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JOINT FRACTURES AND DISLOCATIONS
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Nicolas Andry, Founder of the
Orthopaedic Specialty

H WINNETT

The “Orthos Pas” or great seal of the
American Orthopaedic Associanon (Fig. 1)
and the emblem of the crooked tree being
straightened by a splint, used by the Brtish
mn their Presidential Badge of Office for the
Amencan Presidents at the London meeting
m 1953 (Fig 2) are tributes to Nicolas
Andry (1658 1742) who published the first
book on orthopaedic surgery m 17413
(Figs 3 and 4)

Other than these tributes Andry has had
too little recogmtion, either for hus broad
view or for tus conception of the details nec
essary for the proper care of the crippled
child.14 18 Andry is so httle known as a
person that huis name often 15 misspelled
“André,” the name of a later French sur
geon who is distinguished for having “pat
ented” some catheters and urcthral bougies
and for 2 text on diseases of the urcter
Andry was a historian (a2 charactenstic of
all sound 1anovators) a wnter and an offi
cal high fn the councils of the medical
scholars 1n Paris.

Andry smd of the title of hus L orthopédie

As to the Title 1 have formed it of two
Greek Words, viz. Orthos, which signifies
streight [sic] free from Deformity and Pabs a
Chuld. Out of these two Words 1 have com-
pounded that of Orthopaedis, to express in one
Term the Deugn I propose which 13 to tesch
the different Methods of preventing and cor
rection the Deformities oFChﬂdrm_:

In the English edition the spelling was
changed from the French “orthopédie™ to

1

ORrRr, M D

“orthopacdia,” presumably to avoid the
“pedis” (foot) conmotation In lus very
useful Source Book of Orthopaedics Bick
spelled the name “André” and took the title
from the Enghsh editfon. However Andry
of course was presented correctly 1 every
other way in Bick s text.®

HISTORICAL SURVEY

Andry s preoccupation with muscular con
traction as a cause of deformuty influenced
nearly all of the French orthopaedic special
1sts who followed lum In fact, onc might
suppose that the great John Hunter got
some of hus jdeas which he elaborated so
well from Andry s work, published when
Hunter was 13 years old.1? Because of his
special interest in the muscular system,
Andry was led at once to the use of exer-
ases and good posture 1n his prophylactic
and curative expedients In this way he
undoubtedly nfluenced Venel, Delpech,8
Ling and perhmps Hunter!™ the extent of
Andry s mfloence cannot be measured eas
ily but there are indirect cvidences that 1t
mught have been considerable

The great orthopaedic biographer Sir Ar
thur Keith, somewhat dismussed Andry and
bis Orthopaedia with the comment that An
dry was the first to grasp to the full the role
of the muscles as body molders However
he docs say that “in M Andry we meet the
veritable founder of many of our modern
orthopaedic practices ” keth directed our
attention to the tendency of Andry and
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others of his tme to attempt artificial “un-
provements” upon the human figure, as was
being done with so many plants trees and
flowers. Thus he credited Andry and his
generation with many of the devices for
shaping the features, the waist and much of
the body dyemg the nails and altermg the
cyebrows the ears and the nose the stock

Fi¢ 1 The “Great Seal” of the Amen
can Orthopaedic Assoclation, adopted in
1887

ted

Fia 2A Emblem on scroll presen
by Queen Elzabeth II in London, June
1953

in trade of the “cosmetologists ever since

Andry was most observant, kelth said, of
the defects in posture and gait which lead to
disability and deformity although lacking
information about anatomy and physiology
he was most inteligent in his conclusions
about measures required for correction
Kerth did not mention 1t, but there are sim
ilarities between these observations and con
clustons by Andry and those of the ccle
brated Sir Arbuthnot Lane whose applica
tion of surgery to the positton and the
movement of human parts probably has not
been excelled.

Fio. 2B The “sphot™ from the first eds
tlon of Andry s book Paris, 1741
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hath joined the crtics of “rest” to the
extent that he quoted Andry’s argument for
exercise as follows

Asclepiades and Erasistratus have boldly
condemned all forms of exercise as not only
of no ads ge but even prejodiclal to bealth,
and recommended rest as the chief preserver
of it but they were very much mistaken in
this point. Rest deserves fts own share of
prase it u a restorer necessary in the course
of a great many diseases. Thus we see that the
founder of orthopaedics recognized that rest,
a3 well a3 action, had its own particular thera
peutical merit, but of the two action was that
to which he attached the higher valoe 13
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Fia 3 The frontispiece and the title

page from Apdrys fint edition, Paris,
1741

In Garmison s excellent History of Med!
cine there are two references to “André,”
the first undoubtedly to Andry for having
introduced the word “orthopaedic” the sec
ond 1s for having been the first to describe
infra-orbital neuralgia (1756) 10 Thus latter
reference by Garmson to “André” is obwt
ously to Nicolas André (spelled correctly in
this instance) and his work on maladies de
Purdtre (1756) Garrson erred agam, I
think,, in crediting Venel with the establish
ment of the orthopaedic specialty because
be founded the first institution for the treat
ment of deformities (1780)
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Fxc 4 Illustrations from the first edi
tion of Andry to demonstrate the use of
the “bar” for “spinal curvature” exer
cises and mantpulations for torticollrs

Andry s earlier work on animal parasites
De la génération des vers dans le corps de
Thomme (1700) showed extensive observa
tion and much hterary labor However it is
nteresting that some of the descriptions and
the illustrations are reminscent of Ambrotse
Pare s section on “monsters.” 18 One pets
the impression that Andry accepted both
text and jllustrations from other authors for
some of the “specimens™ which he had not
seen himself A contemporary Valsnien
thought that Andry claimed to find worms at
the bottom of every human disorder and
gave Andry the nickname of “Vermicilosus,”
by which he was called for many years.

Ceulfield (1928) tn an interesting review
of A Full Vien of All Diseases of Children
(1742) dismissed Andry and his Ortho-
paedia only giving him credit for the term
“orthop&dic  However  Caulfield was -
terested in the De la génération des vers

dans le corps de Thomme of which the Eng
lish edrtion appeared m 1701 Ceulfield re
ported that therc was lttle originality in
Andrys work on human parasites, with
“many of the carller pediatncians having
contributed to this subject but after all it
wasn't a bad working basis for that time
and forms a very necessary chapter to our
little compilation.”” Caulflcld was preoccu
pied with the apparently unknown author
of A Full View of All the Diseases of Chil
dren which had been attributed to John
Martyn (1699 1768) by G F Stll 12 It
appears to me that Andry situated as he
was and with the book s haviag appeared
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the year following tis Lorthopédie very
well may have had a hand in 1t
Andry pursued his studles first at the Col
lege des Grassins, with the Intention of be
coming an ecclesiastic  Later he studied
medicine ot Rheims and Paris and received
tus medical degree m 1697 at the age of
39 He became a professor m the College
of France 1n 1701 a member of the Edi
tonal Commuttee of the Journal des savans
and in 1724 became Dean of the Faculty of
Medicine 4 8
made many contributions to the
medical and the scientific literature of the
penod.  Some of these such as the one on
ammal parautes were not received very
well He added to his unpopularity by lead
ing the movement to requirc all written
contnbutions on medicine surgery and
pharmacy to be submitted to the Faculty
before publication  Also he was among
those who persuaded the Cardinal to msue
the proclamation that, “desormais les Chur
ugiens aun moment de faire quelque grande
operation se feratent assster d un docteur ”
This was duly announced 1n Andrys
Journal ®
In the list of Andry s wntings are papers
on bleeding purging foods the chemustry
of certain medicines an ‘unjust” cntique
of the work of J L Petit on diseases of
bones and, of course his last work L ortho-
pédie (1741) He published a second edi
tion of his work on animal parasites in 1702
which was an attempt to reply to the numer
ous cntics of his fist one m 1700
Dezeimens an extremely valoable bibh
ographic source (not mentioned by Gern
son) gave some details about the time be
tween Andry s qualification for the dergy
and hus beginmngs in medicine ® Andry got
his degree as Master in Arts in 1685 and
did not abandon the ecclesiastical robes
until 1690 After obtaiming his medical de
gree at Rheims he was recerved by the
Faculty in Pans  When this body was sup-
pressed by Lows XTIV Andry presented
humself to the new Faculty and was given
a bachelor’s degree the same year (1696)

Fua § Nicholas And

Dezeimens continued that i spite of doubt
ful motives and much controversy between
Andry and the Medical Faculty Morand,
Gerengeot, Boudon and the other surgeons
were requred to submit to medical consul
tation before therr surgical operations Other
surgeons not so well known, for whom this
practice probably was particularly mtended,
are not mentioned

Of more importance to us 1s the statement
by Dezeumens that L orthopédie was Andry s
most important work. Walter Stuck, m his
very good article was one of those who give
Andry (spelled “André ) a secondary place
(as does Garnson) and accord Venel, with
his “clinic ™ greater credit for the ongin of
orthopacdic surgery as a spzcmlty 19 As 1
have already indicated, 1 do not agres with
this view Andrys two volumes L ortho-
pédie provide a very complete foundation
for most of the practices of orthopaedic sur
geom especially the French, since 1741

The author of Andry’s biography in the
carler  Biographie Univérselle (1843)
doubtlessly upon the avthonty of some of
Andry’s cnitics, wrote that with “un peu de
mente ¢t une grande talent d'intrigue” he
obtained his various positions of smportance

and responsibility in the medical affairs of
Parns
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the year following his L orthopédie very
well may have had o hond in 1t

Andry pursued his studies first at the Col
lege des Grassins with the intention of be
comung an ecclestasuc  Later he studied
medicine at Rheims and Pans and received
his medical degree in 1697 at the age of
39 He became a professor in the College
of France in 1701 a member of the Edl
tortal Committee of the Journal des savans
and m 1724 became Dean of the Faculty of
Medicine 1 &

Andry made many contributions to the
medical and the scientfic literature of the
peniod.  Some of these, such as the onc on
ammal parasites, were mot received very
well He added to his unpopulanty by lead
ing the movement to require all written
contributions on medicine  surgery and
pharmacy to be submitted to the Faculty
before publication Also he was among
those who persuaded the Cardinal to issue
the proclamation that, “desormais les Chur-
ugiens an moment de faire quelque grande
operation sc ferarent assister d un doctenr ”
This was duly announced i Andrys
Journal ®

