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PREFACE

Dr ] E \{ Thomson Lincoln, Nebraska, father
of the Instructional Course Program of the Amen
can Academy of Orthopaedic Surgeons, was respon
sibde for the fiost Instructonal Courses, which were

Orthopaedic Soaiety in Chicago m 1943 This pro-
gram consisted of eleven mayor subjects presented
by fifty instructors and was attended by two-thirds
of the phyucans regntered at the mecting The 1m-
mediate success of thm program symulated the
founders to conader publication of the courues In &
bound volume and publicatson of the fint volume
of Tostrucnonal Lectures was assured when over 500
ugnified that they wnhed to purchase a copy when
avatlihle

Sence that time, under the able keadenhip of Dr
J E. M. Thomson, Dr Sam Banls, Dr Walter
Blount, Dr Charles Peast, Dr Beverly Raney
and Dr Wilham Larmon, past chaimen of the
Instrucuonal Course Commmuttee together with the
unselfish devotsan of those who served ont the In-
strucnonzl Course Committee the program has been
comtantly expanded so that at present 1t offen re
{rexher courses on almost every subject of Interest to
orthopaedists. The 1959 Instructional Course Pro-
gram comsted of 124 courses presented by 181 in
structors and was attended by 1700 phyrlcuany—
which was sgain two-thurds of those registered at
the meeting of the Amencan Academy of Ortho-
pacdic Sungeonc

As in the past the subect matter of thi, the
uxteenth volume of Instructional Course Lectures

b gathered from the various mstructors who con-
tributed to the Instructional Course Progm and,
as 10 previous years the swe of the volume has been
restoicted In an effort to keep its pricc wathmn the
reach of all who wish to purchase it. It 1 therefoce
not postible to publsh all of the papers which are
available for publicavon. The Instructional Course
Comuruttee wishes to express ity apprecution to all
of the mstructors for partiapating in the Instruc
tional Course Program. The preparatsen and presen

tatwn of an instrctional course 11 pot an easy tl
and 1 entirely without compenianon. We are e

peaally apprecative of those who have taken the
extra ime and trouble to prepare ther counes for
publication and again we regre: that all could not
be included Those that have been suboutted for pub-
lication but could pot be included 1n this volume are
as follows (1) Colonna, Paul C The Swrgical Care
of the Chroaic Arthrine Hip (2) DeLorme Thomas
L. Part I-Estabbshment of & Rehabilitation Bed
Service 1n a General Hospital Part II—Phymaal
Therapy in the Office Pracuce of Orthopaedwc Sur

geons (3) Gofl Charles W Legg Perthes Ducase

(+) Herndon, Chades H. Prnsnaples of Booe Graft
Surgery Dafferent Methods of Operative Procedure
and Indikcavsons for Each, Chowce of Matemal for
Tramplantaton  (3) Retch Rudolph The Treat

ment of Ununited Fractures of the Neck of the
Femur (6) Thomas, Gearge ] Anestbetic Camph

catons  (7) Starr Domald E. Coaservatne Treat

ment of Cervical Spine Injunes. All eredit for the
succens of the Tnttrucoonal Counse Program and for
the publicanon of thu volume belongs to the -
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structors, for without them pelther would bave been
poasible. In like manner the matenal contalned m
this volume represents the opmom of the authors
and B pot necessarily that of the Instructiomal
Course Committee.

In the 1959 Instructional Course Program there

were sixty mne coures repeated from previous yeans
forty five of these have been pubhshed 1 previous
Instructional Course Volumes and arc Gsted on
pages 7 and 8. In additon there were fifty five
new courses presented, a few of which have found
ther way into ths publication.

OTTO E. AUFRANG, MLD

PAUL R. LIPSCOMR, M.D.

ROBFRT MAZET JL, ALD.

EDWIN R SCHOTTSTAXDT M.D.
FRED (. REYNOLDS M.D., QHAIUMAN
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PART ONE

SYMPOSIUM ON INJURIES TO ATHLETES






OPENING REMARKS

It has true ugmficance that we are having a se
rate sympowum on the subeet of mjuncs to athletes.
Ten years ago this would not have been likely There
has been @ tremendous upsurge of interest m thes
sbject, not only among orthopaedists but alwo
among phyndans in general, and mdeed among the
laty In the past few years there have been an 1n-
creanng number of medical sauon davoted to this
mubpet I had the pmilege of partapatmg 1n a
postgraduate coune on this subject sporsored by the
Lonnemty of Colorada at Demver kess than three
years zgo in which they had expected from thirty
to forty registrants and were amared 10 have almost
three hundred very interested and enthumasue phy
uoars, orthopaedists, coaches, ond trainern. The
following year the attendance was marledh in
creased over that mumber Withm this ngle year
there have been many semsons held throughout the
country 1n which the vanouw members of thus panel
have participated, aloag wath many other physiclans
and other interested authonbes,

Organired athketia have been extended to mohe
a mapor and more mclsne segment of our youth,
In mam areas not only the funior high but abse the
grade ochools parncrpate m competitne  sports.
There 13 no present trend toward less athlenes. On
the conmary the trend 5 toward a more inclusive
program. Indeed, one of the major enticoms kenvded
at athletic programs has been their tendency to in-
clide the few to the neglect of the many It shoukd
be recaled that m ths country the vanous types of
organured athletics many of them compettive ath
betics, must eerve the whale function of phyneal edo-

DON H ODONOGHUE MD
Oklahoma City Oklahoma

cation, whereas In other countrres there are vanous
health clubs, hiking clubs, ski socictres ete. Thn lat
ter type organraton has not been popular m the
United Stater. Our citirens are a Leenly competitive
group and exerense for exercre sale the cabistheme
dnll the requnentation into marching clubs hxs not
been popular here—one reason bemy 1 believe the
fact that these vanows groups have been wed as
springboards for polical activuy 1n other countnes.
Qur youth have an almot paranod dulike of anv
thing which smacls of repmenatbon. The cffort,
therefore, must be not to decrs athletses and demand
lew partapaten but on the centrany to demand
greater parmapanon and then see 1o 1t that the whole
baclground of organized athletws 8 improved.
There can be no demymng that competrtive ath-
letics have a great appeal to the maw of our people
However the major mterest has been directed away
fram those factors which male athletis most mpor
tant. The public s more melned to look at the score
to observe the outstanding player and to foster the
competitne contest, rather than to direet 1ns atten
tion toward those facets of the program which are
best calculated to return the major good to the great
est number Comparatrvely htthe attention has been
paid to exther the conditionmg of the athlete or the
preventon of hs njury An occasional outburst of
indggnation may follow the untmely death of & bud-
dmg prep achool player The sports page cagerhy
Plays up njury to the star Wl enough, the re-
porter moans that the star has been dmabled by hh
opemavon rather than by hs injury  Some per
un!rtpuwncrb)lh‘:wntrrwmdtentﬂggrra
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Iny maganne article on the mmportance of proper
equipment and oa the vahie of phyncal conditon-
g as factors m the prevention of injury In the final
analysh, however the lay public and I fear the ma
Jonity of our medieal profeswon have little knowl-
edge of the actual processes of truning and Atte
knowledge of the actual mechanics of mjury One
may presume that a group such as this audience does
have major interest and Indeed does have informa
ton about both of these subjects. However I am
sure that cach of w has much to leamn from our
colleagucs in the tralning room, in regard to condr-
tioning and equpment.

How about all this emphashs on athletres—particu
Larly competitive athletis? \Why is it mportant for
young men to particlpate In athletics? Certalnly
there arc many quakmy parents who fcel at times
that the solution to_the problem of athleuc njury
1 to abolsh athl Certamly of
sports would be the quickest way to prevent wnjury
to the contestant. Therefore, It 1 up to us to be able
to demonstrate true, tangible values from athletic
competilon in order to jusufy particpation In sn
activity which does carry an element of risk. Are
there true, tangible benefits to be derved fram
athletcas?

1 do not thmk it Is necessary to take up too much
tme with ducsuon of the benefis of athlehan
Certamnly some of them are obwous. No one sen
oualy doubts that the athlete does develop a strooger
more healthy body Most of the myths of catastropluc
tequelae  from  strenuous  athlenc  actwity have
been depelled.  Abo, I think most of us would agree
that competstive athletics do have a salutary effect
upon the character of the participant. This 1 par
tcularly true if the programs are so managed that
overmuch emphass 13 not placed en winmng bat
that more emphass 18 placed on the vital ability of
the athlete to value hn own and respect hus op-
ponents capabifities. The player learns the value of
team partcipaton that he must acnfice memediate
ran to the final end, and that deure is ane of the
most mmportant factors 1n success. Abo therc are
certmnly matenal benefits in our present educatsona)
system whieb have much importance Many a young
man 1 able to go to school becawse of his athletc
ability Who are we to sav that the athletic scholarship
s not as worth while a3 the scholanship for mertt fn
other fields? In most of the better schools of the
country the scholarshup athlete maintains a scholastic
average higher than the a crage of hu school A

good cstmate of the quality of the scholanhip pro-
gmm In 2 goven hstitution can be made from the
proportion of the scholarthip boys who go ahead
to graduntion.

So much for the benefit of athletrcs for the student
m school. What about after graduation? There b
a continually greater tendency for the athlete to
stay in some related field after hn graduation. The
conditioning of our youth depends upon the organ
zed type of athlehc tranmg which he gets In the
clementary and secondary schooh and such organt
natlons as the YMCA and Boy Scoutr. Without the
tramed athlete these programs would be in a sorry
state Indeed, 80 far as bemg able to pronrde capable
leaders 1 concerned. We need these people. Indeed,
we will find that much of the physical education of
our youth 1 in the hands of the former athlete.
Certamly there are real advantages to an athletlc
program, from many standponts.

Why then & thero such bitter oppodnon to
ocgamized competitve athletics as such? Not be
cause of any scholastic interference, not because of
any moral fmplicatons, not because the afterefTects
of traiming tmpalr the physique In later Life but 1t is
because of one pancipal thng namely physcal
Injures.

Do athletes get phywcal Injuries? The anrwer n
“Yes, they do.” Here {1 a very real objection to the
athledc program—m fact, almost the oaly real
objeeion. Our youngaters do get mjured. Cur
youngaters do on occamon get serjomly injured.
They even get fatally Inured. It mmat then be the
duty of the medical professton to accept this chal
lnge and do everything m its power to munimire
the thmgy which mterfere with the gosk of the
athletic program. What can we as orthopasdists do
to prevent Injury to mmumwme temporary disabufity
and to prevent permanent dmabifity?

Vuch indeed hay been sccomplished m the past
few years toward these endr A few years ago the
trainer in the average scholane msntution was a
fegitve from the supply room, having graduated
into the “wrapping and tapmg® club largely by
cemosss. He bad po real knowledge of mjuries and
hs man concern actually was to keep the player
playing willy-mlly We all remember the famoux
men who attumed a great deal of notorsety by certaln
abufities 10 keep the athlete m the game. Too many
tmmes this goal of Immedute playing was a more
vital onc than the final goal of complete recovery
of the patient. During that era the doctor was a
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“necemary oul” The player felt that once he
reached the doctor his days as an athkete were over
In too mamy mstances thiy fecling was yustificd for
two very pertment reasons. Fint since the doctor
was the last resort, he did not see the player at the
ume he could really have done the moat good. Sec
ond and I think of almest equal importance was
the fact that to the doctor the point that the player
was an athlete or was able fo remain one was not of
any immediate concern. All too many times the fimt
recommendanon the doctor made was *Well give
up football” or “Ybu must not play any more baw
Ball” Ths smply tended to confirm the conviction
of the player the coach, and the public that athletes
and phymcians were incompatible

However n our major Imstitutons ths is no
longer trut In the well-run athlenc program of
today the coach, tramer team phymelan and spe
calnt «ff combine in one effectne umt designed
to male the player well equipped and in ideal con
dition. In fact, more emphass it placed and actually
more tume {1 spent on preparing a player to partia
pate and on preventng hi injury than fs spent on
treatment. The thme when the player coach, trainer
and phywcian were all working at cros purposes 1
mapdhy becommg a thmg of the past m our better
mstitrpoes. Athletre mjunet are much less frequent
than 1n the past. Infuries are lexs severe. The perfod
of dmbility 1 shorter The degree of recovery
more complte. ‘fam factors have boed to

abio of fts degree. The optimum time to examine an
athlete for Injury w as soon as possible after he is
hurt There must be To tompromie waith this ate
ment It may be impouible to examine the patient
at thls trme. It may be impossible to make a complete
dizgnows at this time bt af 3t §s posible precsous
time has been saved Frequently the intial exsmina
tion Iv by the coach or by the traner or by the
physician on the fiekd Whoever this is, he must make
a3 areful an evaluation of this player’s conditton as
be 15 capable of making and munt paw thes informa
ton on to exch mcceedimg link in the chan of
therupy The doctor mmst comsclentiowsly and ob-
fecthrely examme the player Does the njury seem
scnous enough that the boy should oot return to the
game or should he be strapped up and allowed to
return? To err 13 human, but the margin of error
can be drastially reduced by comprehemive con
sderatson of the patients injury There 8 no place
here for washful thinking The plyyer 1 esger to
continue and should not be depmed

of thy prvilege. On the other hand, if contmued
competition adds to the hazard of mjury he should
not be permutted to compete, It 1, of course always
better to err on the nde of coservatsm.

Alter the njury mdehmes the player what then®
The prevalent habat of packing the mjured part in
1ce and delaylng canunaton untl a comvenient tane
withm the pext day or 50 1 to be deplored. Your

cause this vast mprovement in the one area where
1t must be conceded that athletia may have a bad
effect.

8o we find that ooce again the orthopacdnt must
become not only the doer but also the teacher He
must prepare hiumself to handle Infurles to athletes
and he must fn turn pas this wformanon on to the
team physician, who 13 in the final analysis a major
component in the management of the athlete, It must
be recogmezed that there 13 one overring dufTy €

fratlon as a phyil should be made at the
earlrest pomible t at derable m-
comvenenice to yourself to the coach, or to the
player It should be obvious that the part thould be
undremed all taping or strapping removed, and a
real ination made. Fi ly the diag
which will be casy if dooe early becomes exceed
ingly difficult later a3 pan incremses apprehemsion
and w3 swelling, cdema, and hemorrhage interfere
with an sceurate evaluation of the njury

m the management of mfurks to athletes the pa
Hent niost get complete recovery from his mjury or
ke 18 no Jonger an athlete True enough, this should
#pply to axy mjury the doctor sees, but nowhere
che 11 5t dramatired quite #0 constantly xs m the
care of the athlete So while we will discuss today
some facets of prevention of anjury the major
emphans will be placed on treatment.

The single outstanding and most important con
wderate in the treatment of athletic njury is early
dﬂrctm,nmmlynfthcmtmcoldmcln;ury but

Once tre. 1 deasded upom, the physcan
should proceed to carty 1t out with confidence. You
a3 the orthopaedist should have enough miegnty to
be able to cooperate with the refernng phynclan aod
“take the monley off hus back,” as 1t nere 10 re-
gard to the severity of the injury Thus & particulardy
Em.ll:’:?alrdm!bedtcmmuwwhcdu}:dnﬂd

to compete, whether 1t be permanently or
temporarily l(lh:m]uryumvcd:blgthl!thctnm
phymcan thould treat, he should bo pernutted to do
%0 1 the meciabint s attention is requared the wpechal-
st hmsclf should not heutate to say 30, The phyrican
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cooperation
between the player the referring phydcan and the

specrahst,

I have found the following concepts of treatment
to be of great value

1 The goal must be 100 per cent recovery While
thn may not always be pomsible m any given cuse,
it must be the goal. The athkete 13 basically in good
condition and can well tolerate any ressansble meas-
ure if 1t serves to increase huis chances for a camplete
recosery

2. Adopt the best method of treatment. Medical
evaluation of the nature and extent of injury must
be the controlhng factor in any decmon coacern
mg treatment. A tempormzing attitude will pot
zccomplish the best resulte If you really believe
that one method i dntinctly better than another you
should recommend this and carry it out. Thus must
be an entirely objecthe dechion. How often do we
hear the statement “Well, perhaps thls knee woukd
be better if operated upon, but T'll part 1t in & cant”
or “We really should bave put the boy on crutches,
but o

3 Avod expediency Outside influence must not
be permutted to outwegh sound medical judgment.
Many presung factors will tend to Influencs the
doctors deasion. All concerned aro extremely un-
willmg to bebeve that the player i really hurt, yet
the boys demre to compete, hi fear of failing his
teammatres, the parents deslre to see their son excel,
and the coachs hope that the player B pot really
hurt must all be wgnored if the proper conclunon »
to be reached. Procrastimaton, vacillation, so-called
comservative athtudes must not preval Tenporary
convemence must be abandoned for the ultrmate

+ The treatment must be prampt. A definrtnie de-

be made at the carliest pomibie mament and then
carried out,

5 Last and pot lemst, the physcun—not the
player mtdtmnch,m(thep-mhudmphy
deian—must gnize the value of comp
leucl.Hemunbchm!ha!todmpuﬂa\hrpaﬂem
1t s vital that be be restered to competiive athletics.
If ho fals In thiy, the patient-doctor relationship
and confidence becomes Jost. The doctor who depre-
cates the players ambution should pot be treaung
hm

Will such a program be accepted? Yes, but not
without some time and effort on the part of the doc
tor He must be able to show conclushvely that the

This may require some cducational effort.
require tme. The doctor homself must be prepared
the

and so 13 better for all. The player will not fear the
doctor who has & sympathetic and undenstanding at
titude. He notes that hn buddy gets well He also
expects to get well and will accept the physicans
recommendation for treatment. He may fear some
speatfic part of the treatment, such a3 the insertion
of a needle mto a joint, but not to the extent of fall-
1ng to return or of refuting the treaument, provaded
be believes that you believe In restonng hrm to his
pocrmal abihty

Now let us proceed to the more interesting and
vital part of this general discurmon, namely the

ag of speafic d1tk with particular
{ to the of athletes.

cmon as to the proper method of t st
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REVENTION OF ATHLETIC INJURIES

t i the fundamental concept of this paper that
maponty of fports injuncs are preventable, As
h 1t 14 the purpose here to outhine those factons
wh have been of proved value in mmuminng
Jetie trauma and to present others whieh surgest
ure fields for imematon. The orthopaedic
gron by the very nature of his calling Jooks
the problem from the vrewpoint of the bko-
charueal salety engineer To analyze the st
n adequately requires know kedee of the individual
man machine the nature of the forces to which
iy subgected the conditsons of play and the luman
nables which may alter the best lad of safety plans
 broad © the «ope of athketk endeaver and 10
ffereny the nts Yor sts par that 1t
»uld be presumptuous to assume that they onuld be
vered here in their enurety Rather a general bass
r evaluation of mjury-producing factors will be pre
nted to aid m the analyus of a given stuanon
iher than 10 corer the problem in ultmate detail.
For those of us some years awxy from vigorous
hlrtses there m a tendency to forget the rugzedness
body contact sports, the wide mnges of joint mo-
o required m their performance, the extent of the
iscular effort imvolved and the safety measures
Xen o avoxd myury by means of protectine equip-
ient  tramung and condittonmng and knowledge of
une skl For mstance 1n obsening runnen one
impressed by the muluphaty of motons n the
mer extrermuty from the time the foot stnles the
round untl take-off At the imtial phase of weight
eaning the foot may stnke the ground either on the
> and ball of the foot flat footed, or on the heel

followed by the toe. The muscles of the leg recene
the Impact of weight bearmg from a postron of 10 to
30 degrees of knee flewon. The quadnceps are fully
actne to recent the body load. The pelvas 1 rotated
forward and amocated lumbar lordoss remans suf
ficrent oaly 1o accommodate the lip extension of the
troiling leg (The degree of lordoms will depend on
length of strrde and 13 greater m sprints and less M
the early and mid portions of a distance race.} As
the leg passes through md stance to mitial take-off
the foot 1 seen to go 1nto domfiexson of 20 to 30 de-
grees, the calf muscles contract synchronoumly with the
quadneeps to effect coordinated extenuon of the lower
extremuity and the gluteus contracts strongly to pull
the Yeg beneath the body and throw the body mio a
phase of ghde 1n which there B no werght bearmg by
either foot. Dunng this phase the foot goes into full
equinus followed by donstflexson above a nght angle
the Lnec gradually goes into {ull fieddon to a point
where the calf rests ngaing the thigh and the hup
pames from full extennon mto fiexaon of 60 degrees or
more  Throughout this entire cycle the exceflent
nunner will mantsm an erect body posture to o
rure the effort of the postural muscles. The shoulders
move backward and forward 1n a manper reciprocal
with the lower extremutres. In obsenvang such a nmner
one 1 constanth impressed by the wide range of
motion required by the jounts, the total muscular
development and the training and condinonme o a
pownt where movements are coordinated and auto-
matic. In football, baskethall, and other sports re-
quiring & lateral movement ope iy once agan
mpressed by the excellent body posture with forward
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rotation of the pehds to permit wide external rotation
of the hip. In prvot™ requirmg external rotation of
the hip the pehvis is rotated forward and the back
Is flat m priot requiring mternal rotaton of the hip
the pehis n rotated baclward with accompanying
muld Jumbar lordows. Throughout sports the pro-
tective mechanigm of the body are evident for ex
ample, there n coordinated ficnon of the hip Imee,
and ankke durmg the jarnng initial phase of werght
beanng and smilanty there 1 sponglike shock
absorbing flexaon of the upper spine under impact
loads exther from the shoulder or head above of from
jarnng fmpact with the ground below It 15 to be
noted that the more erect the domal spine i1, the
more eanly It will recerve such trauma because of the
wider range of flexron pomible before weight falh
heavily on the vertebral bodles and the inten ertebral
discr,

Lowman has pounted out that “a machino with
properly aligned worling members acts efficrently
armd, with care, lasts much Jonger than one which iy
out of lme. In the malaligned machine the wear
and tear on bearnings mcreases the stress and straln
on the working members and prodoces general struc
tural depreciation [in the human machine]
the mawntenance of alignment is eflected by the
balance of all muscles activating or acting on amy
Jomnt and the forces apphed must be equated with
age and structure of all the parts of the humam
machme and adjustments made 1n accordance with
physiclogical  age, loskeletal mtegnry  and
neuromiscular control.”™® Body alignment depends
not ouly upon the integnty of the joints themselves
but abo upon the muscles acting upon the jolnty,

PRE-PARTICIPATION

PHYSICAL EXAMINATION

The first sep In athictic safety 13 to ensure the
physical fitness of the partxapant through a pre
partiopation  phymcal examination. This serves
three dutnct functions (1) It determnes which
athlete is phyncally qualified to partiapate m
given sport and elimnates the unfit (2) It quab-
fies hon @ to the type of sport in which he may
mlely partdapate. (3) Treatment can be mati
tuted to bring him to & phyucal level whxh will
permut participatian m a given sport and/or unprore
performance While admittedly such examinatrans

From Lowman, C L Faalty Posture la Relation o
P rformance ] Health Phyncal Ed & Recreation 291 14
1958

are best carned out on an indn dual bass, practcal
necemity due to Lmitations imposed by time, lack of
qualibed | ] ies, and mdnadual and
parental cooperation has frequently Jed to the practice
of masw exsmmatian. Necesanly thrs b designed a1 a
screening procedure to elumnate the obviowly unfit
and segregate those with q ble defects for
further defimtrve medical studies. It s here that the
orthopaednt enten the pecture.

Physical examination x most mmportant m the pre
ndolescent peniod and becomes progremnely lem im-
portant throughout high school and college yean,
nnce the repeated examinations to which these groups
are subjected ehminate the majonty of the unfit. It n
probably well to state here that the objective of such
exammation 1 pot only to determine which playens
meet all physical qualifications and thus may partia
pate with afety but alio to determine whether an
individua! may play sfely In spite of defimte, recog
nized defects which appear detrmmental on screening
exammation but, on thorough study can be classh
fied as nonharmful Thus an individual with an
old, asymptommatic nocumon of the carpal navicular
bone might perfectly well particapate 1n foothall and
track but hn cond mught be definitely age d
if he were to entet = sport such a1 basletball where
rapid, repetitive motions of the wrst arc required.
Smnilarly a pabent with a munor sheletal defect
mght safely participate m the sport of s choler
after a thorough evaluation. Examinations succes-
mely through the growing years are worth while For
cample, the tall, spindly youth with relaxed lga
ments mught necemarily be clminated from contact
sports at the age of 15 but be perfectly fit for par
tiapation at the age of 18 when hn general maturtty
has progresed apd his musches have been strength-
eoed and hn hgaments tightened through a care-
fully controlied phyncal education program. The
routine  phyoeal for loskelctal
integrity i so sandardired that it doos not peed
repetiion here

On the mitil examination the athicte 1 clambed
into categomes of body build, strength, and physical
matunty This asmes its greatest impoctance in the
pretcen mge participant, whers matchmg of oppo-
nmuuu:nudﬁmjurytogmmgmhml:
avalded For example, 12 year-old children may vary
n physical maturty between the phywolopeal stes
of 9 and 15 Thx does not necomaniy apply to body
size alone but s prmmarily concened with muscido-
skeletal development and eoordmator. In a gnen
age group erther strenuous team sports o excenhe
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competition in the indnidual «pocte may result in
trauma from external sources or from the overload
ing of mucks lgamenty, and epiphyweal growth
centers due to a mugnatching of those at the ma
tunts extremes. Fortunateh there 1 a farly good
correlation hetween somatotype nmecular streneth
pinucal matunty and athlete performance whxch
naturally scxregates the more adsanced phywcal types
into the better teams. The fat stocky pyhnke endo-
morph and the thin efonmated lmear ectomorph will
almost routinely be more tnmature weaker and len
well coordinated than the muscular “athlenc type”
meswomorph of the muscular-balanced mesoendo-
morph. Muscular streagth can usualhy be evaluated

the hraprtal grome because of the strong abduction
exterion and cxternal rotation required. In contact
spotts such an individual 13 mote likely than others to
sustam antenor dislocation of the shoulder when his
arm b foreed 1nto abduction extension, and external
rotation 10 sctivties such as tackhing m foothall for
the contracted pectorals major tmertton then be
comes the fulcrum of the humeral Jever and tends
to pry the antenoc artcular caprule from s glenord
attachments. Faulty trunk posture with forward
head pontion compematory rounded donal Lypho-
v and lumbar lordows and antenor pelvc tilt
shifts the body weight formard to the forefoor. This
predapoes to foot strains due to pronatron and

uatnfactorily by gros testing  althougt

musche strength tests give more reliable informatron
Phyncal matunty cap usually be clanified on ex
ammation. Stnce skeketal bone age parallels physical
matunty roenigenograms of the wmt taken for this
purpose will prove of value in q ble cuses.

dey ¥n add o thes s b
habltual secondary myostatic contracture may re
sult which decreases genenal flexibility In the lower
back the presence of lordous 1 a definite handicap
for 1t © the function of the lewer bacl to provide

The obnious tmport of these tests 1 to ensure match
me of plvers so that the munscutoskeletal structures
will pot be overwhelmed by forces too great to be
withstood Iy uncoordinated and undeseloped muscles
to the extent that the caprular and lizamentous
structures, together with the jonty and rehted
epphyses, mar be mjured

Examinateon for posture and flexitxbity & cuen
ual to athketic phyncal camtnation. The dynamx
posture of the athlete n 1n sharp contrast to the
semmstatic posture of stance and guit. Ths “athletic
pasture” Is a postion of alertnea and readmen 1in the
satonary phase and one of mmoothly flowmg move
ment m runmung Body control 1 present through
out

The extremes of muscular effort and Joint motion
which are required in spors place certain imphca
tions on the interpretation of phynal findings not
ordinanly stremed m those with more sedentary ac
tvites. For instance what might be assumed to be
2 mmple postural defect could be of utmost m
poctance to the athlete both in perfarmance and 1n
susceptibility to mjary A typical example of tha k
wen in the round-shouidered indnadual with well
developed pectoral muscles. Here there frequently
9 a thortening of the pectoral muscles and the m
temal rotaton and antenor capsular structures of the
shoulder sccompanied by an elongation of the pos-
tenor structures and & shortenmg of the antenor
tructures In throwing a shortened pectoral muncle
ha a checkren effect which will olten cause mrmta
tim at the pomt of 111 tendinous imertion lateral to

and lateral motion of the spinc When
placed 1n the extended lordonc posion, the face—
those anatomical doorstops of spinal moton—became
locked and overnding and the amount of pomible
further motton n matenally reduced. Fleaon can-
tractures of the hup occur from the hahtual pelve
tlt and the lower extremites tend to fall 1nto the
poutlon of the flat footed athlete—hips and Lnees
flexed, fermur intermally rotated feet promated—a
poution mm which speed and agility are domnshed
performance reduced, and mjury lkely If the ath-
lete 5 m 2 runnmg sport two \ery defimte pom-
bilities for spinal dmabihtses are present (1) The
constant tug of the contracted lumbar fasca oo the
postenor illum durmg a long forward stnde may
case mtaton and pam  often severe enough to
prevent partcipaton. (2) The long hackward strde
may cause mpingement and overriding of the lumbo-
1acral facets a3 pebire tilt i mcreased and the tol-
erance of the spine b exceeded. As an example, T
recently saw a hugh school bastethall player 17 years
of age B1% mches m height who came to the of
fice complunmg of back pun along the postenor
Miac erest. In spute of b excelient body des elopment
and srong mmcles be had a postural defect con
shting of forward htad poution, moderately rounded
back, moderate lumbar lordom, and forward pehac
tilt. On checling hom for fexibihity 1t was found that
hnnmg*nhgmnngmﬁmﬂtdat-lbdcwm
buaterally bo&bytlghtlnmmrgnandbwﬂght
hnnhaxh.-ax.}-ruptcmlmLxhummodcmte}y
contracted and did not permit full elevation and ex
Lcmdmo(d:m'l‘mdem:gnupn—tmnlhc
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rght posterior 1hac crest near the postenor supenor
ilac spine On forward bendimg be fajled by Gxteen
mches to touch the floor with hn finger ppe. On
questionmg 1t was found that he had no particular
pam m ordinary acthity but that when playng
basketball pan usually came on after about five
nunutes and was severe enough to keep hom from
further participation. (He ran with an extremely
lont stride.) He was placed oo flexibility exeroses
for stretching of the hamstrings, lumbar fasca, and
pectorals, and on general postural exercares to
obliterate the lumbar lordoss, correct the pelvic ult,
and straghten the dorm] spine Paun dumappearcd
within » three weel period and be was agaln ablo
to particrpate without pam and with Increased free-
dom of movement.

The examination of the skeletal system involves
the spinc and extrerities. It should be appreclated
that njury may result from either direct or mdirect
force and that direct blows may be either of the re-
peated, low-eloaty impact type or of the mngle
high veloaty mpact type. To give & rough example
of the latter the oncoming knee (which 11 regarded
a3 the most lethal weapon In football) was tested
by having a typical 185 pound fullback klck a
dynamometer with the kree  Standing he could
Lick with a force of 500 pounds, with one step 625
pounds, and with two steps 725 pounds. Add to thn
the mcrement of forces developed by rapwdly moving
players and a more realistic pacture n developed
The questions which the phyncan must ask bouself
are the following (1) Can an athlete with 2 mal-
ahgned, deformed wealened, or previowly Injured
skeletal condinon withstand the trauma Inhereat
a giien sport? (2) Can he be rehahfitated to a paint
where he can safely return to that spart? (3) If he
cannot return to hrs chosen sport, what alternative
athletic pumsunts should he be permutted to folkmr?

A typical example of indirect injury in the spine
1 cenvial arthntn This 1 occnwanally seen in foot
hall bnemen as the result of sepeated Jow veloaty
impact blows from oppoments. If the afirction n
symptomatic and progressne the player shoukd be
ehmunated from the game not ooly because of the
danger to the necl atself but alwo because the an-
uaipaton of mjur 1 likeh 1o cause “flmching,” with
attendant lom of body control and coordination
which males hum more anceptible to mjury In high
school foothall plavery, there n a question of whether
or aot a hoy with doral epiphyntst may participate
Certainly m the actne wages of the ducase the boy
should be profubited. for he o d. g the In

vohed vertebral epiphyses, not onhy becawse of the
natural harards of contact sport but more especlally
becawse, with his rounded domal kyphoms, he has
lost the mormal protective mechanmm—the shock
absorbing flexaan of the domal spine.

Where font mcoogruity exsts i the extremitles,
it 1 beat to avoud sports which miight subject It to
abnormal stremes. For imstance, an old
slipped upper femoral emphysis with a deformed oval
femoral head would remst rotatory stresses and phace
Increased wear and tear on the artcular surface,
speeding the day when arthritic changes would de-
velop Definutely a patient with such deformity
thould avoid severe rotatary stremes such as are seen
in the body contact sports and in some of the ind:
vidual sportt Freguently gurdance into different
sports or nto the use of an altered technique, 1n the
case of the individual spors will compensate. For
instance a 30-year-old patient came to me complain
mg of pain 1n the hip after playing golf History and
physical examination revealed an old, healed, slipped
upper femoral epiphveds with a typical oval femoral
head. Explaration of the cause of hs difficulty and
comsultation with hm golf imtructor resulted 1n
abandorung hu atternpt at photng actions and de-
veloping a shortened swmg wiuch was chefly Imrted
to shoulder and arm movement. Followmg ths
change he got along very well without further pam
1 the hips for a follow-up peniod of five years. Maoy
umilar examples could be pomted out.

TRAINING CONDITIONING

AND RNOWLEDGE OF GAME SKILLS

Once the athlete enters participabon 1n a sport,
traunng drtl and @ knowledge of game
skalls are ewential for developrnent to a physical peak
which o 1tself wll afford protection aganst infury
Evidence of ths n the marled decrease fn the mmo-
ber of high school foothall injuries which occur when
a threcoweek perlod of practice » undertaken before
the fint contest mstead of the one- or twomeck
peniod. The well-trained player moves automatically
depending upon traming mstinct, and condutlonng
with hrs attention directed toward the comstantly
unfolding pattern of the mee or contest rather than
his poation, posture, balance speed or mode of body
coatact. It has been shown repeatedly that indhudu-
als with supenor traming and conditionung  are
stroneer better coordinated, and lem subect to in-

Conditioning  depends upon  proper mincle de-
L proper bot and hation Mus-
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cle derelopment 13 obtaned by loading the muscies
and prevung actnaty beyond the threshold of fatrque
AMucle hypertrophy follows in the @me way that
progresave resistance exerenes will accomplush it 1n
our phmcal therapy departments, but attention 13
dirccted toward tic body as a whale mther than to
a amgle muscke or muscle group  Smmpte 1epetitve
actions aloac gne endurance but do not provide
muscular strength For thn reason many athletc
programt have utilired progressve remstance exer
crses through weight trmming (Table 1 page 22)
The older concept that thrs type of excerche made
an mdnadual “muscle-bound,” with marked loss
of Beaitshty has proved untrue. While different
sports require dhifferent dommmant sets of muscles,
such programs sre unally geared to general mus
cular development and the mamntenance of gereral
body flexitality As the trumng program proceeds,
the athlete develops a rhythm and automatiaty of
muscular actron which allows hum to accomplish
his actvity reflexly without thinking

In all trunmg programs, exercises which
might prove harmful, such as the “duck wall™
which 15 prone to injurc the knce cartilagey, are
avorded.

Under actual game condinons in contact sports
the player who 1 alert and moving rapudly s Jes
hlely to he mjured than the player who it 1n a sta
tooary  fived ponton (foree = maws x velodty)
The statonary player n usnlly less prepared to meet
the resatance of body contact iy mmuscular rhythm
has frequenth lost 1ty automatraty either through
fatgue Joafing or a lach of mental edge Lnown as
overtrmmung The poorly comched player may be ex
posed to mjury because of poor tralnmng and execu-
ton the ill injured, or phymelly handicapped
player may be further damaged because of lack
of coordmation strength, and agility An mexpen
enced player who does not have & thorough Lnowl
edee of 2 game will frequently be injured because he
suoply does not know the nature of mjury stua
tions and how o mvod them He 1 urawmre of
proper roethods of falling and reconery the aafety in
team cooperation and the likelihood of mfury when
fame ruks deusned for mfety are violated. Even
shiould a player be properly truned and conditooed
obnious musmatching as to weight, age, matunty
and expenience will frequently temlt m mjury be
qudﬂtlutﬂgdlofthcphymondtm[mg
team and the incoordmation winch occurs through

fatigue and lack of denre 1n & team which Is bems
orerwhelmed.

PLAYINC SURTACT

The actual conditon of the playing surface
alo of importance Inuncs will frequently occur on
an iwreqular bumpy playing surface where holes and
lillocks are prosent. Crass surfaces when thickly mat
ted may hang up the ckats on the shoes when the
player iy not adjusted to such surfaces or dors not
have the type of cleats adapted to the field

PROTFCTIVE EQUIPMENT

Athlete protectne equpment 5 deigned to dif
fuse the encrgy mmparted by a blow over a1 wide
an arca as powible so that 1ty concentrated effect
docs not exceed the tolerances of the protected struc
tures. Its use 1 standardred and well outlmed for
each sport. Failure to wse such equipment, or the
misuse of 1t, 15 an open Invitation to mjury em-
plovment of 1ill fitung equipment falls 10 the same
category Exmmples of such protectne equpment are
foothall headgear shoulder pads, hup pads, Lnee
pads, basehall battng helmets shiding pads, etc. In
cach instance this protectne equipment affords pro-
tecion only from direct blows and does not afford
protection from the mdirect mfuny

ATHLETIC TAPING

The questron of athletic taping ay an axd m pre
venting etther a primany Injury or the aggravaton
of an old injury comtantly anscs (Table 2, page 23)
There n no question of the protective value of ankle
strapping mn sports where maxumum rotatory strewses
are unparted to the anlle and especilly when =
poor playing surface 1 provided The madence of
ankle spram n generally conceded to be approa
mately ten times as great amoog plyyers who have
not wsed protechve ankle strapping as for those who
have The staternent 1 sometimes made m football
that the teght binding of the anlle throws addrtonal
stress on the knee subjectng it to myury Thn
hardly conustent with the fact that no increased
madence of knee mury 13 found 1n other sports,
ruch a1 basketball, when the anlle s taped The ef
fe of adh Lnee strapping 1o 1

injunes of the knee k queshonable, Whep ons con
udens the long lever of the leg below and the thigh
above umparting force 10 the damaged gaments, 1t
i scarcely concowable that adhenve tape hived to
Lhcnu:umllbeofmlulmmmtmgm’dung
but minor lgamentous trauma its use should be
brmrted to convalescent treatment of knee wjunes
and 1t should not be regarded as a protectve mech-
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Table I Weght Tramag Routtns for All Around Development for Athletes®

WermUp (Withent Weights)

1 Full, low Rarfooted sqeats with armw rwinglng forward. 3 Stnde stand, hands on hips. Circumdwct trunk frut to
Whea at bottom of squat parltion, bounce two or thres the nght and then to the keft,

tloes. Do these three exercles cight or ten thoes es b, and
« Bquat and bend. Fint squat down from a Manding poc- then.

tion to posltion of full squat on tocs, rtern to posbon 4 Statlomary run, with kneny coming high & hips,  tll
of attention then bend forward with arms siretchmg thoroughly warmed up.

R qule Ex e Rexti o

Fl BB |wW|[S|R|H|H|B|Ss|P]C|T]|C
w! | w]|d klolel|e]s

ol s s]eli]n glofe]lt|t]x]|m
t k| e s m|n| d]|& t el flm]|n
1} 13 |- i o i | a
cle| Lol w]| e/ g\ s s
el ool ol f D ¢
1 1| =]z | ™ i i
! ’ pym o ¢

i LA '

7 S Bar bell resting oa shouolders, behind neck,
Ex. Execure full squats, flat-footed (Many
people find this dificult to do and need to hive
somethlng roytng under the beels ) Freqoently
a tr-pound bar bell will be pufficfent. XXX )X [ X [XxX) X300 XX ] XX | XX ‘(___
Talen from material copynighted by D C. FL. McCloy Research Profemor Emeritws, The Stat Unheulty of Iowa,

Towa Clty Iowa
tExercisc may be omutted 1f taking only a partial workout.

15 = Starting position
JEx = Ewrome
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8P Bar bell resting on shouldens behind neck,
oc held In hands | fromt of thighe Ey Risc om
toes (It may help to have a plate on the floor
wnder the toes, thus giving a greaser dbtance
over which to rise )

SP Stndwy with dumbbelly In hands beskde
thigt. Ex Raise dumbbells sideward 1o a pos-
bon about 45 degrees above the shoakders. If
diferent weights of dumbbells are available do
three scts of exerches, locruneg the welght
each tooe

SP Sunding with dumbbelts beside thighe. Ex.
Raiee dumbbells forward ® a posttion of about
45 degrees abotr el of shoulders. Do three
sctx of these

§P Truak bent forward ondl it b peralled o
dwmbbell

SP Lylng on bench faco wp, amme at right
anglet o the trunk, above the thoulders. Ex
Swimy dumbbell from that podtion to a pak
ton out at the side and as far down toward the
floor a3 posible, Do two sets of this exercise.

S Udng o ery heavy bar bell, have some-

shoulders. Ex Keeping amom stralght, pmh the
bar bell cpward as far o1 posible

SP Performer showld, if pomible, be lring on
& slantlag abdomiml board with fect upward
If po baard b avaflable do sme exerche on the

SP Lying oa floor po weights kmvohed Ex
Do sbdominal curh Here with bands on
front of thighs (face p) with bower back |
contact with the floor curl® trunk forward,
puhing hands down the thigta, atiempting o
toach the knees or even go below

I%
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Table I (Contd)
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€ "Walking squan” P Performer standing with
bar bell behind peck. Ex. Performer takes a step
abogt 2 foot or & foot and s quaster in kmgth
forward with one foot and then squsts down
o the rear heel Upon rang, be strida for
ward with th opposite foot and repeats and
conunwes thu movement.

S.P Stnding, bar bell held in front of thigh,
Es. Bend forward with knees almost stralghe
unan)] bar bell rests on Boor Return 1o posithon.

Do ear of the following two exercises () With
dumbbell In hands fump one foot forward and
tho other foot backward (*sphits ) In the for
ward Jog the knre it bent at keast so 2 rught
angle back leg b sraight Jump o revere
pondon without coming to an erect podtian. Do
th contavowly uotl wmded. (b) Wich bar
bell oo floor knees bent, performer bent over
wutch  bar bell opward to arm s length over
bead, with ooe Jeg gomy forward and the other
backward a1 in Excrelee 182, immcdmrely
abore

S P Using bar bell sbout , to ¥ the weight
of that wied In Exercise 17 with bar bell be-
hind hesd, Ineer struight. Zr. Bend forward
and downward with beck strmight, and “bob
downward or “bounce thres timen,

20. $27 Feet m ntride stand trumk bent forward to

b
th

12

right angle (back straight) dambbells in hands
strught down temard floor from shoulders. Ex.
Raonte trunk to keft and bounce three timer
Same 1o oppante side

wou boots with werghts are available, perform
follow g twd cxrcises

1 Scated. bower kg hangg down from koee o
tend lower beg fully

122 Standmq w th oppout foot oo & box or  plat

form, Jog with boot hangieg down, Bex lower

Yoo backward s far 15 powible

|
|
|
1
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Table I (Contd)
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s
73 With Lpht bar bell or dumbbelfs fn hands,
swing foreard ©d dowmeard from postion
wih bels orerbead exhaling, then forward
and upward to position orerbesd inhaling Ex
Bake wod iohale €Uy Thi exerche b bed
marfly for increadlng the strength of the m-
It of respiration. v x| xlx!Ixix|x|x|x|[x|x|x[X
Suggestions

1 With al cxcept Exerciees 16, 18, and 23 the performer should we & welght heary enough so that b can 1ift it ooly
about eight times.

?_ludcringE.lrrdqulhxmuﬁIZMLBdDmbbeﬂgUddnamalhlnmamtbcﬂntmmwnbadooemihhmkr
weights that can be Lifted (at the beginning) only clght times In the third sct as many exertrops xx possible
1hould be made The performer might by that tuve be so fatigued s not to be able to do the fully prescribed mmm-
ber

1. It ia { cquently aduushle on all of the lifts that are not fast Lfta to bold the return of the Last Lft, halfway through
its raoge, for  full aix scconds  The performer can ettimat  shx seconds by counung “ome sccond, two seconds,
ux seconds  This f; increases the ing effect of the exercre.
4. Where the term “bownce {s omed, the Indrvidual swings to th end of the movemnent and then endemiom three tumes to
mone the bell {orther {n thay direction.

5nm:mwum:mmmmldmmm-umzmhhbm (r_\cu'.hu;iottu)

H abould, in geseral, inhale on upward movements asd exbale on and ex
balation should be rather marked, though not necemardly to th fuﬂhmhnllnh;hnmmde:xbah:hnaﬂqﬂon
th lat exxcche.

6. The full workout should not be done more often than three times per week,

Tabls 7 Summary of Athletic Taping Methods

Cont eindlon- Poaties |
Regre Indicatrons tons Pri apls St pping Ereluation
Upper Ext emty
Shoulder pount 1 Contumon 1 Fracture I Lift to draw upper arm  Abduoction 60 de- Effective f mi
nto thoulder joint rees nor jnjuries
2 Sprain 2 Dnlocaion 2. Axllury pad io prevent  Forward flexion
3 Rotator cuff dropping of underaspect 45 degrees
tnpary of shoulder
Acromoctavicular  Speain 1 Dhlocation | To mafatain jolnt in  Joint hald so that Effecthe for par
Jount 2 Fracturm normal potion by: ruperior folnt thal oot
{ ) Downward pull oa bgzments aro tion of minor
chvicle relaxed rtrains

() Upward Eft on arm
2 To splint 1houkder
(Co weed ow mext pugs)
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Table 2 (Cont’d)
Contrecndice- Porition of
R pen Indications thens Principle L St ppag E aluation
Elbow Hyperextension 1 Fracture To prevent hyperextensbon 60 degrees of Effecth im pro-
2. Dalocation by Bexion, elbow venth Lt 30
straim (a) A plece of ape an- full supination  degrees of ex
chored at wrnt and wpper tendon
arm, spanning flexed e
bow and acting s check
rein 1o exteralon
(b) Crwclato strips crom-
Ing Just medial to blceps
tendon asd snchored to
formarm and upper arm
Vet Genernl smupport Severe spraln or  Clrcular tape binding of ~ Neutral poddtion  Ineffoctrves palll
(ineffecthve fractare it of functuom ative value only
for sprain)
Fingers and 1 Strain of Sewor | Fracture To prevent extermion of  Fingers slightly  Effective In pre-
band oruecles 2. Dulocation wrist and fingers, by an- Bexed ventlog exten-
2. Anterkr spaain, terhor tape from finger Wrist flexed 40 son beyond 20
wriet tips o wpper formarm degreas degress of pal-
mar fledon can
be worm only 2
few bours
Thumb Sprain, base of 1 Fracture Te prevent abdwction of “eutral rest pau- Protcen agalant
hand 2 Dhiocatlon thamsb; thon extrenres of ab-
(a) Figure-of-8 strapping duction and ex
of thumb with crcalar tenslon of thumb
wrint anchar
{b) Strapping themb to
Iodex finger
{¢) Gauztex or ankle-
wrap thumb sphea
Lewer Extr mity
Toe 1 Sprain, mets- 1 Fracture To restrict moton at hese Neutral 130 de  Partial, tempoeary
tanophalangeal Dhocation of tos by appbcaation of  gree position Emmobiloa oa
H!nﬂ:nndary three basie adhewve roips for minor
to foread dond- extending from end of toc traune.
femxcm (toc-up to mid-ongitudinal arch
position)
2 Contwalon
Loogitedinal Arch stramn (most  “Nooo To restors helght of arch  Foot fn plantar  Satiedactory for
arch commanty found by pullmg bell of foot to fexed position thort trem use
1 players whk beel and by use of arch  (dropped down)
bigh arches pacs and arch at
follows renning maximum heftht
on hard sarfaces
nd changiog of
thocs)
Ankle 1 Preventon of 1 Fracture 1 Tolock beel in everted | Foot t or Effecthe when
spran + Drlocatin or valgus posttion sbove 90 degrre  properly apphed
2 Provention of !&vm;{.\ﬂh- 2. To draw forefoot into position
resprala everted and slightly pro- 2. E ensloa of
3 Treament of oated position forefoot 1o posk
muld acute and thon of relief for
com alosceat patlent

ki spraim
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Co t af dice- FPorition |
R po 1 dicatie s [T Pn ciple 51 ppi g Ei | sto

Call muscles and MW &trs  (usu- | Complet or  To bold foot In pla aar Athbete I prone  Effective for short

Achilles tendon  ally at mmculo-  partlal rupture flexed podtion by meam position with penods fa mdkd
tendinous Junc of tendo achils  oft foot in plantar carer
bom) 2 Severe strain () Tape extending down frxed potitron

with marked back of Jex to batl of foot

™ limg (b} A heel pad of vinyl
plastlc or sponge rubber
(€) A reinforclng ankle
taplng

Shi 1 Stram of &= Splinty to place extensor Modemate plantar  Effective in some
termor muscles muscks at rot by rerke Bexion (drop mild cases
of Jower leg at tion of doniflexion byt foot position)}
their point of (1) Rentricting wpward
bory and soft mosvement of foot, end
timue  ttach- {b) Renricting
ment of leg durmg muxcle con-

2 Trearmem: of rctbon
mild to moder
te cases

Calf M to moderate Severe contumon  Sponge rubber comprembon Relaxed drop Affords (ar com-

contoskons with ywrlliog over injured area fixed by foot position presion on am-
tape beavimg 1” open area bukitory bass
In front of leg and ex
tendmg from ankie 10 3
above Injured arca

Koer 1 Mid or coa- Moderate or 5¢  Utility strappumyg of koce to Kocw in 30 de- Lonited effectie
akwent knce  vere spralns m tain boay aligament  gree flexon new docs mof
speums with with partial or by use of crucate adhesive afford safhcent
good range complete B uripy over medial and lat protecton to
of moton and mentous tears eral sdey of knee, extend- permrt
strang quadr- lag from mid-leg o mid- paton, o mod-
crpe mscles thigh with tenmon on dde erate to severe

of injured hgament sprum
2 Mid anterior  Severe kneo Felt relnforcement strup- Kace In 30 de- Limited effcetmes
craclare Ega- prain ping A pleccof felt b gree flexdon nem docs met
ment spraing placed on back of knce to afford safficlent
afford o splntmyg effect protection to
and Emt flexdon tho s permit pacuch
fxed with tape above and pation, in mod-
below Ince ente w0 severe
Sprams

Thigh 1 Coatsdon Scvere contusion  Crim-cromsed tape cocirchiog Full extension of  Aflords moderate
L"G::ﬂty anterior two-thirds of koee with thizh  compresson for
hore™ (thigh thigh » compresion ped relaxed ambulatory cases
contoson with may be ndded
bematoma)

Hamwtring Mid 1o moder  Severe sl Restriction of extrrion of 43 degree fiedon  Rewricts extenmon
te s o knee by postenoe (back) of knew 1130
pasm adbemn strips extending o 160 degreas

froea Just below fold of applied for a
buttocks to radd-call few hours only

Adducur mecle

{grolm)

Straim of adductor

Compresmon dresmg of 20 degree abdnc

sl t thelr {1, Gxed
Insertion s by adbeslve thon of tup

plus an lastle bandage stand,
ica sboxt tigh sod ton TP
pehm
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ansm. Injury to the Loee probably desenes speenal
menuon, since it 8 the most vulnerable target for
mjury because of 1ts exposed posibon and the fact
that 1ts movements are hargehy sestricted 1o fleaon
and extention with a relatnely small amount of ro-
tation and ltte medual or lateral gree. Of the con-
tact mpunes of the knee m foothall 63 per aent oc
cur from the nde 28 per cent from the front, and
onh 9 per ceot from the rear To sntam mch a
Lgamentous mpury the foot mmt be fived to the
ground so that the force of the blow levers the jomt
apart with the outer bony rim actmg ay a fulenum
Tt n obvious that avosdance of such mjury Is de
pendent upon proper coachmg so that the athlete has
complete body control at all umex and comstantly
Leeps hu feet moving to avend anything more than
momentary contact with the ground. Noocomtact
trauma usually resuls from twstng 1nqunes when
the plyyer suddenly changes direction (cuttmg 1
foothall) and overstrams the hnee crther because of
lon of body control or becawse of poor footing on
the playing surface.

In summary the preventon of athletic mpunes
18 dependent upon (1) the pre parbapanon phyucal
ecammaueon which males it posble to dmquahfy
the unft and rehabilitate the athlete with correctinte
musculoskeletal defects  (2) the casficaon of
players accordmg to age weght, mlturlty and

tectnve equipment and the provinoa of good playing
condrtrons.  Medical decrrons which affect the ath-
Ietes future welfare should not be swayed by the
eagernem of the player the dewres of the coach, or
the clamor of public enthusasm.
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INJURIES TO THE KNEE

The acute traumatic Loce 15 2 diagnostic problem
that demands eveny facthty of chmcal and labora
tory methods for exact and unmeduate duagnoms.
It 11 not tenable to easually fmspect o trmumatized
loce myggest rest and local heat and request re
eammaton in a week or so 1f the knee “giill both-

As 1n all duxgnostic problemy, a careful hstory of
past injunes or dmabality must be chated. Prioe hga
mentoes manabilies, recurrent lockmg eprsodes et
cctera must be accurately ascertamed to determuna
correetly the extent of the current injury An ac
cuntte Lnowledge of the meclanum of the mjury
axds one 1n determuning the extent of force ewrted
toward the knee in a speafic manner Posniible 1n

BRUCE ] BREWER, M D
Milvaukee Wisconsin

Lnes can be carefully and gently carned out without
cauung the patent great dscomfort. It & wually too
painful to flex the knee cnough to determune crua
ate mbﬂity when An KnJury Is extermve Roent

datory in the antero-
postertor and lateral p-m;ecnms. If suplacus areas
are voualired oblique projections, open joint tech-
niques, and even hmunographs are rometimes neces-
sary to accumteh determine pathology

ACUTE INJURY TO SOFT TISSUE
The following outhne hsts the multtudinous m
furres to sofe tssue, which will be discused.

1 Effoson
2 Herarthrom
3 P Ilar effusdon apd/or hemorrhage

Juny wtes can be d i pnoc to
A foree exerted agaimt a Anee may produce a multf
tudmous vanety of injunes, depending upon direct
violence (0 ather a atatonary oc a moving knee
extreme indireet everage forces eaerted, if the foot
and, or hup are fixed extreme forces of torson or a
combination of these many mechanwms. Fractures
oceur with severe dynamic forces, but wsually not in
combmation with lyyamentous mjury

Phyneal exammation mut include inspection of
both enure legs rmmediately following the mjury
Lalens a fracture deformuty 14 praent there may be
very Uttle deformuty about the Lnee in srte of
rather extennive Lignmentous damage. The exact ex
tent of local tenderness about the Lnee and the pres-
ence or abwnce, of an effunon or hamarthrons can
be detected without movmg the extremity Deter
munation of the rangs of motron and the stabthty of 2

4 Ligamentoos ljpury (collateral or cruciat lixaments)
(a) Strain
(b) Incomplets rupture
{¢) Complete rupture
{d) A uldon of attachment
3 Menacal injury
It b umportant to realze that an effusion or a
bemarthrodds s usually not an entity of itself but
B a murr reflectng damage to the jont. A trau-
matlc effunon apd/or hemarthross  sccompany
g a muld Hgamentous mjury but without se
vere hgamentous wjury or fracture necemmtates
reat and, imually cold appbeatrons followed by
local heat after twenty four hours. Aspiration of
the joint may be necessary if the effusion u tense and
panful. A temporany period of several days of 1m
mobllzation should wiffice as the tiswe truuma 1
mild A constant effort must be made to mantaln
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mincle tone dunng this enure perod. The we of
a local anesthetic such a3 procaine with or without
the sdjunct we of hydrocortone n reserved for a
Jocalired area of rendual tendimits many days after

any defimine therapy Extreme tendernem along
the coune of the collateral lgaments indicates the
magnitude of Injury and at trmes an actual rent 1
dwemgmunlxpa]pnt:ﬂn!mmlmdmhpom‘bk

the jury If thy p dure 3 used jud ly con-
valescence s greatly enhanced. The procedure 1 to
be condemned of 1ts use 13 m beu of the nell-accepted
surgical prmaples of rest and mmobilzanon dunng
the acute trmumatec pernod A similar regime of
treatment 1 adequate for cffusion and/or hemor
rhase 1n the prepateliar bursa.

Any force everted agalnst a knee that exceeds both

g the njury Examination un
d.crmeth:n.mayhe-mryprmtdurcmde
termme abwlutely the stabifity of the injured knee.
Muxhe spasm and pam can prevent pathological
excurion of the knee cven m thowe coses wrth com-
plete d fon of the | Ths b espeaall
true for eammadon of crucate stihility It s ac
ceptable and justfiable to examine a knee under

the actne stabilinmg element, the it

the pamne suabihnng clament, the hgament, will
stram Incompletely rupture or avulse the h

of ooe or more of the major bgaments. Fig 1 dra
mavcally illustrates a mechanmon of severe figa
mentous mjury which resulted 1n a complete lacera
uan of the superficial tilal collateral bgament, avul
won of the femoral attachment of the deep tibual
collateral hgament, and avulnon of the tibual at
tachment of the antenor cruaste lgament. Injury
to the crucate Lgaments 1 relatnely uncommon in
companson to injury of the collateral lgaments. Dh
nmouso(t.h: extent of njury to the collateral or

e, and h and If bility o present, proceed with
an immednte surgal repar

Mod ly severe L injury and/or in

plete rupture d ds ad sedatrve care as

outlined previownly Tbcmcn:curmned:mgtof
the ligaments demands a more prolonged peniod of
Irmmobiliration and aast fraton 1 advied Anod
ated with the more prolonged Immobdiration, the
need for greater attention to mamtenance and re
habilitatron of muscie tooc i obviour

Complete rupture of the collatera] gaments and/
or crucste lyaments demands mmedmte surgieal
repalr Tt Is well accepted that i one of the major

cruaate 1 datory before i

1 torn the ends are dmarocated and they
do not heal in accunate sppoanon unkew they are

1t :

double
play Mechamem of ) R resulunc i tear of tibul edd
lateral Leament and muluoo o tenor  recate Urament
Wide World Photos Inc from Mibe ukes Senund Awr
4 1938

Fig. | Photosraph of base runer spoili g

y rep d by surgleal manrpulason and
suture.

An anteropostenor roentgenogam (Fig 2) typé-
cally demonstrates the abnormal mohility of the Lnee
durlng examination under anesthens m a patient
with a complete rupture of both the tiblal collateral
and the antenor cruchte hgaments. Not only does &
gap between the lacerated ends functronally Jengthen
the ligament and dmunish 1t stabilinng effect, but
aho the interpoung scar tisue iy of much ks tenube
strength than accurately sutured opposing ends. In
many caws ooc end of the igament hay been dn-
placed into the jamt, m a complete kos of contact
with the other fragment and complete Jow of sta
bility Cructate ligaments are seen to fall flaccdly
oato the tibal plateau in total dnassodanon.

An anteropostenior roentgenogram (Fig 3) dem-
omtsates the abnormal mobllity of the Loce dunng
examination under anesthesia fn a patent with com
plete rupture of the lateral or fibular collatersl figa
ment and an avulion of the bwrps fanoris tendon
attachment. Avuloon of the attachment of a major
rament produces an immedhte, complete Jous of
functional stability of that lwament. The dymamx
force producmeg the svubion dnplaces the avubed
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Fig. 2.
tabllity of knee under ancithesla, with nnnplﬂe tear nl
iual collateral and anterior crucute lixaments,

I |
‘
3. Anteroposterior rentes nogram demonstratlng 1o-

Fig.
‘“m*vnl:; nder ancrtheua with complet tear of

lgament od luon of the attachment
4 the bloeps femons mesc]

1

endy at some distance from the attachment and this
must be actively surgically reposiioned and fixed a3
there 8 no force intrinsic within the ligament to re
store its normal attachment

Ernplmuq on thes pnncipks can be made di-
ag ly by | O Donoghue s “un-
happy tnad™ (Fig 4) Adcqu](c surgical repair n
effected by removal of the torn medial menmaus
(Fig 5) pluy sumcal repaur of the lacerated an
terror cruclate and tikial collateral leaments. The
dagnosh must be made Adequate surgical repair
follows well-founded surgical pnnaples.

The diagnows of mjury to the menna can be
cxceedingly difficult dunng the acute traumatc
phase because of a genenalired response of the entire
Jont to mjury The diagnows at any tume can be diffi
cult hecause of the mulupliaty of pathological en
tities that can occur Speed and hneght have class
fied meniscal tears as follows

| Rupture or tear () hongitudinal or clanical
bucket-hand] (b} trannerse (c)

2. Tear of the attachmentt (a) postenor
horn, (b) middle attachment, {¢) anterior homn

3 Combincd tears of the peripbery and of the body
of the memusco
4 Lahaped or pedunculsted tean of the semilunar
canilage

3 Frayed or shredded conca e edee®

A history of rotation injury that eccurs when force
s exerted agminst 2 Lnee while the foot 1 locked
nto the ground with long cheats » most typscal The
rotation forces bring one or the other menucus be
neath s corresposuling fermoral condyle and when
extenslon of the knee occurs, the menmcus 1 impalked
and tomn. The greater madence of mjury to the
medial meniscus o related to the adh of rotaton
about the medial femorml condyle and the more fre
quent ahduction forees appled latenally by bodv
contact. Clinkaally one recognlres an eardy effunion
and/or hemarthrous because the mault 1 intm
articular 1n nature Localired tendernem n present
at the vte of injury along the tibal plateau. Motion
of the Jolnt may not be especially painful not thore
than might be expected wath the degree of jont dis-
tentlon, The cardinal sgn of “rubbery remytance” to
complete extension may or may not be present, de
pending on whether diplacement of the torn frag
ment exnts at the dme of examination

From Speed, ] 5  od Rnight, R A Campbell’s
Operath Orthopacd 3 od. 3 The C. | Mosby Co p.
119
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Fir. 4. ODonoghuey “unbappy trisd.® (From O'Doo-
oghue, D H. ] Bons & Joint Surg. 32-A1 721 1950 )

It is mandatory to treat these Lnees expectantly at
fist, as related above, for the obviom nsult to the
Jount and, as the generalaed traumatc reactton mub-
sides, the locallnng ngm will become more apparent.
A firm dignoms of a “locked  Lnec jount secondary to
a tord meniais B an Indkeavon for arthrotomy and
removal of the meniscus. The poor healing power
of the menrscus folkew ing laceration docs not warrant
the artcular tmeue trauma of attempts to forcefully
reduce the tom menbos. If the jaint “unlocks™
spontancously dunng the sedative therapy program,
adventage should be taken of this good fortune and
st mmobilization used with the hope for sufficent
bealing to avord arthrotomy

ACUTE INJURY TO BONE
The following outline [ists acute mjuncs to bone
sten In trauma about the knee

2 Intrearbculs fractares
{ ) Tibul plateau
tb) Tibta! rplne
te) Patefla
td) Flake fractare of articubar surfaces
The acute damage to bome 10 injunes about the
Lncc abo presents a dagnodic problem. Exira
artscular fractures present deformuty about the knee,
with the immediate total duabehty abnormal mo-
hility ervpitus et cetera, with which we are familiar

of mrgical repair of “unhappy trad
(From ODoooghoe D H. | Booe & Joiot Sury. 32-At
721 1950.)
There b wually sufficlent grom dsplicement

of the
fracture fragments to confirm the diagnoss by the
usual anteroposterior and lateral roentgenograms.
Interestingly the varled forces exerted against a
knee can be dlustrated by a varlety of dnplacements
of the epiphyses. A fracture of tho dmtal femoral
epiphyshs (Fig 6) was secondary to a severe force,
probably exerted to the lateral aspect of the Lnee, as
m & “hlocking mantuver ™ A complete chsplace-
ment of the distal femoral epiphym (Fig 7) was
probably the result of a dymamic foree in lyper
extenuon. An acute, severe flooon attitude of the
knee probably cawsed the antenor displacement of
the proamal tibal epephyms (Fig 8)
Intra-articular fractures about the knee include the
utua| fractures of the patella and of the tiwal pla
teau Agan, these fractures are umnlly confimned
by the apteroposterior and lateral roentgenograms
icluded 12 2 d ic work up The multpl of
forces about the knee abo produce a vanety of un-
usual mtra-articular fractures that are many tmes
exceedingty difficult as dugmnostic problems. Tntra
artrcular fmctures about the knee provole an m
mediate hemarthrot,. Thrs may be the key to the
diagnoss of a snercly dmbhng knee mjury which
cunory exammauon indicates to be bers severe than
the extent of dmability implres Theo knces deamnd
extenme roentgenolomeal survey with vaned tech-
niques and poubons untll a diagnoss s made
Osteochondral or flake fractures of the artscular
surfaces of the koee jount are the result of forceful
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Fiz. 6 Aarcropmtenor od Literal rornteenocrams of Fig 7 A nd lateral of
ezl femorad eprphveeal fracture the rowdt of  football dotal femoral epiphyseal [racture the result of hyperex
Block termon mjury in football (From Blount W P.. Fractures

n Chuldren. Batumore 1934 Willlars & Wilkies Co)

-—

Fie & A and lateral of Fig 9. Anteroposterior toentgenogram of osteochondral
Prewimal nbat cpiphysenl fmctur  the rawdt of severe flex fracture lateral frmoral srtcular murface (From Brewer
wm injury 8 ] 5 Clin “orth America 38 1137 1958)
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Fig. 4. ODoooghues “unhappy tmed” (From O'Doo-
oghur D H. ] Booe & Jowt Surg. 32-A: 721 1950.)

It n mandatory to treat these knees expectantly at
fint as related above, for the obvious Insult to the
jount and as the generalred trmumatic reaction sub-
udes, the localimng ugns will become more apparent.
A firm dugnoss of 2 locked” knce joint secondary to
a tom menuscus B an indicatlon for arthrotomy and
remonal of the mensan. The poor healmg power
of the menncus following laceraton does not warrant
the articular thoue trauma of attempts to forcefully
reduce the torn menmcus. If the jomt “unlocks™
spontancoushy dunng the sedatve therapy program,
advantage should be talen of thi good fortune and
cast immobilimtion used with the bope for sufficent
heafing to aveud arthrotomy

ACUTE INJURY TO BONE
The following outline hsts acute Inpunes to boae
scen In trauma about the knee

1 Extra-artcular fractures
(a) Supracondylar fracture

(a) T bal plateaw

(b) T beal spine

() Pateln

(d) Flake fracture of rticular surfaces

The acute damage to bone 1n mjuncs about the

lnec abo presents a duagnostic problem Ewtra
arncular fracturts present deformrty about the knee,
wath the d total disahul : 1 mo-
bility creputus et cetera, with which we are familmr

721 1950.)

There 15 usually suficent grom duplcement of the
fracture fragments to coofirm the dugnods by the
usual anteropostenoc and lateral roentgenograms.
Interestingly the vaned forces exerted against a
Inee can be lustrated by & vanety of duplacements
of the eprphyser. A fracture of the dhml femoral
epiphyms (Fig 6) was sccondary to a severe force
probably exerted to the lateral aspect of the knee, as
m = “blocking maneuver” A complete duplace
ment of the disal femoaal cpuphym (Fig 7) was
probably the result of a dymamic force m hyper
exterdon  An aaue, severe flewdon attitude of the
Ince probably caused the antenar duplacement of
the proamal tieal epiphyxts (Fig 8)
Intra-articular fractures about the knee mehude the
urual fractures of the patella and of the tibal pla
teauw. Again these fractures aro usually confirmed
by the amteroposterior and lateral roentgenograms
included 1n & diagnostsc work-up The mulnplelty of
forces about the knee abo produce a variety of un-
unua! intra arbeular fractures that are many tumes
exceedingly difficult as dugnostic problems. Intra
artrcular fractures about the knee provole an m
mediate bemarthrows Tha may be the key to the
diagnoas of a severely dmabling knee fnjury which
cursory examination indicates to be lem severe than
the extent of dmabdity implies. These knees demand
extensive roentgenologxcal aney with vaned tech-
ruques and posions untll a diagnoms s made.
Osteochoadral or flake fractures of the articular
surfaces of the knee jont are the result of foreeful



Fi. 6. Ant roposterior and Lateral

INJURITS TO THT KNTF

[l\ %]

b

dutal femoral epephyseal fracture the rerult
block

of Fig 7 Anteroposterior and lateral roentgenograms of
of football  dutal femoral epiphyreal fractuse the resalt of hyperex
teion Infury in footbell. (From Blount ¥ P Fractures
i Children, Balumore 1954 Willlams & Wilk oo Co.)

. /
i,
| 113054
Fig. & Asterop od lateral of Fix & Aatcroposterior rocutgenogram of ovteochondral
Prommal thas] epuphyseal fract the result of smere fiex fracture lLateral femoral arucular surface. (From Brewer
a tapry B ] 5 Clin North America 38: 1137 1938)
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sheanng contact between the fonur and the e,
resuling m avuhzon of a fragment of the articular
cartilage and umally the underinng subchoadral
bone. There i1, of course, an mvere rto to age, in
the mze of the artilaginous fagments, and m the
younger patient a deplaced, minute fracture shadow
may mean a large dopliced fragment of cartibage.
Surfaces avubed completely sct as loose bodwes m the

feets 1n werght-bearing arcas may warrant repos-
tioning and jocal firtion, A typical example of the
above, an anteroposterior roentgenogram (Fig 9)
demonutrates an avuluvon osteochondral fracture
Lteral aspect of tho dutal femoral articular sur
face, which 13 duplaced and hnng medially m the
Jofnt 10 the region of the tibal spme. The fragment
10 s displaced position 1 devgnated by an arrow a1
1 the ate of ongin, Arthrotamy was performed and
the Joose body was removed.

Fracture of the antenor tibial spine (Fig 10) in
children s of specul coonderation. The fracture b
an avubson fracture of the boay sttachment of the
antenor crucite Lgament and results i nstability
with a typscal entenor drawer ngn. Arthrotomy was
performed m th case and the fracture fragment re-
seated m its bed and held with & stainless steel wire
as demonstrated (Fig 11)

Fig. 10, Lateral rocntgenogram of svulilon fracture an-
terbor tibial spme with reuhast snterior cruclste ligument
forabality (From Brewer B ] 8. Clin “orth Amenca
38: 1137 1948)
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T B. QUIGLEY M.D
Boston Massachusetts

DIAGNOSIS AND TREATMENT OF
ANKLE INJURIES SUSTAINED IN SPORTS

The doctor who asumes respomibality foc a group
of athictes i 1n & umque ponnoa to study traums.
Circumstances are ideal for observation of mjury
from the moment of occurrence to full recovery In
spocty myohing qurck phvoting on a fixed foot, such
as foothall soccer and baslethall, or unanticpated
wrenchung with a kever as in slilng a high propor
tion of injunes will mvohe the ankle

The intxdence of mjury ean, of course be reduced
by phywncal condrtioning and acqumtion of ill m
the techniques of the sport. It {s a trumm that the
outstanding athicte n rarely jured, and then only
under unusual arcumstances. But not all partck
pants ;0 acme sport are neuromusculoskeletal gen-
Tuses, por do they have the tme to becoma techmenl
virtuosos.

For these, & counderable measure of protection b
afforded by regular wse of ankle wraps.!

Applied orver the Inper of two pans of socks, with
1 tun around the heel (Fig 12) these nonelastic
bundings, which the player applies humself effectnvely
Lt lateral mobility without interfering with flexton
of extenmon. \When requared of all playens at all
practce sewions and games, the inddence of ankle
mjunes can be reduced at least 50 per cent.’

But desprte conditioning ankle wraps, and slillful
coachmg ankle myunes still occur and the doctor’s
duty begms at the moment of injury He should him-
il go onto the playmg fickd and deade whether
the injured player should continue play or Jeave the
pame and, o he eaves, whether he walk or be car
ned To keave mch deendons to a coach or trainer i

to gamble on future drability with the cards stacked
agunst the player The doctar’s authonty in these
and other medscal mattess should bo absolute and
unquestioned. Practically all coaches today are qmte
happy to be relreved of thr responsibility They have
enough difficult deersons 1n their own field.
Once off the playmng field a prelimimary survey
can be made. All that can bo accomplshed at this
tme n differcotation between major and mmor
whry Minor mjury means spraln or Icomplete
rupture of Hgament mafor Infury means fracture
or compkte higament rupture, or both, Almost in
vanably anteropostersor and lateral roentgenograms
will bo necemary Even the most expenenced ex
amuner cannot be certaln of the presence or absence
of fracture or widened jount mortse by palpation
and mspection alone, It fs better to take fifty nega
tre rocntgenograms than to miss one scrious mhury
Accomulated evidence—from observaton of the
mechanimn of the injury a3 it occurred, the location
of pain, tenderness, and swelling on examination,
and the type of fracture and sate of the jomt
mortrse shown on x my—ahoukd be enough to estab-
ith a preamse dmgnosh of major bono and lignment
mjury Fracture n, of course ob\mlnr.hc«xny
films but tho d of x rup-
ture can be more subtle and n.fnot an
be at least as serioun as fracture inmc;ﬁumm
dmh'Ety For practical purposes, only three Ligament
need be dered the rmedial col
latcnl {or dehoid) the titkofibular fibulotalar and
the lateral collateral (or fibulocalcaneal)
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\oat severe ankke injunes sudtained In sports are
of the abduction-external rotaton ype 0 which the
talus rwists and prcs the fibula from the tubu. Exther
the fbula aself fractures, or the antenor tibo-
fibular hgament ruptures, producng widening of the
tibeofibular syndesmosis {Figs. 13 to 16) In either
event, as force contimues, the deltod ligament gnes
way {or more rarcly In young men preces of the me
dial malleolus of vanying sire are avubed) and the
Jount space betwcen the tahn and the medwml malle
olus can be seen to be wider than the honzontal com-
ponent of the ankle jownt.

Fracture accompanres lizament rupture more often
than not, and the type of {racture, 23 Lauge Han.
sen has pointed out 1 a most valuable key to duag
nown (Figy 17 and 18)

Tnternal rotavon adductron forces can stretch onhy
the fbular collateral lmament, the othen bemg
compremed, and then onhy if the charactenstic hon
zontal avulwon fracture of the lateral malleolus does
not occur Inolated injunes to this fibulocalcancal

ligainent system  cven when severe rarely require
primany open surgkal repar and manspulation for
lag purpo<ts lately after injury ® not
often necosany Only when severe lateral lyment
injuney are neglected and subjected to repeated re
injury does the charactersuc tit of the talus occur
on reproduction of the ermnal stremes (Fig. 19)
For thew the elegant recomtructive procedure of
Watson Jones,* utllmng the peroncus breves tendon
has proved mest satisfactory

Analyss of ankle mjunes sustained 1n sports should
not require much tme and advantage can often be
taken of the twenty to thirty minutes after injury
before cdetma, hemorrhage and spasm ocar and
during which nature imposes analgesm, to accomplish
closed reduction of even growly displaced fractures
with almost no descomfort

For external rotation abduction injurres m whach
the medial malleotus 1 intact the simple device of
unpending the stoclinette-encased limb has proned
most helpful  With the gastrocnemrus relaxed by

S

—

Fipu 1316, Mechanlimu of ankhe fnfunes (after Laoge-Hangen)}
Fig. 13 Pronatlon —abduction. {From Quisley T BiJ A M A 162 1431 1959)
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fieon of the Lpee, the anlle maturally falls imto
adduenon, moderate flemon, and supmation, re
verumy the mechamsm of njury (Figs. 19 and 20)
Often Ettle or no mampulabon » required (Fige
21 and 22) to achieve excellent reduction of gromh
displaced £, If after susp of mantpu
lation, or both, the mortse 13 still wadened, 1t can be
asmumed that the torn dedtod Egament 1 trapped
betneen the talus and the medmal mallkeolus, and
Prompt surpxal recoosttution o indrcated.

The problem 1 ot sohvd, bowever by a perfect,
closed reducnon of the fibular fracture and restora
tion of the widened mortise to nommal The tomn ends
of Bgament and capsule are not within the jomt but
aro they In perfect pontion, or are they twisted and
rolled m such a way a3 to beal with poor strength
and functioa® The matter can be setthed only by sur
gral exploratron, which B quite jushfiable unless
contrundicatians such as the extremes of age, poor
arculation, or poor shm are present. Most anlle 1n

B b

junes of much severity a3 to requure splmtong ahould
be mmmobilized m a cast extendmyg to the grom, with
the Loce flexed 30 to 40 degrees.

Doplaced banalieolar o Ieokar fi m
young athketes almost ahways requie operatton. Pre-
ase closed reducon 15 dufficult, snce no fixed pont
remam oo which to hmge manpulinon, and inter
posed soft tesre between the fragments of the medial
malleolas n the rule rather than the excepton
Little lems than anatoancal perfectron can be accepted
m these severe multple Egament and bone mjunes,
once these young men have at least fne decades of
use of ther ankla abead of them. Only the most
tmval fractures, pot mvohing Ggaments, can safely
be treated by a short kg boot and weght-bearing
device. Torson withm a walking boot can displace
even the common, and wually uncompheated, ex
ternal rotaton fracture of the detal fibula, nnce
concomtant 1njury to the deltoed fgamrent can be
more severe than ongnally appreaated.

Fig. [4 Samraton—exermal rotadon. (From Quigley T B J A ML A 168 1431 1939)
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If at the fist examinaon within moments of
fmjury the damage is determined to be minor four
princples of treatment are matituted  cold compres
sion rest and elevation These are based on the con
cept that a sprun I3 a partial tear of o ligament with
hemotrhage at tle pownt of tear absorption of the re
sulting hematoma, and replacement of the gap by
fibroblashe scar The procem 1 the 1ame a3 the heal
g of amy stenle wound. No method has yet been
found to accelerate the process beyond nature s mte
but many are avallable which slow 1t down or dn
turb the end result. These include the use of pro-
cune ydrocorisone rough marupulation and mas-
sage, and “running it out.” Cold prampily apphed
constrcts the arenolar bed and hmits the hematoma.
Compresnon dsyemuinates the hematoma  already
present and speeds its absorpion by increanng Its
sutface area. Rest s an obnsous need. A1 in any in-
jury whatever motien hurts is wrong whatever does

7
.

@
<

not hurt b dght. Elecation mimmues the edema of
dependency amd druse At ths fint examinatron
when the Infury has been determined to be a sprain
and not a lignment rupture or fracture a bevelled
doughnut of foam rubber of the tan apen-call type
2 cm in thicknes, It placed over the injured ade
of the ankle with the malleolus in the aperture
{Fig 23) The slin » protected {rom direct contact
with the rubber by sheet wadding The rubber B
then comprewsed to about half its thickness with an
elastic cotton bandage extending from the toes to
the upper calf The Lmb Is next immemed 1n cold
(40° F ) water or packed wath 1ee bags for thirty min
utes. The wet dresung B then replaced crutches are
fitted and the plyer o 1ostructed n therr we. He
1 advised to spend as much time a1 posuble during
the next twenty four hours with the anlke cdevated
above the Jevel of the heart.

—_

—_—

;
¢

Fig. 13. Sapination—adduction. (From Quigtey T B. J A M A 169 1431 1939)
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flexon of the knee, the ankle maturally falls into
adduction moderate flexon, and supmation, re-
verung the mechanom of injury (Figr 19 and 20)
Often Inttle or no mampulation It required (Fige
21 and 22) to achicve excellent reduction of gromly
displaced fra If after susp or manrpu
lation, or both, the mortise s still widened, 1t can be
amumed that the torn deltoid ligament » trapped
between the talus and the medwl malleolus, and
prompt surgical recamtitution i indicated

The problem 1 pot solved, however by a perfect,
closed reduction of the fibular fracture and restora
tion of the widened mortse to novmal. The torn ends
of lgament and capsule are not within the joint but
are they in perfect poutlon, or are they tritted and
rolled 1n such a way as to heal with poor strength
and function? The matter can be settled oaly by sur
greal exploration, which It quite justifiable unless
cootralndications such as the extremes of age, poor
circulation, or poor skin arc present. Most anlle

Jurles of such severity a1 to requure splintlng should
be 1mmobilired 1n a cast extending to the groin, with
the knee flexed 30 to 40 degrees.

Dnplaced bunalleolar or mmalleolar fractures in
young athlketes almost always require operaton. Pre-
cose closed reduction 1 dufficult, nnce no fixed pouwt
remams oo which to hinge manipulation and mter
pased soft therue between the fragments of the medm!
malleotus Is the rule, mther than the exception
Lattle less than anatomical perfection can be accepted
m these severe, multple ligament and booe infunes,
unce thee young men have at Jeast fne decades of
use of their ankles ahead of them. Only the mest
trmval fi not hing H, can sfely
be treated by a thort Jeg boot and weght-bearing
device. Torman withun a walking boot can displace
cen the common, and usually uncomplicated, ex
ternal rotation fracture of the distal fibula alnce
concomitant injury to the deltmd lgament can be
moce severe than onginally appreciated.

Fig. 14 Sepnaton—extemal rtaton. (From Quigley T B ] A M A 168% 1431 1939)
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If at the first examination within moments of
mjuny the damage 13 determined to be minor four
prmnctples of treatment are imttuted  cold compres
stom rest and clevation These are hased on the con
cept that & spram w a partial tear of a ligament, with
hemorthage at the polnt of tear absorption of the re-
sulting bematoma and replacernent of the gap by
fibroblastic scar The process 1 the same as the heal
ing of am serile wound. No method has jet been
found to nccelerate the process beyond nature s rate,
but mam are available which slow 1t down or du-
turb the end result. These include the use of pro-
came hydrocortsone  rough manipulation and mas-
nage, and “runming it out.” Cold promptly appled
constncts the arteriolar bed and Limits the hematoma
Compression dmscrminates the  hematoma already
present and speeds its absorption by Increanng its
surface area. Rest it an obvious peed. As in any In-
Jury whatever motion hurts is wrong whatever does

AN
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not hurt b nght. Elevation minimres the edema of
dependency and dmuse At thss fint examination,
when the Infury has been detenmined to be a sprain
and not a ligament rupture or fracture, a bevelled
doughnut of foam rubber of the tan, open-call type
2 om. in thichnem, n placed over the injured nde
of the ankle with the malleolus in the aperture
(Fig 23) The skin 1 protected from derect contact
with the rubber by siicet wadding The rubber &
then compressed to about half its thickness with an
elastic cotton handage extending from the toes to
the upper calf The hmb is next Immersed 1n cold
(40° F ) water or packed with wce bacs for thirty min-
utes. The wet dresung s then replaced crutches are
fitted and the phyer u instructed In thewr use. He
1 advised to spend as much time as pomble dunng
the next twenty four hours with the ankle elevated
above the kel of the heart.

_

—_—
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Fig 13, Suplastion—adduction. (From Quigley T B1J A M A 1891 1431 1939 )
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At the sccond examinaton, twenty four houn
after njuny edema should be mmunal, ecchymoss
may already bave appeared at the penphery of the
foam rubber pad (Fig 24) and by gentle palpation
and manipulatson an accurate analyns of the partseu
lar hgaments invohved, and ther degree of muolie
ment can be made. It & comvemient to grade the
seventy of sprain from I to IV I being the least de-
gree of mjury which can be clasafied as a sprun,
and IV complete rupture. Such clanification 1 of
help 1n prognosis & matter of great pmportance to
most athlctes and coaches. The majonity of spraim
fall into grades II and ITT Expenence dunng the
past seventy yeas at Hanard hxs established that
the commonest anlle imjury a grade I spram of
the antenor tbiofibular and fibulotalar Iy

treated property with full cooperation from the
patient player will be sufficrently healed 1n 8.2 days

to permtt full partcipation in contact sport. It ha
become equally clear ever these seven deeades that
any prognosis ventured before the second examma
tion  twenty four hours after wjury n almost cer
tan to be wrong

At thn second vnit, 1t can safely be asumed that
the sources of bleeding have sealed of and heat,
followed by gentle centnpedal mamage, can be
sarted. Electronxc and other comphcated sources
of heat bave littke advantage over hot water Du
thermy 1n fact, B contramdicated 1n jomt injunes,
gnce it tends to produce effunon. The psychological
effect of a whirlpool bath #1 much greater than the
masge of moving water and bubbles.

Weght beanng n permitted a3 s00n as natural
walking » posible. When pam on mampulaton and
tenderness approach the vannhmg pont the ankle
1 taped and the player is put through his paces on

Fix 16, Proaatos— external rotsucn. (From Q Igey T B J A M A 169 1431 1939}
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Fig. 19 The effect of old, rrpeated internal rotation-
adduction fnjuras. TOtIng of th talos in relatlon to the
dutal artreular murface of more than 10 to 15 degrees on
foreed invernon of the {oot demoostrates complets low of
inteqnty of the fbulocalcanes] ligament (From Bancroft,
F W, and Marble, H. C. In Quigley T B Conturom,
Speains, Straum and Avuldom of Musder, Tendoos, and
Ligaments, Philadelphia, 1951 J B. Lippincott Co.)

th ankle. The foot and ankle naturally
fall into adduction and intcrnal rotaton,

1431 1959)
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Fix 22 The fracturc and wide jount morthe scen In
Flg 20 bn  been reduced by smpenson osemnight in

stockinette The deliodd heament was explored, was found
Fig. 21 Abdectwuo-externsl rounon fractare of the to be retracted from t1 distal attachments aod rolled on
fbuls with rupture of the dehold ligament, smtxined in Isell and was satwred in proper position. Function for all
Licrowe. (From Qugley T B ] A M A 169 1431 sporty was normal four mooths after mpury (From Quig
1939 Iy TB J A M A 169 1431 1939)

Fig. 23 Faam rubber od elastic bandage compremion Flg. 24. Effect of compresnon oa a typical sprain of the
for  tenor ubwofbular and fibula  collateral Lgament antenior tiblofibular lgament of the ankle Ecchymosls b
pra scen at the perphery of the area of compresion Edema b

roodmal
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the playing field under the eye of hr doctor coach
and truner He returms to full actvity only if hx
performance b flawlen. The ankke s protected by
adhesne tape with turns around the heel to mim
mire lateral mobihry for at least the next year for
cvery practice sexpon and game. The old adage
“once & spruin, ahrays a sprain” has sound besu
the fact that ligament heals with scar which o only
very slowly replaced by orderly elastic collagenous
temue and the duorganmed fibroblast pattern of
scar 13 slways wealer than the tusue it replaces

There n no stficaton whatever for the use of
procaine 1 any athletic injury Pain may tempomnly
be abolshed, but performance 1 usually poor and
further darmage to the mjured structure is almost 10
evitable  Hryaluronidase and hydrocortmone may oc
caslonally have a place when hemorrhage o unusual
1n degree of serutivity to pam 1 hugh. But 1t mist be
remembered that arthrocentess 1 no different from
arthrotomy from a bactenologicaal pant of vaiew and
a Jocker room o hardly as safe as an operating theater
Further no analgewc substance should ever be -
jected unless 1t s absolutely clear that pam m much
greater than the banc hgament mjury unually pro-
duces,

Plaster splints are wsed oaly for severe or mukiple
sprams, and then are removed a3 soon as possible

Atrophy of thigh and calf musculsture can ocaur at
a remarkable rate apd ean be corrected only by
careful, dafly supervised progresuve resistance exer
cise.

SUMMARY

A program of management of ankle mjurles
sustalned 1n sports, developed over seven decades of
expertence at Harvard, Is presented, Metbods of pre
venton prompt dugnoad, and implementation of
treatment for magor and mmor mjurses are deseribed.
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REHABILITATION IN ATHLETES

Most orthopacdic susgeons arc convinced that
they know the “essentials of erthopaedic reliabalita
tion,” that they practice good and adequate re
hahiitation, and that thewr approach and metbods
are completely sufiaent. On the contrany few of w
know a8 much as we profess, and few take the ume
or engender the enthuuasm to convinee the patrent
and to fstruct the family and coaches about the mm
pertance of thr phase of treatment

Fint, we should follow the bane pringple “Re
habihtatton begins the day of wnjury not after the
medical and surmical treatment per so has con-
cluded ™ Begin immediately to maintun regular
wcheduled actinity of all avalable uninfured parts
of the athlete s body Begin muscle settng and actrve
muscke-building exercmes of the injured part as soon
& posible. For example il you operate on & knee
m (ke moning hegin quadnceps sctung m the
afternoon of the wame day then progrem to anu
grauty straight leg ramng as soon as posuble, and
to fleson and extenwon of the Lnee with weight re
wxtance as soon as the Lmb will tolerate them. Actwe
exercie (not early ambulatron) 1 the mmportant
feature  This sccomplubes scveral purposes (1)
mamtams good tisue turgor (2) prevents muscle
atrophy and adbenons (3) mamtams a normal
witrogen balance and (4) preseres a healthy psv
chologxcal outleok.

For sehabilitation to be effective 1t must meet the
f requirements,

L It must be well organzed and have a definite
Progreasdve plan,

£5

2. Instructions must be explat and conce,

3 The doctor must ecnthumastcally explam the
program to the patient 1n the presence of the fam
dy tramer and comch.

4+ The surgeon should send a wntten report of
Ius findings, T ! and to the
whool and family

Axiom Let us abways keep this fact in mind  “The
function of a jont or extremuty after correction of
wjury or wault, will retumn 1n direct propertion to
the dreagth of the musculature which eomtrolled that
lumb

Responablity It 13 of great advantage if the
burden of responsibihty for rehabahitation 15 placed
squarcly upon the patient (Le. “put the monkey on
the patents back”) A proper mental atntude on
the part of both the patient and the doctor 15 para-
mount 1n perfectng a program of rehallitation. For
example following removal of a menucus from the
knee, the patient mmmeduately wants to know how
long before he can walk. Time plays no part in the
correct answer: “When the musculature of the ex
teruty 1 adequate to cootrol the funchon of the
knee, then weght beanng sthould be allowed and
nat before™ In some instances this may be accom
plished In two or three days and 1n others, two or
three weeks 1t depends upon the patient. I never
allow crutch walking by these athletes with soft tis-
sue mjuriea If they are kept m bed with a goal of
walking depending upon muscle power the mcentne
to work and build up mwsculature it greatly stmu-
Iated and you will find cooperation at a maxmmum,

10my,

Progl
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the playing field under the eye of hu doctor coach,
and tralner He retumns to full acthaty onhy i hu
performance & flanies. The ankle n protected by
adbesne tape, with tumns around the heel to mini-
muze lateral mobility for at least the next year for
every practice sesmon and gmmpe. The old sdage
“once a sprun, slways 2 sprain” has sound best m
the fact that hgament heals with scar which » oaly
very stowly replaced by orderly clastic collagenows
tmue, and the dmotganoed fibroblast pattern of
scar is atwrys weaker than the turue 1t replaces.

There n no justficatton whatever for the use of
procaine m any athletsic injury Pam may temporarily
be abolshed, but performance 15 usually poor and
further damage to the nfured structure is almost in-
evitable. Hyalurorsdase and hydrocortone may oc
casionally have a place when hemorrhage s unusual
m degree or seontivity to pam 1 lugh. But 1t must be
remembered that arthrocentess is no different from
arthrotoary from a bactenologreal pant of view and
& locker room Is hardly as safc a3 an operatng theater
Further no analgenc substance should ever be In
tected unlenm it is absolutely clear that pamn 3 much
greater than the bagc ligament mjury usually pro-
duces.

Plaster sphats are used only for severe or muluple
sprams and then are removed 25 soon as pouible.

