati., 11 sfter correeimn. { =
I e i 1'.1 -

be removed is raised from the table and flexed to an acute angle

on the thigh. A skin ineision is made along the antero-internal
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Frs, 40—The fexibide ]ll':l'li' Fiasmat tas esmlenrmmn fov @R -|-iI|:||. |n._'l.']lh|l-i‘1' anid ?t|-]l|il'|1 LLE}
the antero-internal surlfaee of the tibiag, heled by oa foreep while the shaped graft is being

onnpd Limvescd 1ot b ||I'I'i1--h'lllll |1_';' NTE .-1'.'||.|u'[ |||:'i;u|' Low bhves vyl Il_'l.' { b st o -i.Ll;,.{|l.' s of
Ll graft tloes outlined.

I| |u! gL ol 1 e il anele inelodes il crest oof @l !i||i.:| II|'I|- e-ll'qlrl'.ﬂlll.'h'ih'_: 1%
e,

The ends of the graft inelade the cortical sarfaee, the full thickpess to the narrow
1'.'1'.'i|_'i,' ikl ||JI' ,'|r41|=|'||-i||ll'|'r|:|| _-:||I'I'.'|l:'|".
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surface of the tibia, sufliciently long to allow a generous exposure
of the tibia for the removal of the grealt, and o placed that its
closure will not bring the =kin sutures over the bhone cavity
produced by the removal of the gratt. The <kin iz dissectod
up from the periostenm, which 1= left undisturbed, and the
mus=cle= attached to the erest of the tibia are freed. The pattern
of the required graft 1= outlined by ineising the periosteum with
a =sealpel, using the moulded probe as a pattern rod. The graft
i= best taken from the lower three-fourths of the antero-internal
<urface, a= this portion of the tibia is usually sufliciently broad
and furnishes a cortex denser and stronger than the upper portion
ol the bone.

[f the graft is to be straight, it is best removed from the
erest, wide enough to eneroach upon the antero-internal surface,

Froo 41.-—="The oot liee in the periostenm on the antero-internal saefuee of e tilin ol
e curvedd basme graft for e opeerntive teeatmment of Potn’s discase,

=0 as to furni=h the width required.  If the graft i to be moulded
tor a moderate kyvphosis, the pattern probe 1= 20 applied to the
antero-internal surface of the tibia that the eentral or fulerum
portion of the curved graft ineludes the erest of the tibia and
each end 1= eat obliquely across the antero-internal surface (see
drawing, Fig. 40).  The advantage of the graft thus obtained
1= that it ineludes at its fulerum portion the dense and thick
cortical bone of the erest. Thi= 1= hmportant, beeause the
strength of any lever is dependent upon the strength of its
fulerum portion (a, b, Fig. 41).

It has heen found that kyphoses sharply angular and of short
duration, especially in children, are amenable to varying de-
arees of correction, which fact ean be taken advantage of in

moulding the graft to conform to this amount of correction.
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After preparing the gutter bed, the spine is eorrected by manual
pressure on either side over the lateral masses, while the contour
of the spine thus corrected is obtained by bending the probe into
the elefts of the split spinous processes.  The technigue is earried
out precisely as deseribed above, except for the addition of the
correction pressure while the kangaroo sutures are being placed
to =ecure the graft in position.

The straight graft iz obtained by ecutting the tibial cortex
through to the marrow cavity with the motor circular saw,
following the periosteal outlines already made; this includes a
saw-cut just to the outer side of the tibial erest and at a right

Frz. 42— Xoulded geaft for Pott’s disease in place with the kangaroo-tendon sutures in
[ EI IR EEES of Deing inserted,

angle to the one previously made on the antero-internal =urface.
This cut must be made the whole length of the graft, if a =traight
one: and, if a moulded one, only to include the middle or fuleral
portion. At either end beyond this central or erest portion the
araft overlies the marrow cavity and thesaw-cuts, therefore, need
only to come on the antero-internal surface of the tiba.

At the ends of the graft, saw-cuts are made with a very small
motor saw. to finish freeing the graft from the tibi, It s then
loozened by a thin osteotome introduced into the longitudinal
caw-cuts and pried free. The motor saw is not absolutely

neces<aryv for the removal of the graft, since thin chizel or osteo-
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tome and a mallet =erve the purpose and eertain opera-
tors have continued to remove the gralt in this wav, In
adult=, the motor saw has a distinet advantage, as the bone
1= Very dense and brittle and if the chizel and mallet are us=ed
it requires the greatest eare on the part ol the operator to avoid
cracking the graft or the remaining portion of the tibia.  The
method 12 not n-ll|j.' <low, but the constant blows ol the mallet
on the ehisel tranmatize the graft and does not allow it aecurate
moulding,  Painoin the leg has also been observed to be less sinee
the motor outfit has been perfected for this use.

After the graft i= freed it is seized by celamps, and placed
i the bed previously prepared for it= reception, thus avoiding

handling even with sterile gloved hands,

| G T :‘~j-ill:|| ',fl'.'ll.l foor Pont s dlisease in ;-]:l.l'dI il lx:|t|:::||-.-r-r--rulnn =1t Fe=
bisinnge dnpsaeried,

Fixation of the graft in position.— If the gralt 1= a straight
one, 1t i= held in place by first passing a strong kangaroo-tendon
suture through one-half of the split =upraspinous ligament at
one =ide of the gutter; then the suture 1= passed up over the
eralt at it= middle portion and through the other split half of
the =upra=pinous ligament oppo=ite. This suture i= drawn
taut and tied, thus approxmnnating the two halves of the =plit
supraspinous lignment over the gralt at its central portion,
The ends are next secured in like manner, always aiming to
pas= the =uture ltl"i"]l]_".,' =0 = to gel o firn hold LLpro the ligament

and close to the spinous proecesses, cither above or just helow
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them.  This insures a firmer contact of the graft to the separated
halves of the split processes.

In eertain instances it is advisable to place the suture either
in the supraspinous ligament midway between the spinous
processes or at a varving distance to the side of these processes,
in order that the ligament may vield and the graft be completely
covered. In the lumbar region, especially in adults, the supra-

Fici, 44.—1ott's disease of third apd fourth corvieal vertebeoe (at £ with almost
complete paralysiz of the right arm. The greafn (LA was in=crted with tovmediate relief
of all symptoms, ineluding the paralysis of the arm, in 10 days time. € indieates small
rraftz,  For anterior-posterior view, see g 45,

spinous lignment may be so dense and tense that it is difficult
on account of the required thickness of the graft to cover it
satisfactorily unless the vertebral aponeurosis is incised on either
side just external to the line of sutures.  This allows a separation
of the ligament suflicient to cover the graft.

Before the two ends of the graft are secured in position,
it should be made eertain that the graft reaches far enough be-
low the diseased vertebrie to include two healthy spines; also
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the =ame should be made certain above the diseased aren,
omipha=i= 1= laid upon having the graft reach low enough he-
cause on account of the natural Hh[i”llil}' ol the .-[Ji||n||-. NS
e==0= In certain segments of the vertebral eolumn, as in the
thoracie region, the fact that the tips are well below their corre-
<ponding bodies may be somewhat misleading and the applied

eraflt may be insuflicient in not inecluding the healthy vertebral

Fui, 45—Antero-pas=ti rior view of same ease as Fie, 41,

spines below.  Also, at this point in the fixation of the ends of
the graft into position, the sharp posterior corners are removed
by Rongeur foreeps, and these bone chips are placed about
and under the graft ends before tyving the graft end sutures.
The graft ends <hould be sure to contact with spinous processes,
The small fragments of bone so placed furnish added foet for
bhone proliferation, <o as =till more securely to amalgamate the

graft ends to the contacted spinous processes, it being borne in
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mind, as Macewen has pointed out, that the bone graft varies
i its osteogenesis in inverse ratio to its volume.  In other words,
the smaller the graft the greater its comparative surface and the
more active its bone-growing ability, It has been further dem-
onstrated that small grafts, because of their size, obtain their

B L riai

.
|

i

Frs, 46— Position of patient and adjustment of head=rest for insertion of spinal graft
for Por’s dizease of cervieal rogion,

nourishment more readily from  their surrounding serum  or
blood, and a periosteal covering is not essential.
Kangaroo-tendon sutures at intervals of half an inch are now
passed in similar manner as the satures mentioned above, until
the entire length of the graft is elosed in and firmly secured in

position.
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I the graft 1= o curved one, eut from the surfaee of the tibia
according to the pattern previously determined, the graft when
placed in its bed must necessarily, from its eurved shape, in
order to fit the deformity, he placed edgewise, o that its perios-
teal surface lies to one =ide and it marrow =urface to the other,

P, 457, —To demonstrate a0 bope gralt in=crtedd for Pont's aliseasc with a lnteral
deviation of the spine.  The spinos processes are =plit in ae stradehn Hoe as pozsible and
then the geaft is moulded to peen the condition,

The graft is =0 placed that the marrow or saw-eut surface shall
contact with the =ide of the gutter formed by the anfractured
halves of the spinous processes, and this periosteal surfaee, conse-
quently, contact with the opposite side of the gutter contain-
ing the fractured halves of the spines,  The endosteal =urface
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of the graft with its attached marrow substance seems to he
more active in its bone proliferative power than the periosteal
surface.  The curved graft is secured in position in the same
manner as the straight graft.

If the graft to be used is a straight graft with transverse saw-
cuts made two-thirds to three-quarters through its thickness,
cutting on its marrow-surface, the graft had best be taken from
the lower two-thirds to three-quarters of the antero-internal
surface of the tibia, where the cortex is thick, and to inelude
the erest or not as the operator chooses.  If the graft is removed
from the antero-internal surface, not ineluding the erest, the
fwin saw hastens its removal and insures its uniform width
throughout. If the erest is to be ineluded, euts at right angles
to each other on each side of the erest are necessarv.  The graft
in this case includes two periosteal surfaces, and therefore 1s
more active osteogenetically and is mechanically stronger.
Again, it iz emphasized that every graft should inelude all bone
elements, namely, periosteum, compaect bone, endosteum, and
marrow substance. This is the author’s bent-in graft, and as
the transverse saw-cuts naturally weaken the graft, when possible
the moulded graft, as previously described, should always be
used.

In making the transverse saw-cuts to allow the graft to bend,
as a carpenter cuts a board to eause it to bend about a curved
surface, the graft i= held securely by the operator with two strong
clamps, one at either end.  With the motor held by an assistant
firmly against the instrument table and the saw overhanging
the edge (Fig. 48), the current under control of the foot-switch
is turned on by the operator, who is in a position to regulate the
spacing and depth of the cuts along the marrow surface of the
graft as he presses the graft against the rapidly revolving saw
from below. By holding the graft in this way, he is able to test
itz flexibility (Fig. 48¢") as he proceeds with its cutting, and can
judge very acceurately when he has produeed the desived flexi-
bility in the graft to enable it to conform to the bed and span the
deformity, without actually having t'l'iw.'lt:':n}' to ]:Il.:ll'l" the graft
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in the bed to determine its adaptation to the kyphosis,  The
uniform depth of the saw-cuts is regulated by adjusting the
proper guard to the saw, in accordance with the thickness of

each graft.  This expedites matters, as the surgeon has no fear

Fr. ds—A, the manner of holding the graft while making the transverse saw-ents
Ty iIIl'rl'II'-" = Hl-xi||i|1'1.-.'_

I, transverse saw=cuts ab egqusl interyal= ool thecesgquarters throwsh e dismeter of
the srafv on its marrow surfnee,

o testine for the ddesiped ameonnnt of eveve o Uhe @ealt olotzained bt mmaking the irans-
Verse saw-culs baefore aprpelvinge 06t e ko ||I|l|-l- il thies spsipiee.

of entirely =evering the graft and the saw euts to the same
depth at each point. The author's automatic spray attachment

provides a constant spray of =aline solution upon the saw,
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preventing any pos=sibility of over-heating.  This i< an important
point, as otherwise osteogenetic cell may be destroyved.

In the application of the bent-in graft, the medullary sur-
face (bearing the transverse saw-cuts) naturally lies next to the
gutter bed, with the periosteal surface posteriorly.  The edges of
this graft contact with the eat surfaces of the gutter sides and
the split spines.  The zame method is adopted in the application
of the sutures as 15 uzed in securing the other shaped graft=, with

Fici. 49— Method of seeuring the bent in bone graft to adapt it to the curve of the
kyphosis. (1) First fixation suture.  (2) Seeond lixation suture.  The arrow indieates
the direetion which the e i= to b et to i over the Ey plosis,

the exception that the bent-in graft is completely sutured into
position at one end while the other end projecis ready to be
hent in, and the interrupted sutures are then inserted consecu-
tively (see Iig. 49) until the projecting end of the graft 13
reached and the placing of the imbedding sutures is completed.

If the bent-in graft is held by one imbedding suture applied
at each end, holding it bent into position while the other sutures
are added, the graft is in danger of fracturing through one of
s transverse saw-cuts.  In any ease, whether this fracture of
the graft oceurs or not, it is well to reinforee this graft by placing
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along each of 1= =ide=, at the maximum point of eurvature, thin
<trip= of cortical bone et with the motor saw from the tibia
where the gralt was= obtained.

The =kin wound i= closed i the u=ual way and sterile
dressing= are applied.  Thick pads of gauze and cotton, varving
in thickness aceording to the degree of the kyphosis, are placed
on each =ide of the implanted graft. This = important in order
to prevent pressure sores on the apex of the grafted kyvphosis,

The dressing= and pads are then secured in place by broad strips

/s

Fro, 30Tl bent-in geaft in pozition, with the interrapied Kangaroo-tendon sutares
bedng pliuced 1o <ceure i and ecnelose it beneath the sapraspinoens lsaonent.

of zine oxide adhesive plaster. It 1= not safe, even with this
dressing, to allow patients with prominent kyphosis to lie upon
the back, but they must be restrained upon the side or obliquely
on the back during the post-operative recumbent period.

The technigque just deseribed is applied to the bone-graft
implantation into all segments of the spine.  The anatomieal
variations of the spinous proeesses of the different <egments= mus=t
be borne in omind, as well a= the inercased strain and levernge
action of the different segment=.  For instance, in the cervieal
or upper thoracie region, heing at the upper end or portion of the
spine, the strain placed upon the graft i= much less than lower
down, from the mid-thoraeie region to the saerum.  The strain

and leverage action of the columin, a=a whole, inerease materially
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Frc, 31 —Lateral rontgenogram of 0 spine of 0 oman 22 vears old, which s
illu=teative of e extremee degece Go wlnel oo adole tbaal bone gealt ean be bept, O

Priiliest s @l saw euts in the marvow side of the graft, This case had been ader cone-
-L.-|--.,:|!i1,|- NN TTTRITL IT V= s i.-l'!i'.:lll' R L ll_‘;' LW very ol e lepl |:|'||||-||_-|-.|1'.- ==
provan= pevertheless, o relagse with |;.'|I:||-ll':fi.'|| orennrreal after thed |u'r|m|. ol tremtment.
The result after the in=ertion of Cthe bone gealt was imoediate aod exeellent,
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toward the saerum.  In the act of flexion, side-hending, or
rotation, the farther away from the general centre of the long
axis of the total lever a graft i< implanted, the less is the strain
placed upon it: =o that a graft implanted into the lumbar re-

Fio, 32.—Grafe AR inzerted for acule Potcs disease with disehareine sinnzes in Lot
Hiae fusswe. Symptoms were relieved and stoosces lealed in 10 weeks tine,
gion will have a greater amount of strain to resist than one at
any segment above,  In this region, the general leverage that
will have direet bearing upon the graft includes not only the
weight and foree applicd through the entire length of the
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spinal column above the mmplanted graft, but also meludes
the foree of the leverage action of that portion of the trunk
and lower b= which extends below the graft.  The grafted
area 1s here considered the fulerum, consequently the graft
<hould be relatively =tronger.  This added strength iz supplied
by inserting a broader graft, and as in the lumbar region we

I, 33, Aenute Pott’s discase of the lower thorweie resion with large [rsinils b=,
1 venrs after the insertion of @ tibial grafe. The abscess immediniely disappeared anld
the paticnt has not los=t a dav's work on aeeount of his back sinee ¥ weeks after the

opuernlion.

seldom find a kvphosis of very great angulation, a straight

eraft with no transverse saw-cuts can usually be employed.
The graft is applied readily between the bifid portions of

cervieal spines, as well as to the corresponding projections on

the posterior surface of the sacrum in low Tumbar Pott’s disease.
The Immediate Post-operative Treatment. The inunediate

post-operative care of these cases consists in recumbeney upon

the back on a fracture bed for 5 weeks in adult eases and 0
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weeks for children, with no more restraint than that afforded
by pinning a towel about the thorax to which are attached four
strips of a broad muslin bandage.  Two strips are pinned to
the upper =ide of the encireling towel in front, to he secured to
cach side of the mattress of the bed above the shoulders,  The

Fra, Sd4.=Thi= rivtgenogram demonstrates the Jarge amount of proliferation a spina
graft (A8 will vnderzo when the meehanies of it enviromment demand i,

remaining two strip=of bandage are fastened to the encireling towel
near itsloweredge and to the twao sides of the mattress at the foot
end of the bed (Fig, 560, These resteaining bandage strips
are =0 placed to prevent the patient from attempting to =it up
or roll from side to zide, and are usually necessary only with
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childven.  Adult patients, as a rule, lie recumbent without
restraint.

Where the spine presents a marked kyphosis, it is neces-
sary to apply thick pads of soft material on each =ide of the

Fro, 55 —Acute Poti’s dizease of fourth and Gfth lombar vertebese in o laborer of
22 vears,  Two abseesses sige of eocoanuts in iline fossa, A1 Boosevelt Hospital (I
Clins. H. Peck’s Servieed, Febo 12, 1915, a tibinl graft was inserted into the spinous
prroecsses of the thied, fourth and GO lwobar vertebre awld saeram. Fhe patient
wenl Lo work as a laborer in a brickyard 212 months after operation.  In Seprember,
Gils mnonths after the operation, he obiained o position as hreewan and has eontipuaed 1o
shovel coal ever sinee,  In Felo, 1914, just 1 vear after the operation, e repored at the
10 1, For examination, shiloach e bhad oo complaioni= o make. No oevidenes of
his former paoas abscesses could be palpaved, although they had never been aspirated
andd no spinal =support had Leen worn,

spine before placing the patient on his back, or when there is an
excessive deformity it i= best to secure the patient in bed Iving
upon his side, to obviate undue pressure on the grafted area,
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in thi= wav preventing neerosis of the skin flap.  For a similar
reason, it = unwise to employ the gas-pipe frame with its rigid
canvas covering, or a plaster-of-Paris jacket, immmediately fol-
lowing the operation. The =hght amount of motion produced
by respiration 1= not detrimental to the adhesion of the graft,
but rather i= considered to <timulate proliferation of eallus he-
tween the contacting cut =urfaces of bone and thus hasten the

fixation of the graft.

LI ===

Wi o Xlethod of Sxatoon i Daead siter the baope-seait ionpdant for Dot '= disease hns
Baweenn angajeliesel,

The General Post-operative Treatment and Convalescence.
[t hould be obzerved that while the implantation of thi= bone
aratt for the purpose of ankvlosing the affeeted vertebriwe ae-
complishies the long-<ought-for immaobilization of these diseased
Jjoints, it does not direcetly remove the disease it=ell, which is
an tnpos==ibility.  However, as ankyvloszis of other tubereulous

joints ha= proved =o =satisfactory in arresting the disease with-
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out requiring the removal of all the infeeted bone (as evidenced
in cases of knee- and hip-joint disease, see Chapters Voand VI,
so, in the ease of tubereulous infeetion of the vertebral joints,
ankylosis acts with even greater advantage in that by the bone

Fu:. 57 —Lateral edmigenogrm to illusteate the bone gralt io place after 15 months
anc the eflicaey with which it is holding the spine, althoweh the vertebeal bodies at C0
are entirely disinteseated amld absorbssd, This desteaetion oecnreed Gefore the graft
wits e rted,
graft implanted in the spinous processes the vertebre are not
only ankylosed, but their diseased bodies can be separated, thus
removing active eausative elements in the extension of the
disease,  Although, as a rule, the patient is immediately relieved
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from syvmptoms and evidenee of active disease, he <should have
the general carveful régime of bodily rest, wholesome feeding,
=unlight and fresh are that has been Tound of <o great impor-
tance i these cases heretolore.

[t 1= alwavs advisable that in these eases 6 months or more
of post-operative convalescence shall have passed belore the
patient= resume active or heavy work.,  However, in o number
of instances where the author has apphed the hone graft for

Fro, 38 grouap of 17 children st the Blvohedale Home, Hawthorne, X, Y., all of
wlinm have had I||l' ||i.-|H' ',,fl':|1'1 il|*—-i'|'l|'l| for Poil’s ||i*—~l'.'|--l'r r|'l|l' I'llll'n'!lll'.-\-I'P'l.ql'd' ol ;|||| !|;|:-:
Privems et satisfactory and wit ot plaster jackets,

O of this I|III!||F-I'J' h:li] liaispa ll|-l'|'.':||r'-| al sned licr el aoeld e to 1||1' ]Iuhu'
Wi 4 |-|.':-Il'|' j:|1'|-.|'1 abwont 10 weeks after the bone eraft liad baeen :iI|||||.':||:I|'I|. It
weies reietiecd that in H||ir1' iof thi _i::|1'|-u'1 thee bl pefi=ed 1o |l|:|_‘;I picstidd hi= chitn in
Bii= bioencd smed el mierhd erpes, A rontoenosram was taken aod it sheowed that il erafs
"ll.l_'l. 'i]|1'!||li1"l] 1-r|l'-|s:||| il 1|p-' '|.|'I'|l'||-!';|- irll.-'-l'.l':!. 1|. "!'l'l'llll'll ll|al'|'.'l|:ill|:| Wiiim :lllrll' :|r||| ||-||-
graft lengthened to inelude suffielent vertelbmse, ol froen 0t timee Las spannl =y r o=
|‘| [ RLAR |'|I.!i|.|'|_ll.. ll.i-'||||:|l :|rl'l|,

Pott’s dizease in adults, they have returned to work in 6 to S
weeks after the operation, and without external =upport. The=e
were patients who had heen compelled to cease work on account
of the dizease but who, beeause of necessity, as soon as pain and
weakness were relieved felt obliged to return to work against
adviee.

Children should have at least a vear of more or less restraint

from general activity, with daily rest periods and outdoor life.
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[t proves particularly beneficial to these cases, following the 5
to 6 weeks' post-operative confinement in bed, if they ean be re-
moved from the eity to more healthy surroundings in the
country.  In other words, they <hould be managed in a similar
way to easzes =uffering from lung or glandular tuberculosis.
This can be carried out in every detail, beeause the mechanieal
spinal requirements have been met by the implanted bone graft.
In the Blythedale Home for Tubereulous Crippled Children the
author has a very valuable example of these advantages, as
evidenced in such of these eases as could take the opportunity
this Home offered, compared with those who were not so
fortunate and remained in the eity.

External Support to the Spine during Convalescence. A=
a general rule, the author has followed the practice of applyving
no external fixation to the spine after his operation.  There are
certain caszes and exceptions, however, where for definite reasons
it ha= been deemed advisable to have the patient wear a spinal
brace or a plaster-of-Pariz jacket for varving lengths of time
after the 5 or 6 weeks of immediate post-operative fixation in
hed.

For instanee, when it is necessary for the patient to leave the
hospital before the preseribed period of 5 to 6 weeks in bed has
elapsed; or in eases where a marked kyphosis in the thoracie
region has developed before the operation, necessitating a tem-
porary weakening of the graft by transverse saw-cuts in order
to bend it into place.  In addition, such a graft is subjeect to
strain varving according to the severity of the kyphosiz,  In
these cases a plaster-of-Paris jacket 1= advisable for a few months,

or & longer period of recumbeney i bed.

SUMMARY

Remarks on the Employment of Bone-graft Fixation of the Vertebra in Pott's
Disease, and Its Advantages

Following the hone graft, the full natural leverage action of

cach vertebra is not lost but i= ehanged from a erushing together

of the bodies anteriorly (due to respiratory motion, contraction
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of abdominal muscles, and general attempt on the part of nature
o i|||||||-|-i|ix1~ rlu- 1'ii-|-:1-|~4| '-.L'r'!rhi';[-- 1y 1) |1||”i1yu HI' 1hl~ :||||-t_1.-
liov=end =-|1ir|1l-l[= Proee==e= i the .'Irlh_'\']ll"i.'i: 'I_fl':|1'l |:rl-|1'l'-|l1|'|_‘n.
The change ftrom the erushing effeet taking place in the hodies
by the approximation of the anterior arms of the levers to a
traction effeet through the long axis ol
the gralt maplanted in the ends of the
posterior arms= of the levers, preventing
=|-|1:ar':|linr| ol the HF]i!UHE'—- Proee=ses, 1= 0y
vious=, The fulera of these levers remain
constant.  In comparatively early ecases
of  =harply angular antero-posterior de

tormity of the spine, further progress ol

the ]*.‘*'F‘h““i‘ ean he ]H'l"-.'l‘]][lf'il and aetual

correction maintained i'."" thi= hone .u'l':sl'l il!||r|:|||rrlliull. STETR TR
accompli=hing thi=, the aecurate mmobilization of the mvolved
<eament of the spinal column 1= securcd without interference
with body activity  or respiratory  function, or resorting to
protracted recumbeney, fixation on a gas-pipe frame, plaster-ol-

Paris _i:H']{l-I ol birsvee.
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Indications for Operative Treatment. Fixation by the
bone graft is indieated in all eases and at all ages where pain
or muscle-spasm demands it, and the earlier the operation the
more favorable the prognosis. It is indieated for the prevention
and correction of inereasing deformity, and is even more ur-
gently demanded in the presence of complicating eonditions,
such as psoas spazm, cold abseesses, or paraplegia,

The only special contra-indication is the inability to secure
a clean field of operation.  This, however, is rare, as cold ab-
seesses seldom point in or invade the region of the spinous proe-
esses,  Uninfected cold abseesses between the spinous processes
have not interfered with primary union of the graft, when
encountered unexpeectedly in implanting the graft, and cases
an be cited where bone grafts have spanned through these
cold abseesses with no detriment to the graft or delay in its
hony union.

Prognosis Following the Bone-graft Operation.-—T'he prog-
nos=i= in all operated ecases 1= mos=t favorable, as to relief of all
svimptoms and deerease of the deformity.  Correction of de-
formity is most favorable in eases of children operated on early;
and in ecases of longer duration where the kyvphosis 1= sharply
angular, or presents a considerable amount of motion, a certain
amount of correction is possible.

In 250 cases operated upon by the author, a surprising
amount of respiratory mobility was noted in the centre of the
kyphosis in all early eases, as well as in a considerable percentage
of eases of even 4 to 6 yvears’ duration.  These observations
were made after the spinous processes were exposed and while
the patient was lying prone on a firm operating table, breathing
quietly under an anwsthetic,  Under these conditions, <hght
motion only could be deteeted between the healthy vertebrae
above or below the liI\'I}hn.-:i:-:. [‘]!Liﬂlllﬂl‘i”}' the reason for this
inereased motion is the loss of support due to the destruection
and absorption of the diseased vertebral bodies, leaving only the
lateral masses with their articular facets and the spinous proce-

ps=es to support the column.
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The prognosis i much influenced by the patient’s post-
operative environment and daitly régime of life. This 15 of as
ereat importance as in the ease of tubereular involvement of
other oregans,  Rest, foreed feeding, fresh air, and expo=are to
sunlight are important elements of treatment,

With the objeet of aseertaining the results obtained by other
surgeons with the hone-graft treatment for Pott's disease, a large
nimber of printed question blanks were sent out to every surgeon
who, 1t was known, had done this operation, in this country
and foreign countries,

Irom these blanks and the author’s personal eases the fol-
lowing statisties of 532 eases were tabulated:

The ages of the patients vary from 20 months to 65 years,
The duration of the disease (and this In many eases was
svnonvmous with duration of previous conservative treatment )
was: under 1 year 55 cases; over 1 vear 71 cases; over 2
vears 62 over 3 vears 71 eases; over 4 years db eases; over H
vears 36 cases; over B vears 33 eases; over 7 years 21 cases; over
S vears 16 eases; over 9 vears 15 cases; over 10 yvears 10 cases;
over 11 vears 8 eases; over 12 vears 8 ecasges; over 13 vears 5
cases; over 19 vears 3 cases; over 21 yvears d cases; over 26 yvears
2 eases,

Location of Disease.— Cervieal spine 6 eazes; Cervico-dorsal
region 42 cases; dorsal region, 168 eases; Dorso-lumbar 78 eases;
lumbar 122 cases: lumbo-saeral 34 cases,

Thirty-one surgeons reported a total of 292 results, in 222
of which the disese was pronounced arrested.  In 59 the condi-
tion was improved.  Twelve eases died, 4 of which were reported
as from shock,  The remaining 8 cases died 4 months or longer
after operation from either complications  or  intercurrent
diseases.  In 5 of these cases the spinal condition was entirvely
controlled.  In 3 of 4 cazes dyving from shoek, the chizel and
mallet were used to obtain the graft.

Fourteen of the 31 surgeons reported 100 per cent, of cases

of good results (disease arrested).  There were 8 surgeons who
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reported that they did not use plaster jackets or spinal supports
bevond the period of immediate post-operative recumbeney.
Seven of these men obtained 100 per eent. of good results and
one secured S8 per cent. of good resulis.

OF the author’s personal eases only those that have been
operated 1 vear or longer are ineluded in this report.  Of these
there are 18, In 184 the disease was arrested.  In two there
was nprovement.

Up to the present time 12 have died; 6 of these eases were
entirely relieved of their Pott's disease and died from some inter-
current dizease.  One, achildof 6 vears, in poorgeneral condition,
after 5 vears of conservative treatment died the next dav after
the operation, ecause unknown; the graft in this case was
removed with chizel and mallet; one ecase in 4 davs from ace-
tonuria; one from status lvmphaticus: one from middle-ear
disease comphieated by a suppurative meningitis, two vears
after the spinal operation.  The autopsyv showed a complete
cure of the tuberculous spine. One died about 1 week after
operation from pneumonia.  The eauses of the death of others
have been amvloid degeneration of the viscera, tuberculosiz of
the lung, and acute abdominal condition,

There have been only 3 eases, of the 532, die of tuberculous
meningitiz, and there has been no serious trouble with the tibia
from which the graft was removed in any case.

Of the total number (332) in 449 the dizease was arrested,
in 59 the condition was improved, in % the condition was un-
improved.  There were 9 deaths soon after the operation, and
G deaths occeurred long after the operation and were relieved of
their spinal symptoms.  The pereentage of results of this large
number of eases is most gratifyving, especially, when it is realized
that most of these eases were operated and treated during a
period when the technique of procedure was being developed.

With the present motor tools and the perfeeted teehnique it
i= believed that a fatality from shock should practically never

happen.
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EXPERIMENTAL APPLICATION OF THE METHOD TO THE SPINES OF
13 DOGS, VERIFYING THE WORK DONE ON THE
HUMAN SUBJECT

The <pecial objeet of the animal experimentation about 1o be
lll"-l'l'“H"li Wi= 1o :t!lllﬂl'll esns= |'ni'.-~!111[_‘n.'i11i_‘; ]Jn!h. |||_'|1*i'||-:'||}:'|i';|||"|.'
and microscopically, a bone graflt when implanted in g dog by
the same technigue as that emploved by the author in the human

~_~1:|||1'-||'c'i for the treatment of Pott's disease of the 3-|r-|l|l',

REPORT OF EXPERIMENTS

Erperiment 1.—December 10, 1911, Dog, mongrel, male;
approximate weight, 300 Ib.  Ether anwsthesia.  Anwesthetist,
Mr. Cas=sellius, Iields of n|h'1':l_linn: thoraeic I'i‘_l_l,'in!l of back
and left foreleg, prepared by shaving and serubbing with tine-
ture of green =oap and water, followed by corrosive sublimate,
L1000, and 70 per cent. aleohol.  The spinous processes of
three of the mid-dorsal vertebre were approached by an ineision
through the =kin and areolar tissue directly over their tips.
The <upra=pinous and interspinous ligaments were =plit with a
=calpel 1o a depth of two-thirds of an inch between the spinous
proces=c=, without dizturbing the attachments of the ligaments
to the spinous processes.  [ach of the three spinous processes
was =plit longitudinally with a chisel and mallet into halves,
for a depth of about two-thirds of an inch, care being taken
that the right halves of the spinous processes were not broken.
A separation of the tipz of the halves of these spimous proe-
esses produced o wedge-shaped eavity, into which the ulnar
tran=plant was later inserted. A hot saline compress was
placed in the wound until the bone insert was  obtained.

Fhis was for the purpose of =ecuring as perfect hawmostasi= as

po==ible for the bone-graft bed.  Hall the diameter of the
shaft of the dog's right ulna was then removed with chisel
and bone foreeps. The graft consisted of periosteam, compact
bone, endosteunm, and marrow  substanee. It was inserted
between the halves of the il|11~]':-||llllnll=~ |i;l_'.'LllH*H[- anl h]lirlllllﬁ

processc<. and held in place with  mterrupted  =sutures ol
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linen, which were passed through the supraspinous ligaments
and the posterior edge of the halves of the interspinous
ligaments near the tip of each spinous proeess.  These liga-
ments were thus drawn over the graft posteriorly., The pro-
cedure was precisely that whieh has been applied to human

subjects.

i, Gl.—Photograph of theee vertebre of a dos Lirideed together by o strong bone
eraft Af,  This specimen was obiained at pecropsy 6 months after the graft was

inserted,

December 13, the wound was septie.  December 20, much
pus was discharging from the wound. The sinus slowly de-
ereased in size during the next few weeks,

Neeropsy.— May 28, 1912, The wound had healed, with the
exception of a small sinus. A sliver of nearly one-third the

dinmeter of the graft anteriorly and tapering to a pointed end
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posteriorly had sequestrated from the rest of the graft, whieh
hed hecome |-||'|:Lll_\' united to the .=-|ﬁr|n|.L.=-: Proces=es, The whole
posterior diameter had hived and become firmly grown into the

spinous processes.  Although sep=is had occurred and no at-

=
by
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Pz, G2 —Yiew iiper s crtehen Chxperiment 1), it flae =paeions

" ;||||||-\.-\. |
wihneh o portion of b aloee locd Been cpgeatted G meontdes basfore; A 8 o O ndieace thie
mptlines of r'r.- L1 g P '.'.i||-'r| | HES TR 1T r||||.l-. AR AT i|;-‘-| (B ITH -|.|il S D TIER R i TR

Fae, GO o= drom o phiotomaeroerengde ol SO T TOCT LT L AT B IR proabral. I s articulbar

tempt had been made to immobilize the dog’s spine, the result
was i bridge of hone uniting three vertebrae,  Xerayv examina-
tions of the gross specimen and a microscopice study of decalei-

fiecd and non=deealeificd sections failed to show degeneration of
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that part of the graft which had become united.  No cartilage
cells could be found; the union of graft to spinous process was
by new bone formation.

treperiment 2.—January 18, 1912, Dog, terrier, male, mon-
grel; weight, 2015 b, Ether anwmsthesia.  Assistant, Dr.
Keller.  Preecisely the same technique was carried out in this
case as in Experiment No. 1, except that the whole diameter of
the shaft of the ulna was removed subperiosteallv. A sharp
periosteal elevator was used, and the periosteum was removed
from the bone with foree for the purpose of being certain of
separating the deep osteogenetie layvers from the bone ecortex
and obtaining it as a part of the periosteum. The periostenm
was left in sifu in the leg.  The transplant was inserted by the
same technique as in Experiment No. 1, exeept that the perios-
teum had been removed as just deseribed.  The leg and back
wounds were closed by continuous sutures of linen. The
periosteal tube was allowed to collapse.

January 22, back wound septie.  January 28, leg wound
healed by primary union,

Necropsy.— February 29, 1912, Back wound was =septic;
eraft had sequestrated. It is believed that the diffieulty in
preparing the dog's skin for operation, in addition to large
hiematomata which invariably colleet in the loosze arcolar tissue
of the dog’s baek, in spite of all precautions, was= largely re-
sponsible for the sepsis in the back wound, since at the same
time the leg wounds were elean. The conditions about the
back wound were precisely the same as those in Expernment 1,
namely, a deposit of osteoid tissue in the wall of the sequestrum
pocket: the graft, however, had sequestrated.

[ the foreleg, a bridge of bone had appeared where the <hatt
of the ulna had been removed.  In the centre, it tapered to a
diameter about half that of the original bone.  This bone growth
had been very rapid, and connected the ends of the ulna.

Erperiment 3.—January 23, 1912, Dog, terrier, female;
weight, 22 1b.  Ether anwesthesia.  Anwesthetist,  Mr. Cas-
sellius.  Assistant, D, IKeller.  The .-u'llilinll:ﬂ Processes of the
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last two thoracie and first, gecond, and third lumbar vertebrae
were prepared as usual for the graft.  With chisel and miallet
and saw, about 19, in, of the left ulna were removed, leaving

the periosteum from half its disameter v situ in the leg. I

Fra, G2 -—Longitudinal section throoaneh <pinons proee=s wille eross-section of graft
10 whieh had been dnscerted G omonthe; from o low-power photomiderograph of o
nen=ddecalenfied ppieh UL 1 L FY Mopnmerong= Ploscel-va==icl= enn e =i, itpeler hieh
magnificntion, extending from =pinons process into geafl. £ is new bope, 8 s hose of

thi= instance, the periosteum which was removed was separated
with the blunt end of a pair of sci=sors =o that no foree was em-
ploved in seraping it from the bone; it peeled off easily.  The

portion of the ulna which had been removed was then split
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longitudinally with a chisel into equal parts, one-half being cov-
ered with pertosteum.  This fragment was inserted into the last
two thoracie vertebre,  The fragment from which the perios-
teum had been removed was inserted into the second and third
lumbar vertebrie,

Neeropsy.—Tebruary 29, 1912, The posterior end of the
wound was filled with pus; the anterior end had healed by granu-
lation.  The graft from which the periosteum had been re-
moved, and which had been placed in the lumbar vertebra,
had sequestrated and was surrounded with pus.  The graft
insert which was placed in the thoracie vertebre was firmly
united into those vertebrme., .\ microscopie examination showed
the union to be bony.  No evidence of degeneration or cellular
death could be found. No bone or evidence of osteogenesis
appeared between the ends of the ulna where the graft had
been obtained except about the bone ends.  The periosteum,
in this case, as stated, was removed from the bone by means of
a blunt instrument and with no effort to get into a deep
cleavage,

Erperiment 4—January 25, 1912,  Dog, mongrel, female.
[ther  anmesthesia,  Anwsthetist,  Mr. Cassellius.  Assistant,
Dr. soule.  On the evening before the operation, the dog re-
ceived a bath in 2 per ecent. aqueous solution of liquor eresolis
compositum. In the following experiments this bath was given,
Two inches of the shaft of the left ulna were removed subperi-
osteally. .\ sharp periosteal elevator was used for the purpose
of getting into deep eleavage.  The portion of the ulna shait
removed was then split longitudinally with a chisel and mallet
into halves. One of the bone fragments was= inserted by the
usual technique into the last thoraecic and first and second
lumbar vertebrie,  The remaining bone fragment was placed
in sterile normal =salt solution in an ordinary ice-box for the
purpose of transplanting it into the next dog operated on.
Wounds healed by primary union.

Necropsy. May 9, 1912. The transplant was found to be
firmly united with the spinous processes,  The graft had lost
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itz identity,  From the appearance of the bridge of bone be-

tween the tips of the three spinous processes one could not =ay

oo 2 |

5 l".“'. " ..”l..{‘ -,_. ¥
i F= e i
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Fia, b —PPhovomieroseaph of =cevion ehroweh the lone axis of spimous proecss of o
i with o erozs-=cetion of an autogenons uloar graft (abe) thoroneldy anited by new
bowee 2 mionthe after the cralt was inlaid fnto the <plit vips of thires 2pioons preoeesses,
The analogy o the technigue of the tree gralt (Fig, 50 is apparent. A earelul maiero-
-"""F"’." =ty of this =eetay b= Peileed vo sbi=elose deadd Donpe-eell =, The cormers of the
eraft are indicated by oo, b, and oo d indientes base of spineas proees<, e aothor’s
surgical expericnec in over 250 cases, as owell oo e aomouant of animal experimental
work, has eonvionecd hom that Che aolay meethodd of meeertien aflords by all means he
st frvornblde greaft cnvironment, o= Uiz aned ooy o bier miercseopie seetions e

||['||'I,|'||.
from what it had originated.  Mieroscopie examination showed
bony union of graft to <pinous proce=s and no evidenee of cellular

degeneration. A strong bridge of hone was present between the
5
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ulnar ends, filling in the space where the transplant had been
removed.  This bridge of hone was not quite =o large in diame-
ter a= the normal ulnar shaft. It was, however. sufliciently
strong for functional purposes. It iz believed that the =atis-
factory osteogenesis obtained in this case as, for instance, com-
pared with practically no bone growth in Experiment 3, was

iz, Go.—Junetion of sraft and spinous process (JAf8).  The iransplant  had been
inzerted 4 months (Bxpeviment 3). From a high-power phiotomicrograph,

due to the method of removing the periosteum by a sharp instru-
ment for the purpose of getting into deep eleavage.  In this way
the chances are large that the very active osteogenetic layer of
cells. which is situated on the surface of and eonsiderably ad-
herent to the compact bone, will be loosened either entively or
partly, and will separate off as a part of the periosteum.
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Erperiment 5. -January 30, 1912, Dog, black hound, male.
Fther anwesthesi, Anws=thetist, My, Cassellius,  Assistant, Dr,
Soule.  Incizion was made over the last three thoraeie and first
three lumbar vertebran. The spimous processes of the three
lumbar vertebrie were =plit mto right and left halves with a
chizel, and the bone fragment 2 in. long, which had been removed
from the dog’s ulna in Experiment 4, January 25, 1912, and kept
in normal =alt =olution in an iee-box, was inserted into the pre-
pared lnmbar vertebrae. The spinous processes of the tenth and
cleventh thoracie vertebre were denuded of periostenm with a
blunt m=trument from the neural arches anteriorly to the tips
ol the spinous processzes.  The separated ends of the pertosteam
were then held in approximation by linen sutures,  The skin
was =utured by the subcutancous method.  In all previous eases
the skin was elosed with the ordinary through-and-through
=titeh; all suceeeding wounds were closed with the subeutancous
suture, resulting in much less sk infeetion.

Necropsy.—May 8, 1912, The transplant was amalgamated
into the spinous proces=es and had nearly lost it= identity. It
<howed the contour of the graft on one end.  Ifrom the appear-
ance of the bridge of bone, one would not have thought that it
wis due to a bone transplant.  There were only a few small dis-
connected plagques of proliferated bone from the periosteam
which had been stretehed across between the thoracie spinous
Processes.

[t 1= thought that the fact that there was not a satisfactory
bone growth from the periosteum may be accounted for in two
wavs: first, the periosteum on the spinous processes is meagre
and unsatisfactory on account of =o many mu=cular and liga-
mentous attachments:; sccond, the periosteum was removed
with a blunt instrument without a =pecial ceffort being made to
et Into 1lm~|i cleavage,

Erperiment Go—January 30, 1912, Dog, bull, male; weight,
25 Ih, Ethermmesthesia,  Anwesthetist, My, Cassellius, Assist-

ant, Dr. Soule.  Incizion was made over and down to the spi-

nous processes of the last two thoracie and first three Tumbar
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vertebrie. Two and one-fourth inches of the left ulna with its
periosteum were removed with =aw and split with chisel lon-
gitudinally into halves.  These fragments of hone were then in-
serted into the spinous processes by the usual technique, one
into the lumbar vertebrie, the other into the lower thoracie.  The
wounds healed by primary union.

The dog was found dead on May 6, 1912, In my absence,
Mr. Cassellius removed the operated portion of the spine and
placed 1t in fixing =olution for future examination. These
transplants, like all the others in the presence of asepsis, had
become firmly united to the spinous processes into which they
had been  inserted.

FErperiment 7.—February 1, 1912, Young dog, mongrel
terrier; weight, 18 Ib. Ether anwesthesia.  Anwesthetist, Mr,
Cass=cllius.  Fields of operation prepared by iodine method.
An incizion over the last three thoracie and first three lumbar
vertebrae was made.  The lumbar spinous processes were split
longitudinally on the left side of their centre down to the neural
arches,  Wound, as usual, packed with hot saline compress,
One and three-fourths inches of diaphy=i= of left ulna were re-
moved subperiosteallv. A blunt instrument was used to separate
the periostetm which was left in sifw in leg.  One-half of the
ulnar shaft was placed by the usual technique into the posterior
lumbar vertebrae,  Pieces of pertosteam stripped, without aid
of a sharp instrument, from the ulna, varyving in size from one-
fourth by one-fourth of an inch to small bits, were sutured into
the belly of the musele, which had been turned aside when the
ulnar shaft was removed.  The musele was then sutured into its
normal position.  The periosteuam on the left side of the two
anterior spinous processes was stripped and retained in two
pieces with some difliculty.  These periosteal flaps were then
drawn together and sutured, thus producing a periosteal bridge
hetween these processes. The remaining half of the ulna was
placed in salt solution for the purpose ol transplanting it into the
next dog operated on.

Necropsy.— At neeropsy, 3 months later, the transplant was
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firmly united into the spinous processe=,  No o=sseous ti=sge
could be found as a development from the periosteal hridee

lu-'['lﬂ.'m'!l lih' ﬂ]l'lllnllw ]Il'i (Rt “Il!_‘n' H| -IH:1|| ill:ulm' nl- W |m|u-

Fro, 66— Deenleifiod soction thromeh leng axi= of spinous proeess witl eross-seclion
of the prown-in graft, G months after o portion of smme animal’s ulna had been eeafed
into spinous processes, A earcial oderoseopie =toady of these seetions amd all otleers
bins failedd to dizelose dead bogee-cells, The corners of e bt are indieated I‘-_‘u e, I

ani e (ol 1= 0 noerotome artefel) ) o5 Dise ol Sl nOls [rocess,

could be found where the ulna had been reseeted, There was
new growth of bone about the cut ends of the ulna.

Frperiment 8, Do, Ether ancesthesia,  Anwsthetist, M.
Cassellius,  As=sistant, Dr. Soule. The last three thoraeie and
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first three lumbar processes were split as usual.  Numerous
slivers of the previous dog's ulna, devoid of periosteum, were
placed between the =plit portions of the two upper thoraeie ver-
tebrae, The supraspinous and  interspinous ligaments  were
drawn over in the same way as when a large graft was used,
Al the ligament= and muscles were separated from the second
and third lumbar spinous proeesses for about two-thirds of an
inch from their tips.  These two spinous processes were then
split longitudinally into equal anterior and posterior portions.
Gireen-stick fractures were produced in the anterior half of the
posterior process and the posterior half of the anterior process,
The tips of these fragments, well denuded of periosteum and
=oft tissues, were then contacted and held with a linen ligature.
The ligaments and faseia were drawn over all with a continuous
linen suture.  The skin was closed as usual with a subcutaneous
continuous =uture,

Necropsy.—At necropsy, 2's months later, there was
evidence of some skin infection which had nearly =ubsided.
The =hivers of bone had united and produced a bridge of bone
between the spinous processes, but not =o firm as one resulting
from one large graft. There was no bony union between the
approximated fragments of the second and third lumbar spinous
IH’{II'I‘HZ‘;{"F.

Erperiment 9.—Dog, terrier, male; weight, 181 Ib.  Prepa-
ation: bath in compound =olution of eresol, and shaving, the
night before operation.  The field of operation was allowed to
dry over night and treated with American tineture of iodine
just before operation.  This preparation was used in all of the
succeeding eases and was found very satisfactory.  Ether anws-
thesia.  Assistant, Dr, Soule.  Site in back for graft was pre-
pared as in previous eazes and packed with saline compress. Two
inches of middle of left ulna were removed subperiosteally with
blunt dissector.  This portion of the ulna was then split longi-
tudinally into quarters, two of which were placed in the tips of
three lumbar vertebrae, A strip of periosteum 11 in. by 1y ing,
taken from the ulna by a blunt dissector, was placed into the
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fip= of two split spinous proeessc< anterior to those that contained
the graft previously in=erted.  The periostenm was placed in
a =trmlar manner to that of the bone gralt. The back wound was
closed.  Two preces of bone ' an. by Ve by 1y ing in diam.,
which had been taken from the tip ol a spinous process of the
same dog, were placed in the belly of a muscle in the left fore-
lee.  Two picces of bone of the same size were taken from the
ulna and placed in the belly of another musele in the left foreleg,
the objeet being to determine which was the more o=teogenetic,

The dog was found dead February 27, 1912,

Necropsy.— February 28, 19120 Assistant, Dr, Soule.  The
bone transplant was found firmly united by eallus to those spi-
nous processe= into which 1t had been inzerted. The graft
presented every appearance of being live bhone. The =mall
pilece= of hone from the tip of a spinous proeess, which had been
implanted into a musele belly at operation, had changed very
little: there was a very small proliferation on the side of the
periosteum. The pieces of bone taken from the ulna and inserted
into a mus=cle belly had also changed very little.  There was,
however, considerable proliferation on the side of the periosteum,
The piece of periosteum (11 in. by T, ing), which had been placed
between the tips of two s<plit spinous processes, presented no evi-
denee of proliferation and was diffieult to find,

e periment 10, February 13, 1912, |’11E1|}~‘u'. terrvier.  ther
anmwesthesia.  As=zistant, Dr. Soule.  An inecision 5 in. long was
made over and down to the tips of the last thoracie and first
three lumbar vertebrae, Interspinous ligaments split with =seal-
pel, spinous process with chisel. X pieee of the ulna of the dog
previously operated on (1% in. long and one-hall the diameter
of the bone) was inserted, by the technigque already deseribed,
into the <pinons proces=cs ol the second and third lambar
vertebrie, 4 piece of the same dogs left ulna of about the
=ame =ize wa= then removed subperiosteally with chi=el and
saw and in=erted into the last thoracie and fivst lumbar verte-
brie, X piece of periostenm (10 in. by U5 oing), removed by

blunt dissection from the ulna, was placed into the fasei 11,
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in. to the left of the first lumbar vertebra and fixed with linen
sutures,  On the opposite side (right), and in the same relation
to the first lumbar vertebra, s piece of the left ulna (15 in. by 1§
in.) was placed in the same manner as the periosteum.  The
right foreleg was broken over the side of a table and a splint

.-

Junetion of graft and spinons proees=s in a easeof G months (Experiment 1),

Ius. 6T
From o high-power photo-

.\;IF Iil'fl‘l] i.llﬂli'-l"l'”h I:'IIHIIL ]I!' !III||||II ih ['|I‘.'|-I‘ 'tl!ll'l!'ili|ll"]|1-',

ficrogragah,

was applied, inorder toobtain thickened proliferating periosteum

for grafting purposes in 10 davs' time,

Neeropsy.— February 27, 1912, Both pieces of bone, the one

from another dog and the one from the same dog, were equally
firmly united into the spinous processzes. .\ carcful microscopie
examination of seetions made through graft at various places,

and through junetion of union of graft to spinous process, failed
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to show any evidenee of degenerated bone-cells. The periosteum
inserted into the faseia to the left of the spine presented no evi-
denee of proliferation, either periosteal or bone. The bone
placed under similar conditions to the right of the spine showed
considerable proliferation, especially on the periosteal side.

Faeperiment V1. VFebruary 15, 1912, Puppy, male mongrel;
weight, 177, b, Ether anwsthesia, Assistant, Dr. Soule,
The shaft of the left ulna was removed with its periosteam
intact and placed in normal salt solution, to be kept in the 1ee-
bhox for a following case.  The spinous processes of the last tho-
racie and first lwmbar vertebre were prepared as usual and a piece
of & puppy’= ulna (one=half its diameterand 13 in. long), whieh
had heen removed 2 davs previously and kept in Ringer's solu-
tion in an ice-box, was inserted by the usual teehnique nto
the second and third lumbar vertebrae, A fragment of ulna
with periosteum of approximately the same size, which had been
removed from an old dog 2 days previously and kept in =alt
solution i an iee-box, was inserted into the last two thoracie
vertebra,

Necropsy.—=ix weeks from time of operation.  Both bone
erafts were found firmly united into the spinous processes.  X-
ravs taken in different planes of specimens (see Fig, 68) failed
to show any areas of degeneration in the graft,  Both decaleified
and non-decaleified (ground) microscopic specimens were pre-
pared and examined earefully.  No dead bone-cells could he
found., The graft. although only 6 weeks after insertion, was
very completely united into the spinous processes by newly
formed bone.  No ecartilage eells could be found,

Fxrperiment 12.—Xebruary 20, 1912, Dog. Ether an:mes-
thesia.  Anwesthetist, Mr, Cassellius,  An ineision 3 in. long
wias made over the lower three thoracie spinous processes.  The
muscles and lgaments with periosteum were separated from
them down to the neural arches, and retracted. The processes
were divided at their hase with bone foreeps and chisel elose to
the neural arches. The processes were then placed longitudi-

nallv <o that the tip of one proeess eaime into approximation
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with the severed base of the next superior process.  The soft
tissues with periostenm were brought back with interrupted
sutures of linen.  The skin was elosed with subeutaneous linen
suture.  The second and third lumbar processes were then ex-
posed.  Their tips were split in the usual manner for two-thirds
of an ch n situ, with supraspimous and interspinous liga-
ments undetached. A fragment of an ulna removed from a dog
1 week previously, and kept meantime in normal =alt solution
in an ice box, was inserted as a graft by the usual technique.
This transplant was 13, in. long and one-hall the diameter of
the ulnar =haft.  The skin was elosed by subecutaneous sutures
of linen,

Neeropsy.—Two and one-half months alter operation.  Bony
union had not occurred between the thoracie vertebrae whose
<pinous processes had been broken down. It should be stated,
however, that, as in all other cases, no attempt to fix or immaobil-
ize the dog's spine was made.  The graft which had been inserted
into the second and third lumbar processes was well united.

FEuperiment 13.—April 24,1912, Dog, mongrel. male; weight,
211, Ib.  Thix experiment was possible only through the kind-
ness of Drs. Beebe and Berkeley, who allowed me to remove a
part of a sheep’s ulna while Dr. Berkeley was operating on it.
A fragment of ulna 31, in. by 1 in., ineluding periosteum as well
as marrow substanee, was removed from a large sheep and placed
in normal salt solution until the dog’s spinous processes, three n
number (first thoracie and first and second lumbar), could be
split and prepared in the usual way.,  The transplant was then
inserted and covered with the ligaments as already deseribed,

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

The following deductions and conelusions are based on the
experimental work just deseribed, in conjunetion with a clinical
experience  gained from 500 bone-grafting operations on the

human subjeet: In ten of the eazes of Pott’s disease the bone
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I [F T I'l‘lll'“:l'ilp]l rnil rl'rr|12|-||n:_[|'_-1j||_- ||r am tlnn anlogEenous wralt 18, G weeks
after being inserted into the spinons provesses of a dog's vertebre,  The RN LR LY T T
slioow fivnn undon and po lr*-1l'llplltl|-i- Ty |||-;_u-|||-|'_-||j|||| of 1lee wradn,
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transplant has been eut down on for minor reasons, inspected,
and parts removed for examination.  The time after operation
has been 3, 5 and 7 weeks, 6 months, and 1 yvear.  In all of these
cases the grafts have been well united into the spinous processes
wherevercontacted.  In two cazes theend of the graft had sprung
posteriorly into the soft tissues,  In every instanee the portion
of the graft which was contained in the spinous processes bled
wherever cut with bone foreeps; its periosteum had proliferated
and the transplanted portion presented every appearance of
viability.  On the other hand, in two cases the portion of the
eraft projecting into the soft tissues was pale, and the periosteum
had not proliferated; the bone did not bleed in its central por-
tion when cut and was thought to be acting as an “ osteogenetic
seaffold.” whereas there seemed every reason to believe, espe-
cially in the light of our mieroscopie results, that the portion in and
between the spinous processes was viable, on account of the con-
tacted points of Haversian blood supply being =o numerous and
near together.