In the list of Andry s wntings are papers
on bleeding purging, foods the
of certain medicines an “unjust” critique
6t the work of J L. Petit on diseases of
bones and of course his last work, L ortho-
pédie (1741) He published a second edi-
tion of his work on animal parasites m 1702
which was an attempt to reply to the numer
ous cntics of his first one m 1700

Dezeimens an extremely valuable bibli
ogrephic source (not mentioned by Garn-
son) gave some details about the time be
tween Andrys qualification for the clergy
and his beginnings 1n medicine.? Andry got
his degree as Master m Arts 1n 1685 and
did pot abandon the ecclesinstical robes
until 1690 After obtainmg his medical de
gree at Rheims he was received by the
Faculty in Pans When thrs body was sup-
pressed by Lows XIV Andry presented

himself to the new Faculty and was
a bachelor s degree the same year (1696)

Fia § Nicholas Andry

Dezeimens continued that mn spite of doubt
ful motives and much controversy between
Andry and the Medical Faculty Morand,
Garengeot, Boudon and the other surgeons
were required to submut to medical consul
tation before their surgical operations Other
surgeons not so well known, for whom this
practice probably was particularly intended
are not mentroned

Of more importance to us is the statement
by Dezeimens that L orthopédie was Andry s
most important work Walter Stuck, m his
very good article was one of those who give
Andry (spelled “André”) a secondary place
{as does Garnson) and accord Venel with
his “clmic,” greater credst for the ongin of
orthopaedic surgery as a spzcaalty 19 As 1
havca]madymd.mmd,ldonotagmemm
this view Andrys two volumes, L ortho-
pédie provide a very complete foundation
for most of the Pprectices of orthopaedic sur
geons, espeaially the French sinee 1741

The author of Andry s brography i the
carlier  Biographle Unhvérselle (1843)
doubtlessly upon the anthonty of some of
Andry’s critics, wrote that with “un peu de
mente et une grande talent d'intrigue” he
obtamed hus vanous pesitons of 1mportance

and responsibility 1n the medical affairs of
Paris
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However any review of hus Ife from his
student days onward suggests that Andry
lacked perther 1deas nor courage, and fus 1n
dustry in numerous directions (making due
allowance for the oppomtion he encoun
tered) indicated a keen desire for knowledge
and a disposinon to be of service to lus
profession  These are fair qualifications for
@ medical man 1n any age,

This same biographer asserted that in
suggesting that a surgeon always should have
a medical consultant for his major operative
procedures, Andry simply was trying to dom
mate the whole Faculty himself It mught
appear from this distance in ime that An
dry having begun a specaalty, saw as we
often have seen since that supervision of
surgical procedures being done by many
kinds of surgeons had advantages which
were not apparent or at least not acceptable
to all of his contemporares

Andry s contributions to the Journal des
savans covered a perlad of 57 years con
tinumg to appear until 1759 17 years after
his death,

COMMENTS AND OBSERVATIONS

That Andry was entlrely aware of the
skeletsl factor 1n some deformuties s Indi-
cated by one of hs earllest statements about
curvature of the spine

Crookedness of the Spine does pot alwayrs
proceed from a fault in the Spine itself, but is
sometimes owing to Muscles of the fore part
of the Body being too hart, whereby the
Spine 13 rendered crooked, just as a bow s
made more crooked by tylng ity Cord tighter

Andry had plenty of precedent for his use
of bandages and splints for the prevention
and the correction of deformity  Such ex
cellent works as that of Guido Guidi (Vid-
ms) published n Pars in 1544 provided
him with filustrations from the surgery of
Hippocrates Galen and Onbasius 31 Many
of these rlustrations so well (ke by Prima-
tieclo were prnimarily for w  ads and frac
tures but all of the fundan atal 1deas for
the control of posiior and ¢ »n for immo-
bilization were inhere tin thes. earlter pub-
lications

Andry discussed clob foot quite the
oughly 1 a short paragraph

That Tendon which goes from the Ca¥ o
the leg to the Heel, s sometimes 30 short, thy
the Person n obliged to walk the fore
‘E;nofthoot.mthautbgﬁnkmuh

cel to the Ground. dren are som
times born with this Defect, and sometme
they come by 1t afterwards. In either Cuse t
may be cured, provided this Shortnass docs sl
proceed from any violent Cause, which bx
absolutely marmed the Tendon, such asa Bar
ing after Birth, for example or any ofber
Accident that s capable ‘of rendenng ths
Shortness incurable,

Under “parathesis” there 13 an apparst
reference to a postparalytic drsability of the
hand

(for it s only by this [“nervons”) fmd
that they are able fo coatract) they are o
sufficient to rest the Force of thewr Antagoaist
muscles, viz. the Flexors  In the first plact,
ft must be observed, that the Deformity we
talk of Is commonly the effect of  biliom and
convulsive Colick which has preceded it.

There are sections of Andry s book desk
ing with “bolt feet, corrective shocs, bow-
legs, congenital dislocations, including the
hip curvature of the spine, active and pas-
sive motion and defects ”

Of supernumerary fingers he sad

the supernumerary one i commonly
the Thumb. But whatever Finger it o, you
ought to consider whetber it is oaly Flesh, or
Flesh and Boaes like the rest. it s only
Fleth it may easily be taken aff bythomcan;
nfang.lmmofSilktfedaboutlheRoolO
i, The Li tmmmnﬂbﬂﬁﬁ’"‘m
but some days after it ma bﬂ”‘dt‘mm
tighter and so pr o ‘mulf: Finger
Ligature by degrees, (it} at length
withers and off of its owp mbd}c
out putting dd;ogﬂd fo any comideral pale
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Fractures of the Tibial Plareau
Treamment by the Assured Fixanon Technic

ROGER ANDERSON, M D, F.A CS,* AND IvAN LOUGHLEN, M.D *

The need for perfection of apposition in
treatment of fractures of ths tibial plateau
Is appreciated by most surgeons, but few
writers have hanred the vital sity
of maimntaining both chondral and osscous
alignment until firm consolidation has oc
curred  Except for the failure of secunng
primary reductlon, failure to supply reliable
immobilization of plateau fractures is the
prime contributor to the high percentage of
deplorable end results

These two factors failure to achieve re-
duction and failure to provide dependa
ble fixation plus another major error
namely failure to employ a practical method
of maintaining function, form a dangerous
tnad that explamns most of the poor end-
results

Failure to Achieve Reducnon. This Is
explained 1n part by the stubborn adherence
to the old concepts that screw-clamp com
pression is the vital force for apposttional
reduction and that strong traction is essen
tinl in restonng alignment. Traditton must
blnd the vision, since 1t 18 evident that no
amount of compression or traction can re-
place centrally displaced subarticular frag-
ments Moreover since plateau fractures are
hke jigsaw puzzles it is clear that reapposi-
tions 1 most cases are achieved by sclec
tive replacement rather than by brute com
pression force

Orth Section,
Unlversity of Waszhington,

artment of Surgery
1 of Medicine.

Failure of Immobilization In plateau
fractures this 15 common because these frac
tures are exceptionally vulnerable to recur
rence of malalignment in the preconsolidation
period not only because they occur in a
weight bearing jomt, but also because of the
crcular and tapered shape of both the thigh
and the lower leg The abundance of soft
tssue in the thigh loosemung of the cast
through recession of swelling and shnnkage
from muscle atrophy the fracturing of knee
higaments cavitation resulttng from a crush
ing of the cancellous bone and the deforming
action of the powerful pelvotibial femoro-
tibial and femorocalcancal muscles make 1t
impossible for a Jong leg-cast to hold the re
duction. As with spiral or communuted frac
tures of the femoral shaft, even a spica cast
cannot immobilze plateau fractures

While internal fixation may hold the re
duction pecfectly under the relaxing effect
of the anesthetic when pain returns and the
muscles contract, when the cast becomes
loose and when the patient becomes more
active the articular alignment Is lost. This s
a tragic condition becruse malfunction of a
valgus-deformed or a varus-deformed knee
with unstable hgaments will produce a pain
ful traumatic arthntis frequently to a degree
to be classified as a catastrophe

Often, unstable immobilization hes fol
lowed open operation with placement of
bolt and screw as the displacing pull of
the strong muscles cannot be resisted by a
screw or a bolt that s fastened only a rela



Fractures of the Tiblal Plateau

tively short distance at one end in soft
cancellous bone The weakness of such
an insertion can be demonstrated by hold
ing ore end of a pencil in the fingers and
noting how little pressure on the other end
of the pencil 15 required to depress or bend
the pencil and on the other hand how much
weight the pencil will support and how com
paratively immobile it 1s when both ends of
the pencil are held by the fingers

Dangerous Practuces for Maintmmng
Funcuion The msstence on following the
poorly conceived concept that motion can
be restored only through very early move-
ments of the knee jount has made thrs pan
ful manpulative procedure the third major

Fia 1| For fractares of the lateral
condyle the varus spreader i applied and
used as follows (A) With lega in the
same plane und the same degree of ab-
duction and rotation, an equal and mod-
erate amount of tractlon is applied to
each leg The assistant carefully brings
the foot and the leg on the injured side
toward the mud-ine until the desired
amotint of varus 1 obtained, whereupon
the traction frame is locked securely For
ugen operation the spreader i sterilized
(B) The usual deformity is displacement
in valgus (C) Corrective varu force &
exerted after the face of the varm
spreader is placed agamst the distal

fernur
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D E

Fia. 1 (Continued) (D) One or more femoral anchoring transfixfons are inserted
(E) The fragment is manipulated and appored. (F) Firm mcorporation of transfixion
in the cast from the toes to the groin forms an anchored cast. Tapered sides of the face
of the spreader permit easy withdrawal from the cast (not done until cast is set thor
oughly) The felt padding prevents window edema.