Atrophy of thigh and calf musculature ean ocour at
a remarkable rate and can be corrected only by
careful, daily supervised, progremve repstance exer
ce,

SUMMARY

A program of management of ankle injurles
sustained 1n sports, developed over seven decades of
expenence at Harvard, 1 presented. Methods of pre
venton, prompt diagnoss, and implementation of
treatment for major and minor mjunes are described.
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REHABILITATION IN ATHLETES

Moxt orthopacdic surgeom are convinced that
they know the “evwentals of orthopaedic rehatahta
tien, that they praciice good and adequate re-
halilitauon, and that their approach and methods
are compietely suffiaent On the contrany few of us
know as much as we profes and few take the time
or engender the enthusiaun to comvince the patient
and to instruct the family and coaches about the m
portance of thu phase of treatment.

Finst, we should follow the basic pnnaple “Re
batnEtation begins the day of injuny not alter the
medical and surgpcal treatment per se hai con-
chded” Begin immediately to malntam regular
scheduled actiity of all available uminjured parts
of the athlete s body Begin muncle sctimg and active
mncle-building exercises of dre injured part as wooa
2 poaible. For example if you operatc on a knee
I the moming begin quadneeps settmg in the
aftemoon of the same day then progress to ant
gty strarght kg rusing as soon a1 possible and
to flexson and extension of the knee with weight re
ftance a1 s00n 23 the imb wall tolerate them. Active
¢xerase (not early ambulation) 15 the important
feature. Thy accomplnhes several purpows (1)
malntalng good thaue turgor 12) provents musche
trophy and adhesons  (3) mantams a normal
mitrogen balance and (4) presenves a healthy pny
cholopcal autlook

For rehabilitation to be eflective 1t must meet the

S requirementa,
I It mint he well organused and have » definite
Progresuve plan.
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2. Instructions mwst be expliat and concse,

3 The doctor must enthusastically explun the
program to the patlent in the presence of the fam-
tly traner and esach.

$ The surgeon should send a wnitten
huis findings, rec dath and p
school and family

Axtom Let us always Leep thn fact in mmd  “The
function of a joint or extrenuty after correction of
njuny o insult wll return m direct proporton to
the grength of the musculature which controlled that
umb.

Rerponsbility It 1 of great advantage if the
burden of responsinlity for rchahilitation 13 placed
squarely upcn the pabent (Le. “put the monkey on
the patients back”) A proper mental atttude on
the part of both the pauent and the doctor 1 para
mount 1n perfecting & program of rehabilitatson. For
example following removal of a meniscus from the
Lnee the patient immediately wants to know how
long before he can walk, Time plays no part in the
correct answer “IWhen the musculature of the ex
trermty 13 adequate to control the funchon of the
knee, them weight beanng should be allowed and
not before” In some matances ths may be accom-
plshed 1n two or three days and in others, two or
three weeks 1t depends upon the pauent. I never
allow crutch walling by these athletes with soft tls
suc njurics. If they arc Lept m bed with a goal of
walling depending upon musele power the incentrve
to work and build up musculature is greatly stinu-
lated and you will find cooperation at a maxumum.

report of
to the
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SPECIFIC INJURIES

Charley Horse. This all-dmportant subject b1 often
talen too Lghtly by tranens, coscher, and doctorx.
When conudenng a so-called “Chardey hone” we
should mmmedmtels have in mund three phases of
thly duabling condinon

1 Temporary spasm m the musculature s the
fint degree It 1 the result of a direct blow caming
direct strmutaton with spasm of a selected portion of
the muscle group This will respond mmediately to
rest,

2. Hematoma m the musculature 15 the second de
gree, resulang from direct traurma with bemorrhage
mto the muscle fibers. The Injury 1 one of great im
portance wihich recenes all too httle attention. This
1 the precunor of myonts cmificans with resulung
restnenon of muscle function and partal loss of the
athlete s effectivenen. Treatment should be specific
and immediate e pacls, aspuation (after twenty-
four hours) and adequate ymmobslzation followed
by muscle rehabihmtron,

3 Ruptare of muncle w the thurd degree. Thi
lenon demands mnmediate treatment of a surmeal
nature.

Tin, the treatment and rchabditation for s pa
trent with a Charley horse depend fint and pnmarily
on an adequate dmgnosis of the degree of severity
of mjuny to the musculature molved, with prompt
wsttutton of the correct therapy followed by proper
muxcle rehablitation,

MUSCLE REHABILITATION
The correct steps n muscke rehabilitation depend
P Iy oo the develop of mucle controf
power endurance and apility
Proper muscle exercrse thould be done 1n & three
cycle commt  One contract the muxcle fzo sus-
tain the contractron for two seconds and three relax
the muscle completely Onhy by ths method will
proper muscle “build-up” be accomplohed. If the
muscle n held tense and the jomt n moved to and
fro you merel exhaust the musculature and do
not buid up 165 strength and endurance But by re
hxaton m the cvcle you allow nature that ephit sec
ond to make an exchange through the cell mem
brane of carbon dicade lactc acid, and waste for
frah oxygen and encrgy and thus promote genuine
recovery and not “wasts fatigue ”

As the patent s tolerance o extended you 1ncTeass
the amount of wemht resstance First, the Lmb
works aramst gravin and then agunst 5 pounds,
and the | increased gradually untl the patent of

college age b able to lift 50 pounds fifty times. Foc
the younger high school of teen-age individual, 23
pounds fifty times i adequate, It fs not necemary to
we quitc 20 much weght for the hamstnngy and
gustrocoermus groups as for the quadriceps. A ume
lar pattern of muscle buildmg exercse b followed
for all extremives, both upper and lower For the
back, we have special back exercrses (Table 3 Series
1 2, and 3) fint to gun control, then movement,
and then strength.

Teble 3 Instructions i Remedral Exercise® (Back)

Suries 1
B sathing  cercise (Repeat ten times before esch exercise

Series 3
B cathing ¢ s (Repeat tem times before ench exerome
period ) Suplar positon, knces flexed, arms
side derp breathing throwgh (ke pose with abdoazal

Froca Stewart Exerciees, Phytical Therapy Department,
Campbell Clinic, Memphis, Teon
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Table T (Cont d)

Prone powtion
| Hands on Lattocks Contract tector spina nd elu-
t 1 muncks raning hrad  nd shoulders off the table
hand slrding down the ba & of thishe
.. 1l ods at sder pelaxed  Aliern o tralubt | o ral
e
1 Ilands at wdes Contract eretior spnee and gl t 1
truccky, nbing head and sboulders and 1 sch down
nde of kr Ret m to stantl g poution R L Al
ternst mdr
soti: R prat ach exerthe i time, theee petiod a2 day
Incresw count by e every secomd day  poto fifty
trmes (R Lix between ach count )

Seris 3

Beathtng  erase {Repeat ten times bef re each ex refse
petiad ) Supine pealtion, Locer flexed anm to the
dde deep breathl g throweh the pose w th tdominal
mmcks rehed.

Supae position

1 Hands behmd head: Rme 10 sitiing preltion L back
down Raiee bers to  eruc | pmivon with koers
wmrurbt let dewn, Relax

2 Le wraftht and a tride arma fobded acrow hest
Retamm paartpon of fert and lower imis  roll, towch
ing foor to reht and then left with nose

Prowe podtion

I Lep annde tenpound sandlae st bawe of neck
hands behind back Rabe besd and cbert alternate
beoding 0 neht beft. Return 10 it position

Sededymay powtion

1 Arma folded to front: Lift torso upward Relax R
Peat cw oppordt 1ide

Sernding porluon

1 Lep astride hande over bhead  Touch floor n front of
feet, then between fert to the e ¢ snd x i in front
Fix peh b and showly unroll to erect poultion

2 Lem satride arm to nde  Alternate toa hing right
band to Ieft foot nd beft hand to right foot

MTE Repest each exercise ten tmes three periods a day

Increase count by & every second d y wp to £ty
ey (Relax between each count |

Spealic Members
Veck and Back. Rehababtation of nech dorsal
12d hanbar Spme areas 13 accomplshed not by ex
e bending but by repeated muscle-setting ar
temung exerenes We dnade tos into three phases of

rehabalitatson

Senies | remedial back exerches, for example are
prumarily for the musck setting of all mus
from the head to the fert Wath the pavent
= & supine pouuan muscle setting 11 done for
tme front of (e hody including neck chest
and extremuties In the prone position the

pateent rabes his bead and shoulder I em  then hn
lower extrermities, alternatng dghe and left without
heraling the kner and at no time using s armas for
assstance Motion Iy not the ohpective  the patlent
1 never required to rise his bead or feet more than
! em from the floor The count on cach of these
mancuvers 18 begun at five and increased wath repetl
tlon to thirty five or forty for each exerene period.

Sertes 2 remedial back exerches arc designed to
develop motlon alter the patient has gained the
muscle control of Series 1 Series 3 back exercises are
dewgned to build muscle power and are wsed pr-
mank with athletes, soldiers, and industnal work
e

Arm and Shoulder Many excellent athletes have
had shoulders and arms nuned for competitive
sports by & trmner or coach attempting to “work
out a Link” when actually he was dealing with a
muscular or tendmous tear Adequate duagnom b
mperatine. Are you dealing with a tear of the ro-
tator cuff of the shoukder or some mmilar injuny
which demands rest for healing? Rehabilitatron after
healing here as in the back, follows the pattern of
(1) muscle setting (or control) (2) development of
motron and (3) development of power

Elbow Wmt, and Fingere Elbow and finger
joints can well be considered together They are
teme ught joamts, with very little fluld capaay
surrounded by thick, strong fibrous tisue and when
this tmwe ls stretched or torn 1t merely produces
hemorrhage and more scar tissue, Pessive molion 1s
always controindicated tn these jonts It 15 well to
note that pamve motion i of little or no advantage
in the rehabilitation of any font. The only extrinsdc
power which should ever be used to rehabeiitate an
elbow or hand 1 the musculature of the extremity
mohed No pamive force or amistance from the
phynucal therapest traner doctor or the patlents
opponte hand should ever be employed. Certamly
the hanging of weights such as irons or sandbags on
the arm to stretch out the clbow b deplorable.

Hip. Rehabilitation of the hips depends primanly
on the blish of adequate i} in the
gluteal and quadriceps groups. The gluteus maximus
1s the most mmportant, but the medius and mummus
arc the most neglected of the muscles about the hip
and they demand speafic remedial muscle building
exerese

hnee. Establuhment of functon in the Lnee fol
lowing correction of the many mjunes which befall
thi most frequently mnjured jolnt in athleties de-
mands metculous attentron to Intncate detaik. One
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must Leep in mmd the many vulnerable structures
in the knee, The outstanding work of Brantigan and
Vothell m descritang the anatomy of the kpee has
been well cut d 1o the | dmical
work accomplahed by O'Donoghue.

Nowhere b 1t more graphcally Mustrated than 1n
the knee that there is always marked reflex muscle
atrophy and weaknens following any of the varous
injuries 10 the jont, even traumanc synovit. It n
obviows from comparison with the oppomte hmb
how marked Is the inmmediate muscle atrophy After
restoration of the anatamy of the knee, whether it
be by conservative or surgical means, rehabilitation
becomes paramount for the restoration of the ndi
vidual to compentrie athleties. Agan, we munt fol-
low the plan of muscle setting or contral, muscle-
bullding auc:n:uu, and motion dtveloping il

ph It 13 not suff Just to
restore dncquadnmp: for proper fumctron of the
koece buildog up of the harminngs and the gas
trochemus group by weaght-radstmg exerases 1 abo
extremely mportant. Followng correcton of severe
injuntes and rehabilitatton, it 13 mmportant to con
tinue speafic, actne, weght-realstant exerche for
scveral months, even though the pauent has re
turped to competitryve sporty

Ankle snd Foot. Here, s m the shoulder ade
quate dagnosis k& often sadly neglected. Manual ex
amination of an ankle i seidom adequate to estab-
fish the correct dragnosls as to the extent of soft
timue injury 1f severe higamentous tear 1 suspected,
ooc thould resort to examinapon upder anestheus
etther Jocal or general. X—ray examination is ahrays
demanded In these moderate to seiere athletic m

Junes. One should Leep m mind not only fractures
of the bones but also osteochandral fractures, which
are often obscure 10 the roentgenogram. Stram
rocntgenograms for vanous lgamentous structures of
the jonts are often the only meany of establignng a
correct diagnoms.

RETURN TO ACTIVITY
In the proces of rchabilitstion, the doctor 1
faced with that allimportant deanon which has
been 30 well documed by Dr Robert Brashear
“WWhen can the patlent retum to the gume oc to
practiee?™ If you are to be fair to the athlete, to
the traiper to the coach, and to the patients par
ents, you must amume & conwderable amount of
ibthty You should d ine when the pa-
ucu:anmummn:thtcmnpeuﬂmsparum)w
knows that when the patent 15 normal he can par
tidipate you mint make the declsfon as to when he
has approached pormaley enough to return to ho
previous actnitles. Remember that we are a great
natton of week-end athletes and that maost athletes
are not profesucnak.
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CLOSING COMMENTS

I know you have all profited, as I have, from the
splendid presentations we have just heard. Obu
omly 1t has been impossible to blanlet the whole
field of mpunes to athletes but we have made an
effort to present certam definite facets of the prob-
Jem m order that you may apply the ame precepts
to other conditiors which you will encounter Let
me emphasize once agun that one of the major
functions of the orthopaednt s educational. While a
great majponty of the serious skeletal mjuncs to
athktes thould be treated by the orthopaedist, these
mpunes are the mnonty Of greater number are the
w-called mmor 1juner—munoe at least 1n the fact
that they are to often madequately treated! At the
present tme one of the major problems s 1n the
maller schook. We are maling a special effort 1n
ny bome state to filter same of the trmmng down
to the wmller hugh schooh and T know of mmilar
efforts in many other parts of the country

In these particular programs the orthopaedsst
must tale the kad He must not take the atd
tude that every spramed ankle must be treated by
the specialst On the other hand he must not
take the attitude that he should not inwite con
sultaton m the ease of sehow mjury The ortho-
pacdnt must Leep lumeelf on call to attend meet
gy of medical socketes to aud in nstructing
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his colleaguer He should cooperate in the effort
to Improve conditioning and tralning by 1inform
ing himaelf as to these problerns. He should make
it seem important to the home phyucian to co-
operate with the school authonties toward these
deurable ends.

‘There are many facets to this problem, not all of
them vible, Someone m the audience may koow
of the expentence in Calforma where the com
muttee had arranged to hate a doctor present at ex
ery scnmmage session of ther loaa! high school
This worth-while project recened a very serious
baclset a1 the result of a lawnnt agunst ooe of the
physicians because the parents did not feel he had
dooe the best he could do under an emergency ntu
aton The realm or responsibtbty under such a con
ditlon must be clearly defined Postibly 1n conpection
with sthletic insurance some statement ahould be
ngned by the parent, authonzmng examination of
these boys and in emergency situations permutting
speafic treatment. These, however are details which
certanly ean be solved with cooperatrve effort. The
fact remaing that we as orthopacdsts must put our
weight behind the movement to prevent Injunes,
2nd above all, to obtain prompt definithve and ade
quate care for the unfortunate athlete who does re
cerve an injury






PART TWO

THE HAND






ANATOMY OF THE HAND

A detmled hnowledge of the gros anatomy of
the hand 13 an absolute prerequimnte for the mirgeon
who undertakes the repair or recomtruction necesn
tated by mjurkes to the human hand. Perlodic re
\iew B necesmary to heep the surgeon alert to the
many fine and important anatormeal structures that
he encounters when operating n the hand The
hutravons meluded here represent  photographs
talen dunog the actual dissection of o freshly ampu
tated speamen.

SURFACE ANATOMNY

The skm of the hapd has many characternstics
which are speafic to this area of the body The
palmar skin 1 thick, relatively inelaatic, and i de
vord of har The sin of the finger pads I3 thrown
up into a pattern of ndges and sula. Aloag the sur
face of these ndges many large rweat glands open
to the surfaee These glands are mnervated by the
sympathetic nenes and cease to function when the
sympathenc nenve fibers to the hand are scetioned.
The absence of sweating may be recognized withm
thirty to nixty minutes after sectson of the peripheral
oenet, any place m the upper extremity distal to the
pant where the sympatbetc fibers jon the mam
nene tnmhs The chartciernte ridges of the finger
tps gradually become much le proaunent after
denervation

The palmar surface of the hand 13 nchly supplied
with semsory endingy. Free nerve endings and Meise-
ners and Paconn corpincles are sbundant in the
palmar rurface of the hand and the fngens. The
flexuon ereasas in the palm and at the mterphalan
geal and metacarpophalangeal jonts are relatnely
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copstant m the normal hand. The adductior
the md pakmar crease the dutal palmar
and all of the flexion creases of the fing
thumb end at the mud lateral portion of tt
and each finger The absence of these flexion
on the rud lateral side of the digits 1 an ur
landmark and indicates the mie of the tn
lateral approach to the finger

The skm over the donsum of the hand anc
o corddernbly more elastie, and flexion cre
kem pronounced. There are few sweat glands
abundance of hair over the dorum of the b
the dorwal surface of the fingers. The major
creases overhe the prommal interphalangen
These flexdon creases aho end at the mu
nde of the finger

On the donal surface the superficial ven
ten 1 extremely promment. These vons ¢
the prinapal venows dranage of the hanc
vei from the palm of the hand and the
wrface of the fingens curve around the kte
gns of the fingens to reach the doral surfac
each finger there 1t a doral digtal rete wh
over the proxmal portion of the procamal
of each finger m the domal digital arch. Th
digpital arch drams mto the dorsal metacarp
which  with many intereommumicatng ven
the dorsal carpal rete. From this pont dra
mto the basilic and the cephalic veme. The
vein takes its orgin from the vems oa the do
face of the hand qust proxmmal 1o the radia
process. The basibic vein has 118 ordgin on tl
aspect of the dormal surface of the wrmt u
irml to the head of the ulna.






ANATOMY OF THE HAND

A detailed Lnowledge of the gros anatomy of
the hand 15 an atwolute prerequisite for the surgeon
who undertales the repalr or recomtruction necesst
tated by myunes to the human hand. Penodic re-
vicw o necessany to heep the surgeon alert to the
many fine and 1mportant anatosmcal structures that
be encounters when operating In the hand The
Thistratons ncluded here represent  photographs
taken dunng the actual dusectson af a freshly ampu
tated speamen.

SURFACE ANATONNY

Tbe skin of the hand hai many charactersua
which are sprafic to ths area of the body The
pabmar skin 1 thick refatively inelane, and » de
vord of hair The shin of the finger pads 1 thrown
up 1nto a pattern of ndges and sula. Along the sur
face of these rdges many large sweat glands open
to the surface. These glands are moervated by the
sympathetic nerves and cease to function when the
sympathetic nenve fibers to the hand are sectioned.
The absence of sweating may be recogruzed wathm
thurty to uxty mmutes after section of the penpheral
nenves any place in the upper extremity dmtal to the
pont wherc the sympathetic fibers joun the mam
oerve tunks. The charactensue ridges of the finger
tpr gradually beeome much lem proroment after
deneration.

The palmar surface of the hand n nchly spphed
with sensory endings. Free nerve endings and Mein-
ners and Pacmian corpuscles are abundant In the
patmar surface of the hand and the fingers, The
flmon areasas fn the pabm and at the interphalan
geal and metacarpophalangeal jounts are relatnely
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constant 1n the normal hand, The adductron crease,
the md patmar cremse  the dutal palmar crease,
and all of the flexion creases of the fingers and
thumb end at the md lateral portion of the palm
and each finger The abvence of these flexion creases
on the mud lateral ude of the digs b an important.
landmark and mdicates the mte of the true md
lateral approach to the finger

The shin over the dorsum of the hand and fingers
1 connderably more clastic, and flexon creases are
lem pronounced. There are few sweat glands but an
abundance of hair over the dorsunm of the hand and
the dorsal surface of the fingers. The major feoon
creases overlie the proamal interphalangeal Jowts.
These fiemon creases aho end at the md lateral
ude of the finger

On the donal surface the juperfial vepous sy3-
tem is extremely promment. These veins represent
the pemcipal venous dramage of the hand. Small
veus from the palm of the hond and the palmar
surface af tbe fingers curve around the laternl mar
glns of the fingers to reach the dara) surface. Over
cach finger there 13 & dorwal digital rete which ends
over the proximal portioa of tiwe proximal phalanx
of cach finger 1n the domal digital arch. The dorsal
digital arch drams into the dorsal metacarpal veis
which, with many intercommunteating veins form
the dorsal carpal rete. From ths pomt dranage 1s
mio the bastlic and the cephalic vans. The cephalic
v takes fts ongio from the vems on the doral sur
face of the hand just proamal to the radial stybosd
process. The basilic vern has its orgm o the ulnar
aspect of the domal surface of the wrat Just prox
imal to the head of the ulna
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ANATOMY OF THE

DORSUM OF THE WRIST AND HAND
The L&y to understanding the anatomy of the
dornum of the wnst and hand 1 a Imowledge of the
sx mayor compartments through which the tendoms
pass from the forearm into the hand These com-
partments are formed i part n the booy prom
wences of the domal surface of the dotal radus
and ulna. The brachal fasas B thickened to
form the dorsal carpal hgament and completes the
compartment formaton where 1t ataaches to the
bom prommences. The fint compartment les 1n
clost approumavon 10 the radial styleed procen
on the dorsoradial aspect of the wmt (Fig 25)
Through ths comparunent pas two tendons. The
Larger and more olar tendon b the abductor pollias
longus The smaller tendon lying dormally i the
extensor pollkus brevn. In some mmatances, a small
fibrocartilagmous sepnim may separate the abductor
polics longus and the extensor pollics brevie, In
68 per cent of imtances the abductor pollics longus
is dnided into two of more companents, with its
merton 1nto the base of the first metacarpal, the
trapenum, and the fasaz overlyving the thenar mus-
cle group The extensor polhcs brevis s absent
1 1 to 2 per cent of the casea*  The normal -

sertion of the extensor pollcrs brevis 1 Into the base
of the proumal phalanx and the extensor hood of
the thumb The dorsal interosseos nerve lnnenvates
both of these muscles.

Two tendom, the extemsor carpr radnlls toogn
and the oxtemsor carpr radiahs brevh, occupy the
sccond compartment on the dormm of the wrt
(Fig 26) The extensor carpl radiahs Jongus inserts
mnto the base of the domal surface of the second
metacarpal while the extensor carpe racabs brevn
has 1ts msertion 1nto the dormal surface at the base
of the third metscarpal Both muscles are supphed
by branches of the radusl nenie prior to 1ts dnlision
nto the superfiaal and deep branches, or provimal
to the penctration of the deep motor branch into
the supsnator muscle.

The third compartment contains a single tendon
the extensor polhicis bongus (Fig 26) Tho trndon,
after pasymg Lasters tubercie oa the dormal surface
of the madius, follows an obhque course, superfical
to the extensor earpt mduls brevs and Jangus, to
the radial side of the hand where it imseris into
the extemsor hood sud the dorsum of the dutal
phalanx of the thumb. The muscle fs suppfed by
a branch of the doma! interosseous perve.

The four dnisons of the extensor digitorum com
munis and its compamon temdon, the extensor m
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s propius, pass through the fourth compart
nt (Fig 26) The imertion of these two tendons
srncrpally Into the extensor hood for each of the
rers. Tts more detarked mmsertion wll be discuned
dzr\hmbmnf\het:mhmdo(dmﬁngn
er the metacarpal necks the extensor tendons to
. index and ning fingers ghe off a fibrous band to
. extensor tendon of the long finger Lnown as the
ictura tenchnum. The extensor indics proprius
1 to the ulnar nde of the common extensor tendon
the index finger The nenve supply to these two
ncles 13 the dorsal interoascous nerve.

The fifth compartment on the domal surface of
e wrst contamu the extemor digitdh quinti (Fig

26) Thh tendon b always on the ulnar nde of the
common extensor tendon to the httle finger Char
acterstrcally ft b divided 1nto two rather distinct
slips. The nerve supply 1 from the doral interome-
ous nerve, The lmertion of the extensor digrtd quint
is Into the extersor hood of the httle finger

In the sixth compartment 1 the extensor carpy
ulnans which after pasung the ulnar styloid proc
ess goes to its insertion at the base of the fifth
metacarpal (Fig 26) Thn muscle o suppled by
2 branch of the dorsal interosyeous nenve.

Bunnell* studying the excursion of tendons of
the wrist and hand found that the wnst extensors,
which would include the extensor carpl radiabs
longus and breviy and the extensor carpt ulam
had a total excurnon of approamately 1% incher
The finger extensors have an excursion of ap-
proumstely 2 inches. The extensor pollicss longus
has the grestest excurmon of the extensor group,
and this has been meawured to be as much as 214
Inches.

There are two potential spaces on the dorsal sur
face of the hand which may be of importance when
dealing with infection. The fint of these spaces 11 the
dorsal subcutaneous tpace. The dorsal subcutaneous
space of the hand extends from the Jevel of the vrist
ot to the level of the metacarpophalangeal joints.
It 1 superfical to the tendops and does not com
mumicate with the palm of the hand The sccond
of these spaces 15 the dormal subaponeurotic space
which lies deep to the extensor tendons as they crom
the dorsal surface of the hand. This space extends
from the level of the wnst to within approumately
13 am. of the halangea! jomty. Tt i
bounded laterally by the second and fifth meta
carpaly and does not commumicate with the palm of
the hapd *

ANATOMY OF THE

VOLAR SURFACE OF THE WRIST

There are three flexors of the wnst joutt. On the
radial nde 11 the flexor carpe raduaby which has 1
inserion into the base of the second metacarpal
The excurmon of this tendon 15 approxmmately 134
inchey The merve supply is from the meduan nerve.
The centrally locsted wrst flexor tendon i1 the
paloars Jougus which has 1ts interton 1nto the
palmar sponcurowt. In apprommately 10 to 12
per cent of Individuals this tendon 15 absent.* The
nerve supply of thus muscde Is from the median
nerve. On the ulnsr gde 13 the fiexor carpt unardy
which mserts Into the pluform, the pischamate
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Egament, and as far distally as the hool of the
bamate. The excurnon of this tendon 13 approm
mately 1% Inches Ity mene supphy from the
ulnar nene.

In the central portion of the volar aspect of the
vt (Fig 27) there u a dotinct anatomlcal com-
partment Lnown as the volar carpal csnal The
fioor of the volar carpal canal is composed of the
bgaments jolning the volar surface of the carpal
boucs. The radial boundary is the radial carpal em
inence which Is composed of the tuberosity of the
carpal scaphowd, the greater multangular and the
Lgaments which connect theae two bones. The ulnar
carpal emunence f composed of the pform the
hook of the hamate and the puchamate Ligament.
Thus, there Is formed a groove on the volar aspect
of the wmt which i comerted 1nto & tunnel by the
tranmvene carpal hgament (Fig 28) The tram
serse carpal ligament attaches to the radial and
ulnar carpal emmences. This Lgament 15 tough
thiel, and unyrelding

Ten major structures pass through the volar
carpal canal. The most superfical of these It the
median nerve. Lying just deep to the median nernve
are the four flexor sublmn tendons. These tendoms
arc arranged in a rather characteriste fastuon with
the tendon to the long finger and the ring finger
bemg the most superfiaal Deep to the sublimu
tendons are the four flexor profundun tendons to
cach of the fingerx. The tenth structure to paw
through the volar carpal canal n the flexor pallicis
loogus tendon it bes on the floor of the radial de of
the carpal canal and passes to its wsertion at the
base of the dustal phalanx of the thumb

ANATOMY OF THE

PALM OF THE HAND

Palmar Aponeurosls. Just deep to the palmar skm
n the palmar aponcuroms, which 13 a compbeated
sheath of interlacing bands of fibrous tmue (Fig
29) There are four projections of the palmar mpo-
ncurcns dutally one mto each of the four fingers.
Thx projection extends at least as far dustally as the
proximal interphalangeal jount. There are, in the
dutal third of the palm, eight dutinct arches from
the palmar aponeurons which pams deep into the
palm of the hand The four major arches enclose
the flexor tendons. The most mportant of the four
mator arches forms & complete membrane and at
taches along the shaft of the third metacarpal This
scptum  divides the mud palmar and the thenar
spaces m the patm of the hand The four minor

Fig. 28, Palmar surface of the hand showmg the patmar
aponcuroeis. 1 Insertion of the tendon of the palmarie
loogus, 2, Longitucinal fibers of the palmar poneurods.
3, Traneverss fibers { the plmar aponeuroen. 4 Exteralon
of the palmar aponeuroas into the volar mpect of th jn-
dex finger 3, Proper drgital penen.

arches cover the vemels and nenes and are known
as the lunbncal canals. The proxmmal end of the
palmar apoocurcan 15 the nte of mnserton of the pal-
mans longus tendoo. In additon there are projec
trons of the palmar aponcuroms toward the surface
of the hand these are partrcularly prominent where
there are major flewon creases i the palm of the
hand,

Blood Supply Darectly under the palmar aponeu
ross 15 the superficlal palmar arch of the hand
(Fig 30) This arch 11 made up of two component
parts the major portion being from the superficial
branch of the ulnar artery and the munor portion
bemg from the superfiaal branch of the radul ar
tery The superfical palmar arch hes superficual
to the major nerve structures n the patm of the
hand. The arch gives off four relatively constant
beanches, There are three common digital arienes,
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11 Lumate. 12, Triguetrum 13 Pulform

Flg 20 \olar arpect of the wrist illustrating the rels-
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major components the deep component which i
entirchy motor and the siperficial portron which 13
prncipall  sensory n function  The wperfical
branch of the ulnar nenve dnddes mto a ungle com
mon dimtal nerve whicl coures deep to the palmar
aponcurous and oppoddte the fourth metacarpal
neck, dides into two proper dimtal branches for
the radial side of the httke finger and the ulnar nde
of the nng fincer The other major branch of the
superficial portion of the ulnar nerve 1 a proper
digital branch for the ulnar ude of the lutle fin

ger A small branch 1 abo given olf to the palmarms
bress musche (Figy. 28 and 32.)

The deop branth of the ulnar nene (Fig 33)
1 entieh motor and supplies all the iaterosseus
muncles, the hypothenar musches the lumbncal mus-
ches to the htthe and rmg fingers the adductor pol-
lreds and the decp head of the flexor pollicis brevis.
Tl last muscle on the radial side of the hand to be
innervated by the ulnar nene 1 the fim donal
mterossens muscle The motor branch penetrates
decp nto the palm just dimtal 1o the puform. It

- —r Ty

” {
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which at the level of the metacarpal necls divide
to gise nx proper digital arteries. There n 2 nngie
volar digital artery to the ular nde of the Lttle
finger The superficial palmar arch , therefore, the
major arterial swpply to the htile finger the rmg
finger the long finger and the ulnar nde of the
wdex finger At the level where the three common
digutal artenes divide into proper digital artenes,
small perforatmg branches are ginen off and pepe-
trate deep mto the palm of tha hand to anastomose
with the volar metacarpal artenes which anse from
the deep palmar arch

Fig. 30. The palmar spoocuross har been removed @

roveal the wperficial palmar arch Note that the s csels are
sperfical to the major nenes 1 Aedun nene, 2, Trane-
erw carpal heament 3 Promloence of the plriform thow
iny the olir carpal Lgamment i place. This hpaoxst &
continmous with the trasrcrse carpal ligament after arch-
mg orer the ulnar nen 4, Ulnar merve. 5, Proper digital
perve to the ulna ©de of the littke finger 6, Comman digh
tal pern  from the miperficual portlon of the nlna  perve
7 BuperBoial brunch of the wlnar artery &, Buperfasl
palmar arch 9, Superoal branch of the radul artery 10,
Cormmoon dugital  reovees. 11 Proper digital artery to tha
almar sde of the Linte finger 12, Abductor pallics brevy
musche. 13, Abducior dipie quinti smusce. 14 Proper digh
tal nenne to the radial ude of the mdex fnger

The deep palmar arch abo has two compooents.
The major component 1 the desp branch of the
radul artery after it passes between the two heads
of the first dorsal mterosseus muncle, The smaller
compooent 3¢ a deep branch from the ulnar artery
The deep palmar arch is smaller than the superfiaal
palmar arch fies deep to all the flexor tendoas, and
» spproximately 1 inch more prommal than the
superfical arch. The major brancher of the decp
palmar arch are four in number The fint of these
u the prmceps pollias artery which wsmally divides
to give two proper digital artenes to the adjacent
sdes of the thumb. A radial volar digital artery
of considerable s7e 18 grien off by the deep arch
to supply the radia] side of the ixdex finger Three
mall volar metacarpal arteries coune distally to
anastormose with the perforating branches from the
superfial arch, In additon there are small recur
rent carpal artenes which counse proammlly to
supply the carpal area.

Nerves of the Palm. The nene supply to the
palmar surface of the hand 1 from the medmn and
ulnar nerves. The median nene, after pamng
through the volar carpal camal, dnides Into mx
major branches (Fig 31) The fint branch gnen
ofl to the radual nde is the recurrent motor branch
which supples the abductor polhds brevis, the op-
ponem pollicas, and the superfical head of the fevor
polias brevis. The remaining fise branches of the
median nene are esentally sensory m furction
There are three proper digital nenes, two of wiuch
supply the thumb, and one of which supplies sensa
tion to the radial nde of the index finger The re
muning two branches of the median gene are cam
mon digital nenes which divide mto four proper
cigital nerves oppoute the neck of the metacarpah.
These four proper digital nerves then supply the
ulnar side of the mdex finger both ndes of the long
finger and the madial side of the rmg finger (Fig
31) In addinoa a unall motor branch anses from
the proper digital nerve to the mdex finger to sup-
ply the firnt bumbncal muscle. The second lumbncal
recenves a emall branch from the first common digl
tal nerve.

The ulnar nene docs pot pass deep to the trans-
\ma:pnlﬁpmml.lnnndummmdzbe
radial aspect of the puferm lyng on the teans-
verse carpal Ggaent. (Fige 28 and 30.) Tt u cov
ered by a small sip of fascas, which In the past has
been Lnown as the volar carpal lijament. As the
winar perve pages the prlorm, 1t divides Into two
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major components the drep component which iy
enurely motor and the superficial portion which 1s
prmcipally semsory m  function The superficial
branch of the ulnar pene dnkles into a ungle com
moa digital nerve which courses deep to the palmar
aponcuroas and  oppodte the fourth metacarpal
nech, dider Into two proper dimtal branches for
the radial side of the httke finger and the ulnar sde
of the nng finger The other major branch of the
superficial portion of the ulnar nerve 1 a proper
digital branch for the ufnar side of the lutle fin

8, Froper diptal bramch of the ulnar pen
Limw group of tendora. 10, Abdactor pollicis brevis mesele.
1l Prominesc of the peiform

ger A small branch s ako guen off to the palmars
brests musche (Figy. 28 and 32)

The deep branch of the ulnar nene (Fig 33,
15 entireh motor and supphes all the interomeus
muscles, the hypothenar musches the lumbrxcal mus
cles ta the httle and nnt fingers, the adductor pol-
liers, and the deep head of the flexar pollicis brevrs.
The last muscle on the radial side of the hand to be
wnervated by the ulnar nere 13 the fint domal
mterosens muscle The motor branch penetrates
decp mto the palm just distal to the pisform It

Fig. 32 Volar aspect of the wrist to show the major
divuloos of the uluar nern The olar carpal ligament has
been removed and the alnar nerve fifted from lon bed. 1

of the ulnar nery iw the hand. 7 Common digital
ml:-ﬂdudnhoudmnhwme_mhr:;'d‘:

s two prope  dipital nenes 1o supply adjacent
wides of the ring Bager and the little finger 8, Proper digl-
tal branch from the swperbcial portion of the ulmar mene
Thus supplics the ulnar side of the little finger 8 Tendon
of the fSexor carp ulnans 10, Abductor dptl quintd
maescle 11 Abductor pollichs brevis mascke
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Des on the prommal portion of the volar inter
oneut muscles and the proxdmal shaft of the mem
carpah. Tt closcly parallels the deep palmar arch
n the central portion of the patm but s shghtly
prodmal to the vascular arch.

The madial nerve to the hand has no motor com-
ponents It supplies sematon as far ulnarward »s
the midlire of the donum of the long finger and
dutally along the dorumn of the Index and g
fingers as far as the prowmmal Mterphalangeal jomt.
The dorsal muface of the distal phatenx of the
thumb may abo have its mam semsory mnen auon
from the radul nerve. (Fig 34)

The proper digital nenes to each finger are the
mam sensory aipples to the dinie (Fig 35) As the
drptal nerve pamet dutally along the finger 1t bes
on the volar nde of the proper digital artery There

The trarwt erse carpal Lvament haa been remored

DORSAL

£ viner

{1 Radiet
Fix 34 Schematl drawmg

showing the common sen-
sory dhtribations on the palmar nd darsal murfsces of the

and dstal phalanges of the doral surface fs sup-
plied by the proper dimtal nerve of the fdwidual

oms. ‘There are two long fiexor tendoas to
the four fingers (Fig 36) The most super
the group Is the flexor subllms tendon.
sublimh tendons have ther imertion at the
of the muddle phalanx of each of the fingers
the muddle of the proumal phalanx each of
the subkmus tendons dnades into two sfipy, and
through this hiatus in the tenden passes the flexor
profundus tendon. The profundus tendon then con
tnues dutally down the volar aspect of the finger
to 1ts site of merthon at the bax of the distal
phalanx. In additon to the mserton into the middle
and distal phalanges cach of these tendons has a
supplementary attachment through the incuks.
Each tendon has 2 long and a short vinculom The
vinculum 11 a small, mesentery fike structure which
vy from the flooc of the osteofibrous canal to the
tendon and wally it will tranumit a mall blood
ol which s important in nourshment of the
tendon. The excurmon of the sublmis tendon 1o its
full extent at the Jevel of the wint & approcmately

JEFEL
2 8



ANATOMY OF THF HAND (7

Fig 33 Lateral view of tho Index fineer to Mastrate the proper digital nene 1 Proper
datal pen 2, Doml branches of the proper digital nene These branches supply the
doral surface of the finger dirtal %o the proximal interphalanecal jont.

Fig 36. Lateral 1ew of the 1ndex finger to {mtrate the long flexor tendons and thelr
ocala 1 Flexor prof 6dus tendon 2, Onc of the two wlips of the fexor sublimis teadon. 3,
Vinculum brev 4 Vincula longa 5, Cut edge of fexoc tendon sheath
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Des on the premmal poction of the volar inter
oneus muscles and the prowmal shaft of the meta
carpals. Tt closcly parallels the deep palmar arch
m the central portion of the palm but u shghtly
proamal to the vascular arch.

The radial nenve to the hand has no moter com-
pooent. Tt supphes cenmation as far ulnarward as
the mudime of the dorum of the long finger and
dutally along the dorsum of the mdex and long
fingers as far as the proximal interphalangeal jomt
The domal surface of the dutal phatanx of the
thumb may ako have sts mamn sensary innervatoa
from the radul nerve. (Fig 34)

The proper digital nerves to each finger are the
main sensacy supplics to the digit (Fig 35) As the
dgital nerve pames distally aloog the finger 1t Lies
on the volar nde of the proper digital artery There

DORSAL

n Medion

[ Rediar 7 utner

Fig. M. Schemat drawing showmg the common sen-
sovy distributions on the pelmar nd donal rurfaces of the
hand

by the relationship between the major artery and
nerve has been reversed In compamson to the palm
of the hand. Opponts the dutal portion of the prox
imal phalanx of each finger the proper digital nerve
gves offl beanches to the donal surface of the finger
There is usually one major branch and many
smaller branches as the nerve courses distally Sen
saton to the finger therefore, over the mddlo
and dutal phalanges of the dorml noface m sup-
plied by the proper digital nerve of the mdividual
finger

Tendons. There are two Jong flexor tendons to
each of the four fingers (Fig 36) The most super
fiaal of the group & the fexor sublims tendon
The soblimls tendons have thewr imerpen at the
base of the middle phalanx of each of the fingers.
Over the middle of the prommal phalanx esch of
the sublms tendons dnndes into two slipy, and
through this hutus ln the tendon pames the flexar
profundus tendae. The profundus tendon then con
tmues diatally down the volar aspect of the finger
to 1ts site of inserton at the bass of the distal
phalant. In addition to the Insertion Into the muddle
nnddntalphzhnguucho[tbmtmdmnhu:
cupplementary attachment through the vincula
Each tendon has a lony and a shoet vinculum. The
vinculum 15 a small, mesentery hke structure wiuch
pancs from the floor of the osteofibrous canal to the
tendon and usually it will transmit a mnall blood
vemel which n mportant In nournhment of the
tendon.* The excurmon of the subbmn tendon in its
full extent at the kevel of the wrut is approximately
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oo
Fly. 33 Lateral wrw of the index £ « r to Mlntrat the proper diputal nerve. 1 Proper
dighal menn 2. Donal branches of the proprr digital nenve These branches sapply the
doral 4 tace of the finxer dntal to the proxmal Interphalangeal jou L

Flg. 36, Lateral lew of the index finger to [imtrate the kong fexor tendons and their
Incula 1 Flexor profundus teadon 2, One of the two shps of the fexor swblimls tendon 3,
Visculum brev 4 Vinculs boaqa 5, Cut edg of flexor tendon sheath.
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hes on the proxmmal poruon of the volar inter
ostews muscles and the proximal shaft of the met
carpals. It clowely paralkels the deep palmar arch
m the central pocvon of the patm but s shyhily
proximal to the vascular arch.

The radml nene to the hand has no moter com
pooents. Tt supplies semsation as far ulnarward as
the mrdime of the dorrum of the Jong finger and
dustally aloog the dormm of the Indet and long
fingers as far ay the prowmal interphalangeal point.
The dorsal surface of the dutal phalanx of the
thumb may abo have 1ts mamn scnsory inneranon
from the radial nenve. (Fig 34)

The proper dmital nenves to cach finger are the
mam sensory supphies to the dimit {Fig 33) As the
digrtal nerve passes dutally =long the finger it Les
on the valar nde of the proper cigital artery There

DORSAL

Medion

[ Rediol Eq utaor
Fig. 3. Schemate drawing showiog the common wew-

sory distributions on the palmar and dorml surfaces of the
hand

by the relatomhip between the major artery and
nerve has been reversed 1n comparon to the palm
of the hand. Opponte the distal portion of the prox
tmal phalanx of each finger the proper digital nerve
gives off branches to the dorsal surface of the fimger
There bt umally one mapr branch and many
smaller branches o the nerve courses dbtally Sen-
saton to the finger therefore, over the middle
and dmtal phalanges of the doral surface b1 aup-
plied by the proper digital nerve of the mdividual

Tendons. There are two Jong flexor tendons to
cach (Fig 36) The most super
ficlal of the group u the flexor sublins tendon.
The submn tendons have ther mnsertion at the
base of the mddle phalanx of each of the fingers
Onver the middle of the proamal phalanx esch of
the wblims tendons drides mto two sbps, and
through this inatus in the tendon pewes the flexor
profundus tendon. The profundus tendoa then con-
unues distally domn the volar aspect of the finger
10 1ty site of umsertson at the bese of the dutal
phalanx. In addition to the msertion mto the mddle
and distal phalanges each of thrae tendons has »
supplementary  attachment through the vincula.
Each tendon has a long and a short vincuhum. The
vinculum Iy a small, mesentery fike structure which
pancs from the floor of the osteofibroms canal to the
tendon and wsually 1t will transmit a small blood
vemel winch s moportant in nourshment of the
tendon. The excuron of the sublimis tendon n ity
full cxtent at the Jevel of the wnst fs approamately



ANATOMY OF THE HAND 67

Fig. 38 Th thenar mwscks. T The kol of the faterphalangeal Joint of the thamb. 1
Median ren 2, Flezor sublimis temdona 3 Cat edge of the traosene aupal Eament. 4,
Opponcre pollicw mrusche 3 Superficial head of flexor pollres brevw muscle. 6, Abductor
pollicis brovis menche

The web space 1 a potential space for purulent
materal to eoflect m. This 11 a subcutancous space
b the uebs berween the fingers which communicates
Proxmally with the copncctne tssue about the
kimbacal pruscles. This space communicates with
the whcutaneous area of the dormal surface of the
foger

INTRINSIC MUSCLES OF THE HAND
Thenar Muscler, The most superficial of these
rmscles 15 the abductor polltais brevis (Fige 31 38
ad 39) Its ongin 1 from the trannene carpal
Ligaroent and greater multangular The msertion of
the abductor polbers breves 1 mto the extersor hood
2od 1nto the radial aspect of the hase of the prox
mal phalanx of the thumh Its nerve supply 13 from
the recurrent branch of the median pene The ab-
doctor polias brevis has full functron of oppoanon
of the thumh, If we will connder opposition as ab-
and rotation of the fint metacarpal, rota
Uoa and lateral deviaton of the proxmal phalan
with shght extensbon of the dutal phalans, 1t 13
Apparent that the abductor polfcs brevis Is the only

muscle capable of performing the complete act of
thumb oppoution.

The oppouens pollirs Ges deep to the abductor
pollrers brevrs (Fig 38) Its ongn 1s from the trans-
verse carpal ligament and the greater multangular
Its 1mseruon 1 into almost the entire length of the
thaft of the fint metacarpal. Thrs muscle abo o sup-
plted by the recurrent branch of the median nene.

The flexor pollicis brevms 1 composed of two heads
(Fig 38) The superfictal head of the flexor pollias
brevis has ats ongin from the greater mmltangular
and inserts into the rmdnl side of the proamal
phalans of the thumb Its nerve supply 5 from the
recurrent branch of the meduan pene. The decp
head of the flevor pollies brrvis has i ongn from
the laser multangular and the capitate Its mser
tion = mto the proumal phalanx of the thumb, but
this portion o usually suppled by the ufnar penve

The sdductor polkais ako has two heads The
tranmverse head has its ongm from the third meta
carpal and mserts 1n comman with the obhique head
mto the ulnar ude of the base of the prosmnal
phalane The trannierse head n supplied by the
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2% inches, whike the escurmon of the profundus
tendon 1 approxioately 234 inches *

In the fingers the long flexor tendous pass through
a tendon sheath (Fig 37) In the case of the mdex,
looty and ning fingers, this sheath ongimates at the
level of the memcarpal neck and terminztes at the
dustal mierphajangeal point near tho nite of the
sertron of the flexor profundus tendon. Strengthen
mng the flexor tendon sheath are annular and crud

ate hgaments which act as pulleys to keep the ten
dont from bowstnngung when the finger is feved
In the ease of the thumb and the Lttle finger & defi
nite tendou sheath extends fram sbove the trans-
verie carpal ligament to the utes of insernon for
the jong flexor tendoas. The tendon sheath of the
Tittle finger u often referred to as the ulnar burse.
The ulnar bursa at the level of the wmst jomt 1
expanded to incorporate, nto a synoviakike Lning
the finger flexor tendons as they pass through the
volar carpal canal. In some nstances, at the level
of the wrut thers 1 a direct communication be
tween the radul and ubnar bumsae. These burmae
and thetr interrelanom are quite vanable and the
reader n referred to Kanmvel's monograph for a
more detailed desenption of these vanatrons

The flexor polhas Joogus tendon at the level of
the wrut is the most radial and the deepest of all
structures pasnng through the volar carpal canal
The tendon 1 encased 12 & tendon theath and
has jts insertron at the bese of the dital phalanx
of the thumb. The funcbon 1 to flex the inter
phalangeal joint as well as the metacarpal phalan
geal joint of the thumb. Thrs temdon has an ex
curuon of apprommately 2 inches. The flexar digr
torum subhmn 13 mnenated by the median menve.
The flexoc pollicus Joogus and the Sevor profusdus
to the index and long fingers are suppled by the
median nerve. The ulnar nenve mnervates the major
portion of the flexor profundus going to the ring
fmger and Lttle finger

Palmar Spacex. In the palm of the hand, there are
three dmstioct spaces which may be mvohed In In
fection. The first of these o the thenar space, which
has as 16 ulpar boundary the septum extending
from the palmar mponcurous fo the shaft of the
rd metacarpal. On the radal side it n bounded
the flexor polhcls brevis This potential apace
to the palmar nde of the adductor pollicss, but
Lies deep to the jong flnor tendon to the index

BIE

i

The ymd palmar space Lex to the ulnar mde of
the hand with 1ts radial boundary being the septum
to the thurd metacarpal Its floor when looking at
it from the volar aspect of the hand would be the
wperfiaal fascla which overhes the metacarpals and
the interomews muscls on the ulnar ude of the
hand The ulnar boundany b the hypothemar muscle
group. Thu potental space alio lies deep to the
long flexor tendons pawng to the loag ring and
httle fingere.
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Fig 40. Volar mipect of the hand. All perves vemel
and tendors ba ¢ bren remoned. 1 Fleor carpi uloarh
tendon. 2 Flexor carpl radialm tendon. 3 Volar earpal
canal 4 C t edge of the trannene carpal Iament 5,
Opponzos pollicls muel 6 Flexor pollich breii muscle,
7 Origln of abduct r pollicls brevis muscle 8, Abductor
digdd qul H muosle 9, Fine dorsal interossews muscle 10,
Fint volar | teromeus omuscle 11 Second volar | teroseus
masche 12, Third volar interomecns muscl  m, Metacarpals
(2 3 and #)

Flg. 42 The hypothenar pancles, A cleardly defined
kmﬁl"dqnhzdmldnatbc‘dmﬂ.ﬁtd.l} Rl;"n‘gr
LF Litde fingers 1 abductor digltl quind muscle 2,
poaens dipit] quint mescle or
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ulnar nene. The oblique head of the adductor pol
bas has 1ts ongin from the tranmerse carpal Iga
ment, the captate, and the base of the second and
third metscarpalk. Its sertion it m common with
that of the tramsvense head The obhque portion it
also supphed by the ular nerve.

Interosscus Musdes. There are two groups of
interotseis muscles. the volar and the damal di
viions (Fig 40) The volar interosseus muscles are
three m number one for cach—the mdex, the rmg
and the little fingers. They have therr ongmn from
the shafts of the sccand, fourth and fifth meta
carpabs. The imertton of each volar mteroseus
muscle 11 somewhat complicated, unce 1t has three
rather distmet utey of msertwon  first, 1t sends a slip
to the int caprule at the metacarpophalangeal
romt second, 1t sends a slip of serting fibers wnto
the base of the phalanx third, there by & definute
poroon whrch has its inserhion nto the extensor
hood of the finger The functiom of the velar 1
terosseus muscles o adductton of the finger plus the
function of the extensor hood Thus entire group of
muscles 15 supplied by the ulnar nene

There are four dorsal interosseus muscles one
for the mdex and ane for the nng fnger and two
for the long finger The ongm of the dorsal mteros
seus munches is from both odes of the mtcroneous
spaces. The msertion 1 the same as for the volar
interosseus muscke group, except mn the case of the
fint dorsal mterosseun. The finst donal interosseus
muscle has its inmerbon entirely into the radial dde
of the base of the proumal phalanx of the index
finger The functon of these musches 13 abduction
of the fingers plus the function of the extensor hood
Thu group of muscks alw 1 supphed by the ulnar
neTve.

Lumbncal Musces, There are four lumbrical
muscles 1 the palm of the hand (Fig 41) Theswe
muscles have thew orgin from the flexor profundus
tendons as they course through the palm of the
hand. There Is a double ongin for the lumbrical
muscles to the nog finger and httle finger The
course of the lumbrical tendons is to the radial side
of each corraaponding metacarpal. The tendon
panelduﬂughth:no—uﬂrd]mnhﬂcdaml,vdu
to the tranmere metacarpal hgament, and then
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Fig 40 Volar mpect of the hand. All nerves, emch
and tendom hate been removed 1 Fl xor earpl ulmrh
tendon. 2, Tlexor carpd radualn tendon 3 Volar carpal
canal 4 Cut edge of the taomerse carpal Ligament. 3,

pollach musc] 6, Flexor pollich brev  muscle
7 Orim of abd ctor pollich brevn rouscle 8, Abductor
didd quinti muscle 9 Fint doral interowews muscle 16,
First volar Interowen mucle 11 Second volar interomem
muscl 12, Third volar interoseus muscke m, Metacarpats
(2 3 and 4)
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curves dorsally to insert mto the extensor hood. The
angle of approach of the lumbnecal tendon In rela
tromshup to the finger in full extennon » apprax
mately 35 degrees. The lumbrical muscles to the
index and long finger are supphed by the medhan
nerve, while those of the nng finger and little finger
e wipphied by the ulnar nerve. The functon of
the lumbnicel muscle is m part the function of the
extensor hood and it fs ooe of the beat flexon of the
metacarpophalangeal joint.

Hypotlrenar Muncles. The final group of mtrmsie
muscles of the hand connsts of the hypothenar mus-
cles (Fig 42) The moat procunent of these o the
abductor digitt quint. This muscle bas is oagin
from the pruform and the hamate with it insertion
into the basc of the preximal phalanx and mto the
externor bood of the httle finger The function of
this muscle 1 abduction of the little finger plus the
function of the extensor hood. It w supplied by a
branch from the deep ulnar perve. The second mus
cle in the hypothenar group 15 the opponens dgitt
quintt. Thi muscle has its ongm from the hamate
and transverse carpal ligament. Its msertion 18 into
the ulnar barder of the entire length of the shaft
of the fifth metacarpal The function 18 alight op-
position of the httle finger It 3 supphed by a
branch from the deep ulnar nerve. The flexor digi
quinti brevts o the third muscle of the hypothenar
group. It has 1ty orgm from the hamate and trans-
verse carpal bigament and 13 jnserted frequently in
common with the abductor digitt quint Its functon
i to shghtly fiex the phalanx of the httle finger
According 10 Morris it may be abeent in spproq
mately 18 per cent of mdividuah® When present,
1t is supphed by the ulnar nerve. Many times 1t can
not be weparated from the abductor dgitl quina

EXTENSOR HOOD OF THE DIGITS

The extensor hood of each of the four fingens 13
a compkx mechanism with multple component
parts (Fig 43) The compovent parts of the ex
temsor hood cammst of the long extensor tendon to
esch finger the volar and dorsal interosseus mus-
cles to ecach finger and the lumbrical muscles which
approach from the mdul side. The fint dormal In
terossevs musche has its fnserton entirely into the
boae of the prowumal phalanx of the index finger
The other mterosscus muscles insert into the meta
carpophalangeal jomt capsule 1nto the base of the
proumal phalanx and into the extensor hood The
lumbrical muscle inserts into the radial nde of the
extensor hood with an approach of approumately

SSernaIrunv.h:mhrupectobecmmwm
metacarpal hgament.
The structure of the extensor hood & also com-
plicated (Figr. 43 44 and 45) Overlying the meta
[ younts and across the verv prodml
portion of the bage- of the prommal phalax are
srantverye fiben. These btend mto the oblique fibers
Lhnzumudnbng;hghtuﬂmrpmm‘thcpm
mal phalanx and beyond the prommal mterphalan-
geal josnt. Over the central donal surface of the

6, Fibrocartilaginour disc st site of the ~eotral alip o
serbor. 7 Triangular Lgament 8, Lateral basds §, Site of
umertion 110 dwial phalasx. 10, Trasnerm Sbere 11
Obligus fibere,
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lew of the extersot hood of the index fing r 1 Trannenc fibers. 2, Oblique

Fig 44 Lateral

fibere.

Fig. 43. Lateral swew of finger with the extermor hood clev ted to show I anow d-

vhuore, 1 Central dllp Inserting into the dorsum of the middle phalanx. 2, Dutal continua-

tion of the Ixteral bands 3 Dustal portiom of the triangular Lgamceat. The proximal portion
has been remored 4 Th porten of the exterwor bood which overlies the proximal phalany.
5, Dirtal portion of the rxtensar hood folag to It tmsertion fat  the basc of the dorval surlace

of the dtal phalany,
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fingers, the extensor hood just proxmal to the prox
nal interphalangeal jount dvides fnto three parts,
the central porton gowng to jts insertion into the

with the fibrocartilaginous plate over the proxmal
terphalangeal jomt. The two lateral bands separate,
pasung oser the domolateral aspects of the jount, and
then over the middle phalanx approwch each other
again. The lateral bands jon at the slte of msertion
1nto the domsal surface of the distal phalanx. The Iat
eral bands are held together over the doral surface of
the mrddle phalanx by the socalled trangular hgn
ment. Burmell quotes Kaplan a3 observing that, in
384 per cent of the hands he studied there was abo
& cenwal dip of meertion mto the bawe of the
proumal phalanc

Bunnel! has made an extensrve study of the func
tron of the extensor hood, and the reader 15 referred
for o more detailed description of thuy functuan to
his book  In genera] the function of the extensor
hood ean be summsrieed as follows It has the abil
uy to flex the proamal interphalangeal jont, and
this takes place when the extersor hood has been
sufied mto & distal postion by relaxation of the
long extensor tendonr The chwef muscle that has
the ability to flex the metacarpophalangeal jont

Flg. 47 Lateral [ew of proxfmal { terphalangeal fomt
1o {Hustcate the coflateral ligament. All capuule of the joint
hus been removed, Jexs ng coly the collateral lgament. 1
Proxmmal phalinx, 2, Middle pbalanx. 3, Expame of the
collatera] hgament. 4 Artlcolar surface of the proximsal
phalanx,

15 the Jumbneal muscke this # due to 1ts approcch
from the volar aspect of the jount. The mteromes
muscles have considerably Jan function at flexors of
the metacarpophalanges! joint. When the long ex
tensar tendon has sfufted the entire hood into a
more proxtmal pomtion, the interosscus muschs
then have the chief function of extenmon of the
proumal and dutal interphalangeal jomus. The long
extensor tendon s maln function 18 extension to the
metacarpophalangeal pomnt. Houerer 1t thould be
remembered  that when the metacarpophalangeal
jomt is held m 20 to 40 degyees of fiewon and 1 not
allowed to hyperextend, the Jong exteusor tendon
has complete capabdhty of eatending the prowumsl
and dotal Interphalanges] jonta™*

METACARPAL

AND INTCRPHALANGEAL JOINTS

Ths metacarpophalangeal and the faterphalan
gaal jouts represent o ghdmg diarthrodeal artior
lauon {Fig 46) The range of motion 18 from 180 w0
90 degrees. As u diarthrodeal jomt 1t 3 surrounded
by a capaule which 15 Tined by synovium. On the
Iateral surfaces, the joint capsule b markedly
thickened to form the collsteral hgaments (Fig 47)
The collateral Igaments are attached fo the com-



ANATOMY O THE HAND 69

ponent portions of the font In wuch a fashion that
when the jount 13 cxtended the collateral ligaments
are somewhat relaxed and when the jont has
reached 90 degrees of flewion the collateral Iga
ments are tight. The junt capsuk 1 alw thichened
on the volar aspect, which forms a so-called volar
plate of the interphalangeal joints. In sddition
there i som. lnxity or redundancy of the volar cap-
sule surface fn order to accommodate the dotal
phalanx as 1t ghdes into a position of 90 degrees of
flenron.
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DUPUYTREN’S CONTRACTURE
Pathogenesis and Surgical Management:

A New Concept

The method of surgical management herein de
scribed has been used mnce 1947 It Is based om a
ncw concept of the pathogenens which grew out of
protracted study of the pathological snatomy of
Dupuytren s contracture*  Ths surgical manage
ment 15 far more hmited and more conservanuve
than the radical procedure that is pow used almost
umversally

In the clinleal pcture of this entity cootractures
of the fingers and palms are the moit prosunent
manifestation. The madence s much hugher In men
thao in women and, for the most part, it is a duease
of middle and ofd age. The discase may owcur at
any tmie after the second decade, but the heghest
madence 11 1n patients more than 50 years of age.
At ouset the disease 1y characterired by the appear
ance of one or more nodules either m the palm oc
0 the proamal one-third of the fimgern The nght
hand 15 more frequently involved than the feft. The
majonty of patients have no pam and no tendemes
although an occanonal panent has consderable dis
abihity from these svmptoms The highest mcidence
of nodules and subsequent contractures s i the
ulnar half of the palm and the small and ring fin
gers Imohement of the thenar eminence with con
tracture of the thumb o not uncommon. The Jowest
merdence of imol eément b m the mdex finger

The differenual dagnows n not a problem. Ste
nonng svnovius rheumatod arthnts, and panhyhic
contractures bear thyy entiny onlv a wperfical re

w0

semblance. Invohement of the plantar fasca and
penls 11 by no meams rare and is charactenred by
the same nodules and the same hutologrcal features
ay are noted 1o the hands. Contractures m the feet
are rare and contractures of the toes have pever
been observed by thus wnter

ETIOLOGY

Many etiological factors have been indicted, but
not ono has been proved, with the exception of
heredity ‘There can be little doubt about the beredr-
tary factor this factor being present In from a
wnall percentage to as high as 40 per cent in the
various serics of cases reported m the literature.
Trauma has been one of the most dicussed of the
alleged etological factors and has had many propo-
nents. Actually trauma as a true etological factor
has hittle to support 1t. Tt has not been unusual for
a patlent with Dupuytren s contracture to have in
volvement of both hands and both feet. Such dis
tribution would be difficult to attnbute to trauma.
Likewise explanation on the bashs of inflammanon
or infection has no vafid proof The various theorics
of the edology are too numerows to review i this
type of report

PATHOGENESIS

Whle the ctiology = unknown there it much 1n
the pathogeneshy that fs becooung understood  and
such observations hasc important application to
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Fig 43 A, Module In proliferatn

clinical management of the duease. In the concept
to be bereln described the nodule will be viewed as
the essential lesson and the mte of all of the con
tracture The fibrows cords, 10 conspicuous 1n this
disease, will be viewed s reactrve. The highly 1m
portant nodules of this entlty undergo comsplicuous
changes 1n thetr hfe hisory These changes will be
described as three stages (Fig 48) (A) prolifera
tne stage (B) [nvolutional (contractng) stage and
tC) rendual stage.

Profiferative Stage. 1t Is In ths stage that the
noduje i fint seen. Hustologically 1t u made up of
voung appeanng fibroblasts which have no align
ment with Lnes of stres and which ble the

stage B, “odule Imoluting with comtraction and
reacthe cord formatron proximal to nodule. G, Rewdual suge. Nodule now completdy
imoluted, hss diappeared, bemving concractures and hypertrophied band of palmar fascia.

of & slin crease, the nodule frequently will have the
appearance of twin nodules with half of the nodule
bulging out on each smide of the tranperse skm
crease. While nodules may appear anywhere m the
patm, the majonty occur m the distal ome balf of
the palm. It is common for a nodule to appear in
rel. hip to the p I interphal ! jounts
of the fingers (Fig 30) The wnter has never ob-
served a nodule 1n relatronship to the dutal inter
phalangeal jount. Nodules i rare instances, occur
oo the dorsum of the prowmal intaphalangeal
Joints. These so-called knuclle pads have the same
hustological appearance as the palmar nodules.

fibroblasts of a fibroma (Fig 49) There is no proofl
that the lewon represents s tumor and the subse
quent fate of the podule 1 not that of » tumor
Solitary nodules occur but 1n the majonty of cases
podules are muluple These nodukes rensde en or in
the fascia in the side facing the Bun As the nodule
enldrger it bean agalnst the deep layers of the
sk, often replacing themn, and ulumawrly fuung the
overhymg wlin and the underlying fasca. Growth
occurt by expantion If a nodule forms at the site

Stage. After the nodule reacher a
certain sze which vanes widely from 2 or 3 mm.
to as much a3 1 or 2 cm  the nodule crases to grow
and undergoes change, which can be best dexcribed
as an mvolutronal process. Durme this inyolunonal
stage a contracture of the nodule oceurs Fibro-
blasts in the nodule decrease in number tend to
become moce mature and alyn themsehes with
the major Lnes of strexs tramsmutted by the tnsue
and the collagen element becomes more promunent
If we vuualze @ nodule in the palm, overlying the



7 THE HAND

™ et £

Flg. 45. Alstologial of Abrob.
in the proliferatne stage

fourth metacarpophalangeal pount, we will sce the
following sequence of events. The akin overlymg a
nodule will be securely transfixed to the underlymg
palmar fascia As the nodule undergoes its contrac
uen, the skin of the palm will be drawn into deep
corrugation and the metacarpophalangeal jomt,
readdy yielding to the contructure, wall gradualty
develop a fledon contracture. If the nng finger =
then forcibly ded at the metacarpephs! !
Jomt, 1t will be noted that there 13 a dishnct tugging
on that band of palmar fasas extending from the
nodule to the apex of the palmar fasca Interzmt
tent tugging ou this band of farcia oceurs each time
the patient hfts something or m any way extends
hils fingers. Pattents with Dupuytrens contractures
frequently preoccupy themsehes with attempts to
forcibly stretch the contracture. It 13 in thb In-
volutonal stage that we see the cord maling s
sppearance and it 1 the wnters coatention that
this cord is reactve and not an aggremne part of
the ducase a3 has been beheved 1 the past (Fig
51) It 1s the wrter’s argument that ths cord rep-
resents hypertrophy of the nonnal pabnar fascia m
respome to the intermuttent tenmon siresmcs placed
upon 3t This 13 a radrcal departure from previous
coocepts and has far-reaching mplications in treat
ment. These mplications are readily understood
when 1t © realired that m the radical approach
atrict care u gnen to resecting wll of thewe cords aod
their related digitatrons*® Thh adds immenscly to
the scope of surgery In the writer s concept as will
be deseribed m detm] these cords which are class
fied as reactive arr merely drided—not resected

Reactive cords form only prodmal to the noduke
not dutal to 1. Howerer multiple nodules, with
rezctive cords m between, are more common than
the single nodule with the ungle reactive cord.
Nodules and ther cords will be referred to as
nodule-cord units. It 1 frequent to see u chain of
nodule-cord units conastmg of two three or mare
rodules and cords. When s hand is cxamined and
nodules are found, 1t Is poasible to predics with re-
liance the potentlal coatmcture 1n the nodules
Nodules in the palm can cause anly at most, con
tructures of the metacarpopbalangeal jants, It s not
posibke for a nodule m the palm to cause any sig
nificant degree of contracture of the Interphalangesl
Jonts. To have a contracture of the proamal inter
phalangeal joint, 1t 1 necessary that = nodule de
velop over or adfacent to this jount The more
nearly the nodule rendes directly over the pint the
maore 1ts potental contrecture. Convencly the far
ther the nodule develops from a grven jount, the bess
its potentia] contracture. This 1s why the nodules that
occastonally occur 1n the proximal palm have [ittle
capaaty m therr fife hutory to create & contracture,
Actually the nodules in relatiombup to the proomal

Flg. 50. Arrows pount to sodulen
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Fig. 51 HistologIcal appearance of [nmclal band that
bas wndergone reactine bypertrophy forming s fibroms
cord.

wnterphalangeal punt present the most complex
problem n this entity not the palmar jmvohement
which has been so much stressed and discussed o
medical Bterature.

Whentver we see a finger flexed 1nto the palm,
1t means that there have been at least two nodular
in the chain imolvmg the finger one m the patm n
relanonship 1o the metacarpophalangeal jomt and
one 1n the finger in relavorsluip to the prowmal
mterphalangeal jont. There are ntes at which the
contracture created 1 pot a flexion contracture, but
mather an ulnar or radul deviatson of the fingers.
Such an instance is scen when a podule occurs over
the medial aspect of the fifth metaca
rourt. This cases the amall finger to separate from
the nng finger m an abduction contracture, a con
tracture that 13 decidedly objectionable to the
Pabent.

It 1 pot unuual for nodules to cause two fingers
to be drawn together 10 that no apprecable separa
ton of the fingers is possible \When thi occurs, it
B unually between the smll and the nng finger or
between the rmg finger and Joug finger A modulbe
occwmmng over the fint metacarpophalangeal joint
may occur at ane of several siten If it occurs di
rectly anteniotly the cord extends through the
thenar emmence. If it occuns more laterally toward
the web, the cord wall extend through the web of
the thumb. This latter cord 15 rounded and well
defned. Cords that extend through the thenar
emmence proper are usually somewhat broader and
arc flat. The characterstic of the reactive cord, so
far a1 being fat or rounded 15 roncerned depends

on the lomeness or tghtness of the skin through the
courte of the cord When nodules occur in chans
the most dutal nodule in the cham has a cord ex
temling proximally to the next nodule and that
nodule has a cord extending to the next The last
podule 1n the palm 1 characterped by a cord
edending proumally to the apex of the patmar
fascia.

A clear picture of how much contracture of the
shin and underling jomt can occur from a rela
tnely amall contracture of a mechamcally ad
vantageously placed nodule may be obtamed by
pinching the skm overlying either the proxumal in
tcrphalangeal Jount of & fmger or 3 memarpopha
langeal jomt. It will be noted that when this skm
is pinched and thus shortened for as Ettke a3 ooe
fourth of an wnch, there 13 a substantial contracture
m the joint. Pmnching the skin and shortenun it
over the proxima! interphalangeal jount for as rmall
an extent as one fourth of an inch can cawse 45 or
more degrees of contracture of that yont. It 1 the
wrnters © that no ¢ whatever
occurs in the cords provimal to the nodule when
there are no areas of the cord containing nodular
fibroblastic fod. The propennty of fasda to hyper
trophy under intermittent tenvion stresses 1 seen in
other ntuatrom. The wnter has seen 2 burn o the
distal palmar crease cause a focus of contracture
and & fupon of the skin to the fasaa. This was as
sociated with a reactnve fibrows cord extendmng to
the apex of the palmar fasax. A striling illintration
of this same phenomenon 18 scen m fasaal trams-
plants m the abdominal wall Ths n the LeRoy
Lowman operation in which fasca lata straps are
extended from the tenth rib crsscross to the antenor
superior spine of the ilum. These fascal straps un-
dergo the most pronounced degree of hypertrophy
which i due to the mtermittent tenwon stresses trans-
mitted by the straps. Each time the patrent takes a
step there s & tharp tug oo one fascal strap of the
other a3 these straps connect the rib cage to the pel
vis. It 1 1ot unusual to sec them hypertropheed to the
thicknem of & heel cord. What convincing proof thr
1 of the capacity of faxcia to hypertrophy under in
termuttent tenuon stresses! The rate at which nodules
undergo their imolution and contracton 1 widely
variable. There can be a stow and steady involution
or imvolution characterired by long periods of
quisscence. After vanable penods of quieseence, and
fornouppututrmm\,l}tnndukmnadukgnn
begin again to 1m olute and contract.

There have been instances where nodules re
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mamed unchanged for ten to twenty yean and
then underwent contraction. The greater the con
tracture present, the more flely that the nvohution
Is far advanced or even complete, Very small
nodules have lew capacity to cause contracture
as compared to the potential contracture m larger
nodules. Many nodules contract virtually their entire
diameter

There have been matances in which the wnter
acquired the mpresuon that as & result of trauma
to a given nodule or nodules, particularly those
overlying jomts and particularly when the trauma
represented  heavy pressure of hard objects, the
nodule was preapitated into cither a contraction
phase or a more accelerated contracture. However
the utumate degree of contracture acguired did not
seem mfluenced by the trauma and most certaaly
the nodule did not appear to have been caused by
the wauma. This accentuation of the mate of con
tracture from trauma may explan why the inel
dence of contracture 15 higher In the nght baud
than 1 the left. With progreunve mvolution and
contracture the nodule becomes harder and smaller
and, o many tostances ultimately duappear

Nodules In different parts of the palm and fingens
can be of & different age and present dufferent rates
of imolution Vith these wide vadables, 1t Is not
surprumyg that the muscroscopec prcture of Dupuy
tren s contracture has not been s previous bams for
recaustructing the pathogenens. Skoog 1n his com
prehensive monograph on Dupuytren s contracture
publshed n 1948 concluded It was not possible

Fig 52 Larar podule in th plantar fasciz Hypertx
tench & the frt tor tenees th pla o fucs  nd makes
the wod lo mor  promament

to establuh any reltion between the histological
pecture and the clinical features of the disease.™

Nodufes m the plantar fascia tend to be lirger
and more neoplastic In thewr appearance than the
nodules in the palm (Fig 52) There u abo a
greater tendency for the nodule to reman for a
long peniod 1n the profiferative stage. However the
writer has observed several well-defined hnatances
m which the nodule of the plantar fascla underwent
mnvolutton with cord formation. The cords usually
have been observed npear the medial border
of the plantar fascia. In a few instances, nodules
In both the hand and the foot have been chserved
to undergo involutlon with Iitt, or no, con
tractures.

C 1n the approxi Iy 200 cases of this
writer 1 personal expenence have been divided into
three grades. Grade I contractures are those of from
5 to 30 degreer. Grade 11 contractures are thos
between 31 and 60 degrees and Grade IIT contrac
tures arc those between 61 and 90 or more degrees.
The jount having the greatest degree of flenoa con
tracture deterrmmes the grade grven the case. More
complex claifications may have their good points,
but the clasification here presented hay nmplcty
1n 1ts favor

Residual Stage. In many instancet, and partica
larly evident m oler patients, the nodule completely
disappears duning the involutional process. In these
instances, the nodule creates the maximmum con
tracture of which 1t 15 capable during the process
of destroying iteelf All that 1 left histolonucally m
these instances 18 the relatively acellutar fibrous
cord. The contracture of the shin and the jomt,
bendes the dhesk sur d the
ntes of the previows nodules, iv all that remalns.
Thu stage has been termed the remdual stage The
diseaso has burned out, kaving the contractures in
1ts wahe

The more stresses that are exerted on the reactive
cords the heavier they become. Likenhe fibrows
cords that have ceased to be subjected to Intermut
tent tension strem tend to atrophy Several imstances
have been observed in which a finger was completely
contracted nto the palm, becomung utterly wiclen.
Exploring the fibrous cords m these instances, par
trcularly when they have been of kong duration, 1t
has been stnklng to scc the smalinen of the cords.
In contrasg, when the finger is flexed only part way
into the palm and subjected to frequent and strong
tenwion stres such as occurs In laborers, the fibrows
cords become heavy and strong
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The metacarpophalangeal jounts are not nearly
% susceptible to irreversible joint changes as arc
the proumal mterphalangeal joints. The proumnal
interphalangeal jomt of the amall finger can be the
most troublksome problem i the management of
thy entity After many years of contracture the
capule adapts itselfl by shortening on the flewon
nde thls occurs also In the vessely, nenes, and ten
dorm.

Therapy The 1deal therapy for Dupuytrens n
volvenment would be a method of treatment that
would resolve the noduks when they are in the pro-
Lferauve stage before the development of collagenous
bands and contracture. Our goal should be 1o find
thrs treatment. \eosurmeal treatments of the nodules
m the profferative stage are pow bemg studied and
these include ultrasonic therapy roentgen therapy
inpection of cortrcosterouds, et cetera, It rmat be
obnvious that to wse these vartous methods, without
recogrution of the stage of the docase, would be to
mvite the most unrelisble evaluation of them. The
medical bterature 1 replete with evaluaom of
these vanous nonsurgical methods without any
regard for the stage of the process. It 53 the wniter s
comacton that these nonsurgical methods should
be used oaly in the prolferath e stage or In the carly
pertods of the maolutional stege After the nodules
have destroyed themiehe or when they are ap-
proaching the rendual stage there 1 little reason to

pate resol of the by anything
other than sutgical methods.

SURGICAL THERAMY

The method of surgxal manmagement recom-
mended has been wwed smuce 1947 and 15 based
on the concept of the pathogeness herein described.
In the prolferatnve stage a sofitary small nodule
n the palm & wually not treated surgieally but
rather 1 treated by nonsurpical methods or some
tmes merely observed. If there 15 a large nodule
and 1t 15 soft and particularly if 1t 1s tender it Is
treated by the iwnpection of hydrocortrone o by
ultrasonuc therapy or even by x ray therapy If the
nodule ©ven though solitary 1 Yocated ymmediately
over a metacarpophalangeal jelnt and appears des-
tned t0 cawse a disabling coatracture 1t may be
enucleated wung care to not leave any portion of
the nodule behind. Patients are informed that this
doex pot ghe them an immunity from deyclopment
of nodules in other parts of the hand. It has been
an interesung observation that other nodules have

developed in far ks than half of the caser. Tt is by
no means a foregone conclusion that the presence
of one or two nodules will be ultimately followed
by other nodules and other contractures. This s a
widespread but erroncous concept. A great many
patients seen by the author have been [iving under
the mirapprehension that at any tme they would
quickly and wath certainty develop severely drabling
contractures. Observations over the yrans have not
confirmed this erroncous contention.

A nodule directly over or adfacent to the prox
imal interphalangeal jont should not be keft to fts
own devices. Once 1t starts to involute this nodule
should be excised by a relatinely short mud-lateral
or mid-medisl incinon centered at the nodule. Such
a nodule may be located m the mudline but very
frequently 1t is Jocated eccentrically overlymng and
frequently enveloping digital nerves and vesseh. In
visualring these nodukes 1n the fingers, the diglial
nerve should fint be identified cither prowmal or
dustal to the nodube and the nenve and vessels then
carefully dissected free With the nerve and vessels
retracted, the nodules should be meticulowshy ex
cned. The sheath of the tendon frequenth 1 fused
to the nodule and must be exased. The skin 13 un
dermmed at the ute of the nodule with care taken
not to 1nclude a partan of the nodule wath the shan.
In exceptional matances, an inawuon » required 1n
both the medil and hteral aspects of the finger at
the site of the nodule. A second manon is svorded
whenever possible These rmd-lateral and mud-medual
mncisions heal rapidly and there s almost no tend
eney for arculatory embarrasment If a contrac
ture i present at the proamal interphalangeal jount
then there 15 flely to be a cord proximal to the
nodule A portion of thi cord can be removed with
the nodule

In the palm, when nodules are 1n the involutsonal
stage, with cords proumal to the nodule extendmeg
{23 they do) to the apex of the patmar fascia, these
cords are d by subc f: v This
technique 1 carned out with a fasuatome resem
bling an eardrum Lmife (mynngotome) The tech-
nique of uing the {xsaatome must be leamed 1a de
tﬂ],:ndltmust‘ruxcdhhhﬂmumern‘ptcxthal
1 employed m open surgery A amall puncture §s
made 1 the skin on the ubnar border of the hand
starting 1n the proumal one-half of the palm. The
blade n pasned subcutancously with the blade trans-
venich placed. When the blade reaches the border
of the palmar fascia, 1t s turned 20 that the cuttmg
edge of the blade kes agminyt the fascia and the bacl.
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of the blade hes agaunst the overlying skin (Fig 33)
With the blade m this poution, and with the cord
made taut by extending the contracted finger or
palm, the blade 15 puwshed through the taut fasaa
by the tip of the surgeon s index finger Once the
blade passes through the taut fasam, 1t presses
agunst the underlying veueh, temdons, and nerves,
but 1t does them no harm. Onee the instrument has
passed through the gntty rexdstance of the fmqa,
resistance ceases and 1t 1 a3 though the blade were
being pressed against sponge rubber Obnsously opce
it bas been through the fascla and the re
sstance has stopped, no further pressure should be
exerted. The blade B pext sdvanced transversely
another one-eighth or ooe fourth inch subcutaneousty
sod then the cutting edge turned palmarward and
pressed through the taut fasaas. This 13 connnued
untl the secionmg of the imohed area » com-
pleted.

Under mo crcwmstances showld a reciprocal type
of morement be used Thy could be catastrophic and
obviowsly could sever the underlying structures. The
wbcutaneous techmque 5 safe 1n the paim oaly
when the blade n pressed through the taut fascha.
All sawing or reaproeal scton must be studsously
avoded.

After ammg out thr fimt mbcutancown fasca
otomy proumal to the provmal transverse patmar
crease together with undernunmyg any foa where the
slin 1s fused to the cord, a second subcutancous fxs-
cotomy B usualhy camed out at a level between
the gannene ereates. The fasaotomy & carned out
to a pant just proumal to the site of nodukes when
the proccu u m the invalutional usge Where
there 13 a deep ercase m the shin, 1t fs best to dnide
the cord proumal to thn crease before undermining
the skin at the mte of the crease If the under

mining u carned out first, there 11 & chance of per
forating the skin at the apex of the cremse. If the
fascrotomy o carned out first, then the crease

comes much shall and the und fng can
be done with clear visualimtion of the apex of the
crease. Subcutancous fascotomy can be carrred out
somewhat distal o the dntal tramermse arase but
should not be carned out 1n the regwon of the finger
webs, Using the fasciatome around the webs en-
dangers the nerves and vessels. Subcutancous fasc
otomy Is not wed m the fingers becawse of the
danger to digial nerves and vemels. Whereas m the
fingers the dugital perve or vemel frequently u en
croached upon by a nodule, no such situaton b
found 1n the patm. Nodules do not develop o the
deep surfaces of the patmar fasaz but rether arc
hmited to the superfidal porton of the fasaa with
protruston toward the skin.

The fasclatome has been employed at autopmes
to learn the possibility of damag, deriylng struc
tures, and no damage has been inflicted. The subeu-
taneows fascrotomy when properly dome 11 perfectly
nafe in the palm.
Subcutancous fascaatomy was popular in the nine
teenth century having been fist wsed by Astley
Cooper and reported In 182+ Dupuytren made
muluplt.short,mm‘tncmdauthmughdmnﬂn
and underhymg fasaal cords. The small skin m
unmumeldtopm.Ad-lnn,mledldmuch
to popularire subcutancous fasclotormy The method
was abandoned at the end of the mneteenth century
and the carly part of the twentieth centuny gl
hgﬂymndmlnrmod:nfhmxlrmlmbm
ing the past half century surgeons have vied with
each other to find more degitations to excise in ex
lmdmgu-znd:olrtchmquc.'l‘bemuchmem
senBuve -pprudm)rrdnpfrrntcdhunood the




DUPUNTRENS CONTRACTURE 77

test of a decade of clowe olmervation and a large
sencs of cases. There n fittle doubt thas the reason
the ubcutancos fascotomy fell by the wayside s
that 1t was used without recognition of the atage
of the discare If a wibcutancous fasaotomy m car
ned oat 1n the palm and large nodules keft in place
there will generally be a recurrence of the contrac
ture when the nodules left behind undergo nvolu
tion

Surgery on the palm, whether it be subcutancows
fascrotorm or the mont radical technique that can
be devised, wall not correct contractures of the prov
mal interphalanteal jomts. These contractures are

the rult of scparate foa as ahose described and
must be dealt with wparately

In the wnter s senes there have been no mstances
m which a skin graft was necevsary With ths more
comenvatne approach pecrous of the slin which
has plagued surgeoms carrying out the radical op-
eration 11 not a problem.

In the rewdual stage of the disease, the palmar
mmolement & treated entirely by subcutaneous
fasclotomy (Frg 55) Finger invohTment js treated
by mid aeral or mid medial 1ncuons 10 refation
ship to the proamal interphalanceal joint. Adhe-
sont to the skin are undermined and a section of

and excluon of podale.

Fi¢ 3. A, Mal 63 yean of age preoperathe dew B, Four yean after yubtutancous
{asciotomy
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Fig 5. Clawhand of median and uvlaar perve pasalysis

tetmon of the dutal two phalanges from intnnoc
pacalyss results 1o the flexion deformaty of the
fingers. There 1 also a flattenmg of the paim duo
10 the low of the hypothenar muscles, but thus s not
functionally serious and 1o my experience does not
need surgical repair As will be explained laer if
the proxonal phalanges arc stabebzed at 180 degrees
of extension or less the claw deforrmty wall not de
velop

FUNCTIONAL ANATOMY

The present-day understanding of functronal
anatomy 1 due to deelopment of the concepts of
Duchenne Bunnell, and Fowler It b now accepted
that normally the destal two phalanges are extended
by botk the long extensors and MOmECY Fynergs
tteally It 15 aho agreed that if the proumal phalanx
1 wabilied at an angle of 180 degrees or lew with
the metacarpal extenston of the dmwtal two phal
anges may be accomphsbrd by either the intnindes
alore the long extensors alone or both tegether
This concept explum why in medun nene and
ular nene paralyms, a splint preventing hyper
of the proximal phal allows the pa

trent to extend the mmddle and dstal phalanges by
the pull of the long cxtensors It abo explam why
some patents with median and ulnar pene parnlysis
do not deelop a clawhand because of tight jomt
caprukes that do not allow hyperextennon at the
metacarpophalangral jounte. It abo expbuns why &

patlent with radul nerve or domal interoseous
nerve paralyus can extend the middle and distal
phatanges by the functioning ard their
ability to extend these two phalanges.

STRUCTURAL ANATOMY

Thenar Exunence. Most of the present-day text
books of anatorny wecurately deseribe the ongn and
msertion of the intrmne musekes of the thumb but
few accurately lllustrate the Inserhons of these -
cler.

The abductor pollien hrevs takes it oegin from
the trantwerse carpal hgament and tubercle of the
navicular Tu lnsertion Is into the radial scxamoud
bone (Fig 57) the base of the fint phalenx, and
the tendoa of the extensor polhen loogus through
the cxtensor eponeyross. The flexor pollics brevis
has two heads of ongin the superficial hesd from
the transverse carpal lgement and the deep head
from the greater multangular the capetate, and the
woond metzcarpal. The Imertlon of the superficial
head u to the radial scamotd and the extensor
aporeurous. The deep head mserts by tno drvmons,
oot on the radial samad and the larger mto the
ulnar sesamoid, the base of the proamal phalanx,
and the tendon of the extensor polhchs loogus, via
the extensor aponcuross along with the abdectar
brevis tendon. (Frge. 38 and 59 )

Functionally the abductoe pollics brevss In prob-
ably almost equal 1n power to the extemor
lonigus in »o far a3 extension of the distal phalanx
of the thumb m concerned Thm 1 canly scen 18
cases of radial nene paratysls, Full extension of the
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Fre. 38, Anatomy of cloar 3ide of thumb showlog in-
sertion of addhuctor into aponrurowu of the th mb. A, Ex
wreor pallien brevh, B, Extensor pollicls longus. G, Fint
dorsal interomews D Adductor pollich, E, Extensor aponea-
rosh

dwstal phalanx can be seen af the thumb 53 10 op-
poution ot If the thumb Is stabilied by an ex
ternal force fn any pemtton The abductor pollicis
e s then capable of extendurg the distal pha
lanx strongly If the dumb 1 not stabitued, the
thumb first goes into full opposition  the proximal
phalanx deviates radually and then extension of
the distal phalanx occurs.

Interosseus Mmscles. The interosseus muscles are
located between the metacarpal shafts and are
described a« the doral and palmar of volar inter
ower accarding to therr relavon to the axis of the
hand and position relagve to the palmar and doreal
aspects of the mnternetacarpal spaces.

The palmar interowse onpnate by a ungle belly
from the palmar two-thirds of the metacarpal shaft
facing the aws of the hand and insert on the prox
1mal phalanx correponding to the metacarpal en
gin. There are three pabmar interossct and, there
fore all act as ndductors townrd the aus of the
loag finger

The donal interokses onginate from two mus-
cle bellcs from the adjacent metacarpal. The larger
belly arises from the anterolateral surface of the
metacarpal which faces away fram the aws of the
long finger The smaller muscle 15 artached to the
remaining third of the thaft of the metacarpal
facing the axn of the long finger The msertion of
these mutcles takes place on the proamal phalanx
of the ude of the larger ongin of the muscle The
dorzal interowser are abductors of the fingers away
from the axs of the long finger and are four i
number

The imcrtions of the palmar interosse are partly
fnto the lateral tubercle of the base of the prowmal
phalanges, and the majority of the inserton Iy into
the extensor apparatus by a tendon. This tendon ex
pands and contributes to the fibers of the dorsal
sponturoms and connects with the md portion of
the extensor digitorum commums tendon and to
the latera] band of the dorsal apparatus

The dorsal interomel form a tendon which has
oot hesd mserting into the base of the proximal
phalan< anterior fo the axu of flevion and exten
non of the metacarpophalangeal jent (Fig 60)
The other part of the tendon is flat and approacher
the dorsal apparatus with a twut part of this ten
don then contlnucs on mto the lateral bands of the
dormal sponcurons, expanding and contributing to
the fibers of this aponeurotis and the mud-band of
the extensor dipitorum eommunys tenden. The 1n
serpony of the docal lnterossel vary and it Iy wu
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Fig 60. Laterul vlew of Bnger
In

exteomor teodon and Interoesed and extensor mechaniem.
{From Harris, C, and Riordan, D C. | Booe & Joimt
Surg. 36-Ar 10 1934}

ally found that the fint donal mterosseus may not
have any imsertion mto the doral aponeuroes but
inserty compictely mto the lateral tubercle at the basc
of the proxtmal phalanx of the index finger The
second and third dorsal interosser wually have the
typical double msertion deseribed above as docy the
fourth dorxal mteromseus.

Hypothenar Emunence. The hypothenar emu
nence b o separate group of three muscles all m
scrung onto the [little finger The abductor digi
quma originates from the dittal part of the piform
booe from the pmform hammate ligament and from
part of the volar carpal figument. The muscle may
have what appears 10 be two muscle belkes, con
tinutmyg toward the base of the proxumal phalanx of
the little finger and formmg a double tendon coe
part inserung nto the lateral tubercle on the ulnar
nde of the pro<amal phalanx and the other mto the
dortal aponcurosr.

The flexor dgnu qumty brevis oryginates from the
1olar carpal hgament the bool of the hamate bont
and {rom the pmform hamate hgament. Thn mn
che which 15 tghth covered by the abductor convers
the muncle belly of the opponens digii quint The
imsrrpon of this muscke noin front of the phatangeal
mertion of the abductar en the anterior part
of the lateral tuberche at the base of the proximsl
phalanx.

The opponems dith qumty i & wmall muscle com-
pletely covered bn the flexor belly onminaung from
the hool of the hamate bone and from the praform

hamate Igament The fibers of the musche rin
toward the fifth metacarpal and msert by ahort alips
mto the whole kength of the ulnar side of the shaft
of tbe metacarpal The deep branchis of the ulnar
artery and nerves pawm through the fibers of thh
muscle.

Lambrcal  Muscles, There are four lumbnical
muscls ntuated on the radial sde of the flevor
tendons of the fndex, Jong rmg and Ftte fingers,
respectively and mserting into the radiz] sde of the
dorsal aponcurmis

The normal argn of these mucies 11 from the
tendon of the Hexor profundus of the
finger m the palm of the hand. The finst and second
lumbrical mouscles arise from the radial border of
the flexar profundus of the mdex and fong fingens,
respectively The third and fourth lumbricales arbe
fram the adjacent surfaces of the profundis tendon
of the loog and nng fingen and the ning and Etle
fingers. The ongin of these muscles on the flexar
profundut covers a considerable dutance and my
be from 2 to 4 an in length The muscle fibers
run on the flexor iide and the radual side of the
tendon and may completely cover the subhmi
tendon In the patm. The lumbrcal muscles of the
Jmg rmg, and little fingers pam antemior to the
transverme mettcarpal Lgament between the second,
thurd, fourth, and ffth metacarpal beads Tho
Jumbeicahs of the Index finger has 0o such igament
but ins the same apg position. The
insertion of these muscies  Into the fiberx of the
lateral band of the dorw] aponcuross and forms an
angle of approach of about 30 degrees from the
flexor tendon. The tendon, therefore hes anterior to
the axis of motion of the metacarpophalangeal jomt,
and the tendon wmnually forms the leading edge of
the dormal aponcuross on the radial sde.