SUMMARY

1. Many liberties may be taken with the bone graft without
interfering with its sueecess. It has certain bacteria-resisting
properties.  In one ease the transplant was kept in normal salt
solution in an ice-box for 1 week, and in others for shorter periods,
and suceessful results followed.  In two eases sepsis oceurred in
the same wound; nevertheless, parts of the graft in each coase
hecame united to the recipient bone and remained, while the rest
of the transplant sequestrated.  From these experienees and the
fact that in the author’s series of 500 bone-grafting procedures
on human subjects only parts of eight graft= and two whole
orafts sequestrated, it is believed that one is safe in dedueing
that the bone graft has considerable germe-resisting properties.

2. It seems very probable that the amount of Haversian
blood supply is in a very large degree, if not wholly, responsible
in determining whether the bone graft lives as such or acts as an
osteoconductive =caffold.  This was especially emphasized in
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the three human eases cut downr upon. I the graft 1= to hive as
<uch. the blood-supply contact= mus=t be of favorable character
and numerously distributed along its whole extent, such as 1<
the case with the =pine gralt or the transplant used for ununited
fractures, deseribed elsewhere,

3. The bone transplant apparently acts always as a stimu-
lant to osteogenesis on the part of the bone into which it has
heen implanted.

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

5. Bone taken from another speeies, such as the sheep, did
not unite to the recipient bone of the dog, although in the
presence of aseps=i=.  Thiz one experiment does not prove that
<heep’s hone will not unite to dog’s bone as a graft, but it does
prove the unreliability of the procedure.

6, .\ bone bridee between different vertebraee was accom-
plished in this <small series of experiments only by the hone
eraft.  Breaking down the spinous processes, splitting the
SPINOUS Processes with :|}:}:I'n?iiln:llinll to the contiguous halves,
and the in=ertion of periosteal bridges failed to produee the de-
sired continuous= bone bridge.

7. Bone transplants taken from a long bone, sueh as the ulna,
showed evidenee of greater osteogenesis than when taken from
the =pinous processes,

N Bone from which the periosteum had heen removed proved
equally =atislactory to bone grafts on which the periosteum
had Deen retained, hut their persisteney was not tested becanse
the animals were not allowed to live long enough. It scems
certain that the fate of a bone graft depends largely on its exact
environment, especially = to the numerous bone contaets elosely
=ituated,

0. The above-mentioned germ-resisting property of the bone
graft, m addition to its early adhesion by bone growth to the
bones with which it is contacted, in the author’'s opinion, favors

1tz =ubstitution, when feasible, 1n place of all-metal internal
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splints, especially when it iz considered that the metal splint
has absolutely the opposite influence, namely, the production
of bone absorption, and that it favors infeetion.

11. It also seems that it is largely a question of definition
of what the periosteum 13 and what it ineludes as to whether
it 1= to be actively osteogenetic or not.  If by chanee the eleav-
age i deep, as when the periosteum is removed with a sharp
elevator and the bone seraped, the periosteum is sure to be
actively osteogenetic,  On the other hand, if the periosteum
is stripped oft or removed with a blunt instrument, the cleavage
1= not likely to be deep enough to include the osteogenetie
layer of cells on the periphery of the compaet bone. In that
da=e the periosteum would be incomplete and would constitute
a  connective-tizsue-limiting membrane (Macewen) only, and
<light or no osteogenesis would oceur.

12. It iz believed that periosteum and marrow substanee,
on the bone graft, serve an important role in aiding to establish
an early and more abundant blood supply from recipient bone to
the transplant.

PARALYTIC SCOLIOSIS

Paralvtie seoliosis usually results from the unbalancing of
the spinal column through asymmetrical involvement of the
spinal and abdominal groups of muscles from anterior polio-
myelitis.  The seleetion of the motor nerve cells of the anterior
horns of the spinal cord which =upply these spinal museles 1=
comparatively rare, excepting where there is a very general cord
involvement.  The conduet of this affection is the same when the
aroups of spinal museles are attacked as when the disease has re-
sulted in the paralysis of extremity muscle groups.

This deformity is a variable one, the severity of the lateral
deviation depending largely upon the posture of the patient
when in the ereet or reclining position.  The lateral deviation
alwayvs diminishes in recumbeney and inereases in a varying
degree in the erect posture, according to the severity of the

paralysis. A certain degree of rotation of the vertebrae 1= always



POTT'S DISEASE AND OTHER SPINAL® LESIONS 127

L
present, varving in wimount also with the severity of the paraly-
<i<. but rarely reaching the same degree of rotation met with i

statie scoliosis,

The general rules of treatment applying to all types of in-

o, Gt —pecimen of a prononpeed seoliosis of the spaine which =lhows the atrophy
sad approximaticn of the lrteral proeesses of the coneave =ide, with an cqgual =cparation
of the lateral provesscs of the eopvex side of the evrvatnres, LE this coeve is stroghoened

cangses Hhe iteral processes of the convex side o approximate at the same time that
fbpimar o Al evppesives =pile separate,  Uherefore, of @ graft s placed oo the conves spde an
fhoee Fips of the Lateral processes of o =tratghteoed pacalytie or statie scolobie spine, itis
pppcher the snpe e lianne:al .-.l|'-.:|I|‘-:|:'- g Ulwe orpsfn gpgseertead anitos 1 liee '|'i|""|' b

foor Pott’s disense, e [, T for denwing,

fantile paralyvsis should be earvied out during the initial febrile
<tage—namely, restraint in bed or on a gas-pipe frame, to re-
strict motion of the vertebrae of the involved area of the =pine.
IFollowing the febrile stage, external supports, such as plaster-

of-Paris corsets and metal frame braces, should be applied,
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together with corrective gvmnastic exercises, until no further
mmprovement ean be attained, thus indicating that the paralysis
<till persists and the spinal deviation therefrom is a result of
permanently destroved motor nerve-cells,

[t is difficult to maintain a correction of this spinal deviation
in the severer cases by any external appliance, beeause the spine
slumps into an S-curve inside of the brace, due to the lack of
muscle support, whenever the patient assumes the erect posture,
After a lap=e of 2 yvears it devolves upon the surgeon to decide
whether the musele weakness and the resulting eurvature war-
rant the implantation of the more corrective and trustworthy
bone-graft support.

Mechanics of Correction by the Bone Graft. The bone
graft can be applied in two ways, either by the same technique
as the author’'s operation for Pott’s disease, or by the placing of
the graft into the tips of the transverse processes of the vertebre
on the convex side at the apex of the sharpest eurve, preference
being given to the thoracie region for the mmplant and six to
eight transverse or spinous processes included by this graft,

From a mechanieal standpoint, the transverse processes afford
a much better leverage action to the correction of the lateral
curvature than the spinous processes. A\ lateral deviation in
the spine causes a separation of the transverse processes of the
convex side, coineident with the approximation of the trans-
verse proeesses of the concave side.  Much of this lateral de-
formity can be readily correeted by manual foree under an anws-
thetic.  This correction eauses the transverse processes of the
convex side to approach each other at the =ame time that the
transverse processes of the coneave side separate. The implan-
tation of the graft with the spine so corrected aect= in a like man-
ner in preventing the relapse to lateral eurvature, by controlling
the separation of the transverse processes of the convex side, as
does the graft implanted into the spinous proeesses for the con-
trol of the antero-posterior deformity of Pott’s disease.  The
graft thus embedded acts at a great mechanieal advantage, in
that it is pulled upon lengthwise, in preventing the separation
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of the transverse processes, which are arms of levers, at the
same time acting a= an internal fixation splint.

Author's Technique of Operation. \ plaster-of-aris bed
with firm lateral walls should he moulded hefore the operation to

.’_,..-"'

S
f)j:/,
i i
)

P, T0.—Drawing from a scoliotie spine. The lines indieaie e axis of the el
[P ””'I -\'h"“ l""'" LU | 1|||_r.-|h|-|- ||'I|"'| ALE® dplp 1|r-' rapfprti e H-:illll' anl 1||1' TN :|:||..! ||1|1_l|.
miech separated they are on the convex side. (See Fie, T1)

the back and sides of the patient’s trunk, and allowed to harden
while the patient is held in the corvected position.  The field of
as the leg, = preparved by the iodine

aperation on the back, as wel

L1



1.3l BONE-GRAFT SURGERY

method.  Six to eight transverse processes at the apex of the
mo=t acute curve are laid bare on the convex side by a eurved skin

e
Fri, T1.—Drawing tollu=teate stranghieninge of paralyvie seoliotie spipe and olie vilsial
gralt in place,  (=ee Fig, 70, illustrating spine before correetion. )

ineizion, similar to the skin ineision in the bone-graft operation

for Pott’s diseasge.  The museles and liganments over the tips and
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hetween the transverse processes are split into approximately
equal halves with a sealpel. The transverse processes are <plit
longitudinally into halves and at the same time the posterior
half i= =et over to give room for the graft.  With flexible probe
and ealipers the contour and length of the desired graft are de-
termined.  The tibia is flexed on the thigh and its antero-internal
<urface Iaid bare.  The flexible probe pattern is applied to this
exposed tibial surface, and the desired graft is outlined in the
periostenm with a scalpel, its length being determined by the
previous measurement with the ealipers.  The motor saw is then
niade to cut along this periosteal outline and the graft 1= re-

Frg, v —"To illustrate tibial bone graft in |||.'|r'l' in II-.p_ﬁ aof lateral (LRI R ] of monviex
shilis ooff o cwrrectied paralyvtie seolios=is,

moved, ineluding the full thickness of the cortex, and placed into
it= hed already prepared between the halves of the <plit transverse
processe<.  While the patient 1= held in the corrected position,
the ligaments and museles are dreawn over the graft with inter-
rupted sutures of medium kangaroo tendon.

The wound is elozed by a continuous suture of No. 1 chromie
pit, and a generous dressing apphied.  The patient 1= bandaged
into the [Jl.‘lhh']'-t:f—|>:1I‘i.n hed, ]lt'u*‘..'iui]r-‘l}.' |}|'{1]|:1|'|~1| [OF =00 ]'Il_l, Fri

After 6 weeks of recumbeney in this plaster bed, a well-
moulded plaster ease is applied to the spine to remain on for

10 1o 12 weeks,  Following the immediate post-operative lixia-
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Iz, 731, A ense of |..-1|';|Ell.'rii- aeclio=is hoelore correeUicn and insertion of rralt.

(=ee Fig, 740

: = = - s . :
Fr —Paralytie seoliosis; same ease oz Fig, ¥4, 1 vear after the insertion of o

eralt ante Chee tips of Che transverse processes of Che apexs of the convex sicle of the worse
curve,  The graft inecluded the thoraeie vertebem from the fifth to the twelith inelasive,
Tl saekedd strangehtened eoncibion and inereased si .||li|:i|_'-. af the back 1z most Eralily TiT.8
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tion, a corset brace is applied to those eases which need further
support supplemental to the graft.

', TO—2mme ease as Fie, 7501 yvenr aflte correction amil insertion of bowe =eaft for

paralyine seoliosis,

SPONDYLOLISTHESIS

Spondylolisthesis 1= a term applied to the luxation ol the
bhody of one of the lower vertebrie.  The extent of this luxation

varies from a slight displacement to a complete dislocation, and



POTT'S DISEASE AND OTHER SPINAL LESIONS 155

in some eases the displaced vertebral body has slid down and
become anterior to the vertebral body next helow,

The condition was first deseribed by Killian in 1554, and was
thoroughly studied by Neugebauer in 18890, The eauses are:
congenital malformation, injury, and disease of the lumbo-

P o
FRTGTN AR

Froo, 77—, Silver s attaehoeent to the Hawley tabde,  THhasieating the method for
the application of plaster jackets by the laammoek methed, thus enabling the operator
tooapply o Jucket after the operation on the 2pine o baek withowt toening or ooving the
paticnt.  The bk is Ladd apon the naeeow poetion of the talile with onee e $lipged
throneh the gpecinl vwo-picee pelvie upport e the pandent B2 then plaeed in the res
wepsedd prosition, the el aned by pesting cn the narvew portion of the tabile, Tl of ler
e of the leommock b= =lipged ovcer the Uazhageed framee, whieh o= oo the foor exien-
sion prieeez bt thi= gesd not bee pot i aetil the opesator i eeady too ageply the easxt,
The hammock ooy be peadily tightened oF loozened by moving the foor paeees on 1 he
slidding bars,  If desieed, one or both thighs may be ineluded in the east by moving the
slicing platform far enough away froon e patient’s body,  Thiz cable iz of  especial

aiddvantage in the application of o plaster jaeket after the inzeetion of bone geaft for
|;:|r:||_‘-. tie =eollosis,

=acral articulations.  The effeet of the luxation 1= to eause an
exageeration of the lnmbar lordosi= and to imerease the promi-
nenee of the sacrum.  The condition exists more often in women
than 1nomen.

It oceurs almost always at puberty or in early adult hife, and

a large percentage of all eases give a history of a severe trau-
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mati=m.  The displacement may follow immediately after the
accident, or may not appear until a later period.
The appearance of the patient is very suggestive of a double

congenital dizlocation of the hips, although on closer inzpection

Fia, T8—A case of spondylolisthesis in o yvoung man of 15 following an injurs

in o prize fghit. Deformity eedoeed atpd] reduetion mmintained with bone graft. =1L

it i seen that the back is shortened and not the limbs.  The
flexibility of this portion of the spine is not impaired, but may
even be preater than normal.

The former treatment of this condition has proven mosl

unsatisfactory. 1t consisted of prolonged rest in bed with ex-
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tension applied to the legs, followed by a long plaster-of-Paris
or =teel spinal support, reaching well down over the bt tocks,
In <ome instanees, laminectomies have heen performed inoan
effort to relieve paralvtic symptoms.  One such ease has heen
reported by Arbuthnot Lane, of London.  In ecases of great
deformity, permanent support has been necessary.

P, v —IlHustratinge o ecase of fhe appldication of the bone gealt for anarkeod =gooes
A steone gealt petaoved] fron the
b hin= hixed this 2egment of Ul -||i||l' fo the sacrnm correctinge e lordosis g reliey-

g all =vimptoms.

davlosli=theses of the lumbar verteben on the saermne,

The bone graft, apphed as for the treatment of Pott’s dis-
cas=e, has solved this hitherto most difhiealt problem. The gratft
1= in=erted by precizely the same technique as that employved by
the author for lnmbar Pott’s disease (see Chapter 1), The
lordosis, as a rule, 1= readily corrected under an anwesthetie, by
placing the patient in the prone position on the operating table.

I thi= should not produce =ufficient corveetion, further flexion
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of the =pine can be accomplished by placing a firm pillow under
the lower portion of the abdomen. The bone graft offers the
only means to effeet a permanent cure.

Fr. S0, —Lateral ronteenogram of spondylolisthesis between the third ,-I;m] f._.m-rh
Tumalene vertebea after reduction apd fixation bv st hor’= apinal bope gralt in r-!lll:lLlLEl.'-
processes,  The dizlocation forward of the thied I-leluu_' virriaelirs oy the foaeth, in this
male patient of 15 years of age, oceurred in the hoxing ring from being knocked through
Ll poapeees. Prossare on U spinal cord pesulted whiel has been entirely relieyved h.‘" the

upl-:'.‘||'ilr||..

A illustrative ease is that of a young man, 18 years ol age,
who while boxing, 115 vears previously, sustained a severe
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injury to the lnmbar spine by being knoceked agaimst the ropes

a trawma which could produce sueh a displacement.  Soon after,
the patient noticed museular weakness, numbness, and prickly
<ensations in the legs when standing or walking for any length
of time.  These svmptoms inereased until he was obliged to
aive up his oceupation.  He also noticed the inereasing deform-
ity of his lumbar spine.  The recumbent position relieved his

.‘-_‘n']]|'|l|l'||li.‘-.

| 1G. ST, ]H:l.'.'.il.: ol smipne eopse s e, SUb ‘i.hl' I:Ill'l':l.l. NI TR T R T of i leis s
bsforre reduetion and insertion of eeafe; althowel i showed the laxation, 10 was =0 poor
tlat it was unintentionally destroyed hefore o print waz obtained,  This deawing is an
attempt o represent e usatsn whiel exi=ted,

Undder full anwesthesia, prone upon the operating table, the
dizplacement easily corrected iself, and an unusually strong
graft, =panning the third, fourth and fifth lombar spines, and the
first and second segments of the sacrum, held this portion rigidly
fixedd In 1ts corrected |1[|.=-i1iu]1,

The patient was kept on o fracture bed for 5 weeks, after
which a long plaster-of-Paris jacket, moulded over the buttocks,

was applicd to remain on for 2 months (see Figs, 79, 82).
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Ryerson has, also, reported a very successful case treated
by this method.

Fui. 82 —Aniterior posterior view of same ens=c as g S0,

SPINA BIFIDA

In ca=es of spina bifida, where the meningocele has been
controlled, and a large deficiency of vertebral bone exists, to-
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cotherwith weakness, a= evidenced by lordosis or otherdeformity,
the bone eraft offers an excellent means for =trengthening
the spine weakened from the congenital hone deficieney.
Author’s Technique. The technique i< comewhat <imilar to
that adopted in Pott’s dizea=e.  Modification 1= neeessary on
account of the absenee of spinous proeesses and parts of neural
arches.  The spinous processes above the eleft and the lateral
mas==e= of the last lnmbar vertebre and the first part of the sa-

crum are reached from each side by two carved =kin ineisions, as

Fra, si.—Drawing jllastrating anthor’s techinigue of inserting a tibia graft to straizghten
ancd suppeort a lordotie bifid spine (spina hifida,
it 1= undesirable to interfere with the nerve tissue which is usu-
allv involved in the cicatrix following the operative reduetion of
the meningocele.  The second spinous proeess above the eleft
1= =plit longitudinally, and a greenstick fracture produced in each
half.  The first spinous process above the eleft is denuded of its
mu=cular and lignmentous attachments, and both sides are
freshened.  Below the eleft, the lateral masses of the fifth lum-
bar vertebra (or the l"HII:{,!_'E'[IIEl:I_”_T deformed stumps of the neural

arches, if sufliciently prominent) and the first segment of the
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sacrum which is usually congenitally hypertrophied, are split
with the osteotome, and the halves are separated to receive the
lower ends of the two grafts.

The wounds are packed with saline compresses, and the two
grafts are removed and prepared from the erest of the tibia,
being long enough to reach from the split spines above to the

Fi, S4.—A retogeled riolecnogram of o ea=e of ;-|||'||_;| bvificla 1ne wliieh tilan graft=
(AR and AC) had been inserted 6 months previously for marked ll_ll'lll.l.'-i.‘- ancl weakness.
The grafts in this case were obtained from the tibia of a eolored ehild of 5 yvears.
sacrum below.  The upper ends are bevelled, so that when these
bevelled surfaces come together the grafts form an acute angle,
like an inverted V. The grafts are placed at this angle in the
beds prepared for them, and are held firmly in place in their
hony contacts by drawing the split ligaments over them with in-
terrupted sutures of medium kangaroo tendon (see Fig. 83).
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=kin wounds are elosed and the patient placed on a fracture bed
for 6 weeks.

FRACTURE OF THE SPINE

In cases of fracture of the spine with persistent non-union,
presenting the symptoms of pain, disability and inereasing de-

Fri, 85.—DBone geaft inserted into spiniens processes (s Tor Pott's disense) for o frnetune
of the spine with complete velicf of sviptotnz. (el e,

formity, the treatment indieated is mechanieal support,  This
has hitherto heen attempted, with varying suceess, by plaster-of-
P wuk s 3 ik . g g - v

Paris jackets and spinal braces,  If there has not been vertebral
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displacement with decided pressure on the cord, the bone graft,
as inserted for Pott’s disease, furnishes a most reliable and per-
manent relief,  Slight vertebral displacement may be overcome
when placing the graft.  Pressure of any amount should be
relieved by laminectomy.  If subsequently a kyphosis appears
as a result of the laminectomy, a bone graft may be ingerted to
include the laminectomized vertebrae, as well as one spinous
process above and another below,

The bone graft 1= especially needed in fracture of the cervieal
spine when a displacement has been reduced and there is danger of
a relapse of the displacement.  The method of treatment is indi-
cated in spondyvlitis traumatica ( Kiimmell's disease) and neuro-
pathie spine (Charcot) where, on account of rarvefving osteitis,
erushing of the vertebral bodies produces inereazing deformities,
with possible cord compression; also in certain fresh fractures,

TUBERCULOSIS OF THE SACROILIAC JOINT

The prognosis of tuberculosis of the sacroiliae joint, when
treated by conservative methods, is most unfavorable. Tubby
states that 7.9 per cent. only recovered in the moist type when
treated by conservative means, in a series of thirty-eight cases,
A= in the ease of bone and joint tuberculosiz elzewhere, the
prognosiz 15 more favorable in children than in adults.  The
joint 15 most unfavorable for external splint fixation, largely on
account of its anatomieal arehitecture.  Its joint surfaces are
oblique, inelining from above downward, forward, and outward.
It strength is wholly dependent upon it= lignments, It furnishes
no chance for leverage control by external appliances.

The sacrum, on account of its extreme inelination, is at the
disadvantage of being an inverted key to an arch.

Con=ervative treatment is best carrvied out by the double
Thomas hip splint or the double plaster-of-Paris spiea, i con-
junction with recumbeney during the acute stage.

Internal bone fixation offers the only satisfactory means of
immobilization, on account of the above-mentioned anatomical
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conformation, together with the very powerful mu=cular action
which affects this joint.

Author's Operative Technique. The following technique has
been devised by the author for using the bone graft in this con-
dition, and has furnished most satisfactory results. The pos-
terior-superior spine, the wing of the ilium and first spinous

£, )

i, sti,—Dhiagram from the sentgenoernm of an aetnal ense of tnberenlozis of the
Last lumbar vertebrme amd the right sacro-iliae joint.  The spinal graft was inserted by
thoe sntheer's regalar technigue for Poti®s disease. The graft controlling the sacreoiliae
Juint was joined by o carpenter’s half moretise to the spinal geaft (see small upper righi -
hoand drawing)  The eallus uniting the two graft= is imdieatod. The geaft was joined
tor Ul peasterior wing of the ilimm by =hegpang i into o wedse cod wlieh was foreed inte a
split in the il medie by ap osteot ome

proces= of the sacerum are reached by a cuwrved ineision. The
po=terior border of the wing of the ilinm and the spinous process
are =plit, with their attached hgaments, by a thin osteotome,
forming a gutter to receive the ends of the graft, A eleft is
made in the posterior wing of the ilium by driving a broad and
thin osteotome into it just anterior to its superior edge (see illus-

tration) and in a direction laterally from within outward.  The
(L1
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araft, which is later secured, is formed with a wedge end to he
driven into this eleft.

If practicable, a surface of the sacrum is denuded to furnish
additional contaet with the graft.  The wound is packed with a
saline compress and, with the patient still in the prone position,

Frz, 87 —hontgenogram of ease of tabereulosis of last lambar verteben aomd saero-
iline joint of which Fig, st i= a deawing,
AL as spinal gralt; OO0 s geaft for fixation of sacroiline joint.

the leg is flexed and a graft of sutlicient length removed from _the
crest of the tibia by the motor saw, as deseribed in the use of the
bone graft in Pott’s disease, exeept for the just-mentioned wedge
end.  The width of the graft should be three times the thickness
of the cortex.  The thickness should inelude the whole cortex,
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periosteum. endostewm, and a small amount of the adhering
marrow.  The graft is placed in its prepared bed, and the
ligaments are drawn over it by interrupted sutures of medium
kangaroo tendon (see Fig, 86).  The skin wound i= elosed, and
the patient placed on the back on a fracture bed for a period
of not less than 5 weeks.  There should be no neeessity for fur-

ther mechanieal treatment.

DISLOCATION OR RELAXATION OF THE SACROILIAC JOINT

Dislocation of this joint is a most rare condition, but 1f met
with. reduetion under ceneral anmsthesia =hould be resorted to.
This i= best accomplished by hyperextending the spine, making
traction upon the leg of the affected =ide, and by manipulation
of the ilinm into a proper relation with the rest of the pelvis,
Post-operative  dressing= should con=ist of a well-moulded
plaster-of-Pari= spiea extending from the axilla to the knee, with
the lumbar spine in hyperextension.  The spica should be worn
for 10 to 12 week=.  Inrelapsing cazes, the bone graft as applied
for the treatiment of tuberculous sacroiliae-joint discase i= a per-
manent and reliable means for relieving this condition.

The joint may =uffer a relaxation from a sudden trauma,
difficult labor, or a long-continued =train in an awkward or
stooping posture.  The symptoms are pain over the involved
joint and total lateral deviation of the spine to the side opposite
the inveolved joint.  Pain i= elicited upon assuming any attitude
which brings strain upon the articulation, such as going up or
down =tairs, <itting with the normal lumbar curve obliterated,
Iving in bed flat upon the back and turning in bed which is a
mo=t conztant svmptom.

Upon palpation  physieal  examination  reveals pain at
the affected joint and muscular rigidity of the lumbar spine.
With the patient upon his baek, motion at the hip i< normal and
free with the leg flexed upon the thigh,  Flexion of the thigh
with the leg extended produces pain in the involved saeroiline
joint of that side (Goldthwait symptonil.  In severe enses

pain i= even produced on the opposite side by flexing the thigh
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in this way. Pain is elicited by pressing the wings of the ilia
together,

The usual conservative treatment, consisting of belts or
corsets with saeral pads iz, as a rule, satisfactory.  Oeeasionally,
however, in severe long=standing cases, conservative treatment is
im=ufficient, and it becomes necessary to resort to bone-graft
fixation.  The technique in such eases is precisely the =ame as
deseribed elsewhere in this volume for the treatment of tubercu-
lous osteitis of this joint.



CHAPTER IV

THE INLAY BONE GRAFT IN THE OPERATIVE TREATMENT
OF FRACTURES

Author's Technique. In no other field of surgical practiee
i< there o greater difference of opinion than that existing m
referencee to the open or operal ive treatment of fractures, as con-
trasted with the conservative or non-operative treatment,  The
important question arvises: In which ease is operative treatment
demanded, and in which will non-operative treatment give a
perfectly <ati=factory result?

It 1= exceedingly difficult to answer this question with any
approach to aceuracy from elinieal evidence alone.  The eir-
cumstances of elinieal observation have such a wide range that
comparizon of the results of different methods of treatment is
almost impos=sible.  Some of the more important of these vary-
ing factors are: The age and health of the patient: the site and
anatomical condition of the fracture: the leneth of time that has
elap=ed before treatment was undertaken: the period between
the termination of the treatment and the recording of the result
the =kill and attitude of mind of the surgeon; and the method
cmploved. Itz only by experiment that these variables ean be
replaced by constantz and a true estimate made of the factors
which underhie sueeces= or failure of operative methods™ (Groves),

Lane operates on all eazes of simple fracture of the long
bones i which he is unable to obtain aceurate apposition of
fragment=, when the restoration of the bone to its normal form
i< of mechanieal importancee to the patient. With the develop-
ment and perfeetion of aseptie surgical technigue, there has
been a natural coineident inerease in the number of simple
fre<h fractures submitted to operation.  Many surgeons are
feeling at present that the numerous badly =et fractures which

B



150 BONE-GRAFT SURGERY

become useful only after 1 year to 18 months might have
better funetional results in a mueh shorter period.

Whatever methods are adopted should be efficient from the
start.  “If a surgeon 1= doubtful whether he ean treat a frae-
ture efliciently by non-operative means, he ought to consider
whether he eannot do better by operating at once.  He ought
not to =ayv: “Well, we ean see what becomes of it, and if it is
not satisfactory we can operate later,” for by so doing the only
opportunity of getting a good functional result may be irretriev-
:lh|}' lost™ (Jones).

Fortunately the day is fast disappearing when fracture cases
i our large hospitals are passed over for treatment to internes or
to some disinterested junior attending.  The advent of the X-ray
has helped to awaken the profession to a recognition of the fact
that in fractures we have some of the most difficult and interest-
ing problems to be met with in the whole realm of surgery, and
that there iz nothing that taxes the experience. anatomical
knowledge, and good judgment of a surgeon to a greater degree
than a difheult fracture.

During the last few vears, as the profession has been more
carcfully investigating the end results after fractures, a strong
feeling has developed that the results must be improved.  Both
the profession and the publie, since the advent of the X-ray,
have become educated to higher ideals and are demanding
shorter and more efficient treatment, a shorter pertod of dis-
ability and better functional results.

A plea, however, should be made for eaution against the
too enthusiastie adoption of the open method of treatment as a
routine means of dealing with simple fractures.  Hitzrot has
well stated that: ©The most striking contra-indications to an
open operation upon a broken bone are inexperience on the part
of the surgeon, unsuitable surroundings, and tnsufiicient equip-
ment.  Furthermore, the operator should have a thorough
knowledge of the anatomy of the region to be operated upon and
should understand the physical funetion, .e., the physies of the
musecles, ligaments, ete., involved in the injury.  Suech knowl-
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(i YO T TR -

Fis, 85 axp 5—d is a an umnitedd fraetare of
Twir Lane™s plates were pot one imomeedisre by afer the frae bues oe-

pcnt b=t alurntion.
enrred and pritnaey wnion of soft Gissaes o execllent approsibion of O frsiments were
Bail= ill'l'“ |l!|\1'|'l|l'll i].

restel erustpnsgr iy ol

obitatned s MNeray shows.  Neverthoeless, umion didd et assenr, = |
many other simalarly plated enses, Ul apetal plates were remeved ancd an inlay eeait
CoARE S0 i bomg slich ddown Froam the wgepeer Fragoment as shown in shnteemogiam Fig =,
The arrow (od tnehientes peston Betweens the et ends where o boree moalser of sinall
eralt= wers inserted, The serews were foand discneneed fromn the Lo aned Living in
birees ezivitie= om0 e besres, TUhere was oo liege amemnt ol beoge dlostemetion absont 1l
plates aned serews,  There was no callus formatvon whatsoever in the region of e
peial.  Hony woion ocewrered alipost imemedintely after dhe iolay grafe, o 5 oweeks”
figmes thee wpebenty wars very Diegn aned the limbe b= fonetienting aormally, deew 9 ot hs
after the gralt operation. 1 iz Believed that o this eose o owell as oy others tha
the mpetal |r|.:|h'- ettt bmitedd 1o fon=tndeen.
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edge may prevent some of the glaring faults already existent in
the treatment of broken bones.”

It should be emphasized that while operative treatment is
necessary in many eases, there are plenty of instanees of elosed
fracture in which it is not needed.  Exeellent results ean often

Fre, L— Fracture of syphilitie femor, 4 months alter operation:; plate behind
lisft fistnner, The swelling o 1l lln;J[:rll.Hi.h' stilis aof fermurr frosme the micetal ||!;|.l1' 1% eallns,
Mote that there 12 no o eallus i region of he |||:|1|'.. {Butherford Aorison in Brifish
Journal of Surgory.)

be secured, both as to anatomical restoration and funetion, by
non-operative treatment by a careful, experienced surgeon who
has a mechanieal mind, anatomical knowledge, and experience
in the management of plaster of Paris and the various fixation
splint=,

The strong objections to the operative treatment by using
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internal metal plate (Lane) are the danger of infeetion and
delaved or non-union.  Both of these objeetions, espeeially the
latter and to a very large degree the former —ecan be over-
come by the use of the inlay bone graft instead of the metal

Fro, =g pwonths after jnsertion of graft.  Note destraeiion of i papeer el of
pradt froon confaet with metal plate and seeews, with resaltinge nop-union. (A Lorison,
:il"lru.'llll Sl of ,"i..'r."r_l'l il

plate.  Dr. L. B, Roberts, in the Awnals of Surgery. of  April,
1915, emphasized the inhibitory influence of the Lane plate

upon union by guoting Martin, who states: 1t is noteworthy
that union is usually delayed, that the time of treatment is not
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materially shortened, that the results are not uniformly good:
but taken as a whole, they are infinitely better than could possi-
bly have been secured by other than operative means.  There
has seemed to be a relation between the size of the internal
(metal) splint and the promptnesz of final union. In other
words, we have felt that the less foreign matter we have put
into the wound the quicker it got well.”

In a recent paper, W. P. Carr states: ““I have never put on
a Lane plate, but 1 have had to remove manyv. Of 54 that
were applied by half a dozen of our best surgeons at the Emer-
geney Hospital, 30 had to be removed for non-union, suppura-
tion, irritation, breaking or bending of the plate. The other
24 may have trouble later.”

Blake has well said: “I have always believed that the less
non-abzorbable foreign material used the better, and my next
preference to nothing is chromicized gut; and I prefer a single
serew toa plate and eight serews.  Even as the indieations for
operation vary, =o do those for the method of internal fixation.
The amount of internal fixation depends upon whether it is only
necessary to steady the fragments until the external fixation is
applied, or whether it is to be subjected to violent strains as may
happen, for instanee, in s=ome fractures of the femur. It has
been amply proven by experimental and elinieal evidenee that
a constant strain will loosen the strongest form of internal fixa-
tion. Just as a suture drawn too tight will produee ab=orption
and cut the soft parts, so will a constant strain draw the serews
of a plate, no matter how well introdueed.  The point 1 wish to
make i= that we have to rely ehiefly upon external dressings; the
function of the internal fixation being to obviate motions or
displacements which may be caused by muscular action, or by
sudden strain, =uch as may happen during the application or
change of external splints or dressings.  One of the chief ad-
vantages of internal fixation is the possibility of early and fre-
quent passive motion of neighboring joints without endangering
union.””’

Martin states (Swurgery, {;';;mu'nhayy and Obstetries, August,
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10061 Metal plates, serews, or wires are open to the objeetion
that, even though the wound heals primarily over them, they
remain always a potential cause of localizing infeetion, There
are probably few surgeons, who beeause of discharging sinuses,
have not been compelled to remove such foreign bodies from
patients who had been reported by their eolleagues as per-
manently healed.  The hability of hoth early and late suppura-
tion i= in direet proportion 1o the size of the foreign body
emploved.”

Ciroves reports that in all his experiments (2 eats™ tibiwe;
2 rabbits" tibiwe; 5 rabbits’ femora) where metal plates were used
to hold fractures, * the bone ends became disunited within the
first week, with more or less angulation and deformity.  This was
due in every ecaze to the serews coming out. Usually both
serews came out from one fragment and the plate remained fixed
to the other; but sometimes all the serews were out and the plate
wias loo=e among the mu=eles.  Examination of the bone from
these cases= showed that the serew holes beeame enlarged, =o that
whereas the serews held tightly at the time they were mserted,
later the =ame =ized serew would drop loosely out of the hole.”
The =erews quickly gave way from bone absorption around them.
"\ second undesirable feature of these series of experiments was

“That 1t was not due to faulty technique is shown by the fact

the tendeney to sepsis, with oceasional extrusion of the plate.

that in other methods (no metal used) where the same procedure
wits ob=erved, there was very little sepsis.  This marked tend-
eney to =eps=is as compared with other methods, is due to the
combination of a great irritation, eansed by free movement of
the 1!i-|r|:u‘1'li I‘I':1;L"IIH‘II1H on account of loosened serews, with the
presence of a foreign body.  Groves believes that “many times
the <epsis is the result and not the eause of the loosening of the
erews, and it is evident from his series of experiments that
the <crews do rapidly hecome loose in all eases,

The presence of a metal plate, instead of stimulating osteo-
genesis, retards it. - This i in strong contrast to the bone graft,

which not only produces hone itself but also stimulates the hone
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ends to more active osteogenesis,  There i< an immediate adhe-
sion of the inlay graft to the gutter walls of the fragments,
and as times elapses this beeomes a firmer and firmer bone union.
Furthermore, the graft has certain bacteria-resisting and bae-
tericidal properties,

FFrc, 42— Ronteenoeram of eommionted obligue fractare of femuar in o woman
Gs vears of noe, 3 months after operation, in which o serew, two wires and a plate
woere usedd,  (Blake.)

Hitzrot enumerates the following indications for operative
treatment:

“Fracture of the patella, with separation of the fragments.

“Fracture of the oleeranon, with separation of the fragments,

“Fracture of the head of the radius, with displacement

Fos, 05 Diinteenogram of samee frneiure o= shown in Fie 920 The serews have
come ot and plate has beeome partly displaced inte the =oft tissaes,  One of the wires
has produced absorption and a spontancous refemeture at AL (Blake)

of the fragments, or where the fracture line involves the radio-
ulnar  joint,
“TFracture of the shaft of a long bone in which the soft parts
beecome interposed between the fractured ends of the bone.
“reacture of the carpal and tarsal bones, with wide separa-
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tion of the fragments or displacement of the fragments (earpal
scaphoid and the astragalus).

cFracture disloeation, viz., fracture of the surgical neck of
the humerus with disloeation of the head.

“Fractures of the tuberosities and condyles of the various
hones, with rotation of the fractured process, for example, frac-
ture of the external eondyle of the humerus with rotation of

Fra, 9b.—Thi= eas=c illustrares how treaelwrons foreien substanees are when left
fenbseddedoad bm thee tisswes, CUlee Lo of silver wire shown i thies ronteenoeeranm wis
craploved 1o fix an epiphyseal fraoctare,  Uhe wonned Tealed Ty perimeary vonmon ad ol
cogpvaleseonee ws vt ful. I yenrs lateer no Davwases dibsmieess .'|]l|rl':|!'1'1] salwsgt 1 g
“'in-_ |||-|'4---||;|ri1|',', |'--r:t-n'.'|I of wire :ll|ll lll'::ilt;lﬂl' llf Illl:";l‘l“"'\-,
the condyvle, o that the fractured surface points outward or
away from the line of fracture in the <haflt.

“Furthermore, operation is indieated when there i= haemor-
rhage due to the injury of a large vessel; when there are =igns of
compression of a nerve; when the sharp point of a fragment is
caught i the <kin; and when infeetion has occurred in the region
ol the fracture.”
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Practically every type of fracture may need operation if
reduction is otherwise unfeasible.  Necessity for open operation
should be recognized within the first 2 weeks after the injury.
The X-ray obviates any difliculty in determining this faet,

Those fractures which need operation the most frequently
are fractures of all long bones—especially the femur; lower
thivd of tibia; fractures involving joints, as fractures of the neck
of the femur, lower end of humerus, and femur; and fractures of
the forearm.

In February, 1911, the council of the British Medical
Aszsociation appointed a committee ““to report on the ultimate

e, 95 —=kingram of rabbiv’'s tibia, 21 dayvs after plating.  Scerews have come
ot of the lower frogment, and the plate protoaded from the wound.,  (Groves, in
Britizsh Journal of Swrgery.)

results obtained in the treatment of simple fractures, with and
without operation,” and the following conclusions were arrived
at by the commitiee:

“1. It is possible by either non-operative or operative treat-
ment to obtain a hig;h |)('i'r'l‘-|il:1g{' of guull results in children.
The results of non-operative treatment in children, with the
exeeption of both bones of the forearm, are unlikely to be im-
proved upon by any other method.  Operative results expressed
in percentage are approximately the same as the non-operative:
1,017 non-operative eases, 90.5 per eent. good functional re-
sult=: 614 operative cases, 93.6 per cent. good functional results.
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=2 In comparison with the results in children, the non-
operative results in those past 15 are not satisfactory, and from

| SN TH TR Fra. Oy, Fu

. IS,
Fro, 9. —=kingram of rabbat™s femuar (5o 266, 21 davs alver plating,
eomme aul from lower end, A cil-ugneieen, (Capoawes, in MHreitizh Jawenal of S Fif.
Fro, 07, —Rabbit's fomur (No, 260, 21 davs after platine,
from the lower frosment,
J-HIJ.'IJH{ H.r- .."\:H.l'!p r:l‘l ]
Frai. Us8.-

=eriews h;n'v

=meepews= have copiee ot
Mal-union with lateral displacemeent,  (Caoaves, i frifesh

Iabsbait™s Femnr (Mo, 283, 31 IF:|_‘.,'- aftor Ihl;l'il‘!,‘.’.
ot Trestn the wpper feaement,
(111 f:f'lf."\f.- ..Irr.lru'.ufnr -|_|" ."-'.'“'_J;rj'q,.

I.Illlli' EoT i L II:I‘I [N T
Note the quantity and density of the eallus. (Groves,

the analysis of the age groups it is elear that there is a pro-
gressive depreciation in the funetional result as the age advanees
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i those cases submitted to non-operative treatment —1.¢., the
older the patient, the worse the result.
3. Although the funetional result may be good with an in-

o, 90 <The aathor b= indebied 1o D |.:|1|||1.-|| of  Hazleton, Penna., for the
privilege of reporting thiz ease, which was o frezh eonominured feactare of the tibia
aned filbala, L osliding inlay geafi frome upper feagment held dhe fmgmenis perfectly
fnuthor's technigqued,  The rimtgenogeams show  position of (agments before ammwl
afver operation. The result was exeelleni.

different anatomie one, the most certain way to obtain a good
functional result is to secure a good anatomie one.  Of the
operative methods, those which secure perfeet reposition and
abs=olute fixation of the fragments vield better results than meth-
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ods which fall short of this, and imperfeet fixation of the frag-
ments by wire or other suture has been found unsatisfactory
fractures of the long bones (the olecranon exeepted).

Sl In order to secure the most satisfactory result= from

i'-l'-. (KA A fre=h 1Jn'-----r'r.-t;.:ru--ln frsvectore of e loeneries an=erted (o illa=trate
aonew peoinnt of View in operative manasenent of this ense amd others of =similar naaree,
Tl =mall thiaed fragmecnt 1 1las s, whiteh bl Feeen |-II“1'1] il nwared |!.‘| T T T
miv=cle, was in the way of Axing the long frogments, therefore 00 was femoved and
|-i:l*""i iH: '~-'!|-iII1'. ‘J-Jl'i'- freplitzatasd 1 b lr!al'lfl1iilr1 kil i e Sietitiiss Lie Ul lianiae fl'.'l,‘_'-
pent, the tips of whiel were fixod toseet her with Jsivy komenrons teplesn, e thord
fragment was then taken from 1 soiliger sodvetiony ol ]lJ.‘ll'd'l| i |m-i'liur|. It was
fineeil :Ii.rll-|_';' withe kapiraroe Poerptdosnn somned Froeninsliead o viery eflierent bose-eradt internal
=pilimn.

11
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Fura, 101 — Prewdarthrosis of the tilbia united by the inlay bone graft 82, Firm
union 5 omeonths after the operation, sotwithstanding that there bhas beeen no eallua
boetween the fragmenis ot A,
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operative treatment, it should be resorted to as soon as practi-
eable.  Operative treatment should not be regarded as a method
to be employved when non-operative measures have failed, as
the results of secondary operations compare very unfavorably

with thoze of immediate operations,

i, 102, | O LA

Fig, 102, Ponpteed fraciare of tibia of 1 :'.'l'::]"e-1|'|l!':llirlll. sifter 3ttt bis oof Pier
hyperemin and repeated Blood injeetions between framment=. An inlay sraft was
t=erted froon the other cibia withe tevmeediznte wilorn.
fir=t eanscs and was operated in Dhee., 1911,

Frs. 108 —2uame cose as Fie. 1020 The inlay geaft A8 6= oo short, but on
devotint Of 1= aeeurate G the aoeon wees it

a0 Operative freatment of fractures requires speeial =kill
and experience,
. N considerable portion of the failures is due to infeetion,
“7. The mortality due to operative treatment is so =mall

Mhas wans oo ool 1 hee st b’ s
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that it cannot be urged as a sufficient reason against this method
of treatment™ (Hitzrot).

S. In nearly all age groups, operative eases show a higher
percentage of good results than non-operative eases,

he author has used the inlay graft in the treatment of

Fro, 10, i, 105,
Fre, 104, —Preparing gutter for inlay tibial srafe in a feacture at the surcieal neck
of the humeras.,
Fii, 105, ——=trips of bhone are removed, forming o cortiea] sutter to lower fragment
ared lower part of apper fragment. A tunnel ander the projecting hoameeral head s heing
propared =0 a5 (o lengt hen gotier and see o loneer eontacen of graft to apper frasment,

fractures sinee 1911, and has secured union in every instance in
a series of 30 eazes of fresh and ununited fractures.  Many of
the ununited fractures were of the most desperate character.
One of the series had been operated upon seven times, including
intramedullary grafting,  In three of the series; the intramed-
ullary graft had been unsuecessfully employed; two had been
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operated upon unsuceessfully three times; and three of the cases,
twice,  Twentyv=seven of these cases were previously plated with
Lane’s plates,

In reference to these statisties the author wishes to advanee
a further statement. A metal plate placed on a fracture in-
hibits <erviously, a= a rule, the formation of callus on that area

of the fragment= at the =ame time that osteogenesis may be

TIBIALGRAFT

oz, 108, Irlril_\' el fixed in |||.'|r'|' with kaneesiroo tegddon.

active on the other areas of the fragments, and in a certain
pereentage of cases the inhibition to eallus formation i< suflicient
to result in non-union. even though there may have been no
infection. There are few surgeon= who execute Lane's tech-
nique, therefore infeetion oceurs in a varving pereentage of
cases, which is a frequent cause of non-union.  Apropos of this,
Thomas has emphasized the unrelinbility of the Lane plate as

uzed by a number of operators, and eites statisties of 450 fracture
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eases gathered by him at the Cook County Hospital. It was
found that it had been neecessary to remove the Lane plates,
on account of suppuration or other causes, in 48 per cent, of the
cases which had been plated.

When the author first began (1911) to employ the inlav bone
graft in the treatment of fractures and other bone conditions,
hand tools were used.  After doing about 50 of these opera-
tions and thoroughly realizing the inadequaey of all hand tocls,

Fr, 107 —Bope-rraft inlay method for ireating fresh and anoniied feaciares, (1)
Proximal fragment.  (f) Distal fragment. (6 Grafe sawed from proximal fragment
anil slid half aeross point of fracture, The inlay should always be inseried when possible
o the spdde of an obhiogoe fraetare as medieated o this dreawing.,  Over-riding of [ragment =
sl -nlp-hl'r1':|i!|:.‘_ inld Ihn- sl e ||!|I'Jp ]Jl'q"l.'l'hh'i‘l I:_'I.. virtue of the mechanienl e ety ol
fhe irll:l.lll... (£ Portion of Bone eemoved Trome distal fragment ||_'|.' tolor Twin =aw in
forming gutter for geaft €L Dt tedd s represent division of this frogment for makine
:l-.ur-l [ELE L ] e ir|-.--|-r.-d ab g, ol 1||1' puirn i, (o) Doppehiesuies Jowenton of dell |Hl|4"- lael
|'1'1'1'[r||'|||| ol deowel (LR LET A broslddl erafi in |Jlrhi1ilr|l.. Thaese holes are maede with o motor
drill whieh is the ecounterpart e =ize to the dowel eatter nsed o making the pees,
Therefore the it st bee mecorate,  (F) Coap remmaining in shaft following the sliding
I.IE"-‘:.'I.\' ol ;_{|':||’1 [ I_J.I Cligl= t'|II| ool 2t Ly EII:H!I' !.l_'l.. stzll motor =aw in III'I'I'EI:I:'_: 1
boownwe Fromn the gatter, (0 The converging deill holes ot the side of the gatier showing
Kangarao tendon passcd thromwgh amd tied in pozition seeuring graft C, that iz, if tendon
i‘ 1'||1l.-1'l| a5 1l fixation HELCEN {1 8

he turned to the development of motor-driven tools, and about
21 vears ago he began to perfeet the motor mill which
he is now using with so much satisfaction, It is almo=t like
a cabinet-maker’s or ecarpenter’s mill, - With it the =surgeon
can saw bone, dreill it, turn it into nails (with attached lathe),
or mould it into any shape or form required with aceuracy and
speed, =0 that he ean devote him=ell to the fixation-ligature
work and delicate tissue work that is necessary with the least
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amount of time and trauma, A the heavy and laborious hone
work i= done by eleetrieal power. The surgeon can also do
many thing= with motor-driven tools which i1t would he il!:iir1.-'—
r-'”'nlu‘ tor dos with hand tools,

The twin saws cut bone into inlays or make grooves for the
same of exactly uniform width throughout, thus assuring «
eabinet-maker’= (it whieh i ununited fracture work 1= ab-
solutely essential to =uecess in many in
stances,  In this respect the eallus may be
compared to the glue of the cabinet-maker,
and the graft to the aceurately fitted wood
of the glued furniture. Tt is es=ential that
the wood be aceurately fitted, otherwize the
elue would not hold.  This 1= a fair compar-

<on in many respeets, espeeially in the case

of pseudarthrosis where the callus i= meagre TR A

in amount on account of the sclerosis of the uwsing two =trands o
"y a kovmerarony tenelors, one 1o
fragment end<.  An aceurate fit may mean  prevent geaft from eon-

: i : pnnge ol e tlee oot loer 1o
sueee==s and an inaceurate fit, failure. DERSMBEL. bie ErirE s
|l].'ll"iI!|:: inetan thiee masieroes
l':L'I.'il_‘.' in r'l'i'.-h rsectgrie=
normal. the material ean be taken from the of laze bones when it
) (redullary eavita) i= not
fragments  them=elves and u=ed as bone fillad with  new-formed

In cases of fresh fracture, the hone being

Illlr]l'_

araft=.  This, as well as= other =mmlar -
lay technique,  would be difficult without the use of the eir-
cular=aw.  The motor saw has opened up a field of osteoplasty
and of application of the bone graft in various forms that it has
been impos==ible to develop heretofore,

In place of wire, the author always uses kangaroo tendon,
During the st 2 vears, he has not used metal for any internal-
fixation purpose.  Metal has a destruetive influenee upon hone,
and frequently adds an inhibiting effect which may be suflicient
to prevent the fractured bone from uniting.  An osteoporosis
or necrosis usually develops around the metal serews or nails,
causing them to loosen and drop out in o very short time. Then,
too, metal favors infection, absorption, and disintegration of

tissues.  Instead of Lane’s plates or other metal plates, the
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author uses the inlay graft for all eases of fracture of the long
hones.  For balancing up deformities of the limbs, espeeially
of the feet, the anthor has used bone-graft wedges, taken mostly

from the tibia or opposite side of the
s . foot, In ununited fractures, it is
very important that the graft be long
enough to have ample contaect with
active bone bevond the selerosed or
infected area.  Through the influ-
ence of Wolff's law, a tibia whose
diameter has been lessened by ob-
taining a bone graft from it will re-
turn to its normal =ize and strength
in about 2 or 3 months; at the same
time, the graft will likewise prolifer-
ate and become of a =ize and strength
commensurate with the mechanieal
requirements of its new environment.
In other words, 1t is a physiological
hivpertrophy.

In every case of non-union which
has existed for any length of time,
from any cause whatsoever-—whether
from soft tissue between the frag-
ments, loeal infeetion, systemie dis-
ease, idiosynerasy in lack of osteogen-

Foos, 1000, — U punreitasid Frsvetnprie of
a tibin 4 mwonths after the inser-

tion of inlay gralt A, s picee o0 oe from anv inhibitory influence
of hroken silver wire inserted ot n . .

previous unsueeesstul operation. to bone growth from a Lane’s plate
I s serew hole of a0 previoans % 2
Lane’s plate,  The union frem the 0o other metal appliance—there 1s
”Ii:L.".' 1= fieon ot Ulee toe thos x-l':t_\' . . .

alwayvs a distinet pathological change

was mnde the patient @5 walking
‘.Lh..:.h.'-}.|||i.|.':P;:} ‘:I‘"‘”';'“:r“h'j'l'l’n‘ in the fragment ends, consisting in
UTETES diminution and degeneration of bone-
cells and a coineident inerease of ealeium salts, or, in other words,
a selerosi=,  (See Fig. 1100 This eburnated area may extend as
much as 1'% in. into each fragment, and osteogenesis is greatly
impaired, =0 much so that bone fragments ideally contacted
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and perfectly immobilized by external splints or internal metal
deviees do not unite.  (See Fig, 880 Inother words, it i= elear
that the =urgical problem which presents itself i not the seeuring
of better fixation and a more elose approximation of the fTragment
end= by bone removal and freshening, but the furnishing of an

Fro, 110 —Mieropluograph of o0 section taken frome the el of o fragmest of an
ununiied feactare. Too demopstrate e mdereseopien] appearanes of hone which has
undergone selesaie changes,  The bone b partially pecerotie o= meanifested by the
few s |l‘-lrl'[".' stabnisid ronaedien, N NITE bl boengel at et ion 1= =lehit amid atsoerisve,
there beinge few aetive osteabilasts,

eflicient internal <plint and at the same time sapplyving a bone-
growing and osteoconductive element whieh =pans these selerosed
arcas and is closely and favorably contacted with the healthy
vasceular osteogenetie bone in each fragment bevond the ebur-
nated area and distal to the point of fracture.  The inlay bone
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Firi., LLL. Faa 112,
Fris, 111 axe 112 —Upnpited fracture of the mdios after four operations, and the
Past [Lsnngie's |||.'||lI il ||ll-ili-u|!|. Tl I oot of bone destroaetion from e eont et
with meeial 1= shown at . 8= oo (eagment of silver wire pat g at o foermer ~|-||1'r:|ti.n'||.
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eralt fullils all these requirements and even more, in that it aets
a= o =trong =timulus to osteogenesiz on the part of the host
fragments themselves,

In three eases where there had heen non-union and even loss
of bone, following severe comminution or osteomyelitis with
death of the complete diameter of ends of the fragments after
Lane plating, amputation or marked <hortening was avoided by
spanning these areas with long inlays.  In one caze, where 215
in. of the tibia had been destroved by osteomyvelitis, the graft
was placed =0 as to span the infected cavity, and although it was
impossible to cover the gralt at this point on account of a large
sinus in the skin, nevertheless granulations slowly covered up
the graft, none of which sequestrated, and a perfeet result was
obtained.  (See Figs. 153, 154 and 155.)

_ | i, 113, —Dieawing illustrating technigue employed in the applicition of the grafi
i Figs, 111 and 112, The twin saw haz cul frome A to B oand i< in procoss of vutting
fram £7 10 20, The wralt was made larger from B 1o € so 05 to it it the hiatus ancd
frurnish shoulders to preeyegt rpnagse]e FJII” =horteming the radins,

FRESH FRACTURES
Time for Operation.-In fres<h fractures, the most desirable
time for operation is from the fifth to the fifteentl dav after the
injury.  This allows time for the absorption of the exudates in
the region of the fracture, and for improvement in the drainage
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DIUMNs

Fica. 114. Fig. 11a.

Fois, 114 axp 115, Rontgenogramm of samue cose o= Pigs, 111 amad 112 after anion
bosead Bocenn cobstzenmaead ||-:I.“ o 1 ETH i:ul:L_'l.' :.{I':lﬁ. The feagment ends el been so maeh
i“.-i.“'l':."l'.‘l‘l'll |1_'|.' ecomtbaet with thie serews and |:|.‘lll.‘ thiat n copsicderable .-Iurl'tl'uihl.'.
bowel  ancengepesdd., T by |_!|':'||'|: was fnseried =0 as Lo b CH T | I | hiatus of over i :i||,I ancld
the rodins was restored to nearly s normal length, For techoigue see diagroom,
Fige, 1R, A b= rontgencermm tken G weeks after ipsertion of geaft, 0 iz G months
lnner el shows progress of the adapiation of the graft to the bopes inio which it s
in=crted.
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of the Ivmphatie system: also the ends of the bones have be-
come covered with fibrin and have gone through the processes

preparatory to repair. Al the conditions are Tavorable for

P LG Fui. 117,
Frw=, 116 axee 117, Banteenogram of  ann uneepibed  feactonee of  the tibin of -
menthi=" dhuratien. This patient sustained two Tractures of the Gibala, onee sl 35
i, froetn 0= looweer eppd sipd the other abaout 3 ine frean the uwpper e, The froe-

ture of the tbaa was o three-feasment obligae fraeture and was inowedznely oo
plantesed s b dnediesnte= thee thivcd oo, Boabe of 0l dwo Graetuees of the libala anated ol
R ITE |||.-|1|-| tebons Fresctnre il feal Wipaptas, T hi= Pornul e s -||-l-'¢'|.-- vantpstideralile B

de=tpuetion both fromm the plate and the serews whieh bave loosened aned eote out of 1hae
|I'II|".

operating, and by this time the usual means of reducing and
fixing the fracture have been teied and their fatlure to acceom-
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Fra, 115, —Ronteenogram of the same ease as Figs, 116 and 117, 6 weeks after the
vemoval of the Lane's plate and a =liding inlay geaft had been brought down from the
upper fragment and Dem union had resolied, € ) O indicates the bone-grain guegs
which were used (o fix in place the inlay A6 Tle pegs were made from the streip of
Lope removed from the lower fragment for the purpose of forming a2 gutter bhed for

the shding inlay.
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plish the desired result demonstrates the necessity for operation.
A longer delay is not desirnble, as nature’s efforts at repair and
the appearance of contractures inerease the difliculties of opera-
tive reduction.