Fu 2. (Bottom) Mrs. M F  aged 52 Roentgenogram taken 6-14 54 2] days after
open ratlon at which time the dep d lateral frag were elevated and the
crushed bone was replaced by bone bur grafts from the crest of the ilium Note that the
mcorporated transfixions steadfastly keep the leg rmmobilized with the knee in varus so
that no depressing or dusplacing force can be exerted upon the articular plate or upon
the underlying supporting bone grafts.

cause of poor end results The grievous
practice of instituting early joint motion, ob-
tained too often by force dusplaces the frag-
ments tears the adhesions rends the heal-
ing ligaments, increases the swelling, dis-
turbs the alignment and interrupts osteo-
genesis.  Such repeated disruptions minia
ture recnactments of the onginal trauma
can only produce complications

For purpose of discussion and as a basis
for a definitive system of treatment, the frac
tures of the proximal end of the tibia have
been classified as follows.

CLASSIFICATION OF PLATEAU
FRACTURES

1 Fractures of the lateral plateau
A. Large lateral fragment
B Comminuted fracture with displace
ment of the m:{nr marginal fragment
and the central portion of articular
surface depressed dutally
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Fio. 3 (A Top left) Mr M C aged
51 Note the lateral displacement uf_ the
fra; ts. The articular frag
mw bi’::nouuhcd to demonstrate
more clearly the amount of depression
(B Top right) Roentgenogram taken
durmg surgery Note the face of the varus
spreader on the medial uide The joint
was opened and a trap door made o that
the fragments could be located and ele
vated The incision had been made over
the lateral compartment of the knee joint
0 that reduction could be checked visu
ally Bone burs from the crest of the illum
were packed firmly into the vacant area
and covered by replacing the trap door
(C Bottom) Roentgenogram taken at 10
wecks. Two monthy later he had a range

of motion from 0 (complete extension) to
120 flexion

2 Frctures of the medul plateau
A Large medial fragment
B Comminuted fracture

3 T fractures of the proximal tibia

TREATMENT

In formulating a plan for managing these
fractures 1t becomes obligatory to consider
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Fia 4 Fractures of the medial condyle (A)
“The valgus convertor 13 made in exther strap or
metal form The latter depicted above is pre
ferred. Traction is applied to each keg. with the
legs in the same degree of wide abduction and
neutral rotation, and In the same plane With
the valgwm convertor In the posiion shown
above, the lower leg and the foot on the injured
side are brought slowly snd carefully nto fur
ther abduction until the desired degree of valgus
is obtaiped. The traction frame 3 then Jocked
securely (Imset) Tho metal convertor can be
pivoted up against the thigh to facilitate open
operation  For application of the cast the device
fs brought into a right-angle position as shown
in A This tliting of the convertor in either direc
tion can be made without zitering the amount
of valgus force. (B) Usual deformity with the
knee [n vann, A commeon complication Is frac
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Fio 6 Mn A T, aged 68 As would be expected in the case of a doctor s wife the
unexpected occwrred The fracture was not only atypical but was complicated by a
lateral subluxation Dufficulties were ence ed in obtaining a final reductron but
it was sccomplished when the patient and, in fact, the whole hospital started to shake.
(Thus is probably the first time 1 history that a fracture was reduced by an carth
quake a reduction force that s not n ded.) (A) Prereduction r genograms
taken on April 13 1947 (B) Transfixions were fastened Into fixation rods, which
were covered with a cast extending from the ankle to the groin (C) Roent,
taken 3 years and 7 months later She has extension within a few degrees of complete
and fiexion beyond a right angle

i
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turned and may lic at right angles or may be
turned over completely These displacements
invrnably occur at the expense of a crushing
of underlying supporting cancellous bone
To manage fractures of the tibial plateau
and the associnted soft tissue injuries a
system referred to as the assured fixation
technic has been developed This system
operates on the following principles

1 Reducton by the employment of a
unique form of transverse varus or valgus

forces.

2 Replacement of depressed chondro-os
seous frag by pin ipulation or
open operation

3 Restoratlon of crushed cancellous bone
with autogenous or banked bone.

4 Agured fixation of reduction through
positive immobilization technrcs
A. Anchored cast or
B Transfixions and short cast.

5 Maintenance of function and muscle
strength by supplymg 2 safe system
whereby the fully clothed patlent can be
crutch-ambulatory immediately

Routine Technic. The steps in the rou
nc technic for the practical implementation
of the above pnnciples arc

1

Placc the patlent on a fracture table and

apply traction sufficently to stabllize both

legs equally

Apply transverse reducing forces.

A Attach varus spreader and adjust force
for fractures of lateral condyle

B Manipulate tension on the valgus con
vertor for fractures of medial con
dyle

Reduce and appose fragments by

A. Manual compression and manipula
tion

B Pin manipulation

C Open operation

Immobilize by

A Inserting 1 or 2 transfixions through
the dustal femur and forming an an
chored cast by flemly incorporating
transfixions in a cast extending from
the toes to the grom

B Placing pins through the femur and
through the tibia dwstal to the frac

(Y

F10. 7 (A) Direct pin mampulation Is often used to
(B} Two or more pins, 4/32 or 5/32 inches in diamnets
t.

of the fra

LK

replace large fragments.
er are inserted the depth

Fia 7 (C) Frequently pm manipulation of the fragment can be assisted by

external manual compresston and manj
passed completely through th
ton of the pin Cast Iu

lation. (D) Wh genograms reveal
satisfactory reduction, the more nppmg]rhr.ely p(lac)ed plenfI ::ent

stlll another pin, 1s

¢ leg 20 as to act as a transfixio
porated m the cast. Care must be taken to avoid undue n and later s incor

skin tension dunng mser

18 made with square
pin will be incorporated g]_kny in the cast, edges 5o that the cast lug and the
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Flo 6 Mrs. A T, aged 68 Axwouldbccxpectedi.utbccueofadoctcrlwlfe the
unexpected occurred. The fracture was not only atypical but was complrcated by A
Iateral subluxaton Difficulties were encountered in obtaming a final reduction but
It way accomplished when the patient and m fact, the whole hospltal started to shake
(This 1 probably the first tiume In hlstory that a fracture was reduced by an carthr
quake a reduction force that ks not recommended ) (A) Prereduction roenfgenograms
taken on April 13 1947 (B) Transfixions were fastened nto fixation rods, which
were covered with a cast extending from the ankle to tho groin (C) Roent

genogruns
taken 3 years and 7 montha lat £ complete
and flexion dﬂrlghtmgjccr She has extensfon wathin a few degrees of comp

i
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turned and may Iic at nght angles or may be
turned over completely These displacements
invariably occur at the expense of a crushing
of underlymg supporting cancellous bone
To manage fractures of the tibial plateau
and the associated soft tissue injunes a
system referred to as the assured fixation
technic has been developed This system
operates on the following principles

I Reduction by the employment of a
unique form of transverse varus or valgus

forces,

2. Replacement of depressed chondro-os-
seous fragments by pm ipulation or
open operation

3 Restoration of crushed cancellous bone
with autogenous or banked bone.

4 Assured flxation of reduction through
positdve Immobilization technics
A. Anchored cast or
B Transfixions and short cast.

5 Mamtenance of function and muscle
strength by supplymg a smafe system
whereby the fully clothed patient can be
crutch-ambulatory immediately

Routine Technie. The steps in the rou
tinc technic for the practical implementation
of the above principles arc

1 Place the patient on a fracture table and
apply traction sufficently to stabilize both
legs equally

2. Apply transverse reducing forces.

A Attach varus spreader and adjust force
for fracturcs of lateral condyle

B Manlpulate tension on the valgus con
vertor for fractures of medial con
dyle

3 Reduce and appose fragments by
A. Manual compression and manipula

tion
B Pin manipulation
C Open operation

4 Immobilize by

A Inserting 1 or 2 transfixions through
the dotal femur and forming an an
chored cast by firmly incorporating
transfixions in a cast extending from
the toes to the groin

B Placing pins through the femur and
through the tibia distal to the frac

(Y

Fw 7 (A) Duirect pm manip
(B) Two or more pins, 4/32 or
of the fragment

Fra. 7" (C) Frequently pin many
external manual compresson and
satisfactory reduction, the more a

LK

ulation s often wsed to replace large fragmen
ts.
5/32 ches fn diameter are mserted Lhegmdep!h

pulation of the fragment can be assisted b
manpulation. (D) When roentgenograms n:vea)i
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Fro 8 (A Top left) For reduction of T fractures extending into
the koee joint, or the more extensively commmuted fractures of the
upper end of the tiba longitudinal traction may be provided by erther
the fracture table or the anatomic splint. (B Top lefr) Two transfix
fons are inserted through the distal femur and two through the tibia
just distal to the fracture or above the ankle These tramafixions are
used not only for tmmobulization of the fracture but also for mamipula
tion of the frag {For plfi of thc drawing only one
transfixion 13 shown ) (C Botrom left) Reduction 13 completed by
manipulation of the individual fragments or by manual compression
and manipulation (D Bottom right) Reduction can be held by incor
porating the transfixions 1n a cast or by attaching fixatlon rods and in
turn mcorpornzinr;g;hem in a cast. In the presence of fractures at mul
tiple levels, tra 1ons for each individual fracture are inserted, and

the fractures are reduced and held separately usually beginning with
the fracture at the knee.
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ture, and through fragments when
indicated and by incorporating pins
and fixatlon rods in a light cast ex
tending from above the ankle to the
groin

5 Cut the cast out exposing the patella.

FRACTURES OF THE LATERAL CONDYLE
the most difficult of the plateau fractures
can be well managed by the routine technic.