SURGICAL REPAIR

The Thumb

Methods of Transplantation. There are three me-
chanica! prinaples that must be fulfilled by any
tramsplant that aims to restore good opposition of
the thumb. The first of these is that the pulley re-
main comtant In its poutios and 10 My opauon, that
3t mxntaa the tendon tansfer exactly at the paat
where the pormal palmarns loagus panes the flexon
crease of the wrmt when the wist s peather m radal
por i ulnar devation The second prindple i that
the tendon tramplant pam subcutancownly acton the
thenar eminence superfical to the volar carpal Lo
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Fig 61 Musrls on ki showing the three mechanical
wlnumm‘hﬂm\hm\kmudthelendon
tramler

ment and that 1t be mamtamned exacth over the
center of the tendon of the abductor pollics brevis
at the lend of the metacarpophalangeal jont Thi
corresponds precely ta the msertion of the pormal
abductor pollics brevu, The third prmeple i that
the tramsplant continue dutally into the tendon of
the extensor polhes Jongus, in the direction of the
fibers of the ahductor polhcs brevis, and cnd In the
ong cxtensor just proxial to the proaumal mter
phalangeal jomt. (Fig 61)

Thus, 1t can be seen that the transplant is actually
made to pan in a lme runming from the ongin of
the abductor policis brevn, through its tendinouns
part, over the metacarpophalangeal jolnt, and in
rert through the aponcuross mnto the extemor pollrcls
longus. The transplant has thus completely reduph
cated the pull of the abductor polBers beevis. If
these three prinaples are utilred and fulfilled, ex
cellent oppontion will be obtained regardless of the
mmuscle motor used and whether or not o graft u
wed to extend the mincle motor Ths method has
been used by me mnce 1949 and 1t has gnen
the most comuntenth good results of amy of the
methods available.

Bunnell m b numerous contributions, has pre-
sented the principles imohved and the sariow meth
ods by which these prinaples may be fulfilled. He
states that the isertion must be on the domal ulnar
aspect of the proumal phalanx of the base of the
thumb. From this imsertion the tendon must parm
subcutaneowuly in the direction of the pluform bone,
sod 1t mwst be superficial to the tramsverse carpal
lgament. The vanous methods of construcung a
toop and the vanous muscle motor that can be used
are well covered fn hus wnongs

"f)‘.;!dlﬂ-ﬂ: the paltmans longus as the motor
power the extersor pollics 1212 ft to
prolong the motor  He dum'tl::!ut}t m_:;‘tr as

pamng under the volar carpal ligament and then
pasung subcutancously acros the themar eminence.
I have never wned the procedure described and feel
that 1t woukl have ymall chance of suctess if the
tendan passed under the volar carpal hgament, This
npcnﬂonhmbcmped’mmcdrmnydmnwhendre
tramsfer has been hept superfictal to the ligament and
has been wbcutancous all the way In selected cases
this has grven good results.

Royle used the sublimus of the ring finger and
passed §t throuth the sheath of the fiexor pollias
longus after the method of Standlter  This did not
have the correct pathway and T C. Thompson®
modified this procedure and used the sublimus of the
nng firger leaving 1t under the volar carpal liga
ment but brnging the terdon subcutaneously acron
the thenar eminence and mserting the two shps of
the tendon mto the thumb one dutal to the meta
carpophalangeal jont and the other prodmal to 1t
Thes gave much better results, but tends to duplreate
the action of the superficial head of the short flexor
of the thummb, Thu modification of the Royle pro-
cedure, in my expenence worls best in pavents
with polamyelits who thow marked relaxation of
all sructures and In whom there i a need for strong
flexron and lem rotation.

I have been unng a2 method which fulfills the
prinaples mentioned earfier Litther* nuggested that
the tendon transfer for opposmtlon be imserted 1nto
the tendon of the abductor pollics brevm mnce
this muscle was the allumportant muscke of the
thenar emunence, acording to Duchenne. When
thiy was tried 1 difficult omwcs, 1t dud not gne
o samfactory degree of rotation and devianon of
the phalanx of the metacarpal, nor did it give any
power to ard m extennon of the dital jount of the
thumb. After dong some cadaver expenments, 1
found that the best restoraton of full oppoution
could be obtained by a mngle tendon transfer :f the
pull of the tramferred tendon duplicated the lines
of pull of the abductor pollicss brevis and mserted
into the long extersor near the terphalangeal
joint of the thumh,

The muscle motors 1n order of preference are
sublmus of the nng finger any other sublunls avail
able, palmart longus, extemsor ulnacls, extensor
carp: radialy longa flexor carpt ulnarm, and brachy
oradralix.

Three slin incisons are used (Fig 62) one on
the flexor ude of the forearm just proumal to the
pform and over the flexor caru ubarks, the sec
mdmdtnndblenlndeofﬂmp'roumalmm
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Fig 62. A, Skin Inclons for cxposure of the thwmb and Bexor wnarh, B, Skin inciroms
showlog lateral approach to finger for removal of sublima.

phalangeal jount of the nng finger and the thud
2 gently curving inomon over the metacarpophalan
geal jont on the radial nde of the thumb. If the
sublimas of the rmg finger 1 wed as a muscle mo-
tor the tenden 33 withdmawn from the fioger and
palm by traction ahove the wrut and passed sub-
cutaneonly across the thenar eminence and brought
out into the wound of the thumb Onc half of the
distal two mches of the tendon of the flexor carp
ulnaris 15 used as a pulley Tho tendon slip runs
from the pmform around the tendon transfer and
back to 1tself as close to the priform as posable. It
v felt that a fixed pulley 13 preferable at all times
and that the tendon transfer should not sumply be
looped around the flexor carpr ulnars ay recom
mended by Bunnell The length of the pulley 13 de

termuned while tennon 15 exerted on the tendon
transfer by an assistant unng traction, so that the
tendon is made to change its angle of approach di-
rectly at the point where the nommal palmans ka
gus crowes the flexjon crease of the wnst 1n & wrist
that 13 deviated peither radially nor ulnarward,
Tennon 15 then relaxed on the transfer and the pul-
ley n sutured into position as determined by thh
mancuser

The msertion of the tendon is as thown I Fig
63 A small tunoel 13 made 1n the tendon of the
abductor pollicts brevis just prowumal to 1t iser
tiog on the prosamal phalanx, by two short, paralie]
mcinions elevating the intervenng strp of tendon,
Usually the sublums 1 too large to pass through thiy
small shp of tendon 0 the two hahes of the sub-
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hmu arc split proumally for an inch er more and
only one hall of the tendon is paned through this
tmnel The same half of the tendon 1 then pased
through a second mmall hole in the aponcurosds and
brouglt thuough the cxtensor tendon just proximal
to the interphalangeal joint This half of the tendon
1 then turned directh back upon itself and the
two hahes of the subEms are overlapped, onc
half pullmg the thumb into oppoutien and smul
tancous extersion, and the other hall putung ten
mon on the muscle belly The tendon ends are
suturced together 1n such a way that the two tendon
ends are buned.

Clawed Fingen

Bunnell's Multiple Sublimns Transplantation. Bun
nell s ingenwows operation af transplanung muluple
slips of sublmus tendons through the lumbrcal
canals 1nto the apoacurotic expanston has produced

1k results as ployed by many

Bunnell implied that the suecess of the muluple
sublimus tramplantations depended upon a bed of
soft ghdmg tsue which allowed the “glidmg apo-
neuross” 0 male the tramplant both flex the
proumal phalanx and extend the dotal phalanges.
I hase found that thu tendon transplant gives ex
cellent results for patients wath mild cases of claw
hand who do not have mere, fived deformuty or
who do not have 2 marked compensatory flexon of
the wnst. If there is a fixed deformty or & compersa.
tory hyperfledon of the wrut on attempting to ex
tend the fingers, the subhmn transfer will not be
effectne. In the fint care the fixed deformuty can
1ot be cvercome by a 1endon trander In the sec
ond case the fiexton of the wrmt immediately ren
ders the sublmu transfer meffective because 1t doet
ot have wfficaent range of moton (o extend the
mterphalangeal jomts cace the wiist has been flexed
therefore the clawing of the fingers cannot be over
come a1 long as flewon of the wrst 13 permit
ted,

The techaique for thu operation st now used s
somcwhat different from that described by Bunnell,
m that 1t has not been found necesary to use more
than one sublimn tendon for the musck motor for
the Bunnell transplant. The techruque employed b
to use the sublms of the long finger sphtung It
tnto four strands, pasing a strand through the lum
bacal canal of each finger and inseruing it mto the
extensor apoocuroms on the radial nde of each
prowumal phalane. The inserton 11 done while the
proumal phalanges are all flexed to 80 or 90 de

grees the maddle and dintal phalanges are fully ex
tended and the wrnt js flexed about 30 degrees to
gve plenty of dack to the whlims.  Usually the
transplants are put m farrly tight with the hand in
the abo c<lescribed poution. An exeens of 1 to 1%
Inches of sublimis B exarwed from each of the fingers
after sutunmng the traovplants mto poution

The Bunnell procedure gives the strongest flexor
power to the proximal phalanges but should be
used only 1 patients without 2 marked compena
tory fledon deformmty of the wrist on attempting
to extend the fingery

Fowkers E: Trampl Jon ? The techng
of the Fowler operation requires the wse of the exten-
sor indiers proprrus, which m sphit into two strands, as
well as the two slips of the extensor digits quiniz
(Fig 6%) a dlip & pamed through cach mteros
scous space antenior to the tranaerse metacarpal
ligament (Fig 65) and o umerted imnto the apo-
neuronis. In my expenence, 1 have found 1t ad
viable to insert one allp on the radial wude of each
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Fig 63, Fowlor atensor transplant, lateral view showing traneplant trameplant pesing snterjor to trans-
veno metacarpal byament and being sutured 1o obliqee fibers of the extermor aponcurods,
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prowumal phalanx in the combined extensor and in
trmuc apoveurosis, The ongwal description of the
Fowkr tramsplantation speafied that the tendon be
inserted In the ring and bttle fingers on the ulnar
ade, but T now find that afl tendons should be in
serted onto the radal nde of the proximal phalinx
of each finger This will prevent the pouwibility of
an ulnar dnft of the finger if the transplant should
be put 1n too tght,

The success of the Fowler transplantation de
pends on permanently limung extension of the prox
wnal phalanges &t 180 degrees or sbighthy les If 1t
does thrs, and this can be demonstrated at the op-
crating table then the long extemor i eapable of
extendmg the distal two phalanges. In additlon to
this, 1t abo gives a varying degree of Emutatron of
fiexdon of the wrst which helps to prevent return of
the deformity for as Bumnell state, “The wrist Is
the key jount of the hand for muscle balance.”

It was ongmally felt that the Fowler procedure
was a tenodens, but it is now known after many
yeann of observation of postoperatrve results that
this 15 not true and that active motion of the trams-
fer does occur

Riordan Tenodes.  Occasionally oae will encoun
ter a case of median nerve and ulnar nenve panaly
ms In which there s not sufficient sublirmus strength
for & Bunnell multple sublunn transplantatoa and
m which the extensor muscles are too weak to allow
the use of the extensor Indicrs proprius and extensor
digi qumtl. Bumnell, in the second editron of his
book suggested a tenodems procedure for paralyxds
of the interesel In attemptmg to meet ths
problen 1 have devmed » method of tepodess
which effectnely Emtn extenmon of the proamal
phalanges and has glven excellent rewlts. This was
developed In preference to using the boae block pro-
cedure of Howard.

In this technique oae half of the extensor earpi
madialn longw 1 cut one-thurd of the distance above
the msertion. This half is stripped destally and is
left attached to the second metacarpal One half of
the extersor carp ulnards 15 lGkewne viewed and
cach of these strands of tendon s split Into two shps.
(Fig 66 4) Thus, there are four ships of tendon,
two attached to the base of the second metacarpal,
and two attached to the base of the fifth metacarpal
One sfip 1 routed through the mterosseows pace
and paused to the radul nde of each finger u b
placed antenioc to the transverse metacarpal Liga
ment and 1 mserted mto the aponeurous as in the
Fowker tamplantation (Fig 66 B) In each finger

the tendon is placed under suffickent tenslon at the
operating tahle to limit mechanleally hyperextemion
of the proximal phalanges By experience It has
been found safer to put the tendons being trans-
ferred under too much tendon rather than too
Lttke A tendon which s too ught can be stretched
passvely to some extent but one cannot depend
upon contracture to shorten a tendon which 15 too
loose.

Forwler Tenodesis.? Fowler has described a tenode
sis which s essentlally the 1ame as that just de
scribed but has the further advantage of adding a
scmiacte motor power 1o the tenodens pnnciples
(Fig 67) Instead of having a tendon nm from the
base of the metacarpal antenor to the transverse
metacarpal igament and then into the aponturoshs
a3 described above he has talen two long tendon
grafts, sutunng one end Into the aponcuross as de
scnibed above, passing thu tendon antenor to the
transverse metacarpal Ggament through the mter
osscous space and then passng the tendon through
a small hole made in the domal carpal hgement.
Tho boug tendon graft 1 then doubled back and
paased through the next metacarpal space antenor
to the tr metacarpal L and sutured
into the radial nde of the aponeuross of the ad

dnal € pat —
Loy

Flg. 67 Fowler teoodesm. Samo principle 25 the
Fowler
extensoc tranplant except that this J a temodeads wrth (o
‘rmhcb,bmdmmﬂmwmum
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pcent finger Thh means that two long tendon
grafts are necessary and thee are usually taken
from the foot Thn tepodeshs 13 abo put m tight and
uluturcdmtopouﬂcﬂwiththcwmmdnutﬂo

long 1t with four tendon grafts, and insert the grafts
identically s i the Fowler extensor trapsplant de
scribed above. This would do several things needed.
It would wealen the too powerful wrist flexion, me

degrees of dormflexion and the metacarpop
Jounts in about 80 degrees of flexion with the inter
phalangeal jonts extended. Since Fowler has de
scribed this method, I have used it on a number of
occanony and now feel that 1t gives supenor re
sults to the tepodesis described previowly

New Method. In an cffort to find an mproved
method of getung better extension of the clawed
fmgers and overcoming the marked compensatory
hyperflexion of the wrut which many old untreated
cases will thow T have developed a different nrethod
of tramsfer (Fig 68)

In most of these old untreated cases with severe
clawing and marked hyperflexion of the wrist, the
Bunnell transfer m not a good one becawse It b
rendered mneffectne each time the wrst 1 flexed.
It was obscrved 1n patfents with more severe de
formioes that the flexor earpt radiahs was power
ful and usually strongly overactne m floong the
wrist as the patrent attempted finger extensbon. It
wis decided to use thrs 21 a motor power move it to
the dorsum of the arm and wrst, extend 1t or pro-

T ot
Clomad .ﬁ‘n.&)

AT me Canpee Aoty
Tima Feerer Ao
4 -“rgas o
2
Fla. 68 Rworda taosfer showmg flexor carpe radialh
tramferred to dorual ude of the forearm s motor power
Hn(rnzndcdby-lwmkdrndmmhnndlr—n:d
a3 10 the mcthod of Fowler

chy ly prevent too much wrst ficxon and give
an intonsic musde replacement to each finger It
had an added advantage of needmg no re-education
1 30 far a3 functron was concerned.  Stce the verist
flexors act synergustically with pormal finger ex
tendon  the flexor carpe radulis automatically con-
tracts when the patlent attempts to extend his fingers
Thu, therefore gnes a strong flexor action on the
proxamal phalanges and a umuhaneous extensor ac
tion of the muddle and distal phalanges, The fleion
of the proxmmal phalanges actually gres the long ex
tensor w better mechanscal advantage o they abo,
act 1n 2 stronger manner m extendmg the dutal and
mddle phalanges. The four tendon grafts can be
taken from the toes but I unully prefer to e
the tendon of the brachioradalis muscle for the
tendon graft. The dutal end of the brachrorndusls
tendon u of sbout the rame duameter as the tendon
of the flexor carpi radulis, and the promamal end
fisttens out 1nto a broad band of tendon structure
about 34 to 1 mch in width 1f 1t §s stnpped off the
muscle belly carefully This broad band of tendon
can then be sphit into four strands for a dustance of
about 3 or 4 mches, which n unully mfficent to
allow the necenary four tafled tendon graft to go
through the imterosscous space and through the
lumbrscal canal of the radial side of the ipdex
long nng aod httle fingers. The mngle end of
this tendon b then sutured end to-end to the trans-
ferred flexor carpr radiabs on the dorsum of the
forearm.

RADIAL NERVE PARALYSIS

In & parafyns of the radial nerve fn which there
» no hope of retun of the perve-muscle functoa,
trapafers of the wrst flexors usually can sapply a2
satisfactory range of fmger and wrmst extension to
rextore function to the hand.

The funcbons which thould be ratored in a
high radial nenec parzlysls are wrst exteomon,
uu-nnmulthepmdmalphahngu.atcmmol
the thumb and abductrca of the thumb. If the
flexor carpt radiafis, palmans longus, and flexor
carpl ulnars muscles are present and functioning
and 1f there = intact function of the intrinne muscles
of the thumb and fingers then satisfactory resto-
ration can be obtasined by the following transfer
(Fig 69)
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Extension of the wnst 1 regained by tranderring
the insertion of the pronator teres Into the ex
temor carpt radalis bonguy tendon at mu forearm
Inel The flexor carpt ulnans b transferred around
the ulnar border of the forcarm and jnseried into
the estemsor diptorum  commums and  extenwor
digitt qumntt at the tendon just proumal to the
donal carpal hgament. The palmam longus 58
brought around the radial side of the forearm and
sutured nto the extensor polbas longus tendon,
which 1 first cut from the muscle belh withdrawn
from around Lister & tubercke and then transferred
in a straght lme following the direction of the o
tensor polhes bresrs and abductor pollias Jongus.
This will gne a comuned extension of the dhtal
phalanx of the thumb and prowmml phalanx of
the thumb at the same time that st abducts this
fint metacarpal.

Adduction of the thumb i done by the pormal,
funenoning zdductor of the thumb Only if there

Is an ulnar nerve paralyns prosent §s the palmans
longus tramferred into the extensor polliers Jongus
without rerouting jt In this case the range of ex
tenwon obtaned §s not so good, but it does gne
some smultaneous extension and adduction which
18 necenary in thy fatter case

Only in very unusual cases i which there are
other lewoms present does the author (eel that
funion of the wrnst 13 essential 1n restoning exten
uon of the fingers and thumb It 1s felt that the wnst
motion ards in extending the fingers and 15 of more
use to the patient than a greater range of extension
of the fingers and a stff wrist would be

SUMMARY

1 The typical clawhand deformity 13 caused by
the nonfunctioming of interosser and lumbncales, re-
sulung from median nerve and ulnar perve mvohe
ment, regardlen of the etrology Funpction of the
long flexors and extensors iy still present, and the
resuting 1mbalance gradually causes the deformuty
to develop.

2 The coocepn of Duchenne Bunnell, and
Fowler with regard to finger extenwon and function
of the long extensors and interosser and lumbricales
explain how thowe muscles act sypaguucally to
extend the dsstal two phalanges.

3. The anatomy of the extersor mechanism of the
thomb and the fingers has been presented bnefly and
illtrated,

4 The more weful methods for restoruton of
oppotition of the thumb, mcludmg a modified Ney
procedure 3 Bunnell, a Royle Thompson, and a
Riordan, have been docused.

5 Four methods of overcommy clawed fingers—

a Bungell luple sublimns pk tion, Fowl
er's extenuon t pl Rsordan s st
and Fowlers d have been p 4

In addinon & pew method, previowsly unreported,
of an actrve trander mmilar to,a Fowler extensor
transplantatson but unng & w flexor a3 motor
power and a four tailed tendon graft has been de
scribed.

6. The best wethod for restoration of wrist and
finger extenwon in high radial nerve paralyms has
also been peesented.

7 It should be olnious that t care t
becxcruudmnlcclmg;}.epm:;uMummj,’n
cach case and that the surgeon must have an ade

quate Lnowledge of anatomry and the
ohed principles in
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THE FOOT






JOHN C McCAULEY Jr M D
New York, New York

TREATMENT OF CLUBFOOT

Guen an opportumty to become ofd friends with
2 sufficent number of congenital deformites of the
feet, we find that the plain fact of their contrary
nature becomes both evident and dmcouragurg

Some of s have devored a great deal of e and
thought to what T have calied problem feet—fect
that have carned & goodly share of their ongmal
deformity mto late infancy and early childhood. In
0 doing they have nequired an increased renstance
agumst correcbon. Their whole structure has be
come mote srongly molded into the athtude of
1arus and equmin with the bores and fants adapt
mg themsehes in accordance to natural laws of
growth,

It 5 pot at all surprmng that thee older feet, for
the most part, are much les willmg to respond to
the correctnne forces which are so effective in early
mfancy

1 do not imply that a perfect score could result
even from the apphcaation of an wdeal treatment pro-
gram, but I am coniinced that we who treat these
early deformites are responaible for a large propor
tion of the later and much more perplexing prob-
lem

There appean to be more or less unbverual agree-
ment that the earber oot starts correction of con
genutad foot detormutics, the better The reasons are
20 obnious mmple and rational that they deny a dif
ference of opmion.

Unfortunately there seems to be no wmilar agree
ment as o the standards of correetion how far one
thould go to obtamn these standards, or how Yong
13 necesary to keep them m effect.

And therein lies the largest contribution of prob-
lem feet wathin the group of umple or grade 1 club-
feet—the equinovarus deformitbes ocourring without
the presence of any other recognzable congemital
anomaly

In order to reduce the number of avosdable prob-
lem feet it 13 necemary to recognire these so-called,
but mumamed, “smmple” deformbes a3 adversanes
worthy of & carcfully planned, long-term campagn
1t 1 necestary to recogrure that they require meticu
lous attention to dmtail m therr care and It 1 neces-
ary to < that prog and hly
rapsd correction should tale place  The same rea
soms a1 those for begmnmyg comrechon carly apply
to achrving complete correction as easly as posslble

Correction must be pushed untl 1t » complete.
Denls Browne mys to push the foot around force-
fully and with haste because an infant hay littke to
ohpct with, and a short memory about the ex

penence.

Trandormation of the deformity mto a normalk
appeanng foot u oaly the begmning Too often at
thn stage the surgeon 1 so pleased and the parents
are 10 grateful, that without further treatment the
foot 18 encwsed 1 an expemnce clubfoot shoe, where
it punves an mewtable retum toward the omginal
ntuation. Correction » not attalned until the foot
gocs nto full, easy and complete valgus and eal
cancuy, and the evertor and domal flexor muscla
are taling their rghtful place 1n Jeg muscle actinty
Chinical correction must be venfied by correspond
ing skeletal relationthips 1n the genograms.

A that these req have been met
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apd the subpeet 8 6 months of age, the surgeon has
fulfilled about one fourteenth of his responitulity oo
2 chronotogpcat basts. Ho roust remember that m all
clubleet, there exsts a common denaminator of pro-
found proportrons, a perstent tendency toward
recurrence. They can do snd will exert this pre
rogatrve for 2 long perrod of time at least seven
year. It Is true that this tendency deprecuatey with

utilring plester of Parns correction boots, it &
custom to employ them in the beginming and
tnue unti} 1 have changed the elemenis of vanr
forefoot adduction to a reasomably neutral a
ment. At ths pomnt, 3 crosbar lncking spll
utilized. 1 have found 1t expedient to use plaste
the initial attack upon the deformuty becauwse 1t
tme and gvosdt the difficultes and cormplicatio

each succeeding year that f, y and pk
correction 8 maintaned  neverthelem, it remam a
potent factor always in the background ready to
take over at the fint sign of complacency

Wone than complacency in the treatment of true
clubfeet is the fear of overcorrechon or production

of permanent excesdve svalgus. The production of

ppung small, marledly remstant feet to the
plates. It abo avxds the necemity for frec
changes and adjustments.

A neutral foot 1 not difficult to atrap efficent
the splint, and the baslc srappemg will, as «
Iast three weeks with weekly vislts for remforcer
The Deus Browne or kickimg splnt has prov

valgus, ;1 1 have stated before 2 pome requut
i the mitial phase of treatment. Just as mmportant
1 the demrability of maintaming a camfortable mar
gn of valgus until the child bas reached the fimt or
sccond grude m school. By that time, or possibly
before the panent will have become intolerant of
the crombar shoe splmt, worn at might. Such a sphmnt
B onc of the best resources we have for combating
recurrence.

Permanent excesuve valgus does occur but it hap-
pems very racely It infimtesmal rane to under
correctron and 1ty overwhelming advantages as com
pared with underconrection eandy comince w that
no apology 1 needed when this n produced. 1 am
talling about true clubfoot-—not a metatarsus varus

Tt will be impossible to cover all aspects of treat
ment 1n the allotted tame. I will first outline a treat
ment program as spplied early to a case of talipes

ans of the wual type and the scheme of
follow through m thexe instances. Suceens can result
only from the concept that the one dommant char
actersstic of clubfeet 11 therr almest uncooquerable
tendency toward recurrence Ve must base their
attack on thi concept

The usual type of clubfort B imamocated with
other coagenital defarmrtes. It may nvohe one
or both feet There are other varetis sppeanng
as part of more profound congenital duturbancey,
such as arthrognypows or gnna bifida end sull oth-
ers of peuromyogenx orgin or due to owmcous de-
fects. The mportance of these addrtronal types Iy
in the recogninon of their more senows snd pro-
found proportions and their resstance and umatls-
factory respome 1o any form of treatment, includ-
g Wgery

Treatment should be mstituted a3 soon after birth
a1 posible Because of my own long experience 10

most mgenlout device for ning all clemer
the deformuty oltmmlmrpriﬂnglylhnﬂm
dimensons are
Thcfoo(phtenhouldﬁttbcwﬂ.hmd!.bc
quite accurately and the froat end should ex
to the ends of the toer. The toes must be mch
in the strapping to peutrlize the long flexor muw
which are protagoawty in the deformity The
must be atrapped to the plate by carefully pl
adhesnve straps, holding the foot in as much
corrected attitude as posible a3 each stap b fo
anchored to the sun or underying sdheslve
qsemngtorwmdommt}nmpptngmklt
covered throughout the foot, ankle or leg area.”
cotton fanpel bandage Is smoothly applied to ¢
the entire adheshe foundatlon, while agun the
19 held 1n s much correcton as pomible. This %
both to enforee good sdbeston of the tape o the
and sho xs a much-needed protechve outer ¢

ng

The length of the crombar b cntical abx 1n
from the centen of stischments to the foot pl
being correct for most mfants. A bar that b too
fails 1o delwer the proper leverage.

Starung with a foot that corrects to a neutral
utude the foot plate b attached at the fust appl
tion at appromumately a right angle to the bar
bar 1 flat and without oy bend of curve wnlem
defarmity # a unilateral one. For unilateral
formtics, a varut bend mott abeays be placed
the end attached 1o the umnvolied foot 10 peey
kscking the pormai dde mto excessive valgun At
end of one week usually 10 to 15 degrees abduc
of the foot on the bar will be toleraied As soor

a mud valgus bend o placed In the |
centrally for bilateral deformities and only at
affected end in unilateral cases.
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On mrccemne weelly wvuits for renforcement or
one makes wre that the feet stay tight

and aligned with the foot plates and that the heels
have pot pulled free and up from pood contact with
the heel portion of the splint.

The best shin protection b afforded by painting
the feet and Jegs and all areas to be covered by ad
bemve with gentun violet 4 per cent in 10 per cent
llcd;ol,umnnmtdtdh)DrHufthmdmof
Los Angeles. If thh It used, recesses because of skun
iritatson will not be necessary  Interruption for thus
mmyhedmm?bcﬂmnto{thtnlwl
attachment on the foot plate m importent thh
should be beneath the heel and not antenor to it
The foot plate i moved progremuely 1nto in
creased abduction until it finally hes panallel to the
bar The valgw berd i gradually Incressed at the
sume time, The exact amount of change iy difficult
1o define ard will of necesuty depend upon the
indnadual deformity and upon fist how mapdly
the foot will tokerate change

The strap-on splmt i continued for several weeks
after ane has achweved full clinieal overcorrection.
Rocntgenograms arc then made and 1if they demoo-
strate  matnfactory sheletal correcton the strap-on
splint &1 replaced with a shoe sphnt. The same splint
may be utllired by nvetng the foot plates to hgh
topped, uhT-4oked shoes, fitted as accurately as posible
= to ure, It unually b eaner to find full-lace or mr
grcal shoes in the noall sizex, and they are of some
advantage, as the feet wually retam some puffinens
for w time after removal of the strapping

It m not pecesary to employ highly correctine, or
clubloot, shoes. In fact, they are likely to be too suff
and unyleldmg The shoe splint ks wom twenty three
hours a day winch allows for bathing and wd:

wveral weekt, Then increasing fntenals occur be
tween vrats depending on reamuning evidence of
continuing easy and complete correction As a rule,
patients are examined each three to four moaths un-
] the age of 3 years and after that, each six months.
Even for the mont sathfactory feet splint weanng at
mght 15 made a cardinal principle and continued as
long us pomible.

We have earber mentioned the problem foot. A
certain percentage of problem feet wiil always con-
front the orthopmedic surgeon whowe expenence
brings him into contact with a large number of con
genital deformities, for the following reasoms (1)
There are feet of an mherent vanety and patiemn
which will fail to respond to reasonably diligent and
thorough treatment and which never become, by
proper standards, adequately corrected. (2) There
are feet that have been neglected somewhere aloog
the line and thus have fuled to reach adequate cor
recion dunng the age mnge when comservative
measures are sufficrent (3) There are fect for which
the applecation of comservatne treatment would re
qure 0 much addrtional trme with & questioasble
outlook for succen, that it 1s not practical.

With mereased undentanding of the morbld anat
omy of dubfect gamed by operating upon greater
oumbers of problem feet, we have come to apprec
ate more fully the disturbed tarsa! relstonships, a3
voualred 1n the x ray mterpretation of the element
of talipes varus.  We have aho leamed that in these
problem feet there exusts a sftuation paraliel to that
1n the operatrve of remstant disl of
the lips, a dsturbance of anatamscal relatronships
that would reasonably defy any external method of
manmpulation and stretching

Operati

Tagtored

tlan hygiene. The twenty three hour persod 11 grad
ually reduced m accord wath the mdividusl prob-
lem. This will depend upon the onginal degree
and resatance of the defarmity the case and length
of ume peeded for correction, and most Importantly
on the contmulng ugns of satsfactory and reassur
Ing overcorrection.

The pareots are carcfully mstructed 1n pasive
stretching exerenes, to be aarmed out at least twice
daily and the patent, as well as the parents in
sructed fn acthe evernon and domal Sexion exer
s as soon &t hu understanding perrmts. Rolter
lhdngmdbxlletlcnnmmmm:rngrdltmnp—
propmate age  After full correction has been ob-
tained and the tramler to shoe splint made recheck
examinations are carned out at weekly Intervals for

P eslg to divide, stnp free or re-
move the d 1 and dated struc
tures on the medml and plantar aspects of the foot
have been used mather widely 1n remtant or per
mtent varn deformitbes. It has been our expenence
that the commounly used procedures sre often in
adequate to fulfill the deured standards of correc
ton In addibon, we have observed that an indu-
cmnate attack upon the deformity particulasly
the stpping off of contracted soft pans from m
mature bone structures, has at tmes resulted 1 a
sdl foot which 100 often became more contracted
and rest ly def d than before

THE RELEASE OPERATION

Our release operation developed from the con
cept that the bauc reantance of the deformity to
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Fig TO Deformity In th right foot priar to operation.

correcton s to be found at the prvotal pont of sub-
talar motion and 1 due to the inumate attachment
between the talus and the alancus, princapally the
nteroweus Lgament. In additfon to thn bawc re-
nstance 1t became plam that all structures on the
contracted mde of the foot enter umportantly mto
the renstance to correctrion and that unless all this
contraction and tight resmstance are released, it Is &
warte of time to employ surgery
Thrs operation bs not the answer to all permtent
or rebstant deformitics, but when used with con-
d the 1nd and d .
1t &an be expected to effect worth whils improse
ment
Indrianons far the releass operation are as fol-
lows (1) falure to obtain the deured standard of
correction by adeq comservat (Pg
70) (2) a pattern of perastent or recurrent tendency
to lose ground once guned, substantiated by roent
genograms showing » loes of sansfactory correction
(3) 1mdequatr correction 1n 3 child no longer an in
fant, for whom the length of time and the require-
ments of prolonged aserative treatment woukd
prmvnburdenlon]lcomdlndhlw‘l'n-ndm
d presence of deformity will remult in irre-
versible structural afteratron of the tarual relabon
alups and (4 clubleet of neurogenue or fibrodys-
plasuc ongun, when conservauve measures have
proved madequate and further correction must be
atsined for weight-beanng purposcs, with oe with-
out a brace In thu tvpe of deformity however the

rmﬂbo(rdnnmmuchlmm(umoryund
eventual stabilzaton at an appropnate age will
probably be necrmary

Contraindicanons for the release operation are as
follows (1) a foot that # wed in functional varu
but corrects well to pame mampulation and on
x-ray eamlnaton shows acceptable correction (2)
a child who 1 too young or too old (in this respect,
the szre of the foot and the x ray evidence of booe
and joint differentation prove helpful) the opers
ton umally belng carned out 1n patsents over 2 and
u.udcrﬁynnclngc (3) a foot In which the struc
turn] changes and of tanal relationsh
will prevent realgnment, even Lhoughathonmgbrv
lease 1 carned out (such a foot should be treated
conservatnely unal the age of subtalar arthrodess)
and (4) correction of restdual forefoot vann or ad-
ductron enly

The optmum age for medul release u 3% to 514
yeany,

Te

Operatiwe Procedure A e
utilized after spphcation of an Eamarch h:ndago
from the toes to the mMd thigh to ensure a blood
less field. This 13 of extreme unportance. Dimection
n carried out with great care to prevent damage
to the tarsal and articular cartilage.

Incinon Exposure of the medil nde of the foot
and ankle n provided by an inciston which extends
from 2% mches above the medial malieohu, along
the posterior border of the tiba curving forward

Fig 71 The medial release operation. Incixion throwsh
ckin and subcwtancous trwwes. It rxtends from well above
malleohms,

and behind the medial down round the malicolar
dp,;bmfomrdmd:embuhr}ommdddudun-
ment, and ends at the {ascrtion of the 8 scmor tiblal tendon.
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Flg 74 Incion closed by Interrupted rebcutaneous and
tkin wmtre The only deep repalr % ruture of the teadon
ol the thiatis postersor ia & lengthened parition.

CLUBIOOT 97

Fig. 73. T ndon of the tiblalis posterior i thown divided.

Teodons of the flexor longus and th flexoe
halluch longus e been freed from thelr sheaths and are
retracted with the nerve and vascular bundla. Th  three
tendon sheaths bave been excised. A complete capuulotomy
of the subtalar joint has been carrled out and this joint
» bang pried apart for complete divooon of the interosscns
ligament. After dividon of ths Lgament and a complete
capuilotomy of the takmsvicular fowt, It & posnble to
reahgn th bead of tb  tal with the oavicolar bone.

| —

Fig 73. G Ity posture of the foot prior to ncledon
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Fig 76. Gravity posture of the foot after closure of Incldon.

Fig. 78. P; dre and R

Gowing change In keletal relatooships and correction of
the arum.

at the Jel of the subtalar jount, then upward,
terminanng just distal to the mserton of the an
tenor tibul tendon (Fig 71)

Subcutameons Dusection The antertor and poste
nior shm flaps arr developed to mclude the entire
layer of subcutanecous fat, which is urually substan
tial The postenior and infernior flap js dussected care
fully untl the ascular bundke of the posternior titwal
artery and ven u located In the leg part of the m
cwon These structures are carefully dissected free
from well up behind the malleoln to the pomt of
entrance into the sole of the foot. The small an
tersor branches from thase vcusels are wdentified
and ligated The tinal nerve 13 encountered 10 close

Fig 77 Postoperathve plaster The attituds hould be one
of s much cocrection a3 th  kin chowurs will tolerate.

Fig. 79 Right foot three yean followlng medial release
operation.

approximation to the vem and artery and is dis
sected free 1n a like manner Frequently the merve
and vascular bundle can be isolated as one structure.
These versels and perve are then constantly retracted
postenorly and inferiorly completely cleanng the
nnapal ficld of thon.

’ T}mp’:n'-tnor :l:fc:)d skin flap s carefully freed
acrom the tibls, the antenor capsuke of the ankle,
and the talonavicular jont. The anterlor vesschs are
identified and retracted wathin thos flap.

Uuscles and Temdons The supenor porton of
the origin of the abductor haltuas i freed from its
attachmrent and the fibers displaced downward.
The sheath of the postenor tibal muscle i opened
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and the tendon completely Treed from well up be
hund the malleolus to its Y shaped fnsenion. The
navicular aytachment iy exased and the tendon &
uided by a Zeplasy the tendon ends are conerrd
with mout gauze and clamped out of the field
The sheath of the flesor digitorum longin b located
patteriordy o the previous muscle opencd widely
and the tendan removed from the sheath and placed
beneath the tetrartors with the vemels and nene.
Sull more posternorly the tendon of the flexor hal
Iuas bongus 1 sinularly removed from s sheath and
retracicd.

Tendon Sheatks and Liaments Generous g
ments of all three tendon sheaths are exased below
the level of the tp of the malicolus, presenving some
of the fbera of the tibotalar Ligament, Thrs remoes
an unpattant part of the resutance againt evenion
of the hieel [n exemng the sheaths of the toc flexors,
the sntentacutum tal b uncovered furpmhlng a
{andmark to enter the subtalar jomt.

Begmmms posteniotly a1 a combmed mas the
tihocalcaneal ligament the thich deltod Ligament,
and the plintar caleanconavicular Hgament are
dusected free from the tibia, the talus and the
alcanan forward to the insertion at the pavicular
bone from which they are detached, being careful
not to paroally eewe the cartilagous make up
of the pavicular bone Remowval of these 1)

Repair of Tendons and Glosure of the Inculon
At time of closurc these factory must be observed

The pmterior tibal tendon b sutured with suf
fictent Increased Jength to accommodate a full cor
rection of the deformity

I too much tenuon remams within the tendons
of the flexor digltarum torgges and the flexor hallu
as onqus m the attitude of full esrrection they
are lengthened In 3 ymilar manner to that of the
potterior tibeal Usually thls s not necesary

No deep sutures arr employed  Interrupted sub-
cutaneous eatgut witures are used to ckne the fat
layer and the skin 13 closed by interrupted chromic
catgut or ulk. Thr chromue sutures i the sldn are
advantageous 1f the mmmediate degree of correc
tron 15 satsfactory hecawse the dressmg then need
not be changed unul ity final removal

Maumum correction of the delormmty as allowed
by slin tension at the suture hoe m important. The
corrected atutude » mantaned by a exrcular plaster
of Paris bandage applied over an ample skin cov
enng of sheet wadding The plaster wnnlly extends
to the knee 1n some instances, 1t may be demrable
to extend it sbone the flexed knee, to the mud thigh,

Pastoperative Care
1f full correction s pot gbtained st the ume of

exposes the nech and medial border of the talar
head,

Capsslotomies Diuinon of Pensrticular and Intra-
articuler Ligaments A complete capsulotomy of the
taloravicufar fomt n camned out across the docsum
of this foint from the medial to the lateral nde. Care
B taken not o damuge the articular surfaces of the
tahis and navicufar boner The subtalar jomt 1 lo-
cated and opened, and & complete capsulotory ajeny
1ts medinl border 15 carned out.

A dull edged pry between the talis and ealancus
is of great amistance at this pont and akds m ex
posng the interosseus Lgament which rums trams

eriely acron the subtalac foint, binding the cal
caneus and talus together i their inumate varus
relatoashup

Diinon of thm lgament produces the mow
marked release of the deformity and allows the
entire foot to be swung outward nto abduction be
oeath the tals  The medal subtalar eapaulotonm,
n extended povtersoely enturely acrom the back of
thit ot This can be dome solcly becawse the
tendom with the veuels and perves are retracted
out of the way

: 1 correctiont 1 added at the end
of ten to twehe dayy, by changing the plaster or
wedging the orginal cast. Postoperatnve fixatian s
mantaimed for eight weeks.

¥ in addiuon o correctron of & vann element,
correctlon of an egumus element 13 necenary thu b
accomplished by lengthening of the tendo achillis
and capsulotomy of the postersor ankle jount, at
the end of ux to eight weeks from the medial re-
kease operation.

After removal of the plaster o cromsbar hoe
splint is employed for part nme mamtenance of the
correeted athtude actne exerciies are encouraged,
and weight bearing actinites are aliowed fust as
000 #s the chuld can inttiate them.

Shoe corrections conmat of an outer heel shank
and sole wedge of 34 inch for dayums wear
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THE SURGICAL RELEASE OF FIBROUS TISSUE
STRUCTURES RESISTING CORRECTION OF
CONGENITAL CLUBFOOT AND METATARSUS

VARUS

Before describing specal sirgacal procedures m
the treatment of clubfoot and metatamn varus, 1t
thould be clearly understood that what we say here
1 not to be Interpreted as lemwenmg the importance
of ad! to the fund: s of conservate
t, oc that we ad: operative | d

a1 an easy short-cut to cucument the more tedrous
but emental detmils 1n the proper management of
thtic deformites. On the contrary when we fall
to attaln a good correction of elubfoot or metataraes
vans by nomsurgwal means in a child who comes
under our coatrol early dunng the finst few months
of life we should search our mmds for defickenacs
in our own treatment and not too readily seek excape
from respomsibility by placing the hlame upon factors
sad to be bryond our coatrol

Be that s 1t may it § Dot uncommon 10 our
own pateents or consultation practice to be faced
with ntuatoms of resdual or rewntant deformity m
older chuidren, for whom the usual methods of con-
senatve teatment will no longer suffice, and when
some operamie procedure {3 requured. We have in
ound an mtermediate-age group of children, be
tween 3 and 7 yeans old wthlptmalmcof
more cf the of clubfoot def

peated manipulations or wedging of plasier casts are ¢
not only neffecuve for these older children but alwo
produce still more fibroas and joint stffnes. Com
plete yechon of the redstant joint capmules, Bgw
ments, or other fitrous tmue bands which reast cor
rection B much more effective and cases Jess re
acton to trauma. The operative rohease of soft thsue
structures ressting correchion frequently permits im-
medute restoration of normal booe relatiootups and
alignment of the foot.

The deformity of clubfoot and metatarsus varus
m the newborn mfant i chrefly the resalt of & thort
pess or contracture of soft traues, caumng a fauhy
alignment or apposinon of the boae and foint rela-
tionships, rather than a primary distorton of the
shapes of the booes bence the mopoctance of at
taining correction of the deformity before sccondary
adaptive booe deformity takes place and while the
deformity can still be comected by comenathe
means which do not wnure these young growing
bones. Tendon transference will not correet fived de
formity Joints must be mobilized beforchand. Ten
don tramaference may prevent reaurrence of de-
formity winch has atready been coerected, as when
1 the muht of a persbting mequality of

the d«1 Y ly known as Vans.
At thn age corection 1 quite difficult, and it be
comes ircreanngly so as the child grows older Re-

100

muscle balance.
With these gencral coonderatioms I mind, we
shall deseribe an operative procedure which has
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been quite helpful in mobitrmg the fore part of the
foot for correctron of rewstant adduction deformity
1n oker children with clubfoot or metatarsus varus
and abo our procedure for the release of soft e
renstance for correction of imversion of the foot or
adduction of the heel. For convemence we term the
former operatron “antenior capsulotamics, and the
Iatter “medial capsulotonues™ or & medial release
We shall not describe the wrdely known postenor
rekease which comsssts of kngthenimg the Achilles
tendon and capsulotomy of the ankk jount for cor
rectwon of the equnur compenent of clubloat The
necesty for correction of Invernon bhefore attempt
ing to bnng the foot up mio dornfiemon must Al
ways be borne in mmd.

ANTERIOR CAPSULOTOMIES

The resemblance of the deformity of the fore part
of the foot 1n clubloot and m metatamn varus 13 30
close that the same pnnciples and methods of treat
ment apply to each condibon. Correction of these
deformites in chikdren over 3 yean of age s fre-
quently so diffcult that wedge resection of bone or
asteotomues of the metatarsah have been thought to
be pecessary We have now found that most of these
deforrmbies 1 older children, thowe up to and 1
cludmg 6 oc 7 years of age can still be corrected by
kens radical treatment which does not 1njure bone
or dnturb bone growth.

At the tapometatarsal articulations, the hases of
the five metatamals are firmly bound to the three
cunerfarms and to the cubosd by strong domal, mter
omeut, and plantar ligaments. The bases of the lat
el four metatamals articulate with each other and
are bound together by strong interomeus hgaments
which pas between the nonarticular portions of the
baul parts of the metatamals The operaton (Fig
80) conusts m mobilinng these jobnts by freely cut
g all ! and mter liga
ments and jont capsuler. The approach n through
an mcwon acron the dorrum of the foot, which
provides an excellent exposure of all of thete articu
latons and permts a good view of the cunel
form booes when cutung the hgaments of these ar
teulations and may abo contribute to mobilkmatron of
the fore part of the foot. The transierse mewon hat
regard for the creases of the skn, and has the ad-
vaniage that the entire tarsametatarmal joint s seen
There have bern no complications 1n wound healing
Comprehenme data of the results following tht op-
eraton were publshed 1n 1958,

Operatne Technique. With a pheumatc tourn-

quet 1 place a eunved mncmon v made across the
dornum of the foot begmning at the medial side of
the fint tamometatarsal joint and extending to the
hase of the fifth metataral bone, The Incluon may
he extended proximally at the mednal ude to ex
posc the cuncomavicular articulation %o that these
lLigaments may be cut if they abo appear to offer
reshiance to correction. The skin flaps are retracted
upward and downward expoung the decp fascia
covening the tanometatarsal articulations. The tibi
aln antenor tendon 1 wdentified and protected, and
attention 1 pakd to any abnormality of 1ts msertion.
Dunng the counc of the procedure which follows,
care » taken not to cut the extersor tendons. In
younger children, one may not readily wdennfy the
muddle three tanomectatamal jonts, but with pa
tience 1t 18 not difficult.

A loogitudinal inamon u made through the deep
fascia over the fint tanometataral joint. Th fasca
it retracted, exponng the domal ligament. The
dormal and Interomeus ligaments and jomnt capsule
are cut freely by a deep masion carned around the
base of the fint metatamal, taling care not to cut
the tibalis anteror tendon at s 1nsertion. The pount
n then flexed sufficently so that the kmife may be
Inserted through it to cut the capsule and ligaments
at the plantar aspect. Although this joint m now
mobulzred, it B clear that ths procedure alone 1 m-
sufficent to attain apprecable correctton of de-
formaty of the fore part of the foor Another longi-
tudinal inciuon i next made through the deep fasen
over the interval between the bases of the second
and thurd metatamal, The artrculations of both these
bones can be exposed by retracting the deep fascia
A deep incadon v made, encrreling the base of exch
of these metatarmly, and the joint capsules and the
dormal, s, and 1L of
these articulations are freely cut through. Smulardy
a third loagitudmal inamon 1 made through the
deep fasca over the mtenval between the bas of
the fourth and fifth metatarsaks, and the correspond
ing hgaments and capsules of these artrculations
are cut. Finally while tractlon Is upon all meta
tamals and the tanometatamal fonts are flexed the
Lnife 13 mtroduced through each joint to cut the
capsules and Lgaments tansversely at the plantar
wspects. The Lnife may abo be circled around the
cunesform bones, but this does not contribute much
morc to the mobnlmation of the fore part cf the foot.

After the ligaments and jont capeules of th mter

! and tar | amticulations are thor
oughly cut through, the lateral four metatarml bones
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the fors part of the foot. Outtines of

boes are accurate tracings of rocutgeoograms made of W H, Fig. 88, before operation and lmmedhately
removed A, Curved inemon made across the dormum of the foot. B, Doral and htrroses ligements aad Joiat
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Fig 80. The stepa of anterior capralotonees to correct adduction deformty of
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SURGICAL TREATMENT OF CONGENITAL GLUD

Fig. 81 AD. ] B The rosstant inverdon component of clubfoot deformity hed pre-
sourly been corrected by medual capmilotomles when the pathent was 4 years old Anterfor
capmuotomics and & plaster cmt for ten weeln corrected the rebdual addection or varwe of
the fore part of the foot. A, Roeatyenogram made June ! 1943 when the patient was 5%
yeans old, showing reudusl adduction of the fore part of the Jeft foot. B, Roentgenogram
made Sept 5 1943 when cmt was remosed, ten weehs after amerior capudoiomser. G,
Roentgenogram of both feet Jan 4 1957 clevem yeans screm montha after operation. (From
Heman C. H Heradon, C. H., and Stong, | M1 ] Boue & Jolnt Surg 48-As 299 1938.)
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)

Flg. 80. The steps of anterior to cosrect o
the foot and bones are sccurats traciogs of rocntgenograme made of W H, Fig.
after cast waa removed A, Curved molnon mad  scrom the dorrm of the foot.

i
-
!
E
P

cuch of the other metatanals and the mtermetataral Hpaments m well w1 the taometamrmal Lgaments are freedy cut
Care b taken pot o amt the peronews brens trndow. D, The
or abducted powton without mu h retrancs. One can aho expose th cuneiform bosa and cwt

them. E, Note that the supenmpantion and pparent sroe deformty o inward twitig of the middle three
are pow greaty mproved The wound s closed aad & well.malded with part
malatained in the corrected pomtion (From Heyman, Q. H, Herndon, C. H., and
48-A1 299 1938)



ARUS
SURGICAL TREATMENT OF CONGENITAL CLUBFOOT AND METATARSUS V

Fip. 81 AD J B The rulitant imenmon component of clabfoos deformuty had pre-
vioculy been corfected by medlal caprlotomics when th pateat was 4 years old Anterior
aapeiotoairs and a plaster cast for ten weels  orrected e raidual addaction or  arus of
the fore part of the foo A, Roentgenosras made Jame 1 1965 when the pateat was 35
yean old. showiny reldual sddoctwn of the fore part of the It foot B, Rorntrenogram
made Sept 3 1943 when st was remoned, ten werks after antenor capauketomes C,

tremorracn of both feet J n 4 1937 ekvem years #men mosths afer operation. (From
Heyman, € H. Herndoo, C H nd Strong J 3L ] Bone & Jount Surg 48-A. 299 1938)
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Fig. 81 (contd) D Photographs made Jan. 4 1957 {From Heymea, C. H Herpdos, C. H,,
and Serong ] ML J Bone & Jount Sarg. 48-A1 299 1938.)
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A n
Fie. 82, AD. J T A casc of svere congenital metammms 2oy (o a child 3 years od
who had recened mo treapment Correcton of the deformity wan actained by amwenor
capralobames and maateniner of cotrection 1a & plasicr cast for seven woeks. A, Rocntprmo-
ym wad  May 5 1943 when the boy wme § yean old, showing seicre Dyetatarnet varms
of the mght foot. B, Roeotgenogram made Oct 3 1543 when cast wae remoscd, s em weels
after amtenor o (From Heyman, C. H, Hoadon, G H, and Strony | M

peulotomrmes.
] Bone & Joart Sury. 48-A1 299 1938
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D,
Fg B2 (conrd) C,memolbmhfmmdtbrc.ﬂ 1956

decn yoan four
monthe after operation, D pie made Dec. 21 1936, (From Heyman, €. H  Hern,
o, C. H and Seroag J M J Booe & Joiot Sarg 48-4: 299 1939 )
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Fig. 83, AD T M. Reswtant lnvernon deformity of the hind part of the foot and adduc
ton deforrmty of the fore part of the foot in bilaters! clubfoot nnder consctvxtrre tretment
for two yeans The deformity of each foot wia carrected by & combmed medial and snterior
capsulotormnes operation and maintenance of eorrecton 1A plaster exst for thres monthe
A, Rocntgenogram of both fect mads Jan 15 1946 when tho patient wm 24 years okl
B, Roentgecograae of both fect made May 2 1946 three monthe after combined medial
and amtenoe capuulctommes. (From Heyman, C H  Herndoo, C. H, and Suong ] M
] Bons & Jount Surg 48-A: 299 1938)
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b.

Fig 83 (costd) C, Rocntyeoogram of both fect made Jan. 4 1937 elnen years afier
D Photographs made Jan. 4 1937 (From Heyman, C. H Herndon, G. H, asd
Stroas J 3 J Booc & Jolat Swrx 48-A: %93 1958.)
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Fig 84£ F D Redsant dduction deformity 1o came of clubfoot {a  chid 5 year old,
and of th tihialls anthee

A, Roentgenogna
foot May 14 1946 Antcnor capsulotorrues and traneposition of hxsertion of the tiblalls an-
terior tendon to lateral border of the foot wrre dowe Nov 3 1948 when the child wus
5% yean old. B, Rocntgenogram mmde of both fect Nov 16 1936, elght yean after oprrabon
C, Photograpte made Nov 16, 1956 (From Heyman, C. H Herndon, C. H, and Strong,
J M ] Bome k Jouwt Sury 48-Ar 299 1938)
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CLYRIA WMENIMAL wese

[

Fig. 8}, AD D Llnhutuldncﬂonddumityulﬂa{mp-nd\hlmhnaun{
ciobfoct corrected by ani

In  plaster caat

fu(mmh&lm\gmo‘nmn(\heﬂlhl{mmldeuudzw 1953 when the

padent wae 4 yeann old B, Roentgenogram made Dec, 3 1954 sevem moaths after medial

capwalotornbes t correct imersion deflormxty of the right foot, and three momthe after an-
to correct

Y of the fore part of the foot. C, Roentgeno-
gram of both feet made May 3 1957 d;m-ndom—huynnummneupmm
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Flg. 85 (comed) D Photographn med May 3 1957

will ghde upon onc another and the fore part of
the foot will swing outward at the tanometstarsal
totnt without much remstance. If the child s young
enough, or 1f bone deformity has not progressed to a
renous degree the adduction deformity can be over
cocrected. The thin b then closed #pd a well molded
plaster cast 11 applied with the fore part of the foot
bekd in 21 much abductlon as posdble with care
taken that the heel 15 not everted

Two weeks after the operation, the cast is changed
1n order that the foot may be Inspected. The
correction may not have been as thorough as was
thought, and a little more stretchmg of the fore part
of the foot wnto further abduction may be desirable.
Ax & Tule, however this o not necesary It i recom-
mended that the foot be maintaned in the cor
rected pontion 1n a walking cast for at east three
moaths, The steps of the operation are depscted In
the dmwmgs of Fig 80 Some preoperative roent
genogmam snd postoperatne el are iflustreted
wn Figs 81 to 88,

MEDIAL CAPSULOTOMIES

The procedures for the correcton of resistant In-
vemmon or adduction of the beel 1n clubfoot are com-
mooly known a3 the Ober or Brockman operations.
Our method for the correchon of deformuty of the
hind part of the foot  basdcally that of the Ober
operanon which conmts of release of the deltond
hgament and jont caprulet 2t the medul nde of the
subtalar jount and mstentaculum and the talo-

navicular gaments. Ths s to permut evermon of the
heel and restoraton of the medial duplacement of
the rasicular bone to a normal postion in relation-
ship to the head of the taln. With the accumuls
tion of expenence we have modified thes techmque.
In scveral cases the result had been an overcoorec
tion of the heel from a posibon of Invendon to a
tather severe degree of gversion or anlle valgus
‘This was particularly Glely to occur when tenotomy
of 2 taut tibiala postenor tendon was performed in
addison to transection of the deltoed hgament at fts
attachment to the tikla Evermon of the beel, after
transection of the deltord Ligament oppomte the
ankle jont and strpping it downward, leaves a
#ap of umupportmg fibrows tmeus at the medul ude
of the anlle jolnt. Thus i more pronounced after
tenotomy of the tibamlls postersor tendan. Qur pro-
cedure now conmits more of an advancernent of the
origln of the deltord higament, rather than a tramsce
tion which lesves a strong fascm! mepport 2t the
medial aspect of the ankle jount. We abo do not
selease the pull of the titvals postenor tendon un-
lem it b quite obvious that thu taut structure b
senouly reustig comecton of myerdlon. It should
then be lengthened and sutured to preserve its funce
thon rather than to sacrifice it. Attention to these de
tails has matenslly derened the number of umath-
factory resutts caused by overcorrection. The tendon
and functon of the tilmalis posterior should aho be
presersed for powmible use in the future, as for trans-
ference betueen the tibla and fibula to the dono-
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Fig. 8. R. C. A case of chabfoot with resdwal adduction deformity of th fore part of
the foot in & child 4 years ol Th deformuty wae corrreted by asterior capeabotoanes and

foot made Oct 4 1949 Medial caprulotomier opcranon was performed Oct. 5 1949 and
acterior aapeulotombes operatin on May 3 1930, B, Rocntgenogram of both feet Mov 16,
1934 six and omc-ball yean after antenor capeulosumes operation. C, Photographs made
Nov 16 1936,
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o
Fig. 87 7 Y Bﬂatrnlduh(nogmthrmdmlddnrmhydmnfamp-nuldmf-n_m

tenar d In December 1952 when the paticrt wa §
mndd&lmqmdbah[mmd:Nw]&lﬁSlwbuanm!%
in clobfoot.

yunuld There was remdual sddactron deformity of the fore part of the lect in
B, Roentpenogram of both feet made March 4 1953 when postoperstive casts
moved C, Rocntgenograms of both feet mude Nov 6, 1959 oon year after the operxbon.
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Fig. 88. W H. Uncorrected deformaty of the fore part of the foot n a ease of ¢ bloot,

A, Rocntgenogram of both feet made Jul deformty
y 10 1933 bowing adduction
keft foot vhrnd:thmb)mldd.l,kmuumdbo&hﬂmdc&ep\_“n:;:;

be 4 arm or § ward twhting of the middbe three
metataruale Tonger prescnt. (From Heyman, ecndon, trong,
] Booe & Joum Surg. 484 209 1958) e & Hand® i

H3
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Lateral aspect of the foot. The steps of medil cap-
sulotommes or medial release are depicted fn the
drawings of Fig 89

Partscular attentron b paid to the tibsonavicular
hgument and stroong fibrous tnsse band connectmg

A

the lower mangn of the titna to the navicular booe.
In addition to the talonavicular ligament, ths re-
wostant structure holds the navicular bone at a pos
ton of medral duplacement oo the head of the tahn.
This umue i completely excied. The strippmg of

B

c

D

£9 A-G. Sicw 1n operation to correct sdduction or Im ersion deformity of hind part
Dlrﬁ:-tmdnh{oot_ 1 the medial caprulotomies, or release operation A, Caned In-
cmon extending from behind medial arpeet of lower end of this to naviculer boos B, The
kin fap w undermised and reficctrd anterforly An imerted ¥ Alke Inclbon ¥ made through
mmm.mmmgmmmm.mmwmc
lndn,mm'mnldevphxhlrvﬂtnnddodnnrdwtbtmﬂ:)mLThnlm:hmm\

of the deltold Lgument to the tibna b cut by  deep inemdon carried

rmlleolus, extrodiog mio th akle Jolne
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Fig. 289 (cout'd) E, The sotepor limb of
tinoed dowmward to the nmvicular bone, and
of the talovavicular foint are oo traraversely Anterfor and
ligameent and other soft teoes are peeled away from the talm

evermon, rockiog the calcancus outward and replacing the nav culs booe In line
bead of the talus, The Inchlon may be contimued datally to exposc the janer cunelform bone
if accemary F Draweing of  coronal section throwgh the ankle joint showing attachments
of the deltoid ligament and rubperiostral disscction of this Lgament and other woft thue
stractures froe th Internal malkcolm and the modist gde of the fatw nd calcaneus. The
tendons, vomels, and meme are by a retractor G, With mampulstion of th foot

and carefully sutwred ooly when it &5 obifous that it serfously obtroch (F
redrawn from Oray H: Amatomy of the Hamsn Body Philsdelphls 1934 Les & Frbuyer)
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Eprmnulndwhmmc:ht) from the talus and

ds downward, g the subtalar
lndhlcm.lvrcuhr;omu. Iujuxyto!hctmdommd
blood vesels is avorded by subpenttosteal dsectron
and retraction. We abo attempt to cut the mteros-
sews talocalcaneal Lgament by mserung the lmfe
Cdeeply between the tals and calaanews. If we
thought 1t were important io see and cleardy define
thr hgament, we would do 50 through another short
incsion at the lateral ude of the foot and expose st
through the sinus tara.

Ths operation, the medwl! release 1 ordinarly
wed 1n children betneen the ages of 3 and 6 years
At this trme the surfaces of the talus, calcaneus and
mavicular are still soft and cartilagmous. The process
of strppmg the figamenos and point capsubes from
the mednl aspects of these booes b done by sharp
dmsection with a kmfe which carefully suos or peels
the soft trsue from the boney It cannot be well dooe
with & blunt periosteal elevator because of the ke
lhood of mikmg an srtfical dmsection extending
mto the cartilagipous substance of the bones. A
penostcal clevator may be mserted deeply afterward
to pry away other reastant bands of soft thaue The
foot » then manmpulated mto an eerted postion.
The tongue of tmue composed of the flap of deep
fasax, formed before cuttng the deltoed Ggwment,
18 seen to ghde dutalh but sull covers the medual
wde of the ankle ot If 1t m obvious that tmer
non deforrmity has been corrected, one may then use
force m dovuflexing the anlle or even lengthen the
Achilles tendon 1f necessary  after exposing 1t by
retraction of the postersor bmb of the ncision.

The postoperatne plaster cast 15 applied from the
toes to the lup with the knee exed 90 degrees. One
must avoud too much overvorrection, which thes op-
erabon may allow It 1 also mportant to avoed ex
cermve stretching of the blood vewch, which may

more correction s destrable the foot o pubated
for thns purpose, A wailing cast extendmg from the
to0es to the knee 11 then womn far about eght weels.
We have not found any brace afterward to be o
fectne 1 preventing efther securrence o overcor
rectton. Fallure to obtain & good coerection must
be artributed to inefiectveness of the operation it
wlf or to urevenible adapthe deformity of the
booes.

Medn! capsulotomies or rekease will not correct
adduction deformuty of the fore part of the foot
which occurs at the tanometatanal and mtermeta
tansal articulaboos, nor will antenor ca

correct adductron of the heel er mvernon deformity
at the hind part of the foot with medial duplace-
ment of the navicular bone on the head of the tahn
Occanomlly these operatons are dope sepanately
at different stages. In such auses we correct the de-
formuty at the hmd part of the foot by meduml cap-
sulotomtes befare the final stage of corection of any
rendual adduction of the fore part of the foot by
antenor capsulotamies Same of the peaeats in the
Mustratsons had both procedure. We have found
that antenor capsulotomices have been partfcularly
effectine for the correction of remstant or antreated
metacansus varus o older children, up to 8 years of
age, without the necemty of osteotormcs or booe of
Jomt resectons.
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CLARENCE H HEYMAN MD
Cleveland, Ohio

THE DIAGNOSIS AND TREATMENT OF
CONGENITAL CONVEX PES VALGUS OR

VERTICAL TALUS

DIAGNOSIS
The tioe allotted to ths subject docs not permit
s to do more than call it to your sttenton by sltus-
trative roentgenogram, describe the dugnostic char
acterntics, and bnefly suggest methods of trestment.
For a full dsciaon of ths deformlity and a compre
henmyve bibliography attention is called to an article
by Lamy and Weissnan m 1939 and for the sur
gral treatment to arncles by Hark in 1950 and
Ommond-Clarke? 1n 1956 Cur opmuons are based
upon spproumately twenty five cases during the past
thirty years.
Thrs relatively rare deformity has been described
under diferent terts by many wnters, cheefly in
the foreign 1 but the distingusshing charac
terties which differentate 1t from cormmon fatfoot
or calancovalgus are not widely known. The m-
crdence 13 probably more frequent than 11 commonly
thought Ternm such a3 “Sertcal taluy” or “plantar
ﬁncdulu: single out only ope component or roent
) Pp e of the deft y and may
!lﬂmdmnguuhltfrom!c\mdegrmdcanmm
flatfoot or paralytic valgus in whach the tarmal booes
and longitudmal arch are lowered and the foot 1
pronated and abducted. In these latter condrtions,
the talus may be in an oblique poution en weight
bearing rorntgenogramd, leading to a fabe wterpre
Hmdlmxlunumor\trucnlulmln)mmg
chitdren, before omificaion of the navicular booe
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has progresed to be dutinguished in the roentgeno-
gram a compkte liraton of the talonavicular yount
may nat be clearly demonstrated. Qther aspects of
the deformity clmcal s well 25 rocntgenclogical,
must be taken mto comideration for dixgnoss m the
questicmable case. Hence we prefer the term “con-
gerutal comex pes valgn,” propesed by Lamy and
Welwman, a3 more descriptive and lems Likely to
cawe confwlon. In coatrast tooummunmhmd fat
foot thn d B freg I wvith no
abnormality at the other {oot.

The climcal appearance of congenital convex pes
valgus i very young chidren or bahies oy be
amilar to that of congenital calcaneovalgm, but
there are important differences. The fore part of the
foot 11 abducted and tils upward at the mediotapsal
Joint. The sole b not only ﬂatbmn-l-vm::on
dorsiflexon of the foot. The foot cannot b ‘inverted.
There 1 4 bony prominence of the head bof the tahn
at the plantar wpect of the foot, winth cannot be
reduced by pregurs or mampulaton Although the
peroneal and extemor tendons may stand out taut
and renst pamne wveroon, one can feel a booe ob-
struction to imemon of the foot. The foot by not in
» pontion of excemne calcancus at the anklo jount,
» in alcancovalgus The Achilles tendon b tyght
and the calcanews 1 tlird downward 10 plantsr fex-
hn.\\'h:nth:{ootuhemgpmlndintodomﬂauu,
the deformity at'the medwotaggy] jonts causes & con-
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Fig 90. RV A, Latera! rocntgenngrame of both fest of  boy 8 ywars okd. There m & unilatersl comex pet algws with
the talos fn & crtical pouition, and the nalcular bone b articulatiog with the superdor surf ce of the nrck. The calcanens
& plantar flexed. B, The mmo patent when 23 years okl There b complete humatlon of the talommicular joint, and the
navicular bobe ks become deformed Although there was a severe rigd flatfoot, the patient was mot complalming of eny
citabling symptorns. N treatment wis necesedry

bein pposition to th rupsnior surf ce of the alun
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Fie $2. ] P Rocutgenograms of both fect, showiog wnilateral deformuty Th talus of th
sight foot b underdsy loped and b in o vertieal pontion The calcancus is tilted dowmward,
and there B 2 comexty at the sole The casicular bone articulates with the peck of the taln.

G Lateral and anteroparterior rocmtyenograms of bilateral erncsl
tahey 1o
nluddovm:d,rndhhﬂehmmﬂ:u]mbd!m:diznvd’,

L
calcaneus
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‘The roentgenological charactenstics are ilustrated
m Figs. 90 to 98. The most striking appearance 13

of the talos which 1 rotated or pamnng down
ward ertical ponitfon. There o camplete luxa
ton of the talooavicular joint, with the navicular
bone arteulating with the supenor surface of the
peck of the talus. This detinguishes the deformity
from severe degrees of pronated feet or flatfeet 1n

4
»

which the talus may be in an obhque position but
the jount surfaces remam 1n contact. The aalcanen
u tlted d d into equmnus, to e
vere degree, and 1 generally underdeveloped or has s
convexnty at the plantar surface, The fore part of
the foot tits upward. In older patients tho navies-
lar bone becomes wedge-shaped. This & probably &
sccondary adaptne change to the lmmnon. The
anteropostenior roentgenogram shows the talus di-
rected mward. A study of roentgeno-
grams during werght bearing 1 belpful in karning
to dotingush a trut verucal talus or coogenttal eon-
vex pes valgus from congemutal flatfoot er paralyne
salgus.

94. 8 K Laeral and anteropostenor rocntgepoprams made
teral deformity Both fect had been manfpulated under nm.bt-r:lndbh

%a
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TREATMENT

Treatment depends upon the age of the patient
and the severity of the deformuty In contrast to the
case of congenital calcaneovalgu, corection i diffi
cutt. In babees or very young children manipulavon
under anesthesta can bring about an improsement
In the general appearance of the foot and poulbly
rewlt m fanly good function without much dis
abiity but it o unlikely to be mccnsful m reducing

121

tendon, manipulation is direeted toward stretching
the fore part of the foot downward Into plantar
flexion and imversion to line it up with the hind part
of the foot, and toward trying to rotate the wlus
by preming the head upward The plaster cast s ap-
plied afterward with the foot m equma and in
vertfon Scwnlm.mi'puhﬂomlndamrmybc
necemary to lsh )
'I'}mpaﬁcnulnﬁgx97lnd98bolhhldfmr

the luxation or result in any app
ment 1n the roentgenological appearance Smcelhe
calcancs s held in plantar flexson by & taut Achilles

jpulations and plaster casts, utlng force over a
Lormzwtdgcnndn'l‘lnnuwrmh,mlhmnp—
preclable improvement shown In the roentgenograms.

mmn:mmwydmmmmwmm

Lateral

thowing the result, three yran

severe, righd fatloot, pamful disability was relas ed,
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A
Fig. 87 A-D. ] F A severs deformty which could not be coerected by foreible manipals-
toos and plaster casts unde anesthesla Cotrecton of the deformity was then attalned by the

operatn  procedurs dectibed in the text. A, Latera] and anteropostrrior roentgenogrme
made of both feet Oct. 17 1937 beore treatment, when th  child was 22 moathe old Thern
b sovere deformty of the right foot The talus i crtical and directed [nward, the calcancos
1 tlted dowmward, the fore part of the foot ks tilted npward, and the sole J comex
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The deformitics still remamed sufficiently severe to
hutfy attempts at reduction by open operation In
other patients, open reductron was Dot rccommended
As a rule we do not beleve that restoraton of nor
mal bane relationships can be attained by any means
other than by open opermbon, and &ven by thm
mears it may be qunre difficult to obtain and retain
Cartful sckeetion of patents 1 required  therefore
before subyectmg these youmg children to surgeny
One may obtain satufactory function without com
pletr correcnon. The patient whose roentgenogram
Is shown 1 Fig 90 nover had amy complamt other
than the uomghtly appearance of a flatfoot. No
treatment, therefore was pecewan and  parucy
larly no operation was advised

Our finst attempt at open reduction of the de
formity was in 1910 This was a cawe of bafateral de
formity i & child + years old \fanipufations under
anesthesia and the use of easts falled to result m any
dnificant mprosement an the chmcal appearance
of the lelt foot. After sectron of the ligaments and
joint capsubes attached to the talus, through in-
clsons on both wdes of the foot, the talus could be
rotated upward aml the valpus deformity os ercome.
No mternal or hirschner ware fixation was used to
malntain reduction. Both climeal and  roentgen
ological results, mipe yran later in 1949 were ex
¢cellent Trple anthrodens was necesany to reline
painful symptoms in the other foot m 1945

The patient wlhoswe roentgenogram 1 shown m

D

ng.97(cl-1d)B.RRranmd-tA.pfﬂl5l wmpts at reduc
938 after four

mwwm.mm«mwmmmdmnmxm p:ndnhl.
fmprovement. C, Lateral roeatgenogram o the plarter east (Apell 17 1958) following open
reduction and firaton by Kinchner wiree D lnmt‘rmgnmmhl.ls 1938 showlsg
Mr&mnndlhgnm«dmhepndmfmﬁﬁmhbdmmddwd
it corrreted -nd'.bere-u:wd-ndoqluﬂtum!jnhm i
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A

Fig. 57 AD.J F A snere deformity which could not be corrected by forcible manfpuls-
©ons and plaster cass wnder ancrtbens. Correction of the deformity was the attained by the
operatn procedure described 1n the text A, Lateral and amteropostedior roenigenograms
made of both fect Oct 17 1957 beforv treatment when th child was 22 mooths old. There
= secre deformty of the nght foot The talas i ertical and directed {award, the calcancm
» tilted dowmeardd the fore part of the foot b tilted wpward, and the sole ju com ex.
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The delommuuces still 1emained wificently sciere to
ustfy attempés at reduction by open operation. In
other ptients, apen reduction was pot recammended
As & ruke we do not beleve that restoration of nor
mal bone relationships can be attained by any means
other than by opm operavon snd even by thh
mearss 1t may be quite difficult to ebtain and retan
Careful selection of patients  required  therefore
before subycting thee young chikdren to surgeny
One may obtam sausfactory function without com
plete correction. The patient whoswe roentgenogram
i «bown 1n Fig 90 never had any complant other
than the unughtly appesrance of a flatfoor. No
treanment, therefore was pecrnary and  partcu
larly no operation was ach ised.

Our fint attempt at open reduction of the de
{ormity was in 1910 Tlds was a case of bilateni de
formity In a chilld 4 years old Manspulations under
ancsthesla and the use of casts failed to result m any
significant moprovement m the chnical appearance
of the kft foot. After scction of the lyaments and
Joint capwles attached to the faus, through sn-
crdons on both sidey of the foat, the talus could be
rotated upward and the valgus deformuty ot ercome.
No laternal or Rinchner ware fimtion was used to
maintaln reduction. Both climeaal and roentgen
ological results, mne years later 1n 1949 wern ex
cellent. Triple arthrodesis was necesury to relieve
panful yyptomy i the other foot in 1945

The patrent whose roentgenogram b shown in

b.

}1:1!7 {coatd) B, Roentgenogram made April 15 1938

thon by manipulation while under mestbeda and aftef four attemps t reduc
[e8

s tbe we of catts. There wat 0o appercialie
reducton and fvation by Khsch Plaster cart (Apedl 17 1958) followlng open
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Fig 96 had a severe deformuty with & pamnful uleer
caused by the premure of the shoe over the bane
peontinence at the head of the tahs. It was quite
unlikely that the talus could be rotated upward to
reduce the bone prominence in a patfent of ths age
and thn was not attempted. The head of the tahy
was exciied to relieve the premure, and that patents

THE FOOT

symptoms were rebeved without correcting the se-
vere flatfoot

After communicating with Hark, we were encour
aged sgain to attempt open reduchon in selected cases
of younger children, and to stabilize the reduction
by the msertion of Kinchner wira through the
navicular bane and calcanen into the talus, These

Feb. 23 1938 when the child was 5 months oid
foro part of the foot b tled pward

plantar ficxed, ca ity t the sok
vertical and o Thu pateat
wedgo and plaser ancuhesla wit
appearance and witho® ment b the ol
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vaires were Incorporated fn the postoperative plaster
ast. The operaton conmsts of mobilizing the talus
5 cutting the hgaments and joint capsules of the
alomavicular and calcancocuboid jomnty The talus
1 then rotated upwand and the fore part of the

bat bot at the right.

foot 1 pulated d to restore
with the talus and caleancus. It may be pecevary
to lengthen the extemmor tendans to do thm, but
streiching them before operatsion by manipulatiom
and casts will probably make thu unnecerary To
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bnng (ke foot upward mto doruflexion at the anlle
joint may require a second-stage operation to
lengthen the Achilles tendon.
It is not oaly difficult to obtan reduction, but 1t
1 abo diffeult to retmn it. The bones tend to spnng
back into thelr former pontions. Oxmond-Clarke rec
ommends tramafer of the peropeus tertus tendon
into the peck of the talus to hold 1t upward Hark
moerts & Rinchner wire through the navicular boae
into the head and necl of the tahu. Figx 97 and 98
are of the Kinchner wires we have
duced to saabilire red Although we have
not tried 1t as yet, it would seem that the Grice pro-
cedure of Iterting a graft of cortieal bone between
the antenor process of the caleancin and the neck
of the talus could mamtam correction by scrving as
& bone prop holding the talus rotated upward. An
undenirable effect of such a prop however would
be mamtenance of the calaneus 1n a downward
tlted poation. The Grce procedure would not ap-
ply befors omlfication of these booes has progressed
sufficently to sequwre a firm support and good bony
umon and probably should not be attempted before
the child is 3 yeans old.
In patrents scveral yeans of age oc okder it may
cither be tmposble to attan ! repovinon

by any operation or be unwise (o attempt 1t. In these
cases we must be content, therefore, to alleviate du-
ability by some other meant, such as excrlon of the
prorunent head and neck of the talus when the shoe
causes pamful presure at ths prominent booe ar a
remodeling operation and tripke arthrodens to cor
rect deformity When symptorm are not diabling
m older patients and the cimical deformuty » not
too severe we do not recommmend any mgpcal treat
ment.

Our studies of approxmmately twenty-five patents
with congenital convex pes valgus are still in prog-
ress. We now belicve that tins o an entity protably
the result of an arrest 1n fetal development, and not
merely an extreme degree of ordinary flatfoot. We
hope to have more definite conclunons and to Im-
prove our methods of treatment.
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THE ROLE OF SUBTALAR FUSION IN THE
TREATMENT OF VALGUS DEFORMITIES OF

THE FEET

Stabilzatlon of the subtalar jont by means of
bone grafts placed acrom the taml mnus was ongr
nally concened 1n order to correct severe valgus de-
forrmrty annng 1n young children. When the deform
ity occurred in older patlents, 1t was not so severe
and often could be corrected by tendon transplants,
cither alone or m combl with triple arthrodesl
The most svere valgus deformities developed when
there was complete paralyms of the antenor and
posterior tinal muncles fn a child under 3 years of
age. If the peropesl muscles and the tneeps surae
group were strong the deformuty was progresmve in
spite of the we of arch nupports, beaces, night casts,
exercnes, and vanows reconstructne soft tmue pro-
cedores.

If the deformity were not corrected 1n the young
child, the foot became 10 badly drtorted by the age
of 10 or 12 years that it was very difficult to restore
a matnfactory appearance to the foot by meam of
tnple arthrodests. In the young child, below 10 yeans
of age tnple arthrodess should be deferred of pos-
tible because inhianon of growth of the mid-taral!
bones will occur Sipce soft theae surgery had proved
madequate 1t swemed necemany to connder some
means of stabllmng the mud-tarml region without
mrerferme with growth.

CONSIDERATION OF PATHOMECHANICS

The logic of stabilinng the subtalar jomt in order
to caatrol the valqn foot can be readily apprecated
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by studying the dynamics of the foot. The ankle
joint {tbrotalar) and thé mid tamal jomts combine
to make up a unwersal joint. Through the tiblo-
talar jolnt motion occurs only m & verucal plane,
produang plantar fleton and doruflewon. The
motom of evermon and abduction, as well as m
version and sdduction, occur through the md tarsal
regon and are integrated with the movement of the
03 cakcrs mn respect to the talus through the subtalar
joint. In the normal mtact foot, the os calas moves
posteriorly In vespect to the talus as {t swings out
into eversion. Conversely it moves forward as 1t s
inverted or placed m vanm. If the Ggamentous
structures of the mid-taral and tarsal region are
mtact the cubmd, navicular and cuneiform bores
move with the o1 cakas. For practical purposes, it
may be assumed that the foot dutal to the talns
mones a3 a unlt and that the atthude of esther
Prooation or supinatton i3 determined by whether
the heel 15 mverted or everted. This a1 the os cakd
moves into valgus (everslon} the rest of the foot s
abducted, presenung the pcture of a pronated foot.
It i true that the posluon of the talus does
change 1 the vanu and the valgus poslion, but
the poution assumed by the talus 15 a pasnhve one
There are no muscles imserted mto the talua. In
the normal foot and in the vans deformty the
tals I3 m & relabvely horzontal postion, but
in the valgus deformity [t assumes a vertical po-
duon (Fig 99 A) Iu poution n determined by the
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support provided by the o1 calcs beneath it As tho
o1 caku b duplaced laterally and postenorly 1n
eversion, there o 0o support to the head of the tahn.
It, therefore drops down mto equinus. As the foot
n mverted, the front of the os calc moves forward
and medially beneath the talua and provides support.
If ths relatomhip cannot be obtamed then the
normal contour of the foot cannot be restored

In the paralytic valgus foot, with paralysu of the

&

to several factors. The mmbalance of the minculature
must be corrected by decreasing the everting force
and restormg the invertng strength. In additson to
this, some means must be at hand to restore the
relagonship of the rest of the foot to the talus and
to maintan it by funon of the ot calch to the mha
(Fig 99 € and D) Previous attempts at fusion of
the subtalar jount imvobed resection of the jomt.
Such procedures were succemful in restonng and

anterior and postenioe tiblal muscles, the dy
forces producng invermon and adducton are lest.
If the peromeal muscles are strong the everting
force dmplaces the os calcls into valgus and the
typical promated foot developr. Should the tnceps
surac be strong and a contracture of the Achilla
tendon develop even more valgus develops as the
os cals b further doplaced postedorly and into
valgus.

The control of the paralytic valgus foot i related

A
It
)
A
C

Flr. 99 A, Lateral

§ pamive
in equmm and sdducton D Lateral bew of right foot for coomparison

of the Icft foot. snere  algus,

the relatonshup of the os calas to the
tahs but, unfortumately daturbed the dynamies of
the other mud-tanal jontr Secondary degenemative
changes often developed 1n the talonavrcular and
the caleaneocubard jomnts. This wis partculardy tnre
in the growing child, because of the increaung ds-
proportion betwern the talocalcaneal booe mass and
the naviculocubold structures, ws the result of the
lom of growth m the subtalar regson. Growth of the
rmd-tarsal bones n appentional m pature, and re

fexed tata. B,

plantar
Anteropost irw beft foot lLateral and erioc dsplacement of on calcl, abduction of
e o correcton of deformity by placing foot

Slight

displacement of os calels 5d cbliteraton of tarnal slnus, indlcatmg mild alpe
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sction of the talocakaneal articular surfnces de
stroys tho growth potential.

REPORTED EXPERIENCL
WITH SUBTALAR FUSION

The placement of bone grafta in the tarsal sinum
prnides a meams of obtaiming an mmediate me-
chaniaal fxation of the yownt 10 the deared positlon,
as well a1 the baus of subsequent funon of the pount
Inawnuch as the articular surfaces are not resccied
further growth will occur without los m the height
of the talocakcaneal bope man. Thu, then, was the
procedure which was devised and fint performed 1n
1915 on » S4car-old boy with a paralytic valgus foot
following polioemyelits, This patient was observed
for several years, and unce the result appeared -

a prefimmarny repott was publahed m 1952* and a
follow-up oo fifty-two patknty m 1335% In the
hter artacle the indiatom, Emrtatlons, complica
tonz, and end results were dbcussed. Since the ap-
pearance of thn artxle the expenences of wber wr
geoos have bren reported in the literature

At the Amerlean Academy of Orthopasdic Sur
geom  mecting n February of 1956 Westin and
Hsll presented a prelminary report on their expen
ences with oty two sabilimtions performed on chit
dren between the ages of 3 and 12 yean. Included m
their senies were patients with pandyte pes planus,
clantovalgus deforrmty flail feet and severely
pronated feet without paralysts, In 1937 Welsanan,
Totok, and Kharmash  reported favorable remuln
obtained in & tenes of thrty cases of panalyne valgus
deformitier. Malvarez d a series of eghty
seven caws In 1957 in which the fusion was obtained
with presened homogenous bope. There were
scventy four exeellent romlts and thurteen fallures,
The youngest patient was 2 years old and the oldest
6 years. Baker and Dodeln discumed the use of
subalar fuson 1n the comrection of twenty-nine feet
with sere valpn defe occurring m
cerebral pabsy patients. The youngest patlent in thr
#e1acs was 3 yean old and the oldest 13 veart These
authors concluded that on the bass of funchon and
:ntmlppﬂmdtmmluumguodtomd-

L

In our own expenence dunny the ten-yeor penod
from 1946 to 1933 thh procedure has been per
YwmedmlmfmAcomdcnbk\wtyo{
pavents has been meluded in the series. There are

patients with congemtal plancvalgus fect avoclated
with a plantr flesed talus, valgus deformities as-
wanted with spasticity in cerebral palsy valgus feet
In spma bifida, paralytic cakancovalgus, severely
pronated feet without paraljae and talocaleaneal
coalivons, In older patients, this procedure has ako
been wmed with excellent results in treatment of
fractures of the o1 calas, arthntis of the subtalar
yomt, and tuberculoss of the subtalar yont.

OPERATIVE TECHNIQUE

The operative techmque & qurte mmple for onc
who » familiar with the mechanias of the foot. The
subtalar jount 1s exposed through a 2.mch cumilinear
ncmon placed on the lateral aspect of the foot
directly over the tamal xinus. The distal portion of
the mcnion beguns at the lateral border of the ex
tensor tendoms just a little above the muperor edge
of the o cala. The indwion » extended potenocly
in the direction of the skin cresser to the peroneal
tendons arkd nmt below the tip of the lateral malle
olus. Subcutaneous fat i diaded i the fine of the
slin incimon down to the tamal Ggament. The T
ment u divided in the direction of 1ts fibers and
refiected. The ligament also may be draded parallel
o the peromeal wendon sheath at it lower end m
order to obtam wider exposure The Ligaments and
adipose tuse n the tarsal mous are completeh re
moved, expomng the talus and the oy calas. The
ongm of the extrrsor digin breva 1 dimected free
of the supenor margin of the os calent and reflected
to allow complete vimualimtion of the whtalar jolnt
The fook is everted and the moveroent of the o
calcis in respect to the talun o observed, as well as
the relatiorship of the undersurface of the tlw to
the supenor turface of the o8 calcm.  There 13 great
variation in these borders of the taral dnut. A few
morents spent in study of the configuraton and
movement of the os calcls as It moves m evernon wll
allow one to decde the proper pesition m which to
place the graft or grafn. Tha can be confinned by se
lecting an osteotame of the proper width to span the
tamal sinus and plaang 1t between the talus and oo
calos so that it blocks eversion of the os caler If the
oneotome turms in the tanal sinus and rdoves wath
lhemuldx,ltlsuupmpquphctd.ﬁnunul
poutica i such that the infenor apect of the osteo-
tome o m contact with the supenor border of the
mtnldsmdh(m}trfomrdlhmtinuppucdge
in coutact with the talus (Fig 100) In some In-
sances, s cannot be readily obtained, and the
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4
~ 35
o o- At T
Fig. 100. Imertion of grafty in the @nal dma. (From Griee D 8 ] Bons & Jolnt Burs.
37-As 246 1955 )

grafts will, of necemty be placed in another pomtion.
This should be determined with one or two osteo-
tomes before the bed for the grafts s cur The
coentul feature o that the grafts or osteotomes
should effectvely stabulize the foot and prevent
motion of the os calen 1n relaton o the talus, once
they bave been put m place. The width of the tarsal
sinus 13 measured and allowances made for the ad-
disonal length required after the bed for the grafts
has been cut 1n the talus and the os calcu or 1n some
matances, for mpaction of the grafts into the talus
and o calen. The graft » obtained from the

region of the tibia just below the Io-

graft 45 t0 3 cm. Joog by 1.5 am. wide » unnly
removed. The graft &t taken from thms area smee 1t
has thiner cortscal bone and more cancellous booe.
It 1 abo more Lkely to sumulate growth from the
adpcent epiphyss, if 30 denred m & short leg If
growth sumulaton n not denmble the bone may be
removed from the fbula, the rib, the ifium the op-
ponte tibin (if 1t 1 short) and even hamogenous
preserved booe may be wsed.

The graft u then cut duagomally acron, makmg
two traperodal peeces These are placed together

with the eancellos surfaces m contact and are
measured up aguint the tarsal unws m the approm
mate pontion 1n which they will be placed. Right
angle notches are then cut Into the undersurfaces of
the talw demarcatng the widths of the two grafts.
A thin shver of cortex o removed between the two
notches. A mmular bed 11 cut into the upper soface
of the os calcs. These thoukd be no wider than the
thickness of the two grafts so that 1t will be a tight
fit. The grafts are then cut to sire. Tha bs done with
a narrow rongeur 50 a3 to make a serrated edge on
each end This makes the grafts hold better The
foot 1 then inverted to open up the tarsal slnus, the
grafu are placed in potinon, and the foot brought
back to the desred pontion. The foot should not be
left m an overcorrected pootion, nor should the
grafts pry the two bones apart. If erther of these
thmgs occur d-»cgrﬂudm]dbem.ldcmﬂcrhe
fore the jount b closed und the grafts arc mpacted.
In feet with osteoporotic bone the grafts will snk
deeply Into the substance of the boaes If onc » pot
careful In such feet, do not remove the cortex of
cut deep notches for the graft, but merely allow the
grafts to penctrate mio the cortical bone on both
sides. Tt 15 demrable to fmpact the grafts only once.
The more timmey the grafts are tned the poorer be-
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comex the fit, becausc the mortae tenon feature of
the grafts is destroged as the bed for the grafts be-
comes datorted.

Omnce the grafts hate been properly placed the
foot 1s stable and cannet be duplaced into valgu.
If the foot bs not stable the grafts must be repod
poned. In rare imbtances, addibonal fination with a
scrow of hanschner wires may be needed The tarsal
ligament 13 sutured with No 3-0 ok ard No. 3-0
sk sutures are ipserted m the dhan.

Thrs technique of wmng two traperosd-shaped
grafts # described becase we hase found it the
umplert and most effecne way to produce a me-
chamcal blocl. It allows greater case of adjusunent
as to fit and the degree of correction than other
methods. Numerows variations have been tried by
1, and many other surgeons have described tech
mques that they prefer Whatever method n e,
it 15 ewentia] that the firanon should be securc at
the tme of operation and that the graft should be
under some compresuor. If the grafts are not
securely fixed, they vill slip oc absorb or both com
plratiorns will occur These are the most common
techmeal erron.

Other commona errors are undercorrection and
overeorrection. If the deformuty B not suffieently
corrected, the foot s fused in valgus and the cond:
tion n analogous to the fieed valgus poubon found
1 coogenital talocalcancal coalinon. It would not
be suprung to find that such patents develop
perorcal spasm—and they do. It m better however
10 err an the nde of a Iittle valgus than a bittle varus,
fince the varus defommuty appeans to increase with
growth One uncommon complication has been ab-
wrption of the mKd porbon of the grafts. Thas
scered 10 occur m one fostance when bone bank
grafts were wsed and 1t has been seen when the grafts
were too long and pried the jolnt apart, It thould be
stated that ths Bt of problemns hms been ssaembled
through the experience of mam Indhaduak who
have brought them to our attention. We oursehes
have made most of the mutales along the way—but
not all of them!

GENERAL CONSIDERATIONS

One of the most common cauwes of pooe results
from tha procedure n the fajlure of the surgron to
recogrure that the emenual feature n not the funon
of the subtalar joint but the restoration of normal
ahgnment before placing the grafts for fusion. The
grafts are used mereh to mamtam the correction.
If the foot bs nadequately corrected 1t will be fused

in valgus, and of it is overcorrected there will be &
\arus deformity The majonity of valgus deformities
in young children can be paravely corected without
any difficulty In some instances, soft thwe dimec
tion sbout the subtalar jount and the talonavicular
Joint will be required to restore normal algnment.
This » particuladly true 10 the congenital planovalgus
foot In which the talus B fiwd 10 planwar flexon
Thn is & special problem which will be documed
later

Equnus deformities due to contracture of the
tendo achillis and the postersor jownt capeule of the
anlle joint should be corrected before operaton. In
our onginal arncle 1t was stated that the equinus
could be corrected after the funon was obtamed.
This b true for only mild degrees of equunus. When
there n equinus of more than 15 degrees, the o
calas cannot be brought forward far enough be-
neath the talus w allow correction of the evenion
and sbduction. Reduction of the valgus deformity
may be very difficult to achieve m the presence of
screre equmn, and even more difficalt to mantam
because the o1 cakes Leeps slippmg backward a1 2
result of the pull on the tght Achilles tendon If the
equinus cannot be corrected with wedging casty be
fore eperation the heel cord thould be lengthened
Thus, of course, can be done at the time of subtalar
fusdon Thu Is particularly applxcable to the equino-
valgus deformity occumnng in spastic paralyms. An-
other cause of failure 1 related to the fact that thero
is deformity distal to the talonavicular and calcanco-
cubod fomnts.  There may be hypermobihty of the
dntal jonts 30 that there n depreszon of the longi-
tudinal arch dutal to the talonavicular goint and
abduction of the forefoot through the cunciform
metatarmal area

When the deformity has been present for four or
five yeans, fixed deformuties may appear in the fore
part of the foot. It m well to realire that, if the heel
1 cverted and the metataral heads are flat on the
supporting surfece, the front part of the foot actually
u 1n relative vans m respect to the talocakaneal
bone man If the evenion of the heel s corrected
and held nith a subtalar fusion, the metatarsals will
be 1n vans and the fint metataral wall not touch
the floor In the young child the metatarzah and
ameforma can be molded down Into correct align-
ment and the correctron will be mantalned by sub-
sequent adaptation through growth. In the older
patent the vanu penlits m the metaamal region
and may In fact get wore. If this s combused with
a lutle equinus, an unfornumate utuation develops,
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since the patent will bear weight on only the fifth
metatarsal head and ths becomes quate pamful.
When there o wgnificant deformuty 1 the dutal
portion of the foot the procedure of chowce for the
older patients 1 & triple arthrodem, which remams
an excellent operation for correcnion of foot deform
itles. Occaslomally however the deformlty » pri
marily in the metatarsal regron. In such cases the
mbuhrﬁmonmnvbcpcr{ormcdﬁnl.udmb’c
quently » aapw) y of the cunsf

Jownts (as described by Heyman) or an osteotormy of
the metatarsals will correct the adduction and vunn
deformity

AGE

The question 13 frequently ralsed as to the young
est age, the wdeal age or the oldest age at which this
procedure can be wsed. It can be used at any age
The questton 1 not how old the patlent 1 but how
Joog the deformuty has been present. The patients
who seem to be best suited for tho procedure are
those betwren 4 and 12 yeans of age. Below the age
of 4 years, 1t m rarely mdicated. Few deformuties are
scvere enough to warrant surgery before 3 yean of
age. There 1 much more cartilage present i the
bones of young children, and 1t » much more diffi
cult to get good sohd, cmeow foaton The oot
deformity that might be comsidered for early surgery
1 & congenital planovalgus foot with & plantar flexed
tahus. There 13 no upper hmit on the age of the pa
tent. The important factor 1 the duration of the de-
formity The oldest patient in our experience was 42
years old but the deformity had been present for only
two years. A 6-year-old child myght be too old, If the
deformuty had been present mnce his fint year and
had become fixed.