Arbuthnot Lane favors early operation, to which there are
<overal disadvantages.  Mueh tissue is =0 injured that its re-
sisting power is lowered, and henee there is inereased danger of

= i
S e,
= (L LS —— N - S i
H ..4.."_-"-"I ]
o ——— ..'.- S Ll
[ o
e
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]
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e, 1019 — Huawley table,  This table = =pecially designed for the treatment oif
|-r.'|_|'||,]]'l"‘- II;I. 1h1' l'lll"l'll L1 l!]ll'" ]lll."llllll. Il IJl'lI‘.'illi"ﬁ .'ll““”‘-r il!'l‘r""1 |'1|"1]-|FI ‘.l!- Ihi"
cxtrend tie=, gl makes reduetion and iponobilization more aeeurate and cortain. The
extremiiies ean be placed in varions positions, =o that flexion, extension, ahddaciion aned
rotation can b regulated, relinble teaction obtained, and loteral pressure appliced
directly to the frociare ends, After redoetion the limaly ean be immobilized wii houat
changing itz position or releasing the teaction.

Thi= photograph chows e table i pesition for the treatment of Tractures of the
lower extremity, Al the work of manipulation or operation i= done with the patien
oot flat surfoee and thae Lol Teled, post by sssistants=, bhat by fixed supports. The takbde
top i made with o <cetion which can be lowered, leaving the patient sazpended for the
application of plaster, and then raised while the east is leordeninge.

This tabde i= well adaped o risntgenogra plie examination of froctinres,

accidental infection.  The patient may be—and s likely to
be i a state of shock.,  There is an inereased danger of opera-
tive complications, such as pneumonia, delivimm tremens, ete.
The =kin may be aedematous, infiltrated, and exeoriated, and
primary union of the tissues diflicult to obtain.

The following leszer advantages of carly operation mav he

cnumerated: The tissues are freshly lacerated, there is no effu-
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Fre 120, Hawley table, Table with seetion of tog depressed, leaving post with
sacral support and head rest projecting,  The latter is mounted on runners, so that its
position can be adjusted to different subjects. With the sliding foot-pieees it hecomes
cqually suited to the treatment of adults and ehildren. This lowering section can be
ratzed or depressed at will and is antomatically loeked when rai=ed,

Fre. 121 Hawley table,  An ordinary 3-in. muslin bandage, in the centre of
sicee of Mexiean felt 4 i wide by LD o, longe, s vl Lo =eeure
This acts as n protective cuff for the ankle. To
a line

which has been sewn a g
bhe foot o the teaction [oot-pioee, ;
this «uff are stitehed two heavy woven straps, so placed that the pull will De in

just forward of the heel.  Alter thiz bandage is snugly applied, the foor is placed
against the foot-plate and the straps fastened o the buckles,
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<ion into the periosseous struetures, and the lvmphaties are
freelv open.

Preparation of Patient. T'he general preparation is not dif-
ferent from that required for any major surgical procedure.
The loeal preparation should be generous in its extent and by the
iodine method, which should be earried out both on the night

Fre. 122 —Hawley abde,  The foot 15 held o fiem vighi-anglod flexion and the
foree of the traetion apgalicd =0 a2 o draw the heel downward and maintain this position,
A plaster cazt inehades the foot o the base of the toes and eneloses the foot plate,  To
Felease the foot and cast, the straps are cut and the foot plate lifted out. When power-
ful traction has Leen employed, slits in the plaster at the back aod Dront of the ankle
are eut, to relieve the constriction aml prevent pressuse zores,

before and on the day of the operation in the most thorough
manner.

In all fractures of the lower extremities an eflicient traction
apparatus= of =ome type should alwayvs be available at the time of
operation.  In the author’s opinion, the Hawley table is the most
ideal traction apparatus for handling these eases.  The traction
qan be applied with a limb in any degree of abducetion or flexion,

which is frequently a great advantage, especially in fractures of
12
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THE KHY-SCHEERER CQ

Fr: 123 —Hawley table,  Flexion and abduetion of the thizh in the treatment
of subitrochanterie frnctures of the femuare with or without sounter-pressure on the apper
fragment.  There is a material advantage in haviong the koee flexed, over the costomar

thigh flexion with the koee oxtepded, in that the relaxation of the poweriol hamstrings
ily aids reduetion, the quadrieeps also being relaxed by the hip Gexion.  The
trnetion obdained witly the knee Qexed @5 guite as efeetive as with the koes in ecxtension.
Lt 1s often advaniaeeans i many Gbial and femoral fractares to immobihze with =ome
fleexiomny of 1l !|ii.: and knis, becanse fdoxion I:|.'|:ll|.r':|“_'l.' aiels relaxation, amnd the angles i1
the cas=t make the immobilization more seeare,

Fre 124, Hawley table.  =2object with the legs in exteeme abduetion, the Wit -
miite prosifion for Che treatment of frastore ol the neck of the femur, The rotation ol
the femur iz conteollod by dlee Toot-plate. This pretore shows the leavy folt prsnid nseald
o protect the perineam, and the Usshaped perineal post, similar to the double posts,
ig desiemed o avoid pressore on the arethea,

Attaelment wsed for support of the trunk and upper extremities. The position of
the patient is reversed with the spine and head resting on this narrow board, Traction
on the arms is applied nterally,  The patient lies on the table with the top raised,
execpt during the proeess of immaobilization.
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the upper third of the femur (see illustration, Fig. 123).  The
neatral position should be made the maost of in any fracture
where certain mus=eles are exerting a strong displacing foree.
In other words, the reduction should be accomplished and the
plaster-of-Paris fixation dressing should be applied without the
position of the limb being changed or the traction released at all.

This dictum applies in any case, whether operative or non-
operative methods have been employed, also irrespective of the

Fui, 125, —=Hawley table.  Support aped teaction of the left aom with counter-
EE TR AR !-_'.' a widle shinge around e ]l-rl|_'|.'. Thi= I.Ill'-irill'll 15 u=il for --;---l':l!iurn an 1 e
bonmerus amd for eedoaction of fractares of both bones of the foreacm (al=o for the re-
dhaetion of shoulder dislocation),

tvpe of the internal-fixation agent, if one has been used.  No
internal-fixation apphanee will for any length of time withstand
the pull of strong museles at eross angles to the fractured part,

as =erews will pull out and wire will eut completely through the
bone 1If union has not taken place.

TECHNIQUE OF INLAY

Armamentarium Necessary for Inlay-graft Operation. (1)
Hawley fracture table.  (2) Two Lambotte elamp=. (3) Low-
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-A ense of ununited fractuee of the tibin after the application of Lane's

Fra. 126,

plate,  The fragment cods of vhe tibin wers in perfect apposition and an inlay (A8

was sl down froon €, Che upper fragment. This ense iz illustrative of how simple the

inlay operation ean be when the frogments are alveady in position, This ease was done
Eoandienstes serew

meluddine Ll elosuee of Che 2Kin.

hole of former

i 15 mipnbes,
Laane's plate,
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man or Berg clamp. (1) Albee eleetric-operating bone set, with
twin rotary saws, burrs, drills, dowelling attachment, ete. (5)
Periosteum elevator.  (6) Lane bone  spatula. (7)) Chisels,
osteotomes, and mallet=,  (8) Lion jaw lforeeps.

Author's Technique of Inlay-graft Operation for Fractures
Fresh and Ununited). If traction is required, the patient is
placed on a traction table, preferably the Hawley table.  The
perineal counter-traction post and patient are properly adjusted,
The foot or hand i= bandaged to the extremity traction plate.
(=ee Fig, 12200 A generous =kin ineision 1= made overlving the
point of fracture, and when posszible should be made to the side
of the intended site of the transplant.  The fascia and museles
overlving the point of fracture and the fragment ends are opened
by sealpel and blunt disseetion, and the region of the fracture
well exposed.

[f the fracture 1= an ununited one and the fragments are in
sood apposition, merely a part of the fibrous union is removed
with a thin sharp osteotome.  In executing the inlay technique,
the periosseous structures are disturbed a= little as pos==ible and
the relationship of the fragment ends left undisturbed if possible.
This 1= important in minimizing the amount of local trauma.  In
this connection it i= desirable to emphasize the pronounced in-
hibitory influence of severe trauma to cellular proliferation,
and especially to osteogenesis.  In no line of work is there
agreater danger of devitalizing trauma than in bone work, and
thi= applies not only to the hone itzelf but to the surrounding
soft tis=ue<. .\ resulting infeetion of any of the involved tissue
may interfere with a suceessful result.

Trawmata may arise from the retraction of powerful muscies
and their soft tissues —especially where too short an ineision
has been employved in the operative treatment of a fracture
from bone elevators or levers, bone elamps, the macerating and
Jarring effect= of dull and blunt chisels, ete. Too great emphasis
cannot be placed upon the importance of making the skin inei-
sion of sufficient length in all operative fracture work,

The periosteum is incized longitudinally and peeled back to
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Fig. 12,

poronfgenogram taken 5 weeks afier an obligue froac-
shortening, in o muscualar

o, 127,

Fios, 127 axi [2%.—4 is
foprae sl ||‘||- Iu'|.'|.!'|' ||‘|i:r'|| ol the Temur ';'Lilh i r'||||.-|-|h'|';|ht1'
pdividhunl,  Uwoo unsoeeessiol artempts bod  been o meade, before the aathor saw . this
ensie, Lo Deesled g hese fragments witle Lane’= plates, i 0 long fraeture in Che lower (roas-
mverd, whibeh resolted Teomn e ool lese peesions aperations: od, in B is eeaft obiained
i Chee weell Gz o et of the rarefaction of the booe o apper feseoment ;o o, €
sre Donc-praln peers whiel were mzele froon thee =eeag of boe removed to prodaee the
et ter i e upgeer femement and were used oo i the inlay o it gater. This ease
illu=testes the pecalbiar elieaey of the anday geaft b holding dilliewle oblicpue fractures
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either side in the form of flaps, exposing the hone which is to be
remioved for the purpose of forming a gutter in the fragment or

il =R

| o T Bt Ypebeppiergaessterior el Lantiewzn] view ool s fres<h fesetogee of e femnure after
fixaiton of the framment= b g =ldinge inday eeaft froon ihe wpper feagment, U8 s
by geafe; O, 0 e the peegs boleling it in plaee,  "Uhis cose hadd Deen treated by con-
sepvative menns for s weeks Lefore operation with 2 an. of over-riding.
fragments, a= the ea=ze may be.  If the inlay graft is to he ob-
tained from the proximal fragment, the periosteam on this frag-
ment i= not disturbed, beeanse 1t i= alwavs desivable that the
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graft include periostenm as well as endosteum and marrow sub-
stance.  In fresh fractures, the graft material can practically
always be taken from the fragments themselves, as the osteo-
genetie funetion of this bone has not become impaired.  In most
of our later eases of non-union the graft material has alzo been
taken from the fragments, with uniform suceess.  In such cases,
however, the inlay fragment should always, when possible, be
obtained from the upper fragment and slid downward into the
distal fragment. This is important on account of the large
amount of rarefaction which always appears in the distal frag-
ment of a pseudo-arthrosis of long standing, and the relatively
smaller amount of osteoporosis in the proximal fragment.

The author’s inlay technique varies somewhat aceording to
individual eazes and requirements.  The strength of the graft
an be made to vary over wide limitz.  Its thickness will vary
according to whether it 15 obtained from the upper or the lower
portion of the antero-internal aspeet of the tibia,  Unless there
1= some reason to the contrary, it is better, as a rule, to obtain
the graft from the lower part, where the bone cortex i= thicker,
stronger, and osteogenetically more active. The erest of the
tibia at 1ts lower third furnishes the strongest graft on account
of it= inereased thickness of cortex and the fact that two cortieal
tables meet here,

In small bones, such as those of the forearm, the inlay is best
held in place by kangaroo tendon, either placed in drill holes to
the side of the groove or wrapped completely about the hone ends.
In fresh fractures of large bones, such as the femur, where the
marrow cavity has not beecome filled with new-formed bone and
there is nothing to prevent the inlay from slipping into the
marrow cavity, the graft and gutter beds are made wider at
their periphery than at the marrow side.

The fragment ends are freed and strong traction applied by
means of the traction serew on Hawley table.  Lambotte elamps
are placed on each fragment, and the bone is manipulated into
apposition and adjusted so that the ends fit together perfectly.
Loose fragments are replaced in their proper positions or are re-
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moved as seems= wise.  When the ends are inapposition they are
held =o either by strong traction or by the use of a Lowman or
Berg clamp placed on the fragment=.  1f the fragment ends
cannot be hrought into apposition, 1t 1= not of =erious moment
when the inlay graft is used. It is not necessary to shorten the
limb in order to get satisfactory apposition, as it would be if metal
fixation plates were being used.  The graft can safely be allowed
to span a hiatus of any length,

The eraft to be emploved is wsually removed from the
fractured bone —generally the proximal fragment—and then =lid
into a groove one-half its length which has been prepared for it
in the distal fragment.  In a femur, the =liding inlay should be
about 3 to 6 in. long.

TECHNIQUE FOR INLAY GRAFT WITH WEDGE CROSS-SECTION

The removal of both long and short grafts i= started by

making parallel euts 14, to 1, in. deep, with the twin saws

32
adjusted at a suitable distanee apart, depending upon the size
of graft and gutter to be formed. The purpose is to outline a
graft of uniform width throughout its whole extent. These
parallel saw-cut=s are then continued through the cortex to the
medullary eavity with the single motor saw held at such an
angle as to eause the cuts to eonverge in approaching the
medullary eavity, in order to prevent the graft when presszed
tightly into po=ition from slipping into the medullary eavity.
The ends of the graft= are freed with transverse cuts made with
either a very small motor saw or a narrow ehisel.  The thickness
of the =aw blade makes sufficient difference in the size of the
graft and gutter to allow the inlay, when slid into position, to
sink slightly below the borders of the gutter, thus furnishing «
margin of the gutter sides above the graft into which holes are
drilled obliquely to receive the autogenous dowel pegs.

The mlay, which has a wedge-shaped eross section, is pressed
tightly into position and held there firmly by either a Lowman
or i Berg elamp while the holes are drilled and the dowel pegs

mserted. It may be necessary or wise to allow the drill to =ink
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Foo, 130 —Raonteenogrmm of an old aoamited feaeture ot the lower thicd of the
femur withe aomarked over-lapping,. A bone geaft hos been eemoved from the erest of
Phie tibia sndd inlaid into the lower eod of the apper fragment and inserted ioto the
lower Tesgment by tunnelling this feagment. A proper eeduction was impossible on
aeeount of adberent popliteal vessels o the lower frogment.
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a fraction of or its whole diameter into the edge of the gralt.
The pegs are obtained by splitting the short segment (removed
from the distal fragment for the purpose of making the groove

——
b, o 8 e

I, 131, | G CHA i L

Frg, 141 —Inneram showing the method of preparing the aonnited fragments aof
the lower ened of the Temmore, wlieh emomot Bee sob oo alizgiment or apsee=ition (see X-ray,
Fig, 1500, for the peception of e autozeimes bone graft proeaeed from the tbia, The
drill boles are made in the four corpers of e sguaee tannel w2 oo gaide in entling ot
the bome with the marrow ehisel,  The eraft = foreed anto thiz tamael ot this end anid
the otler end is then placed i e ot ter of (e upper fragment ool seeored.

o, 142, —Ihongiamm =howipe thee watter i the lower cod of 0l apger fragEment
vt peleted, al=o the sopuare tennel prepared in the lower Troginent of 1his anited
fraetigre of the fetpnr: al=o the deawing to the Tefe =hoows= the onetlioee of the graft 1o bee
petnoved from the erese of the tibin, Note that o ineludes two 2aefaees ol the eres
ated i= el to the marrow cavity,

for the inlay) into two or three fragments, and pushing them
through the author’s motor lathe or dowelling instrument.  ach
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of these dowels, which is long enough to make two or three
hixation pegs, is driven lightly into the holes over the inlay,

1

CRAFRTS

]
| T = [Magram 1= @
|;1h'r;|| View af s llllllllirl'li

fraciure of the lower end of the

femur with  the  aumtogenons
Bone zealt in peesition wniting
thee fragments: alse pote that
the space at A lias small zeafis
placed albwogt this froec portion
inl 1||1' |||l|r, :.-:r'::FI for el pmn # e
rapeiad ].H-dllrrii-ll. ol mew Lo,
This i= illusteative of o case
whiere the fragments cannot b
Lirought anto alignment.

and while an assistant holds its distal
end with a foreeps the surgeon cuts
the peg off with the small motor saw
at the desired place.  The remaining
portion of the dowel is then used in like
manner for additional pegs.

In ununited fractures of large bones,
where the marrow cavity is filled with
a bone plug which prevents the inlay
from slipping into the medullary eanal,
and in all the =maller bones and in all
individual eases where the mechanies
are favorable, the twin motor saw alone
1= used in removing the inlay graft and
preparing its gutter bed. In fractures
of long bones where the dithealty of
fixation is great, the inlay is held in
place by the bone-graft pegs or heavy
kangaroo tendon, or both, as secems
hest.  The fragments are motor drilled
on each side of the gutter, and the
tendon iz placed as indicated by the
diagram.  When the graft and its
gutter bed are formed wholly by the
twin saws, the graft is just twice the
thickness of a saw-cut narrower than
its bed, which allows space for heavy
kangaroo tendon to be placed between
the graft and gutter wall on each side.

In the ease of =small bones, such as
the radius or ulna, the encireling of

the fragments with the tendon is very efficacious in holding

the insert firmly in its place.  In severe comminuted fractures

from gunshots or other causes, where there is a space to be
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spanned and the length of the limb is to be maintained by the
inlay, it i= hest to tongue and groove the ends of the grafl and
hone cortex of gutter ends.  The groove should he in the end
of the graft, and the tongue in the gutter ends.  Any tendency
to shortening of the b by muscular pull, ete., eauses the tongue
and groove joints to beeome all the more firmly locked and 1=

thus a sure preventive of shortening.  The graft, however

Fic. 134, Preponstrates guithor's techmigoe of obtaming the shding or tilaal geaft
with =awents conversing 1o the marpow eny iI_'L'_ Thi= 1|-r-]|.r|il|lh' 1= w=ecd i freesh froe-
fures of baree Lomes,  (See Fre, 1035,

small, will in time hypertrophy, under the action of Wolff's law,
and will become the size and strength of the bone whose sub-
stance 1t i= supplyving.  The value of the graft in this type of
cases cannot he over-estimated.

An important point in the technigque of bone grafting in its
application to all types of fractures is that the transplant should
be of sufficient length,  In the case of the intramedullary graft
thi= might afford a great deal of difficulty, but with the inlay
graft 1t 1= accomplished with ease. A graft 6 in. long can he

inlaid as easily as one 2 in. in length. Several unsueeessful
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SRR

£

Fra, 135 Hustrates the auilor's method of making wase of the bone geaft with
wirtlge eross-seetion removed from the fractared fragments or from some other Dooe,
as the tibia, o the trestment of fresh oz well o= wwomited fractures of lome bomes.  The
smualler drawing 3, top of page, illuseeates the graft dowel pees in position bolding 1he
eraft in ploee, and ol=o shows the shope of the geafe and catter Ded on eross-s

L.
g, Dowel grafi= in place.

T ————
e
e A mm R AR

Ui 'i"‘"""""‘lr
A
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N

Fraa, LG~ Daeramm of the eross-3eetion of o gealt inlaid in a long bone, illa=teating
Lhe manner of 12 hxation by kangaroo-tendon satuees ||;|.--1'1i through doll  lwles at
either side of the satter. Note that one =suiare [ FHLEETEES throwgh ihe deill holes and loops
up over the gealt and is tied; also note that a second suture passes umder the graft and
through the =ame deill holes, Chas preventing the geaft from falling inte Che medallary

cavity.  The gutter and geaft in this instance are formed entirely by the twin saws
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results have come to the author in which he is sure the con-
tributing eauses of failure were the shortness of the graft, the
mtramedullary method, and the fact that the graft did not
extend sufliciently hevond the selerosed fragment ends to offer
adequate and exact contact with vaseular osteogenetic hone.
In one of these eases the inlay graft had been used, but the

Frii, 147. Is 2 ||I'.'1'\.-.i|q;_r of auther' = moddifieaniomn of b= ilt].‘l_‘.' el ;|||__'|||l|-||_ Lid i*x=
iremsedy atropdoed traements with mnrked condesl ends (see Fiee 1351 aoel bones of
forearm, claviele, ote,, whiech are =mall.  The end=s are r-|||i| witly mietor =aw sl the
resultine halves aee wodged apeart witly ol wisileas cppel= of the grafes wleeh aee maoladed
indes thi= form during their retooval Teoan the well tibaa, ae Tnehieates the hxing kan-
e Lenedon whiech ean bae l.l.'r':|p-|u--r| |'|||||||'||-Ir-|_1. abesugt Ul froement e, or [ITH A J e
plovced e dreill heles throueh Lol erait and fracment cods; & boare bope-gralt poegs,
whieh may or Fina e Tpeel D u-r-ut :i;||_ |:||'u|- ||-|||||-- LEX] -||_F|-:||]|'|||l:'||l ||‘||- |l't1l|.rh|l il| li'l.,ill"_' Il|l.'
graft in pluee,  This deawing b= from the =kieram of an aetaal coase,

technique had been most defeetive and the unsuecessful result
wis not =urprizing.  The ease was o long-standing ununited
fracture, with marked selerosiz of bone extending into each frag-
ment for about 115 in., as was shown by the X-ray.  The graft
in=ert was only about 2 in, long and did not even extend through
the ehurnated bone. The graft should have been not less than
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o in. long, thus extending well into the vascular osteogenetic
bone of both fragments, bevond the selerosed area. This is
an important technieal point and cannot be too strongly
emphasized.,

Foc. 135. [Topennntese] Treseetre of ot h tilan !ll|l|. ﬂl:lll,l:l alter e il|:—-1l|'liu|| l:ll. r-il\'l.*]’
wire, which has bheoken.  # indieates bhone desteoaetion from eontaet with the metal.,
I':|'|I1' [l‘:l!.’,llu'rﬂh' Wi ml'r :|.|III ]I.‘]li :-||i.||l|||f-:-ih:l:|-|-l|! l'll'il*..l"‘|l'l'4'i:I“.'|.' H1! ,I_ 'I‘hl.' |||'L-fl'|';:|||l:
toechingue m thas Ly of psewdart hirosis 15 too split the feaenent end= gl insert wedge-
il mralis,

In pseudarthrosis the inlay graft may vary from 4 to 6 .
i length—never less than 4—according to the size of the hone
fractured, the extent of osteogenetic impairment, or the amount
of comminution. If the comminution is extensive, or i the

fracture 1s of long standing, resulting in an unusual amount of
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osteoporosi= in the fragment ends, it is preferable to obtain a
transplant from the sound tibia, in which ease the gralt e
<hould be prepared first and packed with a saline compress in
order to secure a suflicient hiemostasis. Two parallel saw-cuts

g, 149, l'r:|;||||'1|-||. fr;ﬂ'rlll'l' il llu' lewwerr cnnd aal 1 ]aae IIII:IIII"|'||:-, i i||1!i|';|l1'h
sepew holes of former Lone’s plate, A6 = an anlay geaft agseeted by fanliy ieelioigue,
i“ H;:ﬂ 1 hies uppeer 1'||||. il 'Ihl' il wWiis Tedal |||:ll‘|'ll l'lrll||l||."1|'|_'l.' iJlIu II||- [EET R NS ||tI Th|_-
proximal frasmoent,

are made lengthwise in the fragment ends, extending through
the complete thickness of the cortex and into the marrow eavity.
The distance between the motor twin saws 15 readily adjusted,

according to the dimmeter of the bone and the point of fracture.
1
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The graft is then removed from the tibia, either from the erest
or from the antero-internal surface, according to the strength
required, with the twin saws adjusted as they were in making
the gutter.  In this way an aceurate fit is assured.

Fro LUL— Unumited  freoctare Tollowing the applieation of the Lane plate.  The
serews heove looseoed and fallen ont. Muoch bone destraetion Trom contaet with the
metal is shown,  The Lane plate was removed ol oan iolay graft from the tibaa in=
serbed with execllenmt result,  (See Figs, 140, 142.)

The cuts should extend 2 or 3 . into the end of each frag-
ment, if the transplant 15 to be obtained elzewhere, as for m=stance
from the tibia, and they should always extend far enough to
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reach well imto active o=<teogenctie bone of cach fragment.
While the saws are cutting, they are constantly sprayed with

e, 141 i, 142,

Fro, AL axe 1420 S eose as Fige T0L gfter remoowval of Lane®s plates, Tlae

ridntgmenoeran <hwows the D inloy o plaee with soeall seafts gelaced alwsut frammwent
cnel=.  Firme v b oeewrvesd] i 4 weeks,

<aline =olution, =upplicd either hy squeczing a =<aline compress
held over the aw or by an automatie spray attachment furnished
by a sterile tube from a douche bag su=pended over the table.
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This prevents exeessive heating of the bone from the frietion
of the revolving saws.

Fro, 143, —A severely comminuied frociuee of ihe femar whieh had not umited or
ghowed any eallus formation after 10 weeks of Buck’s extension and coaptation splinns,
A strong graft, A8, obtained from tibia in=erted o irnements O drawn o it with
kangaron tendaon,

The union was mmedinte and has remained ficm over 2 years.,

This case was referred by the kindoess of De, b B, Bissell,

The ends of the graft, as well as the strips of bone which,
when removed, produce the gutter graft beds, are cut for pur-
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pose of removal with a eireular saw =o small that it does not en-
croach into the walls of the gutter af the sides.

If the graft is to be obtained from one of the fragments, the
fwin-saw cuts are made twice the distance into that fragment.,

The strip of bone thus obtained is slid endwise into the gutter

Fro, 144 —DBy the kindpess of Deo Famil Geist, Feactaeed] disloeation of the femuare,
Aunthor's inlay graft was used for ixation.  (See Figo 145.)

in the other fragment.  The fragments are fixed by holding the
inlay firmly in place by heavy kangaroo tendon or by bone-graft
pegs, as the ecase indicate<.  The kangaroo tendon 1= passed

'h"”'lﬁli holes drilled 1:_1.' the motor i the cortex on either sude
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of the gutter.  The tendon—two strands in each fragment—
15 threaded through from one side of the gutter to the other and
i= then pulled up from the gutter in the form of loops, under
which the inlay graft is foreed into place, and then the kangaroo

et I

Fir., 145, —Romtgenogram of 2 transverse feacture of the femur showing perfeet
alignment.  The inlay bone geaft fixing these frngments can be faintly demonstrated
pear the eontre in the lopg axis of the bone, A perfoeet result was I""”i-"“"'"-l-
tendon is tied over it.  The bone removed in the form of saw-
dust by the twin saws eauses the graft to be just enough smaller
than the gutter to allow room for the kangaroo tendon.

If the bone is large and the problem of mechanical fixation
is more difficult, bone-graft pegs may be used exclusively or
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mav be supplemented by kangaroo tendon.  The hone-graft
pegs are made by sawing longitudinally the pieee of bone re-
moved for the purpose of producing the gutter into two or three
strip=, which are turned into dowel pegs by pushing them through
themotor lathe.  The inlay graft is held in place by elamps while,
with the eleetrie drill, holes are drilled into the cortical bone of
the sides of the gutter bed.  The pegs, which alwayvs fit aceu-
ratelv, on aceount of the drill being of the same diameter as
the aperture of the dowel cutter, are foreed into place by a
few gentle blows with a mallet, and are cut off with a motor
<aw close down so that just enough project= to hold the inlay
<ecurely in place.  The original dowel pegs are from 2 to 3 in.
long. and will make from two to four fixation pegs.  Numerous
small fragment= of bone are placed in between the ends of the
fragment= and about the graft at that point, just before elosing the
wound.  These fragments should be of active osteogenetic bone,
and are best made by a Rongeur foreeps.  Macewen was the
fir<t to point out that the =maller the bone graft, the greater its
relative osteogenesis,  This has been repeatedly confirmed by
the author from both surgical and experimental experience.

By thiz technique foreign bodies are entively avoided.,  The
material used is either autogenous bone or absorbable material.
The fit of the inlay and the pegs must be accurate by virtue of
the motor-eutting tools emploved.

Thi= technique alzo allows the most ideal coaptation of the
graft to it= bed; that is, every graft <hould comprise four differ-
ent tissues—namely, periostenm, compact bone, endosteum, and
marrow substance: and this i= the only technigque which per-
mit= of the coaptation of each of these individual elements to
those of the recipient hone.  In three eases where there had been
non-union and loss of bone following =evere comminution, or
osteomyelitis with death of the complete diameter of the ends of
the fragments after Lane plating, amputation or marked short-
ening was avoided by spanning the arveas with long inlayvs. In
one eas=e, where 27, in, of the tibia had been destroved by osteo-

myelitis, the graft was placed <0 as to span the granulating
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cavity, and although it wasg impossible to cover the graft at the
affected point on account of a large sinus in the skin, neverthe-

I ace, 140G, Prefore mnd after m=ertwon of  bope weale, Sl for aoeinetod froaeture of
the tilsia of 10 Vs dlurs i to o ehild of 11 yionrs, =everal nnsueeessiol i¥] W b s b
geeure wmion, ineluding an intermedollacy geaft, boad Deen done, The seaft was inlaed
ke the lower Fragcooent I‘rll. the anthor's usual Il'l'||!|il||l1'. There had been =0 much
:|,||'n-||h_l.' TTRAITE TTTTRIE o |';|','|::|||'4||I ;|||4| il.—- lovwerr ened ladd boecomne S 1'lr1|il':|| :-||:||11'||., bt j1
wis split upward for aboeat 18 in. and the upper wedge eod of the geaft was ieseried
teitar Bl =qow=cut elefn, Thi |'r|--|||'||'||1: Lipgpirngd: anl i) EETRA S juilpl Wi !|I'|1| ||_".' (LS hrl:||u|.‘i
il I.,.'t_||'_'.'|i'l||| 1|'|:||l|1| ".'.I:||||-l'rl T [ = I 1. 7. | BNTR T lllliillt ot wecnn the grealt
andl the Fraementis oeeurred iJllIllr'tIi.:lll']_'u'.

less granulations slowly covered up the graft—mnone of which
sequestrated —and a perfeet result was obtained (see Figs.
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153, 154 and 1355, One could not wish better proof of the
ool resi=ting property of the bone ;,-;r::t'l,

Another instance which illustrates the marked eflicacy of
the inlay graft is that of a case referred to the anthor by Dr.
W. W. Plummer at a elinie held at Buffalo in Mareh, 1914,
The patient was a boy, 11 vears of age.  In 1904, when he was
a vear old, both bones of the right leg were fractured, followed
by complete non-union due to negleet.  In 1906 an operation
was done for non-union.  An intramedullary  graft obtained
from the well leg was used.  On account of bone atrophy, the
cortex of the tibial fragments had to be split longitudinatly with
a chisel.  In 9 weeks there was a very fair degree of ngidity,
A few weeks later the boy fell and refractured the tibia, and this
fracture failed to unite. In 1909 another operation for non-
union was performed.  This time, on aceount of bone atrophy,
the region of the bone ends was opened and several small pieces
of bone, taken from the well tibia and ineluding periosteum and
medulla, were introduced.  This operation also failed. In
Mareh, 1914, the author operated, using the motor bone outfit,
and an inlay graft taken from the well tibia was inserted.  The
graft was fixed into the lower fragment by the usual inlay tech-
nigque, but the lower end of the upper fragment proved to be =0
atrophied and conical in shape (see FFig. 146.\) that it was decided
to split it upward with the motor saw for about 2 in. The
upper end of the graft was shaped into a wedge at the time it
was removed.  This wedge end was foreed into the saw-cut in
the lower end of the upper fragment (see Fig. 137, diagram of
author’s technique), and the lower end of the graft was fixed
into the lower fragment by the usual inlay technique. A plaster-
of-Paris splint was applied, which was removed early in June,
1914, Union was certain. At present the patient iz walking
on the leg, which is short from the old 1|1-1-{:'r'|||i1_‘}'_ The union
of the tibia is secure, and the blood supply of the extremity is
much improved,  This ease of relief after 10 yvears of non-union
1= a striking illustration of the eflicacy of the inlay autogenous

graft,
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Four of the author’s series of ununited fractures had previ-
ously been unsuceessfully operated upon by the intramedullary
technique.  These failures are largely explained by the faet
that this technique affords a faulty histological contact of graft
to hos=t fragment=, even when well executed,

Two important advantages of the inlay technique as applied
to ununited fractures are: first, the ease with which sufficient
contact with osteogenetic bone bevond the selerosed area ean
be =ecured; and =second, the readiness with which this contaet
can be varied in aceordance with the difficulties encountered.
The more desperate the case and the more frequently it has been
unsuceessfully operated upon, the longer must be the inlay trans-
plant,  One of the author’s =eries;, an ununited fracture of the
adius and ulna, had been operated upon unsuceeszfully seven
times —ineluding the use of Lane's plates, silver wire, nails, and
intramedullary grafts—and it was then pronounced impossible
to secure union.  (Fig, 147.)  The inlay grafts employved were
very long, extending to the tips of the styloid processes and well
bevond the eburnated area in the upper fragments.  In 5 weeks
there was firm union.  The X-ray showed that all through there
was firm union of graft to that portion of the distal fragment
hevond the eburnated area.  There was, however, no union be-
tween the fragments themselves or between the eburnated area
in the ends of the fragments and the graft.  The result would
undoubtedly have been a failure had the graft inlays been short
and had not extended well bevond the areas of the fragment
ends.  Again, it would have been most difficult to have inserted
medullary grafts without breaking the ulna graft while inserting
the radial transplant, or pice versa.  To the author's knowledge,
a united fibula has been broken in attempting to insert the itra-
medullary graft into the tibia. [t would have been most dith-
cult to have reached and secured satisfactory contact with
osteogenetic bone bevond the eburnated zone.  This difficulty,
however, is inherent in the intramedullary technique, and no
doubt was largely responsible for the previous failure from

this operation in this particular case,
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Fr, 1157, — Ranteenograms of apanited fractares of the rodvies aod uloa of -0 vears”
||.||.r:|rirr|| Sl =oenisdg g =npae==ful TR n|u-!;|rin:|- Rid =icnree I:IIIiIIII1 ill:'lll:li.hu‘ I,:|.|||1':-_|
||].'||1|l|'_". wirinyw anil II|II':|J|.|l'l|.|l||:|.l'.'.' Taosnuer senbting, Tlhiee el e iponrimmms =how t e 1:|l'g|~
Toosles zimed Doosmee abestenetion i ol eoadins s alee, whineh oizimared feonn the serews
of the former Lane's p|:||!'- ancl thee mnetal contaet of e |l|;|Il‘ TEIC IS
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A strong argument for the inlay technique, as compared with
the intramedullary, is its universal applicability to all types of
fractures of the long bones, however near the joints they may

@

Fre, s — is n rintgenoermm taken 5 oweeks after the sueees=ioal implantation of
tibial inlay mrafns; £ was taken G months after te operation amd shows that the gralts
bives lost 1 lwir '-|I.':|I'|II|='.'-'- of et liree aned are taking on thie l|.l|'IJ'-il_‘.' ail claracteristies of
the Bone o which they ame ioserted, O seecount of he desperate naturee of the case,
Viery Jll-ll.'.:’ il|||||::||lh wrres pEead aped Ehe wisdon of this s shown ot [ '.'.i|l'|"=' thare 15 o
naen bebween the feagments or between the prosiosd feogment and the graft for @
LY TR ] | I:ur--li|||'r.|-. u:l. R il:|'|| (KT 1T rl|-~ el ol e Prindsppnesnt, ;||I||||I:|u|'| ||i||'r|r ]i;ﬂ-i Feirimn
firm union for 5 months, beeause of the lopg gealt cominge in contact withe the vascualar-
oxteogenctie bomne baek of the selerosed Done ot the ends of the fragments,

bhe, A good illustration is an ununited fracture of the tibia in
good apposition near the ankle-joint, where the fibula has be-
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come united.  The aceessible portion of the fibrous union is
removed.  There is no occasion to disturb the relationship of
the fragments.  The thickened periostemm is split and peeled
<idewize on the lower fragment only, and with the motor twin

cqaws= and a narrow chi=el a eroove 1= made in the lower fragment
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Figs, 147 and 145 are ranteenograms, o indieates prooves amwd grafiz before insertion
and kangareo-tendon fixation sutures,  The grafts
and woere ploced into ihe rodial side of the radins amd the aloar side of ihe
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Thisz iz a 2pecial imporiant

of the intramedollary type o its
!|||]-El‘l"1||l-:| to fractuees of Boath Bones of Gl bee or lorearm.

(=i also Fig, 137.)

completely to the tip of the malleolus, if the fragment is very

Then, by means of the same twin saw, a cortieal graft

A i, long is removed from the upper fragment and slid
down into the groove in the lower fragment.

ar

When the fracture is very near a joint, as the ankle, and the

lower fragment affords a very short contaet, the graft ean be
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extended to the tip of the malleolus so that joint support will be
largely supplied by the end of the graft which is in the malleolus
as in a shell, even if by chance bony union should not oceur
hetween the graft and lower fragment, provided, of course, that
union has taken place between the upper fragment and the graft,

Fri, 150 —Ranteenogram of 2 comminnted feacture at the lower end of the tilvia
with displacement of the fragments.  This is the same ease as Fig. 151, 2 months
after the fracture,

whieh should be made certain by a long inlay and conseqguent
extensive contact. (g 151.)

In exceptional instances, there is no necessity for using any
means to hold the graft in place,

To fix the inlay in place, the question arises of the choice for
the purpose between bone pegs and heavy kangaroo tendon
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placed in drill holes or wrapped entirely around the hone when

it i< =mall. as the bones of the forearm.

An important mechanieal
feature the inlay, which
should not bhe overlooked, 1= that

ol

il it 1= inserted in proper relation-
<ship to the forces which are
causing displacement it becomes
by it own inherent meechanies
4 mo=t effective fixation agent,
irrespective of the means used
to keep it in place.  An illustra-
tive case 1= that of a very stout
woman with a I-vear ununited
fracture of the tibia (about 1 .
(Fig. 151.)
There wasa marked dizplacement
of the lower fragment and foot

from the ankle-joint ).

posteriorly.  The bone ends were
freshened and the lower fragment
was foreed forward into place.
Although  there was a strong
tendeney for thi= fragment to
spring back into itz old position,
a long inlay placed into the inner
side of the fragments held them
the

chanies of the inlay, without de-

sceurcly by virtue of e
pending upon the kangaroo ten-
don and the graft pegs which held
it in place.  On the other hand,
i this inlay had been placed into
the anterior or posterior surfaee
of the tibial fragments, its fixa-

150 Uigignatesd  fraetare aof

F,
|'|F'|'t'l'l' I'IIII anf dakuize ool 1 _'l.|'.'|l"*:- IEIJ]"ﬂiIrI[

ina woman of 250 1 “The lower
Fragment was pmeirkedly chsplaced pess-
terierdyv, U tnedieates wraft oo which
wits De=sertedd antes thie meallolus caome-
pletedy 1o it2 tip on aecount of he
shortpess of the lower fragmenr,  The
inhoerent mechanies of thi= inlay into
Chas ipneer sorefoee of e tibas prevented
e relagese of the passition of e loewer
Prsviranaspal, (=ee e, 1520

tion foree would have been wholly dependent upon the pegs or

tendon which held it in place,

(See also Fig, 107.)
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The author has repeatedly and suecessfully used the bone
graft for spanning through tuberculous foei in Pott’s disease of
the =pine and tuberculosis of the ankle- and knee-joints.  The
cortical bone graft has always withstood pure tuberculous infee-
tion, provided it had satisfactory contact with healthy hone on
each side of the infeeted focus. It will also resist attenuated
pyogenie infeetion under similar conditions, as has been proven

A H
I"Iii. 152, fillhr-.:_':l'.'l[l EI!|!:|._".' for I'r.-n-lur'q-ul' rh1- i|||!|'|';||_.:|| tnullq'nlll-‘, A :-hll“u:"! il!lllLJ.'
graft removed froam s bued b the twin motor saw, dotted lines in =haft and I'r:|.-'1|||':.~-¥
|F|-It||"ﬂlll.‘ a'mlil-:uriu: ||‘.|I' gL, ,H .--hllu.- 1||.|- exterial  malleolas |'1'-l||I'l'li .Il.r =
pssition and the inlay fised by kangaroo-tendon satare, The kangaroo tendon in the
miallealus j= plaeed through dreill Lole in lower end of graln.,

by experiments conducted by Phemister and the author in both
surgical (Fig. 154) and laboratory work.  (See Albee: “ Experi-
mental Study of Bone Growth and the Spinal Bone Transplant,”
Jouwr. A, M. A., April 5, 1913, Ix, pp. 1044-49, also Chapter 11L.)
The importance of this inherent germe-resisting property of the
bone graft is readily apparent, in that it doubly assures its trust-
worthiness as a general surgical agent (when compared with
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metal),  Espeeially is this true in its application to compound
fractures in which infeetion is feared or where a mild infeetion
has already occurred.  The following i= an illustrative ease:

Fig10
A.

Fic. 153, Fia, 1a4d.

Fie=. 153 axnp 153L—a 1= o rontegenogram of  an infecied, ununited (roctare G
monthz after the insertion of twao Lape’s plates,  The plates wers pemoved g0 few
woeeks after their nsertion, eo Tndicates o sequestram of the complete dimmeter o
1l ri||-i,'| Tt rh.- L o L6 TR CRR LY h|||r'- nl- IZE||.- ],;“u' ||n|;|.|1' [} |ll'|'|.'|'|' |'p||l n[ Hjsfete l.|';||_"1|||.-||l
of which M s the |r]|lr1rb:r’:|p||, amad g o] Aoare the serew holes, B is wintgenogran
ot hs after the insertion of the graf, Bone union Between fragments and graft wos
ittty altlmpele there was o dliscloreinge =inns amd o loatus of 2 . ot the tie of
1.-||1'r.;|ril|I|. [ = X, )

A mian, 45 vears of age, came to the author with an infeeted

ununited fracture of the tibia of G month=" duration, and gave the
14
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following history:  Six months previously he had sustained g
fracture of the lower third of the tibia and fibula.  The tibia
was immediately plated with two long Lane’s plates.  Infeetion
oceurred, and the plates were removed in 3 weeks” time.  The
wound continued to discharge profusely, and an X-rav examina-
tion revealed a sequestration of the complete diameter of the
upper fragment of the tibia, from the upper serew holes of the
Lane plates down to the end of the fragment.  The discharging
sinus was inereased in size and the sequestrum, about 21, in.
long, comprising the entire diameter of the tibia, was removed.
The eavity thus produced was packed and the leg was put up
in a plaster ease, making use of the united fibula to prevent
approximation of the remaining tibial fragments and conse-
quent shortening of the leg. At the end of 8 weeks the sinus=
was still discharging a considerable amount of sero-purulent
material and, on account of the large cavity between the frag-
ment ends, the prognosis as to when the sinus would heal was
most uncertain,

A= the patient was very anxious to have =omething done
immediately to get a union of his tibia, it was decided to make
the attempt, and with the use of the motor twin saw a strong
cortical graft was drageged down from the upper fragment into a
croove made with the same instrument in the lower fragment.
(The cavity was first curetted out carefully and filled with tine-
ture of iodine—3.5 per cent.—and the whole operating outfit
was then changed.)  The inlay was shid into place from the
upper fragment, spanning an hiatus of 2% in., and held with peg
erafts which were made on the operating table by splitting into
three portions with the motor saw the fragment of bone removed
from the lower fragment in making the groove for the mlay, and
then shaping these portions into three long pegs by means of the
motor lathe.  On account of the large size of the sinus, it was
impossible to eover about an inch of the centre of the graft,
where it spanned across the sinus opening.  However, much to
our gratifieation, the econvalescence was most satisfactory;

eranulations covered the exposed portion of the gralt very rap-
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idlv, and there was firm union between transplant and fragments
in 6 weeks” time. In 4 months’ time, Wolff's law had eansed
the oraft to hvpertrophy, and the hiatus bhetween the tibial
fracments had completely filled inand the long bone had appar-
ently become as strong as it had ever heen,  (Fig. 153,

This ea=e has a very important bearing in demonstrating
the striking superiority of the bone graft as compared with
mternally inserted metal. The graft was inserted imto a wound

| Ii: |._|-- 1 ' | - L | 4 - | B I: PRivk 1.5 1 | ||JII].I':|t1"' I,‘1|'I_'l

=i ol R Desttesnpn ool Wlined) 1= 1 e Verbend wbndt, wlieeh ot was pgees=tbde (o cntirels

il TR HL T Phits st was dlischarveiny =ero-parralent mteriad an the timae
thie el wais insertod Moevertheless, the gralt bealed in immsesliately amd covered over
witl i 1

which even showed maeroscopie evidenee of infection; never-
theless 1t healed i rapidly and has given no trouble sinee,
although it 1= over a year =inee the operation.  The =urgieal
technique of mserting o metal plate must bhe of the most rigid
and =pecial type in order to avoid infection in clean eases, as
pointed out by Lane; and if the =lightest infection oceurs, it is
very likely to extend the whole length of the plate and to its

serews, and the plate must come out.  In this ease. as well as in
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several others, the inlay graft was sueeessful and resisted infee-
tion that was already present.

In view of these experiences, the value of this method in
compound comminuted fracture from gunshot or other causes,
mildly infeeted or not, is apparent.

Ixperimental graft work on the dog demonstrated still more
conclusively the baecteria-resizting properties of the bone-graft.
Wounds have become virulently septic on the second and third
days after operation, laying bare the graft which was bathed in
pus= at the bottom of the wound.  Nevertheless, either a portion
or the whole of the grafts took and lived,

Whatever be the modes of internal fixation—whether the
Lane plate or the inlay graft —the limb should be firmly immo-
bilized in a plaster-of-Paris splint in as nearly a neutral position
as possible, f.e., a posture of the limb which causes the relaxation
of those museles which have a dizplacing influenee in that par-
ticular fracture.  If this be done, inlay or peg grafts, Lane plates
or neck of femur spikes will not bend nor break during the period
of the post-operative fixation. Weight-bearing funetion, in the
presence of non-umon or soft eallus, and bone absorption arve
the eauses for the vielding of internal metal-fixation splints.

In all cases of persistent non-union where syphilis and other
systemic conditions are contributing causes of meagre ecallus
formation, these conditions should be treated before operation
i= undertaken.

FIXATION BY BONE-GRAFT DOWEL PEGS

opiphyses, condyles, tubereles, trochanters, tuberosities, bone
fragments, ete., may be very satisfactorily secured to the bone
from which they have been fractured by the employvment of
bone-graft dowel pegs, which are aseptically and speedily made
by the author's dowel instrument (see chapter on motor outfit).
Their aceurate fit is secured by emploving the proper drill to
make the hole into which they are driven,

The material from which they are made ean always be ob-
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tained from the erest of the tibia if it eannot be more readily
obtained in the original field.  Fnough has already heen said to
emphasize the superiority of the bone-graft pegs over metal nails
or serews.  Serews of dead bone or ivory have a certain theoret-
ical value in that they beeome absorbed, as a rule, after a very
long time.  From a practieal standpoint, however, they act
precisely as foreign bodies in the hone and soft tissues, and may

at any time have to be removed,

OTHER METHODS OF FIXATION

The Parkhill elamp has most of the disadvantages of the
l.ane !1|;1’[1-‘ and in addition leaves an open woutnd down to the
region of fracture.  Either this type of elamp or that of Lam-
bhotte has an argument for its emplovment in the treatment of
compound  fractures in that no foreign material is placed
in the wound across the line of fracture. Since the advent of
the inlav graft, however, even thiz narrow field of usefulness for
these elamps has <till further been eireumsecribed.

FIXATION BY ABSORBABLE OR NON-AESORBABLE LIGATURE
MATERIAL

It is only on the rarest oceasions that a wiring operation
<hould be done.  In the practice of the author, no metal appli-
ances of any kind are ever employved for the internal fixation of
broken bones.  Metal wire i< not only a foreign body with all it=
di=advantages, but it (=ilver wire espeeiallv) is a most untrust-
worthy fixation agent, as it =o frequently breaks,  Many rint-
genograms=, both those observed in X-rav laboratories and those
in the author’= own practice, have been studied by him and show
that the wire has either broken or hecome =o loose as to be of no
<erviee, with the fragments nevertheless in good position, which
means that the fragments would have remained in position any-
wav, whether the wire had been used or not,

I wire is to be used at all, it is certainly to be desired that

stronger material than silver wire be used.  The varieties most
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commonly employved are copper, phosphor bronze, galvanized
iron wire, and twisted steel wire.  Personally, the author is in
thorough agreement with Hitzrot, who states that he “ean see
no use for any ol these types of non-absorbable material,” both
because of their non-disappearance in the tissues by absorption
and beeause they afford =o little real fixation— eertainly no more
than i= furnished by an absorbable ligature, such as kangaroo
tendon, in the eases in which this type of fixation is suitable,
IKKangaroo tendon of large size (especially prepared for the
author by Van Horn and Sawtelle) is preferable in every particu-
lar to silver wire. It is stronger; it does not cause bone absorp-
tion; it becomes adherent to the tissues and does not lie in a
cavity filled with a serous exudate, as wire issure to do. It is a
much more trustworthy fixation agent, as wire 1s liable to erack
in the process of insertion and then give way from muscle pull as
the patient comes out of his angsthesia, or at =ome later time,
Kangaroo tendon remains for not less than 40 dayvs, and then
hecomes abzorbed. Infection may start about wire vears after
it= insertion. (Fig. 94.)

CONTRA-INDICATIONS TO OPERATION

These do not differ from those applyving to operations in
general.  Infected abrasion of the skin or uleers near the field of
operation are to be earefully avoided; also patient= with actively
suppurating wounds or abseesses in any part of the body should
not he operated upon beeause of the danger of metastatie infee-
tion at the field of operation, predisposed by the lowering of local
resistance from trauma and the general depression arizing from
the operation,

The most serupulous aseptie technigue should always be

observed.
FIXATION DRESSING
The plaster-of-Paris splint applied over a thin padding of

Shaker flannel or cotton wadding to protect the bhony promi-

= }I:l.“, i 1he ||:|p||t.m:r|'l]lt';llllllnl'.]II'HH‘!' to he I',"t' :l“ =
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the most satisfactorv. It can be readily split into a bivalvular
splint by means of the author’s motor =aw (a special saw being
used for the purpose) or by the Stillé cutter. The splint ean
then bhe eastly removed for necessary treatment, ete,

Other satisfactory splints are Stim=on’s moulded plaster-ol-
Pari= splint=.  Splints of tin or wood-plastic splints of felt,
papier machdé, eelluloid, ete., have been used, but me greatly ex-
celled by plaster-of-Paris ones for the usual fixation dressing,

As =tated elsewhere, the limb should always be placed in sueh
a position that displacing muscles are relaxed by approximating
their insertion to as near their origin as is practicable.  An illus-
tration would be the flexion-abduetion posture used in frac-
tures at the lesser trochanter, for the purpose of relaxing the
p=o:as magnus= and short trochanter muscles which pull the upper
fragment into that position.

AFTER-TREATMENT OF FRESH FRACTURES

After the insertion of the mlay, union is so rapid in fresh
fractures that massage and passive motion ean be instituted
<omewhat earlier than after any other treatment.  This should
he apparent beeause of the extensive and accurate approximation
of the bone elements involved in the union (namely, the graft
and the fragments) and the small amount of eallus formation
required to produce hony union.  Massage and passive motion
=hould be instituted as =oon as the wound of entranee has healed,
or at about the end of the second week after the operation, and
should be performed by a trained masscur, the splint being
replaced after each treatment until hbony union 1= complete.

Baling.— Baking by hot air iz especially eflicacious in frac-
tures about joint=, and should be begun at the =ame tiime with
the massage and passive motion and should immediately pre-
code those exereises,

Hot compresses, cons=i=sting of towels or pads of cotton
covered with gauze wrung out of very hot water may, in certain

ca=es=, he ol serviee,
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Liniments.—Liniments have no special therapeutie effect
except that they encourage massage or rubbing.  Strong lotions
which are liable to blister the skin should not be emploved.

AFTER-TREATMENT OF UNUNITED FRACTURES OR
PSEUDARTHROSIS

On account of the sluggish osteogenesis of the bony elements
making up a pseudarthrosiz, a support should be econtinned
muech longer than in ease of fresh fractures. In the more
desperate eases some support should be continued for 3 to 4
months, beeause the eallus formation from the bone ends is slow
at best and all the stress may be borne by the graft, which will
hypertrophy sufficiently if in the meantime it is protected from
breaking.

FRACTURE OF THE CLAVICLE

Recent simple fracture of the claviele ean, as a rule, be =atis-
factorily reduced and maintained in position by the usual exter-
nal methods.  In rare instances, either on account of the
obliquity of the fracture or for some other eause, the displace-
ment cannot be controlled.  An open reduction i1s then justi-
fiable.  The open reduction of the fragments may be all that is
necessary, without resort to internal-fixation applianees.  1Is
thiz instanee loeal infiltration anwsthesia may be adequate.  If
bone work iz to be done, general anwsthesia is desirable, 1t is
the convietion of the author that metal plates (Lane) should
never be employved in fracture of this bone, and that the choice
should lie between kangaroo tendon and the inlay bone gratt
for fresh fractures.  The inlay graft for ununited fractures is
the operation of choice.  The so-called intramedullary graft is
1I|||}n.~:.~:i|}|t1 ol application,

In Annals nl.l" ..“';H.r'!,fr'f‘_.rj for .“":{']llltlllht*]Z 1914, Ih. H. H. M.
Lvle reports a ease of ununited fracture of the elaviele in which
he implanted a bone graft, 6 by 11.5 em., from the tibia.
The graft was fastened as a splint on the outside of the bone,

spanning the point of non-union, by means of kangaroo tendon
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pas=ced through the graft and elaviele,  Twenty-seven days after
the operation the graft, having become displaced upward and
|'+|‘H+ili|:'irlj.': i1 press=ure necro=i= on  the =km, wa= removed.
“The graft was smooth and elean and apparently viable, mndi-
cating that bone regeneration had already begun.”™  The wound
healed inoa few davs, and a week later Blood injeetions, accord-
ing to the Bier method, were begun,  Bony union and a satis-
factory result was obtained. Do Lyle remarks that m this
situation, when the soft parts are thin and it is difficult to secure
immobilization, a bone graft should not be used as a splint but

Fui. 156, —Dieawing of inlay geaft inserted for an ananited fracture of e olaviele,
(For techpigue, see also e, 15870
rather as a means of stimulating bone growth, and that this is
the chief therapeutie value of the graft; and that he obtained
better results from the use of this bone graft than from thick
ones.  This ease i= a strong argument in favor of the inlay teeh-
nigue, which would have brought the surface of the graft level
or flush with that of the claviele itself, and there would have
heen no danger whatever of pressure neerosis of the overlving
=kin.  The graft should consist of the full thickness of the tibial
cortex with periosteum, endosteum, and some marrow substanee,
and should be obtained from the upper portion of the tibis
where the cortex is not so thick.  Sueh a graft, held in place by

kangaroo tendon, furnishes perfect fixation.
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FRACTURE OF THE OLECRANON

In fresh fracture of the oleeranon process, opening, drilling,
and the msertion of kangaroo tendon i= believed to be the hest
treatment.  In ununited fractures of this process, the inlay
graft held in place by kangaroo tendon is very easy of applica-
tion and promises better results than any other treatment.
The graft i= inlaid completely to the tip of the olecranon and as
far into the shaft as the amount of bone selerosiz indieates, A
<liding graft or a tibial one may be used, as conditions indicate.

FRACTURE OF BOTH BONES OF THE FOREARM

Fracture of both bones of the forearm requires operative
treatment when there 1= soft tissue between the fragments,
when it 15 compound, or when proper alignment cannot be oh-
tained by the usual traction methods, with the patient under an
anwesthetic.  Many factors unite in the indications for and
again=t open treatment in these fractures.