The large lateral fragment, if not reduc
ible by pin mamipulation, 1s reduced openly
Local fragment fixation Is elther by through
and-through pin or by screw and bolt, but

gencrally cast incorporated transfixions also
should be employed

Comminuted fractures with distally de
pressed chondro-osscous fragments require
open reduction including exposing the lat
eral compartment of the knee joint Frag
ments are clevated, and if as 1s usually the
case the underlying cancellous bone has
been crushed irretrievably bone grafting s
necessary  Osteogenesis “abhors a vacuum”
but unlike nature will not attempt to fill it
unless thare 15 & supporting trellis

Fia. 9 (A Left) Mn. A. B Comminuted int racture fixed
transfixion attached 1o fixation rods and !ncon e " it

Rocntpenogram taken after removal of tnmﬂxm?fmﬁ in 8 cast. (B Right)
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Bone grafts 1n the form of burs or a com
binatton of bone struts and burs obtained
from the crest of the ium the opposite
tibia a bone bank or a relative should be
used to fill i thesc vacant arcas snugly
Sufficlent new bone which is surpnungly
more than the surgeon expects should be
used not only to form a support for the
chondral fragments but to a sufficient degree
to hump up above the normal jomnt level, be
cause in the ensuing days and weeks a settling
occurs A fractured or a dislocated lateral
meniscus 1s not resected, because the authors
have found that the meniscus acts as an ar
throplastic agent and assists 1n maintainmg
the level of articular alignment Later if
indicated, which is not often, this traumatized
meniscus may be resected but not before
strong union has occurred and function has
been restored

FRACTURES OF THE MEDIAL CONDYLE

/

Thus infrequent fracture can be managed by
cither the routine closed or open technic with
the ald of a strap or a metal valgus conver

tor P manipulation is lustrated in Figure
7 At open reduction fragments may be
fixed locally by through and through trans-
fixion or by internal fixatton with screw or
bolt. Even with local fixation, regardiess of
type frequently 1t 1s advisable to use 1 or 2
femoral transfixions Furthermore, the au

thors prefer to 1nsert 1 or 2 pins immediately
below the fracture or through the distal
tibia 30 that no cast need be placed over the
foot These transfixions are mcorporated

firmly in the cast which 1s applied around
the face of the valgus convertor Thus the
knee can be held continuously n valgus un-
til the cast dnes after which the cast will
hold the position dependably until consoll
dation is complete
CoMMINUTED  FRACTURES

INvOLVING

Fia. 10 (A, Left) Mr C G One of tho authors was passing through Ely
Nevada, and saw the patient in consultation The patient Is 2 miner who sus-
tained extensive injunes, including a fracture of the ankle on the same aide n;
the tibial plateau fracture (B Right) The following week Dr T V Ross an
Dr W H Fralich obtained this excellent reduction of the plateau fracture By

using the transfixron dntal to the Plalcl:.l fracture

or countertraction and a
of the i d frac

Aot
T

transfixion through the os cakcns

ture above the ankle also was obtained A cast was applied from the tocs to

the groin.
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intact fibula may need to be

These ore managed with  fixon  An

gt ﬁONmuh%m manual mold!l;n“;; and  osteotomlzed obliquely for perfection of ap-

o ;in ipulation and fixation  position Immobatization s assured by plac-
n, pin manip

or If indicated with screw bolt or trams-  ing transfixions above and below the frac

F il Mr H P Extensive compound, comnuanuted fracture of
both leps. Vawular trauma was o severe that the nght leg had to be
amputated soon after arrival at the hospital (A) AP view of cach Jeg.
The left leg was badly pounded with a resutng loss of booe n

the regron of the antenior part of the tibia, loss of skin, and detachment
of the patellar tendon insertion  He was 5o critically fil that the exten
uve compound wounds were left open and the leg temporarily im
mobilzed after removing some loose fragments. Ten days later for the
tibial reduction one transfixion was inserted through the distal femur
and one through the distal tibin, There was extensive fracturing In the
region of the up‘mmd of the tibia and the patella had been pulled
upward as the tiblal fuberosity had been avulsed.
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ture These are held with fixation rods cov
ered with a thin cast, or by transfitions firmly
mcorporated 1n a cast extending from above
the ankle to the gromn.

Dustraction 15 an ever imminent danger
This may be anticipated partially by reduc
g the condylar fragments in satisfactory
alignment and then jormung the pin that has
been passed through the articular fragments
to the femoral transfixions either with fixa
tion rods or by incorporating the 3 pins in a
short cast from the transverse condylar pin
to the groin  Now the transverse portion of

the “T" 13 reduced ndependently Traction
may need to be Increased for reduction and
then usually decreased until the surfaces are
m intimate contact. Then transfixions imme-
diately below this fracture or above the ankle
are jomed by fixation rods to the superior
rods or by cast to the superior cast. The
authors prefer to use fixation rods and finally
to cover them with a cast from the ankle to
the groin. If preferred, the transfixions may
be mcorporated firmly into the 2 section cast,
which later 13 jolned mto one cast extending
from the ankle to the groin

Fia 11 (Continted) (B Left) On the twenty-first day after the ac
cident, an attempt was made to bring the patella down and reattach the
ubaal tuberosity but the underlying bone was to comminuted and the
fragment so thin that there was no means of holding it. A Kirschner
wire was placed through the pateila to pull it down so that the tibul
tuberourty could be replaced into its base  Shce the patcllar ligament
was kept relaxed the avulsed tubercle was held fn placo by closure of

the skin. (C Center and right) Final result after bone
the loss of bone anterlorly and the
complete extension of the knee and

grafung  Note
tlon of the patella, There is
jon beyond a right angle
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Altercare Success of restoring motion
at the knec comes not from early instituting
of motion but from postporung all cfforts
at jomt motion unul bony consolidation 18
complete  However, resumption of motlon
and muscle function m all the other joints
can be started immediately as the cast ex
tends only from above the ankle to the

1n.

Stuffness in the knee can be avolded
largely by cutting an adequate hole in the
cast over the patella and having the patient,
the nurses the family and the doctor mo-
tieeably end repeatedly move the patella
from mde to mde and up and down many
umes every waking hour  With this method
the patient 1s fully dressed, crutch-ambula
tory and not only 13 permitted but also en
couraged to move the patella contract the
quadriceps and move his hips ankles and
toes 1n all directions actively

After the roentgenograms show sufficient
bony consolidation, usually a pertod of from
8 to 12 weeks or more fixation is removed,
and active and passive knee excrcises are
msttuted, ncluding quadrniceps weight lift
ing exercises Full weight beanng is not
allowed until the roentgenograms show solid
bony union.

The best treatment, better than physio-
therapy 1s to have the patent st on a
high table with the lower leg hanging over
the edge of the table for penods of 10 mn-
utes on and 10 munutes off at {requent
intervals dunng the day Resting of the
foot of the opposite leg on top of the ankl~
on the injured side increases the leverage
Leg baths or whirlpool standing, walking
up and down steps and guarded attempts
at squatung all expedite early return of
motion and strength  The patient requires
much encouragement and disciplinary action

from Ius doctor but 1t is surpnsing how
soon the motion returns if these simple
chores are carried out enthusiastically and
persistently

SUMMARY

Frequency of deplorable end-results in
fractures of the tibial plateau are due to (1)
failure to effect reduction (2) falure to
furnish dependable immobihzation and (3)
farlure to maintain maximum function Of
these the failure to supply a reliable means
of fixaton 15 the unrecognized cause of a
large number of poor end results

A system which precludes these pitfalls
has been described The operating principles
of this method are

1 Reduction by the employment of a
unique form of transverse varus or valgus
force.

2. Replacement of depreased chondro-os- ™

scous fragments by pin mampulation or
open operation

3 Restoration of crished cancellous bone
with autogenous or banked bone

4 Assured fixatlon of reduction by positive
mmobilization by
A. Anchored cast or
B Transfixions and short cast.

5 Mzintaiming function and muscle strength
by supplying a safe means whereby the
fully clothed patient can be immediately
crutch-ambulatory

A procedure has been demonstrated
whereby all fractures of the tibial plateau,
even though complicated by a fracture of the
tiblal or the femoral shaft, can be managed
by a routme technic. This system assurcs
that, except for adjustments at surgeon s di-
rection the reduction will be held so im
mutably that the strongest and best function

mg legs can be obtamed m the shortest
possible time

™
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Fractures of the Parella

PAuL E MCMASTER M.D

The patella whuch s a sesamoid bone
Iying m the tendon of the quadnceps fe
mors is broken not infrequently This
occurs by both direct and indirect force

HISTORICAL REVIEW

The pathomechanics of fractures of the
patella were recogmzed long before the ad
vent of modern medicine A textbook of
lectures by Boyer published in 1805 de
scnbes the mechanics of these fractures He
stated

The transverse fracture is frequently occa
sioned by a sudden and wviolent contraction of
the extemsor muscles of the leg which act on
the patella this cause remained a long time
uonoticed and the fractures produced by it
were ascribed to the fall which was the con
sequence of the fracture 1t 1s at present gen
erally acknowledged to be the immediate cause
i);ell;e fracture and by that means the cause of

all

Boyer further stated

It will be asked perhaps why the tendon of
the extensors of the leg and the mferor liga
ment of the patella are not ruptured rather
than the patella itself? To which 1t may be
answered that the extensibility of the tendinous
and ligamentous parts renders them kess liable
10 bo ruptured than the patells, the hardness
of which is more than offset by its brittleness
as an osscous substance

However Boyer described avulsion of
the quadnceps tendon and of the patellar
tendon from the patella as occurring occa
sionally by indirect force He also reported
fractures of the patella resulting from direct
force

In 1825 Sir Astley Cooper commentmg

24

on the degree of separation of the fracture
fragments, stated that this depends on the
extent of laceration of the ligaments and
that when the capsular and the tendmous
aponeuroses are greatly lacerated, extensive
separation will be present with an associated
carly appearance of swelling and

Gross 1n his textbook on diseases of bones
and joints published 1n 1830 discussed
fractures of the patella and included an ex

cellent bibliography dating back to 1697

Boyer discussing treatment of these frac
tures stated
This chapter might be much extended, Z
drawing from the profound oblivion in whi
they are burled the pumerous spparatus in-
vented at different and distant times for the
treatment of fractures of the patella

Experiments on rabbits and dogs by Sir
Astley Cooper in 1825 demonstrated that if
the fracture fragments were held together
bony union would occur In 1834 Barton
witiated fixation of fragments by a wire
suture but infection followed and the pa
tent died.