TENDON TRANSPLANTATION

One wmnportant cawe of poor resulty, other than
1he previously mentoned techmeal errort, would be
recurrence of the deformity or overcorrection of the
deformuty due to madequate correction of the muscle
mhalance. In all cases where muscle imbalance
exnts, an effort should be made to equalize muscle
srength by tendon tramplantation. In the orgmal
group of fifty two patients, there were forty four
who had tendon transpfanta. Of the exght who did not,
there were wx for whom there was nothung avail-
able to trarsplant. The traruplantation may be done
before the subtatar fuson in the verv young child

order to reameny the muscle mbalance after the ef
fect of the funon has been obeerved

The type of plant has vaned Jerably de-
pending upon the age of the patient the seventy of
the mncle mmbalance the total problem of the foot
10 regard to plantar flexton and domfiexion strength,
and the musclks avallable for muscls traaspl

In the patient under 3 years of age with strong ex
tensor digitorura communis, normal peroneals, and
normal plantar flexon strength, & reconstructson of
the posterror tibial and the sprmg Egament (eal-
cancotajonavicular) hay been performed, usually
23 » temporlung procedure. The Bexor hallaas
longus and the flexor digitocum loogus have been
used most frequently The proximal porton of the
flexor hallucs longus tendon Iy woren through the
postenior tibal tendon and fixed to the navicuhr
The dutal portian of the severed flexor halluchs Joo-
g tendon 1 sutured mto the side of the tendon of
the flexor digitorum longus, If the flexor digtonm
loagus o stronger It 18 used 10 & mmular manner and
the dista] end 1 sutured into the nde of the flexor
halluch longus If these muscles are not avallable for
transfer the peroneus brevis can be brought pos-
terlocly slong the flexor hallucn longus tendon sheath
and fixed to the navicular If there is Jom of plantar
flewon streogth and & developing calcancovalgus
deformity the peronet can be translerred to the
apophyns of the o1 caldls. When there it need to re-
inforce the domufk power the p longas
m:yhemmphn:cdfomudmumh-:ulthe-n
ood metatar;al If there I severe deformity the
peroneus brevis or the longw may be tramsphanted
anteriody beneath the wprmg lgament (plantar cal-
canconavicular [gament) into the nawvicular Ths
procedure should be used oaly 1n severe deformites,
because a recent follow-up study has shown that
scme of the feet with ths type of tamphnt have
dereloped late varus complcations

RESULTS AND LATE COMPLICATIONS

Although the extra arbeular fusioa of the subtalar
)umwur:mm:ndcdfcrmofzhc\ulgu:
foot m the young child 1t has been wed m a wide
variety of valgus deformities of the foot. Origmally
the use of the procedure seemed justified because ht
appeared that, even if 1t were only & temporiring
procedure, it did ot prevent subsequent correction
of the foot by tnple arthrodess. Morcover there ap-
pcurdmbc:goodmcm:oodthnnngbtbe:

dure 1n mow mpances. Subseguent

a3 a temporiung procedure, may be bined with
the fumon or may be deferred until after fuslon 1o

experience has putified the fnitha] Empresaca. (Fig
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101 A to D) All the operatrons have npt been per
fect, and same have requured triple arthrodews to
correct recurrent valgn or overcorrectwn  with
varus. The longest follow up in the serres (av pres-
ent, thirteen years) is that of the first patwent (Fig
102 A) The impartance of long term follow-up 1

Freoperath  and postoperatn
Pastopcrative photographs, front  scw

133

well demonstrated by thn patent. In 1931 he was
classified as showing an excellent end revult. At that
tme, ux years after hft operation he was 11 yeany
old. Photographs and roentgenograms of his feet
demonstrated  excellent chimieal appearance, align
ment of the bones and an excellent functional result

[ 3
Fig 101 AD A, Moderate slgys deformuty bn an 8.

year-okl boy three yeurs

Photographa, back Sew B, Prespersm  ead
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(Fig 102, B and C) There was, howeier a lttle
varus deformity present. The patient was lost to
follow-up m spate of many attempts to get his fam
ily to bang hum back. They innsted that he was do-
g fine and needed no care In January 1958 when
the panent was 18 yeans old, he was finally beought
back to the climc. He had developed a marked
equisovarus deformity of the foot which had been

operated upoa (Fig 102 D) The evact relaton-
ship to the subtalar fuson is clouded a bit by the
fact that he developed a wmilar though kew severo
deformity In the other foot. Nonetheless, 1t should
be luted as a fulure due to overcorreetion. He hay
nnco bad a trple arthrodeshs performed on hn left
foot with & good fimctional result and a good cos-
metlc appearance (Fig 102, £ and F) This repre

h Vhew

Fig. 101 (comd) C, Preoperathe and
D

Preoperuth  and postoperath  roentgenogram, lateral  bew
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[ 3

n;.m,Ar A, Sovere algw deformmity | child 3 yoam oid § 1943 four years post

B, P
years old (A,me(}nn D 8. J Booe & Joint Surg 34 A: 927 1952)
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tents one of the six patrents who have had a tnple
arthrodexsss performed

All of the fifty-two patients whose cases were re-
ported 1n 1955 have been exarmned within the past
year and have had at least a five year follow-up
with the exception of cae patient who has had only
a two-year follow up because a triple arthrodems
was then performed in order to correct a vano de
formity In thirty-cight of the patents, growth of

THE FOOT

the foot has been completed 5o that there wall be
lictle tendency for the algnment of the foot to
change mgnificantly The other fourteen patients
are over 11 years of age but still must be observed
before they can be finally evaluxted. The need for
the 1 well demonstrated by the cample of the
fint case presented above There are forty four pa
tients who obtamed a mtufactory resubt from tha
operation  of these, seventeen were clamtfied 1 ex

D

erlor and lateral, 1931 D,

Fig 102 (contd) G, F

Pextoperatne photographs, 1958 paticnt 18 yean old
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cellent and twenty seven as good. In the unats-
factory group there were eght patents, a group in
which three had fair results and five had poor re-
nultx In the urmmnfactory group six paucnts had
a scondary tnple arthrodess i order to obtam
eather a good {unctional result or a better commetic
appearance Three of these were done because of
inadequate cormecuon and three were performed be
cause of overcorrection which resulted 1n & vana de-
formity Needlew to my 1t is better to err in the
direction of keaving the foot m a little valgus than 1t
s to orercorrect the foot and place It 1n vana. The
foot haa a better appcarance wutally of st & 1 2
Fttle varus, but the function h better if there &1 a
Ittle valgus. The foot n more stable m valgus. Fur
thermore, there appears to be a tendency for the
foot to swing mto & little varus with growth. This
s particularly true for those patients early In the

series m whom tendon transplantation in the talo-
navscular region was performed when the deformuty
was only mod Thn pl thould be
reenied for only the more mvere deformities Al
though & Lttle saiguy &5 destmble 1t does not follow
that more valgus u even better! If the subtalar
Joint 13 [used whh the foot m moderate valgut, a
deformity n produced nmifar to that found i con-
genital talocalcancal coaliion. Peroneal spasm has
developed m surgically treated feet sdmilar to that
obsenned m talocalcancal coalison, if the foot has
been left In valgus. Correction of the valgus pom
tron has releved the peroneal spamm.

LATE CHANGES IN

ADJACENT ARTICULATIONS

There has been some concern expremed that
fuslon of the subtalar joint in the young chuld may

udnt;"n (comtd) E, Postoperatne roent
eral lcws, whownt imendion nd addacoon fathpoe b
Porioperath  triple arthrodedds July 15 it of ffth metatarml, F

mctatainal stll present,

tenograms nmde Aarck 5 1938, Anteropoierfor

1938 for comection of arm Mild adduction of
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to that [

This coud!

has been carcfully studied and reported by Dr R. I
Harms of Toronto The spocation of perooeal
spsxm and secondary changes In the adfacent tamal
Jounts with talocalcancal coalitton has been well doc
umented. The changes in the talonavicular regon
are quote characteristic and conmst of Hpping of the
superior border of the talomavicular jomt and a
wcalloped defect m the superlor and lateral border
in the head of the tatus. It b our opimon that th
change s refated to the valgus posmition of the foot
rather than the lom of motion 1n the subtalar jomnt,
The reason for this concept p the fact that umilar
changes have been observed m mevers pamlync

n cffect, produce a ntuation smilar
n 1 talocal 1 coalits
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valgus deformuties occurnng 1n flexible feet, On the
other hand, these changes have not been found in
feet with vann deformities, whether the qubahr
Jownt has been fused or has not.
Roentgenogams of the feet 1n this mnea have
been reviewed dunng the past year in order to de
termine what changes have appeared In the anklo
jpoint and the midtamal junt. Two petients had
mimmal changes m the talonavicular yomt, commst
mg of decreased width of the jolnt and slight hyper
trophre Hpping at the supenor aspect, smilar to that
observed In some patents with talocaleaneal coabi-
tion. Eight patents exhibited changes m the ameo-
navicular jont winch have not been obsened 1o
flexibie valgus feet {Fig 103) The change coousty

i‘—ﬂ—"__mﬂ.ﬂ
» [
February 1931 two
Fig 103, A, Pauent 5 yeany old showing scvere nigus deformuty
yoars postpollonryelitn B, In October 1933 rvoyan-!mfuﬂou-.nd-mmphnndmd

the peronem brevls to the base of the mevicular
the mavicular adfacest w the cuncform C, Seven yean

Ses motched defect 1n puperior aspect of
after fasiom the nnicels Do

(July 1958) ppesss normal  demeity and contour
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of an apparent notching of the superior distal aspect
of the navicular The defects suggest the appearance
of a locahred aseptic necross mmilar to that scen
m Kahlers docase. The inftal change may be an
mcreased  demity  then there is absorption and,
finally replacement. In some patents, the defects
have penioted and in others they have dmappeared
It b concenvahle that these changes are caused by
the greater fmpact thrust upon the cuneonavicular
Jomt becawe of the ateence of motion 10 the sub-
talar regron. A few patients have thovn mimmal re
action 1n the tilsotalar foint, smilar to that ohserved
in pavents who have had tople arthrodens. Thb
b 6t manfested by the appearance of lrregular
akificabon on the anterior aspect of the tibu and
the supenor aspect of the talus at the dte of attach-
ment of the yant capsule. These changes, though
mid, are analogous to thow reported by O Doo-
oghue in athletes. It may be that this represents m-
treased stram on the ankle jount becawse of the
lom of moton in the subtalar jount. Whether this
will be more pronounced m young children who
have had wbtalar fuuom than 1t will be 1n oider
patients who have had triple arthrodeis cannot be
determined at ths tme. There is nothmg thus far
to suggest that it will be greater or more frequent.
Certamly 1t has not been shown that any ngnificant
changes will occur early In fact, the converse hx
been true. Inasmuch as more pormal alignment n
obtamned by thr procedure, there appean to be lem
change 1n the talonavicular jont than was previously
observed 1n untreated, fexible valgus deformites.

CONGENTITAL CONVEX

PES VALGUS—PLANTAR FLEXED TALUS

The quertion has been mabsed repeatedly as to the
applcation of subtalar funon In the treatment of
congenttal comex pes valgus, or rocker foot, Thas s
2 severe deformity of the foot 1n which the talus
nmﬁ\tdphnurﬂeximlnd!}k[oo(ud}rpb(v:l
haterally futo valgus 1n respect to the tahm It 1 a
coq I anomaly tog a failure of the
tahn to be duplaced out of equinus and awnume 1t
normal horzoatal pontion The x-ray appearance of
ﬂxhafmtn\erynmﬂarmthltdkt\m\ﬂgm
defornuty amociated with parahyms of the anterior

parahytic valgu foot in the young child i a flexible
foot and the normal algnment of the bopes can be
obtained by properly pontontng the foot. Subtalar
fumon \«1Lhd-.cimonu{boncgnfu.uumdin

such & foot merely 1o maintain the pouton that has
been obtalned In the congenital rocker foot with
plantar flexed talus the deformity is fixed and 1 as-
soclated with multiple anomalows structures. The
prnmary probler Is one of restonng normal align
ment, rather than of mamtaining 1t with the subtalar
finlon However once the proper alignment has been
restored subtalar fuzon may prove to be a valuable
adjunct in treatment,
The treatment of congenital rocker foot should
begm at barth, when the hgamentous and capsular
structures are pliable enough to allow at least par
tul restoration of alignment through plaster fixa
tlon. The older the patient i1 at the time treatment
b nlvated the more fixed the deformity and the
more difficult the treatment will be. At bith the
foot mxy have & grotesque appearance In which the
fundamental attitide seems to be a severe calanco-
valgus (Fig 104 4)
It would be well to polnt out that the congenital
rocker foot should not be confused with the pormal
foot which asunes a podtronal attrtude of calcaneo-
valgns, The foot contour in thn latter type of de
formty 3 normal and the foot  merely displaced
m extreme doraflexton at the anlle jomt. This com
mon type of calcancovalgus deformity n x posd
tional attitude which » rapldly and completely cor
rected by means of pasme exercses and supportive
apmmtn.
The congerutal comex pes valgus, in addition to
being mamtained in severe calcancovalgu, abo has
a rocker contour to the sole of the foot, and the foot
s markedly restnicted in plantar flemon. Roentgeno-
grams of the feet reveal that the talus 13 n marked
plantar fexion, the o1 calen i everted and diplaced
laterally and posteriorly m respect to the tahs, and
the foot i angulated domally through the talo-
nmavicular joint. The anomalows relations of the talo-
mavicular repon are pot apparent from roentgeno-
grams talen at birth because there & no omfication
eenter for the navicular (Fig 104 B) At later opera
tlon and by disection of specamens, 1t has been dem-
d that the lar fs drsplaced upwacd and
prodmally so that it Ires on top of the neck of the
tahn. The iminal treatment with manipulaticn and
the application of phster casts 1 dicected toward
bringmg the foot down into equinus and then into
adduction and vanus, w0 that the o calchs b placed
beneath the talus. Although thia & the primary ob-
Jectrie, cfforts abo are made to correct the convex
contour of the sole and establish a longitudinal arch
by molding the forefoot into equmm in an effort 10
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Fle. 104 A E For legrad see opposite page.




ROLE OF SUBTALAR FUSION IN TREATMENT OF VALGUS DEFORMITIES OF FEET 4]

Fig. 104 AE A, Congenltal comex pes planus [n an Infant, bilateral rocker deformaties,
B, Roentgenogram of right foot thows 90 degree plantar fiemon of tulus G, Patient 14 months
old, afier peatment with essti Frout view shows fxed eversiom of nght foot Medial view
shows penibitent rocker contour D Roentgenogram at 14 moaths showing right foot in max
lnmdwnﬁnio-,mthththlmintqummlndhnilnmwntheubuwuhrlnd

joi e E, P ww t 15 months shows loproved alignment, po

osuficajon center for nalcular Horbaomtal wire Bxes talonmicular joint \ertical ware fixes
talocaleanes] joint.
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bring the navicular forward to artwculate with the
head of the talus. After it has been d d

THE FOOT

to date with ths procedure, We bhave wsed trams-
Jlantation of the p breviy to the neck of the

by x ray exammation that the a3 ealcls b In proper
relationship to the talut, the foot A allowed to re
main In thn poution for several weeks so that the
Ligaments can sdapt to the change. Efforts are then
made to hold the foot 1n adduction and vanm to
keep the os calcls beneath’ the talus, and the foot =
brought mto dormflexion. This can best be done by
applying the cast with the foot In equinovanys and
then wedging the foot up mio dossifiexion. In the
mild forms of thi deformuty these ¢forts are um
ally succenful m restoring mtnfactory abgnment
and a denrable appearance of the foat.

Whep there 13 more severe defomuty ot 8 unally
not ponible to bring the talus out of equinus, and
the navicular remains on the dorm of the heck of
the talus. As s00n as the casts are removed the de
formuty recurs, although 1t i not 30 severe as [t way
at fint. When this stuation presenu, 1t b advmable
to operate and release the soft turue contradtured.
(Fig 104 C) In recent yeans, ths operatne cor
recion has been performed 1n younger children
from 12 to 18 moaths old, and the case with
which correction of severe defonmuties has been ob-
tained has been very gradfying The operative tech
nque B vely mnilar to that described by Hark in
1950 bat with some catrons. In the young child
we ha © thought 1t adviable to correct the deform
ity of the foot firt before correctung the equinus of
the talus. Hark in 1950 recommended that this pro-
cedure be deferred for use with an older age group
but our 1mhal expencnee as well as that of other
surgeons would indwcate that surgery in the younger
child would result 1n better correction Osmond
Clarke 1n 1956 reported hu experrencea with two
chitdren with bdateral defornutres which had been
succenfully treated by open operabon, He used both
moecial and lateral Incmions but most of the dimec
tion was performed through the lateral mdwon
The subl of the tal dcular and submlar
jounts was reduced after freeing of the talus and
navicular by soft umue doeection. The tendon of
the peroncus brevis was transplanted through the
neck of the talny to hold it m poution. The author
stated in each case the immediate correction
has been gratdfying, though it has not been pomible
siways to mamntam tho talus 1n 1ts normmal horwroatal
posivon.” No heel cord lengthenmg or postenor
caprulotommes were performed. It would scem Hlely
that unles the equinus of the mlus iy corrected the
deformity would recur This has been our expenience

-

tajus but have more frequently wsed the antenor
abual tendon to restore support to the head of the
talus, Our expenences, like those of Ommocd-Clarke,
are of too reeent ongin to indscate end results. How
ever we are reporting them along with the work of
Hark and Osmond-Clarke, m order to contribute to
the knoswledge avalable 1n this field.
Operative Procedare. A tourniquet n applied
to the md thigh to permit an apatorueal du-
scctron. The medial aspect of the ankle joint
in the oud tarsal regoa = exposed through an
S<haped iudcmon, begmning with the vertical end
not anterior to the medal palleohs and 1o
lowing a horirootal sweep forward along the dorsl
aspect of the foot to the metatarsal cmeiform joint,
where it tarns d d. This affords adequate ex
posure from the anterior aspect of the ankle jomt
to the msertron of the antenor ubial tendon. The
diwection » carned down through the subartancoas
fat to the lgamentows structures, and the subcu-
taneots fat 1 reflected as a layer off the decp aap-
sular sructures. The navicular & found lymg oa top
of the neck of the mhus and tt articulates with the
tibea. There » o tibiotalar jount caprule bert, rather
a tibonavicular jownt capsule. This jount eapsule 1
divided tramvenicly close to the tibia so that there
will be 2 cuff of capsule attached to the navicular
for cloaure at the end of the operation. Tho capeule
B then divided medully freeing the navicular from
the tibun and the supenor aspect of the talun The
anterfor thnal o detached from Its mertion, and
the navcular can then usually be brought down into
» normal relation to the head of the talu. (It =
readily understood after bheerving these anomaloos
reladonships why the deforrmty i so repstant to cof
recion with plaster) A lateral mchwoa b mads
over the tamal sipus smilar to that wsed for mb-
talar funon The tranvene tarml Hgament v m-
cised and the hgamentow structures and the ranal
sinus are dinded to allow the sinus tani to be
opencdup.'l"beuptukbctmehealcnmmmd
the talas 11 divided and the normal alignment of the
foot restored by dnplacmg the foot into planar
o son. mnd add The navicular
mamtamed in correct refatiomhip to the wlus by
sge (.062 Kirsclmer
os cakas to the tahm b
maintained by pasing ancther wire from the sole
of the foot upward through the calcancus into the
talus. (Fig 104 D and E) Exccllent alignment ks
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Fig. 105, A-D. A, Congenital comex pes planma in a patimt 6 years old. Photographs

preoperatih  and postoperath  medial jews. B, Roentgenograns, preoperatte and post
operathe. Note that the nmicular was on the dormmm of the taln before operanon. At oper
anon the nmicular was placed 1n pormal relation to the taliy but wa not mafntaned. For

this reeson, tranefinon wires were subscquently used

arc
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Fig 103 (comtd) G, F
P and
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usually obtained by this disection and the foot B
quite stable with the wire transfiwon The antenor
tibnal m then redirected proumalhy and medally oo
that it pasees along the medial aspeet of the pech
of the tahn through the mfenor jomnt capsule be-
neath the bead of the talus, along the spring liga
ment, and 1 fined to the exposed mrrface of the -
fenor arpect of the navieular with Na. 20 4ill su
turer. Inasmuch as the foot m quite stable after the
insertion of the Rinchner wires, the foot should be
placed 1n the amount of dortdfiedon pos-
sible without placing too much stress upon the wires.
The wound [s then closed with interrupted sutures
of No. +0 slk and No 30 sk to the fln and a
Jong leg cast n appbed.

After ten to fourteen days the cast m changed and
the sutures removed It m usually powible to correct
the equmus deformity somewhat more at thi tupe.
If resdual equinus perusts, the cast 1 appled 0 the
foot can be wedged up into doruflexion six to exght
weeks after operaton. The postion of the foot
should be checked by x-ray emammatwoe to be ture
the foot B not becomung displaced m respect to the
tal 23 3t » brought up mto doruflemon. It 11 quite
mmportant to sec that the tahus w brought up out of
equinus with the rest of the foot. The Kinchner
wires are removed about twehe weels after opera
ton, and actve cvercises are started. If the equimin
deformity cannot be corrected with mangpulations
wrdengy, xnd cast changes, it will be necemary to
lengthen the heel cord and do a posterior capsulos
ormy of the tibintalar yount.

Fumon of the subtalar jont hat not been used 1n
the very young age group beawuse it i hoped that
& utnfactory rraalt may be obtamed without finon.
if there b evident recurrence of the deformity fol-
lowing the saft tmue recoastruetion, usbihration of
the subtalar jount will be indicated to mamtam the
correction, It ahould always be remembered that
sbalar fusion should not be performed until af
elements of the deformuty have been corrected
cither before or In comjunction wath the subtalar
fuxon, When comrcbon of coogemttal covex pes
planus n attempeed in the older chid, shmilar goft
Llsu.-erdcncudn-cotmmonnpcﬂmmcd.ﬂr
deformity howeser u much more difficult to coerect
m okder children and probably mpouible In severe
cases for pauents over B years of age (Fig 105)
Beyood ths age the deforrmty should be cosrected
by tnple arthrodems when growth s completed. In

sule In order to correct the deformuty Stabiliratson
of the subtalar joint to mamtan the correction is
aho tsuafly required in the older chuldren.

CEREDRAL PALSY—

VALGUS DEFORMITIES

The subtlar funon with bone grafts has been a
valuable aid 1n the treatment of valgwus deformites
occurring n cerebral pahy patents with spastaty
of the lower extremities. The mdscanons for opera
ton are the same a3 1n other children, but as Baker
and Dodelin have pounted out, “The deformuy n
the result of & spastic or tenmon panalps of the
peroneal and triceps surac muscla,” rather than a
paralyss of the anterior and postenor tibual muschkes.
When there i 3 spastiec equingvalgus deformity pres-
ent, the equinus element thould be corrected be-
fore or at the tume of subtalar fuson. Cocrectson of
the equinus deformity and stabilmaton of the sub-
talar foint may restore balance to the foot, ince the
overnctivity of the perooeal muscles may be donin-
nhed as well as that of the tneeps surae The need
for tendon pl should be evaluated after
the ongmal procedure and will infrequently be
needed In the senes reported by Baler and Dodelin
in which subtalar fusion was performed in twenty
nime feet, Jengthenmg of the g Aponcu-
rasls vas performed twenty-five timer and recesmoa
of the head of the gastrocnembns four tumes. There
were only two p ] tenden pl. done
m the whole sency, indxating the peed for careful
amemment. In fve cases, onercorrection followed the
procedure due to the development of overmetnaly
of the postrnor tibml muscley, and m two caxses
tenotomy of the pomenor tibul tendon was per
formed to correct the varus deformity Excellent re-
salts may be obtaned by stabilimton of the sub-
talar romt m errchral paby patients with valgus de-
formitics, but 1t © pecemary to correct eaming
equnus deformines In order to obtain satsfactory
cotrection of the algonment of the foot Tendon
transplantation should be deferred untl after uabily
7non has been pedormed. Care should be talen
not 10 produce an overcorrected foot. (Fig 106 )

TALOCALCANEAL COALITION

The disgnons of & congenital talacakaneal coali
ton n the young child rs difficult becawse the area
of sypostont i wsally cartlarinous and cannot be

o\dtrchildrrnhhmnyntccnuytohrglbmthc
|rdcﬂdlndd'|\1dtl}rpoﬁmml})€lﬂlc:p—

ted by xray whh the gpraal vews de
scribed by Harns. For this reason, expenence with
subtalar fuson for correctson of the deformuty 1n
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Fle. 106, A-D A, Equmoval
and ;
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Fig. 108 (coard) C,
lergtnlon ad F od Lsteral Heel cord

posteriar o
Preoperatly  od porsoperath  anteroposterior med at time of fimoa. o ruapliots. D
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Flg. 107 AD Congeautal talocalcancal comlibon with peroneal spaum A, Preoperath  pho-
toxraptn B, Pastoperath  photographs
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Fig 107 (comtd) G, P od Iaterat b
and
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young children under the age of 8 yeans may be
Lmited If the condition 18 not recognized untl the
age of 10 or 12 yean, therc is unally s much
deformity in the other mid taral jounts that tnple
arthrodens 1 the procedure of choce. It would be
well to point out that the majonty of children wath
ngid valjus feet and amoclated peroneal muscle
spaun can unmlly be relned of therr symptoms
with adequate arch supports and do not require
surgical inten ention wntil th:yg:toldcrOcc-ncn—
ally the dugpous of tal lion will be
made 1n a child who has not been relieved with non
surgical measures. In one such case the area of
coalition 1n the region of the srustentaculum tali was
excised, the alignment of the foot corrected, and a
subtalar fusion performed. An excelkent counctic
result was obtamed and the peroncal spasm relicved.
(Fig 107 AtoD)

SUMMARY
Fution of the mbtalar joent with bone grafts o
a smple procedure which = wseful 1n & varlety of
foot deformitier. The precse mdicadons and the
Imitatrons of the procedure are sull belng defined.
It n a means of olwaming stability of the subtalar
Jount 10 the young child without interfermg wath
the rubsequent growth of the foot. It » partcularly
well adapted to stalsliration of the flul foot and cor
recuon of the valgu foot It would stem to have
httle apphcation 1n the varus deformity Correction
of the vano deformity in the young child may be
accomplohed by a release of the contzeted struc
tures of the medial and plantar aspects of the foot
and correctbon of the muscle 1mbalance by tendan
tmmplantation.

In properly sclected patients when the operation
has been well performed, there are strong indica
tiors that it will be a defininve procedure The later
changes m the adjacent artrcular structures have
been mmimal and would appear to be po more
marked than those seen 1 relatiomship to tnple
arthrodens. If further treatment should be necesary
after subtalar fumon, 1t 1 relatively easy to resect
the arthrodesed subtalar jount and proceed with a
mple arthrodesls The heght of the foot will have
been mamtained dunng the growing penod, and a
better result wll be obtained with tnple arthrodess
than would have been pomsible if the subtalar fusion
had not been performed.

The autbor would like to expren hh
Wiam T Grees, MD mdtothcchﬂd.rm-utﬂn]
Center  Boston, for granting permimion to publih this
work which was in large part performed ¢t the Childrens
Medleal Center

REFFREMNCES

1 Baker L. D and Dodeltn, C. At Extra-Arthoiar
of the Subtalar Joint (Grice Pro-
cedure) J A ML A 168 1005 1958

2 Green, W T and Grice D 8.

of Orthopacd: Surgeons, Lnetructional Courve Lee
tures, Ao Atbor 1933 J % Edwards, vol 10
PP 343363

3 Gren W T and Gree, D. 8. The Mansgement of
Cateaneus Deformity In Amedaan Acsdemy o
Orthopasd: Iratructonal Course Lee
tares, Amm Athor 1956, ] W Edwards, vol 13
pp. 133149

4 _Qpce, D 8. An Extre-Arncolar Arthroders of the

v Subastragalar Jownt for Correcton of Paralytie Flit
Feet [o Chilren, J Bono & Jolnt Surg. Ay
927 1952

‘/ﬁodce.Ds Furtber Experrence Whh Extra Artlos

far Arthrodesis of the Subtalir Jol t, J Bome &
Jount Surg 37-A1 246 1933
6 Hark, F W Rocker Foot Duc to Subdux
ton of the Talm, ] Bone & Jolut Surg. 32-A1
344 1950
Harrs R T: Rigid Valgus Foot Duc to Talocaleancal
Bridge, ] Booc & Joint Sarg 37 A: 163 1935

-

2 Hasti, BT and Bath T  Edology of Perowesl

Spastlc Flafoot, ] Booe & Jolmt Sury. 30B: 624
1948,

Heyman, C. H, Herndon, C. H, and Strong, J M4
Mobiliration of the T rso-Metxtaral 2 d Intor
metatarul Joing for th Correction of Resirunt
Adduction of the Forepart of the Foot m Congent-
tal Clobfoot or Comgenlta]l Metatarss V nw, J

o

Valgus, | Booe & Joint Surg 201 79 1939

11 Matvarer, O.  Artrodess subsstragalina  extra-artien-
Lir en o pb valfo pronado parslides artrodes
mintma, Rev ortop, y trsumstol latnoam It
3, 1957

12. Osmood-Clarke, 1. Congenltal Vertical Talus, ] Booe
& Jownt Burg 38-Bi 3M 1956

xs\\dmn,&l.,rmk,o.,mdn.mh o

nec

dams 1o du pled

n-l;u panalytique du jemme enfant, Rev chir
orthop. 431 79 1937

4 Watla, G W and Hal C B Sobtalar Extre-

Articular Arthroderls, | Boe & Joint Sary 39-As
301 1937



PART FOUR

THE KNEE






EMANUEL B KAPLAN M D
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INJURIES AND AFFLICTIONS OF THE MENISCI

OF THE KNEE

mfmdthcmunaaofdkahhbem
and ck: (Fick,
Vcnhtll, Brantigan, and others) The structure of
the normal and of the aboormal menusa is alio well
inown Dusecsons of the humman knee jont re
vealed the character of the menbsa and thar rela
tonship to the sur ding structures

tendons, m'\ncb,lndncum‘umhrtu'ppl) Addi-
tronal mformanon of value was obtained from studics
In embryalogy and comparatn ¢ anatomy

COMPARATIVE ANATOMY

My own mvestgapons of the cmbryology of the
menbsa showed that the semihmar form of each
menmcus appears at & very early age in the fetal
developroent. In embryos between 11 and 20 mm. in
length, whsch corresponds approamately to 42 to
50 dayx of pregnancy the femur and tiba gradually
anume therr form as chondnfied units in blastemnal
tmye. The blasternal matns conoects the tibe 2nd
femur wathout interruption and b called by the
mapnty of imesugators “mtermediaic rone of the
blastema.” Some others all it “blastemal dise™ Thes
protmbly mducrd some people to believe that the
rone actually represents » doc (Fig 108) Actually
the memsct become visible a3 separate structures
after the oghth week of fetal developroent (about
60 mm. 10 mre) and are well defined after nine
weekt, when the {etn n abowt 70 mm. m wze (Gray
and Gardner)

Obtervanons made by other investigaion show
that the menisel assume the pormal adult form at a

m
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very early stage (MeDermott, Bardeen, Grynieltt,
ard Nicolas) Apparently the mennd snd all the
mtra-artcular lgaments develop m the blasterna of
the knee. In my mestigation, on cmbryos of 14
215 30 50, 60 80 and 120 mm. 1n sire, which cor
respond to 40-45 50-52, 56-58 68-70 70-72 76-80
and 108-110 dayy of dexelopment, approximately it
was found that the menucl as separate structures
appear very early In a section of a 30 mm. embryvo,
the lateral and medial memser can be dstinguished
23 two tnangular manes coanected with the capsale
of the knec (Fig 109) A greater magnification of
this area (Figs. 110 and 111) shows o very well
defined menmcus with a sharp mternal cdge as both
the lateral and the medial mde of the pint. In an
embryo of about 70 to 72 dayy of pregnancy the
medial and lateral menna are well defined and
present ther typleal semilunar form (Fig. 112}
Many dnmsections of the knec joint were per
formed on stillborn babies ranging between 26 and
35 weels These dnsections revealed that the knee
of pewbomn babsa exhibats the adult configuration
olt.bcmtd.\alundhlznlmmud.

Addi

dcal studics were
ml.dcond.\ﬁerm!lptﬂaofrmmh reptiles, and
amphibians, [hese disections showed that most of
the mammah had a typeeal semihmar or crcular
form of mensa smilar to the configuranon of the
hmnmna.lnd-creptﬂcsmd-mphﬂmm,t}n
of the \! hat diff
’n‘humphibhmrrprmtcdbn}umg the con
figuration of the menlscus 1 smilar to that In the
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Fig. 109. Koee of embryo 30 mm. (spprommately 60 to

€5 dap) (30.)

Fig. 108. Left koce of 0 embryo 215 mm. (approximetely
§ weels) (30)

’, -~
" ..(%..Jv...,
AataltL My

Fig. 111 Samc sa Fig 109 showing medial menkcun.

L

Moy xer

109 thowing lateral merdscus

(200.)

Flr 110. Semmc o Fig

(<200)
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Flr. 112, Sagitaal sectiom throwgh lateral femarat condyle
of rlght knes of cmbryo %0 mam. (70 to 72 dayn) (30,

human being only it 15 modified by the presence of
2 femorofibular joint. In the reptibamt represented
by the Erard, the form of the menna b quite dif
ferent. The speaal function of the reptilian Lnee
shows that the medial menbicus 1 sermilunar and
that the lateral menmcus n irregularly shaped, modi
fied by the special functen of the femorofibular
joint which plays an important role in the actmty
of the reptilian Lnee.

The most teresting difference between the men
na of the human Lnee and the knees of other mam-
mabs & related to the connection of the anterfor and
postenior borma of the lateral mensauy to the tbial
platean

As {3 well Lnown, the medial and lateral menha
are both attached In the human knee to the tia
The antenor homs of the medial and lateral men
pa are attached to the tiba. The postenor horn of
ench meniscus is abo firmly attached to the tibda. In
the Loee of the mammals, the antenor attachment
of the lateral and medal menusa is shmilar to the
attachment In the human Lnee But posteriorly the
attachment of the lateral menboms to the tibea iy
absent m all mammaly, and 1t u sctually free over
the tiua. The postenior homn of the lateral meniscus
fs, homeser attached by two Egaments to the lateral
surface of the medual condyle of the femur One

figament Is anterdor to the postenor cruciate figa
ment and the other is postenor to it. In motion of
the Lnec yint, the lateral menmcus moves more
freely than the medial memuscus.

In the human Lnee jount, the function of the men
na 18 well enablished The human knee has three
types of motion. Tt 13 not & purely hunge type jomt
with cxtension and flocon oaly for ft abo hay a
glding and a rotatory comporeent. The gliding of
the meniscl is anterlor 1n extension and postenor 1n
flexzon. The rotatlon occurs around a longitudinal
axs located nearer the center of the medial menbscy
permtting the lateral memscus to move within a
greater range.

The medial meniscus 18 attached to the antenor

Fig 113, Tranrvens scction of the right knes Jolnt,
opening the folnt (From Kaplan, E. B. &urt. Gynec. &
Obut. 1041 346, 1937 by permisdon of Surgery Gynecol-
oy & Obtetrice)

Fig 114 Dimection of lateral ampect of the left koes
Joint. (From Kaplam, E. B Sury. Gynec. & Obet. 1041
346 IQ)SI by permisicn of Surgery Gymecolosy & Ob-
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Increase of the intra artcular fluid or with a healed
tear of the medul collaters! hgament.

On the Iateral nide, the dugnam of an inury to
the lateral menpan might be somewhat more dufi
cult, although 1t presents, to a ccrtan extent, dgns
identrcal with mjunres of the medisl menucus Oc
canonally although rarely the lateral memmseus may
prasent amall oxdeles in its penipheral parts, esther
anteriorly or postenorty Alo, a sesamond bone might
be found 1n the thickness of the popliteus tenden and
the mjury might occur in this area. Roentgenograms
of omicies of the [ateral menscus or m the popliteus
tendon may lead to an erroncots diagnots of osteo-
chondral bodies, which may not be found If the knee
jomnt 15 epened for the purpose of removing such
bodics.

Increase in the fnstabibity of the knce jomnt
whether hateral anterior or posterior mght be due
to more factors than actially suspected Tears of
one of the cruaate ligaments alone might not pro-
duce sufficent mstability to require repur If how
ever a tear of one of the crucate Igamenty fs neso-
cated with 1wnfunes to ooe of the collateral kgaments
or the pophtews tendon or the ibotial band the
disability may be suffiaently senowns to require re-
par but, m the analyns of the mjured structures,

Fig. 116 Lateral mpect of the kft koee junt (From
haplar, E B. Surg Gypec & Obs 104 346 1937 by
pormon of Surg ry Gynecology k Obstetner)

these additronal mjuries must be taken into coond
erabon and dealt with accordingly

SURGICAL APPROACHES

Many sdequate inasons are known for treat
ment of the menbcl, but occanonally the mecinon
must be extended for dealing wth stuztions not
suspected previows to the operstion.

In my experlence, an oblique Incloon over the
Iateral mapect of the knee jont, begmning approx
imately lightly distal to the upper pole of the
patella, from the latera] border of the patedfa and
runomg obliquely across the Lnee joint o a point
about 2 em. proximal to the tip of the fibular hesd,
pernuts & satufactory exposure of the knee. It akso
permits the surgeon to avord dividing such mmportant
structures as the jBotibial band, the collateral liga
ment, of the bleeps imerton (Fig 116)  After ex
posure of the deeper structures, an obfique incmon
somewhat parallel to the ahin incmon can be made
between the patella and the {botiblal band, Another
frcuon can be made posterior to the Dintinal band,

pr— e - -

1

|

'

Fig. 117 Incisios nd amatoory of latersl pprosch o
the kmee jobnt, (Froms Kaplan, E B. Surg Gynec. & Obit
1041 346 1937 by permisen of Surgery Goecology k
Otetetnes.)
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Fir. 118. Detal of amatoary of lateral spect of the
inet jomt {From Kaplan, E. B.. Swig Oywer. & Otat
104: 346, 1957 by permisnon of Surgery Gynecology &
Obwdetrce}

nnnng between the band and the biceps muscle
(Fig 117) If necewany through the same skm in
awon extended tomev hat more postenorly an ad
dinonal approach can be made between the beceps
terdon and the lateral gastrocnemius (Fig 118)
Of course the postenor masdon will be made only
m specal casex where the posterlor aspect of the
Lnee jount from the lateral nde must be cxposed.

Fie. 113 Posterior extrnsion of the fockion. (Frow
Raplan, E B Sorg. Oymec & Obez 104 346, 1937 by
Prrmmuon of Sargery Gynecokoey & Obatetnar.)

However thu incluon made with the knee afightly
flexed permuts a 1atnfactory approach to the pos-
terror area of the jolnt. If required the gastroenermus
musck ean be tramsected and the posterior aspect
wnidely exposed after proper retraction (Fig 119)

On the medial ude o nmilar oblique mcimon can
be made from a symmetnal pount over the medial
border of the patella and directed obfiquely acros
the Lnee to 2 poiat 2 cm dutal to the posteromedial
angle of the titual tuberonty Through thn incsion
the medial aspect of the knee can be expored satis
factonly and, 1f necemsary extended to the popliteal
space Retraction of the semitendinosus, semimem
branosus, and gracils tendons forward with the
knee slightly flexed grves a very satisfactory approach
between the medial gastrocnermus and these tendonu,
exporing the postenor aspect of the medial ude of
the posterior capsule. In ocdinary surgery on the
menuscus, the extended approach b not necessary
Portoperatne heahng of thase manons has proved
very ntdactor

SUMMARY
Embryological and comparative anatormical
have indicated the deved and confy of

the menisc. Both the lateral and the medial menlsc
have the same configuration fram the carfiest stages
of embryonal development to adult bfe. The mam-
rmals abo have the tame form of menna.

Dustold mennax are the result of Joss of attach
nent of the postenor horn to the tbnal plateaw.
Injurles of the mepla must be differentiated
from other injunes epeaslly 1 the occamonal
presence of ossicles in the substance of the menud
or the popliteus tendon

Addibonal facton in koce stablity are drscussed.
Surgical approaches to the lateral and the medial
aspects of the knce joint are described.
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INTERNAL DERANGEMENTS OF THE KNEE

The term “mternal derangement,” applied 1o the
Lnee may be defined a1 a climeal ennty which »
mamfested chuefly by the nyToptom of kockmy either
momenan or prolonged. Omitted from this counse
are fractures, fgamentows injuricr, and inflamma
tory conditiont. We shall be concerned chuefy wath
kwons of the memuscd, otteochondrius  drssecans,
osteochandromatoas, and the loome bodies associated
with estecarthnths or trauma. Also mcluded because
of the occwsional occurrente of momentary Jocking
11 that degeneratine process of the articular cantflage
of patella and femur Lnown as chondromalacia

The hnce of man u prohably the most vulnerable
of his yunts to 1njury because, like the elephant be
hay the distincoon among mammals of beanng
weight upon thn jount in extension. The flexed pou
von which charactenzes other specics acts as a shock
absorber the so-cailed Lpee acton” Aho the
knee 1s not a purely hinge type pant, because the
mon eroents of flevon and extenwon are accompanied
by a rotation of the {emrur on the tba. This complex
morement requures the auociated ghding of the
memsay, which may be myured in the proces. We
thall wle up the variow clinical entives wn tumn,
from the dp of diagy findings
at operatron. microscope studies, and principles of
treatment

LESIONS OF THE MENISCI

The semutunar fibrocartilages sene to accommo-
date the surfaces of the femoral and bl condy s
10 each other durmy the movemenys of flexon and
mennon combined with a sfight ghding and rota

161

ton of femur on titxa while the latter s fived dunng
weght beanng Each meniscus slips backward on
the tibia during flexion, the lateral to a greater ex
tent. In thy process, a menucus s Flely to be
pinched between femur and tibia and thus torn a3
the Loee goes from acute flewon mto full extennon
durmg wewght bearing The lateral memuscus 1 1n-
Jured less frequently (o a ratlo of about ope to five)
probably because of 1ts greater mobility and the fact
that its postenor horn n pulled out of danger by
the ligament of Wrnberg and the poplites muy
cle

A locking of the Lnee m alight to moderate flexzon
it the most diagnosuc sgn of a menmscal tear and Is
usnlly found except in lewons himited to the pos-
tenior horn, 1n which cases “a cliek” may be obsened
dunog flexion. A lockng which can be rediced by
mampulation suggests a Jongitudmal tear [the
buclet handle type) or possibly a xmal| penpheral
tear An ireducible Jocking b Likely o be due to x
tear of the anteror horn. An mumediate swelimg of
the Lnee may be cxused by a tear of the penpheml
portion of the mensetn with hemorrhage [ender
news s a useful ggn m determurung which cartilage
1 uvohed. Pam on adducting the extended Lnee
suggests a tear of the medu] menncus as dunrunhed
fram & parual tear of the internal hateral Bxament,
with which 1t may be confused, and which latrer
fenon causes patn when the koee 13 abducted. Routine
roentgenograms are of \alue only in ruling out other
posible cames of Jockmy. \My own expenence has
not mncluded the mycton of wr or other contrast
medis mto the knee becawme of the afight hazards
of mfection or mr embolsm and because the clinical
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Fig 130 T ar of menircm, sthowmg po ttempt at repair

history and physeal findings usually provide a clear
mdieatton for the exploranran of the knee.

One n justified 1n attempting manipulative reduc
won m the fint eprsode of locling of 2 Lnce by the
maneuer of flexson, abduction, and enternal rota
won of the knee followed by internal rotaton and

If reducticn » lihed, 1t thould be
followed by three weels of ymmobiimtson m a
phster cyhnder A wmall peripheral tear may thus
be permtted to heal The fnitial locking of the knee
may alio be treated by aspration {wben necessary)
followed by a few days of traction. If full extennon
u obtained a plaster cylinder 1 then apphed for
three weeks

In most cases, tears of & memscus are more ex
tensne and occur through the pomeascular portion
in which no healing may be expected (Fig 120)
In the event that a mamipulative reduction 15 Im
pouible or 1n ease a recurrence of the lockimg oc
curn, a prompt arthrotormy 1 advisable A delsy of
swveral months dunng which repeated epuodes of
locking occar has been found at operation to have
resubted 1n degencratve changes in the arteular
cartilage of the femur and thhu. Every arthrotomy
after diagnoas of a unpected memscal tear should
be made through an manon which » adequate to
permmt a viualization of the antenor cruciate hga
ment and the anterfor third of the other memscus,
as well a3 to provide room for the exposure and re
moval of the injured memscus The undersurface of
the patella should also be scen or palpated to de

terior homn of memiscun
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Fig 122, Tomil smare In positfon umed to dhide o+
meniscus

achmeat of which had already torn ooss pov-
teriorly and had been disected free anterborly

termine the degree of chondromalaca the treat
ment of which will be duiscussed later

Saure difference of opnjon cxsts as to the amount
of mensan which should be removed It w @Y
pracuce to remore caly the displaced loop of canth
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Fle. 123, Types of tears of memsen

lage in the longltudmal (bucket handle) type of
tear because this can be accomplished with a mini-
mum of trauma using & modified tonsil smare to
dnide rta posterior end (Figs. 121 and 122) 1f the
remammg penpheral portdon of the meruscus ap-
pears to be normal 1t scers logical to Jeave 1t, m the
hope of preventing the osteoarthntic changes which
have sometimes been seen to develop fine or ten
years after total memscectomy Some writers hold
that any torn mensscus u pathological and should
be completely exased Other types of menncal tears
are treated by the removal of a1 much of the caru
gt as b pomble whhout undue trauma to the
articular surfaces of the knee Oceasonally a tear
molung the postenor third of the menisan cannot
be scen umtl the surgron has separuted the antenor
porson from 1ts penipheral attachment. Therefore,

it 12 my practice to proceed with the excivon of a
menuscus when the clinical findmgs mdicate 2 kesion
of thi structure If no tear s found, the meniscus
s consldered 1o have been “hypermobile  Statstics
indicate that the removal of apparently normal me-
nrsa has been beneficial in a satufactory percentage
of cascr. However chondromalaca of the patella
may produce the chnical picture associated with a
meniscal tear and shiould be kept 1n mind.
Pastoperative treatment imvolves the use of quadn
cops musche setung exerelses in which the pauent
has been Instructed prior to operation and which he
performy religoushy at least ten tmes every hour be
ginning on the first or second day after operation.
After leaving the hosptal, he carnes out the progres-

Fig 124, On lefi: long todiml teans of menbcr O
right (from top to bottam)t excied portion of men
with bocket bandte tear dmcord menlscms, 6ot of memscwn.
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ne quadnceps resfstance exercrses of De Lorme for
at least ane month. I usually apply a plaster cylinder
1n the operatmg room before removal of the tourm
quet, splhit and spread this cast m the region of the
Loee a few houn later and remove it entirely after
four days. The patrent is then permutted to wall
usng a cane or crutch if necewary

A study of the menna which have been excused
shows a great vancty of leslons (Figs. 123 and 124)
with regard both to the location and extent of the
tear or tears and to the degenerative changes in the
untorn portion. Microwcopiaally these Jewons are
characterzed by the complete absence of repamtive
processcs, presumably because of the Inck of blood
supphy A deposit of caldum m the menlscuy 1 2
rare finding and 1 usually demonstrated by the
rocntgenogram. The ducold meniscus represents a
penutence of the fetal shape of this structure. This
type of meniscus waually occurs on the latera] nde
and 13 vulnersble to tears and to degeneranve
changes, a1 1t becomes pinched during movemnents of
the koee Symptoms wrually appear at an carher
2ge than 1 the case in other menlscal lemons and
require excisron of the menfscus.

Cystic degeneration 1nvolves the Iateral memsan
mort frequently than the medial m the rato of
about five to one which is approumately the re-
vene of teans of & menucus. Cysts of the menuscus
sometumes follow a direct blow upon or a twist of
the knee. They begin as a mucod degeneranon of
the fibrocurtilage of the menbcus resulang 1o the
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Fig 123 8mal cou { rmunx Lateral menieco

Fig 126, Large oyt of lateral menhon,

i ion of luple mmall eolk of mucs
which comlesce to form multdocular cysts (Fig 125)
The larger cysts present In front of or behmd the
fibular collateral hgament and are more proeinent
a3 the loee §5 extended. Becawse of thelr ongm
within the menmscus, this entire structure thould be
remmed together with the ¢yat. (Fig 126) Tha o
best accomphshed by an incson such as described
by Cave® which gives accem to the entre menncut,
a1 well a5 an excelkent exposure of the cyst.

OSTEOCHONDRITIS DISSECANS

Osteochondritis dissecams {s a uruque derange
ment of younts, most frequently affectmg the medial
condyle of the femur (Figs. 127 and 128) in which
2 segment of artieular cartilage becomes separated
from the remamder of the jount surface, Often the
fragment remains loosely attached to the condyle
by fibrous usue until some munor mjury dulodges

n, 127 On Ieft osteochonddld d’—-arua(nrdm
femoral condyle On right: the same two ytan after re-
moval of loase fraxment, sbowlng ribritle changes |
medl  rucalar marp
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l'h,lﬂ.(htro:bovdrhncﬁ:tclmu‘mrdnllcm‘l
condylr

1t from s bed, after which the pwece of cartilage
and bone becomes a Joose body and causes recur
rent momentary Jocking of the koee. This condi
on has been evplaned as an avascular necroms of
the segment of booe and cartilage It I sometumes
ohsenned to develop several months after  contu
won or twnt of the Lnee hat ocourred, the roent
genograms talen mimediately after the mpoy has
ing betn negatre.

There n strong cidence that many of the
stances m which a dugnons of ostrochondritn dis-
sccamt has been made i childhood are actually
cases of wregulanty of osufication of the distal
femoral epiphys, as recently deseribed by Caffey
Madefl, Royer and Morakes. These authors report
such examples fo more than coe half of the roentgeno-
gnmoltheknceml-”qmmanfrcedﬁld:m’l‘lt

y after ux to
twehe manth‘ Thc pmce of loose bodies m
craters m thr medial femoral condyle was closely
smoulated n neteen of the above 147 children
Other authors who h.n\: r\plon-d wech Lntn n
children for a supp osteochand
lave often faled to detect any abnocmality of the
articular cartilage and have noted the return of the
10enigenographuc appearance to normal within e
10 pme months,

The dugnows n readily made on the han of

Fix 129, Mcroscopl secton of looss body (see Fir
128) O right lhing byalme cntlage. On lefi secronc
cancellous bone. At bottom. fbroas attachment to bed fn
which tome body lny

roentgenograms. The treatment s the removal of
the loose fragment and the excmon of such degen-
eratne cartlage as may be found together wth
the fibrows tmave which forms the bed of the looses
body The subchoodral booe of this bed ymay then
be penetrated with multiple smafl dnll holes 1n the
hope that granulaton thsue wall grow through these
holes and eventually be tramsformed into fibwocar
tlage Microscope examination of the loose body
wmally shows three rones, with the wperfical con-
wsting of hyalime cartilage, the cells of which are
Inmg Beneath this 18 an area of variable width com
pased of cancellos bone devord of nucler The mar
row ypaces in this bone also contam no fiving cells.
The third zone 1 a marrow hand of dense conrecune
tmue which apparently anchored the Joose body to
s bed (Fig 129)

OSTEOCHONDROMATOSIS

Onrochondromatons refers to the formation of
multple locse bodses (Fig 130) most frequently
m the Lnee jont, which are thought to anse from
the synovial membrane by a metaplasia of con
nectine tnmue nto cartilage and bone. These bodies
are at fint attached to the synovial membrane by
a pedrcle which presenes therr blood wpply When
tch a body becomes detached and wanders freely
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Fig. 131 M 1

scction of

loose body Top lryert demwe connectn  timue. Middle
zonet lhing byaline cartilage Lower zonct necrotle osscowms
crmer

m the joint 1ts central oescous portron degenerates
and the penphery 1 covered by a layer of con
nective timue or fibrocartlage which recencs some
nournlim-nt fiom the synovial flud (Fig 131)
The presence of mich looe bodies is cvidenced by
the occurrence of a repeated momentary Jocking of
the knee joint and someumes by the palpation of
these bodies in the suprapatellar pouch. An effunan
often follows the epuode of lockmg Roentgeno-
grams reveal those containing bone or calafied eartd
lage. The removal of the boote bodses should be per
formed as soon as their presence b hnown because

Flg 132 Loosc body In suprapstellar powch of osteo-
arthride Jmee

the repeated epusodes of bocking will cause progres
uve degeneration of the articular cartilage. A me-
dian or lateral parapatellar mamon ghes the best
exposure If the procen of loose body formaton i
1dll acthe synovectomy 1 advisable

Other types of loose bodres arse from the separa
tion of arthnuc osteophytes from the margins of
the jount (Fig 132} Such bodies may grow m wre
and their surfaces become smooth by the formabon
of cartilage about the omginal nuckus of bone
Trauma may produce an osteochondral fracture of
the patella or femur with a fragment becoming
detached to form o loose body resultng mn smmhar
rymptoms and requiring removal m order to rekeve
thote symptoms and to prevent further damage to
the articular rurfaces of the knee

CHONDROMALACIA

OF PATELLA AND FEMUR

The degenerath e lestons of artcular cartilage which
result from acute trauma, from repeated minor
injuries, or even from the process of wear and tear
hase long been recognired. Two hundred yearns ago,
Wiliam Hunter remarked, “If we conwit the
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Fla, 133, Earbiert stage of chondromalacls of patella.

standard Chururgical writers from Hippocrates down
to the present age we shall find that an ukcerated
cartilage b nonerally allowed to be a very trouble-
some discase that 1t admts of a cure with more
difficulty than a carous bone and that, when de
stroyed, it » never recovered”™* Thiy mability of
articular cartilage to repaur atself results from ats
lack of blood supply and from the fact that the car
ulage cell n a highly differentiated type of con
nective thuue which has lost 1ts power to revert
to the embryorsc type of tiue which Is the basu for
any repamative procem. These degenerathe changes
in articular cartilage especually with regard to the
patella have in recent yeans been dengnated ms
chondromalacla, 1n contrudstineton to the vanous
types of arthritis. The procems of repair » not e
dent, there 1 simply a fibrillation of the superfical
layers of hynline cartilage which steadily progresses
until the underlying bone 11 exposed m the more ad
sanced cases. (Fige. 133 to 137) The central por
tlon of the patella 1 mort frequently imohed and
often a dnular condition (the mirror image Jewon)
develops on the oppoang surface of the femur In
varjous large senes of arthrotomues of the knee for
internal deransements which have been reported,
the incsdence of chondromalacia has rum as lugh as
50 per cent. Its frequency in such senes probably
depends upon the dilgence with which it 1 wought,

From Huster Willwm On the Stucture and Dh.

ensen of Arthculating Cartllage PRl T Loodon
% 267 174 Rey Boc.,

Any arthrotomy of the knce Joint should employ
an incsion which 14 adequate to permit examina
tron of the undersurface of the patella at least with
the palpating finger

Some of the common causes of chondromalaaa
of the patelta arc mstabihity of the patefla {or recur
rent subluxation) torn mensa and loose hodies 1n
the Loee jomnt The symptoms which wsually result
[rom chondromalacia of the patella mnelude crepsta
woms on monements of the knce a gnndmg senta
tion or momentary panful catch w the knee yont
dunng walling (especally on staiy) & pan deep
m the knee, and a subgecine feelmg of instabihty
The examiner may note a palpable crepitus as the
palclhnruﬂrdmﬂthciurfnmofdlcfemulm
extennon, together with tenderness which is com-
moaly found along the medl border of the pateila
As a rule, rocntgenograms do not demomstrate this
condition.

The type of treatment which Is employed depends
upon the degree of the chondromalaca. In the earlier
stages, In which only the superfical layers of car
tilage arc imohed, I exene the fibnllated and
soltened cartlage with a sharp scalpel or chucl
and do not daturb the decper layers or underlyng

Fig. 134 Moderate choodramalecis of patelia. A, Ar

teular porface B, Side view to
e 1how crabmest  appear
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Fig 133, Microscoplc section of cartilage of patells showlog Fig. 137 Serere chondromalacia of pat lla.

the fibrillaton of chondromalacia.
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Flg. 138. Mermaal cvieochoodral fracture of patells (excised
of teere chondromalarn On nght  mirror omage letloa fragment)
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bone  When the lesion hay progressed to the point
that suhchorkiral bone 1 exposed over less than one
half of the surface of the patella all degencrated
cartilage 1 excised and muliiple small dnll holes
are placed through the subrhondral bone m the
hope that connecthve tisuc will grow through these
holes and coaer the raw surface with a dense fibrous
tisswe which 14 & fair substitute for articular car
tilare  Althourh this procedurs has been carmed
out several times I have pot had the opportumty
to obsenve the surface of the patella at a later date
s fact which may attest to the effectivenes of the
treatment In those patents 1n whom the chondro-
malaca iy more advanced a total patellectomy has
usually been done with satisfactory results. In adults
in whom extemne chondromalacia s found to have
resulted from a recurrent dislocation of the patella
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Fir. 139, Lary outeochondml fractur of patclla. On
bt patella frem qurface of whu h osteochondral fragment
R scpanated On wpper right. osteochondral fragment
On kit femoral oncyles shomlng “mirror bmage lopon.

a patcllectomy procedure recently descnibed by Weat
and Scko-Hall fs advisable.

OSTEOCHONDRAL

FRACTURF OF PATFTLLA

An unusual internal derangement of the knee
wlich may give symptoms umulating thoswe of a
torn meabkrus or chondromalacia of the patella
an oweochondral fracture of the patefla (Figs. 138
and 139) Thns may conmst of a breaking away of
a small marginal fragment which retamy some at
tachment to the patella. In other pauents, a consd
erable area of cartilage, wath or without subchon
dral bone may be chipped away from the patella
by a blow In mrch a case the friction of the raw sur
face of the patella agunst the femoral condyle may
produce on it a murror mage lesion like that seen m
chondramalaca of the patella. Depending upon the
degree of invohement the loote fragment or the
entire patella should be excised.

CONCLUSIONS

Because of 1ts exposed position and it conforma
ton the knee jount 11 subyect to frequent myury and
to wear and tear degenerative changes 1n 1ty car

tilage
Nearly all of the internal derangements of the knee
Jomt are amenable only to operanve treatment
Early duagnows and prompt sunpeal treatment n

cucntial for the presention of permanent changes
of this aroculavon.
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DIAGNOSIS, TREATMENT, AND REHABILITATION
OF THE INDUSTRIAL LOW BACK CRIPPLE

It 1 well known that the kw back enpple pre-
swnts an ever-contnung challenge to the medical
profeion. Durmg the last three decades, great
stndes bave been made 1n duagnastrc technques and
the cvaluavon of the relanomship of architectural
and pathological aboormafitres to the producthon of
Jow back pam. A carrful perusal of the vast itera
ture which hay accumulated on thn subject wall,
nevertheless, attest to the fact that there are sl
in this subject many important areas of conflct of
opon by cutstanding physlcans of wide expen
ence. But, even on matters of general agreement,
the complexity of the problem may lead to errors in
dugnoss and treatment which are often rerponsible
for the fuule management of these difficult casca.

Whik the cawses of Jow back pam are legwa
oaly & few of the momt common conditioms en
coumemi m wndustry will be coasldered 1 thi

Numerous pathological lenons capable of
caunng low back pan with or without waaties, such
a3 either pnmary or metastatic malignandes of the
oscous or the nenow rystern as well as other dis
cases of the abdominal or pelvie organs, are of in-
teeest prumanhy from . dugnostic pant of \wew
Thar relatiomhip to industry would ordinanly be
purely inadental, and ther treatment would be
clrarly establshed by the exact diagnoms. For
tunately for the industnal and orthopacdic surgeon
these condinoms do not introduce a formadable prob-

fern, and the roedscolegal implicatvons are wually
cury to resolie

173

POSTURAL CONDITIONS

Among the perplexing low back problems en
countered by phyncany are those of vaguely de-
fincd symptom complexes of postural ongin. Strains
of the architectural and kmetle structures of the
lower back may rewult from any ungle or mulnple
factors winch impose abnormal Joads upen muschks
and other soft tmues. They arc frequently seen 1n
caser of spinal curvature or other long-standing de-
formity 1mbalance due te mequality m the kength
of the legs, deformuty of one or both legs with or
without stiffness or jom of motton m one or more
founts relaxed (hypermobule) spnes, cases of sway
back round bacl ete Postural atrmins may result
indirectly from flatfeet faulty shoeing high beels,
thort heel cords, etc. They may be indueed by
unng slovenly habnts while seated, improperly de
atgned chaury, low aveestuffed davenports, and even
by faulty tils or hc:g‘hu to automobile scats and
other equp wrmg  prob
use by an lndn'ldux.L Where the l)-mptomi are of
obucnre angin witliout axtecedemt traxms and are
of & vague renable wature the postural factor mud
be comndered Taclacher of thn nature waually 1e
sveal their etiolagy in & carrful determinagon of their
relatombep to the pauents pattern of actnaty or
rast, they wmally become progremnely worse dunng
the day of at night sccording 10 the came and are
rebeved by the elmunation, if pomible of the ad
verse influence whatever it may be

Postural backaches must be stucied with a view
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to overcoming any structural defects that are amen
able to correetson. A short beg can be made equal
to a longer one with heel and sole ity spinal cunes
can be compensated oveTwesght (caumng swayback)
can be reduced, selection of tmproper chary, beds,
automobile seats etc. can be revised and corrected.
Strun can be mommired with orthopacdic belts
and braces winch oacrcne 2 favorable influence of
one kind or another on posture saggy mattresses
can be firmed with health boards (wallboard) un
der the mattress or replaced with equips of

nucler into vertebral bodies or comprenon de
formity of varrows vertebrae, may be noted.
Whike the exact etiology of sencicent osteoporosts
may atill not be estabhshed on a sdentlfic bams?
the fundamental feature of disturbed bone metabo-
Lem 13 nevertheles fully accepted A defect in the
formauon of bone matrx results 1n a defioency of
calafied bone. Estrogen-androgen mmbalance senile
metabolic  changes, prolonged medicatin with
ACTH or the cortisones, hyperthyrosdren, disbetes,

suitable quality and comstructon. Improper chain
can be chminated, avouded, or replaced wath cor
rectly dewgned furniture Perustent aching discom
fort can be mingated with deep heat (hot tub baths)
and mtcrnal analgencs (spino, etc )

SENESCENT OSTEOPOROSIS

Osteoporons of the spine represents another slowly
evolving cawse of low backache which may eauly
be overlooled particularly i ats early stages. As
Homburger apthy stated, “Osteoporons passes un-
recogrured more often than most other chrome du-
cases has caused more pain than many of them,
and # more amenmable than any other to mmple
therapeutic measures.™* This condizon usually ap-
pean m indvaduabs over 45 years of age and u
about four tmes as common m women a3 it B 10
men. It generally occurs in mdnwdual who hasve
fed a sedentary hfe, but it has abo afflicted persons
who haive always been extremely active. The symp-
toum develop mmdiowsly with a dull, widespread
aching m the back which may continue without
remnuon for months or years. Frequently after o
slight stram or jar the patient will become consclous
of an acute pun 1n the back which completely m-
capacitates im or her The pun may remaim lo-
calired at the lower doral or lumbar regoon or st
may radite along the coune of one or more nerves.
Rocenteenograms of the spine will reveal & “wasthed
out” appearance of all the vertebrae ballooning of
the docs in the lower donsal and lumbar regions, with
assoclated increased concavity of the vertebral end
plates. The cuscs 1n the upper thorack regron are
usually thmned, there o hyperostouc spurring at the
antersor margms of the sdjacent vertebrac and &
Lyphotc cune n usually present m the lower tho-
racc area All grades of dic sweling osteopoross,
and Lyphoms, with or without hernuton of duc

From Homburger F The Medical Care of the Aged
and Chroolcally IIl, Boston, 1935 Listte Brown & Co
B4

hyp mualnutrition, adrenal gland pathol
ogy and many other obscure factors may set up the
condition which may progress imdswwly for years
before 1t can be recognmzed objectively Thus, It o
obvious that the progremon of the disease dunng
12 evolutron bears httle, if any relationshup fo the
vocaticnal activity of the mdividual, and its dis-
ablmg symptoms and associated structural defects
must, therefore be regarded as of ponmdustrial on
g Whie it 1 true that acutely pamnful and dis
sbling symptoms arc frequently preapitated by
some more or bem munor inadent, often ocanmng
while the pauent 18 on the job this condibon merely
repratents the ulhmate result of the underlying
pathological procem. Watking® refers to thi as “the
Ist straw of strem” which “literally breaks the
camel’s back” and states that “spontancous collapee
of vertebrae 1 often observed m the senescent spe,
sttnbutable solely to this “last stran *

These patients seem to respond favoeably to endo-
crme (estrogen androgen) therapy with moderate
(coret or hght brace) protection and a high pro-
tem, calaum, and vitamun dict. Although their sub-
ectne duscomfort ean thus be reduced or elummated
within three o nx weeks bone remuncralraton i
rarcly obscrved, and they are always potentially
harardous as workers and frequently experience
further acutely dmabling eplsodes due to collapse of
other spinal structurev

TRACTURES OF THE SPINE

While spontancons collapee of vertebral bodies
represents a nonindustrial disease and k of part
mount mportance from the point of view of &-
agnous and its medicolegal Implicabons, truly
traumatic fracture of the spene presents an enprely
ddlerent problem. In true or ruspected cruth fractures
of the vertebral bodies occurring umder clreum-
stances of adequate traumatic force, the roentgeno-
grams will readihy rule out pre-exuting ostcopoross
and will generally establish clearly the prescnce of

an cute or recent fracture. Often howeer even
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f t1c Features of Fresh and Anctent Fractures and Congendal or
Table & Diferential Dug:c,r'l:;p;zrnul Defects of 1 ertebral Bodies

Chatacterus ¢

1 Soere mammabe force wwally hyperflexion trpe
€ T from bewght on fret or buttecks vickent exprri-
ence—awtomobike or otber collidon

« Truncatkm or wedsing of estehral body

3 Wedging or compremion npper pothon of ertebral
body oaly

4 Wedging, upper nd kowrr portions of vertebral body

$ Zone of ncrested dendty in upper hall of entebal
body
6 Forward protrasion, wpper anterior corner of verte-
‘eody

ol

7 Thinning of duc sbove smpected  riebral body

&, Muwbhroowmny latenly upper and lowet commen of
ertebral body

9 Cainfiation  nterior fonglmdimal lgarocent
10 Evidence of doc hernlation through superior end

Pat
11 Tendernes o presare and pain In mopected area on
of mech, ouly (Sowo-Hall sign)
t4 Imol cment of segments t dorolumbar funchoa

13 Healing reaction during fint three moothe revealed
ToeDFEnographucaily

Acxte Recent A de t M lad Congr al
Crush Fr ¢t re Fractu Acqni d Defsct

la Yes or Mo Yes or No

e or No la Yes

Yes (in 9% of Yo e or Mo
cusen)

o (in9 of o Vet (usally)
carer)

Yer No No

Yer (uwmlly) Yo (aally) No {wally)

No (usually) Ve (unally) Mo

‘et (wmlly) Yo (uemally) o

o Yo (frequently) o

1a or No Yes or No o

Yo o No

Yer Neo o

Mo Ye Yeu

Yo (70% D12 L) Y (70% D1212) o
(frequently) {{reqoently)

e No

where & deformed vertebra without related amoc
ated disease u noted, there may be some queaton ay
to whether or not the deformity u due to ather a
recent or an ofd compression Injury or whether it b
of ancwent congental or devclopmental orimin. Ande
from the matter of determuming Lability for & spe
afic defect 1n o ghven ease st uw certainly fmpor
tant not to subpet an mdnidual with an old defect,
with or without an associated oft thsue wmfury to
afl the prolonged restriction fmposed upon one who
has a truwe recent acute structural mjury to a ver
tebral body

Differentmal Dugnens of Fractored Spime. The
differential diagnosts 1n nch cass i, therefore, m-
portant, and the features presented 1n Table 4 have
proved to be valuable in properly establishing the
correct dueposis,

Tt must constantly be bome in mnd that mam
developmenial defects such a3 Schewermann s dis
ease, Cah &'y dnease of vertebra plana, bemnertebra,
limbus vertebra, spondylolymy, and unattached trans-
e artkular and spmous processes, may uolate
{mcture. It v, therefore, 1mportant to huve these con-
&bcmmm{ndhcfmcmdudmg\}n‘dxwpr&
ence of a structurally defectrve vertebra indicates a ye-

cent fracture. Tt 14 abo well to remember that about
5 pet cent of comprestion injunes af the spine are
multiple and that frequently the two or more 10
Jured structures are separated by normal infervenung
scgments. Routine roentgenography of the spine
m supected matances of fracture should include at
kast mrvey studies of the corvical dorsel amd
lumbosacrel arems with specal detadled stedles, in-
cluding lammagrams where necrsary of the speafic
sites of njury

Fracture Treatment.  Having defimtely deter
muned that a mven structural defect b clearly of
recent orgin the exact nature of the treatment to
be gnen must be conndered. Although hyperexten
won of the spue for compreswon defects of the
vertebral bodwes was popularired by Daves® {n 1929
and biss pbiequentdy become atmost the standard
form of yreatment for these imjurdes, critial stud
ies of end results with the we of ths method have
recently eant conuderabl doubt upon 1t efficacy
Nicoll' in 1949 reviewed 135 cnses of spinal frae
ture two to five yean after myury snd concluded
that the functional results following treatment wath
Litle or no external protection or atteropted reduc
ton were “far supenor” to these in patients treated
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by hyperextenmon reduchon and plaster of Pams
mnmobilzaton for three or more months. He postu
lated that (1) a pood functonal result s not de
pendent on a good anatomical restoration  (2) con-
solidation 5 rapd even m the absence of foation
(3) the rmportan: factor in determuining functon 1
stability betreem the damaged segments not the
poution 1n which 1t 1 achieved and (4) prolonged
faanon of damaged soft tmues, especially in their
shortencd posatron (hyperextenmon) 15 m itsclf a
cause of dsatuity Howorth® docusung the same
problem stated “Whatever the method of correc
tion the we of force may be dangerous, espedially
if there 1 a fracture of the posterror arch, rupture
of the hgaments, or mpending myury of the spinal
cord or nenve roots. [He n] not convinced from
his own expenence or what he has heard or seen
in the lterature that any of these methods, a1 or
dinarily practiced has resulted m sgmficant coeree
ton of the deformity of the vertebral body it most
caser™ \Much of the correction 1 obtaped through
the dmcs of neighbonng jounts for full correcuon
does not occur in the compressed body unless the
spine s fully hyperextended In that arca, and thn &
often defficult to accomplah and b ul ly lost 1n

those with chromc arthntls, usually of the degen
eratve type The underdying pathologreal proces
for yeas when some minor incsdent may breal
through the fgle margin of safety and precpimie
2 pamnful reaction. Often an entirely normal motion
oc a strew no greater than the indrvidual has as-
tumed many times before without dmcomfort will
become & “last straw” factor  The ensing pam
will Jead to muscle spawm, and one will setam the
other producing a chroaically dnabled state Roent
genographic study of such an indiaduals spine will
reveal more or less ad wnced hyperostous, degen
erative thmning of doa and apophyseal pomt spaces,
constrctron of neural foramina, and roany other
faaturs of Joogstanding deterroration Obviouly
such an mdivsdial & pot Llely to recoser qurelly
through any foerm of treatment and, even if he does
rmmcrfmnﬂreﬁmq:bodcnnotbzrmmym
follow The or of
n:chncmwd:umm:uuponnomxny{mantbu
cach case must be evaluated indrvidually
\Much importance attaches to the actual degree or
amount of trauma as a determinmg factor 1n the
d of symptams. If the forces involved arc

91 per cent of the cases.

The greatest problem m severe o even moderate
fracture 8 frequently not the fracture so much as
the soft tisue damage. Excemne deformty pro-
duang arucular dusalignment and postural jm-
balance fracture of the postedor arch or the
articular processes, stvere hgamentous imjury and
didlocaboo, and late posttraumatic  degencratne
changes m the area of primary injury or m sec
ondanly molved regions may result in chrome pan
and dmabslity Those patients with obniowsly severe
mitial mnjury or those who, because of severe and
perustent pamn, cannot be succemfully rehabilrtated
Jusufy spuml fusron. The decmon concerning sur
gery should, howemer be approached guardedh
paruculardy m Ltgatve cases, and must rest upon
clear evidence of adequate underlymg defect or
pathology

CHRONIC ARTHRITIS

Amonr the patents who challenge the resource
fulnews of the mdustnal or orthopaedic surgeoo and
often peramtenth defy successful relmbilitation are

From Homorth, 3 B Fractures of che Spime Amer
an Ac demy of Orthopacdic Surgrons, Listrectional Course
Lectarm. Aon Asbor 1937 ] W Edwards, ol 14 pp
6490

gmt enough to have been potentally capable of in
funng a previously pormal bacl, certamly the arthritic
should not be denled judgment under the Compenna-
tion Act merely becawse nomsymptamane degenerath e
changes In the spine are revealed by x-ray camina
toos. Often abo the pathological changes noted m
the roentgenograms may be purely incsdental find-
mgx, and the actual Giuse of the duahling pam may
be an entirely separate entity unrelated to that pa
thology I hae often seen individuals with perustent
low back dmability whoee showed
widespread osteoarthntis and who were, sccordingly
rrglrdrduhambkhutwhowrm nevertheless,
by a fuson
acrons the mlncr:hle .mcncnchnj space, usually
the lumbosicra] In these cases it 13 enlighterusg to
try to ascertam the exmact ste and source of the pam
if 1t n diffuse and cannot be localized, 1t 1 not likely
to respond to target therapy whereas if 1t can be
shown that it arnses from onc scgmental kel (disc
or posterolateral jownts) speeml treatment (uwsualh
funon) directed to that ute will be curatne

SPONDYLOLYSIS

AND SPONDYLOLISTHESIS

Of all the structural defects commonly found 1n
the lumbosacral region spondylolyns with or with-
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out spordiloluthess creates the mowt vulncrable st
wation. This wwalh bilateral defect 10 the fnter
articular potton of the fifth (or other) lumbar ver
tebrafe) B now penerally regarded a3 heing of de
\clopmental ordn and usally becomes evident in
the roentgenogrums in the last lalf of the firt dec
sde Despate this carly presence of the defect how-
ever symproms may not appear until the sccond or
third decade and sometimes later  Some forward
migration of the body of the imolied vertebm
wsualh prr-tnl,andd\tlhrrmofllochngdc\-ce
at the posterolateral jownus imposey an abnormal
xram upon the dsc and supporting lgaments, uld
mately leading to the development of more or les
severe low back pam Frequently as b observed in
the arthntic spine, some minor incident will precipl-
tate a major reachon and once such a reaction super
venes (particularly of the arcumstances under which
1t developed are compensable) relef m difficult to
achuerve through conservative means.

Thu obstinacy to treatment hay been varously
astribed to abnormal mobility of the Joose laminma
wheh produces a downward pull on the first
sacral nene the presence of a fibrocartlaginous
maz at the defect n the bthms, narrowing of
the mten ertebral foraxmna, protruson of the m
tervertebral dise and mretching of the nene roots
and dura over the posterior edge and the body
of the firt tacral vertebra. Medicolegally a confhet
of opion 1 almost cetian because the emphasy o
the coe hand 1 placed upon the inevitabidity of the
dmblng pyodrome 1n the presence of the known
architectural defect, while on the other hand the
productan of acutely dsabling symptomm by the
“last strawc™ factor recerves the major emphass. These
caser, hike others in a simlar category must be eval-
wated mdividually taling all the facts and arcum
stances into connderation. Many of these pabents
have had previows epnodes of a mmular nature oth
en must obniously have been technlaally disbled on
the basis of the extent of the architectural defect
(even though they may deny previous symptowms)
#till others have been exposed only to mmor trauma
that could not sigmfcantly have mfuvenced the low
Back condioon. In another group however where
the defect 1 relatvely mid, the dent adapt

with conservative treatment in some of these cass,
the experience with low back problems presenung
thre defect i not good Usually the patient Is aware
o 300n becomey advised of the presence of the atruc
tural defect an unfavorable psycholomeal attitude
toward the conditlon develops and the disablity
persiste. In these casar alter exhausting all comena
tive meamres in & vamn attempt to rettore the mdt
vidua! to his alleged nonsymptomauc state, surgical
interventlon i undertaken. The elimination of pan
and the stabilirzauon of an architecturally defective
hack of ths mature is a formudable problem and
must not be assumed hghtly

Surpery for Spondylolysh.  While a number of
techrucal procedures have been proposed for the
rehef of Jow buck pan with or without amociated
sciatic radiation in cases of spoadyfolysis and spon
dylolisthems 1t secrms generally agreed that the prob-
lem 1 a twofold one requinng both decompremon
(by removal of the loosc lamina fibrocartilagmons
mass, and protrudmg dnc, if present) and stabilia
tion with fumon of the lower two or three Jumbar
scgments to the racrum. Becanse of the marked pre-
operative and postoperatne matability which » pres-
ent, protection of these fimons i required for a
conusderably longer penod of tume than n necesary
in the ordinary duc case. With careful management
a preponderant majonty of these patients can be im
proved and at Jeast half of them can be restored to
their usual vocations.

INTERVERTEBRAL DISC SYNDROMES

Sinee chnlasns have recogmzed the role phyed
by the mtervertebral disc in the production of low
back and scaatic pain the overwhelming mayonty of
dinabled low backs have been ascribed to this condi
ton. So much har already been mid and wntten
about tha defection of the Intervertebral disc that
further dncusion of the bade aspects of ths prob-
lem » not necemary here. Because cases of ths na
ture are 30 common and frequently ro every type
of comservative and murgical therapy ome of the
mbent spects of the subject m they relate to the
low back cnpple will however be conddered. The
first mportant fact to recognme 1 that an inter

changes mmmal and the previous rroord obvacusly
devoud of dmabling intervahs, while the recent trau
matc event was of @ mayor pature the relatiombnp
of came and effect would be clearly rvident.
Although the painful recrudescence followiny m-
dustrial oc other trauma may abate spontancously or

brel duc maey fiswre or erack xnder almod axy
MIROTr Of mapor lraxmatic circxmstance and that, in
fact, many of them begx 1o disintegrae wrthont any
Lmocrn traxme except the unal wear and tear Omce
fissured or fractured spoxtameous 1epoy canmol oc

cur and progreinre diantegration mecitably super
tenes
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Pan in the lower back 1 frequently present
wuthont ditc protrunon and often such pan may be
present before the roentgenogram discloses any thmn-
pmg of 13 structure or asocmted evsdence of re-
action in the adjacent tmsues. At this stage the defect
m the disc can be estabinhed only with a discogram.
When protrunion of disc material nto the mtra
spinal canal ocrun, nene root pressure  which
wooner or later develops, leads to disturbed reflexes,
pain, parcsthesm, and motor weaknem. FuA con
the ed ut, protruded mas
may receds or shnnk markedly the inflammatory
reaction will abate, and the compresmed perve may
even slip off the underlying hermated masn.
Thus revenibility of the causes of radxcular symp-
toms for the characteriux : and
recrud of disc synd. but does not lead to
a cure of the underlying defect. As Bosworth!® has
stated “Permansnt weakness of the spine bs present at
the pomt of cartilage disruptlan once duc leceration
has occurred. Such sructural weaknew romaing and
usally increases untl and unlem structural repar
(that 13, funon) has been acromplnhed™* Barr ™
Compere * Bosworth, * and many others have con-
tended that fusion should almost imvardably aceom
peny ducectomy or decompreswon surgery on the
lower spane, while still others * argue that furon
should be reserved for the relatively small per
centage of patients who have had a docectomy
but contmue thereafter to have disbling low back
pain. 1 concur strongly with those who favor the
brxed of of d with spinal fuston
because 1t has been my expenence that pracucally
all indniduals who have had a dusc

sorely trned to overcome the trouble. Ghormley!
reviewed fifty four such eases seen at The Mayo
Chnic and concluded that the problem was a most
ddfBieult one due pnnapally to the presence of post
tmumatic and postoperative adhedlons about the
nerve roots, cauda equma, arachnosd or dura. Such
adhenoms could cause pam even m the presence of
« sobd funion, and this pain was rasely permanently
elmixated through further mmgeny Prychaneuroms
was an obvsous factor m some of these cases and of
jt was apociated with an organxe cause for pam, re-
mained unresponsice to ary form aof therapy
Ghormley commented “We are of the opucn
that surgical treatment has much to offer that s
great many patienty are sathfactorily relieved by
such treatment, and that there will be many moce
who will be thus trested with sabsfactory resuli
Faihres will occur and some patients may need
second operations to obtain refief much consder
aton ahould be grven before advinng a third oper
atron, snd ws for the fourth and fifth operatiom,
the mndications would seem to be lew and lem
definite for the failures will be more and more fre-
quent."*

It u, therefore, obvious that multiple successhe
spanal operations should be done oaly oa the clearest
of indications.

SURGERY FOR LOW
BACK PAIN OF DISCOGENIC ORIGIN
Despte the wide duernty of opwnson concerning
the indrcattons for surgery and its ewact nmture 1n
i ble dmablmg Jow back cood certan
I based upon the vast expenence that bas

v oaly
sooner oc later develop intractable low back pan
Certamly m the field of industmal surgery where
moet of these indiaduals reque stable, palo-free
spines, futhon seems to offer the best oppoctunity for
the realimation of such an objective.

INTRACTABLE LOW BACK PAIN AFTER
TWO OR MORE SPINAL OPERATIONS
Perhaps the most duheartening group of patients
are those who continue to have low back and/or
sclatc pam despute the fact that they have already
had two or more opermpons on the spme. Most
orthopaed, have en-
countered some of these and all of them have been

From Bosworth, D M Surgery of the Spine Ameriean
Academy of Orthopacdic Surgroms, Instrwctional Coume
Lectures, Ann Arbor 1937 | W Edwards, ol 14 pp
1335

already been accumulated can safely be postulated.
Whoever undertales this type of surgery whether
he be a neurosurgron or an orthopsedic surgeon,
should be thoroughly qualified by tranmg and ex
penience to cope with any type of Jepon which he
mght expect to encounter in the intraspral conal
and to perform all phases of the operatron. Whilke
many large clintas often utihre the neurosurgron and
&mmmmdymmmﬂﬂj
particulardy if h .

whoever operates on a licerated or hermated disc
thould repur the structure for stability and future

From Ghommbey R. K. The Problens of Makiple Op-

Sargeons,
J W Edwarde, vol 14 pp 3663,
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weght hearing (unctron with fusion a5 welt av do
the surgery 1cheving presure It woukd seem rea
sonable in the lght of the fact that atrespinel ad
hestons represent the most common tawse of umat
idactory surgery in this area, that prime considera
tion be given to the avoidance of trauma m the
inirasptnal canal before and dunng surgery Myelo-
grams should be restncted to doubaful drgnostic it
watons, and the radwpagque matenal should be re
moved @3 completely as powible  discog thould
be undertalen caly on the bans of special indiem
ucns and hould be performed exclusvely by inds
viduah who have perfected the techasque of this
debiate procedure

At the tune of surgery approach to the intraspinal
canal should be made wherever pamible through the
mterdaminal spaces with muniumal removal of marginal
boue The surgeon should have a large selection of
Kerrhon type roageun of all sirey and shapes 5o that
the decompremion can be performed as adequately as
necesary without injury to the dura This phase of the
operation must be dape wath the greatest care be
cae often extradural fat v absent and adhesions
are already present between the dum and the iga
mentum flavum and laminae. If the dura 1 1nad
vertently ruptured, it should be sutured a3 soom as
the rupture becomes technxenlly accesible with fine
ull fused to specual needler Dunng the exploration
of the mtraspml canal the dura and neries should
be landied with extreme pentlenem, and removal
of protrdmg or hermated dmc materal should be
performed 23 expeditionly as persihle. Gawre packs,
Gelleaam, artd other foraign matenal should be Lept
out of the ntraspinal canal becawse thefr we b
eoaducne o scarmny Bleedg whould be Ted

locking or cortical onlay grafty b a matter of Ind-
vidual preference my own peronal cholee Is can-
cellon bone a1 & blnding mediam (from the prosd-
roal tibfal metaphyss) abetted by two sturdy cortal
grafts alo from the tiba, of sutable length and
width to provide strength, stability and a roent
genolopically demonstrable fumon mass (o satisly
entical apprahal In medicolegal cases) Al this graft
g malenal should hase close contact wath the
spinous procemes, laminae and posterolatenal jomn
which have been cxposed and freshened to sumu-
late arthrodens. Tt has been my custom routinely to
decampress and cxplore the fourth and fifth Jumbar
interlaminal spaces  removing protruding or ug
adhicantly bulging marmes from the veatral wall with
2 small dircular inciuon around the mass and a patu
itary rongeur After prepanng the graft bed from
L4 to S2, inclusive, and pressing the cancellous and
cortical grafts into pomtwon, the protruding tips of
the fourth and fifth lumbar sunes are rongeured
aw2) 21 1 the entire spinows process of L3 The last
of these b sacnficed to provide addmonal grafung
matenal to fill all crevices around the cortical grafte
and elmmate the third Jumbar spinous procem a3 &
potentally mmpinging Rructure agamat the fused sub-
jacent man. Finally the lumbosacral muncle masses,
fascaa, subcutancous fat, and skin are firmh closed
in layers wth Interrupted chrome catgut to the
deep umucs and cotton to the skdn.

Postoperative Care.  Following surgery the pa
tents are Lept flat 1n bed for ten davs then the
wtures mre removed and a torso Castex cylmder
applicd from the mid-chest to the groins Tha cylm
der is appled with the patient esther prone or supine

with suction and smafl muscle pacls, the latter bewngr
Jeft in nin a3 requred 1o protect the dura and
perve roots, particularhy iof fomon 1 abo 1o be under
talen

The wliomefte ackiwrvement of a sueceuful fuson
re ts basicelly wpon the development of ax efgrecive
healmg teaction 1 th  area to be bridged Thn
rendens datory the thorougt of all
dektonzed areas and careful decorticatson (with
wutable gouges) of all bone makmy contact with the
grafts. The mtroduction of metal of any other for
e matenal into the area of fuslon has not prned
heneficaal and 1n most 1nstances has ked to complica
©ons pectmitatmg g later removal. Freth, autope
nows bone n far supenor to hank bone and mtmmate
contact of the tramplanted with the host booe 1 8l
wiy3 cwental Whether one iser cancellows bone,

dimg to the preoperative which may
need correction. Wherever powible, I try to restore &
normal lumbar cunve because T have found that thiy
establishes better spnal balance and reduces or ehm-
inates later postural stran. After the end of the
sccond week the patients are allowed to be up for
from two to four hours a day until the end of the
sixth week when the active time iy progrenusely In
creased At the end of three months, patients are
fully ambulatory with the cas split down the front
for temporary remava! dunng penods of mereasing
duration daily Through the fourth month m the
average dnc case and the fifth moath m spondyloly-
us cawex, the patent n gradually weaned from the
caxt. The aserage patent 15 ready for fupen mory or
office work after four months, light work after five
to ox months, and heavy libor (unrestdcted ac
tivdty) after aght months. Standing anteropostenor
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and lateral roentgenograms are made of the Jumbo-
menal regron at the end of three moaths, and b
planc motion roentgen studies are made at the end
of elght Usually these pattents arc ready for a
terrmmal!  medicolegal  apprusal eight to twelie
months after thar operation

ROUTINE MANAGEMENT

OF LOW BACK CASES

The great imnportance, economre ugnificance and
potentusl senowmess of all Jow back injurres war
mant the most careful approach 1n all matances. Any

ure to respond in the expected mmanner to the
therapy provided can be determmed. The scope of
this study must, of course be customered to the par
tecular mtuation at hand and may ultrmately inchide
all the phyncal psychological soca! and ecotomic
factors which are well known to participate in these
matters. If constitutional contributory or sustaining
factors are present, these must either be mutigated
chrunated, or accepted, and the patients future
coune charted accordingly The social and economic
aspects of the ntiation must also be welghed m plan-
nung the further management of the case. Frequently

the hol 1 atutude of the patient & com

epuode which caunes d. of
work or which permats to a mgmficantly disabling
extent for more than a few days demands arcful
study All too often the ¢rentwel thorough study of
an 1 ble and disabling low back d

which did not reechve detailed exammmatlon when it
fint deteloped has made 1t diffienlt to establnh
clearly the relatdonship between the hate technieal
findmgs and the ongmal injury Therefore, m these
exscs o careful history a complete phyncal examina
tron with particular reference to the lower back, and
x-ray study of the Jower back and other reguam,
where indicated should be made and recorded with-
out delsy Tho mihal mvestgation will generally
indicate the nature of the problem will reveal the
presence oc absence of underlying pathological or
architectural defects will doclose whether the mtu
ation 1 a pnmary or recurrent one, and will to some
extent indicate the patient s attitude toward hu con-
dition and the degree of cooperation that can be ex
pected of him in ity management. In the uncompli-
cated or first attacl mtuanon complete rest at home
or m a hormtal localired protecton, deep heat, m
termal analgenes and avoudance of recurrent strmin
til the pain subndes wll generally quickly resohe
the problem In purcly traumatic stran of the mus
culohgamentous structures of the lower back, recov
ery within a matter of weeks can be expected. Fol
Jowing elimination of the pamn, functon must gradu
alhy be restored by progreswve activity and exerces,

SPECIAL MANAGEMENT

OF INTRACTABLE CASES

Patents who fa! to respond to adequate comerva
tne management for a moath or o must be mu-
pected of having some mgnificant underlymg patho-
logical or architectura] defect which will require
definte management These cases warrant speaal
study for a thorough reappranal of the entire prob-
km so that the cause or causes of the pabents fail

pletely 1 patible with the objectives belng sought
by the phyncian If this w the case 1t should be
recognred 23 300n as posible and crery cffort made,
through sympatbetic connideration, tact, and patient
but firm management, to channel the patent into 2
more cooperative state of mind and carly rehabifits-
twn. The estsbluhed patterns of disease or mnjury
must be dstingunhed from the iregular aliegations
and often bizarre symptom complexes offered by the
pateent and motivated by a desire to acheve prefit
able objectnes. Prychoneuroms of traumatic engin
is sud not to have appeared as a cimical entity
until the latter part of the nlneteenth ceatury The
almost wimultaneous appearance of thu ailment fn
Europe and America at that trme can reasonably be
cocrelated with the exutemce of rmwremce Many
students of pckomewrons state that Jt may follos
trawma but it ot cansed by it Since the introduc
tion of indutral compentation acts m the Usited
States in 1911 dsabxhty of funcbonal orgm b
been increasing progremn ely while that of 8 structural
and clearly objective nature has remained static. Thus,
a1 Kesler' has 30 copvincingly established “the
compensation systems [ttself] must be indicated o the
etrological factor resporsible for the prolompation of
sympioms and the production of the menrotw be
hecor ox whick the prolonged diabiliy i based
[italtcs rune] *#

While many evperts i this field advocate broad
study of thee problems by medical specalba, psy
chologists, social worken, vocational educators, -
ployment counsellors, pavate welfare agenchs, g0
ernment officals  employers, murance Companxy,
and unlam, 1t nesertheles appears to be 2 wel-

binhed fact that rehabil of these Indl

From Kemler H H 1 Low Back Pain | Industry Nev
Yok 1935 Commeree k Indmtry Amoclation of ™
Yoark Inc
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vidualy commenly does mot occur unul the litga
tion has been resolred Thrs relative funlity of
rehabilitation 1n the presence of an advenc psycho-
logal attitude mantained by an underlpng eco-
o motive way recently dbcussed by Mork't a
consultant to Cahfornias Bureau of 1 omtional Re
habilitaton, who stated that onhy 1 per cent of the
workers applymg for dixability benefits under the
Social Sccunty Act are accepting and utilinng the
servaces made available through state and federal
surces to restore them to productive employment

MEDICAL RATINC

OF PHYSICAL IMPAIRMENT

Becawse of the great compleaty of dsability evalu-
anon and the numerous and drvene methods which
have been devmsed and are pow bemg utifized m
these determmatons, the president of the American
Medical Amocation i 1956 appomied a Committee
on Medical Ratmg of Phyncal Impairment. As a
eomultant to thi commuttee T have had the oppor
tunrty to partcrpate 1n the development of 1ty Guids
to the Ecelxation of Permancat Imparment of the
Extremities and Back * Tha gurde prm-)dﬂ wﬂwd—

factor permanent impairment Nonmedieal factors
have proved extremeh, difficult to messure Feor the
reason permancent imparment is m fact the sole or
real cnterion of permanent drability far more often
than b readily acknowledged. Eraluation of per
manent mparment form the bass for a determina-
tion of permanent deability which 1 an admin
tne dectuon af to the patient s entitlement.