The funetion of the forearm is so apt to be interfered with
by faulty alignment that individuals whose livelihood depends
upon a strong and useful arm will get a far better and more
rapid result from an open operation than from any other treat-
ment.  The inlay graft affords an ideal fixation for either the
fresh or the ununited fracture of the hones.

The grafts should alwavs be inserted into the radial side of
the radius and into the ulnar side of the ulna, unless otherwise
indieated.  Any tendencey of the ulnar and radial fragments to
approximate each other is mechanically prevented by long
inlayv= thus placed.

The grafts are best taken with twin saws from the central
portion of the antero-internal surface of the tibia and are fixed
in place with kangaroo tendon (or teehnigue, Fig. 157).

The arm should he put up in a poesition midway between
pronation and supination, in a plaster-of-Paris splint extending
from the hase of the lingers over the elbow, thus leaving the fin-

.
oers free,
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[ the after-treatment, active motion of the fingers should
bhe encouraged from the beginning,  In fresh fracture cases,
mas=age and passive motion of the wrist and elbows should be
begun in the third week.  The bone healing should be studied
by the X-rav, and the time for removing the splints determined
by the amount of callus formation,

When Lane plates or other metal fixation applianees are
used it 15, as a rule, necessary to leave the external ixation splints

on for s to 14 weeks, and “ complete use of the arm for strenuous

Fre. 157 —Teehnigue of lidinge inla Fii, 135 —The inlay
graft for fracture of the oleeranon paroe- giaft iz held fivmly in place
Arrows indieate dedl heole i gradt. with kangaroo tendon,

labor should not be allowed for four months" (Hitzrot). These
periods are distinetly <hortened by the employment of the inlay
oraft, heeause of it< own osteogenesis and the stimulus it affords
to the fragments themselves,  This shortening of the convales-
cence should be expeeted when it 1= realized that the influence
of the metal fixation applinnees is quite the opposite, in that its
contact destroyvs hone and inhibits eallus formation.

In eases of ]I*['l|ll:1|'l|ll'il.‘-'-i'=, Fl]]l[lul'liuﬂ H!I]il[l:-i <hould be con-
tinued for a mueh longer period, aceording to the nature of the

ca=ec and the amount of eallus formation.
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FRACTURE OF THE NECK OF THE FEMUR

I'racture of the neck of the femur is by all means the most
disabling of all types of fractures. These fractures were for-
merly regarded as oceurring mainly in old age,  Recent personal
statisties, as well as those of other surgeons who have large
fracture clinies, show a large number of fractures of the femoral
neck oceurring in individuals below the age of 45 or 50, Senile
osteoporosis, associated with thinning of the cortex and absorp-
tion of many of the lamellie of the spongiosa of the neck, is the
chief eause of the increased frequeney of this fracturein the aged;
and, as would be expeeted, traumata need be mueh less severe to
cause fracture in the aged than in vounger individuals.  There
seems to be no objeet, as far as treatment or prognosis is con-
cerned, in elassifying these fractures further than the single
term “‘fracture of the neck.” The terms intracapsular and
extracapsular are inaccurate and misleading. The eapsular
insertion to the neck of the femur 1= oblique, thus causing the
joint to inelude more of the neek on itz anterior and inferior
=urfaces than on the posterior and superior.

Then, again, most fractures are oblique and diagonal, and
are only infrequently strietly transverse. If any classification
is used, that of Stimson is by all means the preferable one, f.e.,
subeapital, or fracture through the neck, and fracture at the
base of the neck, A fracture 1= apt to oceur in one of these two
places, either at the junetion of neck with head or with the tro-
chanter.  The associated outward rotation in epiphyseal =epa-
ration or fracture occeurs as frequently and is often more
pronounced than in fractures of the neck, which fact ecannot be
explained by a more fragile posterior portion of the neck.  The
predominance of the external rotators, especially the short
trochanterie muscles, is believed to be the more tenable ex-
planation.

Shortening depends upon the lessening of the angle be-
tween the femoral neek and the shaft or a sliding by of the

[ragiments,
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TREATMENT OF FRACTURE OF THE NECK OF THE FEMUR

In speaking of the poor results obtained in treatment of
fractures of the femoral neck by the conventional methods, an
authority states: At first one ean hardly appreciate how start-
ling these result= are unless he has earefully studied various series
of statisties, and wherever the usually aceepted prineiples of
practice are emploved— the long side splints with Buek’s exten-
<sion—there the average results are uniformly un=atisfactory.”

Of value in this conneetion are the conditions existing in 16
cases of fracture of the limb observed by Sceudder many
vears after the aceidents.  “Inonly two cases, or 12 per cent.,
could it he said that the leg was funetionally useful.”

Walker studied the records of 112 eases of fracture of the neck
of the femur treated in Bellevue Hospital between 1906 and 1907,
Only 15 eases, or 13 per cent., recovered good funetion,

The British fracture committee tabulated 91 eaxes, in which
S7 of the patients were over 15 vears of age.  Only 20 of the
adult=, or 23 per cent., recovered good function.

Unquestionably Whitman's abduction method offers better
results= than the foregoing.  Certain men, however, have not
obtained the favorable results secured by Whitman.

Cotton offers the following objections to this treatment:
“First, many men are inelined to doubt the locking of the upper
fragment at the it of abduetion, believing rather that tension
on the abduetor mus=cles gives the limit of abduction:; second,
there is real danger that in less expert hands the fragments may
be foreed by one another —not jammed together; third, plaster
spicas in stout patients do not hold abduetion firmly.,”

At best, fracture of the neek of the femur is one of the most
difficult problems in all surgery.  The anatomico-mechanieal
conditions, the poor blood supply, the sluggish osteogenesis, and
the difficulty of fixation are all potent adverse influences to se-
curing satisfactory union and good funetional result=.and it is be-
lieved that if ever radieal measures are justifiable they are indi-
cated in the treatment of this desperate condition.  Realizing
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this, certain surgeons have employved the metal spikes to assure
better approximation and fixation than could he obtained by
non-operative measures.  This method has not given uniformly
cood results because of the failure of sufficient eallus formation.

An illustrative personal case was that of 2 woman 30 vears
of age suffering from a fracture of the neck of the femur un-
unted after s weeks,  There was no destruetion of the fragments
from friction, nor was there any systemie disease to inhibit
allus formation. It was a favorable ecase, and a tin-plated
square =teel spike, 3'2 in. long, was driven into good position
longitudinally through the eentre of both fragments of the neck,
which were in exeellent apposition.  The convalescence was
uneventful. The wound healed by primary union, and at no
time was there a temperature above half a degree after the day
following the operation. The operation, however, resulted in
failure, and non-union oceurred.  Fig. 159 is a skiagram taken
4 months after the operation, showing that the spike, owing to
it= own weight and bone-destroving influence, had dropped
through the lower portion of the capital fragment and no longer
engaged 1it. The metal spike had not only destroved bone. but
it had inhibited eallus formation, in a region where osteogenesis is
at o low grade, to such a degree that it prevented union or, at any
rate, was a contributing eause to non-union.

To avoid the disadvantages of metal the author began, in
1912, to use a bone-graft peg as a substitute for the metal spike
(forreport, see author’sreport in Murphy = "Clintes,”June, 1915).
[f this bone peg is placed in the cervieal fragments by the tech-
nique deseribed elsewhere, an equally satisfactory amount of
internal fixation is furnished at the same time that the dis-
advantages of a metallie foreign body are avoided, and the ad-
vantages of a living bone graft gained,

A strong autogenous bone peg, aceurately fitted into a hole
drilledd longitudinally through the neck of the femur, with the
fragments in good position, offers unguestionably the most ideal
condition for the rapid and satisfactory union, in good position,

of this diflicult fracture.  In other words, the influences adverse
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to union. enumerated clzewhere, are better overcome by this
procedure than by any other treatment ; alzo every argument for
the autogenous inlay geaft in ununited and seleeted fresh frae-
ture= of shafts of long hones holds equally in fractures of the
neck of the femur.

Fro. 130 This =pike was plaoced doothe coptee of hesd opermtion. It has ole-
stroyid Bone sl deopped out of the capital fragiment cutirely, non-union resaltinge,
T EA TR B

Soft tissues are removed, if present, from between the ends
of fragments; the fragment ends are seeured in good apposition;
callus formation is stimulated by the presence of the graft at the
same time that the graft produces bone growth it=elf: and an
osteogenetic bridge, eapable of condueting both blood-vessels

and bone eells from one fragment to the other is furnished.,
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Indications for Bone-graft Peg in Fracture of Neck of Femur.
This operation 15 believed to be indieated in all ununited
fractures of the neck of the femur; in most unimpacted fresh
fractures, in operable subjects under 530 vears of age; in all

Fig., 160.—A ronteenogram (kindly sapplicd by Dr. B, €, Darling) which ‘.:IIJII."-"-':‘"
a1 metal spike inserted for a fracture of the neck of the femur in o young person. Ihe

result was o failure and the large amount of bone destruction about the metal s elearly
shown.

old fractures of the neck or at the epiphyseal eartilage where
malunion has resulted, with the neek depressed in a cova vara
relationship with the shaft.  The bony deformity is corrected by
cither a cuneiform or linear osteotomy, and placing the limb in
full physiologieal abduetion (Whitman).
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After the operative correction of these latter two conditions
by the usual cuneciform osteotomy Hitzrot states that weight
hearing <should be prohibited for at least a vear.  The employ-
ment of the bone-graft peg reduces this time by at least 6 months.

Technique of the Author's Bone-graft Peg Operation for
Fracture of the Neck of Femur. .\ most careful iodine prepara-

[

Fri, 161, —Rontgenoernm of an ununited fracture of the neek of the feraur of 5
month=" duration which has been united B zane snntosemons 1ilain] Done-orai proeze. The
union in thiz case was immedinte (Ge, 5 oweeks) and the union las remained solid 2
yvears atter operalion. A bsdicates geaft peg, Teom the cad of which projecis o mass of
[ TECRLS FTT) FTEN

tion of a wide field of operation should always be earried out.
The pubes should be shaved on the day before the operation and
the preparation started.

The patient should be placed upon some traction table
(Hawley) which will allow, simultancously, abduetion and trae-
tion. “The point of fracture is reached by an ineision starting

from a point a finger's breadth inside of the anterior-superior
]'-P
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spme and curved downward 3 to 5 in. along the inner horder of
the =artorius.  The inner border of the musele is exposed and
retracted outward.  The tendon of the rectus femoris is also
exposed and retracted outward.  The ilio-psoas musele is next
exposed and  retracted  inward.  The point of fracture s’
exposed and all =oft tissue i< eleared from between the fractured

ends, which are curetted and freshened.

Fua. 162, A sl wire noil which was by misiake previonsly ploced too high and
il por cngnge the eapital fragment, This case ciaphosiges the danger of misplaeing
a naal oo Besnee praft amd e wisdom of o soeall hand deddl fore orientation as pointed

oiid By Chee ot luer,

The limb is now placed in abduction and =uflicient traction
applied to bring the fragments into good apposition as deter-
mined by both sight and palpation through the anterior wound,
An ineision 2 to 3 in. long s then made over and just below the

el trochanter, which is 1*};]!1;:-‘1*1'. With a small hand drill, the
jrroper direetion for the motor dreill is determined ]:j.' trial, a=
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<hown by observation through both wounds.  The drill hole
should be situated in the centre of the neek of hoth distal and
proximal fragments, and parallel to the neek. The small hand
drill may have to be reinserted in order to loeate the proper traet
for the motor drill. The motor dreill should be held ready by the
operator for insertion into the tract of the hand drill as it =
withdrawn by the assistant.  The motor drill, which forms a hole

lia, 1HE, Dirawing representing patient on Haowley traeton talde, 08 aned 074
are =kin ineisions,

three-cighths of an ineh in dimmeter, is pushed through the distal
fragment until the bure end of the deill appears between the frog-
ment=, as =een through the anterior wound.  Just as the end of
the dreill i= engaging the oken end of the proximal surface, a
I'd'.'l:“rlg,i' on the eraduated deill <halt = taken at = entranee Hper-
ture in the great trochanter, so that by making additional reqad-
ing= it can be determined just how deep the eapital fragment is
being penetrated. By studyving the rontgenogram, the length

of thi= fragment can he VEIY .-wr-nr;ulrl;r determimed, and henee
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the desired depth of the drill hole obtained.  When the fracture
has oceurred near the head and i= consequently short, the drill
hole should extend elose to the articular eartilage of the head.

The drill is disengaged from the motor and left in place, to
avold any possible displacement of the fragmenis while the tibial
gralt 1= being procured.

The erest of the lower portion of the tibia is laid bare, and an
area of the desived size and shape i mapped out in the periosteum

"-'_-I‘r_:/-‘ ]
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i, 164, —Drawing to illosteate author's method of determining with small hand
drill the proper situation and direetion for the motor drill.  This hand drill is with-
drawn as e motor deill is inseried,  (See Fig, 165,)
with a sealpel.  The desired length of graft can be determined by
the graduated seale on the motor drill.  The eross-section of the
araft should be just large enough to be shaped into the peg
when the dowel shaper is used.

When the graft peg is ready, the drill is withdrawn from the
femur and the peg inserted.  The fit must be aceurate because
the dowel eutter is the counterpart of the drill used.  This accu-
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Tiwscrtion of motor deill into outer 2ide of great irochanier at point

i, 1045,
determined by oo deall,

f
f
/

II.I
Fuc, 10G——When e emd af the brr hoas veaeload the spaee hetween the fragments
atid 15 peady o enter the eapital fromment, o rendine on the eesdeared shiafe of 1he
boerr 05 taken a0 2, onee i3 then abile toorell Ly oo study of the sonteenozeam just how [ar

the bure shoulad fricniil ratee thi= Tragiment,
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racy of fit 1= very important.  Too tight a fit is undesirable
beeause a pressure anwmia of the surrounding cancellous hone
would be produced.  Too loose a fit, or an irregular inaceurate
it would not produee good fixation or favor an immediate bony
union of graft to the host fragments.

The deep fascie are approximated with interrupted sutures
of No. 2 chromie eateut; the skin wound 1= elozed with continu-
ous =uture of No. 1 chromie eateut,

The limb 1= put up in abduetion (Whitman’s position) in a
plaster-of-Pariz spica extending from the toes to the axilla.
Three weeks after the operation, windows are cut in the plaster,
and the wounds dressed.  The dreszing should be replaced with
cotton for the purpose of restoring the tension of the plaster
splint and retaining the fixation. The long spica should be
continued for 6 weeks, and followed by a =hort one for 6 weeks

longer.

THE AUTOGENOUS BONE GRAFT FOR FRACTURE OF THE PATELLA

The usual treatment for fracture of the patella consists in
expo=ing the line of fracture and uniting the fragments with
cither absorbable or non-absorbable sutures.  Formerly metal
wire, =uch as =ilver or phosphor-bronze wire, was used; but
recently the surgieal pendulum has bheen swinging away {rom
non-absorbable foreign materials, and kangaroo tendon or chro-
macized eatgut has been more frequently chosen.  The metal
wire, as a rule, has either been placed in a drill hole in each frag-
ment, or in =uch a way as to encirele the patella.  The degree of
separation of the fragments depends largely upon the amount of
Liceration of the capsule and conneetive tissue on either side of
the patella.  Musele pull may interfere with the union of the
patellar fragments, however earefully the elots and fibrous frag-
ments are cleancd from between the fragments, or whatever
may be the material used to hold the fragments in elose ApPpo=i-
tion.  Not infrequently a refracture oceurs, either immediately

or remotely alter operation, in spite of every preeaution.  1i-
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hrows union, with a varving degree of =eparation of the fragments
and a proportional amount of disability in the extremity, is a
more frequent unfortunate result, To remedy either of these
conditions, Rogers has sugge=ted that an autogenous hone gralt
bhe taken from the erest of the patient’s tibia and implanted on
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the front of the patella, to bridge the line of fracture. It is
believed that this = an important =tep and that it offers a very
trustworthy means of relicving these condition=. 1t 1= believed,
however, that Rogers” technigue can be mueh improved by using
the author’= inlay method. which he has not only applied to
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relieve fibrous union and refracture, but which he offers as a
means of securing immediate and solid bony union in certain
fresh fractures of the patella (see Figs. 171 and 172). In
other words, the inlay graft is a reliable prophylaxis to fibrous
union and refracture, as well as a remedy for those conditions
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when already existing, without resorting to a foreign bhody.
Besides affording <light and imperfect contact, the graft placed
on the anterior surface of the patella fragments is liable to

Fuo, 1689 —Dirawing representing gralt peg bheing deiven home,

cause a pressure =ore in the overlyving skin beeause of its super-
ficial location (see p. 217).
Technique of Inlay Bone Graft for Fractures of the Patella.
Place tight tourniquet on the upper portion of the thigh.
The fracture fragments are reached by a U-shaped flap with the
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apex of it= convexity over the ligamentum patella and its base
over the condyles of the femur.  Clear away eavefully all blood
clots or fragments of fibrous tissue from between the fragments,

Fii. 170.—AR is tibial bonc-grealt peg inserted 6 months before for an ananited
fractare of 5 menth=" duration fn o man of 25 veur= Phere was fieon i ot the el
of 5 weeks after operation.  The gralt was placed Tower than U was ineended  Lag
did not fnterfers with the result,

if it is a fresh fracture; or, in the ease of refracture or fibrous
union, freshen the fragment ends.  The fragments are approxi-
mated, and the Tateral rents in the fibrous capsule are partially
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sutured at the sides with interrupted sutures of small kangaroo
tendon.  The central portion of the anterior surface of the pat-
clla 1= then denuded of its periosteum and periosseous tissues

by turning back to each side flap= on each fragment.

FrG. 172.

Fuo= 171 axo 172, —Different types of ihe inlay graft applicd 1o fractures
of the peatella.

An outline of the bone to be removed —about 1 by %, in.—is
made on the anterior surface of the patella with the point of a
<calpel.  With the author’s small motor saw, cuts are made to a
depth of one-third of an ineh along the out-
lines already made.  The fracture surfaces of
the fragments are tilted forward, and with
=mall motor saw and narrow, thin. sharp o=-
teotome the bone within the previously made
<saw-cuts 1= removed to a depth of one-third
of an mnch from the anterior patellar surface.

With the patellar fragments in good appo-
sition, make careful measurements of the inlay

gutter with ealipers.  lXxpose the antero-inter-

Vo, 173 | RTVTR
tsniled] pnlin B AN ERT |
ununited fracture of - whepe the surface 15 broad and the cortex thin,
the patelln with wn i
svedadnbide sepeiration ."I”l[ |:]':'|' Imeal= ”‘II []"I"' 1':["'“"[‘ neasurenients
ol the Tragmeents,

nal surface of the upper portion of the tibia,

or wax model of gutter in patella, outline itz
periostemmn the inlay graft required.  The cortex in this portion
of the tibia is of the proper thickness for the graft.  The inlay is
inserted with its periosteal surface anterior, and the periosteal

lap= of the patella are pulled over it with interrupted chromie
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cateut =utures. The capsule rents are then sutured with Kan-
garoo tendon up to the =ides of the patella. “The fragments are
<till more seeurely held together by a figure-of-cight suture of
medinm kangaroo tendon, which is passed landerally through the
anterior portion of the lignmentum patellie and quadrieeps
tendon, direetly helow and above the fractured bone, and erosses
in front of the transplant.  The skin ineision is elosed by a con-
tinuous suture of No. 1 chromie eatgut,

The limb i= put up in a plaster-of-Paris splint for 4 weeks.

Thi= operation i< of the greatest advantage where there has
been a fibrous union in an old ease, and a separation of the frag-
ments coincident with a shortening of the quadriceps tendon and
mu=cle: and when the fragments cannot be brought into close
apposition.  This space can be spanned by a long graft, which
will hivpertrophy and Gl in to a large degree (or entirely) the
hiatus between the fragments.  (See Fig, 173.)

THE BONE-GRAFT PEG AS A TREATMENT OF FRACTURE OF THE
05 CALCIS

A fall in an elevator or from a height, striking on the plantar
surface of the foot, = very likely to produce a fracture of one
of the tarsal bones, espeecially the os ealeis, which is by far the
mo=t common fracture. These fractures of the os ealeis may be
clas=ified into three groups: first, the one in which the fracture
1= tran=versely through the central portion of the bone, with a
displacement upward of the posterior fragment by the pull of
the tendo Aehillis; seccond, when a portion of the hone is torn
away by mus=ele pull; thivd, where there is a fracture of the sus-
tentaculum tali; and, fourth, where there is comminution, espe-
cially in the region where this bone artieulates with the posterior
portion of the astragalus,

The type of case in group one only will be considered in this
conneetion,

The chief consideration in the treatment of all fractures of
the os caleis and especially this one, is to preserve or restore the
arch of the foot.,  From the funetional as well a= from the

cosmetie standpoint, this is most Huportant,
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Method of Reduction of Posterior Fragmenl—The patient is
anw=thetized to full muscular relaxation; the foot is brought into
full plantar flexion for the purpose of relaxing the tendo Achillis:
and the heel 1s grasped firmly and an attempt is made to pull
it downward into its proper position. In order to loosen the
fragment, and break up the impaction it may be necessary to
foree the heel laterally (both right and left). It may then
be possible to bring down the fragment.  If this fails, as it is
apt to do on account of the difficulty of securing a sufficient
erip on the heel, Cotton has advised thrusting a steel spindle (or,
more convenlently, a =mall urethral =ound) through, just in
front of the tendo Achillis.  With this hold, there is no difficulty
i bringing the fragment down, if it has not been more than
a week or two sinee the fracture.  In old, malunited fractures,
an open cuneiform ozteotomy on the inferior aspeet of the hone
at the point of the fracture will be necessary, before attempting
to bring the fragment down. The ineision is made directly
over the inferior aspeet through the plantar surface of the foot.
[t is usually safer to tenotomize the tendo Aehillis,

In some instanees internal fixation is advisable, and in these
cases the bone-graft peg is by all means the most ideal agent.

Author’s Technique of Bone-graft Peg for Fracture of the
Os Calcis.—The most satisfactory incision i= one which passes
along the outer side of the tendo Achillis down to the edge of
the plantar skin, and then internally around the posterior part
of the heel.  The skin flap thus outlined iz freed from the poste-
rior end of the os ealeis and retracted inward.,  Care should be
exercised to keep elose to the bone in frecing up this flap, so as
not to interfere with the eireulation of the flap.

With the posterior ecaleancal fragment i good position, a
hole about the size of a slate ‘[Il‘lu‘“ 1= made |uT1g’1lIIi|i11:lH}' i the
fragments with the author’s motor drill. The drill should be
started in the centre of the posterior end of the os caleis, driven
through, and then disengaged from the motor and left in place
while the peg is preparved. A strip of bone of sufficient size to
shape into a dowel peg is then removed from the erest of the
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tibia with a motor saw. With the author’s surgieal lathe, held
by an assistant on the edge of the instrument table, this =trip
of bone i= pushed into the dowelling instrument, which shapes
it into a round peg that will just fit into the deill hole in the os
caleis (see illustration. chapter on Hip Fracture).  The drill

INFERIOR ASFPECT.

Fig, 174, —1lusteates peg hone geaft inseeted for fracture of the os caleiz.  The tendo
Achilli= has been tenotomized to prevent posterior fesgment being dizplaced apoward,
15 then withdrawn from the os caleis, the peg inserted and driven
home with blows of the mallet.  The end of the peg should be
well counter-sunk mnto the end of the os ealeis, =0 a2 not to cause
pressure on the overlving =kin, with danger of pressure

uleeration.

Fractures of the avulsion type from muscular pull may be
treated ina similar wayv.  In this instance, the avulsed frag-
ment i= replaced and pegged securely in position by one or two

small bone-graft pegs, a very similar technigque being used,
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Fixation Dressing. —The foot is put up in a plaster-of-Paris

dressing, in moderate plantar flexion. A pad of gauze is placed

FilwA TroA ' WIRES
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stmoothly over the superior and posterior part of the heel, and
a< the plaster sets it is moulded over the heel, with traction
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downward.  The full areh of the foot is maintained by mould-

ing the plaster well over the dorsal and plantar aspects of the

foot.  Union in these eases<, after this treatment,

is very prompt.  The plaster should be cut and
transformed into a bivalvalar splint at the end of
2 weeks, when active motion of the foot i= allowed,
with gentle massage. T the case 1= a fresh frae-
ture, weight bearing may be allowed in 4 weeks’
time, I it is o ease of malunion, this period of
time should be =omewhat lengthened, i aceord-

anece with the individual requirements,

SIMPLE COMMINUTED AND
OF JAW

UNUNITED FRACTURE
Application of the Inlay Graft. Fracture of
the lower jaw oceurs as a rule in the hody of the
hone and 1= u=ually associated with displacement
which persistently recurs if proper fixation is not
provided.  The hiting surface of the teeth is a
very trustworthy guide to the proper reduetion of
the fracture.

Fractures of thi= bone do not as a rule require
operative treatment.  Maintenanee of satisfactory
alignment ean u=ually be aceomplished either by
the interdental =plint or by wiring the teeth.

Fractures of the ramus are the most difficult
to treat by conservative means especially as the
interdental splint i= inapplicable in these cases,

If the fragments eannot be maintained in <ati=-
fuctory alignment after a reasonable perseveranee
by econservative means, or if non-union has re-
<ulted. operative measures should be advised.

The inlay tibial geaft offers a very satisfaetory

agent for the internal fixation of this group of cases,

commminuted  fractures with loss of

hould be chosen as immediate treatment .
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Fro, 175~ Dhagram illusieating o fractoved jaw with the sap spanned and the
fragments held by the inlay bope graft ) also illustrates the maner of fecding such a

|-;.1|’.-||r Ihl'nllﬂh H 1 lt||w i||ll'||||lL1'v|'1| traton Ry IIJlltIrh FTI-I!I 1y s1ole lrjll.lll‘!i.[l' thie rl':Ll_'!!Jrlz,

Fig, 170, Ddagram of o fractared lower jaw o badly shattered as 1o leave o gap
where o proper position of the remaining feagments i maintained,  This gap can be
antizfaetorily spanned and the fragments scearely pnitedd throweh the inlay metbood
witly o wealt and sutter peoddaeed b thee twin otor saws mdjusted o the same distanes
apart, producing an aeearate i ol the pealt which i= held in positien by Kangaroo-
Lesrnidortn s0B00I PR ]|:|-»-»|'l| thiromiels deill liosles in _-|:|'|.'|. froemenis, This is o [reguent cole-
dition in the present war, resuliing frem the trench warlare,
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most important asset in this type of ease is its germ-resisting
property.

The inlay bone graft i= placed into the lower portion of the
outer surface of the fragments.  The graft is curved and shaped
to the contour of the jaw (see illustrations 175, 177 and 179).
Inangaroo tendon affords the best fixation of the graft.

The support and fixation of the fragments may be sufficient
but it i= =afer to wire the teeth of the lower jaw to corresponding
ones of the upper jaw.  The teeth adjoining the site of fracture
<hould never be selected for wiring as they are likely to become
lil[l‘ﬁ['ll"‘t.

The post-operative dressing should consist of leather chin
piece or a four-tail bandage.

special direetions should be given that the patient take
liquid diet and keep the mouth clean as possible with mouth
washes,

Comminuted compound fracture of the jaw, due to modern
rifle-bullet and treneh warfare, is one of the most frequent
injuries in the present Luropean war. It has been reported
that 500 =oldiers with comminuted eunshot fractures of the
lower jaw have been segregated in one hospital in Germany,



CHAFPTER V

OPERATIVE METHODS FOR REMODELLING OR ANKYLOSING
THE HIP-JOINT

THE BONE-GRAFT WEDGE APPLIED IN TREATMENT OF ACQUIRED
DISLOCATION AND RELAPSING CONGENITAL DISLOCATION
OF THE HIP

Aequired Dislocation of the Hip, =uch as paralytie luxation,
was desceribed as early as 1877 by Reelus, since which time a
number of writers have set forth the nature, wtiology and treat-
ment of the deformity; but up to the present time no unanimity
of opinion has been reached in regard to these points.

There are two kinds of paralytic luxation of the hip:  The
trae lurvation, from paralysis of the abduetors and external
rotators; and the pubic luration from the paralvsis of the addue-
tors and internal rotators.  Disloeations of this nature are not
infrequent, but are usually diagnosed by associated contractures,
adduction in the ease of posterior luxation, and abduetion of the
thigh with flexion in the pubie luxations.  The iliac disloeation
is believed to be the one more frequently met with.  The pubie
displacement is difficult to confirm by rontgenogram, because
of the obscurity rendered by the neighboring bony parts,
where-as the iline luxation is readily revealed by the rontgeno-
eram.  Clinical examination i= rendered somewhat  difficult
by the atrophy of the muscles and altered direction and <hape
of the femoral neck, as well as by the presence of contractures,

These luxations mayv be due to musele contraction, or ex-
treme paralysis of hip museles and a stretehing of the unsup-
ported eapsule in eases unable to walk, but they also occur from
static eauses, even where paralysis is slight and there i= an other-
wize perfeetly useful imb.  Among the important physical signs
indieating luxation are adduetion and abduction contractures,

with or without flexion of the thigh.,  An iliae luxation lordosis 15

242
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tao be looked for, and if the luxation i= unilateral a tilting of the
pelvis out of proportion to the atrophy and shortening of the leg,
due directly to the paralyvsis, i= appreciable,

The use of external applianees in treating these eases hevond
the immediate correetion of deformity i= unsati=sfactory, and in
order to control these redisloeating paralytic hips the author has
applicd the autogenous hone wedge to deepen the overhanging
rim of the aeetabulum which, in conjunetion with reefing the
ballooned portion of the joint eapsule. furnishes a =table and
sati=factory hip-joint.

The indieations for an open operation in paralyvtie disloeations
of the hip are the inability to replace the head of the femur,
owing to contractures of the soft part=; faulty displacement of
joint struetures; or such relaxation as to permit of redisloeation
after repeated reduetions.

Contractured structures are thoroughly <tretehed and the
dislocation reduced, 1 possible, |H. the elosed method.  Failing
in this. or suceceding only to have a redisplacement ocear
.-'||||-'['|tl,ll-||t|_‘lf, the O] method devised |il'l.' the author ean be
resorted to when it is found that the redisplacement i= due to a
relaxed capsule and a shallow acetabulum.  The difficulty in
paralvtie dilocations of the hip, a= a rule, i= not the reducing of
the dizlocation but the retaining of the hip in po=ition after the
reduction.  The wearing away or flattening of the rim of the
acetabulum result= from the head slipping in and out repeatedly,
In some eases this occurs with every step the child takes,

Thix open method for retention of the femoral head applies
bhoth to paralvtie and congenital dislocations.  In congenital
dizlocation=, it has been applied only in those cases where the
acetabulum i= <hallow and the hip will not stay in place after o
rea=onable trial by the bloodless method.  An open operation
for the reduction of hip dizlocation must be conzidered a major
operation and should be undertaken under strictest aseptie
precautions,  The result to he expeeted is a stable joint with the
widest range of motion, without pain, and with the least short-

ening possible.
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[n many cases of hip disloeation the acetabulum iz found to be
too shallow and with a superior rim insufficient to retain the
femoral head.  To obviate this defect, Hoffa, in 1890, did his
first sueecessful operation, which consisted chiefly in deepening
the acetabulum by scooping out the contained fat, articular
cartilage and bone, to furnish an adequate coneavity to receive
and hold the head of the femur., By this method he was en-
abled to produee a stable joint, but in many instances with
little or no motion without pain, and in many others pro-
ducing a stff hip with a varving amount of shortening of
the leg, depending upon the amount of exeavation made in
the superior portion of the acetabulum to receive the head
of the femur.  In cases where motion seemed free shortly after
the operation, a later examination showed it to be slight, if any
at all, and at a still later period there was evidence of a pro-
liferative arthritis,

The author’s method, which has been performed suecessfully
in a number of inztances, obviates the above-mentioned dizad-
vantages and produces a stable joint with full and free motion
and without pain or shortening.  The most important feature is
that it preserves the entire acetabulum and joint eartilage, thus
gunarding against any later joint change. It may be deseribed
as the bone-wedge graft vemaodelling operation for paralytic and
congenttal dislocation of the hip.

The important points of advantage which it possesses over
the Hoffa open operation are:

I. It is an operation of less magnitude, producing less shoek
and mutilation of the anatomical joint structures,

2. There is a preservation of the synovial membrane and
hyvaline cartilage of the joint as well as the ligamentum teres,
which remains undisturbed 1if 1t 15 present.

3. The operation is performed without the disarticulation
or extensive traumatization of the head of the femur, a most
important factor in avoiding shoek and subsequent traumatie
degenerative change in the joint,

1. There is no shortening of the limb produced by the opera-
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tion, as no portion of the existing articular structures IS re-
moved or h:'mr|wli out, a= in the Holla H|H*I':IIiHII.

5. There i= o restoration of joint stability and a reinforeing
of the joint structures present, and an actual addition to the
joint anatomy by the insertion of these bone grafts, to be de-
.“"Fil“"l],

6. The author's method minimizes any possibility of limited
motion of the remodelled joint, or subsequent production of
osteoarthritis to limit motion or produce painful motion.

g, Is0e—Henvy line indieates Interal skin incision when tip of trochanter is
turned up for an approach to the hip=joint,

THE BONE-GRAFT WEDGE IN THE TREATMENT OF CONGENITAL AND
ACQUIRED DISLOCATION OF THE HIP

Author’s Technique. The technigque of the operation is as
follows:  All existing contractures having been overcome by
foreible manipulation or open division, and the disloeation made
easily reducible by weight and pulley traction or manipulation
under ether, an ineizion is made from the anterior-superior
spine of the iliwm to the great trochanter, then backward 1 to
2 m.oan the diveetion of the isehial tuberosity; the skin and sub-
cutancous structures are dissected back and the trochanter
exposcid; the tip of the trochanter is developed, with it= musele
attachments, and sawed off with the motor saw. This tro-
chanter tip, with its attached museles, is turmed upward, giving
a free exposure of the superior and posterior portions of the
capsule of the joint, together with its attached portion of the
superior and posterior acetabular rim; this portion of the eapsule
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i= seen and felt to be lax if the head is in the acetabulum., and
if the head of the femur i= disarticulated it distends the eapsule
by pressure from beneath and further displacement of the head
15 resisted.  Upon manipulation of the femur, the head is readily
felt as a rounded hard surface slipping about beneath the eap-
sule.

The amount of deficieney of the acetabular rim can be very
ea=ily determined at this stage by direet palpation, and manipu-
lation of the thigh, and alo the amount of laxity of this portion
of the capsule.  Above the capsule attachment to the acetabular
rim the bone surface iz eleared of soft tissue, and with a narrow
thin osteotome the bone i= ineised just above the insertion of the
apsule in a semicireular line in this posterior-superior-anterior
surface, to conform to the natural curvature of the superior
rim of the acetabulum, This semicireular bone ineision pro-
dueces a strip of the superior curved bone margin of the acetabu-
lum with 1ts attached and undisturbed capsule segment.  This
curved acetabular bone segment is pried outward and downward
with the osteotome to deepen the acetabulum sufliciently to offer
an obstruction to displacement of the femoral head, i.e., this
superior curved rim of the acetabulum 1= made to overhang
and more securely grasp the head of the femur when placed
in its socket (see illustration 187). The pryving downward
and outward of this curved superior bony rim segment pro-
duces still more laxity and wrinkling of the attached portion
of the eapsular ligament. The slack is taken up by reefing
thiz portion of the eapsule by a row of mattress sutures of
kangaroo tendon placed at right angles to the long axis of the
neck of the femur.  The stitehes are so placed as to make the
reef of the capsule lic equidistant from the two ends of the
cap=ular bone insertions.  This reefing avoids entering the
joint, takes up the slack of the capsule, and at the same time
holds the new-formed or placed acetabular rim in position,

To fill in the bone gap produced by the prying downward
and outward of this curved bone rim segment, and to further
secure the permanent fixation of this new-formed acetabular
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rine, a seement of bone having a triangular eross-seetion is re-
moved from the erest of the tibia, long enough when eut into
three or more portions to fill in this gutter,  Before disengaging
thi= eraft from the tibia, six drill holes are made in this bone
segment, so placed that when this long graft is cut into three
portions prior to being placed in position there are two holes
cach portion.  The illustration shows the direction in which
the =aw-cut i= made in the erest of the tibia to produce the

wedge graft.

Fro, 151, —Maethod of uzing motor to incize tip of great trochanter for the purpose
of cxposing the hip-joint by tarning of trochanter with the muaseles, aoiehed, apwaed.
A chi=el or gleli =aw can be a=ed Tor this pairgrose,

Bone pegs, if used, are made from additional strips of bone
obtained from the tibia just above where the bone graft s
obtained, and these are turned to fit the previously formed drill
holes in the graft segment=.  Thiz 1= quickly accomplished in
the motor-dreiven =urgical lathe.  The long wedge eraft is re-
moved from the tibia and cut into the three mentioned portions,
which are placed in position and pegged to the pelvis,  As a
rule, the cancellous bone strueture of this portion of the pelvis
15 =ati=factorily penetrated by the cortical bone pegs without
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further drilling.  These pegs should extend through the graft
and into the pelvie bone for one-half to three-quarters of an inch,
In eertain ea=es it has been found that these bone pegs to hold
the graft in position are unnecessary, and that suflicient fixation
15 produced by drawing the soft tizsues over the graft with
]{:111_5_":11*1 W =utures,

The tip of the trochanter with its attached musele insertions
1= returned to its normal position and sutured with kangaroo

Fio. 182, Congenital or paralytie disloeation of the hip with the head of the
femur strefelnng the eapsule.

tendon through the periosscous struetures.  The skin is closed
with continuous sutures of No. 1 chromie eatgut, without drain-
age.  The limb is placed in an abdueted position and fixed by
a long plaster-of-Paris spica reaching from the thorax to the toes,
which remains on for 6 weeks, and is then replaced by a short
spiea for an additional 6 weeks, when the cast ix removed
and passive and active exereises are instituted, together with

massage and guarded funetional use of the limb.
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OPERATIVE TREATMENT IN SELECTED CASES OF OSTEOARTHRITIS,
ADULT TUBERCULOUS HIP-JOINT DISEASE, AND CERTAIN
TRAUMATIC AND DANGLE (PARALYTIC) HIPS

It has long been a well-known fact that a large number of
progressive and advaneed eases of arthritis deformans (osteo-
arthriti=) of the hip, with the aceompanying deformity and
disability, fail to respond* to the conventional methods of
=v=temie, hvegienie, rest, or brace treatment, and progress toward

Fia, 183, — Represents the head of the femur reduced and in the sectabulum,. The
tip of the great trochanter 1= tarned upward with s atinched moseles,  The SN pRETIOT
and posterior portions of the eap=ule are muech ballooned,  The dotted line indicates
the bone section which is earried one-half the way around the vim of the aeetabulum
oy Its !L!lll']jlll--'I|-1'Ii--1' TRILL) rnul!u-riur HES IR | =g ] l—f 150 anad 1=45. )

complete invalidism.  This elass of eases = met with in adult
life, and the length of time required by the treatment heretofore
cmployved eannot be satisfactorily undertaken by the working
man with a family dependent upon him, even though the ehances
are good for an ultimate recovery,

With marked anatomical and pathological changes present,
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such as the wearing away of the femoral head and acetabulum,
ehurnation, osteophytes, and the associated flexion and adduetion
deformity, satisfactory results can rarely be expected from ex-
pectant treatment.  (See Fig. 188.) A\ reseetion of the upper
extremity of the femur has been practised by Hoffa and others,
with very unsatisfactory results,  Hoffa was one of the last to
discard complete exeision.  Foreible manipulation under ether
has produced disastrous results in hoth the hypertrophie and the
atrophie types.  In the hypertrophic type, foreible manipula-

._, 2 ;'ll
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Fui, 151, A bor's h'd'h:||il||!||' of ||E|-l'!|'.'|1iilr:| far ]J::]'r!t_\.'lid' at] coneenital Jdisloeation
of the ]|i||. Hlustratinge the division of il Ii]- o the sreat trochanter with it attached
j|||i.—~:'|1'- ]Itli'd I:|||-'.'.;|||| LS PR I|‘||' _i-'l-iul |';|||-H||', 'I'hl' .‘-Ilrll'!l-:ll'd'r“lllil;i :'IL|\.'|'IJ hll[u'
ill"i"'i'll:l |'|'||'! rewe] Suienres ill ||||' r'.".l-'-‘”l" HHLE "'il"“ 0 .'L..I"r ||!'||!.|"""'il|2l |I|t' 1"“:""'-"[ I"'“_"l'
suppeerior rinn of the aectabalom.,
tions of the parts produces further hypertrophy in many in-
stances, more pain, and ultimate deformity by the traumatization
of the joint structures; and in the atrophie condition, on aceount
of oz=eous rarefaction, further damage 1= likely to oceur from the
crushing of this rarefied bone.  When this disorganizing condi-
tion of the hip-joint exists, with its accompanying adduetion and
flexion, with firm muscular contractures and a progressive bony
abstructive ankylosis with the thigh in this faulty position, i
has seemed best to aim for an immediate firm ankylosis by

means of an operation (zee Albee: The Jowrnal of the American
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Medical Association, June, 1908), at which time the limb 1s
placed in a position of slight over-correction to compensate for
the existing practieal shortening, there being but little further
actual bone shortening produced by the operation.

Fra 153 —The method of the remossal of the Booee from Che eeestoof the tilba, to b

divided into segments with the motor =aw el a=ed as bope-gealt wedges in paralytie
ard coneenital dislocation of The lip.

The author has operated by the following method in 50
ease=, the patients ranging from 22 to 67 vears of age, and the
time =inee the first enses were so treated has bheen over 7 vears.,
Furthermore, to the author’s knowledge, the operation has been
performed by a muomber of other surgeons, all of whom have
reported sati=factory results,
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Technique of the Author’s Arthrodesis Operation of the
Hip.— The hip-joint i= reached in thin subjects by an ante-
rior ineision, 5 in. long, through the skin and subeutaneous
tissues, starting from just below and inside of the anterior-
<uperior spine of the ilium and extending downward. The
sartoriug musele 1= retracted outward; the deeper museles and
structures are separated by blunt dissection and the iliaeus and
the rectus femoris muscles are retracted immward. A part of any
group of osteophytes about the acetabulum is turned upward
with the =oft tissues adherent to them, since 1t 1s con-

| AT -'['g-q-||g|i||_||1- ol |;|||~|':|_1i4||;| for !||;1_|';4l_‘.'ti1'. anel |'l=I:|HI'II:i'|'.l|. dizloeation of the
hip, illustrating four antogenons bone-grafe wedses, B held i pedition in the supra-
;|1'1.'r;1||.|_|;:|r eyl bhone cutiore '||_'|.' gl b parisgpeel = |_|-|-|rl|' dll'l.'l.'l'! [ in=erted throueh dell
hioles extending through cach graft wedge into the adjacent bony wall of the pelvis,
A i= tip of trochanter turned up with its attached museles,  Four wedge grafts are
shioown in Lhi= drawineg.  Tweo or three are often sullicient,

sidered advisable to preserve as many as feasible on ac-
count of their bone-producing possibilities.  In a thick muscu-
lar thigh where there is much bony outgrowth overhanging
the joint, it requires some eare to loecate the joint accu-
ratelv.  The eapsule is opened.  With the head of the femur
in situ, approximately one-third of its upper hemisphere is re-
moved with a long osteotome or ehisel—five-eighths of an inch
in width—in a plane nearly parallel with the long axis of the
neck of the femur,  With the same instrument and a strong
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curette with a cros= handle, the acetabulum is transformed
into a flat-==urfaced roof against which the flat surfaee of the
head i finally brought mto firm contaet by abduction of the
thigh. It the adduetor museles prevent the required amoun
of abduetion, an open division of these museles and tendons 1=
made to permit the leg to he brought into the desired position,
The acetabular and femoral head surfaces are brought into
contact by simply abdueting the thigh.  The eapsule and soft

tis=ues are sutured.

Fre, 18T, —Anterc-posterior view of remwdelled hip-joint with wedge bane grafi
pinned in position depressing th sitperior ritn of the acetabulam, the superior porion
of 1l l':![:--lll' recfedd, aned the ri|. of trochanter with 1= attached moseles pestored o b=
proition ard fastenedd with kapearoo tepdod,

Access to the joint = muech facilitated by a position of
extreme adduction of the limb,  For the purpose of orientation,
an assistant i= kept in constant readiness to rotate the femur
while the operation is in progress.  The bhone is removed in such
away that the flat pelvie surface is tilted up mesially comewhat,
i order to produce a locking of the parts and to prevent any
possibility of dizloeation from welght-hearing.
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In very stout patients, with thick thigh museles, the tech-
nique of lateral approach to the hip-joint deseribed by Brackett
may be used to advantage as follows:

The hip-joint is reached by an incision from the anterior-
=uperior spine, obliquely downward and outward to the middle
of the outer side of the trochanter, and then downward 2 in.
in the line of the femur. At the point where the oblique por-

Fig, 1ss.—Advaneed arthritiz deformans (osteoarthritisd of ¢he hip in which the
acetabulum has beeome filled with new bone and the head of  the femur disloeated.,
‘:J.'.l'rllll :-Frl'l'ilul'h i!l Iill' { 'lalli':_{:' IIF I:Ill_'lu"'il'i.hll" :!JL-! ."""lll:':_{rll-lt-i.f

tion joins the vertical, just over the trochanter, an ineision is
made direetly backward, 2 to 3 in. in length, down to the faszeial
portion of the gluteus maximus.  After =eparating the tens=or
fauscia femoris and the gluteus medius, the line of separation is
extended downward along the line of the original meision,
through the faseia lata to the femur, freeing the attachment of
the museles (vastus externus) from the outer and upper surfaces
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Fro, 1=, "The beoken lines indieate the amoant of bone 1o be removed, Tt §s
reamovia] frean the ead aned e sectabmlome g different planes o oeder 1o seenre e
desivead abuduwetion of the thieh, when the freshened bope 2nefmees are broazht together,

A |l|ll"i| ponn b Tl froeshemed Done =oefees after the rensoncal of e Daopee Teonn 0he el
and the aectaladum, and the femure plaeed in slishe abeduetion, The BWaekened aren
inclientes where e eartilame 1= remoced when the femuar is Hrl'llll",.‘:l_\' rotatedd ot wnrild
for that purpsese.

A b smzal] frasiments of Dastpe siee ot pepovesdd with o as moueh esre s |III'IIII"|'i_'|.'.
Thl'_‘.' are left i or seleetold opes I!'|'|-|.'=|'l'll omn aecount of their osteoarepet e :|r'|i';i|j.'.

Fri:. 1—Auihor's arilirodesis of 1 he ||.i|--_|i.-i||l <hwswinge  The  ypeei=ed flattomed
= grerir =il oof e Besdd oof 1l Femnar in ;||.||1--il porty withe tlee fpeei=eecl fhat topel SELfHAIOF
surface of the aeetalnbom, with ol pronets ool wisteaapliytes o stozll boogie erafis ||i;|.|'1'||

wlong the contacted boge drea, Lateral view,
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of the femur.,  The faseial expansion of the gluteus maximus
1= then cut through along the line of the posterior part of the
original incision, and the outer part of the trochanter exposed.

This gluteal Aap is turned backward, and the outer and upper
surfaces of the trochanter are fully exposed.  The upper portion
of the trochanter is then chiselled off by eutting direetly back-
ward with a narrow osteotome, on a curved line beginning on
the outer surface of the trochanter, 11, in. below the tip, and
cutting inward for 'y in., then curving upward to the fossa
at the junction of the upper part of the neck and the trochan-
ter.  This removes the outer portion and tip of the trochanter,
and with it the attachments of the gluteus medius, gluteus mini-
mus, and pyriformis.  The motor or Gight saw ean beused. Care
should be taken in the removal of this piece not to eneroach on
the neck, or the bone will be weakened at this angle.  The por-
tion of bone removed, with the muscles attached, iz deflected
hackward and upward enough to uncover the upper part of the
femoral neck, and the muscular covering of the anterior fibres
of the glutens medius and minimus are easily separated from
the region above the acetabular rim. The incision through the
trochanter just borders on or opens the outer edge of the capsule
on the upper surface of the neck, and the incision of the capsule
opens directly into the eavity of the joint. The capsule may be
split along its upper surface, parallel to the neck, and near to its
acetabular insertion and cut transversely on each side, which
opens the view of the edge of the head and rim of the upper
half of the acetabulum.

The leg is finally put in a long spica extending from the
axilla to the toes, in strong abduetion and 10 degrees of flexion,
If the convalescence is uneventful, the patient is usually walk-
ing in 5 weeks, with the aid of erutehes. .\ short spica iz then
substituted for the long one for a period of 7 weeks longer.

[t has been found in the later eases that to remove the over-
hanging edge of the acetabulum first renders the removal of the
upper surface of the head of the femur easier.  If the upper
third of the femoral head to be removed is eut into segments
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by a thin osteotome, and by eutting at right angles to the first
bhone ineision, the removal of this portion of the head 1= facili-
tated,  After this segment of the head s removed, all the ae-
cessible artienlar eartilage is shieed from the anterior portion
of the head, brought into view by <trongly rotating the femuar
outward.  The cartilage 15 alzo removed from the contiguous

Fro. 18— Bony nmoen after anthor’'s aetheodesis for osteoariheiiis of ihe lop wiith
relicl of all =vmptoms.  The arrow indicates small bone geais plaeed aboat rim of
Juint,

portion of the acetabulum with a thin osteotome.  In operating
upon =tout persons, one i< forced to depend very largely upon the
sen=e of touch in this removal of bone and eartilage,

One precaution should be emphasized, and that is the re-
moval of the overhanging shell of osteophytes hefore ineising
the femoral head.  The reason for this is to avold being misled

17
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and making the capital ineizion too low, and thus removing a
larger segment than i= desirable. The removal of one-third of the
head furnishes as extensive afresh bone surface asean be obtained
for ankylosis, and at the same time the hip is not loosened nor the
limb shortened to any material degree. The tendeney always
1= to regard the hip-joint as being situated lower than it
actually is,

Fic, 192 —2A ease of osteoarthritis with flattening of the head and osteophivies al
A oamed 1 A ||fl|t_‘|' _|||.|~I\|I'-|.i-|. ARETE |||'1|1|||i'l'L| ||'|. :|1|_1||||:'.-\. |1'I'L||I|1]|.|i' ial :||'|h|l|l|"""|" :III'I.
all symptorns were immediately relicved,

Hustrative cases of osteoarthritiz of the hip operated by this
method

Case 1. In October, 1906, M. NX., a policeman 59 years of
age, was referred to the author by Dro J. L. Moriarty of Water-
bury, Conn. An examination revealed arthritis deformans of
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the rvight hip. Hygienie and brace treatment were recom-
mended and explamed. Tt was declined on the ground that the
time required was <o long and that the possible result= were too
uncertain for a working man with a dependent family,  The
following May (1907) this patient returned to the writer and
bhegeed that <omething be done for him. He was admitted to the
New York Post-Graduate Hospital May 14, 1907, with the
following history:  Policeman for the past 25 vears. Three
vears hefore, he first began to notice pain and <tiffnes= in the
right thigh and hip.  Soon after this he went to Mount Clemens,
where he took a considerable number of baths.  His general
health was improved, but the pain and dizability continued as
bhefore,  Two vears ago he was examined by a physician and
was told that his right hip was disloeated and that the right
leg was 2 i shorter than the left. The symptoms became
<0 =evere that, 3 months after con=ulting the writer i e-
cember, 1907, patient went to New Haven and submitted to an
operation, the nature of which could not be aseertamed.  Lame-
nes<, stiffness, and pain continued unabated.

The physical examination revealed a museular man with a
pale and careworn countenanee and a markedly shortened right
limb.  Hiz right <hoe was built up with a cork extenszion 2,
i, thick., The Imb was much atrophied and was markedly
adducted and flexed, A long Linear scar was noted over the
right trochanter. The actual bony =hortening of the right
limb was 1, in.; the practical shortening was 24, in, The
motion was very slight, except fer the presence of about one-
half the normal amount of flexion,  Attempts at passive motion
were painful. There was some muscular spasm. .\ rontgeno-
eram =howed the head of the femur muech worn away and
f

acetabuluam.

attened, with many hlr“}' rl!ll;_-,r'n'l,‘..'1||.- about the rim of the

[n view of the disorganization of the joint, the marked ad-
duetion and flexion, with firm museular contractures, and the
progression toward bony obstruetive ankylo=i= with the leg in

the aboveamentioned faulty position, in a person <o large and
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muscular, it seemed best to aim for an immediate firm ankylosis
by means of an operation, and in order to compensate for the
existing practical shortening. to place the limb in a position of
slight over-correction of the deformity,  Therefore, the operative
indications were to devise a procedure which would fulfil the
above requirements and at the same time produce as little
bony =hortening as possible,

Access to the joint was much facilitated by a position of
extreme adduction of the limb.,  For purposes of orientation
an assistant was kept in constant readiness to rotate the femur
while the operation was going on.  The bone was removed in
such a way that the flat pelvie surface was tilted up mesially
somewhat, in order to produce a locking of the parts and to
prevent any possible disloeation from weight-bearing.  The leg
was finally put up in a spica extending from the axilla to the toes,
in strong abduetion and 10 degrees of flexion.  The convalescence
was uneventful, and at the end of 4 weeks the patient waswalking
with the aid of erutehes, A short spica was substituted for the
long one at the end of 5 weeks., At the end of 9 weeks the
patient walked without the aid of erutehes or eane.  He went
back to work as a patrolman in 4 months. The patient stated,
2 vears and 3 months after the operation, that he had not =uf-
fered any pain whatever sinee he left the hospital, although he
was at work continuously. The leg remained extremely well
in the corrected position, and only ', in. of extra leather
was worn on the heel.  His occupation sinee the operation
vouches for his locomotive abilities.  He has continued as a
patrolman, working 9 hours a day, and has not lost any time on
account of his hip sinee he went back to work in September,
1907. (Note of March, 1910.)

(‘ase I1.—\. N., consulted the author on September 14,
1906.  Before a question could be asked, the patient volunteered
the diagnosis.  He said that his right hip had been fractured
15 vears before.  The following history was obtained: Age,
30 always well.  No trouble with joints before injury.  Was
struck on right hip with a stone the size of a goose egg, thrown
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hl‘.' hi= brother, 15 Vs before,  Carelul f{l“'"-fi‘llli]ll.[ bivonaehit
out the fact that he walked home after the injury and did not
have anv trouble with the hip for over a year.  The irst symp-
tom was =tifiness, <lowly inereasing until pain appeared about
a vear and a half ago.  Sinee then, notwith=tanding teh treat-
ment by many physicians, the syviptoms have inereased in

severity until 2 months ago, when he was compelled to dis-

Fro. 1 —f ase of advanesd] ostenarthreinis with flattening of the femoral heond and

oxteaphvtes at 1,

continue work.  =leep has been mueh interfered with on aceount
of pain.

Phyvsieal examination:  Pale and eareworn,  Walks with a
marked right limp.  No other joints involved.  Aetual shorten-
ing of right leg, 1. in.; practical <hortening, 1': in. totin-
tion and abduction of thigh mueh lhited by obstruetion,
Flexion to 100 degrees,  Hyperextension mueh limited. Some
spacin of mu=cle,  Xtrophy of limb was< marked.  The buttoek
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was flaceid and fattened. A ronteenogram showed the head
mueh worn away and flattened, with many osteophytes about
the rim of the acetabulum.

The patient was put to bed with traction of 5 Ib., and
the hip was immobilized.  The pain promptly disappeared,
and at the end of 2 weeks a short spica was applied and the
patient was allowed to go about with the aid of erutehes,  This
was very annoying to him, and he refused to wear the spiea.
A brace was advised, but was refused,  Patient was not seen
again for over a vear.  When he reported, he had been taking
=ome injection treatment in hip and was much worse in respeet
to both pain and disability.  He was admitted to the New York
Post-Graduate Hospital November 25, 1907, and was imme-
ili.‘lti'[‘\' n]i{'l'.:ﬂi'il o,

This patient has been back at work sinee 10 weeks after the
operation, and he has been entirely relieved of pain.