In 1883 Sumson quoted Berger who had
listed 91 different methods of treatment,
plus 5 or 6 others for which he could not
find references. Among these were the
hooks devised by Malgaigne in which 2
prongs engaged the proximal surface of the
upper fragment and 2 prongs engaged the
distal surface of the lower fragment. These
were connected externally by a bolt, whrch
when tightened with & wrench, nppro:uumtcd
and held the fragments together In an ef
fort to brnng and hold the fracture surfaces
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together, Robson passed a steel pin through
the lower quadnceps tendon and the upper
patellar tendon and then fastened these ex
ternally with sutures There were scveral
modifications of these procedures, which 1n
some 1nstances were successful but painful
and not uncommonly led to sepsis

The anuseptic period following Lister’s
work produced many proposals for surgical
repur In 1899 Stmson, commenting on
the numerous methods stated that the sim-
plest procedures were preferable and he
would reject all in which a permanent suture
is placed in the bone stsclf Still later m
1902 Scudder stated that with conservative
treatment the result ordinarily will be sats-
factory however, with operation an excel
lent result can be obtmned, but sepsis may
occur resulting in a suff knee, amputation
or death.

Describing treatment of these fractures
Trethowan m 1921 stated that open operz
tion and suture now are practiced univer-
sally and Sir Robert Jones concurred with
this opinion

OCCURRENCE AND PATHOLOGY

Fractures of the patella occur most com
monly in middle age less commonly in the
older age group and rarely in children and
adolescents

Fwa. 1

Fracture of the

Indirect force may cause fracture of the
patella, and this occurs when the knee is
partly flexed and a sudden strong passive
strain is placed on the actively contracting
extensor mechamsm, as in stumbling (Fig.
1)  Undoubtedly this occurrence is the
cause of not the result of, the fall in a
number of cases. However the author does
not agree with a number of wniters who state
that m falls on the knee the force Is not
taken on the patella but rather on the tiblal
tubercle Numerous people both children
and adults, have been examined and almost
invariably in the falling kneeling position
the patella not the tibml tubercle 15 10 di
rect contact with the ground The toes and
the forefoot on the ground cause the knee
to be flexed more than a nght angle thus
placing the patella in the most vulnerable
posiion  “House malds knec” illustrates
this fact. The tibial tubercle would strike
the ground first and take the blow if the
feet or the foot hung over a ledge 1n the fall,
in wiuch posiion the hnee 1s in essentally
a night angle poution, with the leg parallel
with the ground. Thus falls on the knee
are a defimite case of fracture of the patella
by direet force. Fractures produced by 1n
direct force are usually transverse and may
be somewhat communuted. These may be
centrally located (Fig 2) but are more

patella pear the upper pole by indirect force While

tin, t of
Betp out of bus car a 49-year-old male twisted hus knee and stumbled but did
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Frxa 2 (Left) Fernale aged 35 central fracture repaired with silk, The patient was
in a cast for 6 weeks. (Center) Same case 7 months later There was apparent bony
union and a smooth articular cortex, with normal function (Right) Same case. Three
years later the patient fell at the beach, with “refracture ™ At surpery “fibrous union”
was found. The lower fragment was removed

often near the lower pole (Fig 3) and oc
caslonally near the upper (Fig. 1) Separa
tion of fragments occurs as a result of quad
riceps muscle pull and depends upon the
amount of laceration or teanng of the medial
and the lateral quadriceps cxpansion and
associated capsular tusue. These tears,
which often are extemmive at times may ex
tend nearly out to the region of the lateral
ligaments, as fornd by Key and Conwell
The proximal fragment is drawn upward by
the contracting quadriceps muscle 1n cases
with cxtensive lateral tears while the distal
fragment, which is held to the tibia by the
patellar tendon, does not retract, although 1t
may rotate forward as much as 90° (Fig.
4) In this group with laternl tears, sep-
aration also 15 caused or increased by acute
flexion.

Fractures due to direct force occur with
the patella being crushed agalnst the femoral
condyles, as 1n dashboard mjuries (Fig. 5)
These are incomplkete (infractions) stellate
or considerably communuted Infractions
being incomplete present no serrous prob-
lem and do not extend to the arucular sur

face. Stellate fractures are complete, and
multipls fracture lmes are scen, but usually
there is little if any displacement. Com
munuted fractures often are extensive and
present considerable imregulanty and disor
gamzation of the articular surface There Is
usually not much separation of these frac
tures in the vertrcal plans as there s httle
if any teanng of the lateral and the medial
cxpansions The explanation for this is that
the direct force to the patella is apphed
suddenly with little or no associated active
contraction of the quadriceps However
cases are scen with an apparent combina
tion of bo d_direet fopre with
not only commtinution but also considerable
displacement (Fig. 6) The overlying skin
and soft tissue may reveal contusions abra
slons or a complete compound wound.
Fractures by direct violence often cause
bruising and tearmng of the articular cartilage
of the lateral femoral ndge

Occasionally by indirect force avulsion
of either the quadriceps tendon or the pa
tellar tendon from the respective patellar
poles may occur as described by Boyer



Fia 3 (Top) Fracture of the lower poke with lcEmuon. Details of the car
sccident were not clear Probably there was a combiaation of both direct and
indirect force (Bortom) Same case 3 years Iater Primary excusion of the lower
pole with suture of the patellar tendon to the proximal major fragment with
chromic catgut was done wath a good result.
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Fic 2 (Left) Female, aged 35 central fracture repaired with silk. The patient was

in & cast for 6 weeks. (Center) Same case 7 months later There was a

t bony

unjon and a smooth artrcular cortex, with normal function. (Right) Same case Three
years later the patient fell at the beach, with “refracture ™ At surgery “fibrous union”

was found. The lower fragment was removed

often near the lower pole (Fig. 3) and oc
casionally near the upper (Fig 1) Separa-
tion of fragments occars as a result of quad
riceps muscle pull and depends upon the
amount of laceration or tearing of the medial
and the lateral quadnceps expansion and
assoclated capsular tissue  These tears
which often are extensive at times may ex
tend nearly out to the region of the lateral
Ligaments, as found by Key and Conwell
The proumsl fragment is drawn upward by
the contracting guadriceps muscle in cases
with extensive lateral tears, while the distal
fragment, which is held to the tibla by the
patcllar tendon, does not retract, although it
may rotte forward as much as 90 (Fig
4) In this group with lateral tears sep-
aration also is cansed or mcreased by acute
flexion.

Fractures due to direct force occur with
the patella being crushed against the femoral
condyles as in dashboard injurdes (Fig. 5)
These are Incomplets (infractions) stellate
or considerably comminuted. Infractions
being incomplete present no serious prob-
lem and do not extend to the articular sur

face Stellate fractures are complete, and
multiple fracture lincs are seen, but usually
there s little if any displacement. Com
mmpted fractures often are extensive and
present considerable irregulanty and dusor
ganization of the articular surface There Is
usually not much separation of these frac
tures m the vertical plane as there 1s little
if any tearing of the lateral and the medial
expansions The explanation for tlus is that
the direct forcs to the patefla is applied
suddenly with litthe or no associated active
contraction of the quadnceps However
cases are seen with an spparent combina-
tion of both indirect and direct fore with
not only communution but also considerable
displacement (Fig 6) The overlylng skin
and soft tissue may reveal contusions abra
sions or a complete compound wound.
Fractures by direct violence often cause
brulsing and tearing of the articular cartilage
of the lateral femoral ndge

Occasionally by indirect force avulsion
of either the quadriceps tendon or the pa-
tellar tendon from the respective patellar
poles may occor as described by Boyer



Fio 3 (Top) Fracture of the lower pole with wﬁanmon Detals of the car
accident were not clear Probably there was a combination of both direct and
indirect force. (Bortom) Same case 3 years Iater Primary excision of the lower
pole with suture of the patellar tendon to the proximal major fragment with
chromic catgut was done with a good result.
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These may or may not be associated with a
small flake of avulsed bone Partial avul-
sions also may occur and one such case was
operated on by the author this past year
There was a tear of the medial two thirds of
the quadriceps tendon at rts insertion 1nto
the patella,

Almost all complete fractures of the pa
tella communicate with the knee jomt and
hemorrhage occurs into 1t Usually there 15
also extensive extravasation of blood into the
surrounding tissues with early appearance
of swelling and ecchymosis  The swelling
may be pronounced, and bullae may form

In old untreated fractures with an imtial
considerable separation contracture of the
quadriceps muscle develops with resultng
increased and pronounced hiatus The inter
venung blood clot “organizes " and a fibrous
band connects the separated fragments Oc
casionally such untreated cases are seen
and although the patent can bear weght,
the lengthened quadriceps apparatus 1s weak,
and stability of the knee is lacking

DIAGNOSIS

Fructures of the patella are diagnosed by
the history of injury the physical examina
tion and roentgenographic study The his-
tory reveals a sudden onset of pain, although
this may be mimmal in association with
either a fall or a near fall or a direct blow
to the patella Usually the subsequent pam
is not pronounced. The exammation may
reveal a visible and palpable defect between
fracture fragments Swelling from hemor
rhage develops rapidly and 1s usually quite
symmetnical over the antenor knee joint
area Inabllity to extend the knee mdicates
that 1n addition to the fracture there 1s also
a tear of the medial and the lateral quadn
ceps expansion  Ability to extend the knee
actively does not rule out a fracture of the
patelln  Crepitus may be present if the frac
ture fragments are close together but mot
present if the fragments are widely sepa
rated unless they can be brought together
manually

The overlying skin may present contu

Fio 4 Antenior rotation of the lower fragment approximately 90  Suture of
the fragments gave a good result
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sions or abrasions if there was a direct 1n
jury In additon 1if the examination is
delayed until the second or third day ecchy
mons 13 present, and bullae may have formed.
Compound fractures are usually self-evident
with laceration of the skin and the soft parts
down to the patellar fragments and exposure
of the knee joint

Complete avulsion of the quadnceps ten
don will reveal no displacement of the pa

tella, a palpable sulcus and tenderness at
the upper patellar pole and inability to
extend the knee actively Complete avulsion
of the patellar tendon will reveal upward
displacement of the patella a palpable sul
cus and tenderness at the lower patellar
pole and mability to extend the knee ac-
tvely In neither of these instances will
there be a palpable separate bony frapment,
and unless taken for soft tissue detail the

Fia. S (Top) Lateral view of
a dashboard infury A total
right knee and 2 partial on 1
Anteropostenior views of the

same

bilateral patellar fractures from

tellectomy was performed on the

left, with good results. (Bottom)
case
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roentgenograms will not show the nature of tenderness and weakness n active extension
the injury unless a very small flake of bone  Resistance to the last will be panful.