The Phyucans Role. Evaliauon of permanent
impaument defines the scope of medical responn
biliy and therefore represents the physncians role
in the evaluation of permanent dmability Competent
evaluation of permanent smpurment requires sde
quate and plete medical
objective meawrernent of function and avordanee
of subpctve mmpressons and nonmedical factors
such a3 the panents xge wx, and employabifity
The major and practically exchime emphass in de-
termming permanent mparmxest 1 placed upon m™
paired fuxction a3 measured with a gomoreter and
this apples to the spinal column in the same ob-
Jectnt manner as 1t dos to the extrmmuties. The
guwde b a masterpiece of objectmity and only ma-
dentally includes the lom of structunal integnty

tatine mateniaf to asust the phy
{ulﬂlﬁnghnpammhrrecpordhhrymthuﬁdd
namely the eval of p
Thn pusde defines permunf disability ms a "nol
purcly medicd comdition™ and states that a pauent
B “permapently dusabled” or “under a permmnent
dmability” when hus actual or preswumed abifity to
eogagr 1n gamful actrerty 1 reduced or absent be
awe of “mpamoent,” and no fundamental o
marled change m the future can be expected.

Prermancat tmpatrment on the other hand h a
pureiy medical condition Permament pmpairment b
any anatomical or functonal aboormahty or loes,
after maamal wedical rehabilitation has been
acluried and wiuch the phyncan comwders stable
or mongrog at the trme cvall n made It
o alwayy a basc conuderation 10 evalustion of per
mavent dmbiliyy It should be remembered, how
ever that permanent impeirment 1 a contribunng
factor to, but npot necemarily an indicatwon of the
extent of a patient s permanent duebility

Evalustion (ravmg) of permencat duwbilty m on
adminutratne, not medical responsiblity and fune
von. Evalation of permanent dmability » sn ap-
pramal of the patents present and probable furure
ability to engage m ganful actraty s of 1 affected
by mommedical factors such mt age sex, educanon,
coonome and soqal environment, end the medical

hology or pain when any or all of thew are re-
ﬂecttdmfmtcﬂmltmmtbcrtcognnxd'.hndus
gusde to the of physdeal mmp
purporis to be only what it 15 desigmated namely a
guide The 1938 manual coven only jomt functuon,
which, of course 15 only one aspect of the measure
ment of impairment. Future contribunons to thrs
tubject mist necessarily include many other features,
such as deficientaes 1n muscle and bone mtegnty and
atrength, semsory  neuromotor  and trophse fune
tlo, the vascular sstem subjectne pamn etc. Phys-
jcal ympairment 2 composite of mulnple factors
and only by deter fon of the defich of the
total struchure can it be accurately appraned
Spinal Columen Valaes, The enture spinal column
has 2 total value of only 60 per cent of the value of
the body as & whole and each sectson of the spme
cenacal, dorsal and humbar carmes a fixed moximal
percentage value of the whale spine namely 40
per cent for the cervical, *0 per cent for the doesal,
and 40 per cent for the lumbar Despate ths bow
ever fractures and dnlocatiom of vertebeue (x any

part of the spime camny identeal values, although
m].ylcnun(t“oofmofe\mclrg carnes rather
wrdely divergent values, depending upon whether it
is 1n [morable or unfavorable poation. The dis-
abkity resulting from vestncton of spial movon &
evaluated 1 oaly two aress namely the cenvical and
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the donsolumbar Each normal motion in the neck
and dorsolumbar area has an asmsgned value, and
reduction of thn moton rates a csabihty value de
peodmg on the degree. The accepted mormael range
of motion m the schedules 13 50 modest that minor
restnictions of moton 1n indivaduals of average archi
tectural chamctensties are wot likely to quabfy for
any dosability
Intervertebral duc lelans begin with a minkoum
mpurment allowance of 5 per cent of the whole
man where %o sgmficant renduels are noted, to
which n added further compooents for ankylosn,
restnicted mobon in the spme or extremines, or other
abpormal features. All dmabtlibes or impairments
arc computed aparately in relatwon to the spine
itself or the man as a whole, accordmg to the bash
for each factor st forth in the table provided, after
which the multiple elements of ditability thus estab-
lished are ¢ombined (not added) progresmvely also
by the e of a table Finally all the factors arc re-
doced to a comman denomunator with regurd to the
man as a whole, thin establithmg what purports to
be the percentage of impainment ariung from rendu
aly in the spine of that subject. A clear compreben-
slan of the usefulnets of thr guide m the evaluation
of permmanent mmparment will of course require
careful study of the mstructions for ita wse and the
utihzaton of all the tables of which it 13 compased.
The Commuttce * which formulated 1t beleves that
“a3 ono becomes acquamted with thh matenal it
simplicity and unuformity of applcation becomes
readily apparent. Penodic review (and revinon)
will be neceusary to amure the gudes continung
value as advances m medical Lnowledge and tech-
que occur ¥

Because the economic aspects of dmability deter
mmmatons arc ultmaicly legnlative and admunistratve
devices, the phyncian can act oaly 1n an advisory ca
pacity to thoee who are empowered to determune loss
of working or cammg capacity All thu has too Jong
been subject to mampulation by pressure groups and
Jundical trbunab. The alwtract, Intangible, and
purely functional aspects of disability have unfor
tunately gained the sxcendency and what was ongl
nally mtended to be & boor to the injured worker
has become a boomerang Unduly prolonged periods

From A Gulde %0 the E alumdon of Permament

Medical Amoclatos supplement 10 ] A M A, Feb 18
1938

of duabelity for conditlons of known avenge dira-
tion and the abnormally high nadence and progres-
mve mcrease of functional d s d
with clearly objectlve ones have caused econamie
losses to workers far 1n excess of ther gains. As
Kemler'® hat amd, The moncy incentive behmd
Workmen st Compentation and the failure of all
those who partcipste 1n 1ts operation to vinalize fts
trve objectrve to reduce the penod of incapacity
and quickly and fully restore the worker to his b
are the blghts that produce all these problem™?
The careful, skullful, and enlghtened management of
the low back enpple will accomplisth much to min-
gate or © the blc drfficulies com-
monly encxmtered 1 thi Seld
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FUNDAMENTAL PRINCIPLES AND TREATMENT

OF SCOLIOSIS

A Lnowledge of the basic pnnaples of scolious 15
necemiary for the proper treatment of this condition.
A pormal spue is straght in the antenoc postenor
view In a pewborn mfant the lateral view of the
spine i practeally strmght, but soon after hirth,
cervical and lumbwr Jordoses and a dorsal kyphons
develop a3 a normal physological occurrence. Why
does nature change from a spme which o straight
to coc that s curved? The reason is obvious! If the
head were placed on & ngid contmuous column, any
jarmng such as that which ocams in wallmg nm-
ning etc woukld be directly transmutted to the head.
Nature has set up & nmple mechanism to overcame
thry. It has segmented the continuous emaa! columm
and placed shock absorbers (mtervertebral dises)
between cach segment. It has abo provided an ad
ditonal cwshiorung effect by bending the spmal col
umn (kyphams andd lordosis) which acts as a spring
The Lyphoss and lordosss are present 1n the normal
spme for the same reason that automobies or trucls
have sprngs for smoother riding

ANALYSIS OF CURVES

The anterior posterior curves of the pormal spine
are phymological, whereas lateral curves are putho-
logweal. The engincering prinaple pertaluing to a
beat rod namely ecoentnic loeding effidency m
creases with deflection,  also applics to any cuna
wre other physlologcal or pathological, of the
spme Tn ymple termy, it states that the more the
ndnlmntcur\cd,v.hemerhu_m further

Scolioms may be noted at birth o sometune dunng
the growth period.

Compensation. It 18 oy mterpretation as lustrated
in Fig 140 that the body is in balance and com~
pemated when the shoulders are symmetnally
placed above the pedvis and the head s held erect
over the md-sacral regon. In this Instance, the
angular deviation of the spine 10 one directsan will
bo equal to the angular deviaton in the opposlte
direction.

To ximphfy a complicated subject as much a1
possble for the present, ket 1 amume that we are
deahng with scolioss problems in which there are
no deforming ckments below the pehic crests. Cor
rect analyws of scolosis will howeter requre an
evaluation of the patient as a whole m the standing
poution.

Arumng that the body 15 in compensation, the
simplest form of scohons comssts of three curves
In Fig 141 the middie curve, P b the primary curve
or the area 1n which the deforming factor m active.
The pnmary curve s the one which has to be in
cluded m the fuwon area The external configura
thon of the primary curve 15 always, or pearly ahrays,
1 truc are or a so-cslled full cune. The two end
curves, F and F are secondary and fractional they
are attempting to return the spune to the erect pon
ten  Itis necemsary that there be a fractonal cune
d{ A below a full curve m order to obtun

iy

Cunves. In order to treay scolioals, 1t
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is pecenary to evahuate the curves as to both ther
extrimic and their mtrinme properties Extrinske
properues indicate the external configuration or
shape of the cunve. As mentioned, there are two
terme, “full” and “fractional,” which apply culy to
the configuration or shape of the cunve and not to
the elements withm the cunves.

A full curve 13 2 sexment of 2 true or nearly true
arc therefore, it cannot return the 1pine to the erect

A fractonal cunie 1 ooe that returns the spioe to
the erect, and, therefare, 1t is not & true arc,

In Fig 14? you wll pote one addivonal cune §
mterposed between the pnmary and the lower frac
tonal curve. This is the so-called aine.
For the sake of smplicity instead of wing the terms
“secondary full” or “secondary fractonal,” I shall
refer to them pust ;1 secondary or fractional The
devation past the mudline 15 necessary m order to
compensate for the magmitude of the pumary curve.
When 8 secondany curve crosses the mudline it
nearly always tales on structural changes.

% the anfular deviation on the vther ({From
Schmudt, A C. Verhawmdl deutch. ortop. Gesellich, 41
Koogres, pp. 195220 1934 Ferdimand Eoke \erlay

The intnune properties refer to the variatons or
fimits of the angle of the curve which are obtamed
by bending the spine m a lateral direetion, either
actively or pasbvely On the baus of the vanma
tom of the intnmsic propertses of the curves,
three types arc eadent structural, foncnonal and
mxed.

A structural cune » one which has intinsc
changes of acquired or congemtal origin, such as ab-
normal rotavon, wedging nltmg  gross malforma
non, and/or contracted soft tssues. Some or all
of these clements are always found m a prumry
curve.

A functional curve 1s one which 11 mular to or ke
that sen 1n a normal spinc oo lateral fleson. It
mplies that there are no mtrnsic changes and 1t will
correct completely when the extrnnic, or outude,
deformmg focees are completely remoned.

A mixed carve 1 one which hay some degree of
both functonal and structural clements, and becawse
of these charactenstics 1t wually can abo be chiu
fied as compematory

Fig 141 The area reprosented by P &y

the mary

n aad th mhvﬁkblb&fwm{n'hnth‘:mt_

Fand F reprocot the two secondasy fracucel carves,

Afe Ritempting to return the Suoe to the erect. (From

;(hm'dt.A.m N erhandl, orthop. Gepellich,, 41
cogTem, pp. 193120 1954

Sopar) 934 Ferdinand Eake Verlagp
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An analymt of the stryctural, mixed, and func
uonal cunics on the baus of pasne and active bend
mg will reveal that the stnretural curve wall correct
the least, the functionsl curve completely or nearly
30, and the mmed curve somewhere in between,

According to Fergwon,* “A prmary curnve b a
hateral structural cunve rewlting from a force actmg
contrary to the law of balance. * As stated before
the structural curve 1 the one which has intrinne
changes. A primary curve may or may not also con
tam some functional elements, but these are of minor
importance.

A secondany curve 13 one that compenmta for a
primary It functions 1n accordance with the law of
balance. It attempts to return the spine to the
erect. A wecondary curve may be purely funcoonal,
having po mtnnuc changes, or 1t may be muxed,
with some degree of both functional and structural
elements

A Primary

I Doa not fusction ccording to the law of bak
ance
2 Stractural

lul F

Fig. 142 Note the adchtomal eune $, § terposed bee
tween th pnman and the fracpooal cun  representing
a secondary full cune (From Schmidt, A C Verba d
deutsch. orthop Gesllch 41 Kongress pp 193 220
1954 Ferdwand Enk Verlar Stongart)

From Feryuson, A. B Rocntgen Interpretatons asd
Deawoms In Scolsss America Ortbopaedic
Surgeorn, Iostructioral Course Lectures Anm Arbor 1930,
J W Edwards, oL 7 pp 160-167

BSccunfhry
Does 1 lav‘rﬂn‘lo'-beh‘vdhhxg

1

My y functional

3 Mybe nnxcd—pudynm:cmrlllndpardyfum
toaal

In Fig 143 you will note four rectangular figures,
A B D and E representing unrotated vertebrae.
The trapermd figure C represents a rotated and
wedged verichra, indicaung structural changes. It
has maximum rotation and iy the mot horrontal
We whally refer to this as apical rotahon.

The vertebeac at the junchon of the two curves,
B and D are the least rotated and the most tilted
The remote end vertehrae of a scoiotic curve, 4 and
E are the least romted and usually approach the
borzontal.

Prmuary and Secondary Cunves. In cases of boog
standmg secondary curves usually reveal some stroc

o A
TN TN

Fig 143. Cune BD repesnn tho primery anve
curves D-E and A B arc fractionsl. Vertebaa C b at the
pex of 2 full cune and hes maxienum wedging asd ot~
tod V rtchrae B nd D at the function of the two curves
show uximem tlong sd peutral rotation Vertrinae A
and E are t the termmal cads of the scollote curve and
thow no rotatron, and their terminal surfaces are
(From Bchmwdt, A. C. \erhandl. dewtsch. orthop. el
beh 41 Kongrew, pp 195720 1934 Ferdmand Eake
Verlag Stuttgart )
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tural changes. In these cases, it may be difficult to
determine which cunve it the primary and which
s the yecondary Frequently but not abways, the
curve, or the one whereln the deforming
factor s actne may be determined by the we of
Ferguson s cnteria
In the cme of three curver, the middie onc bs
umally proary The greater cune or the onc
toward which the trunk w shifted is the prmmany
In this case {Fix 144 A) the pomary measures 57
degrees, whereas the other two measure 28 and 31
degren, respecthvely
In Fig 14+ B the curve with the Jeast flexdbality
and correctability ix the primary The upper frac

tional curve corrected from 28 to 23 degrees, and
the lower from 31 degree to practically neutral
The nuddle eurve sn Fig 144 C corrrcted from
57 to 34 degrees. In thus instance the pereentage of
correction of the primary was greater than usual
The lateral bending test s a pasuve form of cor
rection, and_the mnformation sought 1 _how much
t ALy Curve or_eury ed In
or funon ™ In thus normal spine (Fig
145 B) you wall obswerve that the lumbar area flexes
laterally more readily than the dorsal There b abo
a trace of rotation in the lumbar arca, none 10 the
dormal. It will axd m sdennfying and determmng the
cwundon of the weeondary and fractiomal cunves,

A »

Fle 144 A, In ths rocotgenogram  takes of a
paticnt in the manding position, D5
ﬁ;huw,‘o&;t:::ﬂmﬁmdm,mdhpﬂmnmam:khglﬂ-:;
Lh: w0 b the rupuae poaartion, shows the patkent bent | order

a5 pper domal cun  of long #ta
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upper and L1 b the lower end vertebra of the com-
plete curve. Frequently an unrotated rertebra b
not in evidence. It is then dexirable to choose the
adjacent vertebra distal to the curve being messured,
even though it 1 rotated away from the concawity

The method of meanumng a pnmary curve bs as
shown. To measure the angle of deflection or arighe
of the curve, a3 it 1 commonly called, erect inter
secting perpendrculars from the supenor surface of
the upper end vertebra and alo from the infenor
surface of the lower end vertebrs, D9 to L1 respec
tively The angle formed by the mtersection of these
perpendiculars is the angle of the curve. The curve
1n this disgrem messures 90 degrees.

The r amrves are m 2 smmiar
manner with one exctptsion. When the adpcent
curve 13 meayured, a continuatton of the perpendic
ular used for the previous curve will serve a1 one
of the perpendiculars. The intersection of this hne
with the distal perpendicular comstitutes the angle
of the curve bemg measured. One should measure
the scohotic curve as a whole, not just separate seg

d

o

Fig 148 Dugrammuancal drawlng thowing the mepare-
ment of & complets scobotic cune. (From Schmidt A G
Verbandl deatich. Gesellech., 41 Koogrew, pp.
195-220, 193 Ferdinand Enke Verlag Stattgart )

ments of it. Do not duregard the intervertebral
spaces between the curves, which, as a rule, present
some wedging

Pelvic Tilt. When analyzmg scoliods with a pehvic
lt, asummmy that there 13 no deformity below the
ihac crest, four different possibalitses should be con
ndered.*

Finst, when the pebus is high on the concanty of
the lumbopetvic curve (without a lower fractional
curve) that curve i then primary (Fig 149 4}
Second when the petvis u high on the concavity
of & thort lumbopelvic curve (Fig 149 B) ths
curve 13 ako pnmary if the curve above s minor or
fractional. If the sacrum 1 part of the mafor curve,
the tilt of the pehis will then be approxumtely
equal to or more than the tit of the admcent verte
bra

Third, when the curve above 15 of great magnl-
tude and the pelvis o high on the concanity of the
short lambopelvic curve (Fig 150 4) then the
latter curve is not pnmary In order to obuain
balance, this patient has to stand with the pebm
elevated on the nde of the major curve.

Fourth, when the pelvis is high on the comvexity
of the Jower fractional curve (Fig 150 B) the e
croachment of the above adpcent curve provend
the pelem from asnuming a horlrontal positton. In
thu particular situation, the fractonal curve In ak-
most NeveT prunary

When there 13 2 fractional curve located between
a moderately severs to an extremely severe hmobo-
docsal curve and a hotizontal pelvis (Fig 151) the
short lumbopelvic curve t never promary

Its arc most difficult to obtain when the
has Is_tilted an

because of the fact that this usually requires fuion
down to and 1ncludy o s Correction an
ifon of the primary curve when the pelvis is tilted
and the lower curve n compenmble frequently & not
warranted because of marked structural changes m
the compensstory curve, limiting the amount of
con'ecdm.OvercorTu:uannnyrmmiand“’
tilted in the opposite directron.

Mmimum, Maxmmm, and Actual Fiwoa Arcas.
The mummum ﬁnbnuu,or“mcxmrrdumtv“
I d d by & stand «m befors
correction 13 obtamed (Fig 152) It is clearly defined
when the quoction of the prumary and
curves present a neutral vertebra wiuch has at ooc
Jevel maxdmum tilting with the least rotatron and
wedgmg of the intervertebeal spaces above and be-
low in the opponte directions.
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A 3
Fig. 149 A, Whes the pelvm Is high on the conamity of a lumbopelric cune (D9 to
LS inchmih ) that curve m ahways primary B, The same b tue particulsrly when the
mr\elbort(DlZmlJin:hn'h)hmmrur[riﬂlonaL(Fmsdzmdt,A.C..\:rhlmﬂ.
deutsch. orthop. Gesellsch, 41 Kongrew, pp. 193.270 1954 Ferdumnd Enke Verlag
Stuttgart)

Flg. 150, A, When the cune sboy ki grest, the short hambopehic cane (L3
0
clun ) B mot primary B,\\'bmtbepvhbhhluho-mbcmrﬂryalrh:l:nrln'io::l-
{m;d:u\e) the fractional cun s almost nevet peimary (From Echmidt, A. C ¢
tach. ortbop. Gesellsch, 41 Kon 195-
N 2 e froe, pp. 195220 (984 Ferdinand Enk

191




192 THE SPINE

Fig. 151 This fractional curve (L4 to L3) located betwemn a moderately severe hambo-
dormal cane and a hormontsl pelvis, as thown on the rocnigenogram, b never & primary
corve. (From Schemidt, A. C.t Verbandl dertich. crthop. Gesellsch, 41 Koogres, pp. 193-
220 1934 Ferdinand Enke Verlag Stuttgart)

CT =
Parallel
wrtebra t
but not Maximum Minimam Actusl
necessarily fusion fuston fuston
maximum area area area
fuslon - i
area
1 2 B
R Ly

1 g ‘}

UNCORRECTED CORRECTED

Fig. 152 The mimmum, mexmam, and actual {micn aress (From Schaddt, A Ci
Verhandl deutich orthop. Gescllsch 41 Kongrem pp. 195-720 1954 Ferdinand Eak
Verlag Stattgant )
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The three elements which determine the end of 0
cune especially a rapdly developing one, as In
poliomyelitis, are not frequently found at the same
Ievel. Rotation occasbonally 1 abscnt enticely Rota
von males its apprarance fint at the apex of the
curve and then spreads distally in both directrony
Thrs is known as rotational lag Maximum tilung Is
wually found near or at the true junction of the
curver. Wedgng of the interverichral spaces may
be shght. When fislon 14 indlcated m a curve in
which the lrmuits have not been definitely establuhed
the munmum fusien area should include the longest
wgment defined by any one of the three elements.
In most 1mstances, the chotce of the area to
be fused will be from parsllel to parallel (the may
mum fuwon area)

When in doubt about the length of the fusion
area, it m wie to Include one or more vertebrae
above and below This is partcularly true of the
Jower funon area unless there i a short fractronal
curve between the funon area and the sacrum.

193

The maumum fuslon area u from paraflel to
paraliel vertebrue 8% sen on the roentgenogram
after the curve hay been corrected as far as possdble
or delrable. For correct analyss vertebrae are con
sidered panaliel only when the end vertebrae are
perpendicular to the same fine and tho fine passes
througlt the centery of bhoth vertebrae. There are
rarc exccptions when you choose to fuse beyond the
parallel vertebrac In gemeral the exception occury
when fuslng two primary cures or when extra
vertcbrae are added to the fuslon area in order to
obtain compensation.

Forees Used in Correctmy Scolloss. In Fig 153
A 19 to LI represents the primary curve whereas
D3 to D9 and LI to L4 represent secondary curves.
D3 and L4 are honzontal and are the remote end
vertebrae of the entire cunve,

In Fig 153 B the scolisic curve has been cor
rected by the forces of symmetnical distracton de
rotation and lateral pressure, as incorporated in the
Mitwaukee brace or localirer jacket. Both secondary

— 03 /
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Fig. 133, A represents & rmple seolsotie cunve in the

by wming spometnal dwinctos asd bl
curvey are correced C demmestratcs that the
o covreet the primary through the we of a t

18]
—_— L2
'5/\?
—— PRIMARY
s SECONDARY
.
standley position. B indicates that,

prewure both the pamary and seconda
sccondary cunes nwbylhrm'p(}nr:

wrabockle facket



154 THE SPINE

and prmany curves are corrected by the application
of thess forces, D6 and L2 represent the closast
paralicl vertebrae. Since the patient 1 mamntained
m compensation while correcting the scohoals, fusion
beyond the parallel vertebras will not alter the com
pemation. A long fused column will enhance com
pennation,

Fig 153 C represents the mppheation of the forces
wed 1z & turnbuckle jacket. D6 and L2 represent
the nearest parallel vertebrae. In thn form of cor
rection, the secondary curves are increased while
correcting the. pnmary Funon beyond the nearest
paraliel vertebrae may result in the patent bang
fused off balanee. It 15 reasomahle to asmme that
by mereasing the pressure on the concave nde of the
sccondary cune over a period of months, gpiphyseal
growth will be retarded on that nde. By the 1ame
token Rimer and smociates * have shown cass m
which, when premure was redeased om the concare
nde of the curve, the wedged vertcbrae again as
sumed thefr rectangular outime.

A

Fig 134 Ths cugram of  smme mdicates @ con
ABC. that w unbalanced. according to formes anabyss
Vertchra A n chosen for balance o that AR will be equal
w0 BC. (From Schomwdt, A C. \erbawd] denpch
Geacllsch 41 Kongrem pp 193220, 1934 Ferdiand
Enk Verlag Stuttgant)

The actual fusion arca in_poliornyehtls & ¢
fram the ma
fupon arca. In some 1di e, fusion
e e i e T
to include the entre maxumum fudoo area
actual fusion arca iy, therefore, dependent on
factors, such as etiology age of patient, an<
ibihty of the pnmary and sccondary corm
general, when there Is a high percentage of
tural changes in the mixed curves m a youn
tent, it 13 wise to fuse well Into the mixed
or to inctude the maximum fusion area

Unbalanced Curve. When the actual fusior
15 Jess than the maximum, an obliquely placed
column ahould be avolded.

In & curve which 1s not 2 true arc, as ahe
Fig 154 vertebrae 4 and € are the two end
brae, as determmed by former analyss. Fun
thls curve would result in an unbalanced co
certanly not conduave to commpentation. A
distal vertebrae, 4 should be chosen m ord
balsncs the curve. This rule will be satusfied
the perpendicular intersecting hnes, AB and
used for measurmg the curve to be fused, app
equal length.

It 15 an accepted fact that & contnnous cc

a

m 1

s more d than a seg
It s aho obvious that the funon of a sxgm
scoliotle curve corrected into a straight o 1
straght continuous éotumn, increases the easc
which 1t ean be controlied.

Multiple Primary Curvex. In the roentgenog:
Fig 155 A taken before fusion, and Fig 13
after fupon of both curves, the followmg are de
strated.

The curves D6 to D1l and D12 to L3 hac
mame chanacterbua with regard to angular
aton on both standing and lateral bendmg
were therefore clamified as double primary eu
The terms “double” or “multiple™ pertamin
primary curves, indicate that thesz curves have
ilar charactenstics upon analysis. It docs not o
sarily indicate the sme tmme of angin At the
of the growth penod fusing only the upper curve
double primary curve may be sufficknt. If the
tlent has not quite reached the end of his gre
perod  the actual fumon area thould appn
parallel ends or the maximum funon ares. In y¢
patients, fuston of both cun es it Indicated.
Forced Rotation. When a primary curve exte
low on the Jumbar spine LbEquerv:ncbq
vertebrac of that curve are usually compellet
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lhalldhhthxundsemnnnn!dthe
been foreed to rotste B,

220 1934 Fordioand Eok \erlag Stattqart)

rotate beyond the neutral (Fig 153 4) L3 is
the vertebra which u most tlted. The mienerte
bral space above it 1 wider on the comex nde
of the cune, whereas the space below ihous no
wedging The short fractional cme L4 to sacnum,
mchidve, caused by the magmitude of the cune
above it has forced not anly L3 but abo L4 to
rotate beyond the neutral Homever two of the
three elements which determune the end of a cune
are evident at the Jevel of L3 therefore, in this
case L3 15 the lower end vertebra.

Errors m Fuosion, Fuwon of the wroog cumve
in 8 growmg child i1 often dunstrous. When the
primary curve or curves are too greathy over
corrected, and the lower compenmatory cunce
more rigsd than the upper a pehic nit will be
m evidence. When the upper 18 more ngid than
the Jower the shoulders will be tilted. In a grow
ing child, 1t b better to err on the side of over
correction than undercorrectsor. In a patient who

1953

has attaned or nearly attained hu  maximum
growih, orercortcuon rmay result an the pasient
being permanenthy off balance. Inadequate bength
of funon allows deformity to recur aapeaally with
connderable growth,

In regard to comservatnve treatment of scolioss,
Cobb?* sy, “Exercses do not prevent increases in the
curve if 1t b increasing seldom, if ever they appreci-
ably decrease the cune permanently Exerases m
prove the muscle tone vital capadty appearance
posture, and health, but do pot alter the course of the
progress of the cune. However a scoliotle patient
having a marked postural defeet can reduce Jordous
and Lyphosts bv elonganng the spine through postural
exerascs, thereby ndirecth decreasdng the lateral
cune™¥

From Cobb J LOud.lmformeS!udyalkﬂlhlh

of Oribepaedic Tomtroctional
Counse Lectumes, Ann Arbor 1948 ] W Edwarde, 1ol 3
PR 261 275
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Fig. 156, Disgrams thowing different locatrons of cunes in the spioe and Indicating the
resultant coumetie deformuties. (From Schmndt, A C.. \erhandl. deutsch. orthop Gesellach
41 Koogrrs, pp 193220 1954 Fordinand Enke Verlag Stuttgart)

Deformity Produeed by Location and Length of
Curves. The defarmuty produced by a curve 1 de
pendent upon the degree of the curve the length of
the curve and probably most important of all, the
location of the cunve In the spme. Fig 156 A rep-
rescnty an scute curve with a marked angulaton
producng very little cosmetic deformuty due to the
fact that it 11 an acute curve located mn the dorso-
tumbar reglon. In Flg 156 B you will note an ex
tr:melylougnmt with connderably less angulation,

ing m a marked def of the torso, due to
the Jength of the curve. Fig 156 € shows a rela
tively minor curve, but because of its locatlon and
the fact that it extends just beyond the shoulder
Jevel, 1t has produced a marked dlting of the
shocikders,

THE MANAGEMENT
OF PARALYTIC SCOLIOSIS

Iﬂwmmcmgagm_rwm
p_%'l‘heuxm
scolrons

W
or & $cO) to fncresse n dunng the raped

growth penod, and that of poliomyelits origin
frequently becomes severe soon after the onset of
the disease when the patient becomes ambulatory
Fuson should be postponed until as near to the fdeal
fusion age as ponible but a rapldh increasing curve
at an early age may require correction and fumon
The actual fuwson column should have paralld oc
nearly parallel ends Thu v particularly true In the
younger patient, and nnce the secondary curves are
more flexible, overcorrection can be tolerated

Moe  states that high cenicothoracic paralvtic

curves should have immediate correction and funon.
Any delay usually results in ureversible changes,
producing scvere commetic deformity

Blount and amocutes' obsened “Fusion of the

sploe 1 a child_will somewhay reetoct
bogitudimal growth. It s better, howtver to have
crooked oae. mechani lengthenung of the

ipine cbtamed by correctmg the auve unlly ex
ceeds the future rastnetion of longitudinal growth
‘Significant progressve thorade Jordons has not
been observed following spine fumon. A flat oc
lordotic thorrac spine n frequently found 1n scoli
otic patlents with rotation of the vertebras paric
ularly after partusl correction of the curve by nde
bendug This flae back ofeen rounds out agamn ales
operation and the use of the Mikwankee brace.™*
The Role of the Abdommal and Sacrospmafis
Muscles in Paralytic Scolrocs. The torso, wlth its
semeeigid rb cage u joined to the pehnm by the
movable lumbar spine a unnersal font and beld
erect over the pehis by the abdominal and the
wcrospmalis musclkes these can be compared to guy
wires. The abdomnal muscles consst of the rechnt
b b | oblique sbdouninal trans-
verse, and the quadratus lumborum, all of which
are pured When one or more of the guy wireh
break or loosen up, the flexible column it I sup-
pomngbqimmugurbmd.Apanlymhorp;nm
paralyss of oae oc more of the abdominal muscles
usually results m s scoioshs. The effiaency of the
From Blownt, W P and co-workers: The Mibwaukes
Brace m the Opersth  Treatment of Scollods ] Boss &
Joint Sarg 40-A 511 1938,
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i wires in holding the column erect ls in direet
proportion to thew dirtances from the cohmmn.
Scoliosns is, therefore, usually more frequent and
more scvere following a paralysu of the abdomnal
marscle group than the sacrospinalis group due to
the latter s clowe proumity to the spinal column.

Abd } Fasclal Tramypl Improved gait
and stabifity are obtamed by conmectng the ribs to
the pehts with Lowman s fascial transplantations * m
a patient with complete or nearly complete abdom
inal paralysis. It enables the individual to Lit the
antenor wspect of the pehus manly by clevating the
b eage instead of elevating it by markedly hyper
extending the spine with each step In a unilateral
paralyny of the abdominal muscles the pehis drops
on the weak side, producng a lumbar curvature
with convedty to the weak nde A lateral fascial
transplant from tbe pehis to the ribs on the para
htic side 1 desimble in stabifiong the pehis. Ab-
dommal fascial transplants, if iserted properly
decrease the deforming forces cauung scolions. They
abo stabilze the spine and improve the gat but
will not alter the course or progres of a structural
cunve if 1t 13 developmg

The Role of the IlLotiral Band in the Cawsation
of Scolisen. A unilateral contracture of an fHotibeal
band usally produces a pehic obliquity tilting the
pchis downward on the contracted sde  AMore often
than not, 1t ia accompanied with a hup flexson de-
formuty abo. When the abducted and flexed hip 1s
brought down into the pesiton of standing, the
pehvis i ot onhy tilted downward on the coatracted
sude hut 1t 13 also dlted forward producng a sway
back deformuty Defore treatment s begun, it 13
imperatne to determune the amount of structural
changes that exnt both above and below the pelvic
brim A rocntgenogram of the spme on a large plate,
talen with the patient in the stting pontion, inchid
g at least the first tacral segment, wall reveal
whether or not the spine will straighten completely
Amy correctable patholoical condition below the
pelvis contribuung to the cauwation of the scolions
should be corrected pooc to the treatment of the
scobiosis 1f the contractures below the pehic brm
are rekeased early secondan, changes are not likely
to occut abone the pelu, but If they are allowed to
Perust over a long period of years, the spine above
the pelvic brim will take on structural changes.

The patent nest discussed was fint seen at the
age of 2 yeans two montls aflter the onset of poli
omyelsts (Figy. 137 10 161) He had at that time and
ull has completely flail lege. The bower abdominal

muscles were completely paralyred, and there was enly
a trace of power noted m the upper Beeawse of an
abducuon contracture of the lelt hip the ihotibral
hand was released surgreally on that side seven
months following the onset of the discase, The pelvia
on the left continued to drop. Thu was assumed
to be due mainhy 1o the complete paralyss of the
lateral abdomunals on the keft. The left sde of the
pelvis was anchored two months later to the ninth
rib with fascia lata. To enhance the function of the~
upper abdominal muscles, snce the lower were com-
pletely paralyzed, a second subcutancowms fascial
band was anchored to the ihac crest on one side,
crosang the medline above the umbificus and then
attaching to the oppoute ilinc crest. Following these
transplantations the peliis again dropped slightly
but, m spite of that comnderable stability was ob-
tamed. Due to the anchorage of the ypper abdom
mab to the fascal trarsplant, these musclas again
were able to perform a useful functron.

Fig 157 a roentgenopram taken of the patient at
the age of 6 years, in the sitng ponton, thows two

,.r-;—"'

Fig. 157 Roentgenogram of x Eyear-old hoy Mustrat

* common type of deformity following a of
thelbdauﬂnl-n(h&elh)mlﬂwlﬂmw
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Fig 158, Roentgenogram seven and one-hall months
fallowing corrrction xnd fumfon of D3 to L4 Inclusive,
patlent {n standing posicon, at the age of 7 years

curves of app ly equal itude and 1n
addition, a marled decompensation. Thu pattern
o frequently found in scolsons of poliomyelitis origin
when there 15 a marked paralyus of the abdominal
muscles. It has been our experence with scolious,
such a3 the case described  that fuston of practeally
the cntire domsal spane down to and mcluding the
third or fourth lumbar vertehra It necemary to ob-
tan comperuation. In thm case it 13 obviows that
L4 had to be 1mcluded.

Fig 158 a film made seven and one halfl moaths
following correctron and fuson from D3 to L4
chumve at the age of 7 yrars, shows the patient
standing wath the ard of crutches, As you can sec,
the pchn had pracocalh asumed the honroatal
poutton. The spine 11 now well compensated when
he 13 wallung with the aid of crutches. Ty correcting
and fuung a bong column 1n o decornpensated scolt
ons, the weakened torso musches can sgain function
more cfficrentlv producing compensation

Fig 159 a roentgeoogram taken one and one half
years after fusion, shows that an eaggerated tilting
af the pehis has again devcloped Levelling off the

Fig 139 Roentgenogram ooc aod ooc balf yran {ollowing
funon A marked tht of the petrhs has des eloped

pchas and fuung down to the merum would be &
solutlon  However overcorrection or undercorrec
tion would throw the patient permanenthy off bal-
ance I have also observed free and panful motron
develop at the sacrollisc jounts, followng fusion of
the entlre spine when the sacrum hay been inchuded
In this particular case, I chose to level off the pebvis
a3 much as ponible by uing Hole well leg traction.
It was maintamed m that position by recfing
onginal ninth nb fasaal transplent and inserting
two additional ones, one to the seventh and another
to the eighth nb reapecthely

Fig 160 shows the patient standing nine months
after the sddition of the sccond fascul transplant.

Fig 161 iy a roentgenogram of the patlent In the
standing posinon at the age of 814 yean, taken two
yean following the sccond fasclal transplantation
and 1t indicates that there hxy been no Increase 1o the
peluic tlt within the last year This m thod delayed
and may powbly hae climinated the need for
further fuslon of the remaimng flexible spine Maybe
further reefing of the fawcal strap or even stapling
ke nght lower femoral epiphyns will sove the
problem. T stlll hope to brng about a compensated



Fig. 160, Pehlc tlt has been markedly reduced with Fig 181 Final roentgeoogram taken ome year later
welldeg traction. This roratgroogram was taken nine showlog that there bas been po Iocrease In the tilt of the
moaths fur additon of the second fasclal traneplamt. ks,

Fi. 162 Two years after onsct of

pobomyefiti witheut 0T one-half
definitne treatment See o Fiye 163 and 164 Fir 16, Two 20d "l""'“u""‘"m“"
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spine without fuung down to the sacrum.

Fig 162 shows a 15-year-old girl who had pobwo-
myelns at the age of 10 years. Her deformity was
allowed to progrem even though the parents trred
to ek good medrcal advice. Th loog, fixed cune
exhibits an extreme degree of deformity The pn
mary curve from D6 to L2 measures 97 degrees.
It could be corrected only to 81 degrees on her
ongimal vint, mdicatmg that it was extremely ngid.

In Fiy 163 two and one-balf yeans after fumon
from D4 o L3 Lhcmnemamrnﬁdcgna.m
you will notice the shoulders are p
and are cemtered over the pch-u. In spite of the
loog and ngid ame, adequate correetion was ob-
tained.

As you can see from the photographs in Fig 164
the patent 1s well compensated, and commetically
it m a satufactory result

Fig 165 A shows a 13-year-old boy demonstrat
ing a scofioic o of pobomychts ongin  the
patient had a 50 degree cune which gxtended from
Dt to L4 In B five yean after fusion, the curve
measures 11 degrees.

THE SPINE

Fig 166 A is Idemufied a3 a “roentgenogram of
& woman, 29 years old, while standmg Poltamyefits
at the age of 2 years left the patient with a left
thoracic, kyphoscoboss cunve of 187 degrems with
80 degrees of rotation. She had had no support ex
cept a conet. The respratory embarrassment was
50 great that she could not wall more than a block
or two and she could not stand or nt for more than
two hours without excenuve fatigue and back pamn.
Employment was impossble. Two years after
partia] correction with the Mitwaulee brace, rib
resectio on the nde of the conavity and four sage
funon on the side of the concavity with sutogenous
iliac and rib grafts from the first thoraac vertebra
to the sacrum [Fig 166, B] Subsequent exploratson
showed that the graft was solid. A four inch gain
m hedght required the use of dull tengs to permmt
removal and remalking of the brace between stager
The patents respratory function was greatly Im-
proved and she wm able to work steadity ™*

From Blount, W P and co-workers- The MIwazkee
Brace m thc Operatlve Treatment of Scoborle, ] Booc &
Jolnt Serx 40-Ar 511 1938,

fuon C, P went

| N
Fle. 184 A, Photograph before correction  od fusion. B Phowsraph after correction and
lother

street
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Fig 163. A, Roeateenogram of  scobons duc
to poliomyelitls. Note the long cune rerulting in
marked cormetc deformity B, Roentytnogram
of the pathent fv  yean alter fwlon. (From
Schmidt, A. C. Verhandl deubeh orthop. Ge-
wellech, 41 hoogrrm, pp. 193220 194 Fer
dinsnd Enke \erlaq Stuttpart)

Fig. 166 A, Roestgevogram of

s o T
dentach.

Exk Verbg Stutteart ) M

29ear-old woman, exhiluti

Ny An extreme dl-‘“‘ of
Blowm) B, One year alter furlon. (From Schmid
hongres, pp. 195220 1954 Ferdinand
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Fig. 167 A, Roentgenogram of an ldiopathic scoliosls before fusion. B, Roentyonogram
of the same patlent ¢ix yeans sfter furon. (From Schmidt, A. (L Verhandl dentich. orthop.
Gesellsch 41 Kongrem, pp. 195-220 1934 Ferdinand Eake Verlag Sturtqart)

Tix 168 A, Photograph of patient shown In
Flg. 167 before funon. B, slx yeans
later (meSdmidt,A.C.xV:rbudldenﬂch
orthop, Gewellsch, 41 Kongress, pp. 195-70
1934 Ferdinand Eak Verlg Stnttgart)




FUNDAMENTAL PRINCIPLES AND TREATMENT OF SCOLIOSIS 203

TYTES OF SCOLIOSIS

Tdsopathuc Scoliosh. Idiopathic s the most com
mon of scohesss. It 13 more frequent in girks
H\Zﬁ but does not progress beyond the growth
perrod, which in gtk ends at 14 and m boyy, at 17
yeans of age. The cunature mcreases more rapidly
dunng the mpd growth penod, which s between
the ages of 11 and 15 years. Immatunty of the
pabent and failure to obtain adequate correction
frequently demand that the area of fusion include
one ar two vertebrac above and below the mininrum
fumon area. Each care 1 an ndnidual problem, but
the deanon to correct and fuse is made when there
is raped progresnon of a moderate curve or the
exutng cune 1 not acceptable.

Fig 167 4 shows an >dopathic icobons. The
patent was 14 at the ome of fimon. The prmany
cune measured 50 degrees before correctson. Fig
167 B taken ux year after fumon, shows that the
curve 1 33 degreer. Photographs show the panent
before fumon and nx years later (Fig 168)

The primary curve in this 12 year-old boy alo an

meanoes 85 degrees (Fig 169

A} Opbe year after funon, 1t measures 40 degrees
(Fig 169 B)

Ths 16 vear-old gl (Fig 170 A4) also an 1dso-

A

omc year after fomwon (From Schmndt, A (. \erhandl. drutach,
Koogrens pp. 193220 1954 Ferdinand Eat Verlag Sewusart)

pathic woliotke pror to fuson had a pnmany
cunrie of 43 degrees. A year later a pwudoarthrosns
way discovered, and she was re fused. Three years
following the last fuston the cune measured 18
degreea (Fig 10 B) Photographs show the patent
before fusion and four years later (Fig 171)

Congenital Scollosis, The congemital type of scoli-
otic cune frequently increases rapidly at an eardy
age. I have not hesitated to fuse this type of
cremsing cune cven though the patent was onhy 4
vean of age. It 1 preferable to extend the funon
area several sertebme beyond the primany curve
on both sides of the cunie.

Fig 172, 4 15 a roentgenogram of & 4 year-old
congenital scofiotic showmng a marked tilung of the
pelvis and shoukdens

Fig 172, B a rocntgenogram two years followmg
funon, reveals the shoulders to be level, but a slight
Int to the nght 13 sull present. Note the decrease m

1 of the 1 bar oa the
concave nude of the scoliotic cun e. Correctron was ob-
tamed by & Milwaulee brace.

In Fig 173 four yeans followmg fumonm, the tlt
of the shoulders has become quute marked. It was
assumed that the deforrmty had recurred due to the
additional hemn ertebrac on the convex nde of the

n
Fiz 169 A, Roemtgenoram of an wlopathse scolam befor Fasion. B, Rocos

yenogram
oTibop. Gemellsch 41
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Fig 170, A, Roentgenogram prior to the fint fusion, revealing  marked Lt In » patient
with iiopathic scobous. The fint fagon resulted m  pecudoarthrosis. B, Rocatgenogram
taken three yean followmy the Laet fudon. (From Schmldt, A. C.i \ erhandl deutich. ortbop.
Geselhch., 41 Kongres, pp. 19%-220 1834 Ferdlnand Ecke Verlay Stottgart)

A L

Fig 171 A, Photoxraph of the pawent shown I Fig. 170 before fusion. B, Photograph
three yean following the last fuson. (From Schmidi, A. C. Verhandl deutsch orthop.
Gesellsch., 41 hoagrem pp 19320 1954 Ferdinand Enke \erlay Stuttenrt )
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A »
Flg. 172 A, Rocntgenogram of & 4-yearokd congeaital scoliotic, B, Two years followiog
fuson. Sce alo Flg 173 and 174 (From $chmidt A C. Verhandl deutich octhop.
Gesllich,, 41 Koogres, pp. 195-220 1934 Fordinand Eake Verdag Stuttgart.)

Flo 173 Rmrrvudr{nﬂdryfuumn[oﬂo-h[fm Fig. 174 Onry\'lrfoﬂow{wlpm.llﬂtrotnmy
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Flg. 173 A, Rotntgenogram of a pateent, 6 yean of age, with a seobods doe to peuro-
fibromatos befoce funlon. This patient was re-fused one year later due t  peendosrthrosls.
B, Foor ytans followlng the last furion. (From Schmidt, A. C. Verhandl demtch. orthop.
Gesellsch 41 Konfrom, pp. 193-220 1934 Ferthnand Enke Verlag Stutigart)

Fig 176. A, Photograpk of the patient In Fg
173 befoce eciginal fosion. B, Foar yean after
the last fmlon. (From Schmidt, A. C.t Verbaodl
deutsch. orthop. Gessllsch, 41 Koagren, pp. 195~
20 1934 Ferdlnand Enke Verlag Stutigart)
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Fig. 177 A, Thb boy at the age of 3 yrars had a scollodis, amociated with arachnodactyly
showmy ummual cunes. B, Rocatgenogram two yeers after the furlon of both carver (From
fcumdi, A C Verhandl deutch ortbop. Gaellsch., 41 Kongres, pp. 195-220 1934
Ferdinand Enke Verlag Stattgart)

Fip. 178 A, Photograph of ths petlent shown
in Fig. 177 befors fodon B, Two years after
faion. (F om Schmidi, A. € Verhiodl denbch.

41 Koagrew, pp. 193.720
1934 Ferimnd Enl \erhg Stotigart)
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Fig. 162 These dingrama fllustrate that by placing &

__ leteral
Pressure

Distraction

Lateral
Pressnre

in a turnbuck

hinge cocentrdeally
Jacket, dwtraction or ohlique traction it atways Incorporated, (From Schmldt, A. C. Verbandl
deutach. orthop Gesellch 41 Kongress, pp. 193-220 1934 Ferdmand Enke Verlag

Stuttgart)

Fig 183 Threo bewn of distraction plaster jacket.

are incorporated In most formm of correction
wherras the additional foree of derotation is utilzed
in only a lumted number of methods. Fige. 179 180
and 161 graplicall evaluate the efficiency of the
forces of lateral pressure and dsstraction in correct
ing & scolows Forces of both lateral prasure and
dutraction are utilized when correeting a cune by
means of & turnbuclke cast if the hinge b ecoen
tncally placed 23 shown mn Fig 182

We can then postulate the followmg

1 The cffickency of dutractioc s in direct pro-
portion to the degree of curvature.

2 The effictency of lateral pressure depends on
the ratto of the width to the length of the torso.

3 A wedged cast mokded about the chin and
pelvis corrects the curve by means of both dutrac
tion and Isteral pressure

4 Tho Miwavkes brcr Incorporater all three
forces lateral presure dotraction, and derotation

Fig 183 conshts of photograpls showing o dir
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Fig. 183,
Firw 184 183, and 186, \ arlom vicws of the Milwaakee brace.

tractson plaster jacket 1n which are incorporated
greascd metal yerteal han, allowmg only dstracthon.

Figr 181 183 and 1B6 arc vanous views of the
Milwvaulee brace which wms developed by Dr
Blount and myself

The orthopaedust who is Dot too fauliar wath the
treatment of surgical scolions should start wath
umple cases and, a3 he gains confidence undertale
the more complecated oaes. It requires actual ex
penience to understand the surgical treatment of
scolions  If the nules set down are followed, good
results can be expected

The major factors contributing to m1y own failures
have been a cambmation of or any one of the follow

1 Inuffcient correction of the cune or cuncs
to be fused.
2. Inadequate kength of fusson.

3 Peoudoapihirpng (probably the most important
of allh

SUMMARY

The aim of the surgicnl treatment of scohons bs to
achieve the following goals.

1 Straghten the primary curve or curves to thar
maximum, and retain or umprove compensation.

2. Mamtain correcuon of the cune or curnves by
funon.

‘The approach to thus problem b to

1 Tdenufy the primary curve or curves by anal
yms of standing roenigenograms.

2. Estimate the amount of correction demrable or
obtamable by lateral bending teats to determine the
amount of structural changes

3 Correct the cune umng erther lateral preswure,
dutraction, derotation or preferably all three.

+ Sclect the proper segment to be fused.

5 Fuse the selected area  (a) arthrodese the
facets (b} sBiver the exposed cortieal bone {c) add
autogenous bone as indicated.
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END RESULTS OF REMOVAL OF PROTRUDED
LUMBAR INTERVERTEBRAL DISCS WITH AND

WITHOUT FUSION

Any operation on the vheletal system must stand
the test of ume before 1t ean be judged ather a
suiceens of & failure. Operatioms for removal of pro-
truded intervertebral disx are no

Soon after the recognutvon of the protruded tuter
vertebral disc a3 an entty to explain low back and
sctic pam there were glowing reports of the success
of the removal of the protrded {ragments of the
disc. Reports of 90 to 93 per cent relsef of symptoms
were not uncommon and the operation galned favor
™¢ ooly among the medwal profemon bt wmong
Iay persons a1 well Scoffers and doubting Thomases
gradually climbed aboard the band wagon. Some
who questioned at fint whether there were woch
ltewsons finally became so convinerd of thewr preaence
that they attributed low back and sciatkc pam to
protiruded dives m all caser Some even advocated
immediate operation without the use of supportne
tests to confirm the dugnosh. By now the fallacy of
this concept b well establnbed and afl plyndam
recogmre that an accurate dugnosh mut be made
before treatment s nwtituted, in order to avold muss-
g otber lesons which cause symptoms that may
<dmulate thowe of the protruded disc.

When an accurate diagnoais has been made, the
treatment of the protruded dise must relieve the
patient of sclatkc pain, as well as backache. To re
Beve a patent of saatica only to keave hm wath a
drsabling baclache or 10 reheve the backache and
not the sclatke pam m not a good result, Both the
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backache and scatic pamn must be relieved «
long period 1f the operaton h to be all
succen™

Early reports of the results of removal o
truded discs conurdered only the reflef of sclaw
and that for anly a short period. Many of w
dered what the long range result would be anc
would happen to the backache of the patien
an aoociated ledon of the splonal column,
brings up the problem of whether or not to fi
settebene following removal of the protruded §
of a dise. Up to now the problem remalns un
Only time and carcful suncys of end resul
sovwer the questyon.

OUR INDICATIONS FOR FUSION

At the Mayo Clode we began in 1838 10
entify before operation the patient who t
of spmal sbnormafthes, mmght have persistent
sche afer rerooval of a protruded duc, an
would be better treated by simultancown
The fint indication for funon was the p:
of spondylohitbests. To this was gradually
spandylolys, localired degeneratve arthrity,
wacnalizaton, scofiosh, vertebral fractures, de
athe changes of the facets, the finding of six |
vertebrae and some other congenital anomal
turn, fuson was performed m other cases in
the only finding wat1 a narrowed lumboser
or 1n winch the joint was judged unstable
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Fig 187 Operations for prouded [ntervertebral disc at tha Mayo Clinle from 1936 through

ume of operation even though the roentgenograms
revealed no skeletal change. These patents gave a
hostory of hackache of long standing that was static
10 type, that 15, aggravated by actvity and reheved
by rest. Fuston operabons were perforrmed on a
number of our panents who were found 10 have re
curTent prottusion of the due m spite of normal
roentgenograms of the spinal column.

Special mennon probably thould be made of that
group of patients who have symptorm of protruded
disc and a state type of backache and who present
narrowing of the mtervertebral space as the ooly
roentgenographic finding The greatest increase 1n
number of combmed operations at the Mayo Chaic
has talen place m this group of patentr In the
three years pnor to 1941 only thirty-eight panents
updernent the combuned procedure because of nar
rowed wterspaces The ammual number gradually wn-
creased untl, m 194 abooe, it reached fifty-cight

The Narrowed Interspace. Whether or not the
finding of a3 rowntgenographically narrowed mter
space comstitutes an 1adication for funson is debat
able It scemm only reasomable to assume that of
sufficsenit cartilage extrudes from betwreen two serte
brae. the nterspace may narrow further Lile
wise if the protnmon 1 due to a defeneratne
process m the dise, one may avsume that this process

Is goang to continue and wall lead to further narmrow
ing With further narrowing osteoarthritlc changes
occur and the jomt becomes & source of pam and
dmabihty to the patent. We have observed thee
charges in the mnfused 1pinal calumm of some pa-
vents after removal of protruded discs and bebere
that thy i the reason for the increme in the num-
ber of funons performed in this group of paventt
The fusion 1 done not only to belp relne the prev-
ent symptoms but alo to help ensure a long-term
good remslt without a secondary operation. The gen~
eral trend at the clmuc has been a gradual jocreass
upwl:dmlhnpemcnmguof]:nbenuunltdbyfu
uon following removal of the disc (Fig 187)

The gradual increase 10 percentage has been due
to an sctual mncrease 1n the number of operatioos
for recurrent protruded dise and to the deyelopment
of the concept that paticnts having a parroned lo-
terspace as the rosntgenographic finding are mort
likcly to have a long term good result of fuson 3
perfarmed after the protruded part of the disc 19 e~
moved The justficaton for contnuance of this
procedure can be based caly on the jong term re
arlts 1 thus group sx campered with the resuln in 8
sumilar group of patients who have undergone re
moval of a protruded dse without smul bonc
grafting
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MATERIAL STUDIED AND METHODS

In order to judge the results of removal of the
protruded portion of the dsc alone vemn 1 1o
moval and fusion two groum of patienn were
traced for a rummum of ux and & mavmum of ten
)wxdlul}xoptﬂlm\\:“m:hh\omﬂﬂ
paLk—uuv«}n}ndhaddmcanbhrdnpcnummd
553 who bad oty had the protruded dusc removed
Refief of sciatica, as well as the retref of backache,
was studied in both groups. The result was graded
a3 good for each type of pam f complete refief was
reported fair if the symptom was partally reheved
and pooe It the pain was the 1ame as before opera
tlon, or wome. Thus an excellent result was ooe in
whuch the patent reported complete refief of both
scanc pan and backache at the other extreme was
total falure that ls, the pabents beckache and
scatic pan were the sume a3 oc worse than before
operation. Between thexe two extremey were sereral
different groups partally rebeved of one or the other
symptom.

For the mle of thoxe who advocate only the re
moval of the protrution and no fuson 1n spate of
skeleral changes, 1t should be pointed out that the
skeletal changrs ax observed roentgenographically m
the two groups were similar except that there were po
cmes of rpondylofisthens or arthnts of the facets
m the group treated by remosal of dise sloae, Other
woe the groups were comparable. Lilewne, advo-
ates of no fudon might state that the melumon of
sprna! aboormalfines lowered the good results 1 thetr
2encs of cases Tho dad not prove to be true in our
study for 1f thess cases were elumnated the result
for the group remained unchanged.

RESULTS

The over-all end results of the two operations m
this seney are given im Table 5 Whereas the com
bmned operanon completely rebeved the baclache of
68 per cent of the 430 traced pabents and the st
atic pam of /4 per cent, removal of the protruded

Table 5 Percentile Summary of Results of the Com
dined Operation | ersus Remoral of Disc Only

Rerlt (F)
Symprom [ Good | For | Fos
Combmed operaton Backache 68 7

(450 traced pe- Sclatic pam 74 2 3
tents)

Remoal of duc Backache 48 3% 16
withowt funon  Beatke pain 53 22 13
(355 traced pa
tenny)

-

dec alone completely rebeved the backache of only
48 per cent and the scut pain of 53 per cent of
the 535 patents so treated. There was a poor result
for each type of paln in 5 per cent 1o the combmed
operaton group and a poor result for backache m 16
per cent and for scatic pain i 13 per cent 1o thowe
treated by removal of the protruded duc alone The
other patrents m both groups recerved partal relref
of both symptoms and were judged as having far
results. The nguficant finding in this analyso 1 that
the combened operation reheved both symptoms in
20 pec cent more patients than the opemation for
removal of the protruded duc alone and that there
were three tmoes #s many falures to obtain rehief of
each type of pain when the funon was not per
formed. Simultancows fumon appeared to have had
an “acceptable” result, that b1 some relief was ob-
tuned 10 95 per cent of the panhents, as compared
to BS per cent 1n the unfused group

We next compared the relief of saatuc pain with
relref of backache 1n the ame patent. The degree
of rebef of sciatic pam m the 68 per cent of the pa
trents who recenved complete relief of thar hack
ache by the combined operanon and m the 48
per cent who receaved refief of backache by the op-
eration for removal of the disc alone Is repocted 1n

snon accompantes removal of the protruded disc
The “far” remilts in both groups of cases are

Table 6 Degree of Rehsf of Sciatic Parx tn Cases
Which Complete Relef of Backache 1 as Obtaned

R bef [ Sclatic
Pain
2 temt Fa Poe

Combined op-  Toul 19 H
cration of 8 4+ <
(304 pa- 430 traced fa
temts 63% heots
with com.

relicf
of backache)

Dh removal  Tett @35 3 o
oaly Pereentaee of “ 4 P
(266 pa 355 traced pa
tient, 48% uents
with com-
pete rellef
of backnthe}

Py cont of pathents usdergolag the operation,
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Table 7 Degree of Reluf of Sciatic Pain 1= Cases
W kick Partsal Relef of Backacke 11 as Obtaned

Table 8 Degree of Rebef of Saatsc Petn tx I hick
Backache 1t as Not Reheved

Rehef of Scratrc Retuf of Sclahe
Parz Fax
Petients Geed [ Fair | FPeor Patlents Geod [ Far | Foer

Combined op-  Total 47 73 3 Combloed op-  Totalf 1 4 17
eratlon Percentage of 10 16 <1 eration Percentage of <1 1 4
(122 pa- 450 traced (23 pademts, 430 traced pa-
tents, 27% patents 3% whose bents
with partial backacbe
rebef of waa not re-
backache) Leved)

Dusxc remcwal  Towlt 42 145 14 Dmc removal  Towl 4 1 72
alone Percentage of ] 26 3 only Percentage of <t 2 13
(20” pe- 533 traced pa- (87 patlents, 555 traced pa-
tients, 36% tents 16% * whose  thents
with partial backache
rebBief of was ot re-
backacka) Lieved)

Per cent of patents undergoing tha operstion.
10ue patient had 5o sclatic paln before operation

gven i Table 7 No partscular comment can be
made concernmg them except to sy that they were
somenhat better m the combmed operation group
than m the group having the dic removed alone.
The percentage of cases m which neyther operation
relicsed the baclache and the over-all failure in
relef of scatic pain are mdscated 1n Table 8. Of the
twenty three patients (3 per cent) who were treated
by the combined operaton and who failed to gain
relief of their backache, seventeen (4 per cent of
the entire group) abo fatled to gam any rchef of
sciatic pain. This indicates an over-all total faiture
of + per cent m the combined operaton group Of
the eghty-scven patents (16 per cent of the whok
group treated by removal of the disc akme) who
failed to gan relef of backache seventytwo (13
per cent of the whole group) failed to gam any re
lief of sc1abe pam, an over all total fmiure of 13
per cent.

COMMENT
The precedmg stagstics mdicate that the chances
for a long term good result are approwunately 20
per cent better after the combmed operation than
after removal of the protruded portion of the disc
without fumon, and the chances of total failure are
about three umes higher when the funon 1 omitted.
Why should this discrepancy m figures be present

Per cent of pathents undergoing the operation.
One other patient had po sclate patn before operstion.

{n a long term follow-up senes when the fmmediately
postoperatiie results seem to be faurly comparable m
the two groups? We believe dhat the question may
be answered a1 follows.

A spinal column which 13 fused remains sohd and
even gets stronger as time goes by and the graft hy-
pertrophies with the stress and strain an it. On the
other hand, if a disc protrudes oaly because of a
degenerative process present m it the mmple re-
moval of the protruded fragments does Dot stop
progression of the degeneration. As degencration con-
tinues, a back that has been symptomless may begpn
to pain and may incontenkence the patient so mach
that he will seck further medxcal aud

By now ciery orthopaedic surgron must reshre
that mulnple operatons on the spmal column are
fraught with failure and that the optimal time to
perform a funon is at the first operation, if 1t & to
be necemary ultimately At present we do not bebeve
that sll spmal cohmns should be fused after re-
moval of the proiruded portion of a disc even though
the statbucal evidence seems to pownt to ths coo-
clunon. Each patient thould be evaluated mdi
vidually and Iif hu age occupsuoc, hutory phns-
wal coodinon, or roentgenograms ndicate the
procedure o be M hi favor he should have #
fusnon after removal of hn protruded Intervertebral
dic.



PART SIX

UNEQUAL EXTREMITIES, OSTEOMYELITIS,
ELECTROMYOGRAPHY IN
ORTHOPAEDIC SURGERY






CHARLES WEER GOFF M D
Hartford Connecticot

SURGICAL CARE OF UNEQUAL EXTREMITIES

Measuring and Predicting Growth

You can sl by dead reckoning if you are lucky
and have many yeans expenence pha a sixth sensc
of direction but the knowledge of a few prinaple
of mavigancn & more Hiely to get you to port And
0 it s with growth expectancy Onmly the very alill-
ful should “play 1t by ear” While a few surgeons
may rely oo that polcy we should not do so.

In the fist plece 5t & unoccemary Aany re-
yources are available to the surgeon who must plan
the care of children and adults with unequal ex
tremser. His respomilility today m greater than
ever With the former knowledge of growth in all
its ranges becomes mperative And 5o 3t B that thns
course, dengned to ambit m making sound deasiom,
nyggests the means and shows the ways of apprasing
growth of extrermipes that are unequal for ooe reason
or another

MANS ASYMMETRY

AND GROWTH ADAPTIVITY

Man o usually thought of as a symmetncally con
structed indinadual He i awumed to have arms
and legy that match each other nght with left. But
fuch n marely the cax. A modsum of ]

mathered the following data. Lower extremitres were
equal 1n 23 per cent of the group and unequal 1
77 per cent. When the right was shocter It was by &
0747 an. average  the Jeft wax thorter by 063 an.,
on the average

They found no cotrelation betwcen unequal lower
extremuties and physical dsorden other than & mni
mal! postural scoliodlt, apymptomatic iz character

GROWTH OF THE

CHIMPANZEE, AND OF MAN

A dose study of clumpanreer, which was made by
myswelf and coofimmed in 2 satsucal analys by
Gavan showed & much greater proportional growth
of the lower extremities 1 the human child. A pre
pubertal acceleration puthes the child # rate beyond
that of the chumpanme mto the relative propor
tions of the adult extrermities as shown m Table 9

Table 5 Adxlt Proportions of Extremaes

| Chimpence | Ma
Upper 16 37
Lower 29 40

usually present, which can be detected of extrermiter
are accurately measured  although st may paws with-
out potwce, does not dnrupt man s health or happi-
new, and i of only academrc interest. For cxample,
Ruh and Stemer messured orthoroentgenograph
icalh ene thouwnd random Amyy dichargees and
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This shows a selectnaty operaung m favor of man,
among the pnmates for lower extremuty specul
imtion. This has given man greater speed oo foot
and a capaaty for land travel while the chump n &
betier climber oner obatacles
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SURGICAL CARE OF UNEQUAL EXTREMITIES

Measuring and Predicting Growth

You can wl by dead reckoning if you are hicky
and have many years expenience plu a sxth seme
of drection but the knowledge of a few printiples
of navigation is more likely to get you to port. And
0 1t i3 with growth expectascy Ouly the very sl
ful shoukd “play 1t by ear”™ While a few rurgeom
may rely on that polcy we thould not do so.

In the fint plare 1t ks unncosssary AMany re
sources arc available to the surgeon who must plan
the care of clhukdren and adults with unequal ex
tremunes. Hoo respondbility today h greater than
ever With the former Lnowkdge of growth in el
1y ranges hecomes moperatne And 3o It iy that thn
course, dengned to asnt in maling sound decrom,
ngrests the means and shows the way of appranmg
growth of extremuties that are unequal for one reason
or another

AMAN'S ASYMMETRY
AND GROWTH ADAPTIVITY
Man n unally thought of m a Ty con

gathered the following data. Lower extremines were
equal in 23 per cent of the group and unequal m
77 per cent. When the nght was shorter 1t was by a
0747 em. average the keft was shorter by 065 an,,
on the average.

They found no correlaton between unequal lower
extremities and phytical dnorders other than a mim
mal postural scobous, asymptomatic m character

GROWTH OF THE

CHIMPANZEE AND OF MAN

A clowe study of chumpagrees which was made by
myself and confirmed in 2 satbucal analyms by
Gavan showed a much greater proporuonal growth
of the lower extremutres m the human child. A pre
pubertal acreleration pushes the child s mte beyond
that of the chimparree into the relatrve propor
nons of the adult extremities as shown 1n Table 9

Table 9 Adult Proportions of Extremuws

structed mdnadual He u asumed to ha\e‘lrms
and legs that match each other nght with left. Bat
wch n rarely the ase. A di of yn

Chimpante Afan
Upper 46 37
Lomrer 29 40

unuily present, wiich can be detected of extremuties
are accurately measured slthough It may pass wich-
out notice, does not durupt man s health or happ
nem, and 1 of only scademsc mterer. For example,
Rush and Steiner  measured orthoroentgenograph
xally one thouwnd random Ammy dischargees and
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That chowe & schectivity operating n favor of man,
among the pnmates, for lower extremuty special
tranon. Thes has given man greater speed on foot
and a capaaty for land travel while the chimp iy a
better climber over obstacles.
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SURGICAL CARE OF UNEQUAL EXTREMITIES

Measuring and Predicting Growth

You can sl by dead reckorung if you are hucly
and have many yeans expenence plus n mxth semse
of direction, but the knowledgr of a few prmaples
of navigabon 1 more likely to get you to port. And
10 it b with growth expectancy Only the very skl
ful should “play it by ear” While a fow surgeon
may rely on that policy we should not do so.

In the firt place, 1t m unnecesmry Many re-
sources are available to the surgeon who must plan
the care of chilkdren and adults with upequal ex
tremioes Ho ty today s greater than
cver With the former knowledge of growth m all
1ty ranges becomes mperative, And s0 1t iy that thn
course, dengprd to At m makmg wand dearom,
suggests the means and shaws the ways of appralung
growth of extrermties that are unequal for one reason
or another

MAN'S ASYMMETRY

ARD GROWTH ADAPTIVITY

Man 13 usually thought of a3 a symmetnally con
dructed mdnidual. He i asumed to have amus
and leys that match each other nght with left. But
wuch n marely the case. A modicum of arymmetry »
unnlly present, which can be detected 1f extremities
are accurately measured although 1t may pas wth-
out notce, doet not dsnupt mans bealth or happ
nem, and B of only acsdermic mterest. For example
Ruth and Stemer  measured orthoroentgenograph-
wafly one thowsand andom Army drcharpeas and
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gathered the following data. Losver extrernities were
equal i 23 per omt of the group and unequal In
77 per cent. When the nght was shorter it was by a
0747 cm. average the Ieft was shorter by 065 am,
on the average.

They found no correlanon between unequal lower
exueruties and phyncal dsordens other than a mym
raal, postural scolioes, asymptomatic in character

GROWTH OF THE

CHIMPANZEE. AND OF MAN

A close study of chmmpanrees, which vy made by
mywll and confinped in a statistical analydt by
Gavan showed a much greater proportrosal growth
of the lower extremties in the human child. A pre
puberml acceleraton pushes the culd’s rate beyond
that of the chmpanzree, into the relatnve propor
trons of the adult extremites as shown 1o Table 9

Table 9 Adult Proportsons of Extremuies

Ch mpansee
46
29

Afan

iz
40

Upper
Lower

This shows a selectnaty opernting in favor of man,
among the pnmates, for kwer extremuty speclal
hnﬂ-m-'l‘huhugnmmngmmwdm(co&
and a capaaty for land travel while the chmp i a
bhetter clmber over obutacles.
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tuse of a long bone 1nto an epiphywcal zone or mal
union are FOOUY cascs prewent on occavon Great
foss of rubstance as in batile or antomotice infurtes
™ mercaungly obened

There are undoubtedly many other cauws, but
the most frequent cawse 10 date has been pofiomyels
fis. This may not exnt for future generavons of
physaam, but most sencs of equaliansn procedures
now are predominantly concerned with the child
wbo has suffered nich a paratyn. The shortemung
that follma depends upon the degree of muscle kow
and the age at occurrence

TEAM APPROACH

A growth tram 1 ementlal for compkte analym
of a childs status. This includes a pedatncian, an
ade traned m phywcal anthropametry technsques
and satsticx, a phymatmt or ade an endocrmol
ogmt when posible aod the orthopaedic murgron.
The lagt-pamed 1 in charge Final declnons are s

METHODS OF

CALCULATING EXPECTED GROWTH

INCREMENTS OF LOWER EXTREMITY

Wibon and " and later Straub Thomp-
10n, and Wikon! described an ingemows method of
alculating a chulds expected extrermty growth.
Essentually they believe that a daughter will equal
or excel the mother s growth and so will 2 son the
father s growth. The parents extremity kength usu
ally measured chinrcally with a tape 1 the base line
or mean determmacon. Thit has a good deal of
vabdity Ther remults are good. For cample 2 boy
at the chronological age of 12 years, with a drserep-
ancy of 2 Inches, or 5 cm, whose leg mensures 30
inches, or 75 em bhas a father whote extremuty
mensurey 36 inches o % em. Thar formula would
apply as followy

Present dmcrcpancy = 2 inches
Reccmary growth (w0 rqual father ) = 6 phes = 33 7

Thn means that 33 per cent of the longer extremity s
growth should be elmmated to achive eventual
equality Now they bave asagned 15 and 33 per cent
and 30 and 20 per cent of the extremuty s growth to
the upper tibul and the lower femoral epiphyses,
::cv:‘n:}}y‘c 'lb‘l:nrcom-puuuomuﬂfor-wulu

er femoral epiphyss of the longer
Jeg m ocder 10 equalore the boy & extremutes at therr
termumavon of gromth. They qualify thelr method
by notmg that “it 1 not enyrely accurate Perhaps
00 method . Sex and age of sexual maturation

may al be important™ They prefer the propor
tional growth percentages, which were computed
by Thety from dry bones (sec Table 10)

Table 10 Digbys Growth Percentages for Whols
Lower Estremuy®*

Fm Teble
Prodmal 13 30
Dutal 13 20

These make no allowance for sex, aqe preadolescent or
postadolescent rates of growth amd do not correlate with
stature in man.

However these percentages have been verified as
fair avernges or means by other investigators. Hend
ryson  reworhed Digby s material and got 2 range
for ecach epiphysis of 5 to 7.9 per cent with means
about the mame as Dhgbys. Dighy meatured from
the center of each long bone shaft, where the nutn
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Fig 183, Method of mewtunng and determ
centagry of growth | the goat and in man. (F; N Bt
rom B
J D and Bexurd, M E Apch. Bure 3); 568, 193;)‘-“1‘
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CONDITIONS WITH INEQUALITIES

Asnde from the slight cxpected asymmetry found
by Rush and Steiner mequality m leg length s par
ticularly detnmental to man and s children dnce
they are disposed to bipedalmm. The causes are many
but are clamfied rather casly 1f inequalines exht
dunng the growmg jcars, somethmg can be done
about the wtuation. After full growth bas been at
tamed the difficultres become greater

Soft Thwe Dusorders. Contractures from any
source at all are common causes, uually related to
mmﬂcﬂ)mdmrdcruxhnlpamd,bullﬂu

comgenttal hyperplane appears, wherein ane half
of the body 15 larger and longer than the other half
The condition 15 conudered by some to be a phase of
twinning—one half each of two fmaternal twma
Congemital shortemsng of an extremity where the
growtk rate 1s less of one oc moce segments i not
uncommon. Sometumes a boxe 15 absent or may be
greatly angulated Fabe jonts occur sod complete
aplana may be found Amomalies of bood ressels
such as an obstructive {Hac ven, or & mewrofibro-
matosit may cause a shortenmg or a lengthening of
an extremuty Spiwa bifide with deboendes of nenve

of en extremity o secere burms S
trunk mugcles are aeak oo onc nde. A hght temsor
Jascra femors contracted lumbar fascua short glx
teal muscles and tight hamsring and calf muscles
arc {requent cawses of a short kg Pelrie obliqury
follows these and otber shortening conditfom—such
a1 pobammyehitn, & dislocated lup spastic hermiplegic
paralyny, or & clubloot. Combmations are frequently
found, ncludmg underiying sheletal dsorder
Developmental Doorders. Thae melude 2 con
gemitelly didocated Jup and the hemiplerrs of the
cerebral palied ms the common causer. Occasionslly

devel may Jead to sleletal shortenmg of an

be unslateral and a leg dmcrepancy will be present.

Acqured Dnorden.  The arthrindes, boane oy,
booe tumony, and osteamyelits aause growth m-
tquabty These may sccelerate or deccenate growih,
dependmg upon therr neamem to a growth ap-
pamtus. | olkmanxs wchemic parabyns and Legp-
Calpd Perthes ducase decclerate growth, and short
enmg may follow Duwse atrophy when uung the
Snyder slmg may contribute to the dimmished
growth. A sipped upper femoral apuphyns a frac

Fig. 188 Memsmrerornt of growth berement in rabbity, according to shot embedded

the mde of shaft Iy, thurty dry mddle Gfcytwo day and right, elghty-lour day
abence of  tenmtial growth  the rablat (From O sewood, sod Mallen, B. P
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ture of & long bone Into an emphystal rone or mal
umon are seriows caustt present on occastor Great
loss of substance as in battle or aulomolire ijxries
1 increasinghy obnerved.

There arc undoubtedly many other causey but
the most frequent cawse to date has been poliomyely
fir  Thn may not exm for future gencratboms of
physicam, bat mesk series of equalirasa procedures
now are predomunanthy concerned wath the chikd
who has suffered mch a paralpht. The shorterung
that follows depends upon the degree of muxle low
and the age at occurrence

TEAM APPROACH

A growth team 1 ementul for complete analyas
of a ehilds status. This includes a pediatncian an
ade traned in physcal anthropometry techmques
and statsts, 3 phymatrist or asde an endocnnol
oqst when pomible and 1he onhopaedic surgeon
The last named 1 in charge. Final decmoses are hn.

METHODS OF

CALCULATING EXPECTED GROWTH

INCREMENTS OF LOWER EXTREMITY

Wikson and Thompson  and later Straub Thomp-
son, and Wikon™ described an ingemous method of
calcalating a chulds expected extremity growth.
Ementully they belive that s daughter will equal
or excel the mother s growth and so will a son the
father s growth. The parents extremity length, wsu-
ally measured chinically wath a tape is the base lne
o mean determination. This has & good deal of
validity Therr rerults are good. For examplke a boy
at the chronological age of 12 yeans, with a dncrep-
ancy of 2 inches, or 5 em, whowe leg menwures 30
inches, or 75 em has a father whose extremuty
measures 36 inches, or 90 an. Their formmula would
apply as follows

Present ducrepancy © 2 iockes
Recemary gonth (10 equal Biper 1) = 6 aches * 1 %

Thes means that 33 per cent of the longer extremity’s
growth should be cfiminated to achierve eventual
cquafity Now they have amigned 15 and 35 per cent
and 30 and 20 per cent of the extremty 1 growth to
thelrppcrlihnlmdlhclmcr[ru-u-alr:mp&qts,
repectively Thewr computations call for a total ar
rmo(d:loutrfemonlc-ptphilo{thclwr
feg 10 crdet to equalive the boy 3 extremites at their
termmaton of growth. They quahfy thar method
by poung that “it 1 ot enurely accurate Pethaps
w0 metbod n Sex and age of sexual maturation

may alw be important.” They prefer the propor
tional growth pereentages which were eomputed
by Tigby” from dry hones {see Table 10)

Table 10 Diybys Growth Percantages for Whole
Lower Ext *

T Temily
Frem ] Tihe
Prodmal 18 1
Datal 35 20

These make no allowance for sex, agr preadolescent or
potadolescent rates of growth amd do not correlate with
stature fn man

However these percentages have been venfied as
fur averages or meam by other mvestigators. Hend
ryson  reworked Digby s matenal and got a range
for each epiphyms of 5 1o 7.9 per cent with means
about the same ss Digbys. Digby measured from
the center of each long bone shaft, where the num

by | G950

——

» 614+
b
r a

Cg P

Fig. 189 Method of meamong and determuniny
per
mumdmlnmm\lndhm(rmwrd,

J D aad Bugard, M Es Arch. & ry 315 560 1933
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forna Growth Study Berkelry Calforma. (Froos Bayley



$URGICAL CARE OF UNEQUAL EXTREMITIES 23

ent foramen pointed 10 the ends of each bone. The
exhtence of more than one foramen may Recount
for vanables.

Table 11 Vean Percentage Growth at Each
Epiphysis for Bone Involved

Fem 1 Tibe

u,,AWU"« Lexe
Dagly 1916 3 5T 4%
Hatcher 1934 17 83 56 44
Bogard 1933 36 61 6 4
Wiyor and Thotopeon, 1919 0 10 60 40
GOl and Abbott, 1942 w 70 35 43
Hendryson, 1945 2 1 56
Hodgen and Frant, 1946 23 77 35 48
Green and Anderon 1947 3 70 55 4y
GCoft 1957 s N 33 4

The subject of growth prediction was carefully
reviened by Gill and Abbott’* Ther calculanons
were bawd on Nancy Bayley’s longitudinal growth
senes of California children (Fig 190) Her stature
and weght prediction graphs are wsed at Newington
and were publnhed by bher m 1956. Tt 1 not
preferred  when puting ext Ity growth. A
modified graph b used for staturc expectancy
These values have been adjusted to Connecticuts
child population from my studses -

According to Gill and Abbott, mean figures for
total legg bength cannat be applied beeaute of wnde
varjatons m final length m wdridual cass such
as 9.3 inches 1n boys and 7.5 inches in gurle. Further
mace there i3 no constant rato of total leg length
to total stature, They consldered that too Kittle
allowance 8 usually made for vanationt in sex and
w sheletal Tt & well recognized that
there 13 a poor correlation between the final heiht
of & child and parents smture while there exusts a
much closet correlation between a chald 3 heyght and
that of athet children of the ame age. Other authors
had erroneomly presmmed that Joog bones grow at
the wme relative rate durmy the entire growth
penod, whereas m boys the femur grows slowly
dunig the jquvenide peniod and relatnely more
rapldly just before puberty Gifl and Abbott tale
this mto conuderanon. Their method of calculaton
covusts of mune separate matherathcal stepr They
were based upon pescentile measurements of o large
wmple of normal children chrenological and rela
tne proportiom of the femur and tiba,
with mean values and the final predacted nature of
the patient Bone age ratmes are wied throughout—

xot chronological age Percentiles of stature are um-
portant values. Their chart 1 reproduced with med
ificatiom for Newington clukiren based on several
hundred determunations (Fig 191) Thu method
has been wsed at Newngton for many years with
success as reported by Goff ' A new work sheet
hnmn(l)brrnnddcdup:mo{t}rechnd'l
t record.

White and Stubbins™ reported their results i 250
cases of epiphyseal arrest, believing that the numer
ous theoretical aspects proposed by others were of
Dttls practical ngmficance. This veries gave ample
opportimity to obsemve the actual rewlts with the
corrections previously predicted. The method of
growth prediction, which they found reliable was
“abprdly umple™ to we ther worde Practcal
euidence showed that the arrest of the distal femoral
epiphytls of the normal leg of the average child
retards growth three-eighths of an inch {094 cm.)
per year while arrest of the proxmal tibeal and
fibular epephyses causes a retardation of one fourth
inch (06 em) per year White deternmuned thesc
amounts of growth by measunng the distance of
growth arrest Lnes from ther nearby epiphyteal
discs and dividing by months elapsed unce oceur
rence of the duease wiich provoled these demse
metaphyseal markingt (Fig 192.) By calculatmg at
tmmment of full growth at age 16 yean for boys and
15 years for girks, the optimum trme for surgleal mter
vention 11 a gnen case was determuined. Whte and
Stubbins admutted that pemible objections to such a
broad approach to delicate mechanism {growth
centen) might be rased but their resalts appeared to
fully justfy ther method. Absolute equality m Ieg
length may be demrable but it is not a practical goal.
A dscrepancy measured in fractions of an inch gnes
an exceflent functional result.

Dalton and Carpenter® ducarded charts becase
they fafled to get o much correction as annelpated
from them. The: now arrest at age 9 to 10 years—
neser before 8 yean of age, when (according to
them) epiphyseal structures are 100 soft and staples
cut out. They prefer the dutal femur aknc and
remove staples when the length dncrepancy has
been overcome. They bebeve that growth continues
at the same rate after removal A temporan) stmu
ladon may follow after staples are remned, but
this 13 compensated by six months earber closure
of that epiphysis. They report that staples 1 place
foc three years will not stop & renewal of growth
upon thtir removal, but that longer stapling will
tale out all the capacity for regrowth.
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ent foramen polnted, to the cnds of each bone The
exastence of more than one foramen may account
for variables.

Tebls 1] Mcan Percentage Growth at Each
Fpphysis for Bone Involced

Tibe
Upped Lemr|Upper|Lawt
Digty 1916 87 43
Hatcher 1934 "
Boqard, 1933 4

Wilwoa and Thouzpeon 1939
Oill and Abbott, 194
Hendrywn, 1943

Hodgen and Four 1946
Green and Anderson, 1947
Goff 1987

CEERRBERE

The subject of growth prediction was carefully
reviewed by Gill and Abbott? Ther adculations
were bared on Naney Bayley 1 bonmqtudinal growth
serkes of Califarna children {Fig 190) Yer mature
and weght predicion graphs are used at Newmgton
and were publshed by her m 1956 Tha » not
preforred when  computing extremuty growth. A
modified graph 13 wed for stature expectancy
Theso \alues have bemn adjusted to Connectlcuts
child population from my studies® 1

According to Gill and Abbott, mean figures for
total kg length cannot be applied beaawse of wide
variabont 1n final length m indrvidual cases, such
21 9.5 inches m boys and 7.5 inches in girlk Further
more there 18 no corstant ratio of total leg length
to total stature. They conmdered that too Lttle
allowance u unually made for vanstons 1 sex and
in sheletal maturatas It m well recognired that
there u a poor correlaton betwern the final hewht
of a child and parents stature while there exusts &
mruch closer correlation between a chuld s height and
that of other children of the same age, Other authors
had erroncowsly presumed that long bones grow at
the same relatne mrate during the enure growth
penod, whereas in boys the femur grows slowh
duning the juvenile perod and relatrvely more
rapldly pst before puberty Gill and Abbott tale
thyy mto connderation. Thewr method of caleylation
comsists of nine separate mathematical stepr They
were bated upon pereentile meaturements of a large
ample of normal chiliren chronological and rels
uve proportions of the femur and tibia, compared
with mean \alues and the final predicted stature of
the pateent Booe age ratings are ined throvghout —

not chronolopcal age Pereentiles of stature are jm-
portant values, Their chart 11 reproduced with mod
ifications for Newmgton children, based on several
hundred determunations (Fig 191} Thus method
has been uwed at Newington for many years wath
success as reported by Goff ¢ ' A new work sheet
has recently been added as part of the chikds
permanent record

White and Stubhins™ reported their rewuls m 250
cases of epiphyseal arrest believing that the numer
s theoretical aspects proposed by othens were of
little practical ugmficance. This senes gave ample
opportunity to obserie the actual results with the
corrections previouwsly predicted. The method of
growth prediction, which they found reliable, was
“atsurdly smple” to wse their words. Practical
evidence showed that the arrest of the distal femoral
epiphyrs of the normal kg of the average child
retards growth threocighths of an mch {094 am.)
per year whike arrest of the proumal tibual and
fibular epiphyses causes a retardation of one fourth
inch {06 em) per year White determined these
amounts of growth by measwnng the datance of
rrowth arrest fines from their near by epiphyseal
ducs and dnidding by months elapsed since ocour
rence of the duease which provoled thete demse
metaphyseal marlmgx. (Fig 192) By calculating at
tamment of full growth at age 16 years for boys and
15 yeans for gurls, the optimum tume for surgreal inter
\ention 10 & given €3 was determmed  White and
Stubluns admitted that pomible obpections to such a
twoad approach to deficate methannms (growth
eenters) mught be rused bat ther results appeared to
fully justfy their method. Absolute equality in leg
length may be denrable but 1t 1 Dot a practical geal
A duncrepancy measured m fractions of an inch gives
an excellent functional result.

Dalton and Carpenter* duscarded charts because
they fafled to get aa much correction as antiapated
from them They now arrest at age 9 to 10 years—
never before 8 yeans of age, when (according to
\bem) epiphysent structures are too soft and iaples
cut out. They prefer the dstal femor alone and
remove utaples when the kength ducrepanty has
been overcome. They believe that growth continoes
at the same rate after removnl A temporany stimu
latlon may follow after staples are removed, but
this is compenated by nx months earlier choture
of that epiphyals. They report that staples m place
for three yean will not stop & renewal of growth
upon their remonal, but that longer stapling will
ke out all the capacuty log regromtly,
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An unutually good method by Stnchfield, Redy
and Barr’* reprosents & tremendous amount of
careful anthropomorphic  measurements, comple
mented by measurements on orthoroent
After the acute stage of poliomyehtls the musche
power gradually umproves for eghicen to twenty
four months. Followmg thu period there 1 usually
Letle change 10 the muscle pattern. It appeared 1o
them, herefore that prediction of shortenmg could
be based on muacle examinanons made two or maore
years after the onset of the dmease Although the

of growth or lack of growth s subpect to

UNEQUAL EXNTREMITIES OSTEOMYELITIS ELECTROMYOGRAPHY

many indnidual vadations, it was anticipated that
clircal application coukd be made of the relaton-
ship between muscle power and shortening found
i ther study To predict the amount of shortening
muscle examinations by the Lovett method should
be made two of more yean after the onset of the
disease. These muscle ranngs are grven as normal
(5) good (4) fair (3) poor (2) and trace (0)
In thus respect a “normal” or an extremity that
had normal muscke power was conudered some-
where between 111 and 113 Same twenty four to
twenty fie muscles are bated In thar report, for
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Fig 192 T
. dwmamm'ammudmummpﬁ,m
mmmmmﬁhmnrrw l.mﬂinlhny Imesngators bt wsed the same techakque. Tt b bew
accurate placed intentlonally (From Compere E. L., and Adamm, C. Oi ]

Bone & Jolnt Burg 191 922, 1937 )
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Table 12 Shortemng of Lower Extramtties Affected
by Polomyeldu Related to Muscle Power*

Rught Extrewaiy
Left 115-| 110- [ 90~ | 70- | 30- { 30-
Ext oty | 11 81 n 3 31 11 | 10-0
Cm. Cm. Cm. Cm. Cm OCm Cm
115111 os 12 23 490 38 64 67
110-91 12 10 16 9 43 35 63

90-71 23 16 03 10 30 43 398
70-531 40 29 10 Qs 14 9 38
3091 58 43 30 14 03 14 20
30-11 64 33 48 29 t4 13 13
100 67 63 58 38 20 13 04

13 Cm -Ove Standard Deviatwon

(Table 12) 1 not hard to apply The standard de-
viatien was 1.5 e Stmchbeid and co-workens rec
ommended that only in cases of polomyehtls occur
nag before the age of 11 years should this chart be
used, as the cesmation of growth occurs at some
vanable ume after this age. It was noted that the
earlier the attack of poliomyelits occurred in the
child s life, the greater was the degree of shortenung
that ensued, 1f the muscular power was accordingly
dimunnthed. In discuming the paper Green reports
that 20 per cent of hu cases 1n girk had no Joog-
tudinal growth after the age of 13 yeann  He bringy
out that no comtant coeffiaent appean feasible,

huding that po method s very dependable. He

From Stinchfield, A. ] Redy J A, and Barr J 8¢
J Booe & Jomt Surg 31-Ar 478 1949

use 1n obtaining the score Their method reqmres
an excellent hnowledge of muscle anatomy and a
capaaty for testmg quantitatrvely By use of thar
table the shortening of lower extremuties affected
by polio could be predicted from the score of the
muscle power of the imolved extrermty Thy table

belicves that growth o affected to a vanable degree
by the dmease, depepding upon the duraton and
onsct. In thiy serres the average maxmmal inhiiton
occurred from the second to the fifth year after
the onsct of the discase that s, there was Jers Inhibs-
ton prior to the second year and after the fifth
following the onet of ths dmorder Thn method
must be studied carefully before 1t can be appbed.