Case II1.—J. K., referred to the author by Dr. A. W. Haollis,
of New York. He was previously an active businesz man, 63
vears of age. Past history negative. Twelve vears ago a
sidewalk over which patient was walking broke, letting his right
leg through.  The right hip received a ““severe jar.”  Soon after
thi= he began to have pain in the knee and thigh, espeeially
while walking, Ten vears ago he began also to have pain in
the region of the right sciatic nerve,  This has gradually in-
creased in severity.  Three vears ago a severe pain began just
posterior to the hip-joint.  This continued to inerease until, for
the past 3 months, the patient was practically confined to
his chair or bed,  He lost interest in things and refused to go
about, and retired from business,

Physical examination: Patient very large: height, 5 ft,
11 in.; weight, 220 b, Right thigh much atrophied.  Patient
walked with difficulty, hopping along as if it were very painful.
Flexion limited to about two-thirds its normal are.  Abduetion
and rotation nearly absent.  Limb adducted: actual shorten-
ing, # in.; practical shortening, 1!, in.  Joint sensitive to
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the extremes of motion.  Patient loeates most <evere pain just
posterior and internal to the hip-joint.

He was admitted 1o =1, Luke's Hospital, private pavilion, by
the kindness of Dr. Lyle. The operation was done February
20, 1905, The head had slipped ap on the eim ol the acetabualunm
and was apparently progressing toward a complete disloeation,

Foro, 1 —tionn] union =eeaeed oo eose of wdvaneed osteaarthiritis of il hip
Pov ot b= st foeesddeei= A0 poeliestes sl Dooe grafns=,

There were many osteophyvtes and much dizorganization of the
jniltL

The convaleseence was uneventful,  Thi= wound also healed
by primary union,  The patient was walking with the aid ol
erutehes at the end of 4 weeks, and could place his whole
weight upon the operated leg without pain. The spiea was
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changed to a short one at the end of 5 weeks, This was re-
moved at the end of 11 weeks,

This patient was seen June 1, 1908, when he stated that
he had not experienced a twinge of pain in his hip since the
operation.  His family stated that he had undergone a great
change mentally since relieved of his constant pain, and that
he was mueh more cheerful than formerly., In a letter dated
January 12, 1909, the patient states: T am very much pleased
to be able to report that the operation has been a wonderful
success,  All pain has left me, and you may remember that I
was very anxious about my right knee-joint, which had pained
me for so many years and which I feared might have become
chronie, but now this knee is as strong as the other and is
entirely free from pain. I ean walk all day, if necessary, The
resulting freedom from pain allows me to attend to my |Jll‘-'ill(":—'~:-i
and I feel at least 20 vears vounger,”

(‘aze fV.—MNliss B., 18 vears of age, was admitted to the
New York Post-Graduate Hospital August, 1907, and a diagnosis
of ankylosis with flexion adduetion deformity following tuber-
culosis of hip was made, and a Gant's osteotomy, with correction
of the deformity, was done.  The immediate convalescence was
uneventful, but when the patient began to walk, weight-bearing
produced pain and a short spica with erutehes was instituted
again, but to no avail. .\ rontgenogram taken 1 vear after
the operation showed the bones well united at the point of
operation, but there was slight motion at the hip-joint, indicating
that the ankylosis was fibrous and not bony, as was supposed
which, by the way, is very likely to be the ease in tubercular
infection, and aceounts for the frequent relapse of the deformity
after a trochanteric osteotomy.  In this casze, then, we had an
analogous problem to that of a knee-joint in a similar condition
with its contingent joint strain, the universal treatment for which
is an excision for ankylosis.  After palliative treatment for 1
vear and 10 months, without relief, a partial arthrectomy
wis done June 1, 1905, The hip was found to be mueh disinte-
erated, but the ankyvlosis was fibrous.  The convalescence, n
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a nearotie @ivl, has bheen uneventful, and a foem bony ankvlosis

has heen secured.

GRAFTING OF THE ASTRAGALUS TO SECURE AN ABSENT HEAD AND
NECK OF THE FEMUR

In cases of oz of bone substanece of the upper el of the
femur, as in instances of destruetion of the head and neck fol-
lowing =eptie arthritis, or of deformity of the head following
injury. it has been found that the astragalus furnishes an ex-
cellent  substitute for such deficieney or  deformity.  This
operation was first suggested by Roberts, who reported five
cases that underwent such treatment.

In one instance where the author grafted the astragalus to
the upper end of the femur of a child 4 vears old, the head and
neek of the femur had been destroyed by septie arthritis, 8
months before the operation, The astragalus used in this in-
stance was removed from the foot of a voung woman I8 vears
of age, of Polish nationality, and had been kept for 24
hours in cold storage in sterile vaseline at 4 to 57 C. Instead
of emploving a metal spike or serew to fix the adapted portion of
the axtragalus to the femur, as advised by Roberts, a live-hone
dowel =pike was employved, which had been obtained from the
tibia of a colored patient 26 vears old.  The operation was done
November 14, 1912, When last seen, S months after the opera-
tion, the child was walking with good motion of the joint and
with no shoertening.

Technique of Astragalus Graft for Loss of Femoral Head.
duthor's Modification of Roberls™ Teelnigue.— The hip-joint 1s
expos=cd through an antero-lateral ineision extending from just
internal to and below the anterior-superior spine of the ilinm
to Just below the great trochanter, and then eurved backward
toward the tuberisehii for 1 to 2 in. - The <kin and subeutaneous
structures are diszected up, exposing the great trochanter, the
tip of which with its mus=ele attachments iz eut through with the
motor saw or a =harp osteotome and mallet and hifted  up,

exposing the joint cap=ule,  The latter is split longitudinally,
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and the interior of the joint examined to determine the condi-
tion of the acetabular cavity and of the remaining portion of the
neck of the femur.  The remmnant of the femoral neek i< trimmed
up with a sharp osteotome, preparatory to fitting the adapted
portion of the astragalus which has been obtained for the

v Al (A .-"llﬂfﬂ
o erle\ &

Frg, 195 —Child of :I-_p vears whose hend and neck of feamuare had beon ||I'|~‘|'il||,l.-I_'n'
.h-:-rru_r---l Il_\.' H] ﬁl“i[hlll':ﬂj'..l' arthriti=s of the hili. Thi= |;||-I'1i||t| of the femur had been
restored G onsopths before By the implantation of the head and neck of an azteagalus
Froon s young wonn amd kept 24 houres in eold stopgeat 4w 5% O The asteagalar geaft
was held in place by peg geaft made feooe a0 2teip of cortieal bone removed from the
tibin of o young man on the same afternoon, This onteenoeram and pliotogeaph
woere taken G months after the insertion of the geait. The fuoetional resali i exeellent,

graft and shaped to fill the space resulting from the absent
Femoral head,

The astragalus is secured in position, having been fitted
accurately so that its head rests in the acetabulum tightly, its
body end cut with the motor saw to contact well with the
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freshened stump of the necek of the femuore and at o proper angle
in it= relation to the shaft,

The Llarege motor deill 1= now dreiven from without inward
through the great trochanter remnant of the femoral neck
and well into the new astragalu=-gralt head, and the deill, heing
disengaged from the motor, =< left m posittion while the hive-bone
dowel i< heing prepared from a <egment of cortical hone removed
from the erest of the tibia alone its mddle and lower third.
This segment of the tibia is passed through the author’s motor
lathe, which turns out a dowel to Ot exactly the hole drilled
through the trochanter into the grafted astragalus.  When the
dowel i= preparved, the deill i withdrawn from it po=ition in the
trochanter and astragalus graft and the dowel pin is driven into
po=ition, thus <ecurely fixing the astragalus graft to the upper
end of the femur,

The author believes that the substitution of the live-bone
spike in place of the metal serew 15 very essential to the uniform
sucees== of this procedure. A large portion of the astragalus
eraft being in the acetabular eavity, it 1= at best in a poor en-
vironment for the e<tablishment of a nourishing blood =supply
which mu=t largely come through it contacted end.  The metal
serew not only diminishes the diameter of this contacting sur-
face, but, as i= well known, produces bone absorption and de-
struction. while in the eaze of the bone graft not only is
efficacious mechanieal fixation furnizhed, but also a stimulative
influence to the eallus formation of the contacting hone sur-
faces supplicd, az well as an osteogenetie foree provided, at the
=ame time that it serves a= an osteoconductive seaffold well into
the astragalus graft.  This feature is well illustrated also in the
treatment by the author’= method of fracture of the neek of the
femur by bone-graft <pike, either in old anunited fractures or
in fresh unimpaected fractures with malposition of the fragment s,
requiring an operation for reduction and fixation,

The capsule, if distinguishable, is elosed with small kangaroo-
tendon suture; the tip of the great trochanter is replaced and

held h_‘f =trong ]{:ITI:.',’:H'HH sutures: the =oft parts anre closed 1,



s BRONE-GRAYVT SURGERY

and the skin wound iz elosed by a continuous eatgut suture.
without drainage,

Fhe leg being held in a position of slight abduction and
flexion and dressings applied, a long plaster-of-Paris spiea is
made, reaching from the toes to the axilla, which remains on for

i, 1H; Fi;. 197
Fig, 196.—Drawing of the astragalus and the portion used to restore the head of

the fermur.

IFi, 197. ]-}I'.'I'n'l-'illf_:' Tk i]l'lllll][ﬁll'.'l‘llf' [|||- Lt II'III"" (CALAT ljj'“',:ql:in" of Hn] w[—l-' [1-4-||||i|l1l|'
of inserting a portion of an astragalus for the absenee of the head and neek of the femur.
The dotted lines indicate the author’s tibial bone-graft peg, which not only holds the
astragalar frngment in postiion, but al=o =erves in an equally important role of furnizhine
both an osteogepnetic anid osteoconduetive bridee between the femur and the asteaealar

wralbl.

6 to 8 weeks, after which time a short spiea is substituted and
worn for 4 to G weeks longer.

THE USE OF THE BONE GRAFT TAKEN FROM EITHER THE TIBIA OR
FIBULA TO REPLACE A PORTION OF THE UPPER END OF THE
FEMUR REMOVED ON ACCOUNT OF BENIGN NEW GROWTHS

The Application of the Autogenous Bone Graft in the Opera-
tive Treatment of Osteitis Fibrosa Cystica of the Upper End of
the Femur. In eases of osteitis fibrosa evstiea with a gradual ex-
tension of bone involvement, with or without pain, accompanied
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by weakening of the hony structure with varving degrees of
deformity and at times fracture, either the segment of bone
affected should be removed and a graft of bone  preferably
removed from the tibia - substituted or, if there i= but, a small
portion of the diameter of the hone involved, that portion can
he chiselled and curetted away and a graft of bone implanted

Fro, 145 —Large exvst of upper end of femur of svphilitie origin, with frocture ar AL
The evat was removed aned o steomge Gilsinl geaf inlaid,  (See Fig 1990,

to reinforee the weakened area. Numerous eases of this
character have been reported where, if substitution had not heen
made by come means, as by grafting bone, great howing,
shortening and erippling deformity would have resulted, or even
atputation would have been deemed advisable,

In cases where a thorough eleaning out of this evstie fibrous
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portion has been effected, fracture of the weakened wall has
taken place, either at the time of operation or at some =ub=equent
period.  An autogenous graft of bone, properly adapted and
accurately contacted throughout the weakened area, fulfils all

. II'-"'"“‘E ;-u"_b-_

P, 190 —=pme ease as Fig, 195 The evst has been removed, femor somewle
stregightened and the gealt K inserted,  About 3 omwmonths after the operation the
||-.'|Ii|']|.f feell sumel |-=lll|]||l'r1'|.'|.' fraciured the eraft aod the femmur, The limbs was jrant 1
speien aned the gralt fmmsediately united,

requirements in strengthening and preventing further distortion
or loss of funetion by exeessive shortening,

Murphy ("Surgical Clinies,” vol. ii, No. 3) reports three in-
stances where such a procedure was adopted by him in osteitis
fibrosa eystiea of the upper end of the femur, tibia, and humeros.
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The first ease was that of a male, 27 vears of age, who applied
for treatment on account of deformity of the vight thigh.  The
history states that when the patient was 9 vears old (1895) he
fell, while running, and landed on both knees, striking harder
on the right than on the left. He could not get up on aceount

Fro, 200, — 08 0= Vone eendt inseried into g selel ostosamaelitie savity for the poarpoese of
r-'||||n|||r'.,'it;|:: Lidugais |.'_'rr|-l.'|'l|| Tiw f||| l!ll' r'.'l'L'il_'.,',

of =evere pain extending from the right hip to the knee. He
was confined to bed for 2 weeks after the injury and had pain in
the right thigh for the next 2 months.  Nochills or fever. . When
14 vears old (1900} he tried to jumg, <lipped and fell, one leg
extending forward the other backward,  He immediately had
<evere pain in the right thigh just below the hip, was unable to
ri=e, and was carried home,  Neute pain continued for the next

2 weeks, shooting in character, extending down the right thigh
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to the knee.  The slightest movement of the leg inereased the
severity of the pain. It gradually subsided, but continued as a
dull pain for the following 3 months. At the end of 3 months
he was able to walk, and after 6 months he was free from pain.
When the pain ceased, he notieed a change in his gait.  The right
leg seemed to be shorter than the left, and slight bowing ap-
pearved in the upper third of the thigh. Réntgenograms were

iz, 2001, — Skingram made two months before operation. By comparing these
five skingrams the proeress of the disease is well shown, The artiealar surfaee of the
Biesud of the humerus dees ot appear to be involved at any time, The epiphy=eal line
is well shown, and the chapge i 1ts dirccton ocenrring with the erowth of the twimor
i marked.  (Clinges of John B, Murphy, AL D)

taken, and it was judged that a green-stick fracture had oe-
curred with a possible focalization of a low type of infection,
which 1= considered a cause of osteitis fibrosa evstiea.  Bowing
gradually inereased, and after walking a hittle distanee pain was
experienced; shortening was compensated for by the addition
of a high shoe.  There was a history of a Neisserian infection,
also he has had measles, searlet fever, whooping-cough, and
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sl b |
i el
puetmonia. - No  history of lues,  Family  history  negative,
The rontgenogram illustrates o tyvpieal caze ol o=teiti= fibrosa
evstiea (Figs, 201 to 205).

The technigue of operation was a= follows:  An ineision

wias made on the outer aspeet of the thigh, between the flexor

Fre, 202, Fi, 206,

Fro, 202 —=kimeeam meede mooedistely after tlee operation. Thoee bower el of
the transgplant b= ngeaeted in the pedallaes canal, o the remaioing portbon of thie =haf
of the boomerus b= lxed with o =madl wiee gl Uhe ugeper ol of the tean=plant = i
the wlomoid eavity, the cagestle of the doint Laving Do sipbueed aronimed 60, 00 Tinies aof
Jdohin 15, Mouepshiy, M. D3

Fooi, 2008 =Kinmgrnm mcde abwoait 5 weeks after operation. The arme g2 a0 i,

stratghter than in the proceding skiageam,  Bowe vrezeneration i proseessing well
bl 1]pe preerio =t vl mn 1= =111l ;..'||:||1, Ban low moveeqy, lvawnee= ool daelum 1%, _"..‘I|"|.||.'_ NL I

and extensor groups of museles and direetly over the lesion,
and by reseeting the =oft parts the tumor was exposed.  The
overlving periosteum was inei=ed and casily hifted free by a perios-
teal elevator, as it was deemed advisable 1o save it The

canopy or rool of the tumor was broken down with a chizel =0
I=
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as to expose the eyvst pockets underlying, which were cleaned
out thoroughly preparatory to inserting the transplant, which
was applied on the slant through the affected area.  The lining
granulation tissue was removed with a curette,  The walls be-
tween the pockets were broken down sufficiently to admit the
graft.  Care was taken not to fracture the femur durineg this
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Fic, 204, Frg, M5,
Fra, 200 —=kingram taken 16 weeks after operation,  Bone regencration i= pro-
eressing rapidly.  (Clindes of John B Moarphy, 31 10
Fro, 205 —Skingram taken about 7' months after operation.  The upper end of
the limmerus has been regeneratied oo g copsiderable estent, inelodinge the tuberosity
amd the artienlar surfaee. The white line a litile to the vight of the centeal axiz of new
prirt of the shaft vepresents thie periostewm which was left on the transplant. The new
brspuee s slhisho by thoeker than the obd bone,  (Clinies of Joho 15, Marphy, ML 1)

process, as the result of this cleansing out of the exvst pockets
left but a thin cortex to the shaft.  From the erest of the tibia
of the other leg, a graft with itz periosteal covering attached was
removed in the usual way, the transplant measuring 7 in. in
length by 1, x 1, X 3., The graft was placed in its bed
and the wound elosed by approximating the eut edges of the



REMODELLING OR ANKYLOSINMNG HTP-JOIXNT 209

aponeurosis with plain eatgut, and the <kin edges with horse-
hair, By placing the aponeurosis sutures well back from the
cddges, the mus=ele was eaused to roll into the bone eavity and
fill it when the suture was drawn taut. A< both ends of the
graflt were =ecurely hound by a =hell of bone, no naling was
neee==arv. The pertosteal =urface of the graft was turned out-
ward.,  The usual dressing was applied and a Buek's extension
with a 25-Ib. weight attached.  The patient remained in bed
for 7 weeks with extenzion.  The wound healed per primam.
The stitches were removed an the seventeenth day, when the
first dressing was made.  Ater 7 weeks the patient was
allowed up and about on crutehes. He was without pain or
dizeomfort m the leg,

The author believes that in all instances, when possible, the
inlay method of fixing the graft into the fragments on either side
of the hintus left by the removal of the tumor should be

emploved.



CHAPTER VI

THE INLAY BONE GRAFT FOR FIXATION OF TUBERCULOUS
KNEE-JOINTS;INFANTILE PARALYSIS; OSTEOARTHROP-
ATHY (CHARCOT'S DISEASE); THE WEDGE GRAFT
FOR HABITUAL DISLOCATION OF THE PATELLA

The knee-joint, unlike the hip-joint, i= situated superficially
and is not deeply covered by musculature.  Larly recognition
of dizease 1= possible, and beecause of the size and character of
the joint architecture, together with the long leverage control,
made possible by itz position at the ends of long bones, the con-
trol of joint motion is easily maintained,

Tuberculous Osteitis in Childhood.—Tuberculous osteitis
of the knee is not so frequently met with in childhood as is
tuberculous infection of the spine or hip.  Compared with other
lesions of the knee-joint, it 1= the most common. Primary
tuberculous involvement of the joint synovia in children i= rare.
The joint invasion iz from a primary bone focus in either the
upper end of the tibia or the lower end of the femur, which
gradually extends and involves the joint =structures,  Oeceasion-
allyv the patella is found to be the =eat of the infection.

The characteristic symptoms of tuberculous osteitis manifest
theinselves at a very early stage in the disease, and readily
sugegest themselves to the experienced celinician.  Oeceasionally
other eauses of the loeal syvmptoms are present which must be
borne in mind —as acute infections and gonorrhaeal arthritis,
acute  articular rheamatism, hiemophilia, syphilis, sarcoma,
Charcot’s disease, arthriti= deformans, hysterical joint—from
which the tubereulous infeetion should be differentiated, by the
special means of investigation at hand, to eliminate error, The
rinteenogram should always be resorted to, and both the well
knee and the involved knee should be taken for comparizon in

the two planes, lateral and antero-posterior,

270
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A= in other joints infected with tuberculosis in ehildhood,
the essential treatment 1= con=ervative when a distinet foeas
cannot be locahzed and removed, and a2 well-ordered r*:'-;:ilm- ol
life, plenty of fresh aiv, sunlight, and a full diet, varied and of
an casily assimilated character, are important factors in the
ireatment.

Local treatment consist= of uninterrupted immobilization of
the joint as the prime factor in arresting the activity of the
dizea=ze and the prevention or correction of deformity. The
drainage of a tubereulous abseess should be avouded, as it =
impo==ible to guard against mixed infeetion after dramage
i< e<tablished.  Infection will oceur, although dressings may be
made ever so carefully, especially as the sinus is liable to persist
for a long period of time, and repeated dressings are necessary.
Thi= rule does not apply to the aseptie ineising of an uninfected
cold ab=ces<s and the immediate elosure of the abseess ineision
by earefully placed subeutaneous and skin sutures after the con-
tent= have been evacuated.  lixeision of the joint should he
abstained from in all eases where the patient is under 16 to 18
vears of age, on account of the damage to the epiphyvseal earti-
lages and the extreme shortening of the lib resulting therefrom.

Tuberculous Osteitis in the Adult. In late adolescent and
adult life where the progno=i= 1= mueh more unfavorable and time
1= such an important factor to the mdividual with a tubereulous
knee, more radical treatment has been resorted to in the effort
to arrest the dizease, relieve pain, prevent relapse, and provide
a useful limb at an earlier period than could be expected by
con=ervative treatment.

togers, in a statistieal paper in the American Jowrnal of
Cirlhiopredic  Surgery, April, 1915, states that of 100 conseen-
tive eases of adult tuberculous osteiti= of the knee treated by
con=ervative methods at the Mas=achusetiz General Hospital
from 1900 to 1907, the general trend was progressively had and
alwavs came to exeizion or an amputation as an end result
within 4 vears” time.  There was no record of any ceured ease

by the conservative method.  He also states, from the <tudy
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of 47 operated eases, that “the effect of an exeision, no matter
how =tormy a convalescence there was nor the length of time
required to obtain ankvlosis, eauszed the active tuberculosis to
become quieseent.”

Operative procedure has proved advantageous in properly
selected adult ecases, while in childhood it has been very bad
practice,  In the adult there existz a full development of bone
and joint structure, and therefore exeessive shortening from
mterference with the epiphy=es 1= eliminated. In long-standing
ca=e= angular deformity, resisting correction by the usual con-
servative measuares, is readily remedied, and firm bony union
between femur and tibia is the rezult.  Formerly, excizion of the
knee was undertaken with the primary objeet of the removal
of all the tuberculous tissues, and the production of an ankvlosis
was considered of seecondary importance.  This led to exeessive
removal of bone, with shortening: to the leszening of the diame-
ters of the opposed ends of the femur and tibia on aceount of
the bone ineisions being made above the expansions of the
femoral condyles and below the tibial head; to prevention of
the approximation of the ineized bone end surfaces resulting
often in non-union; and to the constant liability of not removing
all tuberculous tiszues,

In a large percentage of eases subjected to this measure
the results are not ultimately satizfactory, and not a few come
later to an amputation of the limb, either as a life-saving measure
or inorder to allow the application of a serviceable artificial limb
on account of the failure of bony union or the oceurrence of
excessive deformity,

[t has been found by experienced operators that the es-
sential factor in the arrest of a tuberculous process of the joint
is the production of a bony ankylosi=.  This point has been
strongly emphasized by Elv in his writings, and has been fol-
lowed by such satisfactory result= that, in the author’s opinion,
it cannot be too l'IIII}II:IIi_l':I“:\' advised.  As the chief considera-
tion rests upon the production of bony ankylosis in these adult

tuberculous knees, it is the author's purpose to outline his
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methods of teehnigue which experience has proved to be the
=1 1'i'l'l:|ill .'I.H:l I't‘H;l]!lt‘.

Iiv<t. to emphasize more foreibly the accuracy, ease, and
certainty of these methods, some <tatisties of methods and re-
sult= a= applied by other authors will he reviewed for contrast,
as for example 28 con=ecutive excisions of the knee for tubereu-
losi=, done in the period from 1907 to 1913 in the orthopaedie
serviee of the Massachusetts General Hospital by different
orthopidie surgeons, reported by Osgood, and this report is
herewith abstracted by the author.

The ea=es, following at least a month’s fixation in plaster
<o a= to render the dizease somewhat quiescent, receive a 2- to
f-day preparation of the knee. On the table benzine-iodine
<kin preparation is given, and an Esmarch or tourniquet is
apphed.  The usual U-shaped incision is made from above one
femoral condyle to the other, erossing the patellar tendon about
an inch aboveit= insertion.  The proximal cut end of the pateliar
tendon 1= =eized and turned back, with all the struetures over-
Iving the joint included, dissected up, and the knee gently flexed
s the dissection takes place.  Mueh of the exposed tuberculous
ti==ue is removed, and the articular ends of femur and tibia de-
veloped,  Only sufficient bone is sawed off the articulating ends
of the femur and tibia to reach bevond the disease, and the
patella is either removed or it= under surface sawed off,  Only
evident mas==es of dizeased soft parts are removed.  Bone and
<oft-tissue surfaces are swabbed with tineture of iodine.  The
tourniguet is removed and bleeding controlled,

For the past 4 vears the cu<tom in the orthopedie serviee,
in the absenee of a =inus or a mixed infection, has been to fix the
bone ends by malleable iron plates or aluminum wire elamps
serewed in place by <teel-wood =erews, with the thread cut to the
head. A test of the fixation is demonstrated by lifting the leg by
the foot.  The patellar lignment is reunited, as well as the deep
structures overlving the joint, followed by the skin-flap suture,
and the limmb is placed in a plaster splint which is changed in 4
weeks when, if favorable, the patient i= discharged in a plaster
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splint, with erutehes,  The immediate post-operative freedom
from pain, together with the earlier firm union, by these methods
ol fixation was noted,

End Results Oblained by this Plating Fivalion, above Described.
—Comparison is made in the reported 28 eases between the
results when metal plating was used and when simple excision
was performed.  Of the 14 simple excisions, including 2 ecases
wired by silver wire, 4 had a second operation for re-exeision,
and 2 of these and 1 other were subsequently amputated to
save life.  Four had sinuses bhefore the operation, and 9 after,
Pain persisted several months after operation in 5 cases,  Even-
tual union occewrred in 6. The time of union was 2 months
or less in 2; 3 months or more in 11; and there is no record of
eventual union in 5. In both cases in which wire was used
it had to be subsequently removed.

Comparing the eases where metal elamps or plates (8 elamps
and 6 plates) were used: None required a re-exeision.  One
case wa= amputated later, heeause of secondary infection.  Two
had sinuses before operation; 5 had sinuses after operation. Al
healed exeept 1. Pain persisted several months after the
operation only in the amputated ea=e, and to a slight degree in
1 other ease for 4 months after operation.  Eventual union
oceurred in 13, Time of apparent firm union was 1 month
or less i 6 eases; 2 months or less in 4; and 3 months or
more in 3. In 5 eases the metal elamps or plates gave subse-
guent trouble and were removed. '

From the foregoing report, it is obvious that the actual
fixing together of the denuded bone ends has a decided advan-
tage, not only in relief of pain but in hastening bony union,
but it is also apparent here, as has been the universal experience
of other users of foreign material in securing bone fixation, that
the removal of the metal at a subsequent operation was neees-
<itated on account of the trouble 1t was eausing.

IF'rom the author's experience, it is reasonable to believe that
had autogenous bone grafts heen used for fixation purposes,

a subsequent operation (for the removal of the metal ¢lamp)



THE INLAY BONE GRAFT =1

with the .'l"*'*'HIF‘:LII}'iTI,L'.’ disturbance and ineonveniencee could
have been avorded,  For oa fuller :Irtl.|1|i|'|:‘:iliuj1 ol this f:urilli.
the reader is referred to the chapters (IV and 1) on the treat
ment of fractures and the fundamental prineiples involved in
the us=e of the bone graft.

A= compared with the foregoing report of 25 ecases done
by various men at the  Massachu=ett= General Hospital in
the 5 vears mentioned, the author outlines his technigque of
application of the imlay bone graft in his fixation operation for
tuberculous knee-joint dizeasze in late adoleseenee and in the
adult.,  During the past 2 vears 10 cases have been done, the

voungest patient being 18 vears of age, and bony union was

obtained in every instance in 6 weeks” time, as shown elineally

and by the rontgenogram.  In every ease the graft has taken,
and in no instanee has it come out or had to be removed.  These
cases, a5 well as various other applications of the bone grafi
in tubereulons joints where they span through tuberculous areas,
have conclusively proved the resiztance of the bone graft to that
imfection as well as to attenuated pyogenie infections elzewhere
deseribed (Chapters T and 1V).  In view of these facts and the
excellent mechanieal fixation afforded by the inlavs, as well as
the stimulation to osteogenesis on the part of the host bone and
the osteogenetie foree which the hone graft exhibits, it= striking
advantage over metal for the purpose not only of securing bony
union, but of securing it ecarly, i apparent.  No pain was ex-
perienced after the inlay-gralt method, and the patients were
up and walking in their plaster splints in 6 weeks” time, with the
ald of erutehes<. Where formerly a long plaster-of-Paris spiea
was relied upon for the fixation and relief from pain, following
the ordinary exeisions, it is found that a simple plaster splint
extending from the toes to the groin i= suflicient.,

The Author’s Technique as Applied to the Knee. Iollowing
the usual preparation of the patient, ineluding the application
of 2 hrlll']J]:{lH'l, aceess to the L:Iil:‘i'—jui“[ 1= l|||'u||;_;'h H [--a-h:||1['|,i
ineision reaching from one femoral condyle to the other and

cros<ing the patellar hgament about 1 . above it= insertion.
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The patellar ligament is divided, and the deep struetures over-
Iving the joint are dissected up and turned back, freely exposing
the articular surfaces.  The erucial lignments, if present, are
divided, as well as the lateral heaments of the joint, and the
upper end of the tibia is drawn forward and fixed.

With a narrow-bladed bow-=aw, the upper articular surface
of the head of the tibia is removed, ecutting transversely and

fieaTELLAN

Frc. =9, Ilustrates met hod of PRIV A ||“-,||-;|'i“r' infocted or cartilaginous surface irf
padella biefore coueleation and forming into inlay gralis, (= e, 20000

forming a flat coneave surface from before backward.  With the
came saw, the articular surfaces of the condyles of the femur are
removed, forming a flat ovoid surface from before backward,
to fit the coneavity of the upper cut end of the tibia.  These
surfaces are apposed.

With the twin motor saw, two gutters are formed across
this line of apposed femur and tibia.  One gutter, about ' on.
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wide and 2 in. long, depending upon the size of the patella,

= made from the external condyle mto the outer and anterior
portion of the head of the tibia, and another gutter of the =ame
dimens<ions is formed aceross from the iternal condyle to the
inner anterior surface of the head. The segments of bone

filling these gutters are cut across at the ends of the gutters with

A B c

Fro, 205 —0 =hows the Lime of removal of the artiealatine suaefaee of fepr and 11l
||_1.' s nesrriow ||u'n--;|'|.'|. i|| ||I'|-|{1||'i|J:I 1l .'|I'|hl'l|||l'-i- il !I|l' |-\t||'|'--_j||ir|'|, f:', ||||' -||I|"Il:i|.,l_':
i Bl [.:lh'”.l Trelan el = |i.'|. the twin medor =pw, b ||I'||||1|.|'1' twor Do renlt= tor bwe
plavesd b wntters O saowed from the two copdyles of the Temme into the bead of the tilaa
Bas thie twin potor <o ajnsted s the sammee distonee apart as whoen eattiog the two in-
I graft= from the patella.

the small motor =aw and are removed with the aid of a thin,
narrow, <harp osteotome,

The twin motor =aw, adjusted to the same width as when
forming the gutters, is used in cutting from the patella two
strip=s which are used to =pan between the femur and tibia and
fit tightly into the previously prepared gutters. Holes are
drilledd on either side of the gutters with the small motor drill,
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in both the femoral condyles and head of the tibia, and strong
kangaroo-tendon sutures are passed and tied over both ends of
the two patellar grafts, holding them securely in position.

[t iz to be noted that only sufficient bone is removed from the
articulating surfaces of the tibial tuberosities and femoral eon-

Fra, 208 —Coeed tiberealons knee, Rontgenogeam taken 6 months after arthro-
desis and the insertion at arrow points of inlay graft formed from the patella.  There
wis firm union in O weeks,
dvles to furnish elosely apposed raw-bone surfaces; and only
apparent and easily accessible tuberculous infeeted soft tissues
are eut away, together with whatever synovia that ean be easily
reached with eurved seissors. No undue effort is made to
remove all tuberculous bone, so that very little additional short-
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ening results from the operation. I the patella is Tound to be
tuberculous — whichi= rare it is dizearded and a hone graft about
3 in. i length i= removed from the antero-internal surlface of
the tibia to supply the two bone inlay grafts.  The gralts ean

Frc, 200, —A eured tabwerealons ke, Uibaal ooy eeafis, caeh 2 an. longe, were
peloveedd an A4 aned B oegually into eonadyles of femoare aned Deacd of tilda 15 ponths B,
Firm uniion oeeurved g 5 weeks,  The geaits lioave beeeonee alvered to the bone =t rgeture

i wlideh they are dmnbesdodesd sined cler pet <how premidmently i Ul sontgeneerzan,

=iy be made of thi= length, a= they are not limited by the
<size of the patella. The other dimension= ol these grafts
<hould comprise a width of "2 in. and the entire thickness of the
cortex to the marrow eavity, aceording to the size of the patient.,
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It applving the mlay bone graft for ununited fracture of a
long bone, the inlay graft ean be easily fixed in position, pref-
erably by kangaroo tendon or by bone pegs formed of additional
bone strips removed from the erest of the tibia at the time the
inlay segment is removed.  This additional strip of inlay bone
i= split lengthwise into suitable pieces to form the bone pegs,
which is done by passing them through the small cutter of the
motor lathe to fit the drill holes made by the corresponding

Fre 210, —Rinteenoeram of a fail koee following an exeision of the joint.  The lib-
eral removal of bone has resulted in non-union and a limb perfectly useless.  This con-
dition could have readily Beeeny avoiclid Ly .--i|1|||l_‘;' ]ll'lli!lll"llnj.t an arthrodesiz after o more
conservative removal of booe and the toplantation of i.t:ll."LJ.' prafis,  Sinus=es still per-
aist and the result is a faire.

motor drill.  As these drill holes are made to diverge from the
graft into the receiving bone and are placed at or through the
edges of the graft, it is readily seen that when the bone graft
pins are inserted they bind the gralt securely in position and no
retaining sutures are required.  If space permits, four pins ean
he ingerted at either end of each graft, into the femur and into
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the tibia two on each =ide at each end into the respective bones
but one on each =side at each end 1= usually =uflicient.

The soft structures are replaced over the operated field and
<sutured: the sound paiellar ligament is reunited with chromie
cateut =utures, and the skin is closed by a continuous eatgut
mattres= suture, without drainage,

The limb, being now made seeure by the inlays, is placed in

-

;
Fra, 211.— Arthrodesis of the knee-joint with tso Gihial inlay eralts implanted span-
g the apposcd cpds of femmr and ik, These erafts are bwedided and panmed i

with HRTEENTLOR TR f.-l-l|l' -lrm'--l juiln—», il ||1'|-i il: |rr:|-'l' with ]\.il]L!f.‘l]'llll |l'|:|l|ll-:I|.I

a plaster-of-Paris splint reaching from the toes to the groin,
The tourniquet iz not removed until the plaster dressing, with
firm even compression about the knee, has been applied to the
limb from the foot 1o the tourniquet. This is important, and
should never be overlooked.  The removal of the tourniquet
before the compressive dressing is applied allows uneontrolled

bone ooze, and leads to a tourniquet paralyvtie dilatation of the
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arterioles;  also the rubbing of the bone surfaces on each other
during the application of the dressing, dizlodges the adherent
blood-clots and prevents heemostasis (el if the tourniquet is re-
moved before the appheation of the fixation dressing ),

[t has been found unnecessary to eontinue the plaster splint

Frg., 212—To illusteate the poteney of Wolll™s law.,  This is a [ateral view of an
ankylosed koee which is the vesolt of o stilfeninge operation Tor tuberculows osteitis,
Drelayed union and inguflicient post-operative support resulted in o fexion deformity
to mearly o vight anele. Weght-bearne ander hese disadvant sgeons conditions eansed
the hypertrophy of the shafts of the Gibia and femore at and near the angalation,. The
corteyx at G aned B2 two to thiree timnes s normnal thiiekiess,

above the groin, as was formerly required to insure against dis-
placement and pain,  The splint iz left on for 4 weeks, at which
time it is changed and the patient is allowed up on erutehes,
The second plaster splint can usually be dizcarded in from 4
to 6 weeks,

There is no doubt that the aceurate mortising together of
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the femur and tibin by the greaft hastens firm ankylosis and
renders it more eertain: also that the post-operative relief
from pain experienced by these patients following the inlay fixa-
tion offers a great advantage over the former simple exeision of

the knee, A= 1'1'1”[!:”‘:‘:1 with the fixation methods referred 1o

/ !

\

Frc 204 —An anzular bony ankyvlosis of the kpee-joint, the woedee A removed
from the eonvex side of 1he lil'rlil'r!I“_'n.' ated AT the enenine of this wedee with the twin
=aw tap Qoo onne Large Dose-grafe inlay, to be fmmplantedd an the amterior sarfaee of the
Kniees 10 L LH Frosm femur 1o 11]an 'l.1.||l':| 1|u' tl':': 1= -1|':|i:_'|‘|1l'll'|'1].

when metal plates or elamps were used, there can be no question
but that the autogenous hone graft applied in these cases for
fixation has a decided advantage.  The same role 1= playved by
the bone graft in this instanee as in its application elsewhere in

bringing about firtn union between bones or fragments of bone.
1%
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[t stimulates osteogenesis; whereas the metal, when used, fur-
nishes only temporary fixation and inhibits osteogenesis in its
imediate vieinity, exposes the parts to infeetion, and in certain
instances contributes to the necessity of a subsequent operation
for amputation or the removal of the offending metal.

Fri. 21— Twin saw-euts to form egutter for inlay graft after wedge has been removed as
shown in Fig. 215,

Fr, 213.— Method of removing strips of hone hetween twin saw-cuts to form gutler lor

inlay gralt,

THE USE OF THE BONE GRAFT FOR STIFFENING THE KNEE-JOINT
IN INFANTILE PARALYSIS

[xtensive or partial paralysis of the museles controlling the
knee-joint often eauses instability to such a degree that the
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patient cannot bear weight upon the affected Timb.an walking
or standing, without its giving way beneath him. Sueh patients
<hould be informed of the advantages and disadvantages to be
expected from stiffening the knee-joint, whether by the employ-
ment of a brace with o mechanieal jn'llli at the knee or |J_‘l.' -
ducing a permanently <tiff knee by a hone operation.

In =ome instanees where the paralysis is not too extensive,
the transference of one or two of the flexor museles of the knee,
taking the place of extensors, is of advantage, as in the instances
where the insertion of the semitendinosus iz changed to an

G, 216, Lateral view of ir4|,'1_'l' gralt in I|]:||'1'_ wihielh was formed Troone e Do wedlge
removed for straighteninge the ankylosed leg,  (See Fies, 205-210,)

anterior ims=ertion, in order to bring about more stability to the
limb; but as thiz treatise does not deal with operative pro-
cedures other than bone surgerv, the reader 1= referred elsewhere
for information on muscle transference,

The comparative advantages and disadvantages of brace
and operative treatment should be impartially presented to the
patient or hi= parents<.  The only advantage in the use of braces
for =uch a dizability 1= in allowing motion of the knee.  The ad-
vantages of a stiffening operation of the knee-joint are the
avoldanee of constant dependence on braces, the prevention of

deformities, and the production of a stable limb.
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As there is always an undue laxity of the knee-joint in these
infantile cases, it is not advisable to do a simple arthrodesis
or excision of the joint, as bony ankylosis by these methods is
very uncertain. A method adopted by Hibbs, which has

Fre, 217, —Rinteenogram of an arthrodesi= of the koee-joint with the patella
creleated and inlaid as tlee aerows ddieare tooadd in che woion of the femur 1o the tibia,
Note the good alignment of tibia and femur,

proved satisfactory, 1= to use the patella in tofo as a bone eraft,
inserted between the apposed femoral and tibial ends after de-
nuding the patella and the surfaces of the femur and tibia with
which it is to be contacted. By using the patella fitted into
suitable coneavities fashioned in the denuded articular surfaces
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of the head of the tibia and the condyles of the femur, the slack
of the lateral ligaments of the joint is taken up and the joint is
stiffened by its ankylosis through the patella. In performing
thi= techmgue, 1t 1= alwavs advisable to remove all aceessible
articular eartilage amd syvonovial membrane. The joint muost
he rigid after the patellar graft 1= inserted, and the limb brought
to 10 to 153 degrees of flexion.

Theapproach tothe joint 1= u=ually made best by the custom-
ary U-<haped <kin inei=ion, and the partz are elosed in the usual
wayv. \long fixation plaster-of-Paris spica dressing i= necessary,
reaching from the toes to and including the pelvis, to insare
perfect fixation of the joint and prevent dizslodgment of the
patellar graft, which may be held in place between the ends of
the femur and tibia by the cup-shaped conecavities formed in
these bones to receive it, or it may be held against these bone
ends= by suture material.

Technique of the Author’s Bone-graft Inlays for Ankylosing
the Paralytic Knee. This method of stiffening the knee-joint
i= that previously deseribed in the fixation of this joint in adult
tuberculo<i=, and ha= been found to be extremely =ati=factory
from every point of view. It 1= rendered very simple and
accurate and is rapidly done when the author’s motor-driven
outfit i= emploved,

In this connection a striking example is herewith eited, em-
phasizing the importanee of aceuraey of technigque and the ad-
vantage of using the mlayv-graft method. A ehild 14 vears
of age was brought to the author, having suffered an attack
of infantile paralysis in early childhood, which left the lower
limbs markedly paralvzed.  The patient had had both knees
operated upon in Russia when he was 10 yvears of age. At the
time the author saw the ease, both knees were <tiff and flexed
at an angle of 90 degrees, tontgenograms showed bony union
at this angle and also the embedded broken wire with whieh
the excized joints had presumably been fastened.  The ac-
companying illustrations of thiz ca=e add another to the many

faillures to produce a satisfaetory result by using wire to se-
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cure fixation for bonv union.  The patella was disregarded and
left as seen in the Rontgenogram. 1t was valuable fixation
and osteogenetie material which, if used as inlays, would have

Thix i= =@ ense of arthrodesis of the knee for paralysis, done in Warsaw,

Pawer straneds of silver wire were inserted both of which broke, allowing the Kne
Pl puatedlin b Daeen used

Iy, 215,
I ==in,
taon Hloex tor ey o right apele baefore sy wmiaon oenrred,
ag an inlay to hasten union, it is very probable that this deformity would not have

aeenrred,

undoubtedly contributed to innmediate bony union and avoided

the angulation.

The ease was operated upon by the author,  The joint areas
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were exposed through the usual U-shaped ineision: the overlying
<oft parts were disseeted up: the patella was disseeted out and
placed in sterile normal =aline solution until the deformity was
corrected and the gutter bed prepared. A wedge-<haped see-

Fro, 219, —=ame ease g Fige 205 after renmoval of The =ilver wire and the inseriion of
e patella o= aninday,  Firm unien ocearred in S weel= after this operation.

tion of bone, with the base forward, was removed from the
region of the angular bony ankylosis. This wedge was made of
steh a <ize that when it was removed amd the eat surfaces of the
termr and tibia brought together, these bones were ina position
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of 10 to 15 degrees flexion to each other, A guide to determining
the plane of these saw-cuts is that they should be approxi-
mately at right angles with the femur and tibia, respeectively.
The twin =aw was adjusted so as to fashion as wide an inlay
as possible from the patella and at the same time utilize it= full
length, With this adjustment of the twin saw undisturbed,
and with the limb held =o that the cut surfaces of the femur
and tibia were properly approximated, a broad gutter of the
length of the patellar inlay was made in the midline on the
anterior surfaces of the tibia and femur, one-half of the gutter
i each,  Thestrip of bone between these saw-ecuts was cut across
in both the femur and the tibia, with a small motor saw,  These
=trip= of bone were removed, while the leg was flexed, by a nar-
row osteotome cutting lengthwise in the bones.  With the tibia
and femur again brought into their proper position, holes were
drilled on either side of the gutter. Ixangaroo tendon was
threaded into them and the patella inlay was placed in position,
and the sutures tied over it.  The subeutaneous structures were
drawn over the bone and sutured with chromie eatgut. The
<kin wound was closed by a continuous mattress suture of plain
catgut, without drainage. .\ plaster-of-Paris case was applied
from the toes to the groin, and the patient was placedin bed with
the limb elevated on an incline, to relieve pain and lessen the
tendeney of cedema of the foot and leg.  The first plaster splint
was left on for 5 weeks, at the end of which time there was firm
union. The patient was allowed up and about with the aid
of erutehes at the end of 4 weeks,  The second plaster splint was
kept on for 6 weeks.,

This method is also applicable to Charcot’s knee, if the tibial
grafts are made to reach well bevond the affeeted bone area.

HABITUAL DISLOCATION OF THE PATELLA

The usual direction of congenital or habitual disloeation of
the patella is outward, and the external condyle is often found to
be on o horizontal plane relatively much below that of the

internal condvle, thus giving the appearance of rotation of the
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lower end of the femur, so that the external condyle 1= farther
back and the internal condyle farther Torward than s normal,
When the leg s extended, the patella usaally takes its normal
position between the condyles, but upon flexion 1= found to be
displaced outward and even to lie over the external condyle or
somewhat external to it.

Various methods have heen devised to eorreet this displace-
ment, but of the procedures which have been practised those
where correetion was attempted by using the =oft tissues have
been far less cuccessful in sceuring permanent control than those
where the control was attempted by furnizhing hony obstruction
to redizloeation.

Ixrogius (ZLentralbl, [ Chir., Mareh 5, 1904) reports two eases
tone double) in which it was evident that the patella was drawn
outward by the tense outer portion of the capsule against whieh
the relaxed and stretehed inner portion offered but weak resist-
ance.  He devised the following operation for controlling the
displacement :

The first step 1= the approach tothe knee by Kocher’s incision.
=econd, an ineision 1= made extending from slightly above the
patella down a few inches in front of its outer edge to the in-
sertion of the hgamentum patelle through the ilio-tibial band,
tendinous expansion of the vastus externus, and fibrous capsular
wall.  Third, the formation of a bridge-shaped flap on the inner
side of the patella, conneeting below with the tendinous expan-
slon of the vastus internus, and fibrous eapsule, and above with
muscle and faseia.  Fourth, the transplantation of the flap,
left attached at both sides, across the patella into the gap at its
outer edge,

In the first case, after 6 months, the patella again began to
slip outward, although complete dislocation did not oceur.  In
the <econd ea=e, the result was perfeet after 3 months,

Whitlock, in the British Surgical Jowrnal, July, 1914, states:
COutward luxation of the patella may be the result of direet
violenee applied to the inner edge of the patella, but quite as

often follows <udden muscular action.”
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Knock-knee, undue laxity of the ligaments, especially of the
capsular. and more particularly a deficiency of the external
lateral ridge of the external condyle, all predispose not only to
the occurrence but to the recurrence of the disability. A sudden
muscular contraction with the leg extended or in mid-flexion,
especially if the knee is inverted and the foot and leg are everted,
15 sufficient eause to produce displacement.  Iversion of the
leg bring= the inzertion of the ligament further out and affords
a =traighter pull for the extensor muscles. Reduetion is gen-
erally easy.

The advice of the text-books i= to extend the knee, fully flex
the thigh to relax the reetus, manipulate the knee-cap by push-
g it medialward, at the same time correcting any rotation,
The quadriceps with the knee extended may be pulled down to
ald relaxation.  If these manipulations fail, they may often he
suceessful with the jomnt in <hght flexion instead of extension.

Recuwrrence may happen only  occasionally—usually  un-
expectedly in the course of flexion—or it may oceur very fre-
quently, the patient learning to replace it hims=elf. It means,
in time, a relaxed, weakened, and uneertamn joint,  The recur-
rence may be relieved by a knee-cap or by a bandage. A= a
rule, the annovanee is so great that something more radieal
must be done,

One operative procedure consists in reefing the medial =ide
of the ecapsule, with or without opening the joint.  Another
consists in transplanting the insertion of the patellar ligament
medialward.  These operations have sometimes been  per-
formed with good results, aceording to Whitloek, but he offers
as a third method that of reenforeing the patellar ligament by
grafting the tendon of the gracili= into it (Tenney, American
Surgery, 1908, xlviii, 7313).

Dumferline, in Surgery, Gyneecology, and Obslelrics,  April,
1912, deseribes a teehnigue which he has used suecessfully. He
tukes o semilunar flap of skin and faseia from the medial and
posterior surfaces of the knee, far enough back to enable him

to reach the tendons of the semitendinosus musele; the base ol
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the flap eros<es the line of the patella and the patellar higament,
The semitendinosus mus=cle i= disseeted as low as possible, The
patellar ligament is <plit, a portion heing turned up to he <utured
to the cut end of the tendon of the <emitendinosns.  The medial
portion of the eap=ule and the faseia are then plicated with several
sutures=, chromie eatgut being used for both tendon and eap=ule.

Whitlock s method consists of turning forward a long horse-
shoe-shaped flap of skin and faseia, with its base in front and
it= apex reaching backward to the line of the medial hame=strings,
the hase corresponding with the line of the medial margins of
the patella and the patellar liganment.  The lignmentum patella
1= exposed init= course for about three-fourths of anineh by divid-
ing the thin capsular fascia overlapping its anterior surface, and a
thin Kocher fenestrated hlunt dissector iz thrust through theliga-
ment from behind forward =o as to separate the fibres as near its
middle as possible, making a space of hall an ineh vertically.
This 1= done without entering the general svnovial eavity of the
joint,  The ligament is then split for a space of half an inch or
more and prepared to receive the end of the gracilis tendon.
This tendon i= found by taking the sartorius muscle as a guide;
the faseial attachment of the sartorius is divided above and
posteriorly <o that its edge may he thrown forward.  The <hm
tendon of the gracilis is then seen Iving proximal to that of the
semitendinosus, and parallel with it are some vessels and a nerve
which should be avoided.  The gracili=s tendon i= i=olated and
divided as near its tibial attachment as possible. It i= bhrought
forward and threaded through the fenestrated director and
pa==ed through the patellar ligament, and i< sutured with chromie
catgut.  Whitloek states that the gracilis was chosen partly
hecause of its superficial position and its very long and supple
tendon, but mainly beeause it is primarily an adduetor in its
action and mmervation, being supplied by the obturator nerve,
It 1= o less important flexor of the knee than the semitendinosus,
The altered |}1r.-iliun of 1he 1|':|r|.-FJ|:1II1E‘:i tendon acts as o tie,
fixing the ligamentum patelle and preventing the passage of the

patella outward  during full extension of the knee, while it
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tends also to rotate the joint medialward.  In eases in which
there is a large amount of flaceidity of the eapsule of the tendon,
transplantation is fortified by reefing the eapsule,

Goldthwait in the Americian Journal of Ovthopadic Surgery,
vol. 1, No. 3, reports 11 eazex operated upon for dislocation
of the patella.  Through a 5-in. incision, beginning at the tuber-
cle of the tibia, the patellar tendon was exposed and split into
halves.  The outer half was freed from its attachment to the
tuberele and drawn inward under the remaining half, and sutured
securely to the periosteum together with the expansion of the
tendon of the sartorius muscele at the mner side of the anterior
surface of the tibia. A number of these eases have recurred
after this operation.

Murphy ("The Clinies,” vol. 111, No. 4, August, 1914) reports
his method of dealing with congenital luxation of the patella,
which consists of exposing the joint freely through two longi-
tudinal incisions, one on each side of the patella, and turning the
patella with its attached ligamentum patelle to one side.  With
a broad gauge to correspond to the under surface of the patella,
a segment of bone lyving between the condyles 1= removed to
deepen this intercondylar groove. A flap of fazela and fat is
then turned m from above and sutured over this denuded bone
area to prevent ankylosis of the patella to the femur. The
patella is placed in position resting on this faseia flap, and the
inner portion of the fibrous eapsule is drawn over the patella and
sutured to it= fibrous covering.

The extent of trauma to the joint surfaces would indicate
ereat possibility of adhesions and limitation of joint motion,
and the absorption of the faseia fat flap covering in the incised
bone area would also tend to eause adhesions and limitation
of joint funetion.

Graser (Deutsche Gesellschaft f. Chirurgie, and Zentralbl.
fo Chir., July 9, 1904) presents his method, and reports several
easzes in which the outer eondyle of the femur stood considerably
further backward than the inner condyle when the leg was
rotated outward.  He effected a cure of the dislocation by per-
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forming a supracondyvloid osteotomy of the femuor and twisting
the condvles =0 a= to hring the outer portion forward and the
inner condvle farther backward,  This procedure earries forward
the insertion of the lignmentum patelle or upper end of tibia
with the outer condyle of the femur, and thus loses mueh of 1=
poteney.  He recommends the procedure only when the pos-
terior position of the outer condyvle 1= marked.

The Author's Operation for Habitual or Congenital Dislo-
cation of the Patella. I'rom the multiplicity of methods
devised for the correction of this deformity, particularly those
procedures having to do with the soft parts as a means for
correction of  dislocated patellie, also from the case reports
following =uch operations, it can be safely concluded that no
method has proved universally  =atisfactory.  Many of the
patell:e have become redisplaced after varving periods of time
following soft-tissue operations for fixation, as might reasonably
be expected.  Grafted =oft tissue, whether it be ligament, or
faseia, will withstand but little strain and will gradually pull
out if any great amount of traction i= placed upon it.  The
mo=t =ecure anchorage for tendons, fasecia, or ligaments 1=
through bone structure., and even then unless great care i=
exercised and the ligament itself be made to unite with the bone
to which it i= secured, independently of the suturing material, one
cannot be assured that the new anchorage will remain secure.
Any foreign material sutured into bone, where suflicient strain
I= placed upon it, will gradually pull through by its own destrue-
tive action.

On aceount of the failures reported by the various operators
using different methods, the author has devized a method whieh,
from his experience with 1ts use, appeals very strongly as o most
rational and trustworthy means of restoring the displaced
patella without interfering with joint funetion, or offering any
appreciable chanee for failure.  Instead of attempting to rectify
the deformity by a complicated proeedure or subjecting  the
Joint to damage, a simple change of the architeeture of the outer

condvle of the femur =uflices,
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A semilunar =kin ineizion 1= made to the outer side of the
|}:Itl'||:t. HII”il'ii"HTl}' long to reach below the tibial tuberele and to
above the external condyle.  Without unduly disturbing the
underlyving joint structures, the external condyle is ineised with
a broad thin osteotome on its external surface, making a bone
incision of from 1'% to 2 m. in length, and about s in. below
itz anterior articulating surface, and nearly in line with the long
axis of the femur. This bone inecision allows the anterior
surface of the external condvle to be raised to a plane above the
internal condyle, by producing a greenstick fracture near the
intercondylar groove, the object being to place a permanent and

Fui, 220, — Luxated patella outward,

rigid obstacle in the way of the outward displacement of the
patella.

When the anterior segment of the external condyle has been
pried forward sufficiently to demonstrate its obstrueting effect,
the width of the bone gap thus formed is measured and asection
of bone sufficiently large to fill this cuneiform gap is removed
from the erest of the tibia through the lower portion of the same
<kin wound extended below the tubercle.  This bone-graft
wedge can be very easily and quickly procured by the use of the
motor saw. Before the graft is removed, it is drilled obliquely
in one or two places by the motor drill, so that it may be pinned
to the under portion of the external condyle when put into its



THE INLAY BONE GRAFT S0

place.  Dowel pins, made from an additional portion of the bone
removed from the erest of the tibia at the time the greaft s
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Fo, 222 —Awrhor'= operation for ontward dizslocmtion of the patella, zlhowing =hape
of graft in position, lifting anterior portion of external condyle 1o Block the recarrenes
of 1l dlisloation.

obtained, and rounded by the motor lathe to it the drll holes
in the graft.

The cancellous structure of the condvle receives the bone-
graft pins easilv when they aredriven into place; or the motor drill
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can again be inserted into the holes alveady made in the graft and
continue them into the external condyle.  The ligaments and
tendinous expansions arve =utured over the graft, thus holding
the lifted portion of the condyvle securely by kangaroo tendon.
The <kin wound is elosed by a continuous mattress suture of
catgut, without drainage, and the leg up to the groin is placed
in a plaster-of-Paris splint for three weeks, Passive motion
and massage are begun.