has been avulsed (Fig 7) Partial tendon In those fractures with minimal or no sep-
avulsons will show some swelling localzed  aration, only moderate swelling and tender

\ l‘%
ti\

Fro 6 Severe comminution dlsplacement and dulocation of the
lower fragments Extemsive tearing of the aponeuroses was found.
Total excision was done with a good result

Fia. 7 (Left and center) Avulsion fracture of the tip of the lower pole This frag
ment was not palpable The articular surface was not mvolved in the fracture (Right)
Same case It was treated by excision of the small bony fragment and suture of the
patellar tendon to the patella with wire, with & good result
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ness are present, and there s no palpable
defect and no crepitus  Active knee exten
sion 1s vsually possible It 1s in these that
roentgenograms are necessary for diagnosis
As 2 rle postero-antenor and lateral views
are sufficient, but in some such as infrac
tion (Flg 8) or vertical fracture (Fig 9)
a tangential view (inferosuperior) of the pa
tella 15 necessary and may be the only view
which shows the lesion. This view 13 taken
with the knee acutely flexed and the roent
gen rays directed at the patella from below
upward. It may be taken with the patent
prone and the knee flexed or with him sit
ung and the knee fiexed, as fllustrated by
Key and Conwell
At times a mistaken diagnosis of fracture
is made when & bipartite or a tnpartite
patella ts present. Thus condition 1s residual
from & developmental variation in which the
patella develops from two or morc centers
of ossification that fail to fuse The most
common form (bipartite) shows a bony
mass located 1n the wpper outer quadrant
of the patella and separated from the mam
patellar mass by opposing smooth bony sur
faces. The 3 roentgenographic views pos
teroanterior lateral and tangentlal, are use
fol in the diagnosis. The condition 15 usually
asymptomatic and requires no treatment.

Fia. 9 (Left and center) Margmal

Fia. 8 Incomplete fracture (infrac
tion) shown on tangential view (infero-
superior) but not visible on routme ante
roposterior and lateral vrews.

However it has caused confusion at times,
espectally 1f there has been a history of -
jury to the knee area  Omne such case came
to the author s attention recently The man
was mvolved 1 a public liablity accident,
brussing one knee A roentgenogram was
taken and diagnosed as showing a fracture
A cast was worn for 6 weeks. A subsequent
examination to determine the presence of
permanent disability for purposes of insur
ance scttlement revealed no disability and
similar roentgenographic findings of a bt
partite patella were present 1n the opposite
uninjured knee (Fig. 10)

or vertical fmactare falntly visible on postero-
anterlor view In the lateral view tt fs somewhat viib erosuperior view
(tangential) showing the fracture well ot ) Inf [

L After 11 mon thi
nh»chwumtedbyucdonofthe(nm['wnhlso":&"rmmw a palaful knee
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TREATMENT where the patient can extend the knee ac

Conservative treatment 1s indicated m  tively The treatment consits of ice packs
those cases where there 15 no significant sep-  and compressive bandages imtially to mim
aration of fracture fragments with the ar  muze swelling  Aspimtion of the knee jomnt
ticular surface showing no deformuty and 15 indicated 1f there is much swelling and

Fio 10 (Top) Anteroposterior and lateral views of an “injured” right knee
showing a bipartite patella This was dugnosed a3 a fracture and treated with
a cast for 6 wecks. (Bottom) The opposite uninjured “normal™ (left) knee
showing the same finding of a bipartite patella.



Troatment 33

fluctuation as the patent is more comforta
ble, and recovery is more rapld 1t is help-
ful also if o cast is to be applied, since it
serves as a compressive dressing, thus reduc
fng subsequent sweltng, This is done by
using a sterile necdie and synnge with pro-
caine through a small prepared area of skin
near the upper outer margin of the patella
Then a cylinder cast 1s applied, extending
from the upper (not middle) thigh to above
the ankle As a rule, 1t 13 not necessary to
mcorporate the foot. Then the patient may
be up with crutches, and weght beanag is
allowed Soon the crutches may be dis
carded. Genile quadriceps exercises are
started within the first few days and contin
ued regularly The cast ts worn for from 3
to 6 weeks, following which the patent
gradually recovers flexion and strength by
active (not passive) motion,~

;There is a borderline group of cases.

racture fragments wath a separation of as
little as ¥4 m. cven if supported, are not
apt to heal by bony union but with fibrous
union This union may be strong enough
for the patient to get along fairly well with
care but becanse of the weakness present,
refracture o separation, ™2y oY any
tme later  Hence, m these cases operative
repair must be considered.

Operative reparr 15 indieated m those
cases with separtion of {ragments and in-
ebility to extend the knee actively This
applies for all age groups If some general
systemic condition exists such as diabetes,
preoperative study and treatment can be
camed out to prepare the patent for sur
gecy Hospual facilities with optimum equip-
ment and assistance plus ngid aseptic surgr-
cal precavhons are necessary

The ume for operative treatment vares
If the panent is seen early before marked
swelling and bullae appear and there are o
dirty slin wounds overlpmg, the knee sar
gery may be performed immediately Gen
enlly the presence of dirty skin abrasions
with marked swelling and bullae are con-
traindications of immediate These
should be treated first with bed rest, splint

ing, hot or cold applications as indicated
ond ontiblotics ond surgery should be de
layed until the shin Is in sutable condition
for operation This may require from a few
© 18 or 14 days.

Surgery 1s performed under gencral of
spinal ancsthesia and ususlly o tourmgquet
15 used In the older age group in which
crculation may be impaired or questionable
1t s not advisable to use ongd Adequate
exposure 11 necessary and the incision may
be median parapatellar or U-shaped The
last 13 preferred by the author It has 1s
base over the patellar tendon wath the arms
extending far enough upward and outward
to allow exposure of the distal portions of
the aponcurotic tears Dissection 15 carried
down to the patellar tendon, and gradually
by upward reflection the patellar fragments
the quadnceps tendon and both the medial
and the Iateral expansions are well exposed.
Wound edges are recovered with towels or
if stockunet has been used on the leg, the cut
edges of it are fixed to the wound edges by
slin clips  Some surgeons do not use any
special slan cover but practice 2 “po-touch”
technic. Large compressive clamps should!
not be used on shin edges 23 the travma
may cause some necrous of the skin, with
impaired wound healing A careful count
of skin chps should be made to prevent the
later embarrassment of finding a skin clip
in the postoperative roentgenograms  Frac
ture fragments are 1dentified, and by retrac-
tion the knee jomnt 15 exposed Blood clots
are removed, and a carcful inspection 13
made of the knee jomt, especially 1o discover
and remove any Joose fragments of bone
The fmcture surfaces are bared with a
curet. Then copious nrrigation of the joint
and the wound wath saline is done

Then the fracture 13 inspected, and a2 de
cision iy made as 10 exaision of bone frag
ments  Advanced degenerative arthntic
changes with chondromalacia of articular
cartilage and propounced marginal bppings
of the patella and/or the femur are indica
tions for pateflectomy or at least for partial
patellectomy even though the fracture 1s
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Fig 11 Acute central fracture with
advanced chondromalacia of the patella.
There were also similar changes 1n the
opposing femoral surface A foatc“cctomy
was done, with a good resuit,

single central and transverse (Fig 11) If
excision is not done and the fragments are
sutured together bony union may be slow
and adhesions and stffness often develop
with limited flexion and late pain from the
opposing arthritic changes  Avoldance of

.

Marked inurtl

at least some of these complications can be
obtalned if excision is done since postopera
tive motion can be started earlier

With o single transverse fracture 1n mid-
portion and no advanced arthntic changes,
the fragments are sutured together while
with a larger fragment and one or more
smaller fragments at cither pole (usually
the lower) the latter are removed and the
patellar or the quadriceps tendon as the
case may be is sutured to the large frag
ment. Extensive communution without a
single large fragment requires total excision
(Fig 12) Approximately one halt of the
patella i a single fragment is considered
adequate to leave This amount refers to the
articular cartilage surface, as 1t should be
remernbered that the Infenor one fourth of
the patella is not covered with artcular
carulngc but is partly for attechment of
llae, and the r g por
tion 15 covered by fat pad. Hence 2 trans-
verse fracture through the mud-pomt of the
patella may leave a relatively small amount
of articular cartilage on the distal fragment

Fracture surfaces are freshened with a
coret and 1nfolding tags of the overlying

um p

t. Total ik

gave

Fo. 12

with displ

& good result.
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Fio. 13 (Top) Irregularity of the artrcular coriex, Suture of the fragments was done
with wire and the surgeon felt that he had accomplished a good reduction. (Botfom)
Same case 2 months later showing scparation at the fracture sae The wire sutures were
too superficial and not fixed firmly enough.
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Fio 11 Acute central fracture with
advanced chondromalacia of the patella
There were also similar changes in the
opposing fermoral surface. A patellectomy
was done with a good r:su.r:

single central and transverse (Fig 11) If
exasion 18 not done and the fragments are
sutured together bony union may be slow
and adhestons and stiffness often develop
with limited flexron and late pain from the
opposing arthntic changes  Avoldance of

T v

Fio. 12 Marked with

at least some of these complications can be
obtained if exciston 1s done, since postopera
tive motion can be started earlrer

With a single transverse fracture 1n mid-
portion and no advanced arthntle changes,
the fragments are sutured together while
with a larger fragment and one or more
smaller fragments at either pole (usually
the lower) the Iatter are removed and the
patellar or the quadnceps tendon, as the
caso may be 1s sutured to the large frag-
ment.  Extensive communution without a
single large fragment requures total excision
(Fig 12) Approximately one half of the
patella in a single fragment Is considered
adequate to leave This amount refers to the
articular cartilage surface as it should be
remembered that the mferior ons fourth of
the patella is not covered with articular
cartilage but is partly for attachment of
Ligamentum patellac and the remaining por
tion is covered by fat pad. Hemce a trans-
verse fracture through the mid-point of the
patella may leave a relatively small amount
of articular cartilage on the distal fragment.