PREDICTED CORRECTION FROM EPIPHYSEAL ARREST

1949 REVISION
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Fix 190 Graph of expected extremsty growth, by percentlles (Redrawn from Green,
Surgeons,

W T end Andervon, M Amcnean A

Lectures, Ans Arbor 1931 ] W Edwarts, ol 8, pp. 294-303)
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Fig 1M Method of measuring Jature Patient stands
-p!m'mdrnd;d]n(nmmmﬁtdlnlntbﬂ-nd
«n&\-wuﬂll:rh,bmechdw-lrplne und occipat are

lh:deBhrlhlvwﬂrdwﬁmhtm
ertex. Patient steps forward onc pace to permit reading
of Sgures on scade

Fig. 193, N\ewlngioas method of mliag crthoroentgenograne, mochficd: three speced
oo e Eb R L s e T e i
£lm for esch jolat (Dealgmed by Dr A. V \ewdlh) e ermil iy marked o0
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mnmumammwmhmm(rmw Q W American

Acaderny of Ortbopecdl
Ecwards, ol 9 pp. 73-84)

As far a3 1 can learn from thewr report and
through personal commumicauon, Blount and Clark
do not use any particular predictional method; but
state that “all furnish valuabk help In planning
stapling operations.”™® Somewhat earfier they state
that “the operation [staphmg] sbould be performed
several years earlier than appears pecessary from
the actuanal charty and conienient to the
patient  the exact date makes lttde difference™
because the staples are removed when they have
done therr work of equalmng the extremimes. In
1957 Blount recommended stapling to equalze m-
equabives of as little 23 | em. *if there b any dis-
figurement or dmcomfort.”

There are not many surgeons who are temper
amentally sulted to play 1t by ear™ A more ac
curate svstern of computing expected growth ham
been needed  Thu <hould be developed after a

¢ Surgeors Instrucponsl Courss Lectures, Ann Arbor 1932 | W

officer reasom and pen:mugu that belng to the
surgeon a greater
Goﬂ"'l(“lcnhlhmu((}mwlh.'l’hclm-e
detenmined by meaumng many orthoroentgeno-
gram, with steel markens present (Fig 197) wheeh
had been mserted by scveral methods, sil of which
are csentlally innocuous. This provided an accurate
systern. The results are summanzed In Tahle 13

Table 13 AMean Percentage of Growth Calculated by
Goff

Fem Teba
Proximal 8 55
Diatat 7 45

Table 14 Methods Used and Pre) mtl for Predicting
Lower Extremty

F st Cheke Sec d Chaus

suffiaent amount of carcful hrop e data
has been accumulated Such basc materu| of un-
quesvoned validity o represented by the Green and
Anderson data. Fig 193 ) As they increase ther
numbers of indnidual determunatrons, 0 will therr
accuracy merease Thar chart has been mmplified by
guang the mean with the range of expected growth
for the femur and obia in boys and i girh. (Therr
predictron of expected growth is about 15 per cent
more opumustc than that of the Gill and Abbott
method ¥ Gill and Abbotts sptern s reconmmended
for remdent training It presents 1o the karmuing house

From Blount W P od (Lrk. G R ] Bome &

Jotnt Barw 31 A 461 1519

Oreen-Andenon 62 24
Bajdwin-Hatcher 12 6
Hogden-Frang 1 —
Drgby — —
White 16 +
GIl-Abbott 1 4
Straub-Thompsc- 3 ilson ) —
Stnchbeld-Reidy Barr 10 2
Ctisern 14 —
BLillful gucming 4

Ao xpenence 3 —
Total respomses 143 )
Total malled 200

Results of Questionnaire. In revponse to a ques-
tionnaire sent to many chuldren s centers whero ex
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Fig 197 Goff's method of determining perocmages of growth. Stanlem steel markens are
pounded or drilid through entire coriex, sbove and bekow knew Joi ¢ cpiphyves Black Luves
1how Toner memeured

Cue C. R Male. Polimyellth at age 4 + 0 yean. Determinations crer 4 yean show
groatest & m tia, F were o follows

AwB= | BwC= | CtoD =
| Left | Right | Left | Right | Lelt

14=36%| 00= 0% 00= 0« 00=2 0R) 02=15%
24=64 20=100 1.6==100 20=2100 12=283

10=60 11=73 14=77 09 =148 07=153%
07 =40 04=127 08:=23 1.0= 52 03 =43
Upper femora] merage 13.6% Jower femoal = 87 4%

Upper tibial xv rage = 63 8% lower thial = 36 2%

This 4 & typleal exumple of the cbb and fow of epiphysesl duc growth perceatsges In
pobomychtis, This anstion sho occums in  pparcmily bealthy chlldren. Growth mate b
»ner comtant
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H[lﬁl)lﬂhodofuﬂn[hndphtufmbmxlm(}'rom(}cﬂ C W  Amerdean

Acdemy of O

1 Counse Lectures Aon Arbor 1952, J W

Edwards, vl 9 pp.75-ﬂ4)

As far a3 I can leamn from ther report and
through personal communteation,® Blount and Clark
do not we any parteular predictional method, but
state that “all furmsh valuable help 1 planning
staplng operations.”* Somewhat earher they state
that “tbe operation [stapling] should be performed
scveral years earlier than appeart necesmry from
the actuarial charts and comvement to the
patrent, the evact date mala littke difference "*
because the staples are removed when they have
done therr work of cqualmng the extremuties. In
1957 Blount recommended staplng to equalire m
cqualities of as little a3 1 cm, *f there by am dn-
figurement or dncomfort™

There are not many surgrans who are temper
amentally suited to “play 1t by ear” A more ac
curate mystem of computing expected growth has
been needed Thn should be developed after a
sufficient amount of careful anthropometnic data
has been accumulated. Such bauc material of on

d valdity 11 rep: d by the Green and
A.ndcrmnd.nu_ (Fig 193) As they increase ther
numbers of mdidual determmatons, so will their
accuracy merease. Therr chart has been smuplifed by
gning the mean with the range of expected growth
for the femur and tibia m boys and i gurh. (Thear
prediction of cxpected growth is about 15 per cent
more optimnuc than that of the Gill and Abbott
method ) Gill and Abbotts mstem 1 recammended
for resdent traning It presents to the kearmning honse

From Bloo 1 % P and Cluk G R ] Bove &
Jor S r 31 A 464 1919

officer reasons and percentages that belng to the
surgeon a greater underitanding of growth procemes.
Gofl's Cakculations of Growth. These bave been
determined by measunng many orthorentgeno-
grams, with steel markers present (Fig 197) whach
had been inserted by sveral methods, all of which
are esentully Insocuous This provided an securxte
system. The results are summarrred 1n Table 13.

Table 13 \Mean Percentags of Growth Calenlated by
Goff

Fem [ Tika
Proximal b2 35
Disal 72 45

Table 14 Methods Used and Prefarred for Pradictong
Extremty Growth

First Ch ic | Seve d Chaw

Green-Andenon 62 7
Bakhwin-H tcher 12 6
Hogden-Frantx 1 —
Digby — —
White 16 4
GOkAbbatt 12 4
Straub-Thompsoo-Wikon P —
Stinchfield-Reidy Barr 10 4
Onders 1" —_
Skullful gwemlnx 4 ~
A\ experience 6 —
Total respomes 145 EN)
Total ma bed 200

Resalts of Questonraire. In reponse to a ques-
tionnaire sent to many children s centers where ex
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Flg. 197 Goffs method of determuning percentages of growth. Stainlen seel markers arc
pounded or drilled through entire cortex, sbore and below knee jont epiphyser Black hoes
thow rones messured,

Case C. R Male, Poliornyclis st a4

0 ycan, Determinations over 4 ycars show

greatert in tbla. P were d u follows.
AwBe BwC= Cto D=
Right | Lekt Right Lefd Right | Lekt

Feorar

Upper | 1.3=31% | 14=36% | 00= 07| 00= O%| 00= 0% 0.2=15%
Lower|27=69 24=64 2.0 =100 1.6 = 100 2.0 == 100 12=85
Thola

Upper [ 1.8=70 10=160 =7 14=17 09=48 07=135
Lower | 0.8 =130 07=40 04c=27 08=23 10=13 05=45
Upper femonl meruge = 13.6% lower femoral = 87 4%

Upper tiblal  crage = 63 8% lJower thial = 36 2%

Thuulnp(ulmmpko‘Lhctbbnndﬂwo(qiphymldxnwthmmln
pobomyeliti. This ariation aleo occurs fn apparently healthy children. Growth rate i
Dever conrtant,
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Table 15 Work Sheet Used «f Newmmgton for
Computiag Expected Extrermty Groath

urements. Green and  Anderson  technique with
modificationy, every six months on an average. The
gonxds are protected with a lead shield,

4 Flat upright spinal plater Several views, some
bending feft and some right, to demomstrate spinal

Name . Mak__ Female.
Caee namber. B rth date.

Heght Inches or

B ik Welght
Chrooologial age—.._ Bone 2§ .. (G & P Atm)

Orthoroentgenographic kngths In inches or centimeter .
Total kength of]
extremity Femmr only | TThu oaly
R L R L R L

L1 T

Length feroar x 1
medwmldnm:__%

Length of Joog tibla x 100

Difference

Tibial per cent of stature = e
Expected sotal statare = (prepared chart)

Femoral per cent of aduht stature - Age factor = X
Tibial per cent of adult stature £ Age factor = Y
Final femom! length = X% x Expected total stature =

A

Final tiblal length = Y% x Expected total stature =

Erpected femoral growth = A - Orthoroentgenogram

|

of thla =
Expected gowth, dot) femur = Cx 72% = E_. ___
Expected growth, proximal tida = D x 535% = F.
Epiphpis to be stapled . for _________ycan
Epiphyss to be arrested

G oexs 4 Andersen s Expect d Arrent
Lower ferm Upper tha

trepmty gromths are calculated for equalzing tabu
Latoas mdicate » fine acceptance of Green and An
dersons, as well as Gill and Abbotts methods of
predicoon. Most European centers are wmg Green
and Anderson s system.

A more detaked summan of responses © pre
seoted m Table 14

Newington Methods. These have been published
in former Instructional Courses in 1931 and 1952
They have been alightly modified, a3 i pearhy al-
wayr the case if updating 13 attended to In outline
form. thes include use of the following rtema

1 Chart, with stature weight chronologxal age
sex, and wually the racal stock of parents. Bayley
Graphic Sheets (Fig 1901 or those from the Chil
dren s Hospetal, Beston, are recommended.

2. Hand and wnst maturavon x ray plates for
bone age (see Greulich and Pale =

3 Orthoroentgenograms for lower extremuts meas-

physology 14 by 17 mch plates. These have been
docontinued of late, a3 a routine, and arc now
taken oo a selective bam,

5 Comstituuonal photographs, three views (Shel-
den techmque)

6. Dental appraiul charts for erupton rates.

7 X my studies of any wmportant organ or ex
trermity  Speal photographs are taken for the phate
surgron  clubfect are studred in close-ups, and cere-
bral palsied children 1n gait motion picturex.

8. Predicted growth of Jower extremuties keft and
night, including expected final statire, o computed
on the work sheet, a sample of which i glven In
Table 15

SUMMARY

The need for accurate observations and messare-
ments of the growming child has been emphasnesd.
In order to arrest ar decelerate growth of an ex
tremty this knowledge 13 necessary The fommg of
such control methods n most important.

Methods of obtaning growth dimenpons are du-
cussed, together with preferred ways and smphfied
meany of estmating the proper epiphyses to de-
celerate for equalization. A growth team s recom-
mended for best roults

This oaaterial & adapted from a monograph by Goff C.
W, entitled Handbook: Control of Human Epéphysal
Growth, Inchuding Suryical Treatment of Upequal Ex
tremities, #0 be publlsbed by Charkes G Thomms, Pebliher
Springfield, IIL
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OSTEOMYELITIS

In Scptamber 1889 W R. Townsend of New
York presented at the third temon of the Amencan
Orthopaedic Asmociation & paper on the subject of
“Acute Arthntis of Infants” This paper is the fint
publicaton on  pyogenic infechons to appear in
what 13 now the Journe! of Boxe and Joint Surgery
I menvon tha publicacon because Townsend's dis-
cussion of the termnology pathology pathome
chaniy, bacteriology symptocutology the prnciples
of treatment of the acute lenon, and 1ts end resulss
1till holds true The subsequent uxty-nine years saw
the elab of our unde ding of the nature
of the dsease jts bactenologreal aspects, and the
nse and fall of vanous medicatoes and regimes of
therapy for the osteomyelitic lewon. Townsend stated
that no better sdhace could be grven than that of
Holmes, who had stated m 1869 that “acute joint
dnease leads directly and in childhood almost in-
evtably (o abscess and it 5 m my opamon very Im-
portant that this sthould be opened at the carfiest
pomible moment.™ Can we m 1958 ghve better advice?
Let us seel

ACLUTE

HEMATO( ENOUS OSTEOMYELITIS

The tume allosted to this presentation precludes,
much to ™My regret, a detaded ducwswon of the
chaborations of our increased apprecaton of acute
h nous, potacute | '3 and chronte
osteommelitie lesom. Certain bauc knowledge well
Llnown to vou muu nnertheles be micwed m
order to fulh ravonalpe the present-day concepts
of the therapy of acute osteomyelitn The aganes
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of the osteomyelitsc Iesion and 1ts clinical course are
a reflection of the nature of the structure arcula
tion, and phydology of the bones which provide
the saul for the mvadmg microorganums [n addidon
to the local and systemic respoases of the hout to
the infectton. It i3 therefore cuenbal to the evalua
tion of the etiological factors and pathogeneds of
the lenon to review certamn aspect of the anatormy
and phymology of bomes which have ot attained
full growth

Anatomical Contderntions. The long booe pre-
seno & duaphynu of a relanvely thick cortex en-
closmg a medullary canal In the metaphysis the
cortex becames thinned most noticeably at the
junction wath the epiphyseal plate and encloses 2
masn of spongy bone. In the infant the metaphysesl
cortex may be paper thin and the spongioess of the
mtenor u relatnely greater The cpiphyweal plate
Is cartilaginowus and presents the changes fncidental
to growth. The intenor of the epiphysis beyoad the
epiphyzeal plate conslts of spougy bone s
by restmg and growing cartilage, and its penmeter
when fullgrown comusts of a thickened plate of
boae upan which nn supermposed a cover of articular
cartilage. The entire boae is enclosed fn & tubular
sheath of penosteum, the attachments of which are
firm only at the arcas of contact with the epiphyseal
plates and articular extremiues and are Jooss
throughout the rest of its extent. The fat bons, in
contrast to the above presents thm corthees enclos
Ing spongy mames of bone. The delineating pen-
osteun 15 loosely adherent throughout save at epi-
physeal ov apophyseal attachments.
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Circalatory Comlderations. The blood supply of
the growing long bone consists of three dutinct
groups of vessele The fint comusts of one or more
nutnient arteres which perforate the cortex at about
the middle of the shaft and then subdiade into
ascending and descending branches. Each of these
aubdivides many tmoes in the medullany canal and
metaphyws and terminates at the epiphyseal plate
in very narrow and tortuous capillanes which, after
loopung back from the epiphyscal plate margn, form
large venous unuses. From these the venows capl
lanes arbe and coalece to form the vemm in the
medullary canal. This anatoqueal arrangement re-
sults 1n a pronounced slowing of the rate of Bow of
blood at the junchion of the epiphyis and metaph
yr. The second group of vesels, which consisty
of many small artenes, arung in the surroundmg
soft timues and perforating the penosteum, supples
the superficial layers of the cortex of the shaft and
1ts metaphyres These versels anastomose with those
of the nutnent artery group The third source of
blood supply coansts of several vemeh which enter
the reflected jownt capeule to nounsh the epuphymt
Since the epiphyscal plate n completely avascular
dunng the growth peniod, there is no anastomons
between the eprphyscal blood wpply and that of
the reat of the bone,

It 1 opportunc at this pomt to recall Robert W
Johowon s study of the blood supply of the duphyss
and metaphysls 1n which he showed that destrue
ton of the penosteal vessels results m the Joss of
wisbllity of the superficial layers of the cortex snd
that penosteal repair of the cortical defecta 11 poor
and delayed. More ngmificant » the work of Raiph
M. Lanen,' who showed that mamve diaphyseal
bone pecross results from nchema produced by
increased mtramedullary pressure. The ugnificance
of these findings 1n relaton to the therapy of the
acute ostcomyehtic kajon 1 sell evident and vall
be referred to again when that sspect will be s

cussed.

Phynologreal Conuderations. Thought should pow
be goen to cenam physolopral comstderauom
which play mportant parts in the enology of the
osteomyelitic benor. The concept that mapsdly grow
AL UMMes, M CONTAN o mature tvsues, are more
uoeptible 1o noxbow influrnees i most ymportant
in the undentanding of thu lesion. The rapuly
growing areay between the metaphyses and the

‘”mwh’iﬂdmngm[mcymmmpm
to this rule Chinical substantaton ean be found

in the h{/( hat the osteofiyeitic Jéon 15 located
most frequently at the mtes of gflatest growth ac
uvity namely” the epiphyseal structures m infants,
the metaphyseal areat of young children snd ado-
Jacents, and in rare imtances the subperosteal
areas of adults, which retain some measure of bone
growth actinity durlng adult Fife This is further
substantiated by the findings that the sites of
greateat frequency of metaphyseal leons are at the
ntes of greatest growth the Jower end of the femur
l}muppcrndoflhcubm,lhcb«rrcudolthc
tbla, the upper end of the humerus, etc. a1 [ndicated
In the many publihed orders of frequency of local
mation.

Tt has been shown that bacterermas may occur
i healthy indiniduals without untoward results,
elther because of the efficency of the defensive
mechanisom of the host or because of lack of path
ogeruaty of the mcroorgansm It has also been
thown that the expenimental mtroduction of mcro-
organnms of sufficient volume and tirukence may
cause death from sepsis without bone involvement
oc abicem formation. The climical coumterpart 13
encountered in those mstances in which death remults
before frank bone Jaions can be recognized. A lem
virlent and lem concentrated expenmental bac
tererma may produce bemons such as one xG n
clmical

matances.

Hypotheses of Pathogenens. There are two hy
potheses advanced to explain the pathogenens of the
osteomyelitie kemon. One school of thought bebieves
the lenon to be the result of o thromboartenne and
2 thrombophlebitic process. Minute conglomeratsom
of organmms capable of pawing through ibe rel
atvely large capillaries of other tmsuea became
blocked in the narrow tortuous, inelasue capillanes
of the metaphyser, giving me to a local focus of
distase. If the embolm b lugr correspondingly
larger vessch become blocled and imovolve larger
areas in the proces Clmical and experimental ob-
servations do not seem 1o substantiate this theory

The second schoal of thought beleves In the con
ccpt that an osteomnyehitic deron anscs became of
an inadeq defense 1 at the ute of
localizstion. It has been shown in experimental
ammals that soon after the intrasepous mtrodue
bon of movarganigns cofonies of these organums
m(omdmlugenmlxnmdmmcdulhryumh
=nd m lfesser numbers 1n the metaphyses. Several
hours later these findings are reversed, in that the
whnuue(enermnmnbcrmthemcdulluw, canaby
and greater in the metaphysa. These phenomena
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are thought to be related to a lesy active phagocytosis
m the metaphyxls a slowmng up of the blood stream
dur to the phyncal armangements of the blood
vessels, 2 dmnlnuhed ovxygenatron 1n these arcas
Incidental to the growth processes, and a greater
suzceptibility of rapidly growmg tsmres, with the
result that the enlargement of the foct and multiph
cation of the hacteria are more readily possible here
than elsewhere 1n the bone. The clmical finding that
the greatest frequency of the osteomyehitic lesion B
in arcas of greatest growth actnity lends credence
to this belief

Pathomechanies. Once a Jocal focus has become
establshed, there rapidly develops a Joca! 1nflamma
tory process, wlth suppuration and abscess forma
tron, 1n response to the raped multiplication of the
meroorgansms and the production of ther exo-
toxdns, necrotoxms, keulociding, and hemolysms and
of the spreading factors (hyalurontdase) A “walling
of[” procem sets in early in the form of & penpheral
} bophlebitic and thromboearteritic procem, while
the central area of the focus nndergoes pecrosis and
suppuraton. The important consideration m this
peocess Is that the ahscess develops In rigid-walled
sur dingy, and the I I 1 of pus
under presure mds m the growth of the jenon by
interference with the blood supply m the sdjacent
metaphyseal and subpenosteal areas The local leson
becomes extended by way of the Haversian canzbs
into the subpenouteal spaces, whence it may burrow
under the perfosteum to re-enter the bone through
other Haversan canals or perforate the penoateun
and burtow through the tesve planes untd the
o erhng skin is perforated. Intra articular discharge
of pus occurs 1n those mstances where the pomt of
perforatton hes within the adpeent jont aress In
those mtanees where the perforation octurs m
extra articular arems, sccumulations of sterile flnd
may develop m the adpernt jont m response to
the proamity of the infection.

Bacteriologrcal Comld: The ch uties
of the imading mucroorgannms play an important
part in the inherent nature of the osteomyellde
lemon  Anv pus-producing organran may produce
the leson In question. The most commaon s the
coagulase pontne staphylococcus, which enters the
blood strearmn 1a some skhin leston, such sy an abma
sion, a blister a cut, or a furuncle. The pext most
common 1mader o the streplococcts which may
eoter the blood stream from a focus 1o the upper
respuraton tract tosils, unuses ear infecuans, or
¢ 2 complicanon of the exanthemas such as scarlet

fever or meaver. Rarely lesioms are produced by
the typhoid and paratyphod group of organusm.
Bactena produce discase by virtue of several at
tributes described by the terms invasiveness and
toxgeniaty Invamveness 1 the ability to invade the

the subject under conuderation the osteomyeline
lesion  Toxigenicity Is the abifity to produce toxim,
such as erythrogenc or rash-produang touns, lethal
toant, necrotoxins, hemolynns, and leuloadint
Both the streptococdi and the staphylococed ean be
subdnided mto many groups, each characterired
by vanatons in the preponderance of the ivase
or toxigenic characterstia. Thus, In the imuance
of erynpelas or scurlet fever the toxgenue factor is
tho more 1mportant, while the invanve factor—
though 1t Is essential, because toxigemuerty cannot
occur wathout mvasmenesn—n of relathvely Litle
clmical mgnificance, On the other hand m osteo-
myelits, the Imanve character fs the predominant
factar while the toxgenic Quality though st ooy be
strilimg at the onset, soon recedes to the background
1n noafatal cases. The same eonnderations bold true
m stephylococcal catearnyelitis. The mvasivenen b
the cutstanding chamctenstlc, while the taxigenieity
though 1t may be promounced at the omet and
striking and predomunating n the fatal casey, w000
recedes. Dunng recurrences and upon the appear
ance of new foc in the chronre phase the toxgenic
factor seems to be of [itthe unportance.

Tn addition to the Invasve and toxdgenic attrbutes
there o an addidane! attribute spoken of a3 1he
“ypreachng factor " now known to be hyaturonidase,
contamed m the bacterial cell of the invading
orgaptmm. Thh spreachng factor vanes with the
mvasveness of the organsm and increases the in-
fectiaty of heterologous and homologous bactena
by increaung tisme permeabibty to the infectmng
org:nlmmlmportnnceolthcrpmd.mghctor
in the rapid spread of a lenan Jocally or in the pro-
ductron of multiple Jenont bs readily evident.

Clinkeal Obyearvations

The clnfeal pecture of the scute hamatogenous
oﬂccm}tﬁuclcﬂonumpmtddbo{hl)ﬂcmkn\d
Jocal components and vanes mth the variatiom of
the tox]] imvashe and spreading factors of the
offending mcroorganbms, and with the revviance
and defenshve procemes mmuated by the bost All
of these elements are of course modified by the

4t d th 1 d

P P
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The toaigenic factors may manifest themselves in
the symptom complex by (1) cutancouws
(2) matmunced clevation of temperature (3) perslat
ently rapid and thready pube (1) prostrauon (5)
eold and clammy skin, (6) vomiting and dlarthea,
{7) convuluons, and (8) death.

The Invasne elementy are manifested in the symp-
tom complex first at the pomt of entry ie at the
prnmary focus, which at umes b difficult to recog
nire second, at the thme of the systemde Invamon
with resultant systenne manifestations and third
at the time of firation and development of the
secondary and subscquent focd forming the osteo-
myrhte Jemon

At the pant of entry the manifestations may be
(1) cellubit, (2) abacess, (3) lymphangity, (4) hm
phademtn, and (5) lymph pode suppuration.

At the time of systemic invaslon the manifests
toms may be (1) chill, (2) spliang or plelet-fence
temperature, and (3) positive blood culture.

The secondary or the astcomyelie focus 15 char
acterzed by the folkewing- (1) spontaneous, boring
pain, usually mudden m onset and Jocalired, com
monly to a metaphyseal and less frequently to an
epiphyseal region (2) disability (3) localized ten
dernets ocer a metaphyms or an epiphysds (4) a
moderate grade of painlen panive motoa in the
pelghbormg joint  (5) local heat (6) dmmnuton
of pawn when the ahicem perforates the penosteurn
and thercafter (7} rednems (8) swellmg (9) floc
caation and (10} snusg formatson.

acute h b tds may

leslon {}ocal invasve factor) This type may hecome
fulminating unless prompt and efliaent therapy n
admimstered.

The ordlnary acute type of hematogenous asteo-
myelitis is the most common variety encountered.
It k characterzed by evidences of a moderate sys-
temle invohement both toxgenie and invanve, and
very definlte cvidences of the Jocallnng lesion in
one or more bonet.

The mild type of acute hematogenous osteomyelitis
presents minimal evidences of systemic and local
Jeslons and may at tunes be overlooked and passed
by pletely only to be d at a later date
by its manifestations during the chronic phase.

Tt is hardly necesary to stress that if the con
dition is kept 1n mund the diagnosh of acute hem
atogenous ostcomyelits In the great majonty of
mstances can be and should be readily made before
x y evidences appear This Jemson can be easily
Aifferentiated from mcute point lesions by careful
palpation to localize the sharply lovnted areas of
pain and by the presence of a imited range of pamn
less motion In the joint 1n question. In acute pyogeme
arthntis and other forms of acute arthnds, the
tenderness s over the jant and Its reflected synovial
surfaces, and the slighteat range of mobon produces
pan.

Therapy of Acute Hamatogenous Osteomy ditis

The therapy of acute hematogenous osteomyelitn
has been—and for that matter snll m—the most

bcdmﬁcdhtofmmpn,dcpmdmg’u-pmd\c
relative predominance of the todgenic, the genersl
imvamve, and the sccondary local factors namely
{1} the fulmoatng, (2] the severe acute, (3] the
ordmary acute and (4) the mild type.

The fulminatmg type of acute h

1 aspect of this lesion. If treatment s
to be ratonal, it must be directed to control all of
the comp of the symp lex the in
vanve factor both systemic and local, and the
toxgenic factor With thh in mind T shall dpcus
therapy under the bheadings of general systemie,

osteomyelis 13 characterired by a pru(oun:i and
overwhelming toxemia ( le factor) and sep-
ucemis (general lmvame factor) There B pro-
nounced collapse shock, cold and clammy wkip,
rapid pubse, a high mamtined foer and powibly
chilh, convuluom vomitng diarrhes, and pontye
blood culture. In the recent past many of these
patients died, regardlas of d: d

peafic sy ic, and local trea

General  Syxteme  Therapy  General  syatemic
therapy should connst of general wpportive measures
such as blood tramsfumons, increased flind mtake,
rest, sedathves, and other measures for the comfort
and support of the patent.

Specsfic Systemie Therapy Specific systemic ther

[ ihi

lpylm.lybc logical ch ¢, or a

lesion

The severs acute type of hematogenows osteo-
mythtss presents & prerure that » somewhat milder
than that described above. In addibon thers are
mu:ﬁgh(butdtﬁrdtcdgmofubulmnmmcﬁtk

before any definite evidences of a Joca! ceteomychitic
appeared.

of any of these modaliter. Before en-
tering into a discwrmon of Individual approaches it
is appropriate that certain general consideratons be
moted. The difference between the so-called “med
scal” and “surglcal” infeetons should be kept m
mind fn order to cvaluate the efficacy of systemic
therapy  Medical infechons are wfammatory lenoas
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with fittle or no necroms of tssues The kessons re-
man 10 communication with the blood stream and
may therefore be influenced by therapeutlc agents
withn the blood stream. Surgleal infections are
charactenized by necross, suppuration and a wall
ing-off process, which greatly dimimshes and eventu
ally shuts off the blood arrculation from the locahzed
lesrons, so that (herapeutic agents d wihin

osteomyeliths 18 not nearly 20 great. In the presence
of blood stream infectians these drugs may be useful,
provided the orgamsms are senmthe to the particular
drug In use. Since the introduction of the antibsotscs,
the value of these chemotherapeutic agents 1n the
treatment of ostecomyelits has been lessened con

A it

Therapy With the wntroduction of

the blood stream may become inefTective because of
inability to enter the local lenont. In the earh
phases of surmical lesions, before the tisues become
thrombosed and necrotie, blood stream therapy may
be effectne 1n combanng the Jocal lenoos. In the
subsequent phases blood atream therapy becames
more and more Ineffectne in 0 far as the Jocal
lewons are concerned. This holds true for amy thera
peutic agent, whether 1t be of serological chetueal,
oc antibionte character From these derations

antiotic therapy the trestment of acute hematog
ot yelicds has undergone profound changes
and the results have been spectueubarly impeoned.
Antixotics are not panaceas and therr use must bo
dberimmate and rational, if they are to be effective.
Acamulated expenences have already delineated
Goutations 1n their usefulness on the one hand and,
on the other hand, reactioms m patrents which may
Jead to undedmable complications or to the necesuty
for o e of the use of the drug Stmilarky

1t becomes evident that the tomng of systeamre
therapy Is most important in the coatrol of the local
Jomon. It 1 further evident from the above that,
notwithstandmng the fact that blood stream therapy
may be effective m overcommg the systemic mant
festations, 3t may nevertheless remain neffective In
overcomuing local keasoms.

Serclogical Therapy Serological therapy en-
compansed the wse of bactenophages, antitomns,
vaccines, towds, and immunotransfuuons. These
agents and procedures have fallen into douse be
cause of their himtted effectisencm and the present
day availabthty of the more effective antibuotic
agents. Oac should, however kecp in mund that
antikoticx have no effect whatsoever on preformed
toxins present in the blood stream. Theso toxins can
be destroyed only by the production of antitoain by
the hosts defensive m or the introd

wiproper use may lead to Jors of the effectrvenen
of the antibiotic agents. The imtations of the effec-
tivencs of the antiioties vary with the speafic antn
sotle, the offending microorganism, the responses
of the patlent, and the natare of the leston and 1ts
state of development.

Pemwcilln. Tt has been sthown during the early ex
peniences with penialhn that somewhat over 20 per
cent of coagulase-ponitive ataphylocoed were natu
rally resistant to the drug A the e of the drug in-
creased this natural remstance wis found to be in-
creasing, to such n degree that some mvestgators
now report 90 or 100 per cemt resistance. Io the
early days it was ako found that of the sensitne

agulase-poauve staphylococa some 20 per cent
developed remstance durmy therapy This was es-
pewally true in the presence of open wounds or in

o dosex. Sinee strams with nequired resistance

of antitomn from without. Since staphylococeal and
streptocoecal towms are no longer available, one
muit depend upon the hosts ability to produce
antitoxin and upon the use of approprate ant
biwotics which exert an indireet effect by preventing
the production of additiomal toxns, through thedr
acton on the invadmg microorganiams.

Chemicol Therapy Chernical therapy dates back
to the intravenous adminitratsion of such drugs as
Mercurochrome and gentian violet which, after a
thort lived penod of acclaim, fell into duse beeause
of deletenons effects. The uso of sulfa drugs prosved
to be more eficent and these are at the present
ume being wed effectnely n some fypes of strep-
tocoeral, gonococeal, and mromgococcal nopsup-
purating kuons The effecusenens of these drugs In

remuain virulent, the value of contmued use of pent
alhn in the grieen instance becomes very querhon-
able.

Continued  experience with penicilin hay abo
demonstrated that some indnrduak from the outset,
and others after repeated use develop allergic mani-
fesrations to the drug such as dermatitides of var-
ous types wticaria, apgoncurouc edema  aggTava-
tion of previoudly custmg epdermopliytoses, rises
in temperature oc acute allenpic thock which ocea
sonly has terminated m death. Tt s therefore evident
that acquired resutance and, more especially the

axtural of the pred or
gmimulndrconccm,cﬁucknm,lnadd‘nﬂan 1o the
| f on the part of

g allergic
pauents, present a progresively diffscult stumbling
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block 1n the way of effecthe therapy with pemallin.
In view of these problems, 1 have inmy own practice
discontinued the use of pemcilfin

Streptomyan and Dihydrostreptomyan The effec
iveness of these drugs v generally conceded to be
Jew than that of pomcillm becaute of the more
frequent natural reslstance at well as the more
readily acquired rematance on the part of the coagu-
Lase-pomtne staphylococat to these anubuoties. In
additbon, the toxclry of the drug which may man-
\fest ltself in the development of deafnes, the du

of antiblotics and the considerations leading to their
use have been enumerated as followa (1) to obtam
hetter resuls because of alleged synerguam of eertam
combinations  (2) to lemen toxlc effects, (3) to
delay or prevent the emergence of resistant straing,
(4) to combat mmxed infections, and (5) to treat
serjoualy ill pauents prompdy and before a bacten
ological diagnoms can be made This approach has
met with conuderable controversy Expeniments have
been performed to prose the cffectis enews or ineffec
tivenem of sich usage and there are proponents
and to such d 1t would seem

furhance of equiibrium, and vanous skin if
nom, mke thee uwnsntable for routne use W
staphylococesl infections.

Broad-Spectrum Antibioties The dmcovery and
devclopment of these drugs—chlortetracyelme (Au
reomyan)  oxytetraycline (Terramyem)  retracy
cline {Achromyan, Tetracyn, and others)—came 10
good stead and they have verv largely replaced
pemcillin and the streptomycms in the therapy of the
staphylococeal mfectioms becawse of therr greater
range of cffectiveness and the leu comsequentlal
untoward complications which may arhe from ther
ute. At the cutset there was no appreciable resistancs
to these drugs. Unfortunately this is rapndly mcreas-
g espeaally among bospatal populations. The un-
toward reachons are chiefly of a gastrointestinal
nature nausea, vomutng and darrbea, wiich can
in mott imtances be readily controlled by sdouny
tenng the drug on a full stomach, or by the tempo-
rary discontinuance of oral doses and their replace
ment with intramuseufar or intray enoin adminutra
nomt Notwithstandmg  the gradually developing
defiaences of this group of drugs they still remain
tbe manstay m therapy of the osteamyelitic kesion
m o far x3 [ am concerned.

Other and \ewver Antibatics [t is fortunate indeed
that pew antibdoths are comtantly bemg developed
and introduced into the armamentarum for the
therapy of the osteomyeline lesson. Expersence with
some of them s Dot &3 Vet extenmve but n, neveribe-
less, sufficent to warrant thar we. Of these drugy,
erythromyan (lotyem) w reported to be the most
effectine. Qleandomyan  (Mawromyan) and car
bamyon (Magnamyeain) have fn my practsce been
very useful m 1mtances m which the offending
TICTOOCKANLM waa resistant to the broadspectrum
antiaotics. On occaston, ehloramphenseal {Chloromy
ccun)} has been quite weful especially m the typhad
oc paratyphosd osteomnyehne lesfons.

Combmation of Amtibrotics The most recent trend
n the therapy of infections is the use of corbinationt

{rom the mare of expenimental data, that no definite
ruls ean be otablubed as yet and that semraty
tests should be carrled out 1n each mrance to de
termune pousible advantages. It 11 also apparent that
combnauons of narrow-ipectum antisona (pert
allm and streptomycn) and broad spectrum ant
blotiax are likely to be duadvantageous, while com
tanatons of perrcifin and sreptomyan may be mose
effective than ooe or the other My own experience
has been Eruted to the we of Sigmamyem (two
parts Tetracyn and one part Matromyan) and
P A 765 (two parts Terramyan and oot part
Matromyein) Though the chinical results were good
I must admit that any of thee lenons might have
had just as good a result with the salo use of aather
one or the other antibiotic. Previous and subsequent
expeniences have given just as satufactory results
with the me of individual drugs. Suwe, for very
obnlous reasons, controlled observations cannot be
made in chimeal practice wath such a vanable as
the esteomyeline lenon the final determination must
come {rom other sources.

Timmg and Intensty of Dosege Tn addion to
the Emstatons that have been encountered with
each of the above mentioned antibwotia, there b an
additonal and very important over all necesaty 1
the effectne use of any of these drugs numely carhy
timing and intensve dosage of the chosen agent. In
30 far as the Jocal kenon 15 concerned the sntibiote
must be adminustered in plentful quantty befare the
}enon becomes walled off—m sufficirnt tms to pre-
vent the whperiosteal sccummlation of pus, with 13
incydental duruption of the drculaton of the cortex,
and 10 prevent dang ly lary
pressure with its mcidental masnve pehemia of ad
Acent areny

Resxlts of Antibtotic Therapy has
shown that adequate sntibeotic therapy of the acute
Tematogenos osteommyefitle Jesdon will produce re-
sults which can be readily clamfied Inmo four groups.
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1 Those cases m which complete subsidence of the
systerme and Jocal kenon occurs before roentgeno-
graphuc avidence of the presence of the focus of
discase has developed. These instances are disgnosed
on chnieal evidence only and at no tme do they
thow x ray evidence of the presence of such x Jemon.
These are wdeal results and are clamfied a3 aborted
Jezom.

2. Thome cases in which there 1 complete subsd-

UNEQUAL EXTREMITIES OSTEOMYELITIS ELECTROMYOGRAPHY

bilianoe addy greatly to the comfort of the patent,
dinunuhes the pain, and probably lessens the oppar
tunities for spread of the lenon, by producing stag
naton 1n the lymphatcs. In the more extensive
Jeslons pathological fractures may be svoided

A comyderation of the local pathological procens
in the lght of expernental studwes keads to an -
dication very mgmificant in the local therapy of the
acute hematogenous osteomyelitic Jeslon. Johnson®

ence of the sy ife accomp
By 2 graphically ble local feproe.
These roentgenographic evidences regrems, and the
oormal appearancrs are recomstituted One camnot
foretell this regresson with certainty and the re-
suits are therefore not so desiruble a3 those m the
first group.

3 The third group comists of mstances m which
there 13 an effectnve subsidence of the systeruc man-
Hestations of the duease while the local symptons
pensst and merease. In thoe aaser Joca] tenderness
pensists, and the sweling and redness incresse mn
association with mcereasing roentgenographic est
dences of prog g lenons. E Oy sp
ous dramage by way of a s will take place and
the lesion will progress and develop the character
s of the postacute stage. Notwithstanding the
fact that the bacteremma will have been controlled,
the local Jesion will be posiave bactenologieally

4 The fourth group of cases consusts of those In
which the smteme manifotapons a3 well as the
local lewons remmn uninfluenced by  antitwotic
therapy I no other measures arc mstituted the
pateent will become more tovic and septic and will
detenorate rapedly termunating m death, or posibly
vall develop spontancous drainage and the charae
ternucs of the postacute phase

Swmmary of Systemic Treaatment. It i evident
from the abore that we have at our dispoal for the
speafic systemic therapy of the acute hematogenous
osteomyelitic lenon scveral effectrve antibrotics w hich
m carly and mild kestons may abort or even induce
a regresuon of the local jexion. In other cases we
find that the antubsotics cannot influence the local
lenon becawse 1t has become walled off In still other
nstances the anuibioucs cannot control cther the
nateruc ot the local kewons. In the latter two cate
gorres kocal therapy becomes miperatnve.

Local Therapy Immobalizaton of the myohed
extremity may be aclueved 1o & compression bandage
of sheet wadding flannel, and adhesne or a plaster
of Pars support should be applbed dunng penods
of comenaine or cxpectant therapy  Such umpo-

}

bas d rated that the viablhty of the outer
layers of the cortex of the diphyss and metaphyss

subperfosteal accumulatron of pus with jts fncidental
dmruption of the arculation of the cortex 1 m-
portant 1n order to prevent necrosls of the superfical
layers of the cortex. Larsen® has shown experimen
tally that manine disphyseal bone necroms results
fram uchema produced by ipcreaung intramedul
lary pressure, This keads to the unasvodable condlo-
uon that carly decompresmon of the involved arez
15 exsential Jest the bane become devitabred.
Neverthelen, there 1 14l disagreement as to the
ume at which surgial intervention should be in-
stituted, if at all, and s to how extensive it should
be, when it 15 mututed. Grantng that bacterenma
and toxamin can in 2 large number of cases be con
trolled by rmedical approaches, 1t neverthelas scem
illogical to follow the advice of those who would
have the surgeon wait until the Jocal lesion becomes
most extensne and dicharges spoatancowly and,
in those instances In which the bacterem is not
controlled, unul & dangeroushy increanng bacteremia
occurs, before he operates upon the local ostcomye-
ktic focus. An operation foc the preventloa of such
o Htres seerns to be r ble and preferablk
The trmung of an operative procedure b at Lwnes
difficalt. Proc to the Introduction of ant{bloties,
operatne ntervendon wat contidered an urgrnt
pecesity m many instances. Such urgency i pres-
ently not cuental far opportunity shoukd be
afforded, especially m thow patients with Jenons of
short duration to obscrie the effects of the wpecific
systenuc therapy wath appropriate antibionics i the
bopcthlt:he}ou]kuonm.-ybemﬂumccdfnm
ably The decidmng factors are the symptoms and
findings &t the ute of the Jocal Jenoa.
'I'lr:in)ccuouolnmfbbouc:imolhehmonhuln
my expenence proved meffective. T have noted &
sterilirzatron of the blood stream in the presence of
systenuc tion of the antiotics of chorce
and at the same time repeatedly pomive cultures
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may be obtained from the local lalon, notwithstand
mgﬂnhrgedumo(t}wummu’bmuch;ccttd
into the local Jevon.

In view of all the above consid it mmy

metaphyscal cortex n almost paper thin ard the
ptnostcumhmloouly-mdnd.m-muha(
these 1 differences sp adequate
d of the bone abscess mually occuns

practe at the presemt tme to mmtitute antieote
therapy at the earfest opportumity In the severely
il patrent an Immediate intravenous Infumon of 500
mg ol a broadapectrum antibiotic 1n 1 000 mb of
normal safine i gnen and followed by the oral
admnstravon of 250 mg of the drug every three
hours. The 3 Ax dow may be omitted if at midaght
500 mg of the antibeote arc admmistered. The m
travenowt mifusion may be replaced by the we of an
intramuscular inpection of the appropnate form of
the drug

1f at the end of several days the local tendernen
docy not wbnde, sargical intenenbon 1 istituted.
Thy conmsts of a smple inauon, with due connd
cratwon to anatommeal structures several drill boles
n the metaphyws and excrnon of & mmall window
for the evacuation of the lemon. The site s then
flooded wnth a solutron contamnmg 05 mg of 2
broad-spectrum antitwotsc per milibter of solution,
und the operative mite 18 clored, without draunage,
m several layers, each of which i flooded wath the
antibot. sofution. A dreming wet wath the ann
trotic soluthon b applied, and the Limb 11 lmmobllzed
in & compression bandage of sheet wadding flarmel,
and sdhemve. The operatne wound 1 left undis-
turbed undl the tenth day when the wound will
pracucally always be found to have healed per
prmmam. The compremson bandage 15 reapplied for
several weels. I the lenon imohes a lower ex
tremity oo werght beanog ks permutred for a perlod
of several months. Dunng the first four weeks of the
postoperatnve penod, antiinotics are ad d
23 cutlined above 250 mg. every three hours.
Therapy m Infania Jt 1 important to note that
the of acute hematog osteomy efios
in mfants under 2 years of age should be somew hat
different from that m the older age group. Several
mestigators have demonstrated that becawse of
differences m anatomical structure, phywologpeal
and pathological reactsons and greater powers of
repar menjon for evacaton of the abscews thould
at the very least be deferred untl the mfant v m
sutable condion for operatne mtenenton. The
urgency for a wrpical procedure 11 connderably less
in this age group, duc to the fact that the bope
lhau-nuu.ndcrlcumumbcmuu!he\-xuhr
Paces are farger the proportion of soft tmsue ele
ments s greater the bony element i lew ngid, the

-uﬁoermlymlym prevent masnve necrosis and the
consequent  sequestration.  Furthermore  unce  the

r are much greater whatever necrotic
:: m\l from the extenuve subperiosteal
dissection that usually occurs is rapidly absorbed by
a process of autolyis Becamse of these factors, the
consequences of the Jocal kion are less terious than
m the older age group and therefore the urgency
of early operatree mtenvention B of ey fmport. In
fact, operative delay m this age groap s advisable
untll such tme as the general conditon of the
patent improves enough to make operstrie inter
venion more readily tolerated. Because of the ade-

ally operative mterventon rmy be enurely avoided
‘The early admnutrabon of antibotics i adequate
dosage, blood transfuwons, and flinds will awd greath
w the artunment of most satnfactory resulte

Therapy of Folminatmg Cases. The prnaple of
early decompresson mint be applied with great dn
cretlon, if at all, in the fubmmatng and severe acute
types of yelitrn. The ding factor m
these cases 13 the towemia and septicerma and not
the secondary bone Jenon, which may at the outset,
be very mdefiute. Syvtemme treatment with ant
biotres and transdfunions thould be wstituted pn
marily while surgical treatment thould be withheld
until definite evidences of & Jocal bone Jeson present
tbemselves and persat depe  spedific  systerme
therapy

Therapy of Primary Focus. A dicumion of the
therapy of acute homtogenous oateornyelitis would
be 1aeomplete without a connderation of the primary
oc distributing forws. Unfortunately m the majonty
of imtances the prmarny focus either 1 pot edent
or 1 ahready burnt out. Nevertheless, 1t is generally
sgreed that, 1mn a case of septcerma due to pyogene
organtums, 1t u the surgeon s reaponsinkty to Jocate
the dutribuung (prmary) focus and 4f posible to
remove, evacuate or polate 1t m additon to the
aboveoutlmed systermue therapy and Jocal therapy
where indicated.

Rexales of Therapy As 2 consequence of the regl
mdﬂcrﬂrdlbmehtllmghuocumrdmmy
pr:cnmhdmmnequuncc.hthwmutnu
for whom timely surgical interventyon—mwhwen necded
—~has not been instituted the Jesion has entered mto
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the postacute stage if the patient has survived the
onslaught of the acutc leson.

POSTACUTE

HEMATOGENOUS OSTEOMYELITIS

In the preceding discusnon the ratonale of therapy
of the acute osteomyelitic leson was presented. The
wccers of the regumen of therapy will vary with a
host of factors, depending upon the vanable toxi
geniaty  Invamenes, and semuthity or remstance
of the offending mlcroorgamum  upon the abllity
of the patient to develop an appropriate defeme
against the imvamen upon the prompimets with
which anubotic therapy was applied and, 1n thoswe
instances 10 which the medscal approach was in
suficeent, the promptnem wath which surgieal
therapy was 1stituted both for the osteomyelitic
kslon as well as for the primary focos i 1t was
present. Those patents who do pot recover enter
what may well be termed the postacute phase, one
winch others have referred to as the “x ray stage,”
the sccond phase or the reactive stage of ostcomye-
bitis.

Qinical Conne

The postacute phase 1 charactenzed in many un
treated or madequately treated patients by a low
grade fever a slow but progresuve downward course
to ult exhaustion through i sing lom of
body weight, anemua, the perustence of draining
nnuses the occurrence of pathological fractures, de
formuties, amyloudoms, and eventually death In some
cases or the chroare phase in others.

Roentg phic and Pathok I Changes

The mentgenograpiuc changes are marked and
inking and depict the destructne and reparatne
procetses that take place sde by nde. The docased
and adfacent areas undergo rarcfactron incidental to
the inflammatory procems The dertalized portson
of the bone having lost 1ty arculavon and become
pecrotic  retans 1ts previous calac content. It s
therefore characterzed by a relaovely Increased
denuts when compared to the surrounding bone
Concomuant with the deyelopment of necrons, there
n resorpuon of the devitabred bone. This 13 wsually
only partialh succemful, especrally 30 if the necrosh
has been at all extensive The reparative process fs
wentified by perosteal proliferation to produce a
protectine cufl of booe o involucrum As a result
of the imolucrum formauvon the booe becomes
thichened and deformed. In sddition there n an

UNEQUAL EXTREMITIES OSTEOMYELITIS ELECTROMYOGRAPHY

d 1 f

T procen ling in an intra
medullary proliferation of new bone which eventually
produces, 1n the later stages of this phase an obliter
ation of the medullary cavity As the reparanve
process progresses, the invading granuhbon tssue
mndergoes fibroms with resultant gradual deninution
of the blood supply This 18 amociated with increas-
ing depoution of calaum and increanng dennty of
the newly forming bore. Enclosed wathin this newly
formed bone or bone scar are larger and smaller
areas of Infected g latlen tisue, latl
of pius, and sequeagra. Further changes, beyond thns
stage of repair progress more slowly unlens an ex
acerbation or a hghtmg up of the procem occun.
It u at thy polnt—when the Ivolucrum Is well
formed, when the wallng off proces ks fully de-
veloped, when the imolved bone is well caldfied,
and when the sequestrum formation Iy well defined
—that the third or chromc phase of osteomyeliths
begins. The demarcation between the postacute and
chromc phases 1, ke the demarcation between the
acute and postacute phasa, gradual and not well
defined. Its recogmitron is, however Hmpoctant be-
cause of the therapeutc considerationt The du-
raton of the postacute phase may extend over thres
or more monthy

Therapy of Postacute

Hematogenous Osteom)ellts

General Systemle Therapy The therapy of ths
phase of osteomyelitis shoukd consist of general 5y3-
temic care to support the total wellbeing of the
patient. It shouid include hygienkc care & hagh
caloric and high vitamin dret, and whatever addi
tives may scem appropriate. Secondary aperma
should be combated from the outset with the use of
hematinja hver extructy, and trams{unons.

Specific  Systemue  Therapy  Specific  systemmt
therapy 1 on the whole mneffective and loadsylsable.
It ks ineflective, mnce the anublotic canpot resch
Into the focus of duease because of the walling off
process which becomes more effective ay the lenon
becomes fully developed. Speafic syrtemic therapy
1 wnsdvisable becawse of the great likelhood of de
velopment of acqured reustance on the part of the
offending organmm. This is especially truc in the
presence of open wounds which become infected
with secondary invaders naturally reshtant to the
antibloties in use. Repeated bactenological otnerva
tions have shown permstently pomtive cultures of
organisns, notwithyandmg the use of large doses of
antibiotics. Senaitinity tests show thst these organ-
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hums esther are sermitne because the antibionc docs
nmgﬂmtodnlmwbccanchmmngbm
nstant because inad of the antlb
enter the focuns.
Local Therapy The pnmary indicaton m the
of the p yehtic Jewon n
the applicanon of support preferably in the form
of plaster of Pans bandages to prevent pathok 1
fractures and deformunes. Surgical intervention
should be undertalen with great caution 1f at all,
because at thi stage the mvolucrum may be made
quate to mamntan the support of the overljng
structures and, second beeauwse it u impossible to
differentate between that portion of the bone which
u porobc Jdental to the d crcul of
the 1nflammatory process and that which 13 porotic
because of the destructive and devitalirmg effects
of the diease. To attempt to remove all apparently
diseased bope at thn stage would imvolve extemsne
removal of tisue and would expese the imvolved
boae 1n the abseoee of protective wvoluerum, to
patbological fractures and possibly to In

CTinical Course

Chromic osteomyelitn 1 characterzed climeally
by the peranstence of one or more local kenoas which
appear to heal, only to become reacuvated from
tme to ome and by the appearance of clinically
new lestons which on roentgenographic exammation
prove to be of Jong duration. A chmally actse
lewon may be amsocated with general malane lon
of weght, low-grude fever progremmve anerma, dis
abifity of varymg degrees bormg pam (more evident
at rght) tenderness, vedness, and, finally the re
openmy of a provionily healed unus or the develop-
ment of & new smur. This tram of symptorms and
foxdbings may at times subude without the develop-
ment of & unus, ather without the benefit of therapy
or dunng the coune of nonsurgical therapy regard
Jess of 1ts nature. Other letions may present a per
nstently draining snus with few or nooe of the
symptams mentoned above. There are yet other
lesoas which are chinrcally quiescent and which
present po symptoms whatsoever  Repeated roent

thoss mstances m which the kenion Is Jocafired and
m which there appean to be sufficent notmal booe
oc involutrum to support the overlymg structures, a
saucerzation and pnimary clesure procedure should
be undertalen m a manner that will be deseribed
under the therapy of chronic osteomyelita. In those
mstances 1n which surrounding crcumstances are
not favorable one may have to be content wath
temporary procedures to improve drumge. Thexe
procedures should be performed under an antiblotic
umbrefla, to be described under the therapy of
chrome ottcormyehiti.

CHRONIC OSTEOMYELITIS

The Enc of demarcation between the postacute
and chroruc phases of the msteomyelitic lajon is not
sharply defined, a1 has been noted previowsly In
wdenufication 15, however mportant because of the
changed mdicatiens in the therapy of the lemon.
The chronwe phase begins with the development of
2 well formed imoluerum a fully des eloped walling
dl'pmt:-\huhudnrutzﬂzrdbymdmeﬂntw
hxn(mdmmuhngmmuxdbomdcnﬁty
and obliteration of the medullary canal a reosnfica
ton of the involved area which encloses sequestra and
foaa of bone rarefaction and bone cood don. Of

F of any of these lenom
over a prolonged perlod of ume will reveal a pro-
gremive cxtension of the lenon, regardlem of 1t
chnlcal state.

Therapy of Chronk: Osteomyelitrs
(linical Comuderatrons. The above clinical con-
uderations are of the utmost miporiance in evaluat
ing the effect of nonnrgical therapy The mere sub-
ndence of chmeal rymptoms 1 no mdication of the
effectivenen of such therapy whether 1t be of a
dogical, chemical, or antibs nature, unless
that subsndence 13 axociated with roentgenographic
evidence of the subtidence of the lemon. It 1 pow
well Llnown that with the mtroductrons of these
vanous modalitia some observers who were not
fully cognizant of the above climical facts had hoped
for reults smiar to those achieved m conditions
other than osteomyelits, only to meet with grave
dmappointment. Some of ther early rewults were
good but, unfortunately temporary and therefore
muskeading
Pathological Comsid Chrome oite 1
s characterized by the presence of & diseased
nndnohmmccmcrmgunho«mglomechxmm
odental to the processes of destruction and some

lﬂuftbncclrmcnu.LbcprnmceolmadtqunLe
mnoluerum 1 the most mmportant indicaton wn the
\n’vdtﬂakmgu[mxgmlthpy

cidental to the p of ineffectual attempts
at healing

The changes resulung from the procemes of de
struction are evidenced by the presence of variowsly



22 UNEQUAL EXTREMITIES OSTEOMYELITIS ELECTROMYOGRAPHY

shaped and sized cavines containing frank pu, in-
fected or mdolent granubton tussue necrotsc fibrous
tstue and sequestra, m addition to areas of atrophic
bone containmg fihrows bane marrow These cavities
may or may not communicate with the surface of
the bone or Emb by means of unus tracts lined with
dense fibrous tiwue,

The changes rewiting from the procemses of fn
effectual attempts at remair are mamfested by sub-
pencateal and endosteal pew booe formabion with
consequent partial or total obhteration of the mednl
lary anod Haversian canaly and an irreguler thicken-
mg of the cortex of the bope. These changes lead
to an oter all deformation of the mvolved bone and
converson of the dueased area into an mory Eke
mass of dense booe. The periosteal corering of wch
a bone 1 thickened, fibrous, and scarred as a result
of the Joog-standing inflammatory process. The soft
tissue cloak of sich a bope i usually densely crea
trzed and poorly nounthed because of boag-standmg
stass of blood and hymph incrdental to the chromc
inflammatory procesy and prokraged immotalizanont,
and frequently because of scars of previous operatire
procedures and of interrmttent healing of smus tracts.

It n therefore evident that one of the most m-
portant characteritics of the lenon i3y fts poor blood
supphy The contents of bone cavities, such as pus and
sequestra, are completely avascular while the sur
rounding bone scar and dense fibrows tmsue elements

conclunop that wch organmms were not exposed to
the admunistered antibsotic, because of the relatnely
svascular nature of the thickened fibrous walh of
the dnuses and the avasculanty of the leson m
which they . These connd, are
further substantiated by the many chucal oberva
tons indieating fulure to obtain layting rebef by
comervatrve therapy

Surgical Therapy The failure of medical therapy
of the yelitc Jeuon bstanding the we
of potent antibacterial substances pants to the need
for exaslon of the focus and the need for making
possible the entry of the antibactennal yubstances into
the ute of the focus. The problem s therefore tvo-
fold first, control of the infection and, second, re
moval of the foan of devitabred and poorly
vascularzed nssue. Mere contral of infection, of #t
were possible, would be msufficient, for the perdst
ence of the focus carrles with 1t the pomihility of a
refightmg of the foan and the development of
symptoms. Furthermore the peestnce of infection
15 0ot an absolute prerequuite for the development
of symptoms, as is indicated by the occasiooal find
mg of a aterile Brodic s abscess or a steyile scleroung
osteomyehts.

It is now the general consensus that the required
surgreal procedure should conmst of & sarcernzation
of the myolved ares. To be effectrve thls operation

of the enclosed canities, mmuses, per and

must be very thorough. It i my practice to do thr
under control wherever possdble,

over-all soft tsue Layers are poorly vascalanzed
The Incfbeacy of Comservatrve Therapy These

(o excrse all diseased trssus technically feaible, and
1o extend thu excition to the norma! medullary oc

findings should Jemve no doubt as to the inefficacy
of conservatne therapy by way of medicaments
which depend upon the blood stream for ther de-
Inerroce mto the focs. Thes holds true for all
substances, inchuding the vanous serologucal, chani-
cal, or antilwonc products either known to date oc
Iikely to be produced 1n the future whose effective-
acss depends upon intimate coatact with the discased
area The accuracy of this awscruon n further sup-
ported by the obsenavon that i no mstance in my
expenence did increased remstance of staphylococt
occur m patients freated by antituoiks wathout
surpal mten ention. netwithstandime the fact that
1t 15 now generally acknow kedged that staphylococa
which persst over long penods of time m wounds
healing by secondan intennon tend to develop n
creanng reustance to the antibiottes. The explana
uon [lies m the fact that the materfal for culture m
the consenatnely treated pavtent was necemarily
ohtaiped from draning ympes This kads to the

physeal areas at both {tses of the lenoo—
without elevating the penosteum beyond the area
to be exered and without mjurmg adjacent epphys-
eal plates or entenng jomts or detroying oy im-
portant anatamical structures. The e of the motor
saw m unroofing the bone expedites this procedure
and lersens the thock. In additron, the soft trmue
scar should aho be exased to the extreme of surgieal
feasibihity, Al recently used smyutems of therapy
provide for s sraucermation procedure as deseribed
above. Beyond this bauc operatve approach there
are considerable vanations i the aftercare, depend
1r¢ upon the system of therapy employed.
Problems of Repair of Swrgicolly Treated Ls-
sions. The necomty for surgcal eradication of the
osteomychtic Jesron grves rse to the difficult problem
of healng the resultant rigid walled cavity The only
exceptionms are those parts which are subjected to
amputatiom. Heafiny can be accomplithed by one
of two methods either pnmary Intentlon or sccond-
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anry mtentoa.  The usual method employed in recent
tumes has been that of healing by secondany inten
muhmhdepmd;uymlheﬁlhmo(\hcngkd
walled cwity wath granulauon tssue, ansing from
the depth and penphery of the wound to ts surface
and the sibsequent epthefiration of the excicd
areas. The sucress of this method hmges largely on
the speed with which the cavity Is filled wath granu-
latroes. The pitfall of ths method Les m the phys
tology of repalr The aging granulation thsue at the
perphery of the wound becames converted info
fibrous trse, a3 13 characterntic of acar tissue for
rmation. This results in the shutting off of the blood
supply and eventual mterference with further repair
of the ngd-walled ety

The healing of the surpically eradicated Jenon by
prmary intenon has m the past depended upon
\anows plashe procedures to obliterate the ngid
walied cavity in amsocianon with pnmary or delayed
closure of the woumd. The we of muodle flaps and
foreign substances to eradicate the dead spaces was
ordmarily nful, becaine it 1 agents
htherto available were madequate to control the
element of infection of the hematoma, which of
pecesaty 11 part of the process of repair Furthermore
the presence of forogn bodses m mfected areas n
a to the subsrdence of the inf

Tt n apparent from the above cosiderations that
the prerequuntes for satfactory healing of the
chronie onteomyefitic lesion by dary

are the followmg (1) a thorough surgeal 4

ment of the last and most important prerequinte
forhenlmgufl}nlmpuﬂyproduc:dvmundby
primary miention. The desrabibty and advantag
of healing by pnmary mntention are self-cvident and
onw need hardly discuss the avosdance of suffermg
the savings in time and expenditures, and the more
factory heafing obtainable as compared to that
resultmg from heafiog by secondary mtention. In
view of the kmtations of time we will not enter
upon disansion of the rationale results, and com-
pansoms of regimes of therapy recenth m vogue,
namely” the Carrel Dakm, the Orr the Bipp, and
the magyot theraptes, and ther modificatrons. Ocaa
nonally in the face of nadequate slin corverage one
may have to resort to the Orr method. Under all
other arrcumstances primary cosure should be un-
dertalen, for the prospects of muccens are very high.
It shoukd furthermore be poted on the baus of
expericnces presented elscwhere? that pothmg nv to
be guned by the we of Jocal and sy3temic ant-
blous m pavents with saucerized wounds which
are to heal by secondany intentron, becawse of (1)
the failure of the antibiotic to exert a posdtive m
fluence om the nme clement of healmg by granula
tiom, (2) the falure to control pnmary, or secondary
b ! invaders, (3) the development of pro-
nounced resistance to the antibotic on the part of
the promany wwaders, (1) the relatnely absolute
renstance on the part of the secondary mvaders,
and (3) the not mfrequent development of allergic

to eradicate the lemon, (2) some efficient and harm
Jew method of sterilizavon of the surgacally formed
woand, (3) s means of removal of wound din
charge and doughs that occur as a result of the m-
fection and the surgical procedure and (1) some
agent that would produce an even and rapid growth
of healthy grapulatans from the depth of the wound
upward to cawse complete filling of the bone cavity
before the arculatory changes inadental to scar
e formation develop with Tesulrant o of blood
supphy and cesaton of further heaBing.

The prerequintes for the healing of the chromic
ostcomyefite wound by pnmry ntentwa are a3
follows (1) a thorough surgical procedure to eradi-
cate the kalon, (2) a method of prnmary elosure of
the wurgically formed wound, and (3) an agent to
control the mfectson until such troe as the bematoma
beeomes sufisently onranired m the process of
healing to resat infection.

The ennchment of our th

ou the part of the patient to the
antibeotic

Treatment by Saucerizntion ond Primary Closurs
Under Antibistic Control. 3y own experence with
and practice of saucenzation and prmmary closure
under antilxotic coatrol 1 the outgrowth of a re
search propect begun m 194 and continued

1945 under the aegus of the Commuttee on MeFeal
Research of the Office of Soentific Research and
Development at the Hospital for Joint Discases.
Begmning with 1916 and contmwng to date, the
propect has been fostered by several drug fimms 2and
the Hospatal for Jount Duscases. A relatvely large
number of patents have been submatted with out
sanding succen to the {ollowng regimen of therapy
for the chronrc osmeonryekitic lerlon.

As a rule all antibrotie therapy 1 withheld until
all mvertgatrve studses have been completed. In
the of a dischargs bacteriol 1

¥ T wnos, !
studics with senutivity determinanons are inchuded

wrum with antibotres males pt:mbl: the fulill

m the and the choice of antiblote 1
thereby determined. Tn the event no bectenological
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informatron 13 cbtamable, a broad+pectrum anti
blotic n employed.

The administratron of the chosen antibiotic b
started twenty four to forty-esght hours por to the
operathe mterventian, the details of whrch have
already been fmdrcated. Every threo houns, 250 mg
are admi d by mouth, omitting the 3 Aar dose
and doubling the midnight dose. Duning the course
of the operatne interventon 500 mg of the antl
blotic are admnustered intravenowly 1m 1000 mb
of glucose and water In addibon the operatme
wound 1 thoroughly wathed and flooded as 1t
closcd, layer by layer with a solution of pormal
saline contalning 0.5 mg af the antiblotic per mli
bter of normal smalme. The admmistration of the
antiblotic s resumed as soon as the patent can
tolerate oral medication after the operative pro-
cedure, ulng 250 mg every three hours, omutting
the 3 Ax dose and doubling the mudmight dose.
This 11 conunued for a penod of four weeks. In the
event of mtolerance becuse of gasinc upset, 1t
venous medication of 300 mg per 1,000 ml of
diluent is adminutered meravenously daly for
several days, to be followed by oral medications as
poted above. As an alternatnve the mntramucular
form of the drug may be used (200 mg two or three
times a day) The above modifications may alto be
used m the presence of diarthea, which at tunes
develops during oral medicatton. 1t may sometimes
be pecemary to change to another of the broad

In all of thes ar bandag
should be il ,ap-phcdmd hed

Ph:tcrufPuhmpponun:dyuxd.lnLhea
ceptonal case 1t should be ntilored to prevent the
occurrence of a fracture and In the presence of a
pﬁeudnunhmdxornnmunm_ In these cases the

fon b is modified to 1nclude plaster
o{Pnrh re-enforcement until healing of the wound
hss occurred, and thereafter akin fithng plaster of

Pans bandsges are apphed.

Weght beanng as a rubke k& avolded for three
months after the operative mterventson 1n all osteo-
mvtﬁﬂclmmshiththeucepdonoftbuxdthe
upper extr Oc addli [ protec
tion agalnst postoperative fracture may be sdviuble.
This can be afforded by the use of braers or plaster
of Pary bandages.

A word should be added regardmg the modifica
tion of the operative procedure in the event of hacl
of adequats skin coverage dus ather to loog-stand
ing ulceration or to the presence of thin adherent,
atrophic skm such a3y one sees with sufficlent fre-
quency m long-standing osteomyelins of the tba
In these instapces, the unmthfactory skin edges
should be exewsed and, at the terminaton of the
saucenzation procedure the tkin edges sbhould be
undermmed for a distance of three to four wches
pecessary to permlt primary closure, If this shoukd
prove madequate releasing incastons may be made
to permut primary closure over the mucerized arca
The

spectrum andbiotics because of these compli

The surgical procedure 1 perforroed under tour
niquet control whenever possible The tourmquet s
pot released untl the part has been bilized m

lang gaps may be covered wath split-thick

nens grafts. Many of these cases will result in pr
mu-yhe-hng Some will undoubtedly fall, because of
{ eirculation of the skin edges. The latter

& finn compreswon bandsge of sheet waddmg flannel
bandages, and adhemve, Ths support 1 not dm-
turbed for approxmately ten dayx, at which tume
the wound will be found to have healed per promam.
The slin sutures should be removed and the part
repeatedly reimmobilized i compresson bandages
for a peniod of four weeks at weekly intervale In

type will require additional skin graftong or 1km
plastic procedures before healing takes place.
Anpother word should be sdded regardmg the
modification of saucertapon and primary clowre
under antibiotic cuuuvllrydmcu:eo(bonegﬂfu—
spongy or cortical autogenows or homogenous—
ether In an effort toﬁ].llhrgtbmcu\-ntycrln

the event of partal of the h

effort at nulling drmddbemxda'l‘btnppﬁcnt:m
of adhems e butterflies, dry dresung and compressron
dressangs will result m satnfactory heabng No dram-
age of the wound should be permuticd unless the
wound 13 franlly pussy In that event a daly show
dnp of 300 mg wn 1000 m! of normal saline may
be wned for several days by way of a fine catheter
which thoulkd be pulled out of the wound after
completion of the daly drip. Practcalh all of these
wounds will heal by delayed cloture m several meeks

the pr of a or nonunion com
plicating the osteomyeline letion [ have avorded the
use of bone grafts to fll large bone cavities becawse
I have found it unpecessary There is practially
always wifficent booe regeneration to permlt werght
hﬂnngllthttndoflhrmlofmlrnmd:mfun}ﬂ
more the use of bone grafts, admittedly forcign
bodju.mlh:pfrlcnncuflnlectmhmvmunmmcd
il and imohes an unwarranted dependence upan
antibiotics I(umfcnhlchllrurtd%ﬁm
nwplndinlﬂo(ﬂrcrcoodgrmpwobulnpn
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mary hesfing and at a later date if necessary do
a bonc graftmg procedure, under antibiotxe control
m the absence of infectron.

End Resulis Time will not permut nor 1 1t m
tended to enter on thu occaswon into a discuamon
of end results. This mode of treatment has already
been evaluated statntically after an expencnce of
five years, and the findmgs, which were most saus
factory were reparted ebewhere.t Another study 15
under way to cvaluate statsucally all of my ex
penences with this regunen since 13 wnception m
19+ and will, I hope be approprately reported.
Suffice it to 33} for the praent that the resubts have
been most plasmg to both the patent and the
surgeon and at times even spectacular under most
dificult arcumtances with rexpect to the extent
of the lemon in queston and 13 kength of time m
catence.

SUMMARY

The above presentation 11 an outgrowth of & senes
of studies by oryselfl and my awociates at the Hos-
pial for Jont Duscases, eovermg a penod of some

thurty years, and 1 a recapitulavon of personal
experences and a progressiely developung philoto-
phy concerning treatment of the osteomyelitic leson
m all of 1ts phasex. These have been reported from
dmetounn']‘hupfamudonkmmcdmwuda
better unde: of the 1, phywolog
al g L.u."‘dbu(n.u.l deratl

midalymgthndimcllmu‘cnnddtenm)co(
therapy of the osteomyehitic lesson.
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ELECTROMYOGRAPHY—ITS APPLICATION IN

ORTHOPAEDIC SURGERY

Electromyography 3 an expresrion of neuromus-
cular activity in terms of pertpheral motor behaviar

To apprecute the clectromyograph ane should be
aware of baslc and the

all-or-nope law The ware of exatatiwn spreads from
fiber to fiber This abo produces a diphasle type of
oscillatlon, varstoos of which Indicate certain types
of pathology which have been estabhihed to & cer

of the moter umt.

When oue studies muscular behavior such as the
pattern of phanc activity onc is actually examming
central nervows system bebavior patterns through
abservation of penipheral neuromuscular activity
The motor umt represents the motor terminal of the
central nervous system aod 1ty behavior 8 an ex
pression of complex pathways

LLECTROPHYSIOLOGICAL

RASIS OF THE ELECTROMYOGRAM

Normal electromyograms are diphasnc type waves
made pomible by changes in potential along the
membranes of muscle fibers Thus change of poten-
tlal closely comnades with the process of innervation
Muscular contraction 15 thought to follow the po-
tenual change very closely—within a matter of two
or three millzecands. Each growuly diphage wave as
observed on the recording medium o thought to
represent the finng of one motor unit The motor
unit bthavey according to the aller-nooe law The
steplike nse 1n tenson as the strength of a muscular
contractron increasey udicates that the all-or none
Law applies to the motor umit

Thrs tvpe of innervation v m contrast to that of
the cardiac muscke which 1 nenvated by a sy
cyuumn. Normalh the entre ventncular masy of
carduc mueche behates as 2 unit according to the

tam extent by empncun

The motor unit has been defined as the group of
fibery Innervated by a ungle axone As such, each
motor umt represents a single anterior horn cell
The resulting diphauc wate during contracton
vanes in the normal because of slight asynchroay
of fibers within the motor umt. Recrultment csn
thuy be interpreted as the excitation by the ceatral
nervous syitem of addibons! motor umits to take
part m tho actrvity Actially the innenvation of the
motor unit has been found to be levs nmple Over
lapping of motor units by axones has been reported.”
Exch motor unut in the buman anterror tihial muscle
u thought to contaln spproamately 600 fibers and
to have a diamcter of about 1.3 mm " The avonc
wnnervating this motor umt, however may abo gne
off branches 1o a few other fibers Identical action
potentrals have been obtained from a ungk fiber by
stimulatmg separste axones. The Imnervation of the
motor umut 1 thur not confined entirely to one
axmoe.

As the axane penctrates the motor unit it branches
mmpplvrnnnyﬁbcnhhmtxrnu-nmlhatm
certain ammals, such as the hamster there are more
mutcle fibers than motor end plater In some of the
skeletal muscies of the hamster there are three tunes
a1 many fibers as axones

The fibrillary poteptial has & much shorter dura
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bon and a lower amplitude than that of the pormal
rmotor unit. It can be recorded from denervated
muscke fourteen to twenty-one days after interrup-
ton of the penpheral nenve. It has a charactemtic
appearance on recording media ay well as 2 high
frequency cheling sound 1n the loud spealer Tt
a very weful diagnostic sgn. In the pnmary my
opathics no Ebrillary potentials are ordmanly found.
In amyotrophic lateral scleroais or acute pobo-
myefits one would expect to find these potentiab.
Thev indicate mioluntary contractions of ungle

denenvated muacle fibers,
Fasaculation, on the other hand, represents an
isolated contracnon of the entire motor unit. Thrs
too n charactenstically found 10

phenomenon,
armyotrophic lateral sclerosn.

TYTES OF ELECTRODES

Surface electrodes may be eadly applied, wmg
clectrode pelly Thus type of applicator 13 excellent
for large muscles or groups of muscles but lacls the
specificity of other types of electrodes as described
below

With the coaxial elctrode (Fig 198) oe can
male recordings from mogle motor umts, and this

Fig. 198 The coaxlal efectrode.

15 the type of applicator mast often wed to study
the pathology of the motor unit and to record fibril
lary potentals.

Studies of ungle motor umts snd even of md
widual fibers can abo be made while wmg a ungle
monopolar electrode with ground.

Dwual intermal electrodes (Fig 199) have many
advantages. They transmit a large mgnal that does
pot require high amplification. Thus results i mni
mal distorton and nterference. There is a very low
nome level because of the large mgnal The elec
trodes are specific and permit stimulanon of the
muscle for purpmes of idenuBcation. This n very
mportant In orthopaedic funchonal studies where
the observer wishes to record indrvidual muscle ac
wvon. Such electrodes are pamless and remain 10
place for Jong penods. Although they do not tample
the entre muscle they sample a large volume of
muscle—enough to represent the muscles activity
Thess clectrodes are made from fexible, insulated,
fine copper wires and are inserted with No. 22, 23
oc 2% hypodermic needles. With the electroder m
place (Fig 200) the subject may be observed dur
ing walling or other activitier. The signal prodirced
1 ideal for recording on the sound track of the
sound motion picture camera. Thus results automats
cally m 2 synchronired diplay of muscular actniny
and the accompanymg audie representation of the
electromyogram.

The magmiude of the signal cbtamed vanes with
several condinons (1) type of electrods (Fip. 198
and 199) (2) sbre of expased tp of electrode (3)
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Fig. 200. Apparatus with dual electrodes in place.

distance between electrodes, (4) chosce of muscie—
upper extreuty  lower extremuty  ete, and (5)
patholopical state of the muscle. For example in
prunary myopathy the ngnal Is small, while in an
tenor horn cell disease such as poliomyelitls the
ngnal b of hicher amphtude.

The coavwal electrode 13 hughly selective and can
be depended upon to duplyy small portions of the
muscle such as the mdividual motor umit. It 15 abo
capable of reproducing the myertion potential, which
18 helpful m some diagnostc conmderations. Dhaal
electrodes samplmg several motor cmps dmultane
oush usually faul o record the shape of indnidual
motor unit potenuals unce these—to a great ex
tent are  upermmposed as groups (Fig 201) For
purposes of locomotion studies and muscle action
anahsn. these fleuible wire electrodes are wually
placed ? eo apart (Fir 200

RECORDING EQUIPMENT
Many vvpes of instrumnents are wsed for recording
the actron potential Some of the man requirements

are surtable frequency -recording range and low none
level The cables from the electrodes to the recoed
ing apparatus should be well shickded and the ap-
paratus should be well grounded. A frequency-re
cording range of 50 to 10000 eycles per sccond i
deurable for most studies Ink writers, althoagh
capable of recording sexcral muscles nmultaneously
through a number of channels, have a low upper
frequency fimit and are, therefore mapable of re
cordmg fibrilery potenuak. Thus they mught be
useful for muscle function studiex but unsathfactory
for neurological studies or studics of the individual
motor umit. Oscillographs employing the galvanom-
cter have a greater frequency range but their
upper frequency limut 13 wually somcthing lew than
5000 cychs per second Wath oscillographic equip-
ment, several channels may ako be available The
wdeal equipment for diplay of the electromyograph
ugnal is the osalloscope. With this mstruoent, the
ngnal can be viualied and analyred on the oscilio-
scope screen before or during recording Such equip-
ment has controls which may be vaned. This one
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UNITS DUAL ELECTRODES

FIBRILLATION

FASCICULATION

POLIOMYELITIS
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l AFTER DISCHARSE
MYOTONIA CONGENITA

RESTING MUBCLE
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Fig 201 Soms typical electromyographlc recorde.

can make records at duferent frequency ranges (Fig
202) The Imtrument can be aalibrated and one can
appreaate the magnrtude of the tignal recorded. Ths
oscillation may be Fuept neron the screen for analyss
bydnbaumnl(ncep)lmphﬁcrcrthchommnl
record

Wtuﬁhnl}:%m}'nhdﬂdm
ﬁrto—ch.nnntlmdllmcopkmnrumu such as the
D:nmn\nﬂlb\r_'nmemn.nmu hx\tl\tq

factory fi ding range. d
ascilloscope bmmcr can be adapted for mult-
channel we by the adopton of a rapld-switchmg
device which swatches the electron beam very mpdly
from ooe input channel to anotber This requires
the use of sdditonl amplifiers.

With many of thewe devices the ngnal can be In
tegrated. Thas means that 2 summabon cune can
be made of both the poutive and the negative values,

thus transformung the record mto a continuous
graph. Most integrators which rectify the mgnal,
however depend upon eondensers and therefore m-
troduce some “lag™ into the recording **

The loud spcaler may aho be wsed to demonstrate
the ngnal The audio representation b valuable and
can be convemently wsed while the electromyogram
1 bemg recorded, as anotber means of monitormg
the phenomenon. The audio ngnal can also be re
corded by tape recordens or an the sound track of
motlon pecture film. The latter remlts i a self

recording of the subject s actmaty and
the clectramyogram m audio-visual foem.

There are artifacts which produce confumon in
mterp of the ¢} yogram. Some of these
are 60-cycle (or alternaung) current, duathermy
excessively high recording frequencres with the
troduction of radio frequencies, and excesshe amph
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Fiy 202 Effect of venation of frequency recording range on oscillogram of vastn mediakly
durmg extennon of koee,

ficauon. Some of the better oscilloscopes have high
ugnal to-poise ratios which mummire the recording
of artifaces.

APPLICATIONS OF

ELECTROMYOGRAFPHY

IN ORTHOPAEDIC SURGERY

While one does not depend upon the clectromyo-
gram to make the dignows in jtself It iy often a
valuable adjunct to a neurological study Semntive
equipment readily records the fibrillation potential,
this enabling one to appreciate penipheral perve
inury such as damage to the radial nerve m frac
tures of the shaft of the humerus. The deenon to
explore the radial nerve may depend upon the find
gy ganed from the electromyographuc test.

In ditngurhing primary myopathy from & myop-
athy secondan 10 nenous nvatem pathology it 1
eany to vahse the fact that pnmary myopathy does
not produce fibnllan potenoals, so characternnc of
the muscle with a lower motor neuron leson at
certain stages Sincr our chmcal and patholaglaal

of some muscular and neuroanuscular
eptiurs orerlap and are somewhat vague as to
boundaries, the value of the electromyogram may

be appreciated when 1t 1 pathognomonic, as m
nryotonm congenrta. Here the electramyogram peo-
duces n charactenstic sound 1n the loud spealer and
may be the most definite means by which a conchi-
sive diagnions can be made. The chamactenstic “dive
bomber” sound of myotonia congenita® gives the
drsease picture definite meaning that one is not fikely
to forget The pnmary myopathies thua may be
contrasted with ducases due to nervous system ke
slons, such as progresuve muscular atrophy amyo-
trophuic Lateral sclerons, myotoaia congenita, and
syringom) clia
In chronic poliomyelitis, motor umit recordingy are
characteristically of laoger duration snd !hxg::
plituc ph 1 of synch
been pocted out by Hertz and co-worler. * This
1t & finding of weuncal electrical behaner in varsous
parts of imolved muscle presumably a resalt of
funon of anterior hom cell actnaty due to doease.
In 1941 to 194 Schwarz and amocutes™™
ele phuc means evidence
of n acute poliomyelitn. Early sparm was
obrr\'P.:t;nb:\ the antagonist as well as the protagonht.

& d

This may also be besrd §n dermatomsymit 7
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Ths spasm &t tincs exceeded oluptany pmscular
contraction. During this stage of the duease marked
electnical actnity was observed on stretch, Spasm
was often ofwerved 1 apparenth, unaffected muaches,
but here the electnaal activity of voluntary contrac
bon exceeded that of spasm. There was no spamn
if voluntar, contraction was impordble, and spas-
daty was conudered a generalired phenomenon in
carly poli. No correlation was vbwered between
fnstfal spasm and rendual wealness. The “spme
ugn” may thus be a reflex of wunvohed nmusches
mn pobo \Muscle, of course s mcapable of spamm
unless the lower motor neuron i preserved.

The ckctromyographsc method has been useful
m establishung the level of cord kesons m such coa
dsions as cenvieal or lumbar bermated intervertebral
disce. The test u of particular value if myelography
fails to localire the lenon In disc lmwons postenor
mnacles mnervated by postepor promany rami may
demomstrate  electromyegraphic evidence of oot
compresuion. If one 1 conwdenng a diagnous of
hemniated cendeal mtenertebral dne or brachial
plexus injury the differentiaton can often be &
tablithed electrically an the buus of imvohement of
postenior msculature which B moervated by pos-
tenor pnmary rame In plexus lemons, these muscles
are spared and produce normal action potentale
This 14 aho true of lumbar dise kewsons, where Mot
compresson 1 very unlilely o one cannot demon
strate evidence of fibrillary potentals mn the pos
tenor musculature of the lumbar spine

Extensve use bas bren made of the electromyo-
gram, using multichannel equipment during cortical
stumulation in order to gam further apprecadon of
tbe extent of cortical representanon®

One of the most profitable applcations of the
method n in the study of locomotion. With the use
of flexible miernal dual electrodes the actviry of
vanowt muscles including the derp muscles of the
Jower extremity the lup and alo the fhopyoas
muscle, can be recorded as the subjeet waBs or
performs other acts. Where a tendon tranfer hax
been made, museles are readily evaluated postoper
atrvely  The tume of contraction and, to a certam
evtent the magutude of electrical acmity can be
appreaated. Preoperatne study of the muscle to be
tnmlared may be of great vahe. Unng the in
itrument postoperatnely one may readily ascertain
the degree of recovery of the muscle and thus drade
‘hmmm!mhlng}ujbcgup\m Thu can

bclppn.urdbazdaprcopﬂmnclmdyhztb«n

Tradinona! methods of determuning tmuocle func
ton are (1) by 1ty of the ongin and msertson of
the muxcle (2) by observation of the effect of
electneal stmulation, and {3) by observauon of
paralytics in whom certain muscles are paralyred
or weakened.

A more satisfactory study might be based on ob-
servation of actual partiapation of the muscle dur
g specific movements. Thus B possible with the wse
of electromyographic equipment. Records of elec
trical 1 voluntary and the use
of the muscle duneg normal wallmg are easily
obtamed. Connderable 1nsight mto the function of
musckes can be gamed by wing ths mformanoa
aloog with a knowledge of the axes of the jomts of
the lIower extrermty about which these muscies art?
The well Lnown axi of the subtalar joint, as an
ftustratson  which enters the Iateral aspect of the
tuber of the o3 calas and emerges from the doral
aspect of the head of the talus, passes through the
center of the sphencal parton of the head of the
talus This aas (Fig 203) to a great extemt m
fluences the action of the antenor tiblal, peroneal,
postertor tibial, and common extemor muscles (Figs.
204 to 207) When tendon substitutiots are made
about such axes, the posivon of the aas and the
time of coatracton of the muscle are mmportant
comsiderations (Figy. 208 and 209) For example,
with paratyns of the antenor tibal muscle, one may
wish to tamfer the common extensor into the
dorsum of the foot. The surgeon must tben de
termine the wdeal pontion for insertson of the trams

Fig. 203. The robtalar joi 1 axis
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H‘mcﬂm-ldm&mullkemhohxmhuxmlﬂnl
the common extensor fnto the dormm of the foot.

ferred tendon wath respect 10 the avas of the subtalar
yomt (Fige. 208 and 210.)

In order to spprecute the acton of muscle of
the lower extremuty such as the adductors one must
conﬂdcrﬁwnxxbxmcalnmuld:bwn—cxlrmnt)
{Fig 211) Thus axu influences the acoon of both
the wdductor kamgus and the adductor magnus, de-
termming ther partapation in borrontal retaton
of the thigh The princaipal dotal attachment of the
nddnctonmtodwpmmhn‘pectorﬁnamd
the femur suggets that they are extermal rotatore
Thewr attachment however B Inofe important m
relatonstup to the methameal axis of the lower
extremty (Fiex. 212 and 213) The 233 of the lower
extremity 1 2 line pasing from the
cm\:rdlhchndulﬂr{rmnrtotbcpdma{mu—

tact of the lower extremmty If the lower extremity
is not 1 contact with the wallmg snurface the
mechameal aus pases through the head of the
femur and the center of granity of the dependent
lower extremity The latter 13, of counse, a changing
pomt and the axis therefore, n a comtantly chang
ing one (Fig 211) The action of the adductors is,
herefore an especially complex ¢ d. when
the kewer extremty is not m contact wth the walk
mg surface. After imertion of dual electrodes mto
either of these muscles one can easily stimulate and
produce weak external rotation and adduction. Upon
observing the electromyograpine recording however
one 13 unpressed by the mmcles lack of actvity on
external rotation and their abundant actnaty oo -
temal rotaton or adduchon. Thrs paradoacal find
ing mndicates the futility of attempting to determme
the action of muscles by means of their response to
electrical strmulation. Undoubtedly the body wses
museles ay groups and some camnot even be msed
mdrvidually According to Duchenne, “a single
muscle has no function as such” According to
Jackson," “the bram knows nothmg of muncle, only
of movement” Thus, motions and not muscles ap-
parrathy are represented 1n the bram.

Fig 209. Peroneal tramier to the dorvum of the foot and
the poivon of the rubtalar axm.
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Fig. 210, Doalfexion—in the presence of thblalls antion
paranis.

Studies of the normal hamatrings reveal further
nteresting fmdingx. The short head of the blcem
femoris by sumulation or valuntary contraction i
& consutent flexor of the knee. The long head, how
ever in many individuzls {s inactve on knee flexaon
but very actrve on extenson of the thigh or external
rotation of the lower extremity These muscles do
not contribute substantally during normal walking,
according to findings by the electromyogram.

Another  demonstration of the mportance of
mechanical axes and centers of rotation i1n the anal
ysit of muscular funchon v wen m the actnaty
of the sopsoas muscle (Fig 214) As this muscle
passes downward 1o the lester trochanter of the
femur 1t pames directly over the bead of the femur
There has been disagreement concerming the role of
this muscle m mtenal or external rotason of the
lower extrerity In order to study the funcuons of
the components of this group, electrodes were placed
m the thacus muscle, a3 well as m the peoas muscle
via a poatenor rouse. Electrical stimulation invar
abh produced pure fleon without mternsl or ex
ternal rotavson. The clectromyagram revealed no
actnity oo internal rotavon but slight acthaty on
extermal rotaton of the There was abundant
2ctnity on fleman of the thigh and, surpringly
abduction. As demonstrated by Fig 215 when the
hip 13 abducted a portion of the tendon of this

lateral to the head of the femur the
becooung an abductor Durmg walkusg
muscle {3 relatively quiet. It b1 wmed
the first step or while the subject as
when 1t shows abundant activity

mstrument would be much more vaduable as
opacdic study device if the electrontyogram
be dircctly refated to the tennon produced
muicle. The amplitude of the ngnal may
somewhat from day to day with each insertron
the clectrodes mto a ghen muscle. During a
fic test, however 1t has been cbserved in other
tudies that the mtegrated clectromyogram has 2
Linear relatronship to the developed tension of the

ciriigliiny
e

el

Fig. 211 Mechanial axes of the kower xtremaly
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axonet to metor units. Each mator urut thus consists
of a much smaller number of muscle fibers. It has
been found that the extraocular muscle 13 never at
rest. Some electnical activity can always be ehdted,
cven dunng sleep The procedure bas been carrled
out with flexible internal clectrodes, using oanly
sedation and Jocal ancsthens,

In determuning the state of nnervation of muscle
one can ofttn observe partul demervanon. The
state of regeneration can be observed. For example,
fibeillary potentals are ususlly fiest observed m the
dencrvated mincle fourteen to twenty-one days after
nerve injury If denervation 1 complete, fibriilary
potentials gradually dseppear as the fibers them-
sches degenerate. The clectromyograph thus records
tho progresine changes m wallerian degeneration.

Fig, 214 The iopeons muscle

If denenanon it incomplete and regeneration follows,

v fals may graduslly transform mto o
wenes of units, imall in amphtude and durabon and
out of phase (the nascent motor unit) * These
potentials finally resolve themselves into the diphasc
form of the normal motor unit.

Clinreally 1t 13 often ddfficult to dilferentlate
certun myopathles and atrophies of central orgin.
In pnmary diseases of mincle without known nerv
ous system fnvol fibrillary p jals are
almost pever obwerved. An example of such myop-
athy 1 pseudohiypertrophic musculer  dystrophy
without any kmown nerve leslon and wathout fibril
lary potentials but with & famly history of discas
and duturbance of creatin-creatinine metabolism.
Central atrophies on the other hand umally begin

Fig 215 The {bopeom rmescle | abd ction,
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Flg 216. Artisn potrnuab of the vastua latersly on kote extenuon Progremhve decremse f
oscilloacope

in the mddfe ot latter parts of life. The dutal
poctsans of the extremitiea are often fimst involved.
An eaomple of ths type of involement = the
Charcot Mane-Tooth syndrome (although thu dis-
eae generally occurs early in bfe) * Here fibnilary
potentalt arc urially found. Spasticlty 1 often ob-
senved, m contrat to the pmary myopathres, where
it i abrent. Exampies of central atrophsey are pro-
gramve muscular  atrophy  amyotrophic  lateral
scierosis, and mmyotomia congenita. Peroeeal muscular
atrophy 1 another evample of ceatral atrophy
where there 1 invohement of periphersl nenves
portenpor colunus, of pyramudal tracte. Muscular
mmoheaoent 1 secondany and there are umally
fibnilary potentialy,

In the study of normal muscle functhon, indnidual
mincle action has been demonstrated duning variowt
actnities However such acton or function should
be thoughy of a1 partrapation In a group actnaty
in which a number of synerguts take part, Thut po
clam can be made for mdividual, molated musche
funcuon. Smglechannel equipment has been wsed
w thy study ddnce the electromyogram Is recorded

senultlvity

on the wound track of the motion pieture flm. 1
however gives an excellent self-synchrooured
play of bath the movernent and the muscles ¢
tneal activity One can very readily apprecate
ndrddual panlupaduu of each musele in Pl
actrvaties. Muloet 1 equipment undoub
many great advantages m the study of mu
function, as the tracngr of several muscla ma:
simultapeously recorded. Sinea each muacke req
a pur of wtemal electrodes for this type of st
it » posible that norma) movement mav be %
what iphibited by the we of too many inte
electrodes at one test.