The advantages of this procedure are that, with no sacrifice
of joint cartilage, a minimum of joint injury is produced at the
time of operation, thereby greatly lessening the chances of
limitation of motion or the formation of adhesions, and that the
permanent blocking of any further tendeney to displacement

Frs, 228 — 1 indientes the normal size and anterior prominence of the external
femoral eondyle, & pwlicates the flattened external condyle with a consequent laxa-
tion of the |.-.'|1l:']|;L outward,  © indieates anterior lifting of the l:'lll|l|._'|.'|.1' to block the
recurremnes of Dhe loxateon of the patella with the wedeoe geaft (dark area) in ||||-iiri.-:|-|t.

of the patella i= effected by the actual elevation of the external
condvle, or an actual restoration of the normal mechanico-
anatomical conditions.  The soft parts are not interfered with,
and the only further suggestion in the ease of extremely lax and
<tretehed internal capsular igaments is their plication with kan-
garoo tendon; but usually this is unnecessary, for if the external
condvle 1= propped well Torward it, initself, fulhls all vequirements.

GRAFTING OF AN EPIPHYSIS TO STIMULATE CONTINUOUS BONE
GROWTH IN AN EPIPHYSIS DAMAGED BY DISEASE

Bond, in the British Jowrnal of Surgery, vol. 1, p. 610,
reports an interesting ease of a child 4 years of age who had
had a tuberculous infection of the inner portion of the upper
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epiphy=i= of the left tibia, resulting o sharp angular bow-leg

deformity of the tibia, following the cessation of the tuberenlous

infection.  This  deformity was re-
ported to be due to the uninterrapted
“I'he fibula

was divided just below its head and

erowth of the fibula.

this, with the epiphyvs=is, was removed,
A V-shaped portion of bone was then
removed from the mner side of the
head of the deformed tibia i the
<situation normally of 1= epiphyseal
junetion.  The deformity  was cor-
rected by foreibly straightening the
shaft of the
head of the fibula was cut down to
a y the

wedge-shaped gap in the head of the
tibis.

hone,  The removed

shape and inserted into
[n thi= wayv a picee of new
and growing epiphy=eal cartilage was
mitroduced imto the mner side of the
head of the tibia in the situation of

the damaged epiphyseal line”

TRANSPLANTATION OF ENTIRE JOINTS

Deulsche Zeil-
seheift 1. Chirwrgie, vol, exxviii, 1914,

Deut=ehl:iander, in

. 183, reports a case of transplanta-
4=

vear-old bhov into a boy 13 vears of

tion of an entire knee-joint of

age, grafted practically in its entirve
extent, including the joint eap=ule
and the interliganmentous apparatus
as well as the patella.  Although the
result fell <hort of the expectations,
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the healing inof this manifold tissue complex was associnted

with

a0 =eries ol Very anteresting  processes,

well worthy of
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publication.  The patient was improved in that the resulting
<lightly movable pseudarthrosis was preferable to the hilateral
bony ankylosis of the knees which had existed hefore the opera-
tion.  Transplantation of the patella was made, but proved
unsuceessful,  Rontgenograms taken 20 days after operation
showed that even at this stage no trace of the transplanted pa-
tella could be demonstrated.

“The probability of viable transplantation of the patella
would seem to be extremely slight.  The articular cartilage was
found to be the only viable element in the transplantation of
entire articular segments. It apparently possesses a great
power of resistance and ean be suecessfully transplanted, even
under unfavorable conditions,

" Taking into consideration the total result of the healing
processes in this ease of an entire transplanted knee-joint, we
find that the larger portion of the transplanted tissue was
destroved and only an extremely small fraction actually healed
in. It was reallv only the articular cartilage which was shown
to remain viable for a long time, although not without a very
considerable loss of cellular material.  In view of these findings,
it is advisable to abandon the transplantation of tissue com-
plexes, which are doomed to destruetion, as a rule. The
organism will thus be saved an amount of work which it can
more profitably employ for the funetional development of the
joint.”

Bone Transplantation in a Case of Sarcoma of the Bone.
=chulze-Berge, i Centralblatt  fiir Chirurgie, No. 45, 1913,
records the ease of a patient, a woman, 26 vears of age, with a
spindle-cell sarcoma of the head of the tibia.  As no fresh
joint was available for transplantation, the writer endeavored
to preserve a useful leg, though abandoning motility the
knee-joint.  After resection of the diseased articular end of the
tibiz to an extent of about 8 em., the femoral condyle as well as
the head of the fibula was freshened and, for the substitution
of the tibia, a piece of the fibula of the healthy =ide, of suitable

length, was transplanted into the tibia as well as into the femoral
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condyle. The transplanted  bone segment healed  soludly in
place, although the covering of the soft parts eould not he
firmly applied around the transplanted bone, whieh led to
suppuration.

Rionteenograms taken 1 vear later showed that the trans-
planted bone had attained the strength of the tibial diaphysis
by pertosteal proliferation.  In the lower hall, the transplanted
bone had disappeared through ab=orption; while in the upper
half it =till remained visible. The leg was =olid, exeept possibly
slight motion from before backward,



CHAPTER VII

THE BONE GRAFT IN THE TREATMENT OF DISEASES AND
DEFORMITIES OF THE FOOT AND LEG

CLUBFOOT. AUTHOR'S TECHNIQUE

The treatment of elubfoot must neeessarily take into con-
sideration not alone the age of the patient and the degree of the
deformity but the type or elass of the deformity into which 1t
can be subdivided for convenience, =o far as treatment is con-
cerned, e, (1) those cases where the treatment 1= begun in early
infaney and carried to eomplete correction by manipulation and
external fixation: (2) those eases where early treatment has been
indifferently earried out, or has been interrupted, resulting in
partial or complete relapse of deformity: and (3) those cases
which have received no corrective treatment whatever,

In the first group proper manipulation and fixation treat-
ment is all sufficient and will not be dealt with in this treatise,
In the second and third groups— therelapsed oruntreated cases
bone plastic operations are recommended only bevond infaney.,
where the tarsal bones have partially or completely ossified and
resist remoulding by long-continued manipulations and fixation
in over-correetion.  Such cases have been made to vield to the
varied teehnigque herein deseribed (Fig, 228),

Group I, may be again subdivided into two types of re-
lap=ed congenital elubfoot, viz,, that of the long, comparatively
slender, foot where the osseous development has gone =o far as to
resist correction in spite of the tenotomy of the tendo Achillis
to overcome equinus and foreible stretehing followed by fixation
in plaster of Paris or hraces, and with still gradually relapsing
forefoot, particularly toward varus; and another group which
will include those eases of relapsed clubfoot consisting of a short
chunky foot in extreme varus,  Inmany of these latter eases we

S08
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find that the patient has by the impact of walking producoed
an hypertrophy of the enboid, the foot heing so markedly in-
verted and supinated that the weight of the hody rests direetly
upon the cuboid: the peroncal museles from long disuse are
undeveloped and elongated, and the dorsal flexors of the foot
ol the leg are shortened and aet as direet agents to inereased
varus and supination of the foot,

The technique of the operative treatment devised and applied
by the author for dealing with the first subdivision of thiz group

Fr, 225 —lantar view of a clubfoot showing the moarked addoetion of forefooet,
which produees the coneave contonr or <hort inner =ide amd bng or conves onter surinese
af thee foor,

Tlhees st hor’™s teehmbgue for This tepae of Tood, in older ehildeen, is 00 restore perime-
nently the shape of the foot by placing o bone weaft nto the skeleton of tle inner side of
the fool. If the -|--I'--r:||.il_'l.' 15 of conmepital ot thee =raft b= p!:lrl'-l] LR e 1--|l]i'|
"I"I|lil'li-! Bospwee, IF 00 s o pradwtie orimin, witly eosnsespuent apstalality, thae grafo s
Fr|!1'!" il imtes 1hie _'|w-|r_-11,_1':|'||.--:1-_'|||l|ni|| j-.lilll. E=TE s UEk 4 A

of relap=ed elubfoot, namely, the long =lender type with marked
varus and moderate addoaetion of the forefoot, but without
marked hvpertrophy of the euboid, is as follows:

The deformed foot, and the leg also, having bheen prepared
tor operation, and a tourniquet  seeurely applied above the
knee, the equinus is first corrected by tenotomizing the tendo
Achillis; to enable the operator to foree the foot into dorsal
lexion on the leg, X narrow <harp tenotome is thrast through
the =<kin with its blade parallel with and just anterior to the
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tendon, and about three-quarters of an inch above its insertion
into the os ealeis. The cutting edge of the tenotome is turned
posteriorly and the tendon is divided from before backward,
care being taken to divide the plantaris tendon as well.  The
division 1= easily perceptible in the sudden giving way of the
resistance to dorsal flexion of the foot. The heel 1= hrought
down thoroughly by foreible dorso-flexing of the forefoot.,

The next step, when no true hone operation i< done, i< the

thorough stretehing out of the varus by manipulation—either

7 3}
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Fie, 2206, IFig. 227.

Fios, 29 axp 227 —Marked untreated clubfoot of a boy 7 vears old,  Before
operative correetion. A wedge-shaped graft was removed from the eaboid bone on
opter side of the foot amd ploceed oo the splin seaphoid after the tendo Achillis and
inner portion of the plaptar faseia had bheen severed and foot foreibly corrected.  (Sce

Firs, 225 and 229 for result.)

manual or with the Thomas wrench—with or without the
wedge block as a fulerum.  The foot is then =o lax as to he easily
placed in an over-corrected position, but it is obvious that if
relianee is placed upon external correction alone relapse would
take place.  This is very prone to oceur following the Phelps
operation where a free division of all soft structures is made
down to the hone and the foot foreed into valgus, leaving the
wide gaping wound to heal by granulation—resulting in a con-
tracting sear —and the articular surfaces of the tarsal bones
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widelv =eparated with no provision made 1o prevent  these
articulations from closing up again,

Having had exceptional elinieal opportunity for ob=erving a
large number of relapses in clubfeet following these soft-tissue
operations, it beeame evident to the author that if relapse was
to be prevented a remaodelling of the tissues or bony framework
of the foot was essential. Al previous elubfoot hone operations

Fip. 23x, iy, X2,

Frs, 22% axp 229 —Same case as e 226 and 227 after correction of elubfoot delorm-

iy by ansertion of Do gralt,

have entailed removal of wedges of bone from the outer or long
side of the tarsus, and have thus still further shortened an
already short and undeveloped foot.  Sinee the trustworthiness
of the bone graft had been <o thoroughly proven, it occurred to
the author in 1911 that the surgeon could well follow earpentry
methods and remodel the tarsus by elongating the coneave or
short inner side of the foot by placing a bone-wedge graft he-
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between the split halves of the scaphoid bone. At the same
time, that this permanently corrects the bony deformity of the
foot it may lengthen it sufliciently to avoud mismated shoes,
Any degree of lengthening of the foot is far preferable to any
further shortening of the same.

The technique of the operation is as follows: A U-shaped
<kin ineizion 1= made on the inner aspect of the foot and the
flap with its subecutancous tissue is dissected back, exposing

.
I

L
Fro., 230 — A econgenital elubfoot of less severe tvpe of deformity,  The varus 15 pot
extreme and there it i= pot pecessary to remove bone from the outer gide of the foot, A

tibial graft is placed into the split seaphoid bone,  (See Fig, 231.)

the seaphoid bone.  The apex of this incision should extend
well forward in the region of the great toe: or a straight ineision
may he made over and parallel with the long axis of the dorsum
of the foot so that the superior surface of the scaphoid is ap-
proached.  Whatever ineision is employed, however, it should
always be so situated that when the wound is closed the skin
sutures do not come over the graft.  The development of the field
of the bone operation should be carefully done, as the changed
bone formation and landmarks may be extremely distorted.
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With a half-inch, thin and sharp osteotome, the seaphoid is
<plit into anterior and  posterior halves, either by o linear
o<teotomy through the long axis or by a curved bhone inei=ion
rrom above following the general curved contour of the bhone,
The foot 1= then toreed into the required degrecol over-correction,
and the gap between the halves is widened, Al resistanee by
plantar fasein or other tissues i< relieved by =evering the struoe-
tures with a =ealpel through the wound already made, or by
means of subcutancous fasciotomy through an additional _teno-
tome wound.  The width of the gap is taken with calipers, as

Fri. 231.—Same as P, 250 after et b casrreeien ano ap=er om0 winft,

a measurement for the <ize of the bone wedee to he obtained
preferably from the tibia of the ssone b, The skin and sub-
cutaneous structures overlving the anterior mternal aspeet of
the tibia are ineized at about the junetion of the middle and lower
thirds of the shaft, which region is selected as it vields o denser
and thicker bone cortex than higher up.  The <kin incision
hould be situated =o that it does not overlie the eavity from
which the graft is removed,

Having freed the evest from musele attachment, and with
the <kin and =oft partz well retracted by sharp retractors, the
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width and thickness of the required wedge i marked off by a
scalpel, eutting into the periosteum,

The motor saw is then emploved to eut the wedge graft
from the tibia. The two cuts are made transversely through
the cortex of the erest at the measured distance apart, and are
caused to converge to each other as the medullary eavity is
approached,

Before its dislodgment from the tibia, the graft is drilled

Fig. 232, Fig. 235,

Fros., 232 axn 238, Beefonrie sl safier hlll']':Hillh, {-|||||_"1'|||'1;||. clubfoot of =ame L i aind
treasted by some method as (Fies, 220 (o 220,

with the small motor drill through the centre of its cortex for
retaining sutures, and 1= then removed from its bed with the
aid of a sharp osteotome, and either placed in normal saline
solution until used, or transferred directly to its position
bhetween the halves of the split seaphoid. 1t should fit so tightly
as to prevent any return to varus and adduetion deformity when
the forefoot is released by the assistant.

If the cortex of the seaphoid is too dense to permit the
passage of a short strong curved cervix needle, the edges of the
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seaphoid halves are dreilled with the motor dreill. - Ordinarily,
in children, the seaphoud edges readily permit puneture hy the
cervix needle, The teehnigque is carried out as follows, in cither
ca=e:  The kangaroo tendon = threaded throneh the deill holes
of the graft wedge, which is readily done on aceount of the <tiff-
ne== of the tendon,  With the gralt in the centre of the tendon
<trand, a corvix needle = threaded to each end. These needles

are thrust through the scaphoid edges from the cut-2urface <ide,

Fri, 230 —Dingram illustrating an inlav-wedase bone gealt remmeooced froom Che erest of
he tibsia o the calwad of 1l o heer sholis il t s Bt sapadd j-|.'||'|'l|. TR *-|.r|if '-'1'!1|l||lril| laar
thie P e of il!'r'I|:|:||:|I'I|.P|_'I.' remsddel e the tae=n= of o congeniial elobfoo . Iiw 1=
'J"1-"-|'|Ili1,'t thee inner siode of the tarsi= b= shoeter than it2 owter siide, and e oeafr §s
inpserted Lo overeome §lis ihistorison im oldder ehildeen aned adalis, T selvantame of
enarding nenins redapese by pesmodelling the Pviny taisigs i= al=o angmented by lenst bieng-
ing the foor, which is alwavs short.

either through the drill holes in the edees or through holes
made by the needles themselves. The hone-graft wedge is
then forced into place between these seaphoid halves, the tendon
1= drawn taut, and tied over the graft.  The subeutancous
structures are then drawn together over the grafted area and
the <kin flap is closed over all by plain eatgut without deainage.
I the deformity is a <evere one and the <kin wound eannot he
closed without too great tension and danger of <lough, it is hest
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not to attempt to approximate the flaps by too great tension,
but if a skin gap is necessitated it should be as far from the
graft as possible, and will readily granulate over,

The dressings are then applied.  Cotton is placed hetween
the toes to tuke up r-E‘l:‘I‘i‘liuH; the foot andl ]i"}_l"_ ta above the

knee, are covered with a Shaker-flannel bandage or sheet

Fig, 25,
FiG. 235 Vommsirked ense of paralviie equing varus, L leer Lovernd deformity was
corrected and maintained by placing o tibin geaft inte the asteagalo-seaplodd joint,

slter the bones foriming that joint hoas Deen scparated Dy Che corpeetion of the deformity.

|Il| el |=|I|Irll'_'.':l_:lll (7 RN |!" *E3) ,|"||'I'Il|"'|l'-;'|il-!|, i li.l';-"-ll”il:‘.. A i!:.lg

eabes loweatwmn i tehaz Teoan where The srafe was olitained,

wadding, as a lining to the plaster-of-Paris fixation dressing
which is next applied with the foot held in slight over-correction
and the knee flexed nearly to a right angle. The knee is
flexed to this angle moorder to afford a ]“‘l.'ﬂ'l':i_‘_’,'l' action against
the tendency of relapse of the forefoot.  This plaster dressing

<should remain in place for 4 to 6 weeks, when that portion
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above the flexed knee is eut off, the remainder of the dressing

ace for 4 to 6 weeks longer, when the entire

being left i p
protective dressing is removed and massage and exereise of the
foot and leg is instituted.

=hould it be deemed advisable for the comfort of the patient

or a= a1 means of maintaining the protective fixation for a longer

. O o =FEp
i, 247, Fia. 2,

Fros, 237 axp 235 H=veate et Josdd of applving plaster-of=1"aris dressinge for oluabs-
fet, "Il koee i flexed toon eiehit amele aned the tlaeh s ased as lever to prevent thee
redagose of Ul welibiaevion deformiry of the Toreloor,

period, the =inple clubloot sling support 1= the most serviceable
form of brace to he applied. Tt consists of a strip of eanton
Aannel folded upon itself four to <ix times, making a flannel steip
three-quarters of an inch to an ineh wide, and long enough to
encirele the ankle and pass down under the foot and up to the
external malleolus; to the ends of the steip a strong webhing

strap 1= sewed, which extends up the outside of the lew 1o below
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the head of the fibula, where it buckles to the upper end of a
steel upright which is fastened about the upper part of the ealf
by a strap and to the shoe below, between the heel and the sole,
This steel upright has a simple joint at the ankle, or, if there is
still a need for preventing the tendeney to equinus of the foot, a
catech can be arranged at the joint to stop extension bevond a
right angle.  The pull of this sling with each step is sufficient
to hold the foot in abduction and prevent varus. A less efficient
brace is that with an inner single bar and straps about the ankle,

The technique of the operative treatment devised by the
author for dealing with the second subdivision of this group of
relapsed elubfoot, namely, those cases with a short chunky
foot in extreme varus with the cuboid <o hypertrophied and
malformed as to resist any reasonable attempt at foreible
correction of the foot, even after the scaphoid i= split, 1= =ome-
what different. To these eases, the author applies the bone-
graft wedge between the halves of the scaphoid splht
transversely across the foot, preeisely as in the technique just
deseribed, with the exeeption that the bone wedge is removed
from the body of the hypertrophied cuboid, instead of from
the crest of the tibia, and inserted between the halves of the
split seaphoid.

The technique of the removal of the cuboid wedge is as
follows: A =kin ineision iz made through the ealloused skin and
subeutaneous tissue, down to the euboid along the outer border
of the foot, sufficiently long to give a good exposure of this
bone. Having previously determined with the calipers the
approximate thickness of the wedge desired—this wedge is out-
lined with the sealpel—ecutting through the periosteum trans-
versely to the long axis of the foot, being eareful to remove a
wedege of sufficient width to allow full over-correction of the
foot., With the motor saw the bone iz then cut following the
periosteal incisions: the planes are made to converge slightly,
and as the entire division of the bone cannot be safely made
with the motor saw, the bone ineision is completed by a thin
<harp osteotome driven into the saw-cuts.  Before dislodgimg
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the wedae from the cuboid, it is drilled at its centre for the
pas=age of the kangaroo flixation suture. Then with curved
<eiz<ors the =oft tissues <till holding the graft are freed and the
wedge is removed, 1o be placed immmediately in normal saline
<olution or direetly into it= position between the split halves of
the seaphotd.

The foot iz thus divided transversely through its entire
tar<al tructure, which allows the forefoot not only to be swung
outward at this point but to be rotated about the cubo-seaphaoid
ligament ; thus, at the same time, both adduction and varus
are correeted.  As this ligament lies approximately equidistant
from the inner border of the seaphoid and the outer border of
the cuboid, it is the centre of a eirele of which a wedge taken
from the cuboid 1= a sector, and when used to fill the gap formed
by splitting the seaphoid and ecorreeting the foot, it exactly
fit< and at the same time the gap formed by its removal from the
cuboid 1= necessarily elosed,

The foot and limb are ineluded In a plaster-of-Paris dressing,
from the toes to above the knee, with the foot well over-correeted
and the knee flexed.  This dressing should remain on the limb
for 8 weeks, followed by a second plaster-of-Paris dressing up
to the knee which <hould remain on for 4 weeks,

Advantages of the bone graft in elubfool: (1) It lengthens an
already much shortened foot.  (2) 1t permanently lengthens the
<short side of the skeleton of the foot and insures in a most
trustworthy wav against a relapse of the deformity. (3) No
joint i= involved by the operation, therefore there s no inter-
ference with joint funetion or mobility.  (4) It furnishes a
means for permanently correcting the severest tvpes of club-
foot, even i the adult.

ACQUIRED CLUEBFOOT

Paralytic Equino Varus. Thi= type of clubfoot is usually

due to an attack of anterior polyvomyelitis (infantile paralyvsis),

v=is of the

and 1= caused by oeither partial or complete para

peroneal museles, producing an unbalaneed condition of musele
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control of the foot.  This results in o deformity similar to that
of congenital clubfoot.  The outer border of the foot drops,
the forefoot adduets and the patient walks on the outer aspect
of the foot, causing it to further adduet by weight bearing.
An undue laxity of the astragalo-scaphoid articulation results,
and the unopposed musele action of the anterior and posterior
tibial muscles pulls the foot further into varus and adduetion.

Fra, 280, —To illustrate welght-bearing of o paraletie elubfoot.  The peronceal museles

were entirely parmlveed i this case,
The pull of the anterior tibial musele, when the foot is in full
adduction, forees the foot into further varus and adduetion
on the leg, and eases have been seen where the forefoot 1s =so
markedly addueted and inverted upon the leg that the patient
walk= wholly upon the outer side of the o= ealeis and euboid
bones,  The forefoot in the more severe eases i< limp and hardly
touches the ground, and there is sharp angulation at the medio-
tarsal joint.
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This type of elubfoot presents four prineipal defeets, nnmely:
(1) equinus resulting from the shortened eall museles: (2) Lvek
of =upport of the outer border of the Toot; (35) abnormal laxity

of the astragnlo-seaphoid articulation; and (4) misplaced centre

Fro, 200 —Drawinge of paralyvtie elabfootd sloowing taeniee ot of the patella, adduetio
el Viris -il'.‘-ll'l:lil_'-. oof gl foast, |:|I£l'|_‘-. Irienii |-:|r:||_x =i= ol 0] !ll'l'li'll'l'.'IJ tipny=aclies,
of weight bearing in the foot, due to s faulty addoeted varos
po=ition.
These faulty mechanieal conditions are hest met by the
following measures,  The leg and foot having been prepared
for u|}['1':II'Ln||_ anid a 11!1]r‘ltil|lll‘[ ;I;]I]Illlli"il above the knee, the

cquinus 1= overcome by the subeutancous tenotomy of the
21
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tendo Achillis, and the heel is brought well down by foreible
manipulation.
The astragalo-scaphoid joint is reached by a U-shaped in-

Fug, 241, = urved skin ineision for the purpose of furnishing a skin flap so =kin sutures

will maot eonme over ihe sraft,

cision, precisely as deseribed  for congenital  clubfoot. I'he
curved part of this skin incision should be well forward so as
to afford an ample flap to cover in the grafted field. 11 preferred,
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the joint may be expozed by a straight ineision, parallel with
the anterior tibial tendon on the dorsum of the foot.,

The articulating surfaces of the head of the astragalus and
scaphoid are removed with a narrow osteotome and mallet,
following the contour of the joint or forming plane surfaces,

a< may appear better adapted to the individual ease at the time

pa 22— Mlethusd of applyving manual foree in eorvecting elabdooe,

of operation, the idea being to =eeare the maxinum amount
of bone surface for contaet with the graft.

If over-correction of the foot 1= resisted ||I‘k' the =oflt structures,
they are =ubeutancously =evered.

The over-correetion of the foot produces o wedge-shaped
cavity bhetween the separated cut zurfaces of the head of the
astrogalus and =eaphoid,  This wound 1= packed with a hot
"':Ilitl" l'ii]II]”""“:“'.

To overcome the 1||'n1|]|i“;_l; ol the outer border ol the font,
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due to the paralvsis of the peroneal muscles, the tendons of
these muscles are made to serve as ligaments (Codivilla, Gallie),

Fre, 283 —Wedge graft in plaee for paralyiie elubfoot.

the external malleolus and tendons are exposed by a curved
skin incision eneireling the lower end of the malleolus.

Fro, 204 Rindgenogram of eraft in place 6 months after operation for
F-;Lt';||_'|. 1 ir q-||||;|'-u|.|_

An osteoperiosteal flap with its overlying periosseous tissues
is lifted from the external malleolus and turned posteriorly on

the periosseous tissues as a hinge.  The osseous ineisions for
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forming this Er':]|}rtil1:1t' are 1';L~=ill'l.' anid :|lli1']{]}.' made with the
author’= small motor saw, and further frecmg of this flap 1=
accomplished by o sharp osteotome. The peroneal tendon
sheaths are split and the tendons are frecd and placed ander
this osteoperiosteal trap-door.

The foot is then foreed into pronation and the !}[']‘IIIIL'.‘I]

| £ B o, 2006
FFris, 205 axn 2406 Before aned after operative corveetion, pavalyvie elabfoor (CPaligees
eceptiine vari=l feoim infantile paraly=is e loss of power i tlee peropeal misele, &
bowegges grnft ol zinead Froom ll:-|-'l-i|l' Prbenze sof b wos meorbe=edl gpeter the besd of the a=1rne-
alvis sond the =eaphowd alter coreection of the deformity of the foor, “Uhee preromens,
b= and Lirevies tenddops were aehored ot thie externasl malleolus g e s,

For montecnogrnm see Fig, 247

tendons are drawn taut by reefing or suturing them securely
to the periosseous ti=sues above this bone flap.

The edges of this osscous flap, a= well as the adjacent cor-
tex, are drilled, the tendons fitted imto the grooves, and the teap-
door is elosed over and held firmly in place by kangaroo-tendon

sutures passed through the detll holes and ted.
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The =kin wound is elosed by a continuous eatgut =uture
without drainage.

The outer border of the foot is thus held firmly elevated in
an over-corrected position.

The =aline compress i= removed from the wound on the
inner border of the foot, and while the foot is held by an assist-
ant in a well-abduceted position, an aceurate measure is ob-
tained of the resulting eavity between the head of the astragalus
and the seaphoid. .\ saline compress is again placed in this

I'Ilii. 217, A omnadieates tibaal |_’:|';|f| “Hll'li.‘-l'd] i||l|| ]|1'.;1l| ol ;|_-l|':|;|::||||_- :||||E '-i":.[i:hlllll
G et = before,

wound, and a graft corresponding to the measurements obtained
i removed from the eentral portion of the tibia where the cortex
i= of =ufficient thickness. A= in the case of the graft obtained
for the correction of congenital clubfoot. It s dreilled for
fixation sutures before it is dislodged from the tibia,  If the bone
of the head of the astragalus and seaphoid is too dense to permit
the passage of a strong curved needle, the necessary holes are
drilled with the motor deill. Ordinarily in ehildreen, the =oft-
ness of the hones permits puncture by the strong eervix needle,
and the technique is earried out as follows in either ease:
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The Kang:aroo tendon s 1|II'I':H|I'L1 I|II'|!IJ_1_=;|I the dreill holes of
the geaft wedge, by virtue of its own stiffnes<. X cervix needle
i< then threaded to each end of this tendon. These needles
are thrust through the head of the astragalus and the seaphond
at their mner borders from thenr eut surfaces,

The bone-graft wedge 1= then foreed into place and the
tendon suture s drawn taat and tied over the graft.

=oule’s modification of author’s technigue which 1= <inple
in that it does not require drilling of bone or  fixation

TIBIALIS AMNTICUS

Froi, 245 —Demonstrates exposure of st ragalo-seaploid joint for inserfion  mortise
eraft for paralyviic elubfoot (foot represented a= on operating table).
suture, is recommended whenever it is found feasible.  The
.'1.‘-1I':I;_":lll}—:-ilr*.'t]l}ll:linl j[:ilil E :|!.‘r|}|'n:|:'h{'|| from 1ts .-'II|H‘r"|H|‘ R
pect and all the articular eartilage i= removed from both
bones, preserving the original contour of the joint. A mortise
1= formed in the inner portion of the eat surface of each
bone, as <hown by the diagrams=.  The graft is so shaped in its
removal from the tibia that it fits acceurately into these mortises
when the foot 1= over-corrected.  These mortises loek the gralt

in position and the foot i= wedged securely into full correetion.
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Fra, 249, —0Dhtted lines inelieate removal of earilaese o arthrodesine the asteaealos
senphoid joint or s a preliminary measure before mortizing in geaft for paralyiie elub-

LENTNT| I.':|.i||l'- -'qll'i*.:lr viari=l.

Fro. 200, —To illustrate method of mortising tibial graft for paralytie talipes equing

varie= felublool ),
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Fig, 251.—Carvers souee, witly theee different egbtipe eidees,  These tools are ysed

I:'." il anthor in varions 1.!.-l1'1|p|.:|-l:'l1' 1.l[b|'|':|li1|l|.- amil are Viry vsiful,

Fio, 232 —2AMethonl of vemoval snd tpee ol weadt ti=edl toogmeortise into the begad of e
astrapnlus nnd Che -|':|||||lli.d I T R FC R TR | ;-.'ll'."|E_'l. tee el ot
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By this method, the foot is insured against relapse, and at the
same time the abnormal laxity of the medio-tarsal joint is per-
manently overcome by the ankvlosis of this Jjoint.  Weight
bearing is placed further toward the inner border of the foot.
and the anterior tibial musele, which was barely able to fune-

Fic. 258, —Paralviie clubfoot (talipes coguing varn=) with mortise grafn in plaee, No

fixation suture is neeessary.,

tionate before the operation, is now made to do more than its
normal amount of work. .\ stable foot is furnished, capable of
welght bearing, u=ually without the additional support from a
braee,

Arthrodesis of Astragalo-scaphoid Joint for Flat-foot.  er-
sistently  relapsing, painful, and relaxed pronated flat-foot
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alter Ihm'-ﬂ]uh Treselment I"."" con=cryvative means has ol
can  be restored by oarthrodesing  the  astragalo-scaphoid
_i|1irli. ;|1'||] whoere the -1';L|l||:|i+| ]H'l“—-l'lllﬁ EH'HHIiIIL'II[h the hixation
el corrected ]1||Hi1iir|| ol the foot 1= Tortihed ]JI"-.' dreilling throneh
thi= prominent seaphoid into the head of the astragalus, as

advoeated by =oule.

FFaws, 254 Paralvoie Hat=fonst feom paraly=i= of 0he anteeior tibial fnasele, b=ty
licfosramat v esebn beee bees weierpioetaodd gagpd eseet eolloa] by zin arthroelosi= of 1 e :I'\--l:".'_'lill-

pphinie]l Jodnt with or withoon o bone-greafn peeg amd o tran=plantation of 1l TG KRITTH

inter the anterior tihial fendon e seagebsoged T

The foot and ]l'_u ||:L'n"|r|;_' been ]I]'1‘|L'li'l‘ll_ and n 1"'”"'i'i”*'1
tightly applied above the knee, the foot, if rigid, is thoroughly
loosened up, after the manner of correcting rigid flat-foot
fir=t, ]l_k' I'HI'1'3||-_{ the foot mto t't||li]:|l|!-, :Jlui [}||'i| ]:Ix' Htrungl_v
.'Ii[iilll'ﬂllﬁ andd 1|+u'=-|-fh-x]||ﬂ the forefoot. 'l‘h'ta ealses the
.=1';|]r]1ni:| to rotate about the head of the :I&Il'ri_‘_’,:||tlr~ mmto a more

normal ]HJ--ilitlIl, The foot s 1||u]'|:|1;_-,|'|E_'-.' loo=ened up by
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wrenching,  The arthrodesis of the astragalo-seaphoid joint
is done with a curved gouge through a skin ineision, about 2
m. long, beginning just in front of the internal malleolus and
extending along the course of the anterior tibial tendon, which
1= then retracted and the joint expozed along its dorsal aspeet by
frecing the overlying joint ligaments and making strong flexion
of the foot.  The joint surfaces are thoroughly freed of articular
eartilage, but care is taken to preserve the ovoid shape of the
head of the astragalus and the convexity of the seaphoid, =o that

¥
T
iy
—— e,

.I.‘.. 2 [
b
"‘""-n—.,_,._
EE‘M_L\
— il iicnuso

Dirawine of a cose of paralviie talipes valgus before apnd after an leroidesis

Fig. 2o5. ;
of the .'1"-|r':l:_’.'llil-‘-l'll|J|i'|lilln Joint and tramsplantation of peroneas lengus and brevis mto
||.|- -L|-;|||||||iq| laesnuer Lo |'||;||:'Ii||||::|1l' Foor 1 heie lesst mimbarrior filaizel |l|"l"'|"'.

when the forefoot is addueted to its proper corrected position the
convexity of the seaphoid rotates about and remains in contact
with the denuded head of the astragalus.

With the foot held inits correeted position by an assistant, a
hole is drilled through the prominent inner portion of the seaphoid
obliquely into the head of the astragalus, large enough to adimit
o sufliciently strong autogenous bone dowel.  The drill is left in
position while the bone graft is being removed from the crest ol
the tibin at about its middle third where the eortex is thiek,
cither with mallet and ehisel or, preferably, by the motor saw,
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BONE GRAFT IN THE THEATMENT OF DISEASES

Thi= bone i next pas=ed through the auwthor's motor dowe]
.=-'|]:|F11"|', I'ni'1||'l||_1;' a bone nail to Gt the dreilled hole in IIH'.‘«[','IITIIH]I[.
Thi= bone natl ean be shaped with catting foveeps and a ra=p or
file, if the dowel-shaper and motor outhit = not available,

The foot being held securely by the a=sistant, the drill is
withdrawn and the bone dowel i= driven into s place.  The
superfluous end of the dowel protruding from the seaphoid i= eut
off with the small motor saw, and the skin s elosed over with
plain catgut sutures, without dramage.  The foot 1= put up i a
plaster-of-Paris ease extending above the flexed knee, This eaze
remains on for the same length of time as advoeated for the hone-
“'wi_ui‘ (=i t]t‘ 1‘|I||l1':mlk :111:1 |-~ T'i'llln".'{"tl iII Ill{' =g :-ct't|lll‘IH'|:*,
namely, that portion enclosing the knee i removed after 6 weeks,
followed 4 weeks later by the removal of the remainder,

A= in the ease of other bone-grafting procedures, it 1= well in
=ome instances to proteet the part from undue strain by having
the patient wear a metal flat-foot plate for a few months, until
the proliferation changes and adjustment of the grafted parts
are complete,  This plate should be accurately made over a
plaster-of-Pari= model of the correeted foot, as in the ease of all
flat-foot plates, the Whitman plate being preferred.

ARTHRODESIS OF ANKLE

In eazes of marked laxity of the foot on the leg, Lexer has
applied the autogenous bone-graft dowel by pas<ing it through
the anterior end of the os ealeis and body of the astragalus into
the lower end of the tibin.  Aecording to Lexer: " This eanal
<hould not he made too wide, a= the holt must be in=erted for-
cibly =0 that blood and detached marrow eannot colleet between
it and the bone, <since hone will unite with the surrounding bony
ti==ue only when it lies in intimate contact with it, otherwise
eranulations appear in the walls of the eanal, interfere with nu-
trition and predispose to rapid ab=orption.  Some of the failures
reported are due to this technieal ervor. TEis o strange (et

that thi= bolt stimulates thickening of the spongy portion of
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the bone, while it is absorbed in the upper ankle. There-
fore ossification rarely takes place in this joint, as a rule, only
the necessary immohilization.  This procedure is simpler than
the usual arthroplasty, and with proper care vields =atis-
factory and permanent results” (Lexer). The author, how-
ever, believes that this is not an operation to be depended
upon, as the articular cartilages are not disturbed and cellular

s, 2o, |||_||..r|-;._si.:.~_- :"'||||5|~'- LI |"||I|i.-|'|I1' for severe Mamt-fodt :||I|I |||" E"1""|I-"l1"'| lawt
pesulting fromn infantile parnlysiz.  The cartilage from head of astrogalus and posterior
ayprfaee of N ITE -L.;g].huiul boisnier 1= I'l'rll'l"'-l"l il sRrroew [:-lliI|1. A dbanl ot JHEE I |||"'|'

in=erted as ndieat ol

osteoclasis is likely to interfere with the integrity of the trans-
plant.  This opinion is supported by Schewandin who reports
in Avchiv. f. Fin. Chir., vol. ei, p. 1009, a few failures due to the
giving way of the graft at the joint surfaces. It is helieved that
had the articular eartilages been removed from the ankle-joint
at the time the transplant was inserted the results would have

been permanent.,
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ASTRAGALUS USED AS TRANSPLANT TO ARTHRODESE ANKLE

Wrede's arthrodesis of the ankle-joint promises to he a trust-
worthy operation, sinee it establishes o somewhat elastie joint

i=tead of a complete ankvlosi=. At the same time the ankle-

o 257 A oemise o] st erior peliompyvaedits= wit by eoppslene paraly=i= of all e mogseles
ciptresdling the raghit K Vi arthipisdesi= operation for <tilfening the right knee was
e 1 Warzaw, 3 vears beefops: Tl K wa= fixedd with twae =iennil= of =ilver wire,
wet by of whiteh broke c=ee Fre, 2080 allowinge b lionde dor boeeomme ankylosed ar TR RS
right nneles A eaneiform ostestomy was done T the st bor aooed tlee patelln ased s an
B Vhoviny npmenoon dpeesperec] pominealiantaly, =ee Faes 210000 D preosdepesr oo =tacbele fasnen,
I|."i|! =N ::'|- Wil Foerprpaia il .|'|-:. |'.| ir= 1|I|1'l|| il -.|I|| [FLLRLUH ER FLE :.--|| anll, = 1.1.--|. i= Ii||
arialnge op Che conpeaen= =arebnees of e os eaders, seapdiacd, Gl aoed Bibala, Tl as
II:|'_'.|i|;- Moo Ddpecrh Ko ||| |---| Pin BB = |,--|:|||| peri=al panga ek 1l -|-,||| l.1.-|-|||||| W ||||---|_, '||||-

B oW e T hpi=ri=ngy I R TAOREE B N R s -l Lik 11 =1 IIrII' '|'|.-'.'_'||I ||-'|||||'_:' Jiganl .

joint does not heecome flail-like. 1t = indieated inoeases where

antatmon of I|~t|1|.u||- i- l‘ililt'l' i'llrlll':!—illl“l':lli‘ll 0or |'l:|.‘~

the transp
not given satisfactory result=. The ankle-joint having  been
exposed by a Ivocher ineision, the astragalu= = removed withoot

being fractured.  The eartilaginous surfaces of the astragalus as
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well as those surfaces articulating with the astragalus are re-
moved,  The author uses the eleetrie rotary saw and burrs to do

1. 25%.—The heavy line indicates incision for removal of the astrazalas,

| TP I L LB |"1;|.|.‘|||'.' of a=steaEalues for removal,

thi= with. The astragalus denuded of its periostenm is then
replaced into its normal site. The wound is closed and a plaster-
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of-Paris dressing applied for 12 weeks,  The astragalus is thus

u=cd as an autogenous free gealt,  Bone ankylosi= s not the

Fr:, 200 —Remwving cortilage from the astragalus bhefore placing it sk in
thies fasst 5= 5 pradn,

Fr:. 261 —Removing eartilage from suefaee of seaplodd, o= ealeis, tilin aned Bl
wlinel artrenlate witli 1w :t-||':|'.':l.||l'|

u=sttal result unless the eartilage is removed too deeply.  Fibrous
union i= the usual result,
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FIXATION OF TUBERCULOUS OSTITIS OF THE ANKLE BY BONE GRAFT

For the treatment of tubercular ankle-joint and tarsal disease,
the author has applied the bone graft as an internal fixation
splint, supporting and immobilizing the diseased parts to a

Fri., 262, —Complete paralysis of all the museles controlling the foot from infantile
paralysi=.  The astragalus was removed and all its articular cartilage pecled off with
motor saw. Also the eartilage from the bones artieulating with it was removed.  The
denuded astragalus was then put back for the purpose of making a stable ankle and foot,
i For ,‘|_||||'|'i||-|'-F|lII--'|I'J'jlll' view =ce i, 208,

degree impossible to attain by external splints, and thereby
hastening the arrest of the tubereulous process,

In the instanee of an adult, when the question of amputation
was strongly considered to relieve the patient of an extensive
tuberculous infection of the tarsus, three bone grafts were
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inserted,. one from the internal malleolu=s 1o the o= ealei=; a
second, Trom the imternal malleolus to the mternal cuneiform
hone: and a third, from the external malleolus to the euboid

hone.

The leg and foot were prepared for operation, and a tourniquet
tightly applied above the knee. A U-shaped =kin flap was
turned up, expo=ing the internal malleolus. X bed for the fixa-
tion of joined ends of the grafts coming from the internal cunei-
form bone and the os ealeis was prepared. As these two grafts
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Fra. 264, — Romgenogram of oo aeate teberealar aonkle in o voung mean 20 vears of
age,  The symptoms were not relieved Dby oaoearefully fitted FL|;1:-r1-t'-rrf-|";|r“i:¢ ilressing
and month of recumbencey in bed, Pain was entirely relioved by il insertion of  Bome
grafts from the external apd internal malleoli 1o the posterior end of the os caleis, the
cubaoid hone and the internal eaneiform,

) s -

Fre, 265, Ropteenseeam taken 2 months after the insertion of the grafe,  AF
is eealt oo internal melleolus to interiad cuneiform, O 000 eeafo from external malleo-
lia= ton Lo englmniid  FF i arreslt frome cxternad malleaslos (o the os cales,
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were Lo be joined at an obtuse angle, in the manner of an
imverted V.7 the bed was prepared by turning one osteo-
periosteal fap down and two upward, with a sharp osteotome.
<hort =kin incisions were hikewize made over the inner surfacee of
the posterior portion of the os ealeis and internal euneiform

hone, and beds were preparved for the ends of the grafts hy turn-

Fro, 2 Roatgenogram of s ca=e as Fie 267 taken 2 AR T and A menths
after the insertion of e bope geafts,  The svmptoms oo :'lpli.l'l'lll. peliewvieal sl the
il fsirii = -'!'I'|';|r1'r||]_'n ll"lll'l'll. Il\lll' It_". |u-r'I!-|j-||_1. st Bweeraesn s i|| ||r|'r'|-|'lll. ol Lhes raft s
very  striking, cspeeinlly ot 8 oaoel £ The fbla o whieh  they aree duserted js
LERS AN [ h_'. |u|-r'l:|'||i4hii'rl EERTIT ;i||1'|1':|-1'rl <0 Fie== 1l .l,

mg up osteoperiosteal flaps,  Subeatancous tunnels were made
with a broad ligament elamp, joining these incisions with the
one over the internal malleolus,

The =ame procedure was carvied out in forming a bed for a
oraft reaching from the external malleolus forward to the cuboid

bone,  The length= of these grafts were determined with ealipers,
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The antero-internal surface of the tibia of the =ame leg was then
exposed, and with the twin motor saw, the required grafts, each
three-eighths of an ineh wide and the full thickness of the cortex,
were removed from the central portion of this tibial surface.
The ends of the two graft= which were to be joined at the internal
malleolus were mortised.  This was very quickly done with the
motor saw. These two grafts were pushed through the subeuta-
neous tunnels alveady prepared for them, the mortised ends
joined, and they were covered in by the osteoperiosteal flaps

o W

Fre, 267 =ume ense as Fies, 265 and 2066 showing  exccllent weight-bearing
funetion and outline of seaft extending from internal malleolnsg o internal eaneiform

Liasuee,

which were drawn over them with interrupted sutures of medium
kangaroo tendon.

The other ends of these grafts, as well as the graft implanted
on the outside of the foot, were secured in place in a similar
manner.  The skin wounds were closed by continuous catgut
sutures, and a plaster-of-Paris dressing was applied with the foot
at a right angle.

Iigure 266 is arontgenogram of this patient’s foot, takenover
2 vears after operation, showing the gralts present and seeurely
grown in. At the time of operation, in preparing the bed for the
graft of the external side of the foot, tuberculous tissue was
acceidentally  opened into and, although the graft spanned
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through this aren of infected tis=ue, it healed in promptly.
Thi= i= one of many instances where the author has plaeed
arafts through tuberculous areas without imterference with the
union of the graft to its bed, The result in this ease was espe-
cially gratifving heeause the tarsal osteitis was advaneed and
very acute at the time of operation, and a well-moulded plaster
cast with recumbency in bed had faled to relieve the pain,
With the implantation of the bone grafts, pain immediately
subsided and the disease was completely arrested. One vear
later walking and weight-bearing  produced no pain or other
evidenee of active disease, and this reliel of syvmptoms has per-
s1sted to the present time, over 2 vears after the operation, 1n
spite of the faet that during the past 6 months the patient has
developed a tuberculous infectien of the kidney and arelap=e of
the lung condition from which he suffered prior to the operation.

BONE GRAFT TO RESTORE BONES DESTROYED BY TUBERCULOSIS

In case the tuberculous process is limited to an individual
tarsal bone or group of bones, shorter grafts ean be used to fix
these loealized dizeased areas with equal suecess.  In this event,
the graft is implanted into the healthy bones on each =ide of the
focus of disease, and spans it.  The diseased tissues may or may
not be removed, according to judegment.

In the ease of a =ingle tuberculous bone of the tarsus being
imvolved, this bone ean in selected eases be removed and a bone
graft modelled to take s place and Al in the deficieney, thus
preventing malformation of the foot resulting from loss of sup-
port by the removal of the infeeted hone.

THE BONE GRAFT IN THE TREATMENT OF CONGENITAL ABSENCE
OF FIBULA

Author’s Technique. T'he congenital absence of one or both
bones of the leg is o deformity which owes a great deal ol its
Interest to its rarity,

The absence of this bone is practically alwayvs associated with

other malformations in the leg, such a2 talipes valgus, svndae-
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tvli=m, the suppression of one or more toes, deformity of the
femur, mallormations of the tarsus or knee,

According to Corner, 200 eazesz of abzence of the fibula have
been colleeted.  He also states that all operative treatment of
congenital abszence of the fibula 1= generally unsatisfactory,
and “amputation in conzequence is only too often necessary.”

]
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i, 20, Fuc. 20649,

s, 2065, Lheent lower end of fibula,  Indieates methodd of splitting lower ened of
upiper fragment of @ Glada and of obtaining the graft from the tibia. That portion of
the graft marked a= cur with single 2aw is wedge shaped. (Bee Fig, 26890

Foa 260, —Gealt used for absence (congenitally or otherwise) of lower end of fibula,
Joined to the upper end of Gbala bae the fongue and groove joint and heatares of kan-
garoo tendon, The cavity inoa tihin indieates the soures of e graft material.

Wille in 1909 did an arthrodesis by driving a portion of a
fibula (obtained from an amputated leg) up from the sole of the
foot through the os ealeis, astragalus and tibia, and obtained a
fair result but without motion,

Where there is found to be a congenital deficieney, the
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implantation of hone shaped and adapted to corveet the resulting
deformity can be resorted to, The following ease illustrates the
treatment of =uch a condition:

A ehild was born with the foot and lower third of the left

| BTV ',f:ll'. Sl it rs b= ool epsee all |-:|rti.-|l r--u:--r:'tl:ul silwsicppine oir i]|l1'rI||1'!ir1|'
froctuee of 1l lower coed of the filaala with o maeked valeas defor Il|i1_\. crnp siecantannt ool 1 biee
s N =nppegaren? dal e external mall =, [I 'l.ti” Bowe praatiead thiet thoe lovwesr |'1|1I iil r|inl||,'|_ fl’,.
b= Beeonme di=splaeedd and b= posterior 1o Lualy of the astragealas vt ber oo lateral ot
Thi= fra@nenl wigs respapievil 1'|||- -il-!--lrltil'i. il |-_'. -|".I'Iilt: =oel T =1 iprie= ;|:||-I
foreille stretehinge. o Booweeer conpeld oo ¢ boee Filonglan wit b it s sAgpapearl wos iln -I|||;-||.1'4] hll. H]
erraft drom e vgepeiasite 1ils

leg abs=ent. A conieal =twmp containing an undeveloped tibia
projected hackward from the posterior aspect of the thigh,  The
right fibula was entively absent, and on thi< account the foot on

thi= limb had hecome di=placed from weight-bearing and musele-
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pull to a pronated position, with its plantar surface facing divectly
outward and firmly contractured.  The lower end of the internal
malleolus had become the chiel weight-bearing portion of the
foot.

IFro. 35l FiG. 273,
Fros, 271 axn 272 —Partial congenital absence of the lower end of the ibula with a
conscoitent mnrked valgas deformity of the foot from laek of sapport of the external
mallealus. A8 65 o tibial graft to restore fibula after correction of deformity,

The problem which presented in this case (a child 5 years of
age) was, if possible, to correct the distorted foot and provide
means of maintaining the correetion without at the same time
interfering seriously with its funetion by the loss of ankle motion.
The most feasible method in these eases is to supply the missing
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support of the lower end of the fibula.  This is best done by
restoring the bony anatomy of the part, which ean be aecom-
plished in no other way than by resorting to the use of the bone
eraft,

In this instance, exeellent material for this purpose was casily
obtained from the conieal stump of theleft leg,  (Figs. 271 276.)
The technigue of the procedure was as follows: X curved ineision,
<o placed that it= closure would not bring the skin sutures over
the contemplated site of the graft, was made over the outer and

3o —Moml genoeram of =ame case s Frles, 200 o 272, o0 is tibaal geafil 6
|||--r|1|-- H1AEE § i||-|'l'|il|n|| fosl® ;|||n-r'|||l |l-'.'u'|' 1't||l il 'illlli.‘l. |1 -llrrll:lil"w Viry |il'||| sApfe]aani
andd allows very free ankle motion, The apper end of graft was made with o wedge

el s was i||-1'!'1l'l|. ir|1u Ihl' -»F-Iicl |'|:|| anl 1|‘1|' Njjojonck frowrretetl o Ih-i' 1“|-IL|:|,

I G, 2

lower end of the tibia and the outer surface of the ox ealeis. The
position of the foot was corrected after extensive division of
faseia, ligaments, and contracted tissue.  The outer aspect of
the lower end of the tibia was exposed, and the periosteum was
split longitudinaliy from a point about 1, in. above the epi-
phy=cal line extending upward for about 11, in. These perios-
teal flaps were retracted laterally and, with the twin saw ad-
Justed about ') to 5 in.apart, euts were made in the long axis of
thi= hone from ', in. above the epiphyvseal cartilage upward for
about 1in.  The <trip of bhone between these saw-cuts was then
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removed with the help of the author's small eireular motor saw
and a sharp narrow osteotome.  Caliper measurements were
taken and the size and shape of the desired graft planned.  The

lower end of the tibia near its outer portion was drilled for s

Fici, 2040 ongemtal absenee of the right log The eondenl =tump contains an
il er-deviloped tilba, shown in Fige, 276 4, as well as 2mall under=deviloped foor bones
It was pecessary in any event to remove his copieal projection in order 1o furmash o
spntanbale: sturpnge Por ate aetifeeial liso b,

The il 1= erptieely ab=ent feom the left lee aped thie food and on aecount of 1aek of
suppeert of the external malleous the foor s =0 diztorted thot the internal malleoas
prest = anrg Uluis flovisg Il adesfoerannnt s oof 0 bwie Fowod wwans eoep et Day |--|.:"'!|--|',i||: 1hie 1 nidons
and severing the soft ti==saes on the onter side of the ankle, and the ande 'l""-"l"i"'l
I||-|._| il '|!|-- ,||||‘,-|;1;|'.|-|| -I|:||||| i I|:q- |'|-_:':'|I ||"_: =il HE BT T || I|| iy ,|-'---:|-|.il.'.' Rid '.'I"
Tliis ease waos kid by referved by Die, O 1B, Lot inireow,

tochomneguue allu=rranaed an P, 277,
Planheld, X0 0.

kangaroo fixation suture, antero-posteriorly about ', in. above
1= epiphyseal cartilage.
The wound was packed with a hot saline compress, and the

conical stump of the left leg containing theundeveloped tibia was
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removed through an elliptical ineision, <o planned that a satis-
factory artificial imb-bearing stump would be produced.  This
wound in the left leg was elosed by a continuous eatgut suture
and sterile dressings were applied.  The conieal stump of this left
leg which had been removed was then freed of its undeveloped
tibial segment, which was moulded with motor tools to simulate
the eontour of the lower end of the fibula.  With the twin motor

Fre, 256, —Ix 0 phateenoeram of stump of =ame ease a2 Fig, 27401 It shows the
under-developed tibin which was used as o graft to restore the external malleolus of the
child's left leg,
saw adjusted for making the gutter in the tibia, cuts were made
into the upper end of this graft for the purpose of framing a
tongue which would mortise into the groove already prepared
in the tibia, as shown by drawings (Fig. 277), which prevented
the graft from riding up on the tibia. The upper end of this
mortised tongue was shaped into an extended hook for the
purpose of hooking under and internally (medullary side) to the
cortex of the upper end of the tibial groove.  When the graft was
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Fio, 25— 1s a romteenoernm of Uhe saome ease as Fie, 294, =hows the correetion of
thiee markeol valeus ddeformity mad thae D gealt, A8, united in position 4 months atter
1= ||:I|i"-\-|:-]:tll|.'!| illll,
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i position, thi= mortized joint fitted accurately heeanse hoth
croove 1 tibia aed mortised tongue of graft were fashioned with
the twin <aws at the =unme distance apart,

The eralt was further secured s Im-—“inl'l Ir"-.' lr;|-—-—i||_1_'_ thoe
heavy Kangaroo tendon through dell holes in the lower end of
the tibia andd tving it securely about the graft (Ihg. 277).

The freshened surtaces of the graft on either side and below the

L™
Fr: 270 Plostoseraph of the saome ease as oo, 200, 0 pesni s after aperatuon,
=hows eorreetton of the distortion of the befr foot, also thee well=formedd stummap of tlee righ
Lhee areow sdientes o Wollf's skin mealt (alwsn 20y i, |-_'. 1 e ), whieh bl Deen

shpun g d Trome thice tririnning oof the stormge of the righio leg,

It wis fespred sfver the correetion of the '~:|J.-||--|.-|--|r|.||~. Of e foseet spmad e Tpvsert ion

o Dome geaft that there was ool epongeh =kin to close i ihe external =ide of the leg,

uned o =kin grafu was used 1o Gl in the uncovered area.  Both skin and bone grafis healed
in by prineey union.,

mort i=edd ot were held in close ;|]|]hn=~'|1iu|| to the ]H‘t"lnrih‘::'—
denuded =urface of the lower end of the tibia,  An attempt to
close the <k over the :-"!':tllt diselosed the faet that the corree-
tion of this extreme deformity had =o clongated the outer side
ol the leg and foot that the contracted <kin was not saflicient
to cover 1t, and therefore the skin wound could not be elosed.
To meet this diffienlty we again retarned to the trimmings of

the left leg, and disseeted therefrom an oval <coment of skin

-
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(e Wolff graft) about 2'; in. long by about 1's in. wide. This
was =uflicient to complete the <kin closure, and was so placed
as not to overlie the bone graft or bring the skin sutures over
the graft.  Sterile dressings were applied and a plaster-of-Paris
dressing was put over all.