Fracture surfaces are fresheped with a
curet and infolding tags of the overlying

Totat L

grve

ngoodmsu‘it.
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quadriceps expansions which often partly
cover fracture surfaces are reflected or ex-
cised A carcful, sharp dussection of this
expansion from the bony fragments to be
removed 1s necessary as this tissue 18 used
later 1n the repair

Then mattress sutures of chromic catgut
or silk (the author prefers chromic) are
placed n the medial and the lateral tears
and are left loose wathout tying. These
mattress sutures of chromic are placed
through the edges of the medial and the
lateral aponcurotic tears and an attempt is
made barely to catch the vial mem
brane which lies immediately adjacent to the
aponeuroses without completely perforating
it. However there is no concern if the su
ture penetrates and lies wathin the synovial
cavity The author prefers to place these
first before fixing the patellar fragments as
the extent of tearmng is seen more easily and
their epplication 1s casier Then drill holes
are made through the fragments in an

oblique direction 1n the sagittal plane Care
must be exercised in placing the drill holes
so that they exit decp near the arucular
cartilage but not through it If the drill
holes are too superfical tghtening of the
sutures may create a tilung of the fragments
with a resulting huatus between fragments on
the articular surfece (Fig 13) Then mat

tress sutures of stainless steel wire are placed
through the drll holes and tied. Two or
three are used. Heavy chromuc catgut may
be used Instead of wire but it may fray and
break 1f tled around sharp edges of the
bony canal Thus care should be exercised
to round off the drill hole edges to prevent
this complication if chromic gut s used.
Then the loosely placed mattress sutures in
the medial and tho Iateral tears are snugged
up and tied A running suture of plam cat

gut 15 used to suture the layer of quadriceps
expansion which overlies the patella. Sub-
cutaneous tissus is closed with plain catgut,
and silk is used for the skin closure  Numer

1

i

Fia. 14 A [ractured patella in & make nged 55 Tolal exchiton

]

was dore for
of tho quad-

chondromalacia. Therewmno
rceps suture line occurred

ys
poor results—hmited cxzcmion and flexion

ative splintin
vely

h was resutured, with
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ous methods have been described and used
for fixing the patellar fragments Al have
been successful These include fixng the
fragments with fascia lata (this requires an
extra meiston) and a circumferential suture
about the patella, using wire sitk or chromic
catgut. However, the usc of mattress sutures
of wire as previously described for fixing
patellar fragments has given good results in
the author s expenence 1t Is easy and not
tume-consuming

A similar reparr is made when a partial
excision has been performed and the patel
lar or the quadnceps tendon 1s sutured to
a remaining fragment. Dnll holes are made
m the sngle fragment as previously de
scribed, and mattress sutures of wire or
chromic catgut are used to snug the tendon
to the remainmg fragment.

Repair after total patellar excision 1s ac
complished by placing the sutures of chromic
gut m the medial and the lateral tears as
previously described. Then the quadnceps
and the patellar tendons are approxumated
and sutured by bningmg the quadriceps and
the patellar tendon ends as close together as
possible but without too much tension The
amount of gap if any between the ends
will depend on how much tume has elapsed
after injury Then the upper and the lower
flaps (removed from patellar fragments) are
overlapped (1mbricated) taking up any
slack that may be present. Mattress sutures
of chromuc catgut are applied and are tied
along with the previously applied sutures m
the lateral tears

Then a cylinder cast in all cases 15 ap-
plied, extending from the upper thigh (not
the middle) to above the ankle with the
knee extended. A posterior splint may be
used  Gentle quadnceps exercdses are
started early and after a few days the patrent
is allowed up with crutches and protected
weight beanng ks permutted The crutches
may be discarded fairly early if a fim
suture has been obtained. Immobilization
fs contmued for from 3 to 6 weeks and then
active (not passive) knee motion 1s started
Some wnters including Watson Jones state

Fxo 15 An old knee wnjury untreated.
There was complaint of some weakness.
An apparently old, unrecognized avulsion

fracture of the lower patellar pole was
present. Complete active extension lacked
10

that immobilization after repair of total ex-
cislon 13 not necessary However this author
has seen 1 such case which 2 weeks after
surgery had a complete dehiscence of the
repair requunng resuture the end result was
unsatisfactory due to considerable himrtation
of extenston and flexion (Fig. 14)
Fortunately old ununited frectures with
separation are not common. These cases
with separation usually have a fibrous band
connecting the fragments with resulting 1n
ability to extend the knee completely There
is weakness and the patient may stumble
Some learn to live with this disability and
may or may not wear a support such as a
knee cage or a brace One pauent was seen
a few years ago who had an old separation
of about 1% in. but he was able to get
along quite well with the use of an elastic
bandage He was not wnterested 1n any sur
gical repair  Thus, mdications for surgical
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repair depend on whether or not the patent
wishes to be able to discard his cantion
and/or support (Fig 15) He should be in-
formed that surgical correction can be per
formed, resulting in improved stability but
recovery of flexion may be slow and incom
plete  Repair is accomplished by stretchmg
distally the proximal quadriceps tendon as
far as possible Then scar tissuc 1s excised,
as well as one or all fracture fragments then,

scparated tendon ends (usually there is a
hiatus) are connected wath an interlacing
suture of fascia late, which 1s preferred to
sutures of gut or wue This ure 15
preferable to lengthening operations of the
quadnceps tendon

Compound (Open) Fractures. The
treatment of compound fractures Is a surgical
emergency for wm addition to the compound
fracture the knee joint is opened, thus ex

Fio 16 (Top) Compound fracture with severo comminution treated by total
excnion (Borom) Same case 1 year later There was slight “recurreat osuftca
fion” extension was limited by 8 and flexion by 30 Some sching was present
There was good quadriceps strength.
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posing 1t to the danger of infection. There-
fore, 1t 1s 1mperntive to hospitalize the pa
tient as soon os possible and to prepare for
surgery Thus should be done as soon s the
patents gencral condition permits  The
usual preoperative rules for treating com

d fractures apply namely, treating
shock and ruling out senous associated vis-
ceral myuries, with appropriate attention di
rected to these of present. Fluid, especially
blood, replacement 15 important.

The surgical procedure includes shaving
the entire leg and then scrubbing it thor
oughly with Phisoderm for 5 minutes. If
Phisoderm is not available, scrubbing with
green soap for 10 mimutes followed by the
use of ether and one of the common anti
scptics such a3 Merthiolate or Mercresin,
should be done Then, careful draping fol-
lows The wound is inspected and enlarged
If necessary in order to expose the kmee
oint adequately All loose bony fragments
and foreign material are removed, followed
by excision of the wound edges This ex
clsion can be fauly generous, as there is
usually ample laxity of skan and subcutane
ous tissues to allow a subsequent closure
without tension  Occesionally however
there is imtial loss of skin with a resulting
defect at the time of injury Followmg the
exauon of skin edges and any apperent
devitalized tissue the fracture surfaces are
cureted. Then the knee joint and the wound
ere arrigated thoroughly using copious
amounts {2 L or more) of saline

Then the solled and “wet” dmpings should
be replaced, and the surpeon, the asmistants
and the nurse should change gowns and
gloves and a new sct of sterile nstruments
should be used At this stage m all fresh
compound wounds, the operative procedure
followcdhthcmmcasforadmplefm:
ture (Fig. 16) Pror to the advent of anti-
biotics often the soft tssues were closed
without drainage placing no “buried” su-
tores in the fracture or the aponeurotic
tears. This repair was left to be done as a
;}E{:rd secondary procedure as cited by

Following the usual procedure of repair
and closure, pemicillin (500,000 units) 1s
injected into the knee jomt. A cast is ap-
plied in the usual manner Postoperatively,
antiblotics are administered, and the tem-
perature chart 1s watched closcly The de
velopment of a septic temperature demands
uncovering the knee jownt for inspection and
local treatment. Should pyarthrosis be pres-
ent, traction is applied to the leg 1n order
to scparate arucular surfaces and allow
drainage of the knee to be done This can
be accomplished by aspiration with a large
needle, followed by instillations of pencilin
Cultures also should be made of the joint
and the wound, and antibiotic senmtivity
tests performed with subscquent administra
uon of the most effective drug. Early pas-
stve motion can be obtained in these cases
by placing & shing under the patient s knee
connected by a cord to an overhead pulley
and pulled through another pulley over the
upper part of the bed for the patient to pull
on and hence to flex the knee passively

If the temperature 15 normal the cast 1s
changed with removal of stitches after from
12 to 14 days and treatment is continoed as
for a mmple fracture

An old compound fracture not seen for
scveral days after injury should be treated
similarly to a fresh compound fracture with
careful adequate débnidement of the devital
ized tissues. The fracture and the aponcu
rofic tears should be repaired, using absorb-
able suture throughout. The subcutaneous
tusue and the skin likewise are closed, and
the same program is followed as outlined
previously

In the event of a skan defect from mitial
Toss it 1s especially important to close the
knee joint by suture of fracture and apo-
neurotic tears A skin flap may be swung
around (however avoiding any tension on
13 base) to cover the area of skin defect.
Relaxing meinons also can be used to ob-
tam a sk closure

Posummobilization Treatment. The
surgeon should personally and actively su
Pcmsethelhmpyaﬁcrcanortpligtrc
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moval 1t is his responsibility Active ex
ercises, with baking and massage should be
started immediately but caution 1s neces-
sary as too much force or effort may cause
a refmcture  In general, early passive flex-
ion Is to be condemned. This may be help-
ful later if flexion Is pot occurring and the
union 1s considered to be firm  Quadnceps
excrcises, plus gentle and increasing resis
tance by the therapist, are valuable The
patient also can do some weight lfng by
siting on the edge of a table and placing

at first & small weight of 2 or 3 pounds on
the foot and alternately flexing and extend-
mg the knee  The amount of weight and the
number of times per day can be mereased
gradually At first the patient should be
mstructed to walk with a stff knee and to
go up and down stairs one at a time In order
to strengthen the quadriceps and the area
of union Gradually he will notice mcreas
ing flexion and as he does he can begin to
walk and to take stmirs mare normally So
long as increasing flexion 13 occurring and