Only a smgle channel, howerer can be reco
at any one tune on the sound track of the mc
preture ilm and o rowcdes are studied individu
attention can be guen to the factons of gam,
umaty speed of recording maternal, and shape
charactensties of waie form. The diphauc wav
the clectromyogram may be duplayed on the ou
sope sereen as & A erteal osafiation. If the horoe
amplifier 13 calied woto play then the osalls
ware is ywept acrons the screen and the thme fa
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.+ unes to motor unjts Each motor unit thus conshsts
of 4 much smaller number of muscle fibers. It has
been found that the extraocular muscle 13 never at
rest. Some electnical activity can always be ebated,
even dunng sleep. The procedure has been carmed
out with flexible internal electrodes, uung only
wedation and Jocal anesthesia

In determmming the state of moervation of muscle
one can often observe partal denervaton. The
state of regeneration can be observed. For example,
fibrillary potentials are usually fint observed 1n the
denenated muscle fourteen to twenty-ooe days after
nerve injury If denenvaton s complete, fibrillary
potentiab gradually disappear 33 the fibers them
stlves degenerate The electromyograph thus reco!
the progressne changes m wallenan d 1

UNEQUAL EXTREMITIES OSTEOMYELITIS ELECTROMYOGRAPHY

If denenvation 13 incomplets and regeneraton faflowy,
fibrillary p ls may gradually intoa
serses of unuts, small in amplitude and duration and
out of phase (the nascent motor umit) *** Thee
potentials finally resolve themsehves into the diphase
form of the pormal motor umt.

Cliueally 1t fs often dfficult to differentmtt
certain myopathies and atrophnes of central ongin.
In primary dueases of muscle without known perr
ous system t fibriltary p b are
almost never observed. An example of such myop-
athy n pseudohypertrophic muscular dystrophy
without any known perve lemon and without fbril-
Lary potentials bat with a family hutory of dbexse
and dusturbtnce of creatin-creatmine metsbofon
Central plucs cu the other hand usally bogm

Fig. 24 Th liopeons rmcle

Fix. 215, The iliopscas oxmche fn abducton



ELECTROMYOGRAPHY—ITS APPLICATION 1IN ORTHOFPAEDIC SURGERY 257
1
20
- [ |
— i I
————-‘r‘rw%'w R '1,‘;’1]("\;\"(»*-\—-4 Tr— ST ‘
1‘7 T "'\'«1 Q.5amy /am r
| e
T t ', { Ome/om,
1
1 — |
7 ! ' LOmeson,

Fix 216 Actlon potentals of th  astms Laterals on knee extenmion Progremsse deeresse of
oecllloscope

in the muddle or latter parts of Lfe. The dutal
portions of th extrenuties are often first lnvolved.
An example of this type of nvoliement 1 the
Charcot Mane-Tooth syndrome (atthough thu du-
caoe generally occurs earfy in life)  Here fbnilany
potentials are usually found. Spastiaty 15 often ob-
wenved, m contrast to the pnmary myopathues, where
1t 1 abeent. Exampler of central atrophies are pro-
gremne musculsr  atrophy  amyotrophic  [ateral
sclerosis, and myotonia congenita. Peroneal muncular
auophy s another example of central atrophy
wher  there I mvohement of perpheral nerves
postenor columm, or pyramudal tracts. Mascular
miohement 11 secondany and there are urually
fibrillany potrotats,

In the study of normal muscle function, mdivadual
muscle action has been demonstrated during vanous
actvanes However such action or function should
be thought of as partlapation in a group actvity
m which & number of synerguts take part. Thus no
claim can be made for indhldual, isolated muscke
fumcuoa. Singlechannel cqupment has been used
i this study since the electromyogram by recorded

et ty

on the sound track of the motlon picture flm. Thu,
bowever gives an excellent self-pynchronired &is-
play of both the movement and the muscle s elec
tncal actiaty One can very readily appreciate the
wdividual parucipation of each muscle m certam
setivitier. Multlichannel equipment undoubtedly has
many great advantages w the study of muscke
function as the tracngs of several muscles may be
wmultancouly recorded. $ince each muscle requires
» pair of internal electrodes for this type of study
W is posdble that pormal wovemiens may be same
what nhitated by the wse of too many internal
At ont tent

Only a single channel, however can be recorded
&t any One time on the soumd track of the poton
preture film and if muscles are studied ndividually
attention can be gnen to the factors of gam, sen
sty apeed of cecording matenal, and shape and
charactemsues of wave form The diphasc wave of
the elect yogram may be duplayved on the pvallo-
3c0pe screen a3 2 vertieal oscillation. If the hotirontal
amplfier §s called mto play then the oucillating
WAVE 1 twept acrons the screen and the tume factor
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.ot to motor pmuts. Each metor wnut thus conssts
ot a much smaller number of mucke fbers. It has
been found that the extraocular muscle 13 pever at
5 3t Some electncal actouty can always be eliated,
even during sleep. The procedure bas been carmed
out with flexible mternal electrodes, umng only
sedation and local anestheun

In deternunmg the state of mnervation of muscle
one can often observe partial denervation The
atate of regencration can be observed. For example,
fibrllary potentlals are usually finnt observed in the
denervated muscle fourteen to twenty-one days after
prive injury  If denervatioe 1 complete, fibnllary
potentab gradually drsappear as the fibers them-
schey degrnerate. The electromyograph thus records
the progresshe changes 1n walkrian degeneration.

Flig, 214 The o] opeans mmscke

If denervaton 1 Incomplete and regeneratioa folloss,
fibnllary potentisls may graduall forn mto 2
senes of unuts, small in ampEtode and duration and
out of phase (the nascent motor umit) 3™ Thes
potentials finally resolic themselves mto the diphaoc
form of the pormal motor umit

ChHnleally 1t is often difficult to differentiate
certan myopathles and atrophies of central ordgm
In pemary drseases of muscle without known perv
ous system 1 p b are
almost pever observed An example of such myop-
athy 1 pseudohypertrophic muscular

without any known perve lewon and withoat bl
lary potentrabs but with a famly hatory of doease
and dsturbance of ceatin-creatmine metaboban
Central strophies on the other hand usally bega

Flg. 215, The diopeoss muscle | abeuction.
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216. Action potrntals of the vastus Lateralls on knee evtonslon. Progresth  degrease of

m the pnddle or latter parts of lfe. The distal
porons of the eatremines are often first imohved.
An cxample of the type of mmvoliement 13 the
Chartot \Mane-Tooth syndrome (ahbough this dis
easc generally ocquns early 1n Efe) Here fibnilary
potentialy are wually found. Spestcity 1 often ob
served, m contrast to the primary myopathtes, where
sc 15 absent. Examphks of central arophses are pro-
grove muscular atophy  amyotrophic  lateral
scleross, and myotorua congenia Peromeal munscular
atrophy 1 another example of central atrophy
where there 13 mvelvement of penpheral nerves,
postenior colummns, or pyramdal tracts. \Muscular
mvohement fs secondary and there are wually
fibrillan, potennah.

Ta the study of normal muncle function, indivadual
mucle acton has been demonstrated duning vanous
actmites. However such acuon or function should
br\hmgh\uiu}nn.upabmin;grwpmiry
mhhx}nlnumhrnl:)wmuuleput'ﬂnnw
clam can be made for indnidual, isolated musche
fuocnon. Smgle<channe] equipment hay been wed
i thi study amce the electromy ogram by recorded

seomthoty

on the sound track of the mouon picture film, This
howerver gnes an excellent self-nnchroamed dis
Play of both the movement and the muncles elee
tncal actvity One can very readily apprecate the
wdividual participanon of each muscle m certain
actniues. Mulnch 5 doubted]y has
mam great advantages m the study of musck
funcuon, a5 the tracmgy of smeral muscles may be
sunultanrously recorded. Since ench muncle requares
a par of internal electrodes for this type of stndy
it i ponible that nommal mamement may be some
what mhibited by the we of too many mternal
electrodes at one test.

Only & smgle channel however can be recorded
at amy one time on the sound track of the moton
pcmr:ﬁhnand,x!mwck:m:mdicdmdmduzﬂy
attention can be gren to the factors of gan, sen-
smaty speed of recording matenal and shape and
cracacteritics of wave form. The diphasic wave of
the elettromyogram may be displayed on the oucllo-
$cope screen as a vertical osallatfon. If the honzontal
amplifier 5 called into play then the owaflanme
®ave 11 Fwept across the screen and the tme factor




258

e

LNEQUAL EXTREMITIES OSTEOMYELITIS ELECTROMYOGRAPHY

mue
e

tovece

\V‘ o

—/'.

1 ete
re710c

[

38250

e

'
174 wec

Fle. 217 Oscillograms, pude at sanow recording speeds, from pornma! gutrocnermius daring
walking

or base [me o muoduced As the Impulse 13 smept
across the screen. however part of the actviny 1
not scen or reeorded, since each merp must end
and then be resumed on the other mde of the o1
clloscope screen. When uting contnuous recording
equipment only the vertucal oxcillation 1s displayed.
The swcep or time dimenmon 1 suppled by con
stanth moving recordmg materal In this case 35
mm  photographic paper or film § used. Since the
rate of the recording material can be vaned, oae
can cauly run the Furchild camera at the same
rate as the sound moton prcture camera Thr pro-
duces a comrmenty nnchroned smystem which
records all of the electneal actnany raling place
without mterrupuon Th evenus ialuing place dur
me the subgects actnaty such as walling with the
proper dengnation of stance phase mwing phase et
or of soluntan contracuon, such ay extension of the
Lnee can then en rauh be tansferred to the 35
mm paper The electrical acinany can thus be ap-
precated in relavonship 0 what the patent »

dolng as demonstrated in Figs. 218 and 219 In
this way phasic zctivity dunng walling may be
preasely recorded. Although the action potentlal
may vary from day to day for a guen musck, cer
tain standardization s mmade possible by the use of
this parncular equpment. Thus » gain of approx
mately 20,000 15 used for cach test “The oscallmcope
scnuthaty may be set at the same serting of 05
o per centeter—a seting which can almost
abways be depended wpon to record pormal musen-
fature m the kower extremty The speed of the re
cording system retmains comytant, aveeding the I
troduction of unfamiliar forms of the action poten
ual The effect of vanng the recording speed Iv
shown m Fig 217

Sexeral dynamic and structural changes are known
to occur In muscle &y contraction takes place These
include changes m (1 dength, (2} e section.
3 sncosity and (41 tenwon

When contracting musck shortens, as dunny
motonsc contraction, the mawmal rate of change
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Fig 219 Phale actrvity of the components of the quadsiceps muscle
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Is proportional to the length of the mucke ie.,
veloaits  of shortenng 1 proportional to muscle
length.” The maxmmum developed tenwon is pro-
portomal to the pmmcles oross section. Durlng
bometric contraction the pattern of the integrated
electromyogram can be shown to be proportional to
the devrloped tenmon. However if hotonrc contrac-
uon takes place at a constant rate the integrated elec
tromyogram czn also be shown 1o be proportional
to the developed tension

Chemical changes involuing adenosine tripbos-
phate “actornyosin ™ pH etc. remlt in the glving
off of heat. Electncal chamges occur afong the
membrane  This electrical change whetber due to
the metabohum of “actormyosn”™ or to differential
permeabiltty of the membrane, can be shown to be
conadent with the acton potentlal. The achon
P I 1 almost comcident with the develop
of tenwon the latent perrod bemg approdmately
0002 second. The actron potential, however ter
mmates prior to the cenation of muscular contrac
troa,

The amplitude of the action potential thus de
pends upan scveral factors. It varres with the type
of elecoodes wed and the adjustments of the
oscilloscope. It ako varies according to the dntance
between electrodes placed 1n the muscle. The actron
potenual produced represents the sctvity of the
number of motor upits m the immediate area sur
rounding the two elrctrodes. Often indiv rdual motor
umt ducharges cannot be seen with this type of
recording device mace vigorous muncle actnity pro-
duces abundant clectncal actvity that results 1n
supenmponuon of many motor units, ooe upon the
other and lors of rdentiy of the individual motor
umit The clectrical content of the area exanuned.
however 15 represented by the recording

Electromyographic analyss of the phanc actniny
of normal hamstnpg muscles and quadnceps com
poncnts has been very useful in the analyss of
hamstriog replacement trantfers to the patella for
quadncepn weakness The familar peture of per
sstent hip and knee flexron contracture with weal
nen of the quadnceps. tle pauent attemptmg to
advance th center of grauty of the body antenor
to the mechankal awus of the knce can be changed
damancally by forward trander of hamstnngs m
sotn. caws The hup fleion contracture and bordoss
may be a necessan result of the bnee flexion con-
tracture -epeciath U the glutews maamus and
gastrocnemiue muscky arr weak  mee the patkent
must place the center of graun in front of the

.

Lnee axm to prevent collapse. Here plaster wedgmg
of the Lnee alone Is not necemarily permanent and
may have 1o be folloned by measures to balanes
the mucle ditribution about the jomt—in this case,
hamytning tramsfer to the patells Humstring transfer
may succred dramatreally in mamntammng the corree
tion, ehminating the neceslty for the fiexed positon
of the lup and for the lordosis. One of the hamstring
mustles may be found preoperatnely to have s
coasiderable amount of stance phase actnity Such
a muscle might be & very deurable one to usc
Howerver contmuing swing phase actslty of some
hamring tramsfers may abio be useful in extending
the knee jomt prior to the onset of the stance phase.
In some cases, the tramsfer acutally produces ex
tendon throughout swing thus resulting in the
*3tifl legged” gut.

Fig 219 demonstrates the indiidual phauc ac
tvity of the quadnceps components. It {3 obsened
that thar amplitudes are low and the duration of
contraction shoct, Contractlon begins npormally in
the guadriceps components just prior to the onset
of the stance phase Activity is conchided fumt prior
to the mid portion of the stance phase. In all of
the records 1n thu atudy the factons of recording
1peed, asalloscope sensitndty and gain ars the same
Using this standard procedure one cousstently ou-
serves that dunmg normal walking the rectus femons
plays a smaller part than the other quadnceps

Hamstring f are {requently
made becawse of marked imstability with bilsteral
quadrceps paralynis or because of external rotation
of the tibia with genu valgum jn the presence of 2
atrong outer hamutning Occanionally the hamstring
tranxfer into the pateila mccreds in duplicadng the
quadriceps stance phase™ actiaty during normal
wallme In other cases, the musck retams its ming
phase actuty duning level walling but may spon
tancously change to the stance phase as the subject
ascends stalre

The hamstrmg muscle transferred to the pateila
may be disappomting in its failure to produce
cunpheknccrkaumm\lwabnctul‘-quad
nceps mechannm One wondens sf it i povuble for
a ungle muscle such as the semimembranoun oc the
Jong head of the beceps fermom, to produce com-
plete extermon and & full range of motion of the
Lnee Such a tramfer has actually been subntituted
for a complete group ot syrtem of muscles of varked
lengths. In our expenence compleie exteron is
possible if one sacrifices some Pexbon in such tramy-
fers as the b n to the pateila Howeser
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if stretching of the tramsfer i permitted and complete
flexion produced extension invanably suffers Thus
the transfer though capable of producing complete
extenslon v not capable of duplficating the action
of the normal quadnceps mechansm to the extent
of producing & complete range of motion. This keads
to & study of the activity of the vanous components
of the quadnceps mechanion duriog extenslon of
the Lnce (Fig 218) One might postulate that dif
ferent components of the quadneeps normally come
mto play at dilferent stages as extension

Tn fact 1t has heen suggested that the vastus medi
alis produces its activity at the terminal portion of
extentlon in order to prevent lateral dislocaton of
the patella. Careful electromyographic recordings,
however fail to substantiate this concept. Fig 218
demonstrates typical records obtained from the com-
pooents of the quadnceps mechanum dunng volun-
tary extenion of the knee. Although these records
were made separately and not with mulochannel
equipment, they were repeated many times wath
conmstent findingx. It 15 clear that the three vaati
bemn thewr activity as extemsion b begun, thar ac
tnity incressing m mtensity a1 extenwon w com-
pleted. A difference fs often observed fn the ctvity
of the rectus femons. Although this u the longest
of the four components, its activity normally begins
fater It often fails to participate in extenmon until
the knee §s almost completely extended to 160 de-
greer Rectus femons activity begins in most cases
at 2 ponton of approumately 165 degrees. In thn
study (Fre 218) the contmenons of the quadncepe
components are botonse until the knee reaches 180
degrees at which time the contractions become o~
ortne.

SUMMARY AND CONCLUSIONS

The electromyogram has been employed  for
neurodiagnous and the study of locomotion and
musche funchon.

In neurodiagnosn the test haa become of great
swpplemental value m such condivons as cermacal
and lumbar dmc denons with ITVE root COmpresnon,
m brachial plexus njuries, and as an aid 1n the da
tmcton between prumary myopathies and thoswe set
ondary to nemowm wyttem lenons, In meurological
condtions the obseriation of the fibnllatoa poten
ual 1 of great value Its presence may be obwerved
(wo or three weels after mpury and followed a3 an
excellent prognosticating sign.

In the sudy of lecomation, excellent records of
muscle acuvity duting waBang both in normal and

In postoperative orthopaedic reconstructive  pro-
cedures may be produced Thh method 13 an ex
cellent ard in the maluatlon of the tendon tramfer
It Is possible to penetrate with the electrodes deep
muscles, such at the postenor tibial or the pacas
major and record their activity when such acthaty
might not be apparent by other means. Preopera
dvely the method may be of value 1n amexing the
state and tme of contraction of a muscle under con
uderation for tramfer By adapting the apparatus
to the sound camera, an appredation of normal
muscle function 13 readily obtalned through produc
ton of a sell synchronired audio-visual 1 ding

Although much further development » taking
place in the quafity and adaptahifity of apparatus of
this type much standardmation has been possible,
and 1ts appleation has been extended to many
branches of medicine.
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OPERATIVE TREATMENT OF FRACTURES OF THE

ELBOW IN ADULTS

e should like finst to pay tribute to the memory
of Dr Robert A. hnmght of Memphh, Tennewsce
who formerdy presented thms courst on the manage
ment of fractures about the elbow 1 adults, which
war publhed 10 Volume 14 of the Instructional
Courte Lectures.

Trauma m and about the elbow jont presents a
real chalk to the phy:d who fint
the problem, whether {t be fracture fracture and
dnlocation, of severe mjury to the soft tmues. The
strong muscles which are attached to the vanous
bom, promunences compmmg the efbow yoint wiu
ally caure a marked displ of the

The d wll be p d by indhnduak
dme\mq-puo(fmmmdthcnd;ugtbcm
and the humerus, and followed with a revew of
some of the more pl d problems, &
open fractures and dislocationt, a1 well as complica
tons encountered m the soft tasuer
A review of the surgical approaches or first han
mformation 1 perthaps one of the most ooportan:
phuuoflurg:ry of the elbow jont. Becanse of the
d types of f. d, the in
:uionmmtbcpmpcﬂyph.ccdorlheopcnnmwﬁ
be very diffcult, or even mmpossible, and subtequent

tuding

o most fracturea in this area. Thus there §s very
poor stabality and manipulative o closed reduction
of a dsplacement » difficult or perhapr fmpoudble.
To mamtam conservatne management of most of
these Injunes unless they are very simple in nature,
such as lmear fractures without displaceent, umi-
alhy gnes a poor result. Therefore 1t bel

will have to be made. Same of the more
ly wed and ded surgical

proaches have been described by Banls and Lauf
man, Bost and amocates, Bovd, Boves, Campbell
Henry haplan, Molesworth, Pheasant, Speed anc
Van Gorder The early evaluation of a patient watk
wm,ur)mmdnbmudwed‘bmrdmldcomnm

the
surgeons resporible for the treatment of these in-
juries to approach them m a positive marmer hav
g a thorough Lnowledge of the anatomy both the
early and the late complications, and a general
Loowledge of the management of the more difficult
fractures.

The experrence of mam of the outstanding men
m orthopaedic surgery has been recorded for the
benefit of ther confreres m thas field, and we present
2 rather exhanny e bibliography of references within
which these men have ded thelr Loowledge sod

Y checking for pomible nerve
or\'uculu mjury followed by adequate x ray sudy
Too much emphasis cannot be placed upon the valu
of adequate roentgenogram. Several views may bx
necemany in order that the damage meurred may be
properly evaluated prior to surgery and then the
best surgical approach made

Surgical approaches (Boyd Bost and amociates
Henry) will be referred to 21 postenior approac
(Speed, Molesworth)  cunulmear  postenor ap:
proach, hteral (Raplan or hocher) and media

experience

) hes (Campbell) and anterior anteculuta
approach (Henry \McLaughlin)
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Re-emphaurmg the importance of operathe sur
geny m fractures in and about the elbow jont once
the decuon has been made for surgical intervention,
we have found, almost without exception, sufficent
damage within the joint and to the tmsues surround
ing the jount to indicate that nothing but a poor
result would be achieved by noasurgical treatment
Frequently one finds within the joint loose pieces
of cartilage, blood clot and fragments of bone which
would contribute to a poor result were they not
removed at the ume of the arthrotomy It k& our
thens that carefully planned and executed surgieal
operations performed under optimum  conditsons
eg tourmquet, good hght et cetera give us the best
opportumity for a good finctional result. We also
feel that sdequate fixation of the fractured frag
ments allows foc early mobilimton of the jomt,
hhkhmmmprnmumanyoft}npoorﬁmcuand
elbows 5o frequently d after by

d 1 tr However relathely
nmplc linear fracturcs with only a mmll frngmen!
of the head dusplaced or d, where pr

mdmpinadmhbmncd, u:u.'lll)dnnotlmpm'\!
under obtervation, Such fractures may rewlt In
varymg degrees of flewon deformity If a comserva-
tive approach s planned, the distended jomt shoald
be asprrated after twenty four houns. Moverent may
be started early within the panless moge wually
only shng mumobilizanon 1 used. The chirel type of
fracture of the upper end of the radius is one in
which there may be an impaction of the neck with
Lttle or no senows argulation of the head of the
radius, and these fractures—unless there i definite
involvement of pronapon and supination—we treat
conservatively &5 outlined.

In comminuted fractures of the hesd of the radny,
In which there s unnlly more destruction and more
dlapl. nt than i spparent on x ry camina

prolonged immobilization or fixation 1n one pontion
with or without surgery

Antiboha arc wsed m adequate amounts when
indicated, but not routinely in the postsurgical
period.

FRACTURES OF THE

HEAD OF THE RADIUS

J Albert Key drvided these fractures jnto two
clanificanons  thoss which should be treated con
servatdvely (Fig 220) and thote that should be
treated by operation (Fig. 221) From a surgeons
standpoint, this is certainly an excellent clamfica
tion. However the fractures themsehes vary coo
wderably  frequenthy giving only mild symptoms
conutmg of some pan and fimitaton of pronation
and supination but particularly acute pain an dm
@l pressure laterally over the elbow jomt. Roughly
the fractures of the head of the radius may be clas
fied as (1) lincar smgle or multiple fractures, with
or without duplacement {2) scgmental fractures,
with or without duplacement and (3) the com
mmuted fractures In any of these clamificatrons we
sthould be conuvant of the fact that there may be
some amociated damage to the adjacent jolnt sur
faces and that the fracture will occur oceaslonally
with an aswoaated inpury 1n the distal wnst or distal
forearm

In the past few vears there ha been a tendency
to operate on fewer radial head fractures, provided
there is good pronation and supination m the pres-
ence of an acute injury Thn n true of the first two
clasdificavons. and m most of these we have not

ton  operative treatment should be planned and
sccomphshed. In general, we belime in operating
eurly within the fint twenty four or forty-<cight
bours, when indicated. If delay o unavoudable o
the patent 1 seen late, operatron sy best be post
pooed up to four to ux wecks  Two favonte opera
tve approaches for the removal of the head of
lhr:n.d:u:nrethcl/nl;nl JWFdlﬂtu[DﬂD{

Fix. 220, Simple compremion fracture of radim, troated
consennathely
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Kocher and the lateral approach so aply described
by Bost and co-worken, through which the head and
intracapeular portion of the neck of the radnry are
exched. The penosteum around the peck b removed.
The bont b divided at the proper alte by a sharp
ateotome. A punsestning type of suture 1 wed to
close the synovium and joint capsule over the smooth
provmal end of the mdius. The remainder of the
elbow ot ks artigated with warm maline solution
and clowd with mterrupted fine chroguc catgut
wturer. It » imperative to check the head of the
Tadius upon remonal to be sure that afl of the frag
ments are remoned. Frequently a comminuted head
of the dius may have fragments lodged m the torm
antenor poction of the capuule or beyond the mud
Iine of the jount antenorly In addition to this, the
other jomt surfaces should be thoroughly inspected
and débnded 1f neceptary In recent yean, we have
placed 1 or 2 ml of hydrocortnone into the jont on
completon of surgery Whether or not this con
tributes greatly to our mmproved operative result and
to postoperative function m a hopeful thems but pos-
sibly questicmble. The wound edges are closed in
layers and the forearm placed in a pontlon of
neutral pronaton and supmation and the elbow at
2 nght angle. The patient may be out of bed the
followmg day with hn arm in a slmg Whether or
not the splnt fs necemary for a penod of three

A

weeks 30 long as the arm fs camed i a sfing »
problematical Ve start actve motion at the elbow
after about three weeks. A pliysical therapast may
gude the patient 1n hs active motion but there
no substitute for the patients own initative and
from postoperative follow up of all ijured elbow
patients ft 15 our beleef that the patient is hn own
best physical theraplst,

There are certain comphcated fractures of the
elbow joint in which not oaly the head of the radius
but poasibly the coronord process abso n fractured
The antecubital approach or Z-type of incusion as
described and used 30 aptly by McLaughlin and Smith
and others gives an excellent view for repair of the
coronold procens, remaval of the head of the radiw,
suturing of the tomm capsule, d@riding of the jont,
et cetera. We believe thh approach to be exsential
in this type of injury becawse of the extenyve hema
toma that develops at the mjured portion of the
brachlals muscle. Removal of the blood clot and
repair of the fracture are important for the ru}y
restoration of fi and the p
ofmyonmaxﬂﬁum.'[‘hecmudpwmuﬂfm
tured may be small and may be sutured 1 poutson
or if communuted may be exased. The attachment
of the brachials muscle and coronmd process may
be repaired by placing a pull-out wire suture through
the loose fragment mto a dnll hole through the

Fig. 721 A, Comminuwed head of radia, treated by excision
n{brldnndntd moa
portoperathe view & s thy
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ulna, 1t bang tied onto a button on the ulnar surface
of the arm after the method of Bunnell This n
[lewise the procedure that 1 used when the b
aptal tendon has been pulled from s attachment.
Neck fractures of the radius are relatively rare,
and ja the adult are frequently oblique or spural in
nature Attempts at treatng these comenatnely
wually meet with fadure and excmion of the frag
ments a3 descnbed should be carned out.
Peter Essex Loprestt has focused out attention on
the postbality of an unusual reladonship between
the dntal end of the ulna and the radnn after a
fracture of the head of the radius 1n some of the
more svere indirect traumss. This muwst be bomne
m mind 1n fractures of the necl and severcly com
munuted fractures of the head of the radum,

FRACTURES OF THE ULMNA

Fractures of the ulna may be dnided mto (1)
those of the shaft, (2) Monteggas fractures, and
(3) fractures of the olecranon and the coroncid
proceoes. The ulna, being close to the skin surface,
s frequenthy invohed 1n open fractures, particularly
1 sideswipe injuncs, and thee will be discussed
later

Frastares of the skaft of the ulna, imvohing the
upper end of the shaft but dital to the jomt, occur

occasionally by a direct blow or by a dmect fall on
tht portion of the forcarm. They mav be Enear oc
¢ inuted and occastorally have mod to se-
vere duplacement If the fracture n dmple the part
1 mmmobilired m plaster with the elbow at a nght
angle for a penod of up to four weels and 1 pro-
tected wsually for a period of seven to eight weels.
The commnnted oc mvercly displaced fracture may
be treated by closed reduction succenfully Homever
as in many nngle bone fractures, i thes = not pos-
ible, open reduction and fimtion are necemary We
prefer a long intramedullary rod 1n most ulpar shaft
{ractures, because of 1ts ease of introduction, wiich
gnes firm fraation and allows for earlier mobiflza
on.

Fracture of the provmal end of the ulna with a
dnlocation of the head of the radws, known =t
Vontegga s fracture wa first described In 1814 by
the man for whom ft was named (Fig °22) There
have been many excellent artickes wriiten concemn-
ing this particular injury and I partcularly refer to
that of Speed and Boyd. In thby speafic mjury the
head of the radrus i most frequently drlocated
terlorty but Iy will disl : forly or
laterally The ulna ks most commocly fractured at
the Junction of the middk and the upper thards, but
ft may be fracturcd 1n any portion of the shaft, and
-1

A
Fit 270 A Montexqu fracture dmtratng the dslocated radual besd B, IMhwrtrates ux
months erd result of lowd reducton, m flemos and tupavon. Ex llot funrbonal revelt.
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partculary close 1o and imoling the okecranon.
On occasion the fractite may be treated by cloved
reduction and the head of the radius will return to
1ts normal powtion and be held 1 thiy podiken by
suptnation of the forrarm with the clbow in flewon
21 described by Evany The operator must be surc
that moton of the elbow 11 adequate Including nor
mal promation and sapinauon, i thh comenatne
approach B to be conunued. When operation s
necesary the ulna v openly reduced and immobi!
ired by meam of an intramedullany pmn of one type
or another Recenth  we have preferred the Rush
pm becawse 1t I8 somewhat eaver to remove but a
large Steinmann pin or other 1ypes of intramedullany
pars may be weed to rmmobilize the ulnar frmgmenta.
When this » accomplahed 1t must be determined
whether or not the ead of the mdius will reman
in the jomt and provide nommal motion of the el
bow If ths n not powible becawne of a prolapse of
the capsular or annular Hgament into the joint it f

neeewary to make a secondary mcron to replace the
licad of the madius and suture the saunular Egament
and capwlk The antecubital inamon partcularly
for the antenorly dislocated head, 1 the approach
of chowxe ay thh allows frec access to the capsule
and annular igament for sutunng after the head has
been replaced or if the head has been fractured or
hadly comminuted the fragments may be eauly 1e-
moved The blood clot may be removed and the
Injured brachuls muscke débrided thus elmminatmg
some of the postoperative complications, such as ex
camve fibrons and caldfication, or myoats osuficans
which may result us 2 late complication.

When malxnion or monunion of the ulna n en
countered in this injury the head of the radius gen-
crally having been dudocated for a Jong penod of
tme 1t 13 wually impossible to repair the capsule
and replace the head in its normal position. There
fore the head and neck of the radius should be ex
ched and the ulna be realigned and fixed with an

Flg. 213, A, Moateggn type fractare

Teatmen
of th head of the radius,

one month follewing infury B, Mlustrates operath
L epen reduction and fxation of lax

fracture with Strinman  pi and resection



%0 FRACTURES

intramedullary pin and when indiented, matchitcls
of cancellous bore placed about the fracture site—
which we fecl hastens bealmg (Fig 223) When a
more extenive reparr 1 mdicated an onlay grafe of
cortical bone fixed with screws not only gives sta
bility but abo helps to bndge the fracture nte

Fractures of the Olecranca
The mout common fracture of the olecranon »
the simple clossd type, but occamonally severely
commnuted chosed and open fractures are seen. In
the usual uncomphcated fracture with separation of
the fragments, open reduction 15 performed through
. posterolateral S type mauon approximating the
and a long dullary type of screw
13 used to mmmobilmre the fragments, (Fig 224 ) The
same result can be accomplished with a loog intra
medullary pin. The lacerated captule and fasca are
alwayy sutured. With thu fixabon, carly mobilim
tion Iy possible, resultung in excellent function and
end result. Immobilization may be safely estabHhed
with the elbow splinted at & rght angle. In 2 com-
minuted olecranon fracture the fragments may ba
approdmated by a arcumlerential hgature or wire

or posiibly one or more screws. If the fragments are
severely d and it m 1mpossible to recon
struct the pormal articulanng surface an excnon
of the fragments may be necoysary the triceps liga
ment being attached to the fascia overlying the ulm,
If thh cannot be accomplished by the ordinary su-
ture, a removable wire suture after the method of
Bunncll, may produce the detired rewlt. In open
fractures of the olecranon it 1 felt that after thor
ough débndement of the wound, mternal fixation of
the fragments and closure of the wound I the treat
ment of choice,

Fracture of the coronosd process may or may not
requure open reduction, depending upon 13 nre and
the dusplacernent and the type of mjury Suturing
of this process has been descnbed under the discus-
non of fractures of the radlut. These fractures are
unually accompanied by amocated junes and par
trcularly distocation of the elbow

FRACTURES OF THE HUMERUS

Fractures of the lower humerus may be dnsded mto
(1) fractures of the lateral and medial epueondyles,
(2) fractures of the caputellum and trochlea, (3)

A LY
Fig 224 A, Fracture of the olecranon B, Fuation by lox screw
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T fractures of the jont, and (1) spiral and trans
condylar fractures.

Fractures of the lateral or medial cprcondyles of
the humens in the adult may occur indiadually
and one or both may be mvolved in dulocatiom of
the efbow Eather of these may be diplaced into the
yoint or if completely loose from ther attachment
may be rotated 90 or 180 degrees and in etther In
stance will requre replacement and fixation by
operaton. Falure to replace elther epicondyle into
1ts normal position will imit the motion of the efbow
jomt after bealing has talen place and aho will pro-
long the bealing period. Therefore In any of the
above ntuations i which the fragments are dis
placed, it is felt that early replacement and firm
fraton are emential m order that early motwon of the
elbow jount may be started after a reasonable penod
of healing (three or four weeks) has taken place
Fravon of thee fragments may be by double
Rischner wires screwy, or other meany which are
famifar to the operator and which wall adequately
fix the fgments. These condyles are approached
through lateral and medial incnioms. In all medial

epicondylar repairs the ulnar nenve should be rdentd
Bed bolated and retracted, but it need nat neces-
sarily be tramsplanted {f the medial epscondyle can
be adequately replaced.

Cepatellum [raciures may mmohe a gmall or a
major portion of the capitellum, or the artrculating
surface may be comminuted, When tmall fragmenty
are fractured or there 13 a commnution of the ar
trcular cartilage open reduction should be carried
out, the fragments be removed and the jomt sur
faces be made as umooth as possible by sharp dis-
section. A large fragment of the capitellum may be
fixed 1n porition and held by means of a screw m
scrted from the posterior aspect of the humenn, the
screw paning mto and firmly fiong the capitellum
in posibon. (Fig 225) The approach is through w
postenior oc a lateral memion. We prefer this method
to that of excrsion of the fragment. In any injury i
which the clbow jJounst n explored by surgery the
jont should be thoroughly fmgated with safine to
remove the cartilag and bomy frag and
the ok blood clot. The part may be placed at rest
with a splint for a few days but i thhs partcular
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type of fracture can be mmmobilized m a sling and
carh passne motion be carmed out with this pro-
tectron.

The fractared trocklea may be seen indrodually
or~in assoclation with other mpunes to the elbow
Joint such as an olecranca fracture and this, too
must be treated by early firaton of the fragments

Flg 126 A, Oblique mpracondylar fracture of bumcres B, Fracturr la

m posivon if possible by suture, by screw or by
wire or If there are muluple small fragments these
should be removed, the jount surface débnded and
the joint irmguted. Fortunately thrs 15 a relatively
uncommon injury

T fractures 1nto the elbow jont neceastate m-
mobifiatson of the major fragments. If the frag

youny Indi kdes)
treated by sk letal te bon through the olecrapom C, Lateral ewol B
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ments are not severely duplaced, 1t f posible that
umple traction and a cast with the clbow at a nght
angle may hold these fragments. A smple cast or 2
hamchner wire through the olecranon Incorporated
m a cast may mamtam sufficient traction to hold a
snmple or rmnimally displaced and, at times, a 3¢
verely displaced fracture (Fig 226 ) However fro-
quent checks thould be made and displacement of
these fragments which wll cveatually lead ta poor
elbow functron should have the benefit of open re-
duction and internal fixation, either by transcon-
dytar screws, mmgle oc mluple or by hinchner
wirer. On occanon spiral and T fractures nto or
nvohing the elbow ot may be adequately im
mobllred by cireumferential wires or Parham bands
When these are applied they should be done so only
for immobilization unul healing tales place, with
the intention of remotving them at a later date. These
are often difficult fractures to mumobilize adequateh
and if the fragments insohe the shaft of the hu
mend far & very great diatance it may be necessary
to make a postenior approach to the elbow jount as
described by Molesworth or Campbell. The pre-
operatne plannmg and the opermtrne mcisdon of
tuch fractures are all umportant in faciitating the
mrgery as well a3 in obtaining the desred result,
and should be carefully thought out so that the pa
trent may be poutioned properly and adeq x
posure obtamned. We have not felt that blind fixation
21 detcribed by Miller was feasible.

Trenicond)lar fractures are Hkewlse individualized
and treated according to pecemity and If there »
displacement or inatability it m felt that open reduc
tion and fixatdon by meant of Kirschoer wires oc
screws should be performed the penod of m-
machilation betrg smllar to that of the epleoedylar
fracturer. Closed reduction should be tried once
on many of these The perlod of immobitiranon 1
thus prolonged.

OPEN FRACTURES
Open fractures in and about the elbow fomt
have been reviewed by many authors, Includmg
Nichokon Highumth and Phalen Cumry and
others It &1 felt in general, that these nfunes
thould be thoroughly irmgated débrided, and firmly
fieed at the tme of surgery maintaining all large
and uscful fragments and clonng the wound after
n thorough surgical technique has besn carmed
out. It 11 felt that 1t is perhaps better to conider an

At 3 lster date than 10 ducard any
Mﬂh\fﬂgmuudnnm:dmmery}hw

Fig 227 Mutrates resection of the dutal humena
tecondary to open fracture and wppurates arthriths re-
sulting In 70 to 160 degrees ficoon and extensron and 10
degrees Joms of pronmtion and ropinater.

ever 1if large fragmenty of bone are musang from the
Jount surfaces it ks felt that onc of the vanow types
of recomstructive procedures may be instiated at the
ume of the surgery Many of these reconstructe
procedures have been described 1o the fiterature but
arc reserved for correctmg late complicatons, Ar
throplaaty o cur practice has not been w1 aceensful
a1 hoped. Rosection of the destroyed elbow jomt,
removing an adequale poruon of the Jower end of
the humens, has proved most succentul (Fig 227)
Adequate removal of booe 1 necemary leaving a
il type of elbow at the completion of the opera
ton. Tho problem gradually corrects itself The
arm 1 kept splinted at a rght angle for three weeks,
at the end of which time gradual actve motion 1
started. The wie of hydrocortisone imjections and
their value will be discunsed later

DISLOCATIONS

Dukn&nmoft_heﬁhowmmmdbncﬂy
because of the frequent asocated fracture. Ade
quate x ray studies should be made before and after
reduction to determune the extent of accompanying
fracture of present. Simple dukocatiors without frac
ture although there 1 always extemlve soft tasue



Flx. 228 A Dnlocatiom of cfbow with amodated fracture of the bead of the radims. B, Reduc
ton and munediate resection of the bead and a portica of the neck of the radin.

Fig 229 1uirates fracturedakocation of the efbow and & comminted fracture of the
dntal radiss Treated by esectson of the head of the radius Postoperuth cly the clbow was
placed t recht aneke and skeletal traction throuah the kit metacarpal was incorporated
1a the plaster o ma na radual reduction



OPERATIVE TREATMENT OF FRACTURES OF ELBOW IN ADUITS 275

damage should be treated by reduction nhd splmt
g at a nght angle followed by relathvely early mo-
tion. Prolonged mmobifization wall give a corre
spondmngly Bbrosed joint. An early splnt with
gradually Increaunc moton in & slmg i1 advmable.
Accompanying fracture should be approached surg
ally as prevlowly outlmed, if displaced or inter
fenng with efbow funcuon. Dulocations accom
panwd b fractures of the olkecranon head of the
radius, ete. requre the wual early wrgpeal ap-
proach. (Fig 228) Assocsted trauma to the
shoulder or wrist 14 frequently encountered 10 our
high-speed age (Fig 229)

COMPLICATIONS

Nenves. The most common ienve to be involved
in fractures or injuncs i and sbout the clbow it
the ulnar becawse of fts procamity to the bomy frag
ments and the skin. However 1t it not often scvered,
@«en m open fracturer The median, radial and
ulnar penve distribution should be checled n all
fractures. Should {mohement of any of the nerves
be encountered 2 careful hutory and enammaton
are of utmost Importance Complete lom of function
followme a closed fracture indheates severe damage
but severance u uncommon. Exploration of the
netve may be delayed 1f the fracture 1 to be man
aged cloeed. The same 1 troe with partial anes
thesa or motor h t, whether & fiate or
delayed. Certaunly 1nt amy nenve {nvolvement, if sur
£y b contemplated which would be the usual cnse
m fractures sufficiently severe to be compficated by
nerve Injuny tareful sutunng of the acerated nenve
and antenor transplantstion of an mpured ulnar
erve 1 advsable. Splnting in & pounon of fume
tion and proteciron of the forearm, wrist, hand, and
ﬁngmmmtbemmcdoutdunngtb:pcdodd
wne regeneration. Tardy or delayrd ulnar paley
mean chronie trauma to the nerve from tennaon,
calfus, sear tmrue or 2 combinavon of these. In
these mstances, surgrcal intenention with anterioc
tramplantaton of the uhar nene o mdicated.

Vawnlar Infury The most senows injurics and
those warmanune fmmediate operatne intervention
are those mmolving the beachial artery This artery
may be caught between the fragments of a fracture
of the fower end of the humerus, cutting off the
mrjor blood supply 1n the lower arm, or the artery
may be 30 severcly traumatized ax to cruse a bocal-
wed arex of comtncton {arterimpasm)} or the 11
sl may be partlally or completely transected. Re

pardlevs of the type of injury immediate operation
1s ndicated to presenve the drenlauon to the fore
arm. The antecutatal approach h wed. When pos-
sible the lacerated vessel 13 sutured At tunes & con
mncted traumatlyed segment may be dilated wath
strdpping  procaine heparin, papavenne and sym
pathetic blocky 1f there Is any tendency for con
strlction to recur with handhing then the artery
should be Tiguted and the damaged segment 1
sected. Occasionally the soft trwue damage b o
preat that even re-establishment of arterral supply
by artery suture or graft faik, because of inadequate
venous return.

Mrscler When any of the muscles in and about
the elbow jomt are tom or badly macerated they are
débrided and resutured. Tendons are sutured as
previcwly deseribed.

Myosuir Ossficans Thus u a relatively late com
plication, but climcal evidence of ths may become
olnrons dunng the third or fourth week. I have
et x tay evdence of calafication at three weeks
and at one month \When this complation occun,
we have injected the area with tetracaine and 1 or
2 ml of hydrocortisonie and started movon. The
physiologrcal effect of the hydrocortsone, other than
s anti-inflammatory actimity 1 pot apparent but
we have used this method of ueatment 1n 2 rather
large senes of injuries n and about the elbow jomnt
and 1n some nstancer of rather late myomns osuf
wcant duc to severe blows m the lower portion of
the buceps muscle with surprumg reaults. Early cal
aficatlons, anterior or posterior to the elbow jont,
have been injected with this material which appears
to rebere the pam and abo has a definite beanng
on the progres of the csmfication. Tn several In-
stances subsequent roentgenograms, taken at a seven
or eight weels penod have thown a disoluton of
theie early aalaficatom. The results of this pro-
cedure have been so strihang that 1t has been used
n muscular cakdficatons m other parts of the body
with granfymg suecess.

PERIARTICULAR FIBROS!IS

Reatncted motion of many elbows following
Iracture we feel 11 a reqult of prolooged fixanon
for one reaton or another Injectlons of tetracame
or hydrocortitone or both, may ad m mmproving
the motion of these elbows but 1n all wstances
phyncal therapy may be wed. It has been the
feelng 1 our clinic that & patient n hs own
beat phyical theraput, and they are ghen exerches
to perform to help overcome any restricted motion.



Fig. 228. A, Dulocation of elbow w th smociated fractare of the bead of the radiws. B, Reduc
tion and fmmethat resection of the bead and  portlon of the peck of the radius.

Fix. 729 Tl ter fractusedulorasion of the elbow and & comemmuted {racture of the
dutal adi Treawed by revecbon of the hesd of the radiut. Portoperathely the elbow wx1
placed ¢ rabian b od skeletal traction throwsh the it mrtacsrpal was locorponsed

the p r7 U masntn radul reducton
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damage should be treated by reducton and spimt
ing at a right angle lollowed by relathvely early mo-
tron. Prolonged Immobilzadon will gwve a corre
pondingly fibrowed jont An early wplint with
mdusﬂymmmmotmmnnﬁnqn-d\mblc.
Arcompanying fracture should be approached rurg
cally a3 previowshy outfined, 1f duplaced or inter
fenmg wath elbow function. Dulocations accom
paned by fractures of the olecranon, head of the
radius, ete. require the umal carly surgleal ap-
proach. (Fig 228} Awocated trauma to the
shoukler or wrist s frequently encountered in our
highapeed age (Fir 229)

COMPLICATIONS

Nenves. The most common nerve to be mvolved
m fractures or inpunes in and about the efbow n
the ulnar because of its proxmuty to the bomy frag
ments and the shin. However 1t is pot often severed,
&cn in open fracturet. The median, radial and
ulnar nerve distribution should be checled in all
fractures. Should wnobvernent of any of the nenve
be encountered, a careful history and exammation
are of utmost importance Complete Jow of function
followmg a closed fracture indicates severe damage
but severance n uncommon. Exploraton of the
nerve may be delayed if the fracture is to be man
lgrdchrd.ﬁeumumxemthpanulm
thesa or motor t t, whether d or
delayed. Certanly m any nerve invohvement, if sur
g1y 1 contemplated, which would be the wual cage
in fractures mefficently severe to be complicated by
nenve wmjury carcful suturing of the lacerated nerve
and anterior transplantavon of an injured ulpar
nerve i advisable Splinting 1n 2 posion of funct
tion and pracection of the forearm, wrst hand, and
fngers must be camed out durdng the penod of
penve regenerabon. Tardy or delayed ulnar palsy
means chronc trauma fo the penve from temmon,
calls scar trwue or & combmation of these In
these marances, surgieal mtenenbon with antenor
transplantation of the ular nerve 1 indicated.

Vascular Injury The most serioums mjuries and
those wamanting wnmedate operative inter ention
are those involving the brachial artery Thn artery
m™ay be caught between thr fragments of & fracture
of the lower end of the humenn, cuttng off the
major blood supply m the lower arm, of the attery
may be 10 severely traumstired a3 to cause a Jocal-
tred area of constriction (arierospasm) or the v
ldmybcp.lnhl}yorcomplﬂdy tramected. Re

gardiess of the type of injory mmmediate operation
1 Indheated 1o preserse the dreulation to the fore
arm. The antecutatal approach 13 used When poy
sible the lacerated vesel Is sutured. At times & con
stncted traumated segment may be dilated with
stdpping  procaine  hepanin, papavenne, and sym
pathetie blocks. 1f there » any tendeney for con
strletion to recur with handhing then the artery
hould be fisated and he damaged segment e
sected. Occanionally the soft tissue damage = 0
great that even re-establishment of artenal supply
by artery suture or graft fails, because of nadequate
venous return.

Mumcler When any of the muscles 1n and about
the elbow jount are torn or badly macerated they are
dfbnded and renvtured. Tendons are sutured a8
previously desenibed

Myortis Osnficans This w a relathely hte com
plication, but chmical evidence of this may become
obtatons durmg the third or fourth wiek I have
scen x ray evidence of calafication at three weeks
and at one month. When thn complicaton occurs,
wo have mjecied the area with tetracamne pnd 1 or
2 ml of hydrocortuone and started mouon. The
physiological effect of the hydrocortmone, other than
us ant inflammatory activty b not apparent but
wo have used this method of treatment m & rather
large senes of injurles 1 and about the elhow joint
and m some instances of rather late myontls ossdf
iram due to severe blows m the lower porbon of
the blceps muscle wath surpraune results. Early eal-
cifications, antetior or postenior to the elbow jount,
have been wfected with this matenal which appears
to rekeve the pain and alo has & definite beanng
oo the progress of the omfication In several in-
statices subsequent rpentgenograms, taken at a seven
or eght weela period, have sbown a dreoluton of
these earhy calafications. The results of thi pro-
cedare have been so striling that 1t has been used
m muscular alafications n other parts of the body
with gratifymg suceess.

PERTARTICULAR FIBROSIS

Ratncted moton of many  dbows fobowing
fmacture ve feel, n & rault of profonged fixatron
for one reason or another Inpctions of tetracaine
or hydrocortisone, or both, may aid in improving
the motion of these elbows but n all mstances
phynaal therapy mag be wed It has been the
fecling I our chime that a patent 8 hu own
best physncal theraput, and they are given exerches
to perform to help overcome any restncted motion.
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Mampulasen under anesthesta 13 never wned, and
prolonged unmobilizatos is to be condemned. Mot
thould the patient carry weghts, as forcing an ¢
bow only makes it sdffer We therefore feel that
whenever pomible the aboe recommendatons of
carly operation with firm internal fixation, allowing
earh mouon give the most satisfactory end results
In certain cases seen late  eapsulotonmy may pro-
vide 3 marked Inerease in motwon.

CONCLUSIONS

In thi divernfied seres of fractures which have
been reviewed in our chmc, occurring in the past
ten vears we fecl that simplke fractures may be
treated umphy but that most fractures with any db-
placcmrnt in or about the elbow joint require early
operation with firm internal fixation, preferably
with screws extending through both cortices or mul-
tple Rircchner wires, follkowed by lunited penods of
fmmotuliraton (usually three weels) and then by
scthie exercises m and out of a shrg as indicated

Complications of these fractures, late and eardy
have been reviewed. Myouus osdficans when di
cosered and disgnosed 1 treated early by mpection
of hydrocorticone which has been surprmngly suc
cenful Late complicatrons and anlyiosed elbows
have been re-cvaluated for recomtruction proce
dures, arthroplasty or resection of the jomnt.
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SYMPOSIUM ON TREATMENT OF FRESH FRACTURES
OF THE FEMORAL NECK WITH A PROSTHESIS

JAMES EE M. THOMSON M.D
Lincoln, Nebraskn

A HISTORICAL PERSPECTIVE OF THE EVOLUTION
LEADING TO PRESENT CONCEPT OF TREATMENT

One of the oldest problerms of hitorical medical
discusfons must have been management of fresh
fractures of the nech of the femur Allusions to dn
abling acute trauma of the hip and methods of
treatment must have been recorded in andent medi
cal wntungs It was not homever until 1822 when
Sir Astley Cooper  published his text on fractures
that we find the observation that, aince fractures of
the neck of the femur seldom healed, 1t was better
to obtam carly ambulation without weight bearmg
for the presenation of life in the aged at the mk
of nonunum

Traction and sandhags renuned the treatment of
chowe until Reyal Whitman, of New York, at the
beginning o the twenueth centuny, added the factor
of intrmat rotaton and reduction to that of the
abdiction spica ea t By tho method Whitman ob-
taned 15 per cent umon

Internul fination was applied as carh as 1850 by
Langenbeck  and later by scveral others. There
were o a ol uccees, but the tissue reacton to
the metal ined Hien resulted m failure

The uswe { a togenou bone pepy as a method of
ntermn | hratwn wa  populansd in ths country by
Albee 2 earh a4 1911 but frequenth the pems
broke and ponunmn dea loped

In 193] Smuth Petereen and a sociates reported a

rral mea ur of i s aft 1ed wtion and mternal

2/8

fixaton with a three flanged nall which prevented
rotation of the head of the femur

With improved alloy coastituents in the nail, there
was fttle or no tywue reaction.

Hend " and Jok introduced the
1dea of Kinchner gusde wires acrows the fracture
after reduction, over which a cannulated Smuth
Petersen mail wa threaded and dnven hame The
wires not only sened a9 a gulde but two or more
wires through the neck and into the head presented
rotation of the head dunng the insertion of the nail.

Later multipie pinv and wires were introduced
by Moore® and by others as a mrthod of internal
fication. Thomnton and Sandhon recommended a
lateral femoral plate to give better stability to the
flanged nail The use of a cortical bone graft abmve
the tn fanged nail was recommended with the idea
that it would ghe addibanal stimulus to bone leeal-

u“:AJJ these methods are accepted aod will be 1
helieve for a loag ume smce they revult in unlon
m somcthing fike two-thirds of the cases

This kaves about one third of the femoral neck
fractures that will go o nonumion no matter how
carefulh thay sre naited ond stabslired.

Also smong the two-thirds that do heal there b
4 posubibity particularly 1o old people of late com
plications, such 1y aseptic necrods and dexrnerative
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changes in the form of esteoarthntls, which rewlt
m pamnful disabled hups.

It was the disatnfactron of many surgeons with
these approved methods of treatment  particulatly
m the case of older people that ked to the tnal of
a hip prosthesis as a final procedure n re-catablish
g a functonally stable tup thereln, ctcapop the
uncertamty of bone umon and late compleating
degeneratne changes, The ratonale of this pro-
cedure 13 based on the cbservations of ups function
ing fairhy sansfactonly followmng alvage procedures,
in which an endoprosthens has been used for various
pathological conditions.

In the late twentses Hey Groves used an nory hip
prosthess  m treating a femoral necl fracture. This
prosthens was \ery mmular m shape to the mugl
type that Judet * popularmed about 1948

Enthunaim for the Judet method became 1nself a
discase 30 contamous that {t spread lke wildfire
through Europe and Amenca. Every kind of sur
peon evervwhere was trying thu panscea for am
thing and cierything 1 hip pathology including
femoral neck fractures. Many results were dmap-
pomting because of fracture of the acrvhe, and other
mechanical failure of the substances used a1 well as
rosorpuon of bone

These unfortunate circumstances bed to modifica
tiors mapired through the creative minatnve of many
orthopacdic rurgeoms. Among them was my own
light bulb prosthesis * which 1n the beginnmg we
cast m plasuc on a tn flanged Smrth Petersen nal
After eight yean we still have a few of these around
n patwents who are Bving well, and happy Later
however being able to obtain the same prosthens in
Vitalfium gave us far more asurance of 1ty lastung
qualites.

The wealnew of afl the thort-stemmmed prostheses,
wnctuding the hght bulb type n the difficulty m ac
curately scatng 1t m the neck at the proper angle
with a stern Joug enough to impinge 1nto the Lateral
femoral shaft

It was recogmition of this weaknens that agan
stmmulated the 1n entne genmivs of our surgeons, to
the extent that there are some forty or fifty types

of prosthesey now avalable The more popular are
thowe with long medullary sterm that give the prow-
theths stabifity through the shaft of the femur The
acrylic prosthesis has lest face at laast in our
country amd has heen replaced by Vitallium and
1o a lesser extent staunbess steel

With the foregoing penpectne of the histoncal
evoluton of our present concept of accepted methods
of treating femoral neck fractures and the summary
of the trends and types of protthetes and thar
fabricatron we now wish the panel of able discus-
sants to present to you their ideas in regard to the
subject of thrs course
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STATISTICAL REVIEW

REVIEW OF PAST SURVEYS

Before discussing any of the materiat gained from
the stamsucal muney it rmght be well to revew
bricfly those statistics grven at the 1958 Academy
meeting { Tables 16 to 20)

It should be noted that n these statwnc there
was no specific breakdown concerning the use of a
prosthem In {resh fractures, so the followmyg statlstles,
with results that were hmited stnctly to the wse of
prostheses 1n fresh fractures, may be expected to
vary comsiderably  Also 1t will be noted that the
tables presented here (Tabler 17 through 20) gie
data hased on the number of men amswering the
quesuonpawre  rather than the number of patients,
except for Table 20 on the over all total number of
prontheses used

It 13 quite apparent there lias been a marked shift
toward the uee of an intramedullany stem type of
prosthen

Tahle 18 shows the sney rewls concerning
present indicatiom for the use of a prosthews, in
eeneral from these it 18 clear that the most common
use taday 13 10 the acute fracture

Table 16 Sx  \ of Fervoral Head Replacement
P theses
R po e Phyocanid s n g
e - 453 -
o &
Sancr ncomplete 10

Total * 351 -

CLAUDE N LAMBERT M.D

Chicago Illinois
Table 1+ Prostheses Used
N mber
Tipe Reporting
Type owbei g ued
Moore 193
Thompon 134
Ekher 76
Naden-Refth 19
Mimespol 10
Onbers 2
Typs | mely wned
Judet 137
Eicher s
Naden-Relth bl
‘Thompeon 30
Moors 4
Otbers L
R asons for cha g¢ nype
Judet wobble 27
Aenylie, wore or brok 2
Intraumedullary better more uability 19
Moore, rotation much better 1e
Nyloa failure or fracture 2
Othens L

Teble 18 Indications for Use of Prostheus

Subaapital fmrturc (60 yrars or over) 223
Awpixc pecrom  ad fragmentation 108
Nomemon 178
Hypertrophic anthrith, trawmatic malem

coxae senills 163
Rheumatod  rthriths L]
Otben -3
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It will again be poted that most men categorically
state that the age of the patient should be 60 to 70
years or older whych b agamn brought out In Table
19 the contrandicationy for prosthetic use the see
ond most common beng wse of & prostfwas for an
acute fracture m a patient under 60 yrans of age

Table 19 Contramdications for Use

Tofectlon (inclading tuberculous) 136
Acuke [racture (under 60 years of age) 110
Adodracence 63
Debllity poor visk 43
Rbeumatoid arihriths kL
Othens 41

Sometimves Awoniated {ractures may be an addi
ttonal Indication for the use of a prosthesds

Since 1 have presented two Academy sunveyy on
hip prostheses T have been actused of belng o very
ardent advocate of them. While [ peronally feel
there iv a definite indication for their use aml par
tewlarly 5o int fredh fraciuees the following satines
(Tables 22 and 23) from my own private practice
will shew T believe that [ hase not used prosthees
indrcrminately

Table 22 Prvate Practice Treatment of Fracture
of Hip Other Than Prostheses

ANumber of Patients
{49)

Sueglcal Treatment

Becaus the rest of the sunty b not suflickentt
broken down, statisucally relatne to fresh fractures
only further statstical data will not be prewnted
from the muney except to point out that nccording
to ths one suney 10,27f hip prostheses have been
used (Table 20)

pi} Smith-Fetersen nail
&) Pim

1 Whitman

2 None

Agei 41683 yearv (average 691 yean)
Sext 33 females, 16 males

Table 20 “umber of Patrents 11tk Prostheses Hip:

Males B right LB
Unilateral 10 059 Femalkes 17 bt 16 beft
Bllateral 56 Date of beginning of serien 1638

10133
Dortor o™
T :3""‘5“‘ o bat 's Table 23 Prvate FT‘;{(I‘; Treatment of Fracture

Tonl To27t of thp Wl Prostheses

REVIEW OF PATIENTS

TREATED AT UNIVERSITY Qr IL1 INOIS

At the Umeruty of Illmon we have used pros-
theses for fresh fractures in only seventeen patlents.
Therr age range was from 35 to &9 year. Tt vhoukd
defimtety be mentioned here that the one patient 33
yeans old had a metastatic carcmoma The procedure
wis wed 1o ad the pavent and her nurung care
and 1t accomplithed both very well She sunived
only one year buy was wallung farly well and was
quite comfortable Sce Table 21 for these yesulis

Table 2! Resalts Obtaned at Unizernty of Hlmens
Witk Prostheser Uted 1n Fresh Fractures*

- Mu Mils 4 Aenhe
Excellent 2 0
Good 4 2
Farr 2 2
Poor 1 3

(S . S
The one pathent for whom the oeatment was wed

nader speera!  ormuderations (e ducumion) hag een

tncluded in the tabutaton ) bas met

N mbr of Patirats
1)

Prosher 5
15 Moore
6 Elcher

Axe: 5587 yoan (averare 769 yean)
Bexs 17 females, 4 males.
e
Majer 3 right 1 feft
Females S rinbt 8 left
Date of beginnlax of serles, 1952,

A review of the lierture mevealed ten papery (see
Rc(ﬂt!;(‘ﬂ) on the use of prosthiesss In fresh frac
tures. In these papers therr are reported 234
tlenty treated 0 thus maaner tat several of y‘n‘*
papers do not mve statstice. The over all mprevuon
however is that this method of treatment e e
priungly good rewlte

COMP1 ICATIONS

We wll pow mium 1o rewults of the sun
ey for a
discusion of complications. Dulocatton of the pros-
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thexy 4,5, Lhemo.!mmnnnandulc\-nfrmn Table Mn"mbe.-ofldd..umal ractiyre thay

24, total of 3, mmomu(the Minna] 55y re tengy hamx%ncdunrtuutormmllﬂtl::,p:[

ported dnlnauc-n, the Rirgiea) MseThan of 2 Prostheg (-cehbulum,
8 fom Y 178 ang fmmr\hre 49) Tather

done
YT duffen 1 soh ethod Opera e
l}muelmrmcdrmacurorrnm froup
Pack With an jie St and the, m‘ER}:A'CB
T the pey pre " Lepy ! Leonarg ., Mip Prouth pe, Sowth, g
1N tracton fm‘ﬂbwlﬂkmonlhlnduk‘n"‘obcn 171 11gy 193¢
allow eof hmnouetghlbeannglormmmdnm 2 Duscay, A.."oﬂlnc'wnﬂ.,l o Thie.
Paten; hy,, cHncayy, an excelleny, llmcurmmg J;';m 5}1r4 Fm}::;hmu Win @
exd Pro,

o seary later Tip, Vieginga Loney 319 o35

H Pal

D

L Ve fetien
Mh&lmucfml{m;im]&l!.d.lmr

! em ey 7 Dayp L‘f”nd Hivchey | Treatment of Geryy
A ER R
CBPlaca taey houid fapdh g M there ha\mg ® Ppiin p ] Aanegemeny A Sepprraty,, tr:b"‘l;h

ln—nlmlmw\lnon-ndw%psouﬂponrd Cﬂmma!mx"ﬂwmp‘ltofﬁnp(

fi P 126, 1955

':‘ ar 3 hrmg'.::nx?a”h.::: Scuden, and four 10 8,2 Frek £ - ‘}. v, l;;id&;
PR proy, TPt ey, RePlacemeny of emora)

There are AU fFicsen, datg ¢, ket 4y Saluate e ]c:: 54..11;: Aoore "'mhr-.._l Booe & Joiny

P Excher "pe made LA YT m Sary 394 1013 95,



C F FERCIOT M D
Lincoln Nebraska

PRIMARY PROSTHETIC REPLACEMENT
IN FRACTURES OF THE FEMORAL NECK

Our moderator has reviewed the history of treat
ment of fractures of the femoral neck, and 1t must
be conclnded that there fs ay yet no perfect treat
ment for thu fracture. At the present tme we have
10 deal with this problem fracture to the best of our
ability guwded by past expenence and with mmds
open to the possbdities of improved methods.

EVALUATION

In spite of strong oppostron 1t must be admitted
that prunary prosthetic replacement has galned in
popularity dunng the past several years. With m
creased expenience in this field there v » tendency
to widen ity field of mdications, and 1t 15 certamly
tmne to re-vafuate this problem and to more clearly
define ust what can be expected from the method
and to determme just what {ts hmutadoms may be

Qur expencnce wath pnmary presthetic replace
meat dates from (950 and comprises a senes of
nuncty four cases up to the end of 1957 (Tubla 26
to 281 As a remalt of our expencnce we have ar
nved at the banc premue that pnmary prosthete
replacement should be uwed 1n every case wherte it
promuscs 1o be the best method of management for
that parucular patient -Convenely it shoukd not be
wied in any case for which there s a better method
of management available It 18 thus evident that 1t
B necessany to wergh the powtble advantages of thus
method of management agaimt the obniows disad
vantages, foc each mdividual patent.  [he respond
bility for guding therapy resn directly wath the
suryeon, snd there are two questions to be answered

283

without equnocation /(l) Can tho patent afford
to umest from mx to twelve months in attempting
to obtain bony healing? (2) Is that a wise mvest
ment for thi pauent? If the answer to ether of
these questions s “no ™ then use of a prosthesss should
bo evaluatrd. Ths group includes cases wheren
sathfactory reduction and mternal fixation are not
Flely to be obtained, or where the patent s general
condition is such that he cannot reasonably fnvest
from nx to twelve months of ume in an effort to
obtan bony healing

In my optmon  the greatest deadvantage of pros-
thetie replacement Bes m the fact that it does not
offer the posubility of obtaming ay good a degreq
of functronal capaaty as mught be gained from a
well-bealed fracture. The necmnty for functsonal
apacty doas vary from ope padent to another and
m many nstances it 15 felt that the advantges far
outwergh thn drawback. Evaluation of the probable
{unctional capacity of the pauent after prosthetrc
replacement 1 of conmderable importance and will
be further discumed a3 part of the conuderaton of
results and complications.

Preoperative care 1 essemtially the xame a3 for any
major surgery Early supportne ecare s indrcated
and surgery should be deferred until the general
condrtion of the patent has stabulzred and has been
evaluated. It 1 our conclupon that meedless delny
lbmldbe:\'ddcd,nﬂtrcunnopd.mddmcfor
surgiaal treatment i this 1 por recogrused, further
delay tends to rewult 1n complications that mght
otherwise have been avorded.
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PRIMARY PROSTHETIC REPLACEMENT
IN FRACTURES OF THE FEMORAL NECK

Our moderator has reviewed the history of treat
ment of fractures of the femorat neck, and it must
be concluded that there m as vet no perfect treat
ment for this fracture. At the present tme we have
to deal with this problem fracture to the best of our
ablity, guded by past expenence and with munds
open 1o the ponibilities of impron ed methods.

EVALUATION

In spate of strong opposition it must be admitted
that prmmary prosthetic replacernent has gamed m
populanry dunng the past several years. With in
aeased experwence in ths field there 15 a tendency
to widen 115 field of indications, and 1t w certanly
tupe to re-evaluate thn problem and to more clearly
define just what can be expected from the method
and to deternune just what 1ts Imitabons may be.

Our experienee with prmary prosthetic replace
ment dates from 1950 and 2 tepes of
mincty four cawes up to tbe end of 1957 (Tables 26
to 281 As a romult of our expenoxe we have ar
rned at the basic premmse that pnmary prosthetic
replacement should be used 1 every case where 1t
promuses to be the best method of for

wathout equnocation “(1) Can thi patent afford
to mest {rom ux to twelve months m attempung
to obtan bomy healing?® (2) Is that a wne mvest
ment for thix panent? If the antwer to either of
these questions i “no " then we of 2 prosthesns should
boe evaluated. This group includes cases wherem
uusfactory reducnon and mternal fixatton are pot
fikely to be obtamed or where the patent s general
condition 1t such that he cannot reasonably mvest
{rom sx to twelve months of ume 10 an cffort to
obtam bony healing

In my opuuom, the greatest duadvantage of prot
thenc replacement bey in the fact that 1t does no¢
offer the pouilnlity of obtaming as good a degree
of functional capaaty as mght be gained from a
well healed fracture. The necesnty for functioaal
capacity docs vary fram one papent to another and
m many mstances 1t is felt that the advantages far
outweigh thu drawbaek Evaluation of the probable
funchonal capaaty of the patent after proathetic
replacement » of conuderable ympontance and will
be further discumed as part of the conuderation of
results and comphcanons

that particular patient Convereely it should not be
used m any case for which there 1 a better method
of managemmt avalable. It s thus eudent that it
1 Decemary to weigh the possibke advantages of thu
method of management sgainsg the obviows disad
vantages, for each indivsdial panent. The respomd
bdity for gwidmg therapy resu directly wath the
furgron and there are two questsons (o be answered
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Preop care 13 tally the wune as for any
mapr surgery  Farly supportive care Is mdicated
and rurgery shoukd be deferred unul the general
condition of the petieat hat stabifired and has been
evalusted Tt 15 our concluson that needless delay
should be avouded, as there 1 an optimal time for
surgical treatment of this n not recognmred further
delay tends to result in complications that might
otheru e have been avaded.
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Table 26 Evalvattax of End Resxlts

Table 28 Cause of Deaths Durmg First Y ear I tthn
Group of Patients Able to 1) alk

}’* Lilsg | Deod | Betk
Vo [ & [Aa ] & | Vo] & Cardsovascubr disense 7
Excellewt 7 M9 3 64 10 107 Preumonia 2
Good 16 341 3 06 2 23 Cerebral acdents 2
Falr 19 404 11 7y 0D N Total (merage age 78 y7) 11
Pooe 3 106 28 396 13 35
Total 47 47 fad Table 29 Types of Prostheses Uced 1950-1957
Follewup Peried of Lirtng Fatients
N Taver ] Fellewat (37) Light talh, acrylie o4
5 5 Light but, V'talfum 4
Intramedallary 20
10 3
2 11 Toul 5
47 A ermge 3 y7 8 oo,

Table °7 Time of Deaths Wuhim Group of 32
Patients Unable to 1 alk Becaxse of
14 rociated Condusons

Durmy fng week
Addrional, durioy first 3 moathy
Withkn pext 9 moathe

Total durmg fine year

B

The techmigue of operation has already been dis
cossed. However I would Hle to summarize briefly
the conclunons of our group In gepersl, we have
come to favor the posternior or “southern” approach
to the lup ot and alio to favor the use of a smble
mtramedullary prosthess (Tables 29 and 30) In s
Jected cases we still fmd the hght bulb prostheshs qo
bie perbaps because we have had more experrence
with 1t We frequently feel that operative tme can be
thortened and surgical thock Jessened by using it
1 & poor risk patrent. A reparr of the jount capsule
and short rotator cuff 1s pracoced and the pattent
1 returned to bed with the kg in external rotanor
and slight abduchon Supportne measures are uwsed
as mdicated for the mdnidual panent and carh
activauon 1 cocouraged as rapudly as the pabent
1 able to aceept 1t

Progrrssne actraty u guided by the ndnidual
patienit s respomse and we feel that conunued super
vinon o pecesany In mamy of our patents there
has bern 6o pmsibilbn of & return to active wallig
without support and 1n sofpe cases they are not
physicalh able 0 get up even on crutches. The relief
of the pamful lup, howerer allows them to be cared
for w greater comfort and with greater facthty and
makes 1t possible for these pauents 1o be returped
to their homes or to numang homes within a short
pered of ume ln mam mitances we have been

Table 30 Types of Surgical Approaches Used
1950-1957

Antenor 5
Gitwon 33
Posterior 36
Total 9%

Tabde 31 Early Postoperative Complicatrons

Surgical deaths 2
Cerebral accident 1
Putmenary ermbolnm t

Talectrons °

Foxt drop 2

surprised by the degree of actnity that these poor
k. patrents eventually develop However we would
cauton agarnit unsupported weight bearmg in the
cxse of the weak or debilitated pavent untf bs
muscular conrol of the extremity Iy suffoently
styong to mvokd the danger of ditlecaung the hip.

COMPLICATIONS

‘The gentral complicanons that have arisen after
paman, prostheuc repk are iy the
same a3 those that are asoclated with treatment of
the fracture by reduction and internal fraanon, There
were two patents who died on the day of surgery
one as the result of & embolizm and ont
28 the seult of cerebral serrdent (Table 31)

Postoperatiee dislocation of the prosthesh oc
curred m four panents. A review of theve caves In
dicates that ths complication tends to happen I
two types of patkents. firt those having a paralyzed
or spastic extremuty which b dificult to control and
tends to pall up into flexron and adducton and,
second, elderly panents with general munscular weak
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pew and debabiy m which case dislocaton occun
on attempted werght bearmg betawse the patient 13
ot stroog epourh ta control the extremity No
recent duslocatroms have occurred {n cases where the
posterior approach ha been used and where an in
tramedullary  prosthess has been applied. In any
mstance where 1t 1 felt there 5 & factor predapos
mg to dulocatren, wuch as henwplegia, Parkimon s
duease or tightnen of the adductor muacles, pre
Qutionary messurey are taken, which conmrt of 2
subcutancous sdductor tesotomy and/or boot cayts
_1o control Totation. Surgical repar of the p pount
capsule 1 pracuced 2t well as repair of the rotator
muscies. In the elderly debifiated pavent we en
courage scunity but do not attempt unprotected
werght beaning unii) it 13 felt that muscle strengeh
1 adequate
Looserung: or scttling of a prosthes m the upper
end of the femur will wend 1o oftur m any patent
where the strest between the prosthess and boge 1
wuffaently strong and permstent to result an 2 pres-
sute necrosie of the boue. It w our concluman that
this factor 13 probably the majr cawme for the
Bmuted funcuonal capaaity that 5 found after pros-
theue arthroplasty A transfer of body weight and
noncie streses to the upper end of the femur
through & tigid metal prosthesis cbwowsly T
1 abnormal stres factors at the pownt of contact.
Ideally » prostbens should tramsmmt body waght

equally throughout the enture upper part of the bone
and should have the same factors of clasudty a
the boae 1sell Our early expenence with the Egh
bulb prostheys demonstrated great Indiaidual dif
ferences in the amotmt of strexs that the booe woukd
toknte m wmdnidual patents. Obwervations at the
ume of surgery demomtrated wide differences m
the hardnems and strength of the bony bmucs and
it was chumed that in those patients who demon-
strated the findings of osteoporoms there was lem
reustance t0 mechanical strerses and a greater tend
ency to develop dooserung and wobble of ther
prosthrsct. The develop of the dulfary
1ype of prosthesn b a defimie step toward beuer
strexs drstribution. However 1 am conuinced that at
the present tume there is no doubt but that the pa
uent with a prosthetn must accept @ coauderable
lunitavon 1 functonal capacity ~In reviewing our
problem cases in 1954 it became &vident that both a
loosrmng of the prosthens and bone resorphon
tended 0 occur m the ofder patent who showed
wgos of ostepporons and in whom numtion wm
poor A review of the patents in the younger group
abe demanstrated that even where bope demmty
sppeared good and the genera! nutnton excellent,
there wonld develop some locsening of the prosthens
i the patent were very acuve. Op_the other_hand,
&_number of paticatt_who some
loosena

the t went r
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af functional capacisy follon ing & graduated acthvity
program_and connderation_of nuntional facton

Qbservations were that hoae strength v related to
the nutntonal stats, to the metabolic balance, and
1o the phynical acnaty ol the pavens

In attempting to develop an index of bone densty
or strength, we have follomed the augeested program
of valuating the radiographrcal denity of the bones
of the hand as compared to the shadow cast an the
roentgenogram by a standard and Lnown thrckness of
aluminum. The gauge which we are unng at present
and which has heen found to be satsfacrory 1 amph
made being ¥ inch m whdth by 334 inches in Jength,
Tt coomsts of five steps of thicknen, each 3§ fmch
joog The first 1 0032 inch thick with each adds
tronal step bemng 0.020 inch in thickness. We refer
10 thss a3 the dennty gauge or the d (Fig

pression that these mdis iuals were remaming wathm
the kit of their bone tolerance fo strese. Withoat
doubt, degenerative changes do occur at the ponts
of contact between the prosthesn and booe, but the
bone metabolism can be such that a continuing re-
pair of the bonty structure prevents the deielopment
of progresshe necroms and Joosenmg of the pros
theds.

Our study In regard to bone dentiny factor is stlll
mcomplete and of short duravon, but I am con
vinced that 1t does offer an index of tire degree of
resbstance thet can be expected from the bone of the
mdividual patient to the stresses of weight besnng
through 2 prosthess. In 2 patient with marled or-
teoporosis it would cerialy be unw e to encourage
strenvous woight beanny and cerrawly there woakl
be_an_indication for thempeutic mansgement

230) This gange u placed on the roentgenogram
by the aide of the hand and a routine postercan
terior exposure 15 made being carcful not to over
expose the film. When the film 1 dry the relathe
density of the base of the proxdmal phatanx of the
mid fnger u compared with the shadow cast by
the dennty gauge Readings have besn found to
range from a low figure of 2 m the osteoporonc
mdisidual o0 a hugh of 45 to 3 m a voung adult.
Thus permty & graduation of seven degrees by meam
of a mmple technique Alter uung thn procedure
i 2 vanety of cases for the past eighteen months
1 am comvinced that it docs have a useful climeal
spplication Readmgs of lew than 3 are found mn
cases of definite orteoporons. These are routine 1
elderhy bed panents and frequently are scen 1o older
females, particularly those who have had a surgical
menopawse. In a series of mine hip prostheses for
nonacute conditions readings were found to vary
betv een 3 and 45 In cight cases of pnmary pras-
theue replacement for fracture in patents ranging
tn age from 46 to 82 vears there was a vanmanon of
from 2 to 4 the lower reading belng recorded n
bed pavents excepr for one instance I which a
reading of 2 was obsened 1n a 75-year-old lady
who had developed siere Joosening of her light
bulb prosthens Bed patents drd not develop bone
rearption. eten though ther densiry factors were
Jow In o nvtance way there a grading of excellent
without a denuty factor of 33 or abore In the
group of eight pavent  mgwficant looseming of the
prosthesns had occurred m only tno cases Howener
even in the more actine patient who were able to
walk without support of any lind some reaction
sbout the prostbesis way evdent and 1t u my 1m

rected at improving the bone metabohum sed grad-

ually reactivating the patent. Admuttedly our sp-
proach to the use of prostheses in the treatment of

fresh fractures of the meck of the femur has been
comtervative, and 1 am asure that {f younger pa
tients were treated by pnmary prosthetic replace
ment a very satufactory functional result could be
expected In a hugh per cent of eases, provided the
patrent appreciates the fact thet he mmat accept a
hrmited functional capadty Under specal dreum
stances 1 can understand that primary prosthete
replacement may be wdicated 10 a younger patent
but 10 general would wrge conservathm,

Among the lste comphcations that may eause em
barrattment are fractures In the regon of the prov
theus of 1 the shaft of the femur adjacent to 1t
We have had the opportumty of seeng two such
cases 1 the past year and, while they were secess
fully managed, they did prescnt special problems 10
management.”Tn sumpury let me aay that poac of
w1 are entirely satafied with the chical results fol-
lowing primary prosthetic replacement for fractures
of the femora] neck but the fact that s0 many of us
are intérested 10 the problem wndscates at Jeast that
this metbod dots have a place m the treatment of
this condition. In properly selected cases T am sure
it w dtur-unen:olducel;rrzr:;vn;x:-l}m
with Increanng experwnce ne urt] m-
prmem:mmdcﬂgnmdu-dmiqm.uwdl.x.
better understanding of bone metabols, trere il
heagndualbm:dml.nxo(dxm&aumnfum
mFardmpmpIhebﬂcucnl;ouldmnuem

prman, prosthetic laceroent for only t pa
:{mt n 3hom we .mzftl) feel that jt s the beat
method af treatment availsble



PALMER EICHER M D
Indianapolls, Indisna

USE OF A PROSTHESIS IN THE
FRESH INTRACAPSULAR FRACTURE OF THE HIP

Prolonged expenmentation resulted in a replica
of a femoral head and meck which was used m a
patrent nearly mine years ago. Th prostheuc device
wax made of type 316 stainlew steel It was designed
to restore the articulating mechanhm of the hip.
Evaluation of the early rosults obtained reyvealed
ununial and gratifying success

REPORT AND EVALUATION

I now have sufficient informanon on twenty four
Cascs to male a detatked cvaluation I have perhaps
fre o nx mote cases which belong in thi freah
fracture clamfication but my information on thes
1 not adequate to make a worth while fong term ap-
praval

The yourgest pavent 10 this group was 68 yeans
old at the time of surgery and the oldest was 93
with the average age being 773 years. The longest
follow up time ks exght and onc half years and the
shortest mx moaths. Fifteen cases have been ob-
sened for more than five years. Elven panents
hate died nnce the surgery was performed. In thir
teen cases an acceptable result was obtamed which
tade ambulation possible without the aid of & cane
or crutch Since each case presents 1ta own unique
problem, I have decided to judge cach cac sep-
arately and, in retroepect, deade whether or not
I would use the prosthens in the Fight of the long
term result oiraloed. My conclusion i that T woukd
use the same procedure in twenty two cases and that
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I would not use it 10 two caser In these two, &
tlaf mechamcal result was obtained but the

patienus made fitthe or no effort to use the hip.

TECHNIQUE

I have wsed three surgical gpproaches. Each has
its advantages and duadvantages, but 1 prefer the
latersl approach, gowng through the anterior part
of the capsule It 15 an eary approach and m most
cases requires very httle releasing of abductor mus
cles to gain access to the jount, Thes males the post
operatine care and recovery eamer and quicker
without undue lots of the power of abducton Ome
hat only to prevent adduction of the extremun
operated upon.

The antenor Smuth Petersen acetabular approach
requires more tme and in the postoperative peniod
it 1y necessary to prevent outward rotatian of the
leg during the first two or three weels

The postenor approach—actually a posterior ap-
proach to the capsule—requires the kast operatne
tme but complicavom have caused me to abandon
1t Postoperatine dulocauion of the prosthess when
the hip 15 flexed has occurred 100 many tmes and,
furthermore, trauma to the taatic nenve due to the
proimuty of the operative aitc is a real danger 1
beleve that the proper antcvermon can be more ac
curately determined when the anteror capsular ap-
pioaches are employed than when the posteror
approachet are used.
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INDICATIONS

A patholomical fracture of the neck of the femur
presents an rdeal ntuaton for poamary use of a pro>-
thews, A severe deformuty due to arthntis and a
fracture affords another opportumity for its use.
When primany nailing fals to hold the reductson
throughout the fint days or weeks, before there o
sufficent time for healing with individual factons
conndered, & prosthens 13 well Indicated.

Another condiion s the neglected fracture in
which the prosthems 1 wsed as a first treatment
Cases of delayed diagnoss and misduagnosed cases
belong in this group. Erery o often, an impacted
fracture resulung m Lnee pain only 13 diagnosed
late depending upon how much the injured hip is
used In one case the duagnous was made three
months after the orginal injury The patrent was 72
yeans old the prosthens was used to restore moton
and stabifity of her hip. In the other case, the pa
tient did not seel medical attention until four weels
after the original myury

The last indicatson I wish to discuss 15 the fresh
fracture with mmediate diagnoms and surgery per
formed within the fint few days unng a prosthens.
If a prosthens 1 used in such a fracture, the patrent
should be_75 years or older The deanon to use 2

Al B
Fix 231 A, Drawiny showioy sagittal sccton of
prothesls bn ut B, Drawimx of strem hoes of pormal
proxumal femw

prostheus imtead of nailing a hip 1n 2 pabent such
=1 ths requires careful conuderation of the whole
chinfcal picture. Each case should be decrded
ihe nm total of the problems at band, The

d may be yuch that it 1y clear thay only one
surgical progedure will be tolerated, or_perhap the
patient ot s relatives may jndicate that only onr
surgnical procedyre 1 all that will he granted. An
extyeme desire_og the part of an aged indnadual to
return home to an_accustomed poutine_of fving may.
pstify the use of & prosthems. An example is the one
93-year-old man for whom 1 made such a decrion
and wsed 2 proathens. He came to my office two
weeks ago at my request for the purpose of exam-
mation and to obtam three-year follow-up roentgeno-
grams. He 15 now 96 yeans odd and walks very well
without the aid of a cane or crutch.

The basnic idea of hamessmg the remaining femur
with 2 protthens simulating the normal Enes of
force has not altered (Fig 231) However expen
ence bas shown defiencles in design  shape, and
size, and has ked to many changes. Even now new
features arc bang added which, to this date, have
1ot been tried m a patlent. The ideal and perfect
hip prosthetic devier bs not in existence at this tmme.
We have made great progress. Many ips have been
restored to normal oc near normal fimction. Othen
have been fatures—indeed too many

A review of the basic features inchudes these
points.

1 A sphere of proper shre to fit the acetabulum
must be sekected Enough sires should be at hand to
actually try the head m the acetabulum before in-
sertion Into the femoral <uaft. The sire producmg
& sucker effect u the correct fit. Whether the re-
placement head should be shaped Like the normal
femur or thould be a sphere 11t s now b of counc
anather unanswered question.

2. A collar abutting the calcar femorale at nght
angies appeans to be emsential It i correet from 2
m,edu.n:ﬂlupcﬂ.ﬂxpenmlujllmn that the
bomhold:upwculmdcrthucolhrnphud.
Much effort has been made to prevent minute ro-
tation of the prosthesis. I beleve thit will have to
belccompruhtdbet\nctnﬂ)ccoﬂlrlnddttrcmlm
ing nech. Gros rotatin may be prevented by the
deskgn of the stem, but the troublesome muaute mo-
noa st be stopped under the collar The new de
sign has a dowel type projection which appears to
sohe the problem.

3. The peck of the prosthesss s been shortened
and the tngle raned to 135 degrees. The reason for
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thn change is to avold the chance of producing an
mereased over all Jengih of the femur Abo, the
femoral shaft weight beanng Lme 13 brought nearer
the mudhne of the body This feature sthould please
those who lile osteotomes.

4 The miramedullary extension has been altered
many tmes. A perfeet fit, to completely fill the
cnal, u not pomible It 13 abo not deurable. If the
stem 15 too small and especally 1f 1t has too much
uaper it will wobble. The latest change has an un
dulating waie on the outersurface which appears to
Jock the prosthens immediately

MATERIALS

The new deice has been fahocated of SMO steel
type 316 of Vitallum and of Titamum. Other new
matcrah are in the cxpenmental stage, So far 1
have no proof that any one is supenor to the othen.

COMPLICATIONS

The hip recomstructed by umng a prosthess too
often has not been pam free, and mven though
faulures are a disappountment they are most helpful
in pomting the way for mprovement.

iy 23 Fracture of prosthesls, demonstrating meta) falture.

Inlhe\tryﬁntpauentlnuhcmlmcd-prm-
thess for a fresh fracture, in October of 1920 the
nppcrdurduld’:fcmurlhluucdmarpnl,cx
plouve manner (Fig. 232) Fortunately the stem of
thcpm\hemrudlcdlnmthcdnulmmammgfng
mcm[orlmr_h.'ﬂtepu:u:oltbeu:ppcrpm-nmuf
d:efemurwmphctdtugcthcruwcl]upom’blc
and held with three Parham bands The fracture
bnled.'[‘hcpnhcntnmrhnbeenwllhngweﬂmlh
out & can~ for eight and ooe half years, and wath
out pun. When I presented her to Dr W Blount
hcuk:dhcnflh:hx.dpnmshebcclmehxgblyh
dlgnm(tnddl)!htntnlkdmeto:rpruh:r
dopleasure about the queshor. What he did not
know n that she 1 a devout Christian Sclentut.

Beddes pun another complicaton 1 dulocation
n{thenrmlhad.Rotano-nufd\:pmsl}u:umay
be biamed in part however the surgical approach
Tunt also be incrmunated. This has occurred 1n two
cases when the posterior approach was wed. In one
msc,ltwmnulrtcngnln:dpﬂtxmmrgcryth:tﬂr
m:lmaifurprmuyﬁx;nonmdmmmwlhc
panrcrlcrﬁpo(tbemnbulummnuddthchnd.

Was no postenor Lp left. Removal and re
nnu:eoft}nwwdmutmdocmcdlhe}upm
dhfouthLbnﬁntbmelhefﬂnu!\'nﬁacd,

Metal farlure has been a problem (Frp 233)
Early testing indicated suffigent sirength. However
‘a“‘l;\:xpcmnmrtnﬂlcdlnmdldh.mmm
casts. Nooe of the twentyfour cases reported has
multcdmmculfldure.lmoktheﬁbeﬂydhor
rmvmgcunp].(udombecnunfﬂ}u:ummdh.m
ooamtdinlhemcdd::pm-!hemmfmh[m:
hnmAr.hmgemdrdgnmdlhnpehu;muy



Fig 234 Wandering acetabalum developed becawse of Im Fig 235 Improper seating due to Jocrassed kemgth. Noto
proper weating of prosthens agalnt the bage of the neck. petric tht and adducted posdtion of femmr

—- =

)

}

Fig 137 Same pathent Traction applied to by ¢ thoe

Flg. 236, Insecurr prostbesi a1 a came of pas. Com-
pressson appl ed 30 the foot of the flected beg \otc top of of —ray cxamination, Not top of greater trochaster pulled
groster trochanter has rmierated supernordy and laterally inferiorly Alse met caloar femorale pulied  way from wa-
Compare w th Fix 37 derside of collar
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added suffident strength The behavior of metals in
certain solutions and temperatures still reveals un
wsual and not too well understood frealuh changes.
Strews corrosron s anc such behavior

Improper staung of the prosthess must be 10
cimmmated. Thuy tics in with the next unacceptable
lup Hlustrated (Fig 234) T belsene that the pain in
this hup n due to increased leg kngth pelvic tlt,
adduction, and low of full extension (Frg 235) The
hip fs obwaoutly under constant stram. If o hip such
as tho n actualhy wsed enough, over a Jong cnough
penad of time one of two things can and often docs
ocour aither the stem breaks or 2 wantenng aee-
tabubmn develops. Thus still further Increases paln
aund renetim of motwon  expecially 1n abduction
and extennon.

A loow inwecure prosthens i the femur will
surely produce an umathfactory hip. This, T be-
fiear 1 3till an wmohed problem. This compleation
s mamfest m several wayr Fint, 1t results 1n 2
panful hip. Abo, a painful ceck or clunk occurs.
Roentgenograms are helpful  two anteroposterior
1rews, ooe push and one pull, will reveal the difficulty
(Figs. 236 and 237) Net oaly 1 there a wobble of
the stem, but abo there i3 & rotary movement In
the prosthess in relaton to the femur Pasve rota
tion of such » hip produces pain.

Much has been done 1n an effort to correct this
troublesome  aspect. Smce there 1 s0 much dif
ference m the size and shape of the upper femur
from one indridual to another it u impractical to
bave sufficdent stem xzes to fill each one completel
Furthermore, 1t &t ot desirable—there Iy too much
danger of fracture on wsertion, Even m 2 ughe fit,
there s 100 often minute motcw which, with s,
cn beecome grow movement. The anly recourse
then }s to try to Jock the prosthesis securely by lts
thape rather than its mas 1 have made many
changes in ahape, or costour and have Increased
the angle of the metal peck for the purpose of cor
rectog thu troublesome problem. Abo, the length
of the neck has been shortened a1 much as it can
be and sull Leep the trochanter from coming in ap-
poution with the roof of the acetabuhum.

The Jasest design has not beent tried In x patlene
T had hoped to do so by thia time. This deugn has
a wweeplng undulation on the outer boarder of the
stem. It appeans that shout three dufferent degrees
of curves thould result 1n a mug fit in the vanous
sdres of femurs encountered. To stop the minute
rotary motron, a dowel type projpection under the
collar has been added. In the cadaver femurs 1t has
produced an immediate secure Jocking

In addition to the causes already mentloned, I
whh to add another namely hyperemia for any
reason. I quegest the presence of a Jow-grade infec
ton in two caser In one case the wound beoame
red opened, and dramed a while five months after
surgery This hup had become painful prior to the
dranage

One tmust ako question how acceptable the toetals
we are now usng may be to the tmues fmvolved.
A newly foemed capsule and synovial oumue taken
from & hip jomt in wiuch a prosthens had been
placed showed inflammatory reaction with oo e
dence of Infection. Two of the mont pain-free and
ussble hips n 1y semer are 1n patients walking on
prostheses made of Titamum.

Abductor k with 1 peated atrauns
of the lip may well explain somo pamnful unuiahle
lipe In oue instance 1 tramsferred the omgin of
the vastus lateralis for additional power with bene
flanl effect.

SUMMARY

The provtheds has, in my practice, proved a highly
saosfactory method of treaung the fresh intracap-
sular {racture of the hip 1n certam cases.