The convalescence was  uninterrupted.  All the wounds
healed by primary union, and both skin graft and bone graft
healed in kindly.,  The result, after 6 months, is most gratifyv-
ing, the foot being corrected and held in excellent position by
thiz improvised malleolus,

E"II'-. 2.0, A oresult after tle correct s of 1'lr!|:l'|til.‘|| tleformmetaes of Bty feet :I|ul I|||"
inscrtion of home grafts obtained from two cadavera,  The deformities in this case were
Vi wapie=anl aned e to the absence of llu' ill1l'|'h:|| |'IJ||1'il-ll!'I|| anil |a:ll'1ii|.| a bseqpee u1- 1||.|-
"";l.F"Il.“j'I F"'l”':“. -!Ih“' ’Ilﬂ-r'll"l" W E'Illl.‘-i'i]ll"".[} ”I;lr]l;[":ltl- .;!'.I.“].“'t!"i -I'i"'.'l‘”.!"l' IIr 1||'|' |;|':'|-|
il |rllI|.'-' SUgaprart . [ o POt e i, S Fig. 2=1.}

Another ecase of a similar nature, but with only a portion of the
lower halfl of the fibula absent, was corrected by taking a =ufh-
ciently long graft from the tibia and bevelling one end on both
sides into the shape of a wedge, <o as to slip it in between the two
halves of the split lower end of the remaining portion of the
fibula.  The lower end of the graft was made to take the place
of the abzent external malleolus and prop the foot into a cor-

rected position (Figs. 268 273).
RESTORATION OF BONES OF FOOT

Another instance of the use of the bone graft i= that of the
disintegration of an individual tarsal bone of the foot, such as is
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.;u-q-;p-i.:n:alh' fottned in the destruetion and }II'[':ILillu down of the
scaphoid, eausing the foot to sharply eontraet at this pomnt,
forming by the vesultant cieatrix a =harply mverted forefoot,

In suech a case, to overcome the deformity, the remnants of the

Foo, 2nb— A8 0= a0 et con=t=ting of aboit ome=1 hivd of o hiiioeri= obaaned from
LRITH |Hl-i_‘. of am infamt =teamenlated o l-i1'|||, snii] =il zi= o Jaraape =AL{aguierl Baw 1 hiie 1einier =il
of the fost, Ol encd b= inserted antes a0 et ele macle i the side of the fiest |m-r:u-.--r|-:|l

onwe and the other cnd anto g I'II||-:-||:||:-I'I|. [EH R il_‘n miziales am thee snbiertor sorfaes of e
under-developaed seapduadd, 00 1= a0 portion of o0 femar clitaonesd froon the baly ol

anctler infant steanzabatied a0 bieth, and insertaed |a_'. TTEREH T |l'l'||l!|il|||l'. Iiastbi Dovnies
Eralls witre trreerseel pey sterile vaselime aoed Lefe s leoars o a0 el =l uprznaege |r|:|l11 atl 4 1o
507, This ea=e hzs Do wglor obeeryation o8 vemars =ipee e iesertion of the grafe,  The

resule s excellent,

broken-down or infeeted bone are removed. and the head of the
astragalus and internal cunciform bone are exposed through the
usual curved <kin ineizion, and either by the inlay method or by
boring one of these bones and =lotting the other, a graft pre-

viowsly removed from the erest of the tibia s inserted. The
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shape of such a graft is formed by the motor saw, and is illus-
trated in oo general way by the acecompanyving dingrams (Figs,
296 and 297).

The implant fits into gutters made in the superior aspeets of
the bones which are to hold the graft.  Iixation sutures may
or may not be necessarv. The eentrally placed end of the
implant is held by the natural tension of the tissues, tending to
draw the separated bones together, and the dowel ends fit into a
drill hole at one end while the inlaid other end is held by a bone
suture, if it is found necessary. The thicker central portion
of the graft gives strength and furnishes shoulders to the inlay
or dowel, which prevents further approximation of the astragalus
and euneiform bones,

This same technigque is applicable also in the case of the
destruction or partial disintegration of any bone by tuberculosis
or attenuated pyogenie infection, such a= a tarsal or carpal
bone or a phalanx in spina ventosa, ete.



CHAPTER %111
MISCELLANEOUS SURGICAL USES OF THE BONE GRAFT

In this chapter an attempt will be made to cover the tech
nique of a considerable number of additional surgieal uses for the
bone graft.  Conditions which make it necessary to replace bony

Fuio 282 Abseee of cepteal portion of tibia from obd osteomyeling=

defects are by no means of rare ocewrrence. The most frequent
and mmportant of these are deficieneies of the eranial bones, of
the inferior maxilla, and of the long bones of the extremities,

357
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Fio, 25%.—Smme ease as Fig, 282, one vear after insertion of graft,  The upper tibial
fragment was =plit with motor saw and the upper end of the graft, being made with
wodge end, was inserted into saw-eut eleft at A, The lower end was inlaid by author's

uswal teelisgue at f2,
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cau=ed by removal of tumors, by osteomyelitis, and by injuries,
ALy modifieations of the pedunculated method of restoring
bonyv defeetz have bheen deservibed by Bittner, Ollier, Miiller,
Vulpius, Codivilla, and  Huntington,  These methods  were
devised and practised largely before the trustworthiness of the
free  autogenous bone  graft had  beecome  established,  On
account of the added complexity of operative technigque and
the small chances of blood supply reaching the graft through its
twisted pedicle, the disadvantages of this technigque far out-
weigh its advantages,

IF'or absence of the tibia from destruction by osteomyelitis or
new growths, or fatlure of regeneration. or from congenital ab-
<enee, ete., the upper part of the fibula may be moved over toa
socket cut in the upper epiphysis of the tibin, A= reported by
Hahn (1884), Nichols (1904). Huntington (1905) and others, the
fibula underwent hypertrophy and supported the weight of the
body very well.  Huntington, in the Awnals of Swurgery, 1905,
vol. xli, p. 249, first deseribed his operation for substituting for
the whole diaphy=is of the tibia that of the fibula of the same
leg,  The fibula i= divided with a =aw at a point oppo=ite the
lower end of the upper tibial fragment, the distal portion of the
fibula 1= firmly planted in a cup-shaped depression in the upper
fragment of the tibia.  In Huntimgton's first ea=e the union was
very slow and =olidification did not finally oceur until 6 months
later.  In this case he did not transfer the lower end of the fibula
to the lower fragment of the tibia until 8 months later.  The
conzequent faulty weight bearing over this long period of time
caused a permanent change in the conformation of the tarsus and
an outward ahemment of the axis of the lower end of the tibia.

Stone (Annals of Surgery, xIvi, po G28) transfers the upper
end of the fibula into the tibia by precisely the sane technigque
a= Huntington.  The lower end of the diaphyvsis, however, he
split= longitudinally with a chisel for a distanee of 4 in., care
heing taken to avoid separating the periosteum from either
half of the bone, At the lower end of the <plit portion, the
inner half 1= cut transversely at the level of the apper part
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of the remaining lower epiphysis of the tibia. .\ small pocket
i= then eut in the epiphyseal eartilage covering the end of the
tibial epiphysis, just large enough to receive the inner half of the
fibula fragment which 1= then sprung into itz new position in
the tibia.

The zecond =tep at the lower end of the fibula was= planned
to maintain connection between the shaft of the fibula and the

Antero-posterior view, Lateral view,

Fra, 251, Radiographs taken 9 months after the removal of the shaft of the
tilis,  The amount of resepcration is well shown,  Glanes 50 Stone, in Awnnals af
SHPGOFY.)
extornal malleolus, beeause if this is lost theé outer side of the
ankle-joint would be seriously weakened, At the same time
it is necessary to bring a portion of the fibula above and contact
it with the lower epiphysis of the tibia. The promptness and
the extent of new bone formation from each of the fibula halves
was very satisfactory (see Figs, 287, 288).
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Bond (Beitish dowr. Surgery, April, 1914) deseribed two eases
in which he did the Huntington operation of replacing the whole
<haft of the tibia by transplanting the shaft of the fibala mito its
place.  The fibula was cut aeros< just helow the head of the
bhone, and this portion was left in its normal po=ition. The
divided end of the shaft of the fibula was then pushed over (o

."nl|.|!l|'|:'u-—||rn-ll'| IR VW, Lateral view,

Fra, 2si.—Itadiographs taken o vear after the semoval of tlae shaft of the tibia,
They shovw that pee furtheer regeneration of Doe hoad oceneeed sinee tlae peeecadine -
rayvs were taken, They show, lwowever, the beginning iy peetrepbin of the <haft of 1he
filala, o=t prenounecd aboor thee middle. Glwmes 20 Scone in dorafs of Sargery.)

the mner side and inserted into the freshened lower surfaee of
the tibial epiphyses, to which it was wired in position. Some
difficulty was experienced in keeping the sutured hones in good
position, owing to the friability of the softened bony tissues and
to the drag of the museles, which tended to displace the fibula
outward to its old position,  This necessitated a second opera-
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tion and the introduction of a seeond silver wire.” 1In 1 vear
and 10 months, the transference of the lower end of the li.llmlu
was done at a third operation. The fibula was divided just
above the external malleolus and the lower end of the shaft
was displaced inward and inserted into the soft cancellous tissue
of the lower tibial extremity. The fibula shaft in its new

el

Antero-posterior view, Lateral view,
Fua, 286, —HRadiographs taken five monthz after the first operation. Solid union
bt slight impaction of fibnla into medullary eavity of the tibin, (James =20 Stone,
in Awnnals af Surgerey.)

location gradually hypertrophied, resulting in a firm limb.
Rontgenograms taken at intervals showed that the upper
end of the shaft of the fibula gradually assumed the flattened
inverted-cone-shaped outlines characteristie of the normal tibia,
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Fra. 257, H.Hliilr;."l'.'lpl‘l taken of hoth legs nearly two yvears after tlee renoval of
the =haft of 1l Iihi;:, :lllri"_! frl-l“' |||u|:|1||.‘- ,'nl'h'r |IH" !ilnll;l wis .-plil el 1l iltl!u"l' |1:IE|l
was in=erted in the tibia, There is a0 shorvtening of exaetly e, (002 o0, About one
h'.LH- of thi= s =|I||- Tip rd'l,'l:rl.l.l'll Frawl h_ “']lill' l]|l|' uriql-l' 3|,‘1||. l..- lll|l" L Zi r‘l'tl'.'-'1li|l£ LI 1lf
filoula imver the mecdull: ry |':|‘..'il:¢.' ool bhoe vilaaz,

Naote e bvpertrophy of the teapsforeed paortion of thee fibwda and comparne e with
the atrophy of the apper useless end of the ibula, Xete e thickeninge sl firm
weeaiosrn aef 1 leer lonwwerr alividesl Dizalvees oof thie filogla.

The terenial roelattons of he mndleolt aoed oower el oof The tibin e retanned, Thiee

spot fromn which the small sequestenne was dischareed is <hown ar the dnner side of Che
ven ol wesads el Suorep rH-)

B just above the lower epiplivsis of the tibia,  Glamees 5 =Stone,
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Fro, dss — Radiograph taken in Febreaaey, 1905, 2 vears and 8 months after the
removal of the tibia, 9 monihs after the preeeding eadiogeaph.  The tremendous
inerease in the dinmeter of the transferred fibuln ocenrring ander the stimnilus of fune-
tional w=e is strikingly shown,  Acearate measarements of Ghe radiogeaphiz show that
thiee ik of the normal side bas esrown L1 e, in lenggt b o 9 oot hs while the booe
ciny Ehoe ot boer side has grown S eo in he same peeiod. Doother words, the interferenes
with growth ot the lower epiphyscal line of the tibia has been only 3 e in 9
mont s,

There has been oo ehange in the relations between the lower epiphysceal lines of the
tilsiz aned G, “Uhere b= oo temdeney teward the development of o talipes varus or

ialipes valgus,  (James 20 Stone, o Aenals of Suegery. )
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again demonstrating the effieaey of the action of Wolll's Jaw
in eauszing both detached and undetached bone grafi= to take
on, in their new enviromment, both the =ize and shape whieh
function demands,  Theactual shortening, however, was 31, in,

Froi. 2si, By the kindpes= of Mo Bodoert Joge<, A bseper of the tilia
froe o=teonnvelings,
M. Bond's ca=e illustrates some of the diffiealtios and disad-
vantages inherent in this techngue,
A more ideal procedure has for its aim complete anatomical



BT BONE-GRAFT SURGERY

and mechanieal restoration, leaving the fibula to funetionate and
supplying the absent portion of the tibia by a free transplant
from the other tibia. .\ portion or the whole of the tibia mav be

Fra, 290—DBy the Kindoess of e, Bobert Jones, (Same case as Fig 2800) 0 The
tihan b been restored Dy oaovilial graft which beeame broken ar o0, and immediacely

TTTTIRET B

absent congenitally or from removal on account of osteomyelitis
or tumor involvement.,  During the past few yvears the pendulum
has swung away from amputation and more toward bone re-
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section in the treatment of malignant imvolvement of bhone,
and the bone gratt has had an important influenee in making this
possible,

Author's Technique for the Insertion of a Graft for an Absent
Long Bone. The fragment ends on either side of the hiatas are
laid bare and the hed for the graft is preparved, eare being exer-
ci=ed not to place the graft in dense cieatricial tissue.  The grafi
1= inzerted into the fragment ends by precizely the same tech-

-

Fic, ], i :'lIlrl'jﬁl e vnn feeits b Joeei il r-'_-'- o~ (LT CR T Tl llllilllJL.‘i e :'l.lnl'iﬂln
in=certed portion of flaala o restore portioen of shaft of homeros removed for chondro-san -
B ITHM Seorber vt thieres s opee eallons f-ar'lllllli.nll. Aosry=om =tate=s 1t ECRTNTY ] ;|I-h'r t]l.i‘
ronteenoeram the sralt boecame 1'I|ri1'l'l_‘.' detaehed at this pllir|1 and non-uion =ill Jurr-
sisted] w1 his writing, g the ligeht oof s extensive 1'1;|||'I'iqll|:'l'_ it 1= Lelievedd that if thi=
raft iad Feeom fogedd torthe Bonse s Teseeent F!].' thae i:ul:l_'l.' I|:I1'|i|.lilil_jll.—-ll':l.i] o lIl:l.' A ametal
|||;:1l:',| 1|l|:il|l| 'l.'l.rnl,]rl |'|:L'l.'|r rrl:'r'll.l'l'l'll.,

nique as that emploved in applyving the inlay to fractures (see
Chapter IV), exeept that a shouldered, or tongued and grooved,
joint 1= uzed at the ends of the graft, to prevent musele-pull
from shortening the limb by foreing the fragments together
hefore union oceurs (see illustrations, Figs, 202 and 293,

The graft should alwavs include the complete thickness of the
tibial cortex, periosteam, endosteam, and some marrow sub-
<tance,  The other dimensions depend upon the bone whose
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place it takes or the mechanical strain to which it will be sul.-
. (TR "

jected,  The musele-ends, which have been detached from the
removed bone, are attached to the graft in their normal anatom-

{TWIR 54w

L 5 [ ="
4 SIMBLE SAW

I TwW N S

Foa, 292, Talay technigue Tor the inzertion of o tibial gralt after the resection of o
prortion of the shaft of @ lepe bome. The prevention of the limb shorening may be
aecomplished in two ways, cither by o tongue and grooved joint as indieated ae o0 or
by shaping the geaft so that it is lrger in disoeter whoere it spans (e bone hintus and
hos mechanieal shonlders ar ecither end, as indieated by 8, whieh s mapged oot in the
preriostewin of the anterior internal suefaee of the b, (See deawing to the right,
:I-l"H i'-i:I. 115} RN ITE |'i||i.'| 1= 1|u' sompree of 1 ]e :.':I':l|.1.

ical position by means of encireling sutures of kangaroo tendon.
IT the graft is inserted to take the place of the end of a bone, =uch
as the upper end of the humerus or the femur, the upper end
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should be placed in the glenoid or acetabular

cap=ule =sutured ound it Extens=ion 1=

cavity and the

cessary at the

<houlder to prevent the end of the graft from pu=hing through

the eapsule. I the ends of the fragments are
stall in dinmeter and <pindle- or conieal-<haped,
it 1= best to split them with the motor =aw into
equal portions for a distance of T or2in. The
corresponding end of the graft is made wedge-
shaped (when it 1= removed) and 1= jammed
into the cleft made in the end of 1t= recipient
fragment.  The graft ends are secuared to the
host fragments by means of kangaroo tendon
either placed i drill holes or wrapped about
the ends of the recipient bones and graft (=ee
Hlustrative diagrams 137 and 297).  The soft
structures are drawn about the graft, and the
wound 15 eloged with a continuous suture of No.
1 chromie eatgut.

A carefully fitted plaster-of-Paris dressing,
mcluding the joints on either side of the grafted
hone, should be applied.  If there 1s no eause
for its earlier removal, it should remain upon
the limb for 4 or 5 weeks, at the end of which
time it <hould be replaced by a second plaster
splint for 2 or 3 months, or until the rontgen-
ograms= and phyvsical examination show that
there has been a =uflicient hyvpertrophy of the
graft to be trusted without support.

A RIE GRAFT FOR THE CLAVICLE

Tsclirch reports a case of bone graft of the
claviele in a girl 18 yvears of age, in which it
proved necessary to replace not only the elay
bone had been removed) but also to form a
Joint,  This was accomplished by means of the

rily, which was resected to an extent of 13 em
L |

Fua, 2. —Tulas
vralt with  tonease
amil wrooved]  enels

held in LIRS with
|x:|||','::|lr--|- L r|-|.-r._
(e P 202

qele (after this
new  elaviealar
richt eleventh
., together with
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Er A

Prof. Kirmisson splic the apper portion of Gbola and contacted one-half
A secomd operation of stmialar nature 15 neees-

A

o, 204,
with the upper fragment of tibia at £
sary b copneet fibula with lower tillasd feagment n order (o Eiel ankle SUEprpert.
sliori, frec tihial geaft conpecting frogments B0 would have been maeh simpler and

would have offerced o more ideal resale. (By the kindpess of Prof. Kirmisson. )
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Fooo, 205, By ahwe Knpdnpess of Prof, Ioirnms==on,  Laoess of gsoartaom of tibaas ot b Trasm
=teomyelitis, Luxation of head of Gbaba aoed by perteogshiy at ¢ of fibula opspussite
]l.i.'ﬂll- i||| t1laiz.
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the entire costal eartilage of about 2.5 em. in length. The
periosteal covering of the anterior surface of the rib was re-
moved, together with the bone, whereas the periosteum of the
posterior costal surface, which is applied to the pleura, was left
i position.  The young girl's rib proved to be good plastic
material which readily assumed and retained the desired shape.

cuT wITH:
TwIN SAW S

Y

Fra, 206G ~Ilustrates techoigue in ease of whieh Figs, 205 and 2099 are mont genosrams.

Holes were drilled near the end of the rib and in the acro-
mial process of the seapula. This end of the rib was then
united by means of asilver wire tothe acromial process.  Finally,
the whole rib graft was surrounded by muscle-tissue, except
the costal cartilage.  The post-operative course was very
favorable, A good cosmetie result was obtained, and from the
funetional point of view the outeome was ideal,
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BONE GRAFT FOR THE RADIUS

In the eaze of a young woman <uffering from =arcoma of the
distal fragment of the radius, Walther performed a reseetion,
followed by substitution for the defeet by a bone fragment from
the proximal end of the fibula.  The patient made a good
recovery and was enabled to make use of her hand, about 2

Fro:, 297, —<Ilustrates l"'lll]'l"'il"!l il |l""h1|il||]|' with ikl eraft held in ;-1.'||'{~
'|.'I.'ilh I{:IIIL“I[I"IH Poenelon,

months later, with almost normal motility of the wrist and
fingers,

Rovsing reported a case of =arcoma of the internal condyle
in whieh a resection of the lower end of the Femur was performed
and o temporary insertion of a piece of humerus was applied,
articulating with the tibia, in order to preserve the length and
form of the leg while the patient was under observation for a
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recurrence.  No recurrence having taken place at the end of 215
months the dead humerus was replaced by a femur newly ampu-
tated from another individual, after freshening the upper end
of the tibia.  The patient made a good recovery, was free from

i
L
4 i
A L
-n W
P ;
g &
._'_I___,.l I..-\-
. £
'," "1. ——

oo, @ —Loss of the contral portion of the metaearpal of the index-finger from
osteomyelitis, o pertosteas] regencration after 1 vear, Absent boowe =haft restoned by
Bonpe graft,  (See Fig, 200,)
recurrence 1 yvear after the first operation, able to walk with
a cane, and in a condition to work.

This ease i illustrative of an important principle, i.e., the
support and the prevention from shortening of a limb from which
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a malignant bone growth has been removed, the hiatus being

supplicd by a temporary gratt until sutlicient time for observa-

-

-

Fra, 2090, =ame case as Fie, 2095 after mos=sing portien of octaearpal bomwe Lhas Been
r'r-1--:--|l i.-_'.' ;Il.”lll.ll' witly s talaaal iz, =i J'i:_':. '_".IT foor btz vill l|-|-!||;|i-|||||-_

tion a= to o recurrence has elap=ed, or until =uitable material for
a permanent joint graflt ean be obtamaed.
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SPINA VENTOSA

Advaneed eas=es of :-'l}i]].'l ventosa are hest 1I‘[‘:1lr-|i h:.,' remoyl
of the diseased 1“.‘I[J|‘|_‘n'-1‘;|| hone and ]wriu,-;rvum and the subs=tity-

tion of a bone transplant with its periosteum.  Damage to the

|-I--I L) T FTY I O ER Y L nital slssepiee of 1k Facling= Coptraction of cither the
extenzicn or lexion of the Torearm caused even more marked asdduetion of the hand on
the forearm than shown in this photograph, on account of lack of skeletal support of the
=,

The muthor has met this eondition in two ways, cither by restorning the eomplete
raclings (seae Fages, 3001 ol 302 o, |.:'|"--|'||||_'._ Il mioriisine o oeraft into the radial 2ide of
ulpa fat the junction of 1108 maddle and lower third d aond the seaplsd Bone. The latter
eraft functionates better anedl benefits by Che distal growth of che epiphyvseal carmilaz

of the upper end of yloa, = Prgs, B0k ancd S04,
epiphyseal eartilages, which in the metacarpal bones are situated
at their distal and in the phalangeal bones at their proximal

end, should be earefully avoided.  The bone defeet is replaced

by a eraft taken from the erest of the tibia of the same
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patient.  If phalangeal or metacarpal stumps are not too
short, the graft i= mortised or inlad mto them,  Strong traction
should be applied to the distal end of the iinger while the grait

Fro, $00.—Same as Fig, 02, e, dod—Complete absenes of
rachines pestoredd by oo tibial gralt,

15 being inserted tightly into place. A snugly fitting plaster
splint should be applied to the finger and the hand and allowed
to remain in place for S to 12 weeks,  The resistanee of cortical
bone graft to tubercular infeetions and to attenuated feetions
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of other varieties has been repeatedly proved by the author,
As a rule, the funcetional and cosmetie results are excellent.  The
motion in the joints of children gradually returns by use,

| D T {8 I'n;|||||||'h' O - Fig. d04.— Rivtzenogram
tal ab=egee of  the radins, A taken 4 months later, The hand
tibsisl  Deope eraft was  por ised i= supporied  perfecily and  the
into wlnn and =eaphoid bones 2 result hias heen most satisfoctory.,

'|.1.|'|'|\1- Feefeamee,
This treatment is also applicable to the bones of the foot, as
well as to the carpal bones,
OSTEITIS FIBROSA CYSTICA

The ease of osteitis fibrosa eyvstica of the humerus deseribed
in Murphy’s Clinies, vol. ii., No. 5, where a bone graft was used
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to supply a deficieney caused by the removal of the evstie
portion, i= well llustrated by the rontgenograms= taken from
that publieation (IFig=. 201205,

The patient was a girl, 10 years of age, presenting a typieal
condition of osteiti= fibrosa ev=tien of the humerus.  =he had
undercone mercurial treatment, with negative result.

1
-

Frci. 5115 ||r.'|'n'Lr|2 i|]1|-ll':L1i.I!|:.t anl hir's 1l'l']||1i.-l|llr' Fivl 1'rhlu:_fl'lsir:1| silamicpnesis oof 0 Liae |':t|]il|-.
T haes vikiial erabt s ot i=edl intor Uhe alea andd *-l':|;=-||i-ill Livnyoes,

Technique of Operation. ** An incizion was made along the
anterior border of the 1lit'i;1i1:i] UTOYEe, l‘xii‘m“lt:.[ down below
the attachment of the deltord.  The museular attachments

were separated and retained in position for recognition. The
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bone was then freed from all its surrounding tissue, leaving
the periosteum attached to the excised bone. Six and a half
inches were excised, including the head and epiphyseal line.
A Tho-in. transplant was prepared from the erest of the tibia;
the periosteum was retained.  This transplant measured 75 % 15
in.  The medulla of the remaining portion of the shaft of
the humerus was reamed out and the transplant was in-
serted for # in. A nail was then passed through a drill hole

Fro, 306.—A indicates evstie involvement of phalan with marked lateral deviation
of the finger.  This type of ease can be most satisfactorily treated by the implantation
of a bone to replace the eystie bome, and eannot be ponaged by any other met hod.
transversely, to prevent it from imbedding itself more deeply.
The upper end of the implant was inserted into the glenoid
cavity, and the capsule was accurately sutured around it.
The musele ends were then attached by an encireling suture
around the implant in about their normal anatomieal position.
The wound was closed by a deep row of eatgut sutures and
superficial horsehair sutures,  The arm was dressed in abduetion
at about a right angle to the body., A Buek’s extension was
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appliecd to the forearm and o 10-1h. weight attached with
a line running from a pullev.  This was to prevent musealar
contractions during the period of regeneration, which would
probably have driven the upper end of the bone through the
capsule. 1t was kept on for 5 weeks"

Result. ""There was complete primary union, and at the
end of & weeks the humerus appeared on palpation to be as
large a= the normal humerus. The patient had good voluntary

g
.E :

B

Fra. 307, Restoration of the fiest r||1'r;|1';:l'||:|l Pocenpas with s tubensal erafn, Tl et
carpal bone was destroved by tuberenlosi=. Ratzenstein, )

motion.  The position to which she could extend the arm when
<he left the hospital, 5 weeks after operation, showed how much
abduction was produced by the deltoid and supinator muscles.
A subsequent rontgenogram <hows how completely this bone
regenerated, not only in the part outside the eapsule, but also
how it has filled in within the eapsule. It also shows the
periostennm remaining  intact and not becoming ossified even
after this date, so that it would appear in this ease that the
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iz, 308, ~—A tuberculous second maeianearpal bone retooved and restored with a
tibial graft. (Katzenstein,)

Frai. 300 —2X ease of drop wrist froon anterior poliocmyelitis and complete paralysis
af the extensor mosclos of e Torearm, A my atleppd tas e the hand cowsed e HIRTES
|H|-|'||. paseles of the apterior forcarm to aeutely ex the baod, aond terefore a r|||||;r|.l|'h':
loass of poower to Hex the ingers,  (See Pigs, 10 and 311,
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periostenm on the transplant 1= a detriment rather than an
advantage.  The series of riontgenograms =hows the progress
of hone development,  Extension from the living periosteam
helow was the most important; next, from the medulla, This
rapidly <hot upward around the transplant to the capsule of the
joint, and later into the eap=ule.  She can now abduet her arm
to a right angle in extension, and Hexion i= likewise complete, <o
that she does not know any serious operation has heen done on

her arm =o far a= its usefulness s concerned.”

Froe, 310, —The illustration imlicates the shape and position of the bone geaft in ins
application to supgeort o peralyviie drep wrist in extension (oo restore flee oemspe of hee
flexors of the fingers.  (Aathor's teeliniome.)

TRANSPLANTATION OF COMPLETE SMALL BONES

The smaller long bones ean be grafted in thenr entirety, with
both articular surfaces, a= demonstrated by Lexer: and in the
event of a destructive lesion (from trauma or other cause) of
a phalanx with lo=s of funetion, one i= able to obtain a phalanx
from an amputated limb, or autoplasty can be done by removing
a toe or a =egment of a rib cartilage.  Formerly, lingers thus

affeeted were amputated,

A HETEROPLASTIC GRAFT FOR TOTAL ABSENCE OF FIBULA

IKiittner has reported o case of complete ab=ence of the fibula,
for whieh the fibula of a Java monkey was implanted.  The bone
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healed in without reaction of any kind and showed noi the
slightest: trace of absorption, and the epiphvseal line of the
implanted segment is well preserved,  He also observes that in

e a!

Fre, #11.—HRontgenoeram of case (Fie, 3009) afver tibial bone geaft had !u_-un in.-iq-rlml.
into radins and onto posterior suefaee of the os magmaom. For disgeammatic deawing of
author's technique, see Fig, 3100 The grasp of _liu' hand was almest completely
restored by the meclanical sapport of land in extension.

children transplantation from young monkeys is especially well
adapted to replace entire bones,
TRANSPLANTATION OF JOINTS

To Lexer is due the eredit of the first joint transplantation,
which was an outgrowth from his ecartilage and bone trans-
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plantations. It necessavily follows that if one ean perform
homoplasty with large segments of long hones, it is possible to
transplant the bone with its avticular surfaces. Lexer’s earliest
experiment in this ficld was attempted in November, 1907, It
oceurred in a ease of g defeet in the tibia involving the entire
upper third, including the artieular surface, from a central
sarcoma. The earlier procedure in similar eases was to engage
the lower end of the femur into the tibia by boring, thus permit-
ting union between the bones with eonsiderable shortening of

i
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 Fie 312 Te dllustrate technigque for ankylosing the <houlder. 1L The eartilaze
Irisim ||J'l' '_:!l'illll.ll | EEEES _'1||4] ;||'3'|-|r|i|||| |||'4||'1-uq_ _-|_|||E |'u||li:|.|-u|_- =UfPlzecie il rlll' |;|--;|.I-||[ I||1'
Bvimerns, = remved. B The loameral head is plaeed i the elenobild fosso e o boae-
gralt g insertoed it a6 theoush the seromion rrb e,

the limb.  In order to obviate the latter vesult, and if possible
to restore the mobile functions of the joint, a similar portion of
the tibia was removed from a freshly amputated Timb and im-
planted with its articular cartilage and periosteum. Then the
thought aro=e to advanee a step farther.  If it were pos=sible
to achieve healing of this large scgment of bone with it= articular
extremity, like success might he attained by transplanting the
articular <urfaces for the repair of joints,  Thiz idea was im-
mediately carvied into action, as there was at hand o freshly
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amputated limb, and on numerous oceasions attempts had been
made to use other tissues and, lately, fat to mobilize joints.
After resection of the synovial sae and the articular surfaces
of the tibia and femur, with their attachments, the erucial liga-
ments of considerable thickness were dissected and implanted
in their entirety over the previously prepared defeet.  The first
method has been ealled **half-joint transplantation’ and the
=econd, “whole-joint transplantation.” DBy half-joint  trans-
plantation s implied transplantation of bony extremities,
utilizing their articular membrane as much as possible, while in
whole-joint  transplantation 1= meant the imbedding of lone
bones with both articular surfaces.  Thix work was suceessfully
carried out by others (Kiittner, Rovsing, Wolff, IEnderlen, ete.),
as well as by Lexer.  The source of the material has been freshly
amputated limbs,  The use of material from the fresh cadaver
has been discontinued : first, beeause of the difficulty in obtaining
sterile tissues from the morgue; and second, beecause fibrous
encapsulation took place in one ease of knee transplantation.
Of =ix eases, in two the knee-joints from amputated extremi
ties were transplanted with the internal ligaments intact, to re-
place knee-joints resected for bony ankvlosis.  The funetional
result in these eases has not vet beendetermined. In oneof them,
however, 1t was demonstrated by chiselling oft a piece of the
eraflt on the oceasion of a secondary operation to relieve anky-
losis of the patella to the femur that there was firm union of the
transplanted surface, through which new blood-veszels were
erowing. In another ease, the entire upper end of a tibia from
i :tlll]mlztlmi extremity was grafted to replace a corresponding
piece of bone removed for sareoma; the patellar fragment was
sewed to the new tibial tuberosity,  There was complete healing
and excellent funetional result. A good result is promising
in the fifth ease, in which the lower end of a temur, with one
condyle shaped to articulate in the glenoid fosza, was =ub-
stituted for the upper two-thirds of a humerus removed for
sarcoma; a pieee of the fibula was used as an intramedullary
<plint to unite the graft with the shaft of the humerus.  In the
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<ixth ease, the first phalanx of the second toe of an amputated
foot was uscd to replace the first phalanx of a finger.  Healing
wis perfect and the joint= are movahle,

In two eases of bony ankvlosiz of the elbow-joint, Buelmann
implanted an entire closed joint into the wound of the resected
bones, the graft being the first metatarso-phalangeal jomt,
which permits a fairly wide range of extension and flexion. By
mean= of thi= tran=plantation, the mobility of the elbow-joint
may be restored.  Bone suture is not necessary in this operation.
The joint between the emimentia capitata humert and the radial
head should be widely reseeted.  Dressings are first apphed in
extension. followed 2 weeks later (not hefore) by dressies in
the Hexed position. Aetive and passive movements are possible,
without pain, in the transplanted joint, in the range of motion
permitted by the contracted mus=cles.  Buehmann states that
thi= new method of treating bony ankvlosis of the elbow-joint
may il=o be found u=eful in the treatment of fail joint=, and
that the resection of the patient’s first metatarso-phalangeal
joint exert= no injurious effect upon the function of the foot.
The wound in the foot is elosed by sutures and allowed to heal,
Buchmann’s patients were voung girls 14 and 19 vears of age,

Kitttner ha= further worked out the ntilization of the fresh
cadaver, and reports suceesses in hall-joint transplantation,
He emploved homoplastie material under great diflicalties, and
in fact performed heteroplasty with tissues i which the albumen
1= clo=ely related to that of man, (.e., from the ape,

Autoplasty iz applicable only to the finger joints, as the toe
joints e¢an be substituted for them.

That mas==ive bone seetion= and entive joint surfaces may be
thus =ubstituted and made to unite i=, init=ell, a very important
advance, It affords the hope that only the development of
the technique will be needed to establish such substitutions as
regular surgical procedures.”

[n certain eazes of luxation fractore it 1= necessary to remove
the broken and luxated joint <egments or entivre articular ends,

hecause the fragments are considerably displaced and entively
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detached from their surroundings.  In ease of joint fragments
with well-preserved cartilage, when the bone is not erushed or
splintered, reimplantation may be given a trial.  The prospeets
of healing are especially favorable in such autoplastic grafts, in
that very good and permanent results are obtained.  Lexer has
succeeded even by homoplastie implantation of articular bone
ends=.  The so-called half-joint  transplantations, where the
segments can be swrrounded by the preserved capsule, are the
most favorable.  All grafts require in the first place a rapid
healing with the surrounding tissues and prompt nourishment
from the same. In those defeets due to operative removal of
sarcomatous bone segments, the wound ecavities are surrounded
by fresh tissue which are very favorable to the early nourishment
of the graft.  After injuries, the nutritional conditions are not so
favorable, especially in old eases where the cicatricial tissue is
very poor for the nutrition of the graft; while in recent cases
(after the end of the second week, at the earliest) the wound
surfaces are improperly nourished, infiltrated with blood and
contaminated with neerotie tissue constituents,  Nevertheless,
Lexer regards an attempt as justified because he argues that, at
the worst, the result after the onset of necrosisis the same asafter
the immediate removal of the articular segment at the first
operation.

The first of his two eases reported occurred in a young
laborer who eame under treatment with an untreated oblique
fracture of 2 months’ standing at the lower end of the left
humerus, with ankylosis of the elbow in reetangular flexion
and pronounced valgus position.  The fragment, including
the external condvle, together with the trochlea and the capitellar
eminence, was much displaced in the anterior and mesial direc-
tion. and was imbedded throughout in sear tissue. - After
exposure, it was seen to be disconneeted with the muscle and the
capsule, so that it could be taken out. After freshening the
fractured surface of the humerus, it was replaced in the proper
position and fixed with a horn peg.  After the wound had healed,
the patient left the elinie, because he would not consent to
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exerci=e of the joint, 1t i noteworthy that a good result was
aobtamed without anv after-treatment.  Six months after his dis-
charge, extension was possible up to 130 degrees; flexion at 105
degrees. Pronation and  =upination were not mhibited.  The
patient was well able to work as a carrier of heavy sacks.

lontgenograms showed a properly placed well-preserved
joint surface, with <light hone proliferation in the region of the
brachial mus=eles,

The =econd patient was a2 woman who had suffered a =evere
luxation {racture of the huwmeral head, oo fall from a earriage,
with extensive longitudinal splitting in the region of the
greater tuberosity,  The fracture line passed obliguely behind
the surgical neck,  Reduetion heing impossible, exposure of the
broken head was made at the beginning of the third week, by
wav of the axilla.  The articular segment (4 em. in it2 largest
diameter) was found to be far displaced to the mside, androtated
downward at a right angle.  There was no conneetion with the
mus=cle ms=ertions and the joint eapsule; onlv a few ragged
mus=cular insertions were left on the splinters of the greater
tuberosity: these splinters were so badly erushed that they were
removed.  The wound eavity was well trimmed, with removal
of all ti=sue shreds, remmants of tendons, museles, ete. The
articular head, the cartilage of whieh appeared mtact through-
out, was then united so tightly with the oblique fragment of the
diaphy=iz, by means of a few wire sutures, that reduction could
be accomplished according to the usual method. The joint
capsule was then sutured to the periostenm near the head,
Evervthing healed well, and the detached musele insertions
became reunited to the bone through sear tissue, =o that the
los= of active funetion was not great. At any rate, the outeome
wis hetter than after resection, as is usually performed in these
Ci=es,

Perthes adopted a similar procedure in a ease of long-standing
fracture of the humeral head with simultancous posterior luxa-
tion of the head.  The luxated head segment was removed in g
general way, but the eartilaginous joint segment was sawed off
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and was grafted on the end on the diaphyseal stump, where it
healed in good position.  Active mobility in the shoulder-joint
was =till shight, but not lost,

Lasse, in two cases of articular fracture of the elbow-joint in
children (in which the trochlea was completely broken off and
had become rotated so that the fractured surface of the humerus
was confronted by the cartilaginous articular surface) opened
the joint, replaced the detached trochlea (which was separated
from all connections with the articular eapsule and svnovial
membrane), and fixed it to the humerus by means of small tacks,
Uninterrupted healing with ideal funetion of the elbow-joint
resulted,

Aeccording to Lasse’s experience, the outcome of these opera-
tions is primarily governed by two factors: (1) ecareful and
complete detachment of the unfavorably displaced distal
fragment. Thiz detachment can hardly be carried too far.
Lexer, as well as Lasse, in certain cases entirely detached this
distal fragment.  Care shouldbe takento preservethe periosteum
of thiz= bone fragment, as far as possible. (2) On the other
hand, it is necessary to remove very earefully with the seissors
and sealpel anv eallus, capsular remnants, ete., which interfere
with the proper position of the fragment.  Itisin this way only
that it is po=sible to aveid a displacement of the fragment,
and to provide for its suflicient nutrition by imbedding it in
fresh normal musele- or tendon-tissue, instead of the poorly
nourished cleatrieial tissue.  This probably accounts for the
absence of even a partial necrosis of the detached bone seg-
ments, It is not always necessary to detach all connections
with the surrounding struetures.  The detaching and  the
removal of tissue should only be continued until the proper po=i-
tion can be reestablished and maintained without ditheulty,
As a rule, this fixation can be accomplished by simply wedging
the fragment in place in such a way that the distal fragment 1=
moulded and placed mmto a groove of the proximal fragment
(rarely the other way around).  Circumstances alter eases, and
the available material should be utilized as well as possible.
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BONE GRAFT FOR BONE DEFECT OF SKULL

Various methods have been devised for employving the hone
graft to restore the protecting skull, when a portion of 1t has
been lost, Homoplastie and autoplastic grafts have heen used,
The latter tyvpe of ,L_E]':|I'1 <hould :Ih";':l}'.-: he l'III|i|nI".'1-1| whien
possible.  The outer table of the bone near the aperture has been
=phit from the mner table and swung over to cover the opeming,
the overlving soft. struetures being undetached. A= pointed
out elsewhere, the pedunculated graft has doubtful advantages
over the free greaft, and if the hony onter table = not too thin,
the .-:i.lll|1|:'l‘ l:‘:'hltiqll:- of the free 'l‘:l“.‘*]]].:l“t should he chosen.
In children, where the skull 1= =0 thin that even pedunculated
<kin-covered flaps cannot be removed, periosteal bone flaps
<hould be transferred from the tibia,

Ropke has suggested the resection of a portion of the wing of
the scapula so that the graft be covered with periosteum on both
<urfaces,

Technique of Inserting Bone Graft for Skull Defect. .\ scalp
flap about 'y to % ine larger on every =ide than the skull opening,
1= turned back.  The separation of the sealp and the dura is
carefullv done.  If the dura 1= thickened and adherent to the
brain cortex, it should be dizssected away, providing cortieal
svmptoms have appeared.  The bony edge of the aperture is
freshened by drilling <everal holes about 'y to 'y i from the edge
of the opening, with the Martel attachment to the author’s motor.
The thicknes= of the <kull i= then measured and a thin strip of
bhone i removed all around the edge of the opening with the
motor saw protected by oa proper =ized washer.  These saw-
cuts <hould he made markedly hevelled,  Additional protection
to the dura from the =aw can be furnished by =lipping a thin
pieee of ivory under the bony edge which the saw is eatting.

Al the dimensions of the operation are then earefully taken
with calipers or compasses, and are transferred to the upper por-
tiom of the anterior internal surface of the tibia selected as the
source of the geaft materal, The exaet size and contour of the

graft is outlined in the periosteum with the point of a sealpel,
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from the ealiper measurements.  The graft is removed with the
author’s small saw, the cuts being bevelled the same as those at
the edge of the skull opening, <o that the transplant will rest
firmly on the skull and eannot be driven down upon the brain
beneath.  The graft is held in place by two or three ligatures of
medium kangaroo tendon placed in corresponding drill holes in
the edges of the graft and skull opening.  The upper end of the
tibia is selected rather than the lower portion because its cortex
i thinner and its surface flatter and broader. A graft covered

o S S
FiG. 313.—The upper dark area (X) was filled by a dise of bone, the lower light area by
chips.  (Rutherford Movison in British Jour, of Seegerg.)
on both sides with periosteum may be obtained by the same
technique from the seapula. A rib also has been utilized for
the purpose.

If the dura is lacking, the brain should be covered by a thin
sheet of collodion (Prime) or Cargile membrane just before the
transplant is fixed in place.  The =zealp is elozed in the usual way.
This technigue is applicable to all bone defects of the head such
as mastoid depression following drainage operations, ete.
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DEFECTS OF THE NOSE

Rhinoplasty by Means of a Finger as a Transplant.
Defeets of the nose were previously restored, as a rule, by o
reflection of ]:1'|i1s-ll'r|] and |I:1II:-.' H.’IF]'H from the forehead orcheeks
and have the great disadvantage of leading to extensive scars and
possible necrosis,  Gold, silver wire, and other materials have
heen used in forming a framework for the new nose, but they
should be discarded for this purpose because of the fact that as
foreign substanees they give rize to irritation and sooner or later
have to beremoved.  The mjection of parafline i= not liable to be
pernunent, and does not give a satisfactory framework. In a
recent ea=e of the author’s when a tibial bone graft was inserted,
parafline which had been injected 5 vears previously had entirely
dizsappeared, leaving a deformity worse than the original,

Animal bone has been suggested by =Sir Watzon Cheyvne for
this purpose, but should not be employved on account of
it= unreliability.

Finney (Surg. Gyn. and Obstel., June, 1907) used suceess-
fullv a finger for material to reconstruct a nose that had been
lo=t a= a result of congenital lues,  The bony =upport of the nose,
including  the septum, had been  entirely  destroved.  The
mtegument remained, but was retracted and distorted.  In
place of the nose, there was a depression,

“The ring-finger of the left hand was selected as being the
one best adapted for this purpose and the one perhaps least
missed from the hand.  The nail and matrix were completely
removed, and the dorsum of the finger, up to the distal end of the
first phalanx, was denuded of skin.  The tip of the finger,
throughout its entire cireumference, was also denuded of skin
for about the distance of 1 e, from the end, leaving the distal
phalanx exposed, although not completely <o, All bleeding was
<topped. The skin covering the nose, which was retracted and
deformed, owing to cieatricial contraction, was then earefully
freed from it attachments below, without making any ex-

ternal sear.  The sKin of the nose was then stretehed earefully



RATE BONE-GRAFI SURGERY

and thoroughly by inserting the rounded end of & blunt instru-
ment into the nasal opening, in order to give as much covering
as possible for the new nose. The soft parts were next freed
from the nasal process of the frontal bone, from within the nose,
by a knife or instrument passed up through the nasal opening.
The inner surface of the skin forming the nasal covering was
denuded on the inner side in the middle line, in order that a raw
surface might be opposed to the denuded surface of the dorsum
of the finger, deseribed above, which was then inzerted into the
nasal opening until the tip of the distal phalanx rested upon the
nasal process of the frontal bone.  The finger was held in place
by =utures through the free border of the tip of the nose and the
edge of the =kin, over the dorsum of the first phalanx, Thus
raw surfaces were opposed when it was desired to secure new
blood supply for the finger, namely, on the tip and dorsum, while
=kin covered the palmar surface of the finger, which formed the
inner lining of the nose.  The hand was held in this position
by adhesive strips and plaster-of-Paris bandages for 2 weeks,
whereupon the finger was disarticulated at the metacarpo-
phalangeal joint, and left for another week, at the end of which
time the tizsues in the middle line over the nasal spine of the
superior maxilla were split, the finger flexed to a right angle at its
proximal phalangeal joint, and the free end of the first phalanx
then inserted into this opening and held there by stitches
through the soft parts. The first phalanx then formed the
columna of the nose, while the =econd and third phalanges
formed a very satisfactory support for the dorsum. Later,
smaller operations, under cocaine, were performed to improve
the appearance of the columna, which of course was too large.”

Since bone was not apposed to bone, the nose was freely
movable from side to =ide, which was of advantage In ease of
injurv.,  The results were very =atisfactory,

Finney recommends that a piece of rubber tubing be kept
in each nostril for a time after the uIH"I':IIi:!It. as this furnishes a
support for the alie and prevents undue contraction,  Previous

to the successful results reported by Finney, attempts to use the
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finger by <imilar teehnique for this purpose had been made by
Hardie (1875). Sabine (1879), Bloxam (1895), Tams (18497), and
Vreedena (1902),

The Free Bone Graft in Correction of Deformities of the
Nose. (arter. in considering deformities of the nos<e, divides
them into two elasses: (1) “*Those without loss of tissue; (2)
thos<e in whieh there has been more or less destruetion of the bony

e I
A

-~ [

Fra, A1h.—Bone transplantation for nasal o eforminas, Tl conteal figare <hows
it biodd o clevatine skin sl sulecatameones tissmes: the isert Benre slhows the oo in
prlaee,  (Willinm Wrsleow Carver, Modival Kovard.)

and eartilaginous framework of the organ.  In the first elass, the
deformity is congenital, acquired, or due to traumatism.” and
i= amenable to procedures other than bone transplantation,
In the second elass, where there is a deficieney in the bony
framework, bone grafting i= indieated.  Cuases of this elass may
be svphilitie, congenital, traumatic, or due to atrophic rhinitis,
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|

Fras, 315 axp 316.— Specifie destruetion of entire wose,  In this ease hone [rom rib
was first transplanted into the arm, and later lap containing bone was  transplanted
to faee,  Patient beeathes through nose. Comdition exeellent 2 yvears after operation.

(William Wesley Carter, in MWedical Record.)

Fra, 316G,
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Technique of Carter's Bone-graft Operation for Deformity
of the Nose. ' Preparation of the Palient:  Several hours
hefore the n]n‘r';ﬂinrl. the <kin over the nose, faee, and I'-I.L*|'|I
=ide of the chest 1= serubbed with green soap, followed by aleohol.
A wet dressing of bichloride, 1-1.000, i then apphied.  Just
before the operation, both operative fields are painted with
tinecture of iodine, and the evebrows are covered with eollodion.,
After the operation begins, no =olution is used exeept sterilized

physiological saline =olution (salt, 9 gm. ; sterile water, 1.000 ¢c.).

i, 317 Bone with peeriostceim 7 oot b= alter tran=plantatuon Willinm Wesley

“Teelnigue of Operation.—\ curvilinear meision, convexity
downward, 1= made between the evebrows; this incision extends
down to the periosteum over the frontal bone.  Lifting the
flap up. a transverse ineizion is made through the periosteum
and i1t thio bone:in onllero Invar-sabengenssisat tlils HUL,
Thi= meizion corresponds to a line connecting the two cornua of
the semilunar incision, and i< at o point just below the glabella.

Above this imeision, the |l-['l'iil‘-'|l.'llll:| 1= clevated for about s in.
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With the sharp elevator devised especially for this purpose,
the skin and subeutancous tissue is then elevated over the
dorsum of the nose, and, to an extent corresponding to the
degree of tlvl't:lrlmljr~ over the sides of the nose and in some
instanees over the cheeks,  If any of the nasal bone is left, its
pertosteum should be elevated so that the bone graft, when it is
introduced, will lie in close contact with the bone and its torn
periostenn.

o, 315, Bope trop=planted sootly periostenns, 20 months after operation, (=i
case a5 Fie, 317, Nete growth of bone and developoeent of eanal in conter, L_"n"l.'i||:i_11|4
W -!-'_'-.' Carter, in Modical Rocard,)

“The nose having been prepared for the reception of the
graft, the next step is toremove about 2 in. of the ninth rib,
preserving the periosteum on the outer surface.  This piece of
rib iz then split m its transverse diameter; the outer hali is
shaped to suit the deformity, and the cancellous tissue is
seraped away, leaving only a thin layver of compact bone.
Without removing the blood which by this time has aceumulated
in the wound in the nese the bone graft is inserted nearly to the

tip of the nose, and the upper end is carefully placed beneath
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the periosteam over the frontal bone. The semilunar flap is
then brought down into its place, and the wound elosed with
horsehair sutures. .\ eollodion and gauze dressing i< applied,
The =utures may be removed on the fifth dav, but great eare
must be exercized not to disturb in any way by manipulation
the blood-clot which has formed about the graft.

“Bone graft=, either ecovered by periostewm or bare, but
aceidentally separated from the living periosteame-covered bone,

appear to be osteo-conduetive and very likely osteogenetie.

Fo. B4, Bacfore and after operation, Marked depees=ioan ol thies Bewnolgres ool tHiee proese

EAPRRlTHET £kl -i|_|'|' ||'_-| sp=rr ai] ||=-|' B8 el .'1|;-.| el anaras < I'L,|-:||- B fanjias, '||, ||||I'|i Lyangyer i
was it Fon thpee spnpt o with o aon eoxgeclliopt ecostmet e pe=nli.,

In one ease now under obzervation, the transplant is consider-
ably larger than when it was introduced, the operation having

been done 2 vears and 5 months ago,

The author has obtamed equally good results in this elass of
cases by placing the graft through an incision i the tip of the
nose. The hed for the graft i< prepared by thrusting a <mall
scalpel longitudinally through the subeutancous tissue ol the
no=e, hall way between the skin of the bridge and the mueons
membrane beneath it, until the glabella of the frontal bone is

reached,  The periostewm of this bone 1= mei=ed in the median
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line, and with a small curetie under the euidance of external
palpation the periosteum is peeled side-ways and the bone
beneath scarified for a fresh contact with the upper end of the
graft.  This incision leaves a sear so situated that it is hardly
noticeable. ‘

Fra., 23, —Rintgenogeam of same case as Pigo 3190 AB is bone graft in place and
coptacted with the anterior surfaee of nasal baooes and slabells,

KANAVEL'S OSTEOPLASTIC CLOSURE OF THE FACIAL FORAMINA

Kanavel recommends his osteoplastie operation on those
casc= of tie douloureux in greatly debilitated patients who are not
good surgieal risks and who are not relieved by aleohol injections,
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or in those patient= who refuse intracranial procedures; in other
words, where it has been customary to avulze the nerve or fill
the foramina with foreign bodies. A= a rule, the procedure ean
be done under loeal anesthesia, especially by trunk injection.
“In the ni'l[*]'::!in]] on the infraorbital nerve, the meision is
made in the line of the sKkin erease, and the nerve is slowly
twisted from its trunk.” .\ pediele trap-door flap of periosteuam
about the foramen is turned up.  The canal i= carefully curetted,

paving special attention to the foramen. A small bone plug

Frz, 321.—Gralt in=eried for depressed bridee of nosie. CAnthor s en=e.)

1o 1 length and as near the size of the eanal as possible
i removed from the tibia, a piece of periosteum the size of
a penny being left attached to its outer end. This 1= then
wedged into the eanal down to the attached periostenm.
The adjacent periosteum 1= pushed over it, and the skin
closed by a subcutaneous stiteh,  (See Fig, 3250 A word of
warning should be given against  extending the infraorbital
imcision too far toward the nos=e, thus endangering the lach-
rvmal sac.”

“In the inferior dental branch, an ine=ion 15 made ander the

s
=Lk
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angle of the jaw so that the sear is out of sight. The skin and
muscles are next detached from the angle upward. A erucial

—

Fia, 3

ey
Tl

—Method of exposing amnd removing the infraorhital nerve by torsion,
{Fanavel, in Jowrnal of the Amorican Medieal Association.)

Fre, 320, — Breaking down the vim of the infraorbital canal.  (Kanavel, in Jowrnal
af the Amioriean Modfivead Associaiion.)

incision (Fig. 326) is made in the periosteum at the angle over
the area of the nerve; then with a small trephine a button of the
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outer plate of hone down to the medulla is removed (Fig, 327).

The nerve is found and twisted ont of s eanal. The canal is

|
|

s, 320 —Tranzplanted bone pluge in position with periostenm attached,  (RKanavel,
1 Sonrwal of e dmerican Modecal Assoeciadion,)

I'-El., 5. | RE T TR i:i-|i---—|--|:|||| Ih:'-r“h over =it of -'-|--'I:|Iill‘|. T 1|u' 1-|-|'I!':ltin||
this eould pen b a= o sovi=fmetorly done ms wongld apapaear feome the pictgre, (Kapavel,
i]l ||’lh|||.| r.'l!ll !I.f. ,r,i.u _I.I.urllr'.']” _‘;II;I!-H'f ."\-.'In'l'lnlflrull.li

then curetted thoroughly and breoken down. The button of

the outer plate is now reinserted, being rotated 90 degrees o
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e D lopperi

ol

Fra. 326.— Crucial inei=ton over site for Doge plug over infeadental eanal,  (Kanavel,
i Lowrnal of the American Meodicoel Adesocintion,)

—

Fio. 327.—Torsion and removal of infradental nerve.  (Kanavel, in Journal of the
American Meodical A sxociafion.)
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that the destroved eanal of the hutton is at right angles to the
canal in the bone, and it is driven into the medualla between the
two tables at the proximal side for a fraction of a centimeter.,
The periostenm and musele-flaps heing now restored, the skin is

P-

Fro, 325, ~Cuoreiting infradental ennal. (Ianavel, in Souwrnal of fhe American
_]J i |'|'I|I'-|'[|r _1.'\.I-'r.ll"i..l'rf!.r.lfr_ ]

e's-i-';;:.’ el s

R

S

| S | e R e &

Fic. 325, Hr'|||.':r'il|:.-: Pposppar plungr st vigzhir simgele tos thie eanal.

| |"::|I|.'|'|4'|. i Saaeerpiird 1.I,I'-
Mie Aoereriean ,”. ol paerf ,1-~.n'.l' derdivane, )

closed by a subeutanecous stiteh, The patient is warned not to
use the jaw too violently for some weeks.