Fia 17 A, (Top) A patel
lar fracture wired 17 years
previously The patient, a fe
moalo aged 58 was u{:upto-
matic until 2 years before
when she developed paln and
lmited motion Much crepitus
was present. A patellectomy
was done and the symptoms
were relleved completely
Chondromalacie and arthritis
hippings were pronounced
(Bottom) Tangential view of
the same case shown in Figure
17 A,
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Fio. 18 {Top left) Comminuted frac
fure treated by partial excinon and wire
suture of the patellar tendon to the proxi-
mal fragment. (Top right) Same case 6
weeks later  (Bottom) Same case 9
months later showing incidental omifiea
tion in the patellar tendon The result
was good.

despite the ume period, which may be from
6 to 12 monthsy there 5 no need for alarm
ot the institution of any strenuous manpu
lative effort  The intra-articular injection of
hydrocortisone for aching and suffness may
be useful (the author has had oo expenence
in this type of case) later when union is
conndered to be firm (at from 2 to 3
months )

Recovery of normal or nearly normal
koce motion and strength usually occurs
within from 3 10 6 months. In the casex
with more extensive injury especratly sn the
older age group recovery may not oceur for
a yeat  These cates may end with good
extension, but normal flexon may be some
what limited. However as a genernl rule
such imitauon 13 not too disabling

COMPLICATIONS AND PROGNOSIS

Uniformly good results can be expected
In treating fractures of the patelia 1f all the
vanous detnils are observed. Surgery most
be done at the opumum tme and stoct
sseptic surgical techme must be nsed. Quad-
riceps exercises started zoon after
will help mamntain muscle tone and prevent
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adhesions and stfiness Some residual lim}
tatton 1n flexion 15 more apt to result than
Limited complete extension,

However complications, both early and
late do occur, some of which result from
madequate attentton to the various details
of treatment, while others seemingly develop
despite carcful sttention to detalls One
complication which may occur cerly is sep-
aration or dehiscence of the fracture repair
Thus occurs from either inadequate internal
fixauon or in some cases at least, no post
operative splinting of the knee. As has been
pomnted out, late refracture may occur
through an area of fibrous union which may
have appeared as o bony union Such 2
case 18 shown 1n Figure 2 which occurred
3 years after presumed bony unfon.

At times stiffness with lmrted knee flex
1on s bothersome for several months How
ever a well-supervised program of treatment
and exercises as a rule will overcome this
the author has followed cases which have
not regained full fliexion for 134 years (Fig
3) One patient had, after a year barcly
little more than nght-angle flexion. Improve
ment continued up to 1% years at which
tme she Jacked no more than 5° of com-
plete flexion and hed complete extension
and no complaint

The question often anses whether forcible
menlpulation should not be dops to recover
flewon.  The author feels that such mantpu
lative efforts especially under anesthesia,
are dangerous, with a good Iikelhood of
refracture or avulsion occurnng ~Flexion of
90° without pain and with full extension is
not too disabling and as a rule should not
be molested Those cases with linuted pain
ful motion and 2 fracture healed with much
deformity or with marked arthritic changes
and considerable disability may be helped
with forceful manipulaton. However care
must be exercised for these patients patel
lectomy 1s generally preferable (Fig 17)
Intra-articular injections of hydrocortisone
have been most helpful recently n pamful
cases of chondromalacia and chronic arthn-

tis and should be trded before the more
radical procedures

Circumferential wire sutures are apt to
break, as shown in Figure 17 while mul-
tiple mattress sutures of wire in the fractare
fragments as a rule have held up well wth-
out bresking There is no concern if the
wire sutures break, provided that no separa
tion of fracture occurs

Reformation of bone after partial or com
plete patellectomy may develop but m no
case seen has this caused any symptoms
Tt is seen as an mcidental finding 1n post
operative-check x ray films (Fig 18) Os-
teogenetic clements left behind after the
excision are probably responsible but om
ficatlon as far distal in the patellar tendon
as shown m Figure 18 1 hard to explain
on this basis alone It may be due partly
at least to a combmation of trauma and
hemorrhage giving rise to metaplasia wnthin
the tendon.

For many years infection with sepsis has
been a worry for surgeons in the open treat
ment of simple patellar Iractures However
today with proper timing of the operation,
improved surgical technic and material
(e g nonirmtating stainless stecl wire) and
antiblotics there is minimal likelihood that
this serions complication will occur
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Fractures of the Patella

ARTHUR S GriswoLD M.D

Fractures of the patella constitute an 1m
portant group of lesions requirmg treatment
by the fracture surgeon, whether he is an
orthopaedist or a general surgeon interested
in fractures Much has been wntten con
cerning these fractures during the past 30
or 40 years and the literature abounds with
discussions s to the best methods of treat
ment and arguments as to their
ments The pendulum has swung from ons
extreme to the other cnthusiasms have
waxed and waned and considerable differ
ence of opimion still exists as to what does
constitute the best form of therapy at the
present ume

Actually the whole problem of treatment
of a fractured patella is only one aspect of
the problem of the reparr of a disruption of
the extensor apparatus of the knee which
consists of the quadnceps muscle and its
tendon, the patella itself, the patellar liga
ment and the tibral tubercle fnto wich it 1s
inserted. In addtion to these there are the
lateral expansions of the quadriceps The
importance of these in maintaimng the
strength and the stability of the knee has
been stressed repeatedly by various authors
notably Groves who went so far as to state
that repair of these lateral aponeuroses was
the most important feature in the operative
treatment of dmsplaced fractures of the pa
tella.t Thus it becomes apparent that a dis
ruption of the extensor apparatos of the
knce may involve any one of its component
clements of as occurs in many instances
a combmnation of two or more of these

Fractures of the patclla are esser
fractures of adult life, although certan
have been recogmzed to occur m chi
and adolescents. The bone 1s comp
cartilaginous 1n mfancy and *is not
formed until after puberty probably nc
fore the age of 18 "2

CAUSES

The causes of such fractures are vai

1 Direct violence such as a direct
on the front of the knee or a fall str
the patella forcibly against some harc
ject, may produce a fracture

2. Indirect Violence. An unexp
forcible contractlon of the quadnceps
cle or a sudden flexmg of the knee
this muscle is in strong contraction ma
sult m a fracture of the patella As
type 1s due to sudden tension on the ¢
riceps ttself 1t is readily apparent tha
rupture may occur at anmy level m tht
tensor apparatus 1f the quadnceps te
gives way 1t frequently pulls off & small
tion of the upper pole of the bone il
patcllar tendon tears 1t may avulse
lower pole of the patella or more rart
fragment of the tibjal tubercle or the
tella may completely fracture transver
allowing separation of the fragments. F
ever in all these types of injury as the
lence exerted is primarily muscualar
evident that the lateral e s of
quedriceps arc necessarily subjected to
same strain and also arc ruptured (
greater or lesser degree in each Instance
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8 Drrect and Indirect Violence Itnot
mfrequently happens that the patella first is
fractured by o sudden muscular cxertion so
that the patent falla and stakes his knce
direcly on some hard object often with
resulting comminution of the bone pgreatly
complicating the whole picture and occa
sionally compounding the fracture stselfl Or
in the case of an automobile collision the
passenger seated m the front scat may be
thrown forward so as to stmke his knee
agamst the dashboard, fracturmg the patella.
His quadriceps 15 already 1n violent contrac
tion 1n an mvoluntary effort to protect him
sclf at the moment of impact, and this con-
trachon then serves to scpamte the fracture
fragments grossly and to produce marked
ruptures of the lateral expansions on either
side which could not possibly be produced
by direct violence alone.

4 A Tangennal Force. This force pro-
duces a fracture of the arhcular surface of
the patell, which is broken off from 1ts un
der surface usually incident to a lateral dis
location of the bone

FRACTURES FROM DIRRECT VIOLENCE

Fractures from direct violence may be of
VETIOUS types

1 Simple transverse fractures without
appreciable dusplacement.

2. Vertical Fractures. These frectures
may closely resemble a bipartite patella, but
the history of mjury mgns of local pam, ten-
derness end jount effusion together with
roentgenograms taken of both knees usually
are sufficent for differentiation

3 Marginal Fractures. These fractures
are sometimes difficult to demonstrate roent
penologically in the usual anteropostenor
ond lateral projections A tangential or sub-
patellar view 18 usually necessary to visual
1z the fractured frugment clearly

4 Comminuted Stellate Fractures.
The viclence to produce this type 15 often
severe but actual separaton of the frag
ments may be neglgible as the laternl ex
pansions are rarely torn to any great degree

FRACTURES FROM INDIRECT VIOLENCE

Fractures from indirect violence or com
bined direct and indirect violence are the
most important from the therapeutic stand
pomt, as fractures of this type often are
gccompanied by gross displacement of the
fragments wide scparation of the torn apo-
neurcsis and consequent complete loss of
the extensor power of the knee

FRACTURES FROM TANGENTIAL FORCE

Attention to the existence of fractures
from a tangential force or osteochondral
fractures an unusual type of fracture of the
patella, has been called by various suthors
from time to time notably Meekison 3 Mil
gram 4+ Harmon® and Coleman® Al of
these are agreed that the fracture is one
occurnng m the articular surface of the
medgl’ facet of the patella, in which 2
piece of articular carhlage occasionally
thick enough to include a shiver of bone 1s
sheared off from the patella as 1t shdes over
the external condyle of the femur during
traumatic or recurrent dislocation of the
patella  Even carlier reports of these frac
tures had been made first in 1905 by
Kroner 7 who reported one case accompany-
mg dislocation 1 1923 by Klemberg,® who
reported 3 cases from direct violence on
the flexed knee and again by Knda® 1n
1924

TREATMENT

The problem of the management of frac
tured patellac 13 hardly one in which a gen
eralized or stercotyped approach to the
treatment of all such fractures can be made
Each type must be considered separately
Obwviously certan fractures will do well with
8 minimum of treatment—only a short pe
nod of momolization or even none at all
Thus a transverse or vertical crack 1n the
bone, or even a stellate fracture 1 which
there is no appremable involvement of the
lateral expansions will progress to rapid
recovery with purely symptomatic treat
meat, e, aspiration of the complicating
hemarthrosis and protection of the joint in
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an ambulatory splint or cast for a short pe
nod. Quadniceps exercises can be carried
out while m the cast and further muscle
atrophy can be further prevented by imme-
date walking without additional support.
Such immobilization although not entirely
essenpial 1s desirable from several stand
pomts The patient is more comfortable