The described prosthexts has been modificd many
trmes in the past ten yeam for the purpose of avoid
ing further unacceptable results. A serure and im
medate Jocking of the prosthems with the femur 1

aad this mut be accompluhed by the
design and not by 1ts maes alone. The available ma~
teralt apparently are satafactory when used prop-
erly Further search for new materdaly bowever may
well contribute to better results.
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FRESH FRACTURE OF THE HIP
TREATED WITH PROSTHESIS

In April, 1956 I reported our expencnces at the
Mayo Chmic with replacement of the femoral head
wath a prostheus.! At that ume the indicatrons, com-
pli s, results, and lugons of our expenence
based on 185 operations mn 171 Patients, were pre
sented. Ounly ten of the 171 patients were operated
upon because of fresh fractures of the femornl neck
and these operatons were performed in 1952 and
1953 Since that ume twenty add ] h

the peasthetic operation against the expediency of
the procedure, and perhaps we can come to some
canclunons about the matter

For present purposes a fracture 1 coondered
fresh™ iof it has occurred within forty days pnor to
the time of replaccment with a prosthens.

INDICATIONS
The sek of proper patients for treatment

replacements have been carned out 1n patrents with
fresh fractures of the femoral neck. The present re-
port cancerns these thirty patients.

Connderable expenence has accumulated 1 the
past several years on use of the femoral head prow-
thens. Ghormley* summarfzed the pertment current
lterature oo this subpect up to Jan 1 1958 There
1 common agreement in which I fully concur that
there is no complete subsutute for the noemal
femoral bead it therelore follows that the prosthetic
replacement operation 1 & compromise procedure
(Fig 238) I agree with Goday Moreira who ex
pressed the opinion that the femoral bead prosthens
is too frequently used, probably because of the ap-
parent aimplicity of the techmique as pared to
that of osteosvnthesn or bone graft, which require
we of «my study dunng operabon. But use of
rocntgenegram 1 not the only complicating problem
n “nailing” hups. After proper reduction, metsculous
operative techmque is necemary All of un are fa
muliar with the complcations that may arse cven
after proper reduction and internal fixator. There
fore we must carcfull wergh true indscations for

with a fermoral head prosthesns 1 the chief problem,
and will remain so until further clinjcal studics are
made and sdditienal expers has secumulated
Certamnly one should pot with to use a prosthets
10 the younger groups, for it It not known whether
the structure wall hold up indefinitely Nor should
onc use a prosth if ad duction and
fixation of the fracture can be obtained by the usual
methods. One should abo not use a prosthesls 1f
the patlent will not be able to walk agam, for prob-
ably little or nothing is to be gained by cstabluhlng
a fairly normal relatooship of the hip joint if
weight bearing fs not andapated In the future.
Same fairly defimte Indications are presented fn
Table 32 and elaborated bedefly below

! Fracture of the femoral neck with dulocation
of the head at the same time. Although thir s rare,
we have treated one such papent at the Msyo
Clinlc by femoral bead replacement. A noaviable
kead would be anticipated as a result, and replace-
ment with & prosthesss seemns indicated in this situa
tion

2 Comminuted fracture imvoling the femonal
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_Table 3 Relatite Indications Jor Use of a Prosthens
of the Hip wn Frask Fractures

1 Fracture-dalocation

2. Comminwted fracture

3. Patbologxcal fracture

4 Irreducible fracture

5 Incream In ertical angic of fractwre

6. Delay between time of fracture and definlth
treatmwent

7 Fracture that “falls  pert

AblEity to walk again

9 Age of patent

bead and nreck. Usually such a fracture cannot be
adequately reduced and held with internal fixation.
Weo have wed 2 femoral bead prosthens in ane such
patsent.

3 Pathological fracture. Thu type of fracturs
may be treated best in some 1nstances by replace-
ment of the fanoral head Pan n wually rebeved
but the boae at the base of the neck and datally
must ba sound to support the prosthess. Operation
gres one & chance to venfy the disgnods and to
determuine the type of tumor present. The deasion
whether to imert & fermoral head prosthens or to
do some type of nail or blade-plate fixaton can then
be made. e have treated one such patent showng
metarags from & carcmomm of the beeast to the
pelvis, although po metastatic kesian was found 1n
the femoral neck at the time of operation (Fig 239)

The patient has done extremely well Another pa
tient with radiation necroms of the femoral head
and pathological fracture had a good rewult after
prosthete replacement.

4 Poor reduction of fracture, that i1 inabifiy to
obtam Jocking and impaction of the fracture frag
ments with the femoral head in slight valgus po-
ution. Onc can antcipate & poor reault m most
cases of this type. This group of patents probably
comsututes the largest to be conndered for provtheuc
replacanent.

Fig: D8, Fracture of left lap wuspected of being patho-
logical becamse of metmatic lsiom [z th right wehiam,
from carcinoma of the brewst A, At tme of fracture. B,
Twenty+wo mouths after wwertion of Moore prosthens,
da s be due to meterasis. The patient walks
with & cane, bat o pamn, and bas only minlmal Hmp in

In e Symp are bein Ted
with hotmonal and x-ray therapy .
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5 Fracture through the neck if the angle of the
fracture 15 such that 1t tends to be vertical (Pauwel’y
type 3)

6. Fracture that has undergone consrderable delay
from the time of occurrence until the ame of defint
the treatment. Such a fracture does kas well than
those treated withm a day or two of the acddent,
and prosthetic replacement should be conndered In
such case. Dunng the intenval of delay between
fracture and fixation, absorpson occurs at the frac
ture site, and chenges often result from presure of
the sharp neck agunst the softer head fragment.
Fibroshs alo occurs about the fracture and capsule,
makmng reducton difficult. Frequently splmtmg and
traction hme been relanveh potr dunng this mter
val Therefore, n delay of scveral days from the time
of fracture to the time of fixatron may be an indica
toa for replacement of the fernoral head.

7 Fracture thar “falls apart after reduction and
naiing Thn type of fracturr may be treated bet
with prosthetic replacement  although soare other
procedure such as wse of a bone graft, may be
preferable at times.

8 Likelibood that the patent will be able to walk
sgun, Very elderly people who are feeble, patrents
who have had severe stroles that render them un
able to walk, and others m srmlar condition wall not
profit from thu operauan. Succensful reduction and
Internal fixation with a Smuth Petersen nail, for ex
ample will allow a patient to be out of bed the
Iollowing day—a bed-chair existence If tho patent
» phyneaally able, of coune, she can be wught to
walk on crutches without weight bearing There
fore unless there ks some indi for B dL

PREOPERATIVE AND
POSTOPERATIVE MANAGEMENT
As m any fracture, proper spintmg at the
femoral neck fracture 13 Imperatrve. It m
the drfference between a fracture that can be
by conventional fixation methods and one tt
be treated with a femoral head prosthems. ©
applted a5 soan as powdble, durmg transp
and whilke m the hospital bed, 15 also mmper
prevent motion and structural changes at
of fracture,

No older patient shoukd be put flat on b
in bed, but should always be sat up at an
at least 45 degrecs m bed day and nighi
effort should be made to avosd the compher
the aged that will be mentoned hater A
evaluation is pecesmary preoperatively bot
not be mtennve, for a frectured hip m an o}
son s at Jeast a semuemergency aod sh
treated as cuch. Proper carduc, renal, and
evaluations howerer are most helpful, a
m the fiste pottop °
patent.

It b well to have 2 thorough ducusion v
relatives before operatian so that the pomible
and local compheatrons will be better undeny
them.

After inseroon of a femorn] head prosthes
clderly paticat with & fractured femoral n
paumthremmcdmbcdfn-uupcndcdl
deodgmorThomutype.Avmtndmed,
thent Is put 1n 2 semnitting postion 2and an 1
progmm to prevent postoperathe complics
instituted. So far as specific postoperative ea

postoperatne  wesght-beanng  ambulation  there
stems to be 1o indication for the vse of replacement
prosthesls as opposed to intermal fixation of the
frocture After a fup has been naded, the actnity
mcdent to motmg about in bed without pan or
gettmg out of bed 1nto a chair 1 adequate 1o prevent
the compleations common among paticnts in the
okder age group

9 Agr of pauent The relatronthup of age to this
problem b umportant Age must be waghed with
mmany other factors, including the sndications men
toned previowh It 11 of mterest that the average
age of the turn pauents in the present sency, m
whom a presthesis was wsed for fresh fracture was
75% yeann Of coursr one cvaluates the physo-
logtcal™ are of the patent as accurately as possible
and uses that mather than the chronological age as
a gude 1n deciding whether 1o use a prostheas,

the to the operation for nserthon of the pr
is concerned, [ feel that these patients are mo
fortablo with sbout 8 pounds of adheve or
rubber traction on the fimb m the aapendec
1f the patient will ot or cannot movo shout

u the overhead trapere @ prop um
?cﬂ;i:imdltthdpoltbcumhzrﬂﬂ d
splint and traction are ehrmnated and the
s treated exactly as i naihng had been
namely mmlo!bcddnlhmdlurmdfm
nde in bed Active exercise It encouraged. .
nunnn‘]wmghtbnﬁngonﬂwcmmnhywh
btcnupcnttdupmhdmwn;:tdforthrm
unlers wallmg B Imperatne for the patlent
aﬂwﬂbdngmdanmtbctcmpﬁihtd‘
more than thi mnmal weight beariog Th
thews sets ateell more firmly if weight bea
aveided for a time and the surroundiog bov
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portmr the prosthess 1 less likely to suffer from
necross, with loosening of the prosthesls.

SURGICAL TECHNIQUE

The first two femoral head prostheses that we in
serted at the Mayo Chnie for fresh fractures were
of the Judet Vitalhum type and the Smith Petersen
ifiofemoral ncivon was wsed. All subsequent pros-
theses have been of the Moore type and have been
inserted through the Gibson approach. On a few
occasions the McFarland-Osborne maodification was
used. Two prosthescs were abo mserted through this
incimon, modified by removing the greater trochanter
and then nalfing 1t back 1 place. While there seens
to be some criticsm of the Gibson approach it has
worked most aatisfactonly for us I feel that jt
thould be followed rather corpletely 1f one whhes
free accas to the acetabulum with good expesure.
It can be modified by leaving the postenior attach-
ment of the gluteus medius mtact and dulocating
the hup antenor to these fibers, much as described
by Wawon Jones, of the acetabulum need not be
well exposed.

The entxes of the Gitson approach amert that a
Lmp from gluteal weaknes 1 inevitable after thu
exposure. The lump does not scem to occur if the
pavent 18 properly motivated and phyncally able to

carry out an excrasc program postoperatively Oh-
scrvation of one very important pont 0 the tech
mque however appears to contribute 1o a good re
sult. As 1n tendon transference operations reap-
provimation of the tendon under tenslon scems to
give a stronger functioning muscle. The tendon of
the glutews medin, therefore fs pulled farther dis
tally than the mte of {ts mormal Inscrtion and 13
sutured under tersion at the base of the greater
trochanter Thus §s done by puttng holes through
the boae at this point and uung mattress sutares of
No. 2-0 chromuc catgut Pesterforly the tendon must
bo reattached to the bone 1n this manner but as
one moves anterrorly along the ude of the femoral
shaft 1t can sometimes be sutured into the fim
fibrous engin of the vastus lateraln muscle. The pos
tenor portlon of the gluteus mediug muscle is the
most tendinous portion, and thm is the part that
shoukd be very carcfully sutured. If this i done and
if excrases are carried out postoperatively there
should not be any muscle weakness. During closure
of thr wound the glutcus minmus has already been
pulled distally and sutured to the ongnal attach-
ment of the gluteus medius the glutews maximus s
reattached to the fascin lata (Fig 240)

Other helpful pownts in the technique of opera
thon include the use of a muscle relaxant, such as

Fle. 240. Reattachoacat of gt tews medius tendoa mors
the closare of the hlp subsequent to Gibeon approach.

distally under moderate teraion dunng
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succmylcholine  gnen prior to dalocaung the hip.
Tha allows the procedure to be accomplithed with a
minimum of trauma and stram on the soft parts.

Although specd it surgery s least important facet
today 1n older patrents who represent mcreased nsk
the of should be plished as mapedly as
careful technique will permut.

Care must be taken to cut off the femoral neck
in such a manner that the calear and the supporting
flange of the prosthews fit in apposition. Most of
the woght s borme at thx pomt, and the more
carefully the opposng surfaces are fitted, the less
the settling of the prosthens and the less the chance
of looscrung As m all prosthetic msertions  proper
length of the structures between the acetabulum and
the base of the femoral neck thould be mantsined.
If the neck s too lomg the hip will be tight and
painful If the neck 1 too short, there will be de
crease in the Jever arm and more inclination to
gluteal hmp

COMPLICATIONS

There have been no unusual complicatsons 1 the
present serres of thurty patlents and no complications
different from those m a larger over all senes, ex
cept as related to the age of the panents. There have
been no dulocations m the thirty patents and no
fractures of the shaft or femoral neck dutal to the
fermoral prosthesis nor has there been gross loosen
ing or intrapehic migration. It 1 granted, of
course, that these patients put less weight on therr
prostheses and are 1n general less muscular and ac
tive than the average patient in whom femoral head
replacement 13 carned out.

Patients tn whom thus procedure is used, however
do form a selectne group because of thewr age and
usual debiity Certain complicatyons are more Hlely
to develop (Table 33)

Table 33 Antiapated Postoperative Complications

1 Infection of wound
Decubit!

Ml confuon
Prcwmonby

Peroneal paby

3
4
3 Infection bower part of unnary mact
6
7 Death

Operatne infecuon might seem to be more com-
moa m thys age group. Infecon of the wound did,
in fact deselop in two patrents In one 1t cleared up
completele without any residual the other patent

was a 93-year-old woman who died of preumonta
on the thirteenth day after operntion.

Decublty are a constant problem, and carly and
frequent movement of the patient either 1n bed or
out of bed in a chalr should be atressed. Th ob-
viously requires adequate nursng care which means
the difference between survival and death for many
patents in this age group. These pauents cannot be
put flat on ther back 1n bed after operation wth
Just average nurung carc and expected to nmTe
In this respect, use of narcotics and sedatn e should
be strictly limited. Tt seems preferable to allow the
patrent to be mildly agitated so that she will moe
about and tend to prevent statlc complicatrons.
Frequent back rubs, frequent changes of potlon,
proper padding and good nutnition are all manda
tory

Mental confuson n & common complication in
this age group. Early operaton tends to prevent
this Mauntenance of the patent m a partial nttmg
pontion In bed day and night, getting the patient
out of bed mto a chair often, frequent turning of
the paticnt frequent vigts by nursing personnel and
relatrves and occupatronal therapy when pondble—
all these measures help prevent mental coafusion.
Soponfics should be avaded or wsed very sparmgly
as they add to mental confusion.

Other stabe problems such as pneumoniz and o
fectron of the Jower part of the urknary tract must
be guarded agminst. A specific problem that mvolved
two of the patients 1n the present series was falling
out of bed, 1n spite of all normal precautions. Re-
strabning side rails are abways used at night, but
patients can climb over these Undue restraints tend
to agitate the patent. There is probably no reat
prevenuve of this complieanon eveept comtant
supertbsion by nurung personnel

Scmominfcctmsofthelm\crpartollhcuﬂmry
tract can be avokded by the use of an mndweliing
catheter and unnary annscptics.

Pr_rmnlpnkymxydc\rlopf.umugrmp.nl!
does m other patients m tractron, and fust be care
fully watched for One pauent In the present senel
h.u:lpcmnc:]p-lrymt.h:lﬂmcdndc but this
cleared up 1 several weeks

Death 1 naturally the most seere complicanon
mlhhg-rmpoflnmnmltoccumdmdxnf
twenty five traced patuents within onc ycar of their
rn[;::cndm. looterung of the prosthests, and intra
pelvic .protruson could all occur in thus group of
fresh fractures, but have not in part becawse the
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actvitles of these patients are fimited and only a
fow yeann have clapsed ance their prostheuc e
plactmenta,

RESULTS

‘The statutical swmmary of the results in thh senes
of patwents covens the yearn (952 through 1956 As
mentioned the scries consisted of patrents in whom
prostheses were inserted for freah fractures of the
femoral neck. The patent was conudered to have a
fresh fractore If replacement was performed wathin
forty dayy following the fracture. There were three
operations in 1932 seven in 1953 three m 1954
mne m 1955 and eight n 1956, About the same
total number of fractures of the femoral neck were
scen yearh dunng this e

All except one of the thirty patients were women.
The youngest was 53 years old. Ths patent n
curred a fracture of the femoral neck subtequent to
cup arthroplasty A femoral head prosthess was
Inserted. The oldeat patiemt was 93 years old The
average ape was 75%4 yrars

The types of fracture which kent themsehes to
replacement with a femoral head prosthesis were as
follows Ten fractures were subcapital and for some
mcn(th:mmncm&cdmﬁcrmthhpapcrnm
thought best to treat them with a femoral head
prostheans. Six were transcervical and were treated
with fememal head prosthescs for the same reasons,
One patent had x sphit of the femaral head along
with fracture of the nerk. One patrent had a frac
ture of the femoral neck together with & dualocation
of the femoral head. Two pabents had fractures in
the presence of mafignant disease m the pelvis one
of thee had metastam from taropoma of the
breast, -ﬁlednu(herhndnlymphmarmmo((}u
mtestine ({kwm) Three patents had an umsatly-
fmmypudumu(drelmdu!tnmﬂum and were
therefore treated by femoral head prosthetis mne
teen, twenty three and twentyseven days, respec
tvely after the unsatnfactory nalling These nafl
gy were techmeally imperfet, raultmg 1o im-
Proper position of the head-neck relstopthip or
umproper placing of the nail. Fne patents were
treated with & femoral head prosthean at keast pactly
because of & delay between the time of fracturc and
the ume the pauent was operated upon The delay
hadm\tdforn\mn)dmmnrdxcdor
neurological, and a3 mentioned previowsly  prob-
lhiyd.uilmdmprc\cmngoadmuhf.runmﬂmg

Of the thirty patients twenty five were traced for
at least one yrar followmng thesr fracture and opera

Table 34 Resulls of Prosthetic Replacerment 1n
Twenty-Fice Traced Fanents

Dead 10
Within 1 yr
Aftrr [ 10 4 yr

Alhe 13
No cane or crutch
One cane
One crutch
Unable 16 walk

Toul 23

~ o

N

tion (Table 34) Ten of these twenty five patents
have dwed. Six of the dentts occurred within & year
after the fracture and four otcurred ane to four
years later Only one of the six panents who died
within a year walked after Imerton of the femoral
head prosthes. Of the remaining fifteen traced pa
tients who are Rving foe walk without o cane or
crutch and are able to get about and do their reg
ular work. They deny much pain. Five walk with
the use of & canc and arc ablt 10 be as active mt
they wish with thms support. Three muwst use on¢
erutch and are rather nactne at bome. Two are
unable to walk at afl but can stand and help them
tehes from a wheel chur to & bed and back again.

SUMMARY AND CONCLUSIONS

Femoral head prosthesis seefns to be mdicated
certan rather select patrents who have fresh frac
tures of the femoral neck. The specific mdications
for the use of such a prosthes are snil not clear-cut,
Continuance of an attitude of conservatsm regard
mg selection of panents for ths cperation seem
warranted at thiy time.

It can be sad, howeser that if the patient 11 pot
expected to walk agan because of senility neuro-
muscular disturbances, or general medical cond:
tom, there seems to be no indication for we of the
{emoral head prostbens. It ean alio be said that
hnﬁngalnkmo«ﬂncck[mmminguodpoutkm
guves a better result than replacement of the femoral
head with a prosthens Further Teports on senes of
pavents oant he studied before it ean be Lnows
which putfents can beat be served by this procedure.
The expericnce reported here indicates that the
mulutobcaqxctrdmdudct}v:\rrybmnudlbc
very worst. Recent exammation of & 77 year-old
pxmtwhohxdhxdnfmmﬂhc:dreph:cmml
for a fresh fracture of the femoral neck fine yran
previownly revealed that she walks without a cane

—



298 FRACTURES

or crutch, docs all ker own housework, thops, has
no pain, and has only a slight hmp. Her condition
har not deterforated In these five yeark No ooc
would deny that thu nn 2 good if not sn excellent,
result, In contrast, a 93-yearold patent died of
scality and bronchopneumonia on the thirteenth
day after replacement of the femaoral head

There 11 no need to make a strident plea for or
agut the procedure of replaang the femoral head
with & prosthesss in freah fractures in the elderly
There 1 no apparent reaton to draw a ngid line
regarding ths mue, with cach of us oo onc oc the
other ude, Let us recognire the procedure for what
it b namehy a manchbous method of sahage to be

made avulable to cerun patkents with fractured
hipr. Whiks the prosthens usually gives kms than a
perfect result, 1t generally grnes moro than a poor
result,
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PROSTHESIS INDICATIONS IN FRESH FRACTURES
AND BASIC CONSIDERATIONS AFFECTING
CHOICE OF A PROSTHESIS

INDICATIONS

It {3 wihe to state, as a cardinal rule that the ute
of a prosthess m fresh fractures of the hip 11 con-
traindicated except in mpecial mstances. It should
always be the endeavor of the surgeon to nail or m
termally fix a fractured neck of the femur m order
to obtam a viable femoral head A metal femoral
head, though a boon 1n tome cases, 1 never as atis-
factory as a Inc bony one 1n which the fracture has
beent healed and which has not undergone aseptic
oecrosn. The {act that such an ideal state mght be
a hitle difficult to obtam even with the exerclse of
some sLill, some patlence, and after the pasage of
some tme and the outlay of some money shoukd
not influence the surgron in hi judgment as to which
procedure 13 mdicated. The staterment *a Fve besd
15 better than a dead one” 1 not a plantude, but B
made with the full reafization that, even with the
best of care 20 per cont of fractured prcks of the
fermur wmnlly result in nonunion and that another
20 per cent usually develop varying degrees of azep-
te necroms. Only half of these aseptsc necroees,
bowever will lead to further surgery because of
the pain.
that 65 cent of tured pechs
of the femur are samfactory to the patient,
Is to wdopt_the policy
ol interpal_fixation_than to be gulied Into the 1m
mediate vse of & prostheshs,

Basically what are the arguments for and agamst
the use of a prosthens in fresh hip fractures? There
aro three mam reasoms why a prosthesls is advo-
cated by mont people () The fint is an economic—
reason. Tt saves the panent money by reduang the
long hospitalzation otherwne required. {2) Second,
it aliows for carly ambulation Most of the elderly ~
patrenta are ahle to get up and walk withm a few
dayt and to be hame 1n a very thort perod of dme
(3] Thrd, 1t does away with the problem of non
umon, with its threat of » secondary mlvage opera
ton 1n which a prosthens fo wually mmerted.

These are three very potent argumentr. They
form™@ bass for the reasoning to psufy the pro-
cedure m those special mstances wherein we all
agree that the prostheds 1 indwcated. The fact that
the beat prosthetic end results are obtained m thes
fresh fracture group rather than in the walcage group
should not be used a1 a fourth resson to advocate
1ts early we.

Mot surgrony_for their own hipe, would rather
have a hving, healed fractured head than s metal
?gﬁ‘tnﬂpmhmmwnh;nndm

cuse contlderable trouble. I do not know the
pcn:enug:ofpnmfulthnioﬂowmgtbe\mufptm
theses m fresh fractures, unce 1oy judgment has been
to narl all fractures when powuible rather than to
wnprmhub—uh:chlha\twd,nlmmlwmly
as @ salvage procedure In many such istances of
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sahage it has been necenany to perform an arthro-
plasty of the acetabulum, with the reamung out of
2 mew socket before insertton of the prosthess.
Certainly not all of these operations result in per
fect lupr. By comparon with a nailed and healed
fracture they fall far short of an 1deal In the firg
year follow-up_of panents havng_a_prosthesis for
malvuge, there are only_two hipy which 1 think are
abmolutely perfeet, without limp and without pan
or need for a cane, whereas 1
th ps.are perfect after five
years, without Emp or cane Tho 1 a figure to make
one stop and ponder It tends to put Inte the back
ground the ecovomsc factor of a little money saved
or the niety of allowing carly ambulanon. There

& homited practical expenence has 4 d thas
the shafts wszally melt away beneath the prostheny,
With any mode of treatment 1t 15 dfficult to achleve
a satifactosy result, but nailing Is preferable here to
we of a

The_three P's,_therefore, although they form g
group m which noaumon B common, do not repre
sent a mtuation m which umion cannot be attamed
by the standard naihng procedure. It i the other
factors peesent 1n these mdividual patents that add
up to the specal ind: to justify the d
ur of &

The dead heads that reult from excesive use of
radium or roentgen therapy are rarcly seen now
adays, but this utnation constitutes the best special

may always be that 20 per cent d of non
unron to darken the picture but this should be 2
challenge to us to attain a better reduction at the
time of operation and to immobilize our patents
longer without ambulaton until umon has oc
curred.

It there any smtuaton m which the surgeon s
petitive that union cannot be attained by the stand
ard miling procedure® There come to mind the
dead bead of overradiaton and the three P's—
~ Porous Pagets dscase, and Parkmson s dmease.

The constant mosement of Parkinsox s duscase T
ally works the nall out of the head and thus has re-
sulted in & very high madence of nommron. If the

i | factor ks obl d, honerer by the we
of a plate attached to the nail laterally or by the wse
of a telescopang nay]l the nul extnmson can be pre
vented.

In severe oteoporons the slow healmg and almost
total lacl of penosteal new bone formation have
ained delayed umnion. Thes esteoporote group cer
tamly should pot be allowed to ambulate carly
Union however may be achneved with internal fixa
ton. the correction of the negatine cakium balance
and the paware of suffoent ime There are some
speaial mstanees m which the femoral head is 5o soft
that the Seith Petersen naul can be puthed into the
bhead with the finger mstead of bewng drmen home
with the hammer These caxs which will result i
mechantaal failure  represent specal instances In
which the immedrate use of & prosthens i justifiable.
\Most osteoporoms, howerer 1 not 1o seere and
does not constitute an occanon for the wse of a pros-
thems

In Pa 5 ducasr lhewse fractured femoral
necls tale a boog troe to beal [n dus partscular dis-
ease 3 prostheus n probabh contraindicated  mnce

dication for the & diate we of a prosth In
these individuals the bone i dead and normal heal
g 15 very much 1 doubt, This dead head group hs
probably the only group m whom unson cannot be
achieved by the standard nufing procedure. In the
others, unlon can be achleved if the surgeon not
anly is competent but also hm patlence.

There are other jmbfiable indicatbans oc specral
Instances in addiron to the ones described above,
These may be lsted ax

T 1 Fracure occurnng in a head with asephc
necrosls.

2 Fracture in metastahe tumors.

3. Prumary cystic or mahgnant bomne discase, 1
# humane sdjunct to nurumg care

4 Fractures occurring in severe chronic, multiple
theumatosd arthntm.

5 Fractures occurnng in the course of shock ther
apy m mental panents for whom the treatment needs
to be continued.

6. Fractures in spastic bemiplegn.

7 Fractures 1n the aged totally blind, becawse of
their mabihty to wuse crutches i the coavalescent
period

8. Fractures m hps deformed because of severe
ostecarthrith.

9 Failures to obtain any boay coatact at the tme
of the operative reduction.

Age-loncum(mhdhtimbuz,uLmlncm
Junction with other coonderatons, it may be part
of a pieture that forms a spechal nchcatton,

These specual imstances justifying the Immediate
man(-pm«}wmhne}rmdcuﬂbtdbdofemd
m my opmon represeat vald ressons The total
group of mdications, however shoukd comprise Jess
than 10 per cent of a surgeon s practice dealing with
fractured necke of femurs
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Ifm:hgo{ngtomcnprmt}tﬂx,ndwrfnrfmh
fracturcs or for sahage the cholee of the type of
prosthesie may depend upon the Jocal mtuation
present 1n that patients hip. Some surgron sull
prefer the Judet demgn  although wow they con
stantly wse metal prostheses rather than ones made
of acrylic or nylon. Mast surgeons, however behove
that although these prosthescs unquestionably work
n some instances, it 1 preferable to employ the
intramedullary stem type. It scems wise therclore,
at thn pomt to review some of the controvernal
10ens and the principles of an mtramedullary stem
prosthess and to relate some of the cxperience we
have ganed during the past eight years of their use.

CHOIGCE OF PROSTHESIS

Metal Tt seems umnecenaany st this stage of our
Lnowledge of metah used 1n orthopacdic surgery to
mention the fact that Vitalhum, up to the present
time, has prosed superior to the use of steel or other
metah or plastes. Not only Is Vitallum a sansfac
tory metal, but the company produang the ap-
pﬁ;ncubmmgm’e(hnnord:mrylkﬂl,mﬁmd
inow-how to produce 2 dependable product’ The
head of the prosthers ean be counted upon to be
perectly spherica)  which 1 not alwayz the case
with some steel appliances we have tested¥The hol
Jow head of the Viralfum applisnce Is airtight and
does not allow floid or other matenal to get into
the mterfor of the sphere dunng the process of
autoclaung end sterllration. Thu has pot been
found to be the case with certain steel prostheses.
“%The hardness of Vimdfum helps It redst the wear
of frction coouderably better than does steefrEro-
ston withm the body has not been encountered¥In
operating upon these hipy at later dates, there are
none of the grayish particks found that are seen
the ustyes of the synovium and canilage following
the we of steel@lin none of the padents operated
upory, who possessed & Vitalum prosthests, have 1
found the chronfc vilhnodular symotans that has
been seen 1 vome punful hips due to & stedd pros-
thess. (Fig. 241 ) Although T have been unseceersful
i producmg thly villinodul ls in expen
mental amimals with the same metal that causes 1t
in the human patlents, there 1 no doubt that it
occurs jn the human being with steel that was
thought by 1t manufscturer to be perfectly safe
and adequate for we within the human body

Since there are no great objectons to Vitallium
from other standpomts, 1t would scem wiser to use
1t rather than steel, because of these many factony.

Fig. 241 Palaful chronie villioodular yynos tis eroding
through the lateral femoral cortex at serrral areas m the
shaft and in the acetabulum, Remonal of the steel prosthe
1 clearrd up the synoits Mo Infecton or malignancy
mar prosent.

The author has never permitted his prosthems to
be made by any bat one firm. Steel prostheses of
hes type are poor copren of the onglaal It 1 un
fortunzte not to be able legally to prevent these
toples from being manufactured and sold under
tricky advertimg such as “Thompson Type Prosthe
e

Shape. The employment of the many different
shapes of prostheses 3 wekcomed because of the in
formaton they yield to the profoston. Out of our
expenence will come a slow consolidation of opion
a5 to which 1 the better nre, xhape conformation,
and desgn. Afany of these prostheses have been
changed from their onginal shape to conform to
certaln princaiptes demomstrated as superior in other
pmmmﬁchdnrprmdmu-aumpdnh
It has had a change 1n the stem shape and 1 the
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Fig. 242. Three and ooe-half years after prostheals in-
sertion for fresh [ractare. There b minimal stem motion
and schescoping. Greater trochanter hm decaldfed. Joint
spac s not so wide aa after the Ant year of e,

collar It b pow made from Vitaltum instead of
only from steel The Thompson has been changed
m the stem. (Fig 242.)

Stem  In considering the intramedullary pros
theses, agreement has not been reached on certam
prncipkes of thar shape and nre. We are not sure
of the best length for the mtrumedullary stem. Weo
fnow the stem must be mamie enough to remst
brealage and we have found from expenence that
breakage has not occurred at the junction of the
stem and the collar as ongnally antcaipated from an

It dp It has 1 m most 10~
stances, withm the termmal two Inches of the stem
dp. Maling the stem thicker near the up will prob-
ably solie thn problem. \Mamhenenm n not contm
mdicated in & prosthems, mince the patent n not
aware of thy extra weight nor n it—or enlargement
In stem sire—detnmental to the marrow cavite The
only pomt to be comudered m a thicler stem 1 the
relative difficults of introdueing 1t into the medullary

canal [n younger people. There 1 nearly always room
withm the canal m oMer people. If a thacker stem &
used 1t may need to be cuned and shaped somewhay
to fit the slight tortuouty present within the cauty
(Fig 213.) This 1 atready engineered into the right
and keft Thompson prostheses.

The stem of some styles of prostheses 13 manufat
tured as & unit separate from the head and necl of
the prosthess. It bs belicved advisable, when poxible
pot to have moving parts, kest fnchon then occur
and produce fatigue breakage. Ths dmadvantage
must be offset and balanced agaimt the fact that
changed local condittons at the mnic of the fracture
mxy make the uwe of a multipart prosthcws more
adviable m a particular instance. It b wise to con-
tinue the wse of this style of prosthems, to gne us
mformaton for the future and to help us to arme
at a broader general knowledge.

The thick, round prosthetic stem, as ongumally de
vised by me, provokes & very favorable respoose
of tho bone even after seven years of contmuous we
(Fig 2#4) It pletely fills the b dull
cavity m the area and i encased by deme coctical
type of booe. There s perhaps only the mikdst
amount of motion to allow for the clasic movement
of the shaft. There It same question m my mund as
to whether perhaps the thick, round stem might not
be as good as or better than the existmg thinner stem
of my prosthesls. The round stem however is more
d]\ﬁcdrtomnﬂ.u)dﬂthﬂprumtuhnguhrdnpe
is as strong and breakage does pot occur 1t bs better
to leave the stem a3 1t 1 now There b po doubt that
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posion bs preferred by the draftboard engimeers to_

serve a5 & platform foe recerving compression streny
{forces. From a practical atandpoint, however more
of the calear and neck of a femur needs to be present
m the bone oo which thu platform reus than u
oecesnary with the more acutely angled neck of the
Thompmon prosthens. ‘Thu extra amount of femaral
necd and calear unfortunately iy not always present
m some neck fractures. When it » present these
prostheses are excellent to use. It 18 doubtful whether
the very wide eollar of the Eacher prostheris i peeesy

sary Actually It might be sympom producmg m
that it rests against the psoas tendon and the sides
of the synovial membrane and caprule for it juts
well beyond the cortex of the fomur at that level
(Fig 216.) Experience, hat demonstrated that the
weight of the body can be sastamed on _the calear
alone The cortical bone of the antenor and pos
teror aspects of the bone of the femoral neck and
the trochantene bone laterally are so fragile that
they play no practits! role in sustaning the body
weight When the femoral head snd neck have been
removed the demity of the bone trabeculae in the
greater trocduanter dumnishes becune the tenmon
trubeculae normally present there in the bone ds
appear (Fig 247) Only the compression trabeculae
reman and thicken. This hypertrophy of the com
pression tabeculse occun chiefly in the regon of
the cakar m everyone notes m roentgenograms
sibsequent to the imertfon of a prosthesh, The
projecing Lp of the prosthems therefore needs
merely 1o cover or extend very slightly beyond the
medial corncal bone margm of the calear to be
tausfactony

TIn sabvage use of the prosthesa (Fig 248) where,
there has been complete absorption of the peck of
the femur there 1 not sufbaent calar present to
use the moge tr gled style prosthens un
less the postenor part of the prosthens collar is sunk
well into the greater trochanter (Fig 246) This 1
likely to cxuse an expansion of the greates trochan
terle regron which can produce pam as the prosthews
settfes tomewhat 1 the months following operation.
Sumlarhy when a prosthess p_too small for the pa
uent s boue, 3o that it tends to sok Inude the medul-
lary cavity mtead of overlapping the calcar pam
1 produced by the expanpon of the bone until the
scttling has occurred to much wn extent that the collar
actually erodes sancwhat, through the medial cortex
and comes 10 Lic on top of the calcar trabeculae at 2
lower level than origimlly intended. (Fig 249 ) This
has happened in certun instances in the past where
the available prosthens wed was too amall and had
been placed in the hrge femur of a Nordic giant
(Fig 250) - - -

When & lot of femoral pech 14 preserved medually
»t the mte of the calear it 1 more difficuit to msert
the prosthesss than when maro of the neck & cut
off to a paint about | cm. sbote the level of the
Jenser trochanter

The pamage of time will demomstrate which 1y the
better angle for the collar to subtend 1o the stem of
the prosthesy,
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Fig 3. Photographs of Moore Eicher and Thompeon prosthesss mad of Vielfum. \ote
il

the different angle the collar swbtrods to the sterm

[

( =

>

Fig 246, When not coough calear is present. the movre
horuontal collar type of prosthess mut be countenunk
deeper nto the ereater trochantenc regan

Fig. 247 Moore fenertrated stem prosthah Noto soggle
motion of the siem. Th pan m thn patrent % doe to
arthrite o the acctsbula  wde of the point and not ©
stem motion.
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Flg. 248. Traclog of & nonunlon of the neck of the
fermer ahowing absence of femoral neck [n some instancea
of | tended mivage, Many [ractured pecks tend to absorh
down 10 this baale level for some unkpown reason.

%Tl:ﬁnhhubcenphcdmxh Fig 250. Wide swing of the stem s ere oateoporomm,

1o verlap the cale  As it coamy expasion of poaterolateral thaft cortex The paticat
"llirdmmoneam:hl:dhldnﬂmmu

yoptomws of pain

l:r-n:h:d bt oo local tenderness. Too small prosthesls was placed

© telescoping was present. the shaft of & large boue
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anumu Fenestrations in the_stem of the m
tramedullary “Prorthens were detsrd wath the wdea
that mouon withm the shaft_could thus be moce
sureh  cblterated  Pracucal experience, however
has shown us that all stems will develop a certain
amount of play of mosement within the intramedul
lary shaft, if the person b acuve. (Fig 247 ) Stems
that have become mmmobile by means of the bone
grovnng apparenthy securely about them or through
them have later locwened. This i due to the fact that
the modula of dastiaty of bone 1 different from
dwddrnrulmpkr)tqn;tbcprmdnm.(ﬁgx
742 and 249 ) Bone constantly bends and arches to
sore alight degree with body movements. If the metal
did not bend 100 or move withm its bany encasement,
fatrgue fracture would occur It o fortunate that
nature allows shght movement to occur between the
stem and the side wall of the shell made by the boone
to encase the stem This shight motjon tales up the
dacl necessary to compentate for the clastic move
ment of the bone. (Fig 242.) Where a wider move-
me:lcflhenmhnocturrtd\ﬂd:m(bc:hdt,

yood the normal can occur 1n the fenestrate
prosthesls as well as i the solid stem typ
fencstratrons are placed close to the fubcrum
scesxw mos erment. Blockage of the swing of 1
to prevent ths wesaw motement i better
plished by wedging bone 1nto the femoral sha
the tp of the prosthess (Fig 251) The fc
cantly entered near the np of the stem by .
curette and the window enfarged by larger @
and 1t &y pouible to fuml pack iluc b
an mumobilinng manner about the stem a
prostheses. It fs eas]y done when an anter
caron is used, by retracung the kower end of
asmon.

It 1 & pustake to think of the stem of th
thess a3 a2 “self lockmg applance.” Such s
phrase b misdeading  Although bone pacled I
fenestrations of the stem pear the upper end
lanur will encourage early temparary wmm

“ton of the provthesis, ths o not permanent

247) Most of this bone later absorbs 1n su
degm to aflow varying nmumLof e yin

such a1 in older people with a wide 1k

cavty or m osteoporotic bone, 1t s not usal fur
this wide swing of the stem to be symptom produc
ing Booe tepdernexs 15 not noted Laterally In some
mstances the lateral cortex has been found ¢o be
actualhy expanded somenhat by the presare of this
swng of the stem. A marked swing 1 & patent with
scvere osteoporosn 1 poted m Fig 250 Motron be-

el

Tig. 251 To umenobulist the aem of the poorthom, booe
hipe are packed mto an antenor window made by en-
Luying & curctt hoke 1 bowe with Guccrwmedy larger
curctirn, Retractine the dital cod of A anwenor s i
asron miker thi qusckly pomible i some decalofed bonts
at the e of b ec operaton

tage of unng f in the
that 1t maker subsequent remonal of the pra
if necessary an extremnely difficult procedure.
wide medallary canals of older people howere
cowmforting to pack bone into thee fenestratn
hope that an carly anchorage will be obals
the sohd stemn peosthens thny same early anch
when deured, can be obtalned more secun
packing boree about the stem np (Fig 251)
Where a small collar is used that m qust s
tDprupt(I)cD\trlhcdfnwbmeo(lbeﬂlu
of the prosthems 13 enhanced by
growth of bon lippng arcund the edges ¢
collar Such prostheses when scen af subx
operation, do pot tckescope of scem to mon
peeclably within the booe at that pownt. Shgh
wise monement of the stem, honcier s bou
occur at a loner kevel
Head of Prostkess It I8 not so umple a pr
&1 onc might pmagme to sefect the correct 3
the femoral kead. In the beginning we beheve
the fit between the normal cartilage of the ace
Tum and the metal head had to be ax exact a
sible. We have found from experrence bowever
nature foriunately makes the acetabulum later
lBC"'Dﬁllhtmf(lJ’mlLl‘ML
will outwxrd to
wmwdm\m-nmm
socker sze will be nammowed by thu_grergrom
Qarquss, e e of 100 latge o bes
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crode coptam areas_of_the acetabulum in an attempt
_to male the At more perfrc, Too large @ head, Low
e, can subluate more easily than « tmaller bead.
In general, m fresh fracturm 1t 1 better to s¢
2 head_the sire_of_the natural one removed. Nut i
Oone_muRt_efr, hnbener(ncrrmmcnd:;f-
slighthy smaller metal head _ (Fig 2J2) In uabhage
U abo, where a reaming out arthroplasty of
the acetabular cartilage Iv performed, It 1o alwayt
wre to choose o small head and to wse & small
reamer in beepmg with the small head sze. Prac
treal expenence has demomstrated that the body
weight can be nustaieed on & smalker head than na
ture onginally intended for that indwidual When
reaming out and deepening a vocket at a shghtly
hugher level than the onginal one there is niot much
room to make a larger socket In the tnangular space
formed by the cortical thac wailr of that area.
Rieht end Left Prostheses The use of & nght and
a left prostheant 1 sometimes Important, In younger
indivadual where the mtramedullary cawity is nar
row it ©s somctimes almost impomible 10 mert »
straight stem prosthesn. The cunve built into & nght
and left stern, however makes uetton very easy
Tha is particularly noticeable in syall, middle-aged
peopke of South Amencan or Latin extractjon. There
s present i the nght and keft prosthesis a posterior
twit of the head and collar oo the stem itself
amounting to about 40 degreer Thr more securely
seats the femoral head wathm the acetabulom than
does a straght stem prosthest. When a strasght stem
prosthens 1t used, the head tends to asume an ante
verted position of sometmmes over 60 degrees, and
frequently the collar of the stem doe not properly
overfie the cabear but bes antenor to it on a softer
area of cortical bone (Fig 213) It 1 believed that
tome peoplke walk better with the Jeasened antever
sion aflocded by & properly shaped wem than they
do with a wraght stem. From » f ing

or not the reaming _out of articular cartilage or
arthroplasty of the scetabylum will_be necemsary
In frosh fractures, where thus b not & problem 2
posterior inciwon 13 equally as good a1 an anterior
one The Jow of blood in hoth operations, need not
be mofe with one inasion than the other From the
ancsthetists standpoint, an anterior approach 3
preferable. A postersor incrsion {1 an anatommst s de
Fight 1 griting lnto the arca, The divivon of muscle
inserton 10 the postemior naismon hinders early am
hulatfon whereas after an anterlor jnenion ambula
on in caw of freah fractures may be started the
day following surgery Advocates of the postenor
Incsion feel that there 1 Yews danger of subhxanon
of the prostheas from the accabulum than with
suture of the capsule through the antenor incslon.
Plaster boot ummobiliration followrng surgery should
not be necessary after ether incinon if the capsule i
properly mutured. Boots are sometimes necessary
however after mivage operanon arthroplasties.

CAUSE OF PAIN

The causes of pain after use of some prostheses are
still not defmtely determined. In some instances,
where the roentgenograms appear to be satisfactory
and the response of both the shaft of the bone and
the acctabutum to the metal seerm to be wathin
normal lomite, 3t 1 difficult to tell whether the pain
camer from the shaft dde of the hup jomnt or from
the acetabular nde, Tt has been my good fortune o
st many such painful hipa. Conservative eare and
patence have allowed many of thesc to recover
spontancowsly without sargery It 1 as though nx
ture had not fully adapted her bone to the metal
but at a later date, after further setifing and accom-
modation occur she sects to get used to it In others,
operation hay revealed varylng pathology including
the presence of fragments {rom acrviic prostheses and

standpont, 1t would be achantageows to have a
straight stem whith could be used on ather the
right or the keft 1ide. Unfortunately it 1 not always
wise to use onc but there are certaily many in
ftances when no appreciable difference can be noted.
This 18 2 pomt that will be clanfied by the pasage
of time and by careful oheeriation of many easer

CHOICE OF INCISION
mduudmrxﬂmb\uymd\up\oma
operating wrgeon 1 now prefer an snterbor incmon

W most imstances of sahage operaton, moce it b
difficult in many to determine preoperatieely whether

the p of munute fricton particks from steel
prostheses.

“Chronic viﬂmoduh: SYDOVItE cauqug eronon of
cortical bone in both the shaft and the acetabulum
has been secn only i asociation with stee] pros-
theses (Frg 241) Thus has cleared up spontancously
whmnboncdhubcmr:m-cd_'rhecourageto
fmmediately replace the steel wath & Vitalliom pros-
dmbnbcmhr_hng,nhhoughhrrn)bcdme
later when the punched-out areay i the bone have
bealed.

Sinca the synovial membrane of the hip jont ex
tench down to the tp of the prosthesis as well as
over the calear and head, njectron of procame into
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the jobnt has not been helpful 1n pmpointing the
source of the pan. I bebeve howerer that m most
of thest panful cases the pam comes from some
paihology on the acetabular ude of the jomt. In &
few too large & prosthetic collar has caused ntation
of the synovial membrane or cawsed a burnts postero-
lateral to the pwoas tendon. In the vast mapaty how
ever there is a very dstinet change in the cartilage of
thnac-:uhulmn.lnmchmmm:mmﬂolthe

L with an arthroplastic reaming out of the
wc\ﬂ:nddtnhnnmno{:smﬂnpmﬂws,bu
rautted m refief of pan.

With the widespread use of antiblotcs followmng
surgery  some micchons anocrted with the onginal
operaton are dugused, and many pamful hips are
in reality persutng Jowgrade infections which
do not show themschet n the early roentg

be obtained by ths method. Arthrodews i1 out of
the question at the time the prosthens 1 removed
from the infected bope but it may be wsed later
Iprocand (Marsilid) has been a great help in ak
lowing drining unuses to close over a Vitallium
prosthens, but such salvage has rarely resulted 1 2
functiona] point. Recurrent mfections have been the
rule resulong ultmately i ankybosed hips of vary
msdfm
With the od by !

:mhpnhzfulh!‘plmdbangt\mcmfulmrrhcrmg
therr pam, there 15 a growing tendency to operate
and explore for the unknown source of pamn. For
merly not knowing for what to explore, we dud not
practice thre It 15 belimed now bowerer that since
an mmmtdmhry h}p prosthens 15 essentally a
sound reoperation may deter

grum. The proper management of such low-grade
infectiom 13 pot inown. Some prefer open dram
age, with the we of antibioua loaaly as well
as parenterally followed by a secondary closure of
thn woand. Others prefer removal of the metal pros-
thess with & mahage Colonna type of procedure
bemng dooe. A stable hup or even an ankylons can

mmclndmctd\ckyulhuhthnua\mngpﬂn
In a prosthens wed for o frah fracture, the pam b
most likely to be a destructhe, progresave arthrins
¢f the acetabulum. Pan will not be rebeved unless
an arthroplasty 1s performed rearmng out the ds
ensed cartilage and forming a pew socket to be fined
later by a new fibrocartilage
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A New Low Posterior Approach (The Southern Exposure)

In 1940 the author with the amistance of Dr
Harold R. Bohiman, of Balomore, mserted the first
Vitslfium prosthess to replace the upper end of the
femur ' This was an sppHance about twehe mehey
ooy 1t was wed in 2 lame patlent with pathologl
cal fractures, who had been treated for eight years
for a glant cell tumor that contmued to grow in
sze and was becoming malignant. Dr Bobiman had
crperunented in & few previons cases wath a stem
prosthesls to replace the femoral head, In 1346 the
Judet brothers m Pans, Jean and Robert, began to
use 2 stem prosthens with an acryfic bead. The pros-
thess was 1ery smilar to the ongmal opes used by
Bohlman. They soon used these n large numben
and reported ther results fn 1950. A wave of en
thustasm swept the world snd Judet prostheses and
other modifications were used by the thousands. It
was thought by many that the “unsolved hip prob-
lem™ had been solved.

The author was unumpressed and refused to we
any of these prostheses. He had been thinking of &
prostbens to replace the femoral head, ever unce
the onginal prosthens to replace the upper one third
of the femur had been used m 1940, Finally m early
1950 he consulted with Dr Robert L. Sumwalt, then
Dean of the Schoal of ard pow Pres
dent of the Umiemnty of South Carolina, and

with Hamy Reymann Cluef Engineer of Austensl
Laboratorres 1n New York City He then devised
an intramedullary prosthess that had a fauly
straight, sohd stem. Ths was meerted 1n 2 doctor
friend who welghed over 230 pounds and was
cnppled with a poaumited hp fracture. The ap-
proach to the hip was made through an anterior
Stuth Petersen inciwon. Insertton of the prosthens
was extremely difficult and could be accomplished
only after reflecting moat of the abductor muscle
ongin from the crat and wude of the FHum It
was reafized that this approach was not satufactory
A mew low postenor approach was developed and
the prosthens was modified to its present form
with a long gently curving stem, fenestrations for
bone grafts a collar a fin and a flat undersurface
to lic along; the calear fernorale.

It was calculated that this prosthexs carred stress
of weight beanng in ten different areas, wherexy a
sthort stem prostheass camed practically all of the
weght In ooe area. The writer was of the
that 1f the average body weight of 150 pounds could
be divided among ten places, with only 15 pounds
each the remlt might be a strmulanng effect an bone
formaton and an mecreased dennity about the pros-
theus. On the other hand 150 or more pounds of
presure oa one 1pot could be too much pressure,



3o FRACTURES

resulting m premure necrous, absorption of boae,
and loosening of the prosthess. Time scems to have
demonstrated this s correct. Stem type prostheses, e~
peaally acrylic heads, have brolen from years of e,

It 1 interestng that in the first paper read by the
author 10 November 1951 1t was stated concern
ing stem prostheses “Nooe of them has appealed to
the author as bewng sound enough to support weght
without pam and to withstand the stress and strain
of actne wse over a long period of tme ™

It was further stated 1n that same article 1n which
he reported on thirty three cases mmohmg operation
dunng the previous one and one-half yeans. “The
author has for a long ume realized that if a pros
thens could be developed that would be eary to

Fie. 232 W H C. 38 yean of age. Perfect clinleal
resudt Wx y an after operanon Tho caec beawtifally Hlu-
strates boe b perplaua that dev Jopu fn the strem-bearing
arcm. Thy proved expecially troe thus young [gorous,
hralthy woma who wrighs abowt 143 pounds Compars
this with the of Fight weight
more imactn old ades m F s 233 nd 54

From Moorr A T Metal Hip Joint A New Setf
Locking Viellnum Frortheus South M J 4% 1015 1952

apply safe to we and mechamcally sound enough
to support weight without pain and to wathstand
the strem and stram of uctive use over a long penod
of time it would be superior to any reconstruction
operative procedure 1n vogue today "*

He also stated, 1n clomng that discumson “The
ideal prosthess s one that 1 and s 50 de-
ngned that the stress is so distributed that the booe
not caly tolerates 1t without brealage but reacts to
1t constantly by hypertrophy and thickenmg wher
ever and whbenever necemany to react to the stren
that i thrown upon it In thi vay fguratively the
prosthens betomes a part of the Fving bone ™#

The author made & second report on seventy fne
s2lf locking Inp prosthesis cases, m 19542 In a thid
article, m 1937 he reported 159 of these operations.

It has now been mineteen years mnce the fient
Vitalium replacement operation was performed. It
has been nine years since the first prostbhesn of the
present type was used to replace the femaral head
The muthor wishes to mvoxd bewng unduly enthun

Fig. 23 H Z Perfect clmcal rombh slx yean after
Thin Thutrates Incremsed demlty | the trom-

prostherh. Notce that Increased demeity & In the xpper
portion of Temeat tious where siress of welght b bovne
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astic. In the first artxcle in 1951 he stated  “End re
sults canpot he evaluated for many years, Enthud
asm m the wse of lup prostheses stoukd be restrained
until a Large number in wse over a Jong time qustifics
thelr contmuance ™ What b a large number and
what 11 a Jong time? Now after nme years, I have
211 patients and 221 operatsms ta report upon {ten
being bilateral cases}

Speaal features and advantages of the self Jock
10g hup prosthesis have previously been reported.?

Results thus far have justified faith that wus
placed m the metbod. Results of this method re
ported by others have varled from drcouragrment
to avd enthuaaso In my personal expenence cardy
expectations concemning bone reaction about under
neath, and through the prosthesls have been fulfilled
There hane heen some beautiful examples of bone
hyperplasia in respanse to strens (Fig 252) At finst
1 was told that 1t was unsound phywologically to
expect that cancelious bone pliced In the fenatra
vons of the prosthen would grow and harden to
take weight-bearmg stress and lock the prosthals 1n
place. Furthermore, it was suggested that the large

Fig. 34 L. 6§ 73 yran of age. At the time of operation
193 dingnods was acute fracture of the femoral
»ech The loop had been removed from this prosthers to
:rm«mhapmldnmlmkﬂmmmnbduc&m

od het never wed 2 crutch or cane. Tha
ready proves that the prostberk i so well do-
R can carry the lght load of weight-besting
srem with very hitha incressed denslty In
bone exarpt at the upper weight-braring areas.

Moore 4. T Metal Hip Jofnt A hew Belf
Locking Vinlllum Prosthesis, Bouth M J 43; 1015 1952

sem occupied 3o much space n the medullary
ity that it would interfere with arculation and
that pressure necrow would result. J§ was_my_con
tention that_the fenestrations 1id_be ul_m
providing channch through which bleod yesels could
Taw In_thisway arculation and nournhment to the
_upper_end_of_the femus_would be smproved, Tt has
been proved by roentgenogrami and mucroscopic sec
tons that the cancellous bone dory undergo hyper
plaua and pl and becomes comverted o
cortizal nng_arcay about the
P and m the stress-beanng_areas of the
fepostranons of the prosthess (Figr 252 10 255)
This 1 in accord with Wolfl's Law that “the internal
architecture and exterpal appearance of hone con
form to the stress placed upon it.” It has been thnll-
Ing to observe these changes take place after months
or yean of wating Conversely it haa been mterest
ing to observe ne changes take place a5 2
result of too much stress or as & result of mfecton.
Tt has been defimtely proved that the better the cases
are mlected, the better the operation n performed
and the better the aftercare v carmed out, the better
1 the end result.

Fig 255 M. F Blateral proatheses for acute een boal neck
fractures cos year apart

TFCHNIQUE OF OPERATION—SPECIAL

APPROACH: “THEL SOUTHERN EAPOSURE”

Detaib of techmque have been previously re
ported * The more T use the special Jow postenor m
cujon that will be described (Fige. 236 to 260) the
morelbehe\vthx(mttnhmnfluducnmh
Justified. Ve hke thi memon so well now that it
hanLhcn': adopted for practrcally all hup work futions,

ar Ital disl,

g tors of the hip shely




Fix 237

For @ posure skn edges
are retracted and gluteus
maxemus fibers are separated
by biunt d s1ection between
bundles 4 and 5

Pudormes-——v |
Gamelius superor |

Obtusator mtermn |
Gemelut mlenor______—

Flet. 2/6-260. Drawmps lustratmg progrents  steps maed i the techniqoe of the touthern
cxposure



The external rotatens have been divided at thar insertions The thigh
ks flexed on the trunk and pastially internally rotsted The capaule
has been lncised

dealy =T .
o N N
A

Drvided ' famorly
Caprule
Gemalius infenor .
P Y

T saerer N\
Obtunater intarnus A

Tha thigh s flexed to a noht angle

mtemally rotated to 90 degrees and fully

adducted Tl'n’ociponh!oﬂn(vamp
ﬂn:hrmﬂnlmﬂn«ih-rd«i25 degraes
teward the postencr partion of the STeater trochanter
Wlprmfvunwm|mv‘nmdﬂnn~d
Thnﬂhmva&-m-ﬂywﬂhﬂnhnpwnodlmwd
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cte. By stripplng muscles, higaments,
n.ndupwlafrmnt.hefﬂnur as B pecesary prach
cally any hip operaton can be performed more eauly
quicker with lem blood lom and with Jes sbock than
by any other method. In fresh fernaral meck fractures
the operation can be performed in kss tune and with
Jexs shock than the wum! nailmg operation We unually
connder that the average case will require about
thirty to forty-five ruputes. A large number of our
patients hase been operated on m Jes tme than
that - mam 1 twenny to tenty fe minute—and
m one instance, 1n which a speaal tal for specd was
made the operation was completed, from the ume
of wcion untl the Last slin suture was placed, m
thirteen mmutes. Efficrency should not be aenficed
for speed. Ve imist on precinom at the ome of surgery
and we do not emphasre speed. The umple fact i
that the operatron 13 such that 1t can be done quiclly
and safely No large vewsels are cut, bleeding n
slight, and thock » morumal No important muscles
are dnaded and there 13 no reason for a postopera
ne ahductor hmp o hirch Ne postoperatn e support
1 cequired and the pauent may be up and about 1n
n few davs on crutches Leg length in most cases
should be equal.

The Low Posterror Approach Comipared With the
Tosterolateral {Gilwon) Approach. This 1 an en-
trely different operation from the Gibson approach.

}t_hhbcm exposure,
a1 the inauon j3 pla of_the

buttocks_pear the squth _side Figs 236 to 260 Mus-
trate the technique of the southern exposurs, and
chiferences betwern the two approaches are hsted
on page 315

A detailed description of operative techmque peed
not be repeated. Bnelly the patimt lis on the
sound mde The incrmon 1 begun over the Jower
portion of the gluteus maximus muscle about four
inches betow the posterior supenor spine of the
ifitrn. Tt 1 coatinwed downward and outward bejow
and betund the greater trochanter and down the
pasterolateral border of the thigh for a dutance of
four or five Incher. The deep fascla b ancoed and
the lower bundie of glateus maximus fibers 1 2ep-
arated upward by blunt dinection with the fingers
to the pont where the superior ghuteal vesels Jie.
The thigh o flexed to mnety degrees and the ghuteus
manmus with it fasaal extenson s canly retracted
upward over the greater trochanter The lower fibers
of the muscle are retracted downward and thar
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Lew Pesterior Approack (Sewthers Exposure)

Bepm-bo-t-lh(huhlol\btpmwbrmperbrrpim
of tbe Hhurn at Infetior portion of ghutens maxiona mm-
cle. ThH Incrdon b sbout & Inches Jower than the G-
son incinon.

2 Incision extends to a polnt 2 Inches below and posierior
10 the greater trockaster Extends down back part of
thigh

3 Glatens maximme @ retracted fercerd Lower aponeu
retic fbers at thaur kmeriion may be divided to ghve ex
cellent exporare Inchion 8 to 10 inches.

4 Sclatic nerve fies In Incidon. It b eadly protected from
injury and i serory branch o the apal
runyl-uidl This may ald hn kenening pouoperative

3 Olme-nkd.lnmdglu\mmnhmnmmldhd
N tportant mucley are sut N postoperative ssppoct
% neceaary The paident may be up in a few days. Thers
should be xe Bmp

6. The capsale b Incleed In ity long axh oa lu pestens
wferier aipect. 1o dirtal immertion Is wtripped from the
pomerior portn of the base of the feomool nock. Ne
Epemsnts are cxi Tha “wmhbeells of the caprale holds
the head bn the socket. Disdocatlen b scareely pasible—
«even ander goertherls,

7 The patent Ber on the sund side Tha knee and thigh
are fexed to a right gl The thigh W internally ro-
tated 10 that the fost pod tr wpward toward the cefhag
The procthens # fraeried with the paderor mpect of
the nrek lookdng opward s the wound

Portarelateral Appreach (Gibion)

h.Be;!mzhnctn;hnLhcpmeﬁotmpu‘\w:pimol
the frum at superior edge of glutens maxbmm mmcle

20 Inchlon extends to & point ebecs and snterfor to the
greater isochanter Extends down omter side of thigh.

%a. Olutews madmes s retracted b chward  Longer Lo-
chion mecemary often 12 to 135 inches.

41, Scatic nene b not cxposed. Tt may be inpw od Its
semsory branch to the fosterior caprale & net die ded

52, Gluters mediue and glutews minkmus wmcler are cnf
from thelr Insectioos and retracted wpward. A post
operative support {1 used. Dalayed walklng and wesk
abdwction of the hip with a bmp may romit

Sa.'l'bec-pnhh)nondh\uhqg-mmhnnmn

wpect. The capels b cut tramversely from
thnunnhlnmrdn.Thh mymuprv&lmrbud
booe blockage of motlon, and pain. Ligaments & ¢ cut.
Dislocation is portible

7a. The patient Ber oa the sound side. The knee and thigh
arc pagily flexed The thigh b cxternelly romted, and
the foot Bes on the tabls The prostherds b josertad
with the sxtfenor aspret of the peck Jooking wpward
in the wound.

distal umertion nto the finea aspera 15 dvaded if
moTe exposurt 1 needed. The semtle perve Res
directly under the skin inasion. It f1 disected free
with the fingens, and the wmall branch to the short
external rotators that coatans o sensory nene to
the posteror fup capsule n cut This may aid in e
Eeving postoperative pain. Fatty thsue 15 removed
from behund the hip and the short external rotstons
(the gemelh and obturator internus) are chearly
visualired. The mserton of theae {1 remoed from
the Intertrochantenie ndge. The capsule 15 incsed
Jongitudinally along its postenor aspect from below
upward to the acctabulum. The distal insertion of
the capsule i1 reflected from its postenor atmach
ment. Through the operung the femoral head can
eatlly be dulocated by internally rotating the flexed
thigh so that, with the knee flexed to mnety degrees,
the foot points upward toward the calmg At tmes
the inserton of the pnforms and a portion of the
quadratus femons insertion have to he removed. The
head f1 pried out with a wlud or removed with a
$Ttw to prevent breaksge of the femoeal shaft
Good femoral heads are preserved m the bune bank
for graltmg m other cuser. In fresh femoral peck

fractures the hexd 13 wsually removed with two
serens. The bgamentum teres » carefully removed
from the jount. The peck 15 sawn across at the proper
angle and a Tectangular slot 1 made with 2 specal
holiow chisel. This wlot u to recenve the stem of the
prosthesls It deepened with a spedial rasp unidl
fipung 18 perfect. The alotis cut obfrquely acrom the
fermamal neek 10 that the fin on the outer nde of the
inserted prosthesls points toward the posterior part
of the greater trochanter This presesves the normal
mmmmdt}\efanonlneck.mnomal-hgn
ment of the femur 8 preserved and the patent
1 able to walk with the foot pomnng directly
forward. The prosthesiy may be uted m elther
nght or left hip. Measurements are made on roeat
genograms pnor to surgery The head and sce-
ubulmmmu:umdwhhuﬁpcnuuzeumcof

surgery and a tral fittmg of the procthetic head i
-lvrn)xmadelnt}mucmbu]um.mﬁmng should
be perfect, to dutribute the stresy peoperly and to
avord degencrathe changes and paln. Cancellous
bmwmnm-cdfmmthefarmn]mkhphctdm
the stem fe atfors, and the h & meerted
mthelhnft.Cueuukmthntlu;h!ﬁluobmm:d
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and the head 15 then driven m phce. With proper
meaurements correct kg bength 13 preserved In
freah fracture cases. In old casas with thortenmy
doc to abscpton of the head and neck the eapnde
may be fibrowed and contractured. In such cases
fittng a prosthess high on the neck to regain beg
Jength may stretch the capsule and cause paln. The
head shoold be reduted by direct pressure with ths
fingert and thumb Forced twshny of the shaft in
sttempting reducoon of the prosthetic bead s re
spontible for many caws of bone brealage. It ©
ddficult to dulocate again a properdy fitted head,
once it has been reduced.

Usually there n very hittle bleeding from this oper
atwon The posterior cramflex artery albong the in
tertrochantenc ridge is the onhy vescl of any mze
that may grve trouble. Usually no figatures are nee
emary The capiule falls together in place. A few
stures of eatgut are placed in the decp fascx and
the wound it chosed looselv with a few mterrupted
deep sutures of sl A pressure dremmy o applied.

One kpged spmal anasthesis » the method of
chowe The patient wty up m bed, moves sbout
freedy and has lunch afier operanon. He is unnlly
out of bed and up on crutches m a few dayx Within
a ueek or ten days be may leave the hospital He
B cautioned 0 usc crutches and only partial weight
beanng for sx monthy, or until x ray examination
demonstratey  adequate new bone formation. He
comes 1 for lon and cach
two months for the first year and at nterrah of dx
momths to one year aftervard He 13 admeenbed to
ne a canc and be careful throughout the remamder
of us hie Bxeessve pressure on a hip prostheds can
curne pam, jiot & excomne pressure on a deotal
prosthess can cause sore painful gums Too much
pressure applied wo long can cawse absorpuon and
a Joosening of the prosthesn Either a oo Attmg
prosthesis or absorpuon about a prosthes may cane
pamn Thi has been demonstrated beyond queation.
P hay bern rebesed by revtnctms weght bearlng
and by aghteuny of the prosthems It n betier to
"beat trouble 1o the draw” by fitting the
accurateh It 1 betier to stav out of trouble than
1 ntoin to get out of trouble

RESLL IS AND

DISCUSSION OF COMPLICATIONS

I\ THE TRESH FRACTURE GROUFP

A toal of 271 self ocking hup proetheus oper
st have been performed on 211 pavents m the

Table 35 Chmeal Retults mn TwentyEight dewte
Fractares (Private Patents No Comphestions)

Execllent 11
Cood 9
Falr 4
Pooe 0
No Lollowp 3

Table 36 Results 1 107 South Carolima Stete
Hospital Patunts 1kish Fracture of the
Femoral Neck
Operntha deaths 2

Burglcal whock
Ppevmonia owe wrek after murgery
Died later (wenile changn eandio-

wascular disensc) n
Walking o complaint .
Walkkry with eomplaint of pain 12
Using wheel halr 2
Dilznissed from hogpital {n good

rntal and phycal congition 50

past nune years, There have heen ten cases calling
for use of bilateral prostheses. There were™114 oper
atlos In private patients and 107 operntoms In
patents at the State Hospital where the autbor s in
charge of the orthopaedic service. Of the 114 oper
atlons In private cases, twenty-cight were for acute
fractures of the femonal neck. Afl 107 cases at the
State Hospltal were acute fractures. Tha stady of
sll the cases hay been interesing and some results
are surpraingly good (Tables 35 and 36) A sats
tical report of the follow-up on all cases two or
more years after operatran was made m 1957 ¢ The
present atudy b concerned chiefly with the rouls
of prosthals as appbed in ncute fractures of the
femoral neck. Since 1934 the author has trested
most of ha private acute fracture cases with Moore
adpustable nalle. Four parallel nafh have been placed
in the bone widely scparated from each otber When
the fracture has been treated early when the redue
ton has been perfect, and when the nalh have bren
propesly placed, excellent results have been obtaned.
Theso rosults have been reported in sexeral arucles—
the [atest in 1953

At the State Hosprtal most of the pauenty were
mentaily unable to cooperate in bt postoperative
care of Lip miling operationt. Long-continued bed
treatment with atiendant care was neceusary This
way cypensive and required addinonal persoanel
Use of 1he prosthesis was begun in 1950 The results
were so striling that the prosthests gradually re
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placed hip nadmg wathout fts being realized. Now
the prosthens i idered by all bers of the
medical and nurung staff as the method of cholee
n all acute fracture caser. The medical nuning
and attendant staff all agree that the results with
proatheses are far superlor to thos of hup nailing
procedures. Practieally all Intertrochanteric fractures
are treated by fiwation with a Moore blade plate
The prosthess patents are not restrained and are
allowed to be up and about as they please,

The twenty-eight private acute {racture patients,
for whom the utmost protective care has been wsed
have been studwed m contrast to the 107 State Hos
pal cases 1n which there was no control It must
be remembered that in the Suate Hospatal eases the
pavents are wually malnounshed and @ poor
physical a3 well as poor mental health, Thelr vitality
u low and thefr redstance to infection b Jow
eomparmon.

Amoag the total 135 patients with acute fractures
there were two operative deaths and four msjor
and five minor comphicatons that will be lsted. All
of these complicanons occurred 1n the State Hospatat
group of 107 patients. There were no deaths and
no compheanons 1n the twenty-eight private patients.

In the State Hospatal group the two deaths from
surgery were as followa one patient daed of surgleal
shocl and the other died of pneumonta one week
after surgenry

Comphications m
State Hospatal Patients

Aafer Camplications
I J C Seere infection. Tt & lnteretlng that In thi
e the foor of the wcrisbubam
withln & fow months, with central procumon of the pros-
thede The patxnt dled five months after rargery from

.

2L T H Moderate infection. P tient died four
z\h after surgery  Infection and poor phyral coodic
3 1 ] Ol osteomyellth of frmur with recurrent hn-
Lection. [0 thiy ease roentyenograme of the hip fractury &id
b0t include the middle third of the femur While driving In
the prostbeds,  peculier hardners was encountered. Subse-
§¥ut X iy examjnavon rovealed an oM fracture of the
midle thind of the shafe which had been plated. There
ww cbiiows tnfectlon and the prostheth was thersfors re-
moned. The pathent s doing well thres yoars after nurgery
1\((}Dn¥oalinndptmhﬂh.mpm\nﬂyx
currrd dwrioy  w cplleptle sefrure The patient died of
mr!:m-cuhxmmp&am&m:mhl!mm
Misor Compiications

1 & C Moderate bose Wferation
P themt walks with Lmp hu:dcnmnlxmmm

2] C Mild bony proliferation sbout the fermoral
neck Femoral shaft b osteoporotie The pavent Bops but
I catatonic and makes no effort to walk ja sathfied

3 N L. Thh patlent had & low neck fracture Roentgeno-
gramm threa sod one-hall yean alter surgery shaw somo
seitling of prosthess fn shaft with slight motken. There &
a slight Ilmp but no complaint.

4 L. P Slight booy prolferation sbout neck. Patent
does not walk much and hm po pain. In old ag  be
ke ery hittle effort to walk,

3 C.N Palient in old age does not walk, makes no cffort,
and offenn po complaint. Roentgenogranw look perfect.

It must be remembered in comsidenng the State
Hospital group not ooly that these were panents
elderly feeble and 1 poor phyileal condition but
alo that many of their operations were performed
by junfor anociates and the rendent staff in traning
After a entical study of the twenty-eight prmvate
caxs with no complicanons and the 107 State How-
pital cases with comy tvely few Yt the
rawlts are considered o mthfactory that it seerns
possible that the prosthens may prove to be the
method of cholee In all acute peck fractures. We
have subcomdowly come to prefer the prosthesis
for all acute fractures m patients over the approx
1mate age of 60 yrary. Certainly the indications seem
clear 1n all elderly patents wath high, vertical, sub-
camtal Pauwels type 3 fractures,

With expenence and the results that have been
obtaned 0 far the concept concerning Indrcatrons
for prostheses has gradually changed, the inchnaton
bewng more and more 1n faver of the prosthens,

COMPLICATIONS IN ALL

GROUPS (221 OPERATIONS)

An attempt will be made to dscuss 1n general the
total senes of 221 operanom. Any wurgery of the
magmtude » bound to carry with it a calculated rsk
of morindity and mortahty Especially bs this true
when a farge number of elderty enfeebled, mentally
and phydeally il patents are included.

Cardiac arrest, shock, embolus, hematoma forma
ton, infectwon phletntis, etc. are common comphca
tions of all major surgical procedures Complications
of this operatson frequently described are operatlve
mortality shocl, infection, dilocation, fracture of
the femoral shaft, brealage wearing away or unta
dﬁgu{hth:deprmft}mu, protnmon of the prosthens

e of the thaft et and
“togxle” of the prosthens, m\e ;chwnsbone
formation and omification about the prosthess, suff
mess of the hip saate nerve palsy fatgue brealage
of the prosthess, pain and Limp.
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Operathe Moctality In the 221 operatrons there
were three deaths as & direct result of surgery one
from cardiac arrest, one from surgical shocl, and ane
as 2 result of pneumonia one week after operation.

Shock. Mot pauents have no appreaative surgical
shocl. No preoperative opiates are given. The wsual
medication f1 114 grans of Seconal the night before
and the mommg of operaton. A hght brealimt s
alloned. A Jow one logged spinal anesthetc Is used.
The operaton b1 ususlly completed 1n one-half hour
10 forty-frre munuter. Blood 15 unually adminstered.
‘The padent ks prepared pychotogically and n wsu-
ally told, “The operatian will be a real plasure”
All the above factors are conndered mmportant in
brmging the patient through the operation success-
fully with no apparent sbock. They umalhy go to
the recovery roam and have Junch on schedule

Infection. If infectson follows operatrve repair of
a fractured hip, 1t may be erther major or minor

Maor There were three severe operatne wound
fections—all In the group of 107 State Hoepr
tal patients. One of these mfections was relight
ing of an old osteomyefits that followed plating
of a fracture of the md third of the femur This
area was not included in the film made of the
fernoral peck fracture. That patient should not have
been operated on. The prosthens was removed and
he 1 downg well 3% years later The other two pa
tents had severe infections and dsed withm 2 few
months. In one of these patrents the prosthetic head
peotruded mto the scetabulum. This substantiates
the contenvon I have always mamtamed that deep-
cnmng of the acctabulum or protruno-acetabub 1n
prosthens operatrons 13 due to a lowgrade nfecuon

A fourth infection that occurred m the total 221
operauons was relghtmg of an old ostcomyehtie hip
infecoon. A prosthess was used 1n this case 1n an
attempt to wapreae motior It was undenstood that
the nfectton might recur The mfection did recur
two years after surgery The prosthess was removed
It should nrver hate been inserted.

Mimor There were four superfias! wound infec
tomt that gave na especal rouble

Camplications Rare or Not Encountered in Thh
Senres. A number of frequenthy reported complica
toas have not proved to be problenn 1n our series.

1 Phichetis and hematoma formatron. Thewe have
not occurred (0 any appreciable extent

2 Dulocauon of subluxatin of the prostheus.
Ths has not occurred m 8 unghe  neomphcated cawe

but has occurred in one casc where Infection was
present and 1n another patient during an epileptic
seirure. When the hesd is fitted accurately b the
acetabulum redislocation 3 most difficult even under
anesthena

3 Fracture of the femoral shaft. There has been
Do case of boue breakage while inerting the prosthe-
s1x The stem b firted accurately in the shaft wih the
rasp or special chisel Care s talen to prevent ex
tenne h ing when the prosthews 1y driven in
place. The head 15 reduced by direct pressure with
the hands This eluminates toron stress on the
femoral thaft.

4 Breakage of the prosthens. There have been
no brolen prostherss. We think the wre and shape
of the prosthesls distributes the sres. Vitalium
metal 1 stroog and spparently it Is able to aarny
the stress koad. 1 know of mo Moore Viiallium
prosthens that has broken

5 Wearing away or imtatien of the prosthens
This has not occurred 1n & single instance, Aeryle,
nylon, or plastic heads will wear away and may cause
svere brritation. It has even been suggested as a
cause of malignancy Stainlew sicel has greater ten
sioa strength than Vialhum but the shape of the
Moore prostherls is such that there is very httle
springlike action. Stainkess steel i1 not standardued
and the quality may vary with the different manu
facturers. Heat and machinmg may alter ity proper
bes conndersbly Abrastves and buffing or politung
compounds uxed 10 the polishing process may be
ground Into the surface. This may canse oxidabon
and corrosion when bured in the body timues
Timnrum #s bang recommended by some for prosthe
w1, In its pure state titamium Iy enendally ment bat
the campotition of the commercial product may vary
with vanous manufacturers. The principal elalm of
titanium 1 fts comparative Iight wefght. An ounce
or even a pound s difference n welght at the hip
dakes no difference as it m at ihe center of the arc
of motion and not at the periphery If the weght
were being placed st the foot as at the end of &
pendulum 1t could make coowuderable difference

Vitafllum appBances are manufactured with exact
g care and Each aoc i+ ¥ rayed and
n:duﬂy tested for flaws. Composnon of the metal

1t has been proved to be inent and
nu«kcu-d)mlnthcthmlunymdwe
otrer 7,000,000 Vitalltum applances have been surgi-
ally implanted and there bay never been one authen
ticated case of corromson reported. Vitallum b »
cant metal and this Jench tsell more easdly to the
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manufacture of the Moore prosthesls than docs stam
Jers steel which requires the process of machimng
Vitalhum b the authors material of cholice and
theoretically 1t may lant indefinttely and give satls-
factory service throughout a patient s expected hfe

‘rnﬁ.n.l‘rmnumulﬂrellcmo(d':pmlhuhfm
the nde of the femoral shaft. This incident has been
reported a number of times by others but it hay
not occurred once in my expenence,

7 Lootening setifing and “toggie” of the prosthe
us. In one hatance 1 wed a prosthesls, the stem of
which had been cut off about 2 mches. That prosthe
us became loose with weight beanng There was a
“toggle” and the patient could feel and hear the
prosthesis ¢fck. Tightemng octurred and pamn was
reficned by ratncted weight bearing T eate
demonstrated that the stem must be sufficently Jong
We are careful not to ream out or remove too much
boge {rom the femoral neck. The slot m the neck
o made carefully It » enlarged with the rasp until
1t ks gust barely large cnough to recenve the proathe
s stem. By fitting and scaung the prosthess care
filly and by restmcting weight bearing afier aper
ation Joosning and settling and “toggle” have been
hmited to very few mytances.

4 Postog new boae { ton and omfien
tion about the prosthens. This has been obeenved In
a conuderable number of cases. We befieve that thu
is by Erueed by careful hundhing of the msues
removing all turned back peoateum, loose bony
tusue ete.

9 Suffioes of the p This has been cbhserved m
only two or three imtances where the prosthesis was
fitted tichthy Ve fecl that we climinate stiffness by
precmon and unng no postoperathve support. The
Pabent moves freely after surgery n soon up and
]‘ﬂbw%mdwuﬂ)ha’fuﬂ.mmnmxmufme

P

10. Saatic nerve palsy This has not been teen,
aither partial or complete In any of the cases. In
Bﬂ'ywmenmtunvovdcdbymd.clﬂxmeacpome
and retraction as it Les 1n the floor of the wound.
The small branch contaimng sehsory fibers from the
hip eapsule 1 resected to help relieve pan.

11 Fatlgue breakage of the prosthesis. Thu ha
nat octurred m any of the 221 cases. I have never
En“hnrdoflbmkmh{mviuﬂlumprmt}:-

12 Pain and lmp. Excenshe werght bearing and
3 loote prorthens Zauses M"B";, p..mf are
cautened concerning this. They are told to take It

casy and we a cane afl their Iives. Most patients
are very comfortable. Of counse low-grade mfection
will cause pain_In one case 1 could not explain pam
Fiat the patent compluned of Months went by
she still complamed. T even reoperated and redislo-
cated the hip looking for the cause of her pam,
and none conld be found. The patient was & 1pry
dehightful fittle old fady 70 yean of age and weigh
ing about nmety pounds. She was allergic to many
things and 1o most foods. She drank cocktath and
ate only sparingly of udbits. She was very active,
attractive and charmmg but she used crutches and
complained bitterly of pus Finmally two or more
vears after surgery a Ettle absorptmn was seen about
the prosthesr. 1 think her catabolsm was sfmply a
Lttle more than her anabolim. With moprovement
of her general health and habxts her pam improved.

A connderable number of the total 221 panents
walled with some limp The lmp usually occurred
in those patients who had advanced pathology m
the hip that had been present a long period of tume.
Many of these patients had {rremediable shortenmy
ReHef of pan was the prmapal objective m unng
the provthesn. Maost of the scute fracture cases had
fittle to no limp Some of the patents say they can
scarcely “tell one hip from the other ™ Some State
Hosprial patstnts Timp from force of habn oe from
indifference. No important muscls or supporung
tissues are divided m the typrcal operation 25 de-
scribed. The pavents reume their activities early
and theoretically there should be no Lmp 1n the un
comphicated hup problem.

INDICATIONS FOR
PROSTHESIS IN ACUTE FRACTURES

The immediate use of a self Jocking hip prosthesis
n considered indicated in acute femoral neck frac
tures 1n the following conditiom

1 High subcapital verucal Pawvweh typa S frac
ture m the aged. The prostheshs in these cases may
be wed with yustfication at age 50 ar ower—poesibly
atany age.
Zhnmuwthhrﬂmmld.uax,pumlpmﬂ
ywh,ormhcr:ond.\dum\\hmamchmnmgcrr
e e

or bedndden paunen Ty

those m termunal illneses who get out of bed stand
wthurfctt,nndulcnfcwnrpx,\prwhnhcnﬂ
male these patients comfortable and lewsen the need
fcrrnunlug-ndhmplulnm

+ Patents with metastatic malgnancy The Ffe
5pan cannot be esumated In many of these cases.
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The patent can be made comfortable and may [ive
2 Jong tme.

5 Panents with aseptic necrons of the head fol
lowing radium therapy These conditions not iafre
quenthy follow radntion therapy for cancer of the
cervix. Copeland hay shown that death of booe ex
tends well down 1nto the base of the femoral necl.
Fractures of the neck cannot heal with nailing A
prosthesn 13 clearly Indicated.

6. Pauents takmg thock therapy Hip nulmg of
fractures In thete patients may delay geatment by
months. A prosthess s indicated.

7 Rheumatoid arthnts with muluple joint 1n

average maifing operation. Impacted cenvieal frac
tures should be majled. Low horrontal fractures of
the peck in young patients should be pailed. If the
surgeon has confidencr that with a nafling operatson
he can bnog mbout complete healing of a neck
fracture, with minimal to no absorption of the neck
and mmmal to po necrons of the head, then that
fracture shonld be nailed. A perfectly heaked fracture
is unquestionably better than any prosthems. The
questron i3 “bow many perfect healmgy of fractures
can be expected?” The final results depend on tho
wisdom of the surgeon m hus sclection of cases, his

h | and technrcal shill in the fon of

volvernent. Nailing fractures in these cases In
the penod of lactivity and may increase jomt suff
ness and pan. A prosthens allows early resomption
of acthaty and may mprove jont motion and de-
crease pan.

8. Fracture of the avmscular pecrotic bead m
young people. Thrs 15 usually the result of “eauson
disease or of traumatic dulocation of the hp. The
chatcr of treatment must either be hip fuson o a
lip prosthems. A prosthens ks recommended  with
funon later by an intramedullary rod through the
posterfor part of the pelss and down into the femur
if ever the prostheus breaks down and fumon 1
Deceary

9 Fractures of the avascular pecrouc or “cystic
degenerated” femoral head m older patrents. Thu
condiion comes on with the repeated trauma of
weight branng or pcrhqu unh a fall. The head Is
crushed, fl and roughened. Se-
questrations take place md pam msy be severe. A
prosthens should be used early as ulhmately there
may be amilar degenerame changes in the acetabu
lum with a “wandenng socket” and a shallow de-
compensating acetabulum to recenve the prothens
when fmally it 1 appled Early operation s In-
dicated 1n these cases.

10 Traumatic dislocaton of the hup with fracture
of the femoral head When a conuderable portion
of the head has been broken off the Dkelthood is
that mascular necrons with crushimg of the head
and dnabling pain will develop The immedmte we
of a prostheus 1 mdicated

11 Fresh fractures of tx femoral neck 1n mental
patents  and posbh others The mdicanon 1 ckear
that a prosthess 13 the treatment of chowce 1n mental
patents or patrents unable (o cooperate 1 ther
aftereare The sserage rup of other patents with
femoral neck fractures mav ha e better results mith

well-performed  prosthess opx ratrone than with the

the and hn jud, m plannmg and
mpmﬁngthcaﬁmmumtﬂzhemdrmh
h obtamed. There 1 1o doubt that in skillful hands,
most fractures of the femoral neck in cooperatve
patlents can be made to heal sansfactorily Time
akme will tell what method Is best smted for the
average acute femoral neck fracture in mrrage
hands.

SUMMARY AND CON\CLUSIONS

1 A hustory of the devclopment of the Moore
self-Jocling Vitallium hip prosthesss 1s outBned.

2. The results of 135 operatians for fresh fractures
are reported.

3. Resuhs of operation In the fracture cases are
pleauny and in most cases are superior to the other
methods.

+ The indicatrons for operation have been out
Loed. Mental ilness i patents with acute femoral
heck fractures 15 one of the mdicatsons.

5 Complications have been outlned and ds
cursed.

6. The “southern exposure” approach to the hip
has been described. It greatly facihtates the ease of
operavon and reduces the tume easlly to thirty to
ferty five minutes 1n the average case In one frah
fracture an attempt was made to st a speed record
and the operation was completed 1n thirteen min-
utes

7 The smportance of care and discretron 1 the
setection of cases hay been emphascred. The operation
should be plaaned deliberately exceuted with pee
ason, snd followed with proper aftercare if good
results are to be expected.

8 Renilts cootinue to be mco-.r.r-@rxg Poafbly
there o pustl for some enth but un
qualified enth should he wathheld for many
more years unti] a final evaluation of the benefits
and the hazards of ths method can be determined
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SUMMARY

The purposc of thn course has been eloquently
fulfilled m that It has brought to you a natonwide
croas sectron of the chnucal expenence from a group
of representatne orthopaedic surgeons who wse
prostheses 1n the treatment of fresh femoral neck
fractures. There are those of the panel who do not
favor the method as well as those who hate pre
sented ther particular type of prosthesn and tech
nique Sull others have indicated flexible coavictions
with regard to type and procedure. The fact 1 that
there are sull many types of prosthess from which
to sclect and different jdeas and opintons about the
technique of the operatan which 1 evadence that
the 1deal prostheus and procedure are still 1n an
evolutonany state. Further the fact that discusmon
coocerning the materials used 1n the fabneation of
prostheses has been brought up from the floor shows
that the last word has not yet been sasd in regard
to what metal or alloy 11 best. All this 3¢ indeed a
gratfying ngn of progren and as long m rescarch,
bophyucrsts, metallurgsts, and orthopacdic surgeom
are not completely satnfied with dengns and ma
tertab used vou can rest assured that mprovements
will conunue

From the literature and suneys uwe canbot de
termune what percentage of fresh femoral neck
fractures are teated by prostheses. We know how
erer that it must be a rather ugnificant number
From the experience of the panclists and the sur
vev3 me can discern that thn treatment should
be reserved for pauents of 60 veann, 70 years, oc
older

JAMES E M THOMSON MD
Lincoln, Nebraska

1 It appears that the mortahty rate incurred m
the use of a prosthesls for such fractures of the
femoral necl 13 no greater than that with reduction
and nternal fixatron Thu i particulacly troe when
the technique 1 carried out intelligently an a pabent
who It & wellevaluated rlsk with an atraumate
approach and the best type and wre of prosthests,
scated properly by a surgeon who has the xxow
HOW

2 Earlier ambulation i1 possible by this method
Same patients can be gotten out of bed and oo
crutches even the day following surgery Others
can be encouraged to actlvity as they feel physlcally
able. Caution must be excrted 1n most instances to
prevent damage by too-early full werght heanng and
activity

3 Most of the panclsts obsenve that the patrents
havo a shorter hountal stay because of their early
ambulanion and well belng

4 There seem to be fewer late compheatom
from this method such as nonunron and aseptc
necrahy, which are cimmated. Further seldom ®
there extennon of the osteparthntie changes m the
scetabular margin. However resorpton nmy occd
sonally occur m the presence of mabgnancy o
teoparoms or other bone pathology

5 A few patients have pain in the hip after con
valescence. Pain has not been accounted for

6 All the factors kend finahity to this procedure,
which g1ves emotional and economme asmrance aod
satnfaction to the panent and to hu postoperatne
well-bemg
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There are still many questions unanweered by the
panclsts that deserve thoughtful comiderauon and
it is unfortunate that time does not pernut formal
consdderation of wuch things a1 mamowing of the
ount space after operation, absorplica of the act
tabuhmm and resorption of the bone m the shalt
sy setthng of the stem  change of poution,
wobble and imstability Litthe has been amd about
the cause of pan when It does exut. True some of
these subjects hiave bern touched upon by some of
the paneluts but only in a superficial manner Re-
scarch and study are needed to anrwer these and
many other questions that will bo mlsed during the
question penod.

There are few reports m the fiterature which deal
wvath a large serics of pateents treated by thus method,
and you have ofmerved that the panclists all have
msumed a very comervatne approach toward ths
method. [ personally have been very much n
terested 1n the personal communicatiom of two mud
west+outhern groups. I refer to Dr Wm J Stewart
and Dr Glnn L. McEhoy of Columbia, Mimoun
asd Dr P L. Dy and Dr J ] Hinchey of San
Antorso, Texas.

In the nmmer of 1958 Dr Stewart wrote me
that ance [952 he has placed more than 300 hip
prostheses m patents haung fresh fractures of the
femotal necl, and Dr Hmchey wrote that they
have placed prosihetes in an equal number of nsch
fractures of the femoral neck. Both these groups have
made several mportant obscrvatiom First they use
thus method routincly for all fresh fractures in pa
teents over 60 years of age. Some have been mer
100 years of agc Further they call attenton to the
facts that (1) the surgeon should atways have plenty
of different types and sires of prostheses available
to mect the particular needs of the fracture (2)
the earlier eperation can be performed after the
patent becomes a surgieal thhk the better are ity
chances of succens (3) this cnables them to astsb
fish early a better walling pattern and (1) there
11 no catablished pain reflex wnd lemt muscle st
rophy

Theie two groups feel that they have achwned
uniformby satnfactory rewhts with this treatment.

1 wish it were possible for us to have a very care
ful analytical study of these results and umilar
studies made of other large series throughout the
country The only way the results can be judged
appropriately might be through establishment of &
standard method of apprabal—or perhaps more
than onc type of appralsal, for different schooh of
thought. For instance today we heard the opuon
cxprested that thre operation should not be per
Jormed for a patient who would not be able to walk
In contrast, there were those on the panel who felt
that there was a place for prosthests usage 1n &
certamn group of patients who would never be able
to walk even with crutches.

The topic of medicolegal implications of the use
of provtheres is somethung thht Ueserves comudera
tron, since at the prosent time work 1 bemg done to
establsh o beachhead for the introduction of a
number of suits relathe to complications followmg
the e of prostheses. 1 am indebted to Dr Charles
J Frankel of Charottenille Vigma for the mfor
ruanon m hand.

Tt iy evident that 1t n the surgeon s responsibility
to thoroughly acquaint the patient, 1n the presence
of witnesses and before operation with all the pos
sible difficultues that may arbe m the use of peos-
theses. Such mformaton should be placed 1 the
case record, where 1t can be shown that the panent
wis gnen the mformation. A release from the pa
dent 1 of no wse since no law will recognire such
a release as relieving the physician of his respons
ahities so far as negligence Js concerned.

Dr Fraokel alio ponts out that “the law warranty
o beng utifized against the prostheser as well as
the Pure Food and Drug Act. The latter may be
uted wherein the metal objects are sometimes s
Iabeled as to nze and content.”

I am gure that much more il come out on
mc:elqallrpccuuuxzof!hcprm!}mlupap-
uhrurdlnd“e,uwrxm.l}buldltrplbrw!
of the Jegal sxpects of thi problem.

We the panel, appreciate your mamtamed 1n-
terest throughout thu rather long scsuon and hope
that our contributrons have proved stmulatmg and
helpful
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