Care mu=t be taken not to imjure the facial nerve when re-
tracting the musele at the angle of the jaw.”
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bone graft from, to replace upper
ed of Temuar, 268
congenital  absenee  of,  Albee's
technigue i, 343
Finger as transplant, rhinoplasty by
peins of, S5
Finney's rhinoplasty by means of
finger, 405
Fixation dressing after hone-graft
peg in fracture of os ealeis,
248
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Fixation dressing for (racioves, 214
of fractures |r_‘|.' ab=arbiable or non-
ab=orbeabile ligswture material,
203
by hone-graft dowel pegs, 212
Flat=-foot, Albee's technigue, 331
arthrodesis of :1-‘l1':12rl]u-.-=1'r|'|rll-ritl
joint for, 510
Flesible pralwe, S0
Foot and leg, diseases and deformi-
ties, hone gealt in, S8
hones  of,  restoration of,  bone
graft in, 351
Foramina, facial, Kanavel's osteo-
plastic elosure of, M)
Forearm, hoth bones, Fracture of, ine-
lay bone greaft in, 215
Fracture of hotlh bones of forearm,
inlay bone graft in, 215
of eervieal spine, 144
il elaviele, illl:t_\‘ Teoame et i, 216
of jaw, inlay hone graft in, 2:3¢
of neck of femur, 220
hone-eraft e in, 229
Albee’s technigue, 225
indicatons for, 2244
treatmoent, 2210
of olecranon, inlay bone graft in,
218
of s ealeis, hone-eraft | LIk in, 235
Mbier's tl‘l‘]lr]il!llt‘. 230
fixation dressing  after,
28
of patella, Albee’s teehnigue, 232
antogenons bhope eralt for, 230
aof rading and ulna, inlay bone
graft in, 215
of :-'!|1ilw, 143
of ulna and radius, inlay bone
gralb in, 215
]"I':1l'lll1'1"-'r Allwee's l|'1'|tlli1tlll' ol J'|1!.'|_‘i'
bone graft in, 140, 151
with woedge cross-see-
linll, [
Laking in, 215
dhislocation, lone gralt in, 557
fixation of, by abs=arbable or non-
abiorbuabile heature meterial,
213
bv Doomeagera it doswee] preges in, 212
dreszing for, 214

Fractures, fresh, afier-lreatment of,
21a
1|-||l'|':t1i:':.'l' treatment, 171
]rn']ml':ﬂinn ol ]r.'1ri1~1|1, 177
Lirne for, 171
inlay bone graft in, 149
alter-treatment, 216G
Albee's teehnique, 1449, 181
with wedege eross-sec-
tiom, 155
armamentariam for, 179
'l"l'll!lil|'|ll' of, 179
kangaroo tendon for, 2110
Lane’s plates in, 153, 165
lintments in, 206G
operalive treatment, 149
contra-indieations to, 214
indications for, 154
osteoblasts in repair of, 35
PoarvkInll clanp i, 2135
physiologieal repair of, 35
plaster-of-aris sphint in, 214
peendarthrosis after, inlay  bone
gralt for, 192
after-treatinent, 216
report of eouneil of British Medi-
eal As=sociation on treatment of,
158
wiring of, 213
Freezing for preservation of bone-
gralt material, 47
Funetional irvitation, Roux’s post-
operative, 32
Fundamental rules for hone grafts,
25

Gorpruwarr's svmptom  in  dislo-
cation of sacroiline joint, 147
technigue for habitual dislocation
of patella, 500
Grealt, asteagalu=, for los=s of Temaoral
head ol neek, Albee’s modi-
fieation of [Roberts” techmigue,
205
I_II_III"_ .'"-'I'i' j:lll'f" i,l‘."r]‘_ﬂ.
of epapliv=is to stimulate cont in-
o= Leone growth, S0
riby, Tor clavicle, 5649
Cira=er's technigue Tor habatnal «dis-
Poweczi Uinetn ool [r.‘lh'”.'l. S
Cianed witle spray, 5=
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Haverean dislocation of patella, 296
Albees teelmigue, 501
Dumferline’s technigue, 295
Goldthwait s technigue, 300
Cirasger’s technigue, SO0
Irogius” technique, 207
Murphy = technigue, 3040
Whitloelk s techuigue, 2949

Hwmatoma, 30

Half-joint transplantation, 356

II:H'”l'_"{*l'\:l‘ll_‘.'ﬂll e bliowl of =terili-

gation of electric motor operating
outfit, o8
||.'l'l.'.']|'_k' table, 175, 156G, 177, 175
=lver’s attachment to, 135
Hematoma, 30
Heteroplastic greafts, 21
difliculty with, 22
Hibbs" operation for stiffening knee-
joint in infantile paralyvziz, 202
Hip-joint, Abee’s arthrodesis opera-
tion of, 252
ankvlozing, operative methods, 242
arthritis  deformans  of,  Albee’s
operation for, 252
operative teeatment, 249
dangle, operative treatment, 249
disease, tuberculous, adult, opera-
tive treatment, 249
dislocation of, asequired, Albee's
bone-wedge graft operation
for, 245
haone-wraft wedee in, 242
congenital, Alboee's I:u||1--'|.1.'[111;.',t'
graflt operation for, 245
relapsing, bone-graft wedge
in, 242
paralytic, bonesgraft wedge in,
242
osteoarthivitis of . Albee’s  opera-
Lion [or, 252
operative teeatment, 244
paralytic, operative treatment, 2449
remedelling of, operative methods
for, 242
trawmatic,operativetreatment, 249
tubereulosis of, adult, operative
treatment, 2449
Homaoplastie grafts, 20
Humierus, osteitis fibrosa cvstiea of,
EYh

Hump-hack, 614

Huntington’s teehnigue in absence
of tilvia, 350

Hyvdrorrhachis, 140

Hypertrophy of hone, 38

Ixpieamiaoxns,  general,  for  bone
wrafts, ds-30
Infantile paralysis, Hibbs™ operation
forstifiening knee-joint in, 202
inlay bone graft (or stiffening
knee in, 2490
stiffenimg koee i, Alhee's tech-
nigue, 203
Infection of hone, 41
Inlay bone graft, 31
in fracture of elaviele, 216
of jaw, 230
of olecranon, 215
in fractures, 1459
after-treatment, 216
Albee’s technigue, 149, 181
with weilge ecross-sec-
tion, 185
armamentarinm for, 179
of both bones of fore-
arm, 218
ol |l:!t1'”.‘l, o
of ulng and radius, 215
technigue, 179
in pseadarthrosis, 192
after=treatmoent, 2106
in stiffening knee-joint in in-
fantile paralvsis, 20
in tubereulons knee-joinis, 2706
Albee’s techmigue, 281
osteitis of knee in adults,
297
in childhomd, 276G
Intramedullary graft, 26
Irritation, functional, Roux’s post-
operative, 32
Ivory ns substitute for bone grabts,

21

Jaw, fracture of, inlay bone gralt m,

2549

Joints, transplantation of, 305, 381

Kaxaviers osteoplastic closure of
faeetal Toramina, 00
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Icsmesron tendon for Praetgres, 211
Foa=eh's talle ol vl of oliffesren
nezberils for bone transplantation,
x5
'E\'.Iu'l'-jnirll, Chareod s, Abwee's teeli-
migge, 24
stulfemnne of, 1 mfantile |L'II'.'I]_'|.'.‘-i:‘i.
M
Al In--'ll.n'nlm*_ o204
Hibbs" teelimiogue, 202
teansplantation of, 305
tubwereulo=i= of, inlay Twne graft
for, 276
Al s techinioguie, 251
tuberenlines ostertis of, i adduli,
inlav bone graft for, 277
i ehildhood,  inlay hoae
gralt for, 276
Krogius' technigue for habitual dis-
loeation of patella, 207
Ivivmimnell s disease, 144
]i_‘.'l}lmﬁi::, b

Laxi's |}|r|h'.-= m fraciures, 135, 169

Lange™s treatment of Pott’s disease,
T2

Lathe, 57

Law, Walfi's. 20, 33, 35

Layver, eambinm, of periosteum, 39

Leg and foot, diseases amd deformi-
ties, s

Lexer's technique for arthrodesis of
ankle, 333

Ligature material, absorbabde ar non-
absorbable, fxation of fractures
by, 213

Liniments in fractures, 2106

MakTeEL's attachmoent o Albwee's
electrien] surgieal ontfit, 62

Murphy's technigue Tor labitoal dis-
bosessutnom oof JI.::ITI‘”.‘I. AR

Nevianaia, feial, IKanavel's O
tion for, 300
xvurnl:;tlhjr spine, 141

Nose, defect= of, 305, 305

Carter’s technigue, 397

CEcraxox, teactare of, mlay Lasne
eraft i, 214

Operative trentment ol Fractares,
114
comtra=tud e b=, 211
e b beomes, 150G
inday b weaft g, 1149
of Tresh Tectores, 171
|JI'I'||;|I':|liur| onf |rr|ljl'r|l, 1757
titne for, 171
Cr ealeis, Tracture of, hone-graft peg
i, 245
Albwee's teelimpguie, 20306
fivation  dressing after,
1N
Chsteitiz lihrosa evstien of liogmerns,
BT
of upper end of femuar, 268
tibwerenlons, of ankle, hone geaft
1, s
of knee, in adult, inlay  hone
wrall for, 277
i bbb, inlay hone greaft
for, 270
Osteanrthivitis of hip, MMbee’s opera-
Vion For, 2252
operative treatinent, 249
Osteoblasts in repair of fractures,
h
O fenregyes=i=, Felafive, 14049
Osteoplastic closure, Kanavel’s, of
faeial foramina, 100

Clatentornes, A=, 77

Pararysis, mfantile, Hibbs" opern-
ten Tor =tiffening knee=joint
i 202
iul:i_\.' S gr:1|'r for =tifeninge
Knee i, 2090
stiffenming knee  in, Albee's
techinioue, 205
Pavalvtie elubfoo, 5149
dislocation  of  hip, Boae-geai
wiedlse in, 242
copune varins, 3140
Bipr, operative treatment, 204
hl‘qli-lrlre-ci.‘i, lfﬂ
Al = 1n'|~|1:||i||m‘, i)
post=operative  treatment,
(M|
teeleenie= of correetien by hane
e, 12

Parklall elomp in Pevetures, 2108
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Patella, eongenital  disloeation  of,
Albee’s teehnigue, 301
fracture of, Albee's technique in,
N

s
autogenons bone ceaft for, 230
Iabatual disloeaton of, 206G
A= l:‘1'||I|i||I.H', S
Ihimferline's I|'|'||||.'|{tl|n_ 205
Goldthwait s technigue, 300
Giraser's technigue, 300
Isrogius’ technique, 207
Murphy's teehnigue, 300
Whitlock's technigue, 209
Peg,  bone-graft.  See  Bone-graft
peg.
Periosteum, cambium laver of, 39
rile of, 35
transplanted, viabiality of, 17
Plaster-of=Paris jacketz in Pott’s dis-
eazse, ht
splint. in fractures, 214
Post-operative  treatment  after
Albee’s  fechnigque in para-
Ivtie sealiosis, 131
general, after Albee’s technigue
m Pott’s disease, 90
immaediate, after Albee’s tech-
I|i1|lll' in Pott's disease, 06
Pott's discea=e, G4
Albee’s teehnique, 73, 76, 75
advantages, 102
contra=inalieation to, 104
comvaleseence after, 99
dressings after, 93
experinental application of
method to spines of dogs,
107
external support to spine
alter, 1002
fixation of gralts in posi-
i, =5
i lieations for, 104
method of fixation in bed
siffeer, U
Iu_l-if-nl]l'l';||i'l.'l" freslent,
weneral, U4
pnresdtae, G
prognosis after, 104
removal of gralt, 51
SUTIIAryY, Il}'_’f, 124

Tersuesies 1n, B8

Pott's disease, duradion, 105
Lange's treatment, 72
loseent oo, 100G
plaster-of-Paris jackets in, 69
recumbency in, G4
|'r+~]||:|r':|1'm!| ol |mlit*r|| fir 1||:|1~i','|l:ivﬁ=
treatment of fresh fractures, 177
Preservation of bone graft, 47
Probe, Hexible, S0
Pzendarthrosis, inlay bone grealt in,
1492
aflter=treatment., 216

Rapivs and ulna, fracture of, inlay
bone graft in, 218

hone graft Tor, 373
garcoma of, bone graft in, 373

Recumbeney in Pott's disease, G4

Relaxation of sacroiliae joint, 147

Remaodelling  hip-joint,  operative
met hods, 242

Report of Couneil of British Medieal
Aszociation on results of treatment
of fractures, 155

Lhinoplasty by means of finger as
transplant, 393

tib graft for elaviele, 369

Roberts”  technigue  of  astragalus
graft for loss of femaoral head and
neelk, Albee's modification, 265

Roux's post-operative functional ir-
ritation, 32

sacrotniac joint, dislocation of, 147
Cioldthwait's svinptom, LT
relaxation of, 147
tuberenlo=iz of, 144
Albee's IL'1'||l|i1llll'. | E )
Salt solution for preservation of
Bonwe-grait material, 47
sereonn of Done, SO0
of radins, 373
Saw, =ingle, S
sinall, H=
fwin, a7
Sealiosi=, paralytie, 126
Albee’s teelnbgue, 129
I}-||;-¢l-||-'|'|-|.'|',‘|1i.'||'l‘ freatment,
141
mechanies of correction by bone
gralt, 12=s
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=ilver = attaehoent to Haw h-I\' |:||:]|',
155
Skall, defect of, 501
=hine, elulfont, 317
Soil, woutnul, 149
Sottle’s nwhibieation of Alwe's teeely-
nieguee Tor aequieed clubifoot, 327
Speanc Tafieda, 1HI
Mbee™s teelimigue, 11T
venlosn, 3ah
Spine, angubar eurvature of, Gl
eornes of, Gl
corvieal, fracture of, 141
eurvature of, lueral, 126
external =upport to, after Albee's
techiigue  in Pott's disense,
iy
fracture of, 143
lesions of,
LILR RN B H T b, 143
tubwerenlosi= of, G
Splecn, grafting of bone-marrow into,
aa
Bplint, plaster-of-Paris, in fractoees,
214
Spondylitiz, 64
tramneatae, 144
Spotedyloli=tlesis, 154
Al s technigue, 137
Sterthization of eleetrie motor =
crating  outfit, artlev-IKenvon
et lyoscl, 5%
Siffening of koee=joind in infantile
parnlvsis, 200
A= 1l‘l'h||jill|[", ! B
Hibbs" technigue, 293
Stone’s  technigue  in abs=ence  of
tibagie. 3559

Svphilis, 51

Tapre, Hawley, 175, 176, 177, 178
Silver’s atiaclonent to, 155
Talipes equineg varus, 3190
Tarsal Lone, Ili‘*ill"'ﬂl':lriﬂll “l.r 334
dlisease, s
Tibiza, absenee of, 4540
Al I:1'-='|!|r|i1|u:' i, B0y
Humtingtion's  technigue in,
Gt

-
E
]

SNACO™

sl

rri!ri.‘l. sl s gpenre ||-|'1 = [I‘I'h“illlll'
T L
(TR ekt Tromn, B :'u-r||;|r|~ Lpapuier
il ol Temmr, 26h%
T domlonrens, Kanavel's  opera-
Tinn Tovr, M)
Transplantation, hali-juint, 556
of Juints, S5, 4GS
ol Knee=joint, S05
of periostenm, viahility of, 17
o =l Bomees, S350
wlhiale=joant, 806G
Tranm, 2
Traumatie hip, operative treatiment,
244
spaonad v liti=, 104
Tubereulosis of ankle-joint, 338
of b, 343
ol bupr, sedalt, operative treatment,
240
of  knee=joint, inlay bone  graft
for, 276
Allwee's lt-rlluilllu-. el
of saervoilie joind, 1H
Alhee’s teehnigue, 1S
of vertehege, G
Tubereulous osteitis of ankle, 335
of knee in adult, inlay hone
eralt for, 277
in childhamd, inlay bone graft
Fow, 270G
Twin saw, 57
Twist drills, 3=

Urxa and radius, fracture of, inlay
b geaft in, 2=

Vasevixe for preservation of hone=
graft material, 47
Noertebrne, talwrenlosis of, el

Wiarrkoek s technigue for habitual
digloeation of patella, 2940

“Wu:lr-jnint transplantation, S50

Wirtne of {ractgres, 213

Waolli's Low, 29, 33, 45

Waound soil, 149

Wrede's arthrodesis of :'I.Il.kll"'j'l}lllll.l
340
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SAUNDERS’ BOOKS

on -

Practice, Pharmacy,
Materia Medica, Thera-
peutics, Pharmacology,
and the Allied Sciences

W. B. SAUNDERS COMPANY

WEST WASHINGTON SQUARE PHILADELPHIA
9. HENRIETTA STREET, COVENT GARDEN, LONDON

Garrison’s
History of Medicine

History of Medicine. \Vith Medical Chronology, Bibliographic
Data, and Test Questions. By Fierpixg H., Garrisox, M. 1., Prin-
cipal Assistant Librarian, Surgeon-General's Ofiice, Washington, D. C.
Cloth, $6.00 net; Half Morocco, $7.50 net.

REPRINTED IN THREE MONTHS - THE BAEDEKER OF MEDICAL HISTORX

The work begins with ancient and primitive medicine, and carries you in a
most interesting :a|'n| instructive Wy on Ih:--.._]] |..'}|Ii.'lr| '.I.Il":|:|ir'|:'_ SUITMErian
and Oriental medicine, Greek medicine, the Dyvzantine period ; the Mohammedan
and Jewish periods, the Medieval period, the period of the Renaissance, the Re-
vival of learn ner and the Reformation the Seventeenth Century {(the ace of ind
vidual scientific endeavory, the Eighteenth Century (the aze of theories and
vetems), the Nineteenth Century (the besinning of organized advancement of
science), the Twentieth Century (the beginning ol o anized preventive medicine
Vou wet all the important facts in medical history ; a deegrapine declionary of the
imakers of medical history, arraneed alphabetically : analbum of wmedffoad porsrasy
a comnlete meficad chron filata on diseases, drugs, operations, et a brie
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SAUNDERS ROOKS ON

A NEW CLINICAL PUBLICATION

Medical Clinics of Chicago

Issued serially, one octavo of 200 pages, illustrated, every other
month. Per Clinic Year of six numbers, $8.00 net; in Cloth, $12.00

net.
EXCLUSIVELY INTERNAL MEDICINE

These bi-monthly publications are devoted exclusively to Claical [Tnternal
Medicine in all its departments—Diseases of Children, Contagious Diseases, Neu-
rology, Dermatology, General Constitutional and Functional Disorders, A-Ray
Therapy, etc., ete.  They give vou the bedside and amphitheater teachings of
such leading Chicago internists as Mix, Tivnen, Tice, Hamburger, Pusey, William-
son, Abt, Preble, Goodkind, Hamill, representing such large hospitals as Mercy,
Cook County, 5t. Luke’'s, Michael Keese, and Sarah Morris Memorial for Children
with their wealth and diversity of clinical material.  These clinics are stenograph-
ically reported by a corps of competent medical stenographers, and thoroughly
edited by the clinical teachers themselves.

The widest variety of cases is included, bringing out forcibly every feature of
historv-taking, diagnosis, treatment, and general management. The cases are
illustrated with .r-ray pictures, photographs, pulse-tracings, and temperature
charts ; the technic of all laboratory tests is given in detail, and every aid that
can serve to make the diagnosis and treatment of the cases thoroughly clear to
the zeneral practitioner is emphasized. These publications are c/inical in the
strictest sense—they are an exposition of diagnosis and treatment as acfuwally prac-
ficed at the bedside and in the amphitheater.

Goepp’s State Board Questions Third Edition

STATE BoarRD (QUESTIONS AND AXNSWERS. By R. Max Goerp, M. D,

Professor of Clinical Medicine, |’|'Iil4l:f(_‘1|!:|‘l.iﬂ F'u]:-t'linir. Cictavo of 7ig

pages. Cloth, $4.00 net; Half Morocco, £5.50 net.
* Mathing has been printed which 15 so admirably adapted as a gude and self-guiz for

those intending 1o take State Board Examinations.” —Peavsydanta Medicald fowrnal,



PIAGCNOSIS AND TREATMNENT

i

Cabot’s Works on Diagnosis

Differential Diagnosis. Dresented through an Analysis of Cases,
By Ricnarnp C. Capor, M. D, Assistant Professor of Clinical Medi-
cine. Harvard Medical School, Boston. Each volume an octavo of

about 730 pages, illustrated. FPer volume : Cloth, §5.50 net.

Dr. Cabot’'s work takes up diagnosis from the point of view of the preseating
svmpfom—ihe symptom in any disease which holds the foreground in the clinical
picture : the principal complaint. It groups diseases under these symptoms, and
points the way to proper reasoning in coming to a correct diagnosis. It works
backward from each leading symptom to the actual organic cause of the symptom.
This the author does by means of case-deaching.

The spmessd -2 Op s comsidered i Volume [ [Nrw (310} I'.:liliq-u] are : Headache, gen-
eral abdominal pain, epigastiric pain, right hypochondriac pain, left hypochondrine pain, right
il ||.|i:|_ left iliac pain, axillary pain, pain i arms, pain i legz and fect, fevers, chills,
coma, convulsions, weakness, congh, vomiting, hematuria, dyspnea, jaundice, and mervous-
Megs 21 1-.';'r'||!-'|-:||.- an i :"'Iﬁﬁ RS,

Volume 11 (Just Out) @ Abdominal and other lamors, vertigo, diarchea, dyspepsia,
hematemesis, enlarped olands, Dlood in stools, swelline of face, h moptysrs, cdema of legs,
frequent micturition and polyuria, fainting, hoarseness, pallor, swelling of arm, deliriem, pal-
pitation and arhvthma, tremor, ascites and abdominal enlarcement—a total of 10 symploms
and 317 mstructive cases

Morrow’s Diagnostic and
Therapeutic Technic

Diagnostic and Therapeutic Technic. Dy Avrpert 5. Morrow,
M. D, Climeal Professor of Surgery, New York Polvelinic,. Octavo
of 834 pages, with 860 original line drawings. Cloth, $5.00 net.

NEW (2d) EDITION

Dir. Morrow's new work is decidedly a work for you—the physician engaged
in general practice. It is a work you necd because it tells you just how to perform
those procedures required of you every day, and it tells you and sheows you by
clear. #ewe line-drawings, in a way never before approached. It is not a book on
drug therapy ; it deals alone with physical or mechanical diagnostic and thera-
peutic measures. The information it gives is such as vou need to know every
dav—transfusion and infusion, hvpodermic medication, Bier's hyperemia, explora
tnr-y punctures, aspirations, anesthesia, etc. Then follow descriptions ol those
measures emploved in the diagnosis and treatment of diseases ol special regions or
Oroans: procio lvsis, cystoscopy, elc,

Journal American Medical Association

“The procedures deseribed are those which practitioners may al some time be called
on to perform.”’
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Musser and Kelly on
Treatment

A Handbook of Practical Treatment. By 82 eminent specialists,
Edited by Joux H. Musser, M. D., and A. O. J. KeLLy, M. D., Univer-
sity of Pennsylvania, Three octavos of gs50 pages each, illustrated,
Per volume: Cloth, $6.00 net; Half Morocco, $7.50 net. Subscrip-
tion,

IN THREE VOLUMES
A PRACTICE FOR QUICK REFERENCE AND DAILY USE

Every chapter in this work was written by a specialist of unquestioned authority,
Not only is drug therapy given but also dietotherapy, serumtherapy, orzano-
therapy, rest-cure, exercise and massage, hydrotherapy, climatology, electro-
therapy, wr-ray, and radial activity are fully, clearly, and definitely discussed.

L hose measures partaking of a swrgical nature have been presented by swrceons,

The Medical Record

* The most modern and advanced views are presented, Itis difficult to pick out any one
topic that deserves special commendation, all parts fully covering their particular field, and
written with that fulness of detail demanded by the everv-day needs of the practitioner.”

Thomson’s Clinical Medicine

Clinical Medicine. By WirLrLiam Haxxa Toousox, M. D, LL. D,
formerly Professor of the Practice of Medicine and of Diseases of the
Nervous System, New York University Medical College. Octavo of
675 pages. Cloth, $5.00 net; Half Morocco, $6.50 net.

TWO PRINTINGS IN FOUR MONTHS

This new work represents over a A«lf cemtury of aclive praclice and tfeackh-
inz, It deals with &edside medicine—the appfication of medical knowledze for
the relief of the sick.  First the meaning of common and important symptoms is
stated deffinifedy ; then follows a chapter on the use of remedies and a classifi-
cation of them - next the section on infections, and last a section on diseases of par-
ticular organs and tissues. It is medical knowledge app/icd—from cover to cover.
An im||.:,.|'|;:g_m chapter i5 that on the mechanism of surface clnll and * cate l1i]'|:_:
cold.** FoIng Very :']{:;1|'|._1.' into the etolosu factors, and L:lr[]illill;.; the treatment.
The chapter on remedies takes up non-medicinal and medicinal remedies and
T CCTIe et serien .f..n".-'u'nr',.ﬁ_lr_ In the -;]‘l.l|r1t'r' on the ductless :,;l.'ll'ulh the :-ltlhlil_'fl, of
internal secretions is very clearly presented, giving you the latest advances, The
infectious diseases are taken up in Pan I1, while Part 111 :1:,'.'1]5-_ with diseases of
special organs or tissues, every disease being fully presented from the ofinical

stde,  “Treatment, naturally, is very full.



PRACTICE OF MEINCINE

LW

Ward’s Bedside Hematology

Bedside Hematology. Dy Gorbox R, Wakp, M.D., Fellow of the
I{n_r.-ul Hm_‘_i-;i:.' of Medicine, London, |'-.!'|:,'11.|11|l. Octaveo of 304 pages,
illustrated. Cloth, 53.50 net,

INCLUDING VACCINES AND SERUMS

Dr. Ward's work gives you the exact technu for obtaining the blood for ex-
amination, the [|1.|];'.11:_; ol smears, the Blood-count, |i|h|||1:_- { r:-:l:;:l|.;1|1--n tumne, i,
Then it takes up each disease, giving vou the svnonvms, definition, nature, gen-
eral patholozy, etiology, bearings of age and sex, the onset, symptomatology (dis-
cussing each svmptom s edadl), course of the discase, clinical varieties, compli-

cations, diagnosis, and treatment (drug, diet, vest, Tarccines and sericns, etc.).

Faught’s Blood-Pressure

Blood-Pressure from the Clinical Standpoint. Dy Fraxcis Al
Favanr, M. D., Instructor in Medicine, Medico-Chirurgical College of
Philadelphia. Octavo of 281 pages, illustrated. Cloth, $3.00 net.

THREE PRINTINGS IN SIX MONTHS

Dr. Faught's book is designed for practical help af the bedsicde.  Desides the
actual technic of using the sphyzmomanometer in diagnosing disease, ir, Fauzht
has included a brief veneral discussion of the process of circulation.  The practicgl
application of sphygmomanometric findings within recent vears make it imperative
for every medical man to have close at hand an ||'!|-|:f--1|_.l|[:_' wiork on this ::u]'rj{:q't_

Smith’s What to Fat and Why

What to Eat and Why. By G. Carrorr Syurth, M.D., Boston,
12mo of 377 pages. Cloth, $2.50 net.

JUST OUT—NEW (2d) EDITION

With this book vou no longer need send vour patients to a specialist to be
dieted—vou will he able to prescribe the suitable diet vourself just as yvou do
other forms of therapy. Dr. Smith gives the ** why ™" of each statement he
makes. [t 15 this knowing ﬁ*.h:-.' which TIVES ‘_-.--llif-l'llidh:l'll'l.' in the book, which
makes vou feel that Dr. Smith freses

Pennsylvania Medical Journal
AN throueh this book De, Smith has adided o s dietetie hints a great many valual

of a general nature, which will appeal 1o the general practitione
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Kolmer’s épecific Therapy

Infection, Immunity, and Specific Therapy. By Joux A, Koryeg,
M. D., Dr. P. H., Instructor in Experimental Pathology, University of
Pennsylvania.  Octavo of goo pages, with 143 original illustrations, 43
in colors, drawn by Erwin IY. Faber. Cloth, $6.00 net; Half Morecco,
#7.50 net.
ORIGINAL ILLUSTRATIONS

Dr. kolmer's book gives you a full account of infection and immunity, and
the application of this knowledge in the specific diagnosis, prevention, and treat-
ment of disease. The section devoted to tmamunologic feclinie gives vou every de-
tail, from the care of the centrifuge and making a simple pipet to the actual pro-
duction of serums and vaccines. Under specific therapy you get methods of
making aufomenons vacetnes and their acfival wse in diagnosis and treatment. The
directions for injecting vaccines, serums, salvarsan, etc.—with the cvact dosage—
are here given so clearly that you will be able to use these means of treatment in
vour daily practice. You also get full directions for making the ciinical diagnostic
reactions—ithe various tuberculin tests, luetin, mallein, and similar reactions, all illus-
trated with colored plafes.  The final section 1s devoted to laboratory experiments.

Anders & Boston’s Medical Diagnosis

A Text-Book of Medical Diagnosis. By Jasmes M. Axpers, M. 1.,
Pu. D, LL.D., Professor of the Theorv and Practice of Medicine and
of Clinical Medicine, and L. NarorLeox Bostox, M. D., Professor of
Physical Diagnosis, Medico-Chirurgical College, Philadelphia. Octavo
of 1248 pages, with 466 illustrations, a number in colors. Cloth, $6.00
net; Half Morocco, $7.50 net.

NEW (2d) EDITION

This new edition is designed expressly for the general practitioner. The
methods given are practical and especially adapted for quick reference. The
diagnostic methods are presented in a forceful, definite way by men who have
had wide experience at the bedside and in the clinical laboratory.

The Medical Record
“The association in s :'|'l|1i'|1:|'|'"‘-'~|'|.:'|3 of a eclebrated clinician and a well-known I,l.hnmlufy’
worker is most fortunate. Tt must long oceupy a pre-eminent position.”
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Anders’
Practice of Medicine

A Text-Book of the Practice of Medicine. DBy James M. ANDERS,
M.D., Pu. D, LL. D., Professor of the Practice of Medicine and of
Clinical Medicine, Medico-Chirurgical College, Philadelphia. Hand.
some octavo, 1335 pages, fully illustrated. Cloth, $5.50 net; Half

Morocco, =y .00 Net,

W

THE NEW (llth) EDITION

The success of this work is no doulit due to the extensive consideration riven
to Ihagnosis and Treatment, under Ditferential Diagnosis the points of distinction
of simulating diseases beine presented in tabular form. In this new edition
Dr. Anders has included all the most important advances in medicine, keeping
the hook within bounds by a judicious elimination of obsolete matter, A oreat
many articles have also been rewritten.

Wm. E. Quine, M. D.,
Frofessor of Medicive and Clinical Medicine, College of Physicians and Surpeons, Chicage,
** 1 consider Anders” Practice one of the hest single-volume works before the profession at
this time, and one of the best text-books for medical students,”

DaCosta’s Physical Diagnosis

Physical Diagnosis. By Joux C. DaCosta, Jr., M. D., Associate
Professor of Medicine, Jefferson Medical College, Philadelphia. Octavo
of 557 pages, with 225 original illustrations. Cloth, $£3.50 net.

NEW (2d) EDITION

Dr. DaCosta’s work is a thoroughly new and original one. Every methoa
given has been carefully tested and proved of value by the author himself,
Normal physical signs are explained in detail in order to aid the diagnostician in

determining the abnormal,  Both direct and differential diagnosis are emphasized.
The cardinal methods of examination are supplemented by full descriptions of
technic and the clinical utility of certain instrumental means of research.

Dr. I';Ien:y L. Elsner, frofeicor -_'."- Medicine ar Svracuse Lniversity,
“ I have reviewed this book, and am thoroaghly eonvineod that it is one of the best ever

written on this subject.  In every way [ find it a superior production.”
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Sahli’s Diagnostic Methods

A Treatise on Diagnostic Methods of Examination. By Pror
Dr. H. Sanvy, of Bern.  Edited, with additions, by NaTn't. BowpiTcH
PorTer, M. D., Assistant Professor of Clinical Medicine, Columbia Uni-
versity (College of Physicians and Surgeons), New York., Octavo of

229 pages, illustrated.  Cloth, $6.50 net ; Half Morocco, £8.00 net.

THE NEW (2d) EDITION, ENLARGED AND RESET
Dr. Sahli's great work is a practical diagnosis, written and edited by practical
clinicians. So thorough has been the revision for this edition that it was found
necessary practically to reset the entire work., Every line has received careful

scrutiny, adding new matter, eliminating the old.

Lewellys F. Barker, M. D.

LProfessor .;j.l" the Principles and Practice of Medicine, fohns Hopting University

1 am delichted with it, and 1t will be a pleasure to recommend it to our stiudents in the
Johns Hopkins Medical School.”

F'riedenwald and Ruhrah on Diet

Diet in Health and Disease. By Jurivs FRIEDENWALD, M.D.,
Professor of Discases of the Stomach, and Joux Runrau, M. D., Pro-
fessor of Diseases of Children, College of Physicians and Surgeons,

Baltimore. Octavo of 857 pages. Cloth, $4.00 net.

THE NEW (4th) EDITION

This new edition has been carefully revised, making it stiil more useful than the two
editions previously exhausted. The articles on milk and aleohol have been rewnitten, additions
made to those on tuberculosis, the salt-free diet, and rectal feeding, and several tables added,
including Winton's, showing the composition of diabetic foods,

George Dock, M. D. .

Professor of Theory and Practice and of Clinical Medicine, Tulane Cniversity.

: i ] 1 + ¥ . _I

v [t seems to me that vou have prepared the most valuable work of the kind now available,
1 am especially glad to see the long list of analyses of different kinds of foods.”

Carter’s Diet Lists

Diet Lists oF THE Presevreriax Hospitarn oF NEw YORK {_'|H.
Compiled, with notes, by Herpert S, Carrer, M. . 12m0 0f 129
pages. Cloth, 81.00 net,
Here D, Carter has compiled all the diet lists for the varions :l:m'.h-f .':r_'n! for convas
lescence as prescribe | at the Presbyterian Hospital, Recipes are also included,
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Kemp on Stomach,
Intestines, and Pancreas

Diseases of the Stomach, Intestines, and Pancreas. Dy KoperT
CoreMax Keup, M. D.. Professor of Gastro-intestinal Diseases at the
New York School of Clinical Medicine. Octavo of 1021 pages, with
388 illustrations. Cloth, $6.50 net; Half Morocco, $5.00 net.

NEW (2d) EDITION

The new edition of Dr. Kemp's successful work appears after a most search-
ing revision. Several new subjects have been introduced, notably chapters on
Colon Bacillus Difection and on Discases of the Pancreas, the latter article being
really an exhaustive monograph, covering over one hundred pages. The section
on Duwodenal Ulcer has been entively rewritten.  I'rsceral Displacements are Tiven
special consideration, in every case giving definite indications for surgical inter-
vention when deemed advisable. There are also important chapters on the Jntes-
final Complications of Typhotd Fever and on Diverticulitis.
The Therapeutic Gazette

I'he therapeutic advice which i riven is excellent, Methods of ]Jll_"'."ﬁ*.':ll and clinical
examination are adequately and correctly described,”

Gant on Diarrheas

Diarrheal, Inflammatory, Obstructive, and Parasitic Diseases of
the Gastro-intestinal Tract. DBy Sanven G, Gaxr, M. D, LL.1),
Professor of Diseases of Sigmoid Flexure, Colon, Rectum, and Anus,
New York Post-graduate Medical School and Hospital. Octavo of 6og4
pages, 181 illustrations. Cloth, $6.co net; Half Morocco, $7.50 net.

JUST OUT

This new work is particularly full on the two practical phases of ihe subject—
diagnosis and fealment.  For instance : While the essential diagnostic points are
iven under each disease, a fuller description of diagnestic methods is given in a
special chapter.  The diferential dingnosis of diarrheas of local and those of svs-
temic disturbances is strongly brought out.  There is a special chapter on aer-
vous diorrficas and those originating from gastrogensc and caferogenic dyvspepsias.
You get methods of simultaneously controlling associated constipation and dar-
rhea. You get a complete formufary.  The limitations of drugs are pointed out,
and the indications and fecdnde of all surgical procedures siven.

Gant on Constipation and Obstruction

This work i1s medical, non-medical (mechanical), and surzical, the laner really
being a complete work on rectocolonic surgery.

Qetavo of 575 pages, w ith 250 illustrations., By SAMUEL G, Gaxt, A, LY, Cloth, 3500 nel.
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NOTHNAGEL’S PRACTICE

Edited by ALFRED STENGEL, M. D.
Typhoid and Typhus Fevers

By Dr. H. Corscumasy,  Edited, with additions, by WiLLiam OsLER, M. D.,
F. R, C. P, Oxford, England. Octavo of 646 pages, illustrated.

Smallpox, Varicella, Cholera, Erysipelas, Pertussis, Hay Fever
By D, H. lvmerymaxx, De. T vox JurGessex, Dr. C. LIEBERMEISTER,
Dr. H. Lexdartz, and D, G, STiickER.  Edited, with additions. by Sig
J. W, Moorg, M. I}, F. K. C. P L, Ireland. Octavoof 682 pages, iJ|1:|:,1_;';||_r_-¢I_

Diphtheria, Measles, Scarlet Fever, and Rotheln
By WirLLiam *, NorTHRUP, M. D., and Dr. T, vox JurGeExsex. Edited,
with additions, by WiLLiam P. NorTHrue, M. 1., New York, Octavo of
G672 pages, illustrated.

Bronchi, Pleura, and Inflammations of the Lungs
By Dr, F. A. HorFrmaxy, Dr. 0, Rosgxpachn, and Dr. F. AUFRECHT.
Edited, with additions, by Joux H. Musser, M. D, Octavo of 1029 pages.

Pancreas, Suprarenals, and Liver
By Dr. L. Oser, Dr. E. Nevsser, and Drs, H. Quixcke and G. Horpe-
Sevier, Edited, with additions, by ReGixatp H. Firrz, M. DD., Boston;
and Frep., A, Packarp, M. D., Phila. Octavo of 418 pages, illustrated.

Diseases of the Stomach
By Dr. F. Riecer, of Giessen. Edited, with additions, by Cnarves G.
Stockrox, M. 1., Buffale. Octavo of 5_15 pages,

Diseases of the Intestines and Peritoneum Second Edition
By Dr. HErMaxN NotusaceL.  Edited, with additions, by H. D, RoLLES-
tox, M. D, F. B. C. P., London. Octavo of 1100 pages, illustrated.

Tuberculosis and Acute General Miliary Tuberculosis
By Dr. (o, Corxer.  Edited, with additions, by WavLter B, James, M.D.,
New York. Octavo of 806 pages.

Diseases of the Blood
By Dr. P. Exruich, Dr. A, Lazarvs, Dr. K. vox Noorpex, and Dr.
Ferix Pixkus, Edited, with additions, by ALFRED STENGEL, M. D., Phila-
delphia. Octavo of 714 pages, illustrated.

Malarial Diseases, Influenza, and Dengue
By Di. J. MaxxaperG and Dr. O, LEicnTexsteEry,  Edited, with additions,
by RoxaLp Ross, F. R. C. S,: J. W. W. SteErHENs, M. D.; and ALBERT
S. Gruxpaum, F. R, C. P, Liverpool. Octavo of 76g pages, illustrated.

Kidneys, Spleen, and Hemorrhagic Diatheses
W Di. H. Sexator and Dr. M. Litrex,  Edited, with additions, by James
B. Herrick, M. D., Chicago. Octavo of 815 pages, illustrated.

Diseases of the Heart
By Pror. Dr. Th. vox Jurcexsex, Pror. Dr, L. Krenr, and Pror. Dr,
L. vox Scurirrer,  Edited by Georae Dock, M. D., New Orleans. Uctavo
of 848 pages, illustrated.

SOLD SEPARATELY —PER VOLUME: CLOTH,. $5.00 NET: HALF MOROCCO, $6.00 NET
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Bastedo’s Materia Medica

Pharmacology, Therapeutics, Prescription Writing

Materia Medica, Pharmacology, Therapeutics, and Prescription
Writing. By W. A. Bastrepo, Pu. D., M. D,, Associate in Pharma-
cology and Therapeutics at Columbia Umiversity, New York., Octavo

of Goz pages, illustrated. Cloth, 53.50 net.
THREE PRINTINGS IN SIX MONTHS

Dr. Dastedo’s discussion of his subject is very complete.  As an illustration,
take the |'uh.|t'|1]:1c'n]u:;1|' action of the 1||'L|j.:. It rIves you the .'1:|1.ti.-['|-1'h action, the
local action on the skin, mucous membranes, and the alimentary tract ; where the
drug is obsorbed, if at all—and how I'Zl|hit]]:\', [t cives vou the svstemic action on the
circulatory organs, respiratory organs, nervous svstem, and sense organs, 1t 1ells
vou how the drug is changed in the body. [t gives vou the route of elimination
and in what form It -_:ivl:«. v the action on the Lillﬂt.‘j. 5, bladder, urethra, skin,
bowels, lunrs, and mammary glands during elimination. It gives vou the after-
effects. It gives vou the unexpected—the unusual—effects, [t gives vou the
tolerance—habit formation. Could any discussion be more complete, more
thorough ?

Boston Medical and Surgical Journal

“ 115 aim 1':|:||||:|',-::-1|'I is 1t'||-r'.||---1|'.iu- and pra tieal, rather than thearetic and F'|||.:I,I'n!|.||'||'||--:::|_1_
The text iz illustrated with sixty well-chosen plates and cuts. It should prove a useful con-
tribtion to the text-book terature on thezse suljeets”

McKenzie on Exercise in
FEducation and Medicine

Exercise in Education and Medicine. By R. Tarr McKexzig, B A,
M. D., Professor of Physical Education and Director of the Department,
University of Pennsylvanma. Octave of 585 pages, with 478 orizinal
illustrations. Cloth, $4.00 net.

D. A. Sargeant, M. D., Director of Hemenway Gymnasivm, Havvard University,

* It cannot fail to be helpful to practitioners in medicine,  “The classification of athletic
games and exercises in tabular form for different ages, sexes, and occupations is the work of an
expert, It should be in the hands of every physical educator and medical pracitioner,”

Bonney’s Tuberculosis Second Edition

Tueercurosis. By SHErmaN G, Boxxev, M. D., Professor of Medi-
cine, Denver and Gross College of Medicine.  Octavo of g55 pages, with
243 illustrations.  Cloth, 87.00 net; Half Morocco, $8.50 net.
Maryland Medical Journal

= Dr Bonney's book 5 one of the best amd most exact works on tuberculosis, in all s
aspects, that has vet bheen published.™
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Stevens’ Therapeutics New (5th) Edition

A TEXT-Book oF Moperx MaTErIA MEDICA AND THERAPEUTICS.
By A. A, SteEvens, A. M., AL )., Lecturer on Physical I:Iqun(;f.. in

the University of Pennsylvania.  Octavo of 675 pages. Cloth, 53 .50 net.

Ur. Stevens Therapeutics is one of the most successful works on the
subject ever published. In this new edition the work has undergone a
very thorough revision, and now represents the very latest advances.

The Medical Record, NMew York

U Among the numerous trestises on this Lt wit important branch of medieal practice,
this by Dir, Stevens has ranked with the best,”

Butler’s Materia Medica New (6th) Edition

A Texr-Book ofF MaTieEria Mepica, THERAPEUTICE, AND PHARMA-
coLoGy., By Geokrce F. BurLer, PH. G., M. D., Professor and Head
of the Department of Therapeutics and Professor of Preventive and
Clinical Medicine, Chicago College of Medicine and Surgery, Medical
Department Valpariso University. Octavo of joz2 pages, illustrated.
Cloth, $4.00 net; Half Morocco, $5.50 net.

For this sixth edition Dr, Butler has entirely remodeled his work, a great
part having been rewritten. All obsolete matter has been E'll]!'l'l]hltﬂd, and
special attention has been given to the toxicologic and therapeutic effects
of the newer compounds.

Medical Record, Mew York

* Mothing has been omitted by the anthor which, in his judgment, would add to the
completeness of the text.”

Sollmann’s Pharmacology New (2d) Edition

A Texr-Book oF Prarmacorocy. By Torarp Sorimaxx, M. D,
Professor of Pharmacology and Materia Medica, Western Reserve Lmv
versity.  Octavo of 1070 pages, illustrated. Cloth, $4.00 net.

The author bases the study of therapeutics on svstematic knowledge of
the nature and properties of drugs, and thus brings out forcibly the intimate
relation between pharmacology and practical medicine.

Slade’s Physical Examination and Diagnostic Anatomy

Pruvsigal ExaviNaTion axp Diagxostic Axatomy., By CHARLES B.
Srapk, M. D., Chief of Clinic in General Medicine, University and
Bellevue Hospital Medical College. Cloth, $1.235 net.

*The fundamental methods and i:.r|||| |i:. es of 'FIIL'.'-H al examination, well ill U“[rlnf*.*:l i1r|‘L|'|. Iy lina
drawings. The book is 1o be strongly recommended, " —Sosfon Medicad and Surgical Jonrnal.

Arny’s Pharmacy
PrincipLEs of PHarmacy. By Hexey V. Arny, PH. G, PH. i
Professor of Chemistry, New York College of Pharmacy. Octavo of
1175 pages, with 246 illustrations. Cloth, $5.00 net.
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Tousey'sMedical Electricity
Rontgen Rays, and Radium

Medical Electricity, Rintgen Rays, and Radium. Dy Sivcpae

Tousev, M. D., Consulting Surgeon to St. Bartholomew’s Hospital,
New York. Octavo of 1219 paces, with 8o1 illustrations, 19 in colors.
Cloth, £7.50 net; Half Moroceo, 36.00 net.

NEW (2d) EDITION, RESET

The revision for this edition was extremely heavy 3 new matter has mcreased the size
of the book l|-}' some 100 pages, About RO new ilitstrations have been added. “The new
matter added mcludes : Diathermy, sinusoidal currents, radi graphy  with intensifving
screens, rinteenotherapy, the Coolidge and similar Rénigen wbes and the author’s method
nfci--_:,-lga_-, and radium therapy are noted, The book has becn enriched by including severa
of Machado's tabular classifications of electric methods, elfects, and uses.

Throughout the entire work evervthing concerning electricity, w-rays, and radium in
medicine, as well as ]JImI--l]L--:':'.E:].', 15 cxplained in detail—nothine is omitted., Tt tells you
how to ""i'-"ii" vour office, and, more than that, how to use vour apparatus, g:b-;p'.-.Liu:ing away
all difficulties. It tells you just how to apply these measures in the treatment of disease,
The chapters on Jenfal radiograpiy are particularly valuable 1o those interested in dental
work,

ﬂbbc;tt’s Medical Electricity for Nurses

Mepicar. Evecrriciry For Nurses. By Georce Kxarr AppotT,
M. D., Dean and Professor of Physiologic Therapy and Practice, College
of Medical Evangelists, Loma Linda, California. 12mo of 13z pages,
illustrated. Cloth, §1.25 net.

This new work gives the nurse the essentials of this subject.  Dr. Abbett’s styvle has
made the difficult simple. The text is illestrated,

Kelly’s American Medical Biography

CYCLOPEDIA oF AMERICAN Mepicar Brocraruy., By Howarp AL
KEeLLy, M. D)., Johns Hopkins Universitv.  Two octavoes, averaging 525
pages each, with portraits.  Per set: Cloth, $10.00 net; Half Morocco,
£13.00 net. '

| i, i‘:l'[[}'. in these two handsome volumes, presentz concize, vet complete, biog
raphies of thoss men and women who have contributed noteworthily 1o the advance-
ment of medicineg in Ameriea. D Kellv's reputation for painstaking care assures

accuracy of statement,  There are about one thousand biographies includ
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« GET THE NEW

e s American liefiad
Illustrated Dictionary

Just Out—New (8th) Edition—1500 New Words

The American Illustrated Medical Dictionary.—By W, A. Ngw-
MAN Dorraxp, M. D, Editor of “The American Pocket Medical Dic-
tionary.” Large octave of 1137 pages, bound in full flexible leather.
Price, $4.50 net ; with thumb index, $5.00 net.

KEY TO CAPITALIZATION AND PRONUNCIATION—ALL THE NEW WORDS

Howard A. Kelly, M.D., Profesior of Gynecologic Suracry, Suhns Hoplins Duiversity,
* Dr. Dorland’s dictionary is admirable. It is so well gotten up and of such convenient

gize. Mo errors have been found in my use of it,”

’ -
Thornton’s Dose-Book. New (4th) Edition
Dose-Book axp Manuaror PrescrirTioN-WEITING, By E. () THorxTON, M.D,,
Assistant Professor of Materia Medica, Jefferson Medical College, Philadelphia. Fost-

oclave, 410 pages, lustrated. Flexible ]L-:|L|:|L-|=I 22,00 nel.

T will be able to make considerable use of that part of its contents relating to the correct
terminology as used in preseription-writing, and it will afford me much pleasure to recom-
mend the book o my clazzes, whoe often il to find this information in their other text
C. H. MILLER, M. D_, f"r._."}'-'-.. TS .:_."'f’!f; rrmacology, Norliestern Unrversily Medi-

hooks."—

& .'."I ) i |'l

Lusk on Nutrition New (2d) Edition

ELeMENTS oF THE ScieNnck of Nutkrrion., By Granam Lusk, Pa. D,, Professor
of Physiology in Cornell University Medical School, Octave of 402 pages. Cloth,
B 3.00 nel,

“ T shall recommend it highly, [t is a comfort to have such a discussion of the ‘.'~l.:l|lj1.'1.'l."
—LEWELLYS F. Barken, M, Ir., fokws Hogirrws Urniversidy.

Camac’s “Epoch-making Contributions”

Eroci-vakise CoNTRIBUTIONS I8 MpemCiNg AND SURGERY, Collected and
arranged by C. N, B, Camac, M. I, of New York City. Octavo of 450 pages, illus-
trated.  Artistically bound, $4.00 net.

“ D, Camae has provided us with a most interesting aggregation of classical essays,
W haope that members of the '|_|1'..f|' wion will show ther .'|||]‘.|rr|.'l.:Llii.~l1 of hiz endeavors,''—

THERATEUTIC GAZETTE.
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The American Pocket Medical Dictionary New (gth) Edition

THE AMeErcAN Pocker MEpical Dicrioxary,  Fdited by W, A, Newsan Dog-
Laxn, M. 1, Editor ** American Hlustrated Medieal Thotionare ™ figa pages. Flewible
leather, with ;::u'lul edges, 51.00 net; with thumb index, 51.25 nel. 7

Pusey and Caldwell on X-Rays B ond Bdilion

THE PRACTICAL APPLICATION oF THE ROXTGEN Ravs 18 THERAPEUTICS AND
Dhacxosis. By WiLLiam AvLvex Poesev, Ao M., M. Ib, Professor of Dermatology in
the University of lllinois ; and Evcexe W, Canwert, B S, Director of the Edwarnd
. Gibhs N-Kav Memonial Laboratory of the University and Bellevue Hospital Medical
College, New York, Octavo of 625 pages, with 200 illustrations.  Cloth, §35.00 net ;
Half Moroceo, $6.50 net. '

Cohen and Eshner’s Diagnosis. Second Revised Edition
EssENTIALS oF Diacxosis, Dy S, Sovis-Couex, M. 1D, Senior Assistant Professor
in Clinical Medicine, Jefferson Medieal College, Phila, 1 oand A, AL Esnxer, M. 1.,
Professor of Clinical Medicine, Philadelphia Polvelime,  Post-octavo, 382 pages; 55
illustrations.  Cloth, 81.00 net. S Saasders' Question-Compend Series,

Morris' Materia Medica and Therapeutics. New (7th) Edition

Essevriats oF Mareria Meptca, THerarives, axn PRESCRIPTION-WRTTING,

By Hexry Morgis, M. [, late Demonstrator of Therapeutics, Jefferson Medical

Colleme, Phila,  Revised by W, AL Basteno, M. I, Tnstreter in Materia Medica and

Pharmacolazy at Columbia University., I2mo, 300 pages. Cloth, 81.00 net, fu Senwdersd
Question-Compend Serics

Williams' Practice of Medicine

Essextians oF e Pracrice oF Mepcise, By W, R, WiLLians, M.,
formerly Instructor in Medicine and Lecturer on Flygiene, Cornell University @ and
Tutor in Therapeutics, Columbia University, M. Y. 12mo of 450 puges, illustrated.
I Saunders Question-Compend Sertes. Double number, $1.75 net.

Todd’s Clinical DiagIIﬁSis The New (3d) Edition

A Maxvarn oF Cuixicarn Diacxosis, By Jaues Casppell Tobn, M D, Professor
of IJLI:;“""'?-.':'- L IV ersity of Colorado.  12mo of 5.'35 pragus, with 164 text-illustrations
and 1o colored pi;l.l.::*:-. Cloth, S-.!-E.U Teesl.

Bridge on Tuberculosis

TURERCULOSIS. Dy NorRMaxN BRIIGE. A, AL, AL I3, Emeritus Professor of Medicine
in Rush Medical L:U;I.I:'HI._'. 1zmo of goz pages, illustrated.  Cloth, §1.50 net.

Oertel on Bright’s Disease Ilustrated

FHE AxATOMIC HIsTOLOGICAL PrOCESSES oF BrRIGUET'S DiseaseE. By Hoksi
OFERTEL M. D, Director of the Russell Sage Insiiute of Pathology, New York, Cetave
of 2a27 pages, with 44 text-cuts i & colored plates.  Clath, 25.00 net

y :

Arnold's Medical Diet Charts

Mentean Ther Cuarts.  Prepared by 110 DL ArNoin, M. T, Dean of Harvard

Graduate Medieal School, Boston,  Single charts, § cents; 50 charts, $2.00 net ; 500
charts, 315,00 net; 1000 cliarts, 530.00 net.

Eggleston’s Prescription Writing

ESSENTIALS OF PRESCRIPTION WEITING, By Cary FccrLestox, M. D Instructos
in Pharmacolooy, Carmell University Medical School,  16mo of 125 pages. 4 lath. $1.00

net
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Jakob and Eshner’s Internal Medicine and Diagnosis

ATLAS AND ErmoMe oF IXxTERNAL MeEDICINE AxD CLINIcAL Diacxosis. By Dg.
CHE. JaRonk, of Erlangen. Edited, with additions, by A, A. Esuxer, M. I+, Pro-
fessor of Clinical "hlnllld.l:l:. Philadelphia I-null:m With 152 colored fhigures on
68 plates, 64 text-illustrations, 239 pages of text. Cloth, $3.00 net, /m Sawnders
Fand- ,-J'!.-..J, Ser

¥ v . . e Second Edition,
Lockwood’s Practice of Medicine. Nortied st Eiilasanit
A MawxvaL oF THE Pracrice oF Memcing, By Geo, Rok Lockwoon, M. D

Attending Physician to the Bellevue Hospital, New York City, Octavo, 847 pages,
with 79 illustrations in the text and 22 full- -page plates.  Cloth, $4.00 net.

Stevens’ Practice of Medicine Just Out—New (10th) Edition

A MaxvaL oF THE PrAcTICE oF MEDICINE. By A. A, STEVENs, A, M., M. D.,
Frofessor of Pathology, Woman's Medical College, Phila. Specially intended for
students preparing for graduation and hospital examinations. Post-octave, 629 pages,
illustrated.  Flexible leather, 52.50 net.

Saunders’ Pocket Formulary New (9th) Edition

SAUNDERS Pocker Mepical FormuLary. By Winniam M. Powerr, M. D.
Containing 1531 formulas from the best-known authoritics, With an Appendix con-
taining I sologic Table, Formulas and Doses for H:.']:uuf]rrmir Medication, Polsons and
their Antidotes, Diameters of the Female Pelvis and ]'LI.II. Head, Obstetrical Table,
Ihet-list, Materials and Dirugs nsed in "umiwg_]ﬂ;ii_, ".lI,I.ILl.T'I- T'reatment of "t'-ph". xia from
Drowning, Surgical Remembrancer, Tables of Inuuu]*llllln.- Eruptive Fevers, elc.,
etc.  In flexible leather, with side index, wallet, and I].‘lt y BI.75 net.

Deaderick on Malaria

PracTicAL STUDY OF MaLanmia. DBy WiLviam H. RDeaperick, M. D., Member
American Society of Tropical Medicine; Fellow London Society of Tropical Medicine
and Hygiene. Octavo of 4oz pages, illustrated. Cloth, $4.30 net; Half Moroceo,
£6.00 net.

Niles on Pellagra

PeELLAGRA, By Grorge M, Nicgs, M. D., Professor of Gastro-enterclogy and
Therapeutics, Atlanta School of Medicine. Octavo of 2353 pages, illustrated. Cloth,
53.00 net,

Hinsdale’s Hydrotherapy

Hyprorunerary, By Guy HMisxspali, M. I, Fellow Royal Society of Medicine
of Great Britain.  Oectavo of 466 pages, illustrated.  Cloth, 53.50 net,

Swan’s Prescription-writing and Formulary
PRESCRIPTION-WERITING AND ForMULARY. Dy Joux M. Swax, M. DD, 1--T:1|r.':r3_1.'
I]i"_-(_‘h;.]‘ {J'.h-n ‘_'-Ci'..ri“?:'-a :-~'u.,11|'.:;',|'i|_||;|:|1 W ;‘;':l|;il1h_ x. ‘h-, Il-'hllll:'r of I'-.“:S EI-:'I:;:I.':E_ ]'-]l:“'-i:lilit.'
leather, 81.285 nel.

Stewart’s Pocket Therapeutics and Dose-book  jourh

Pocker THerarerTics AND Dose-Book. By Morse StewarT, Jr, M. D.  32mo
of 263 pages. Cloth, $1.00 net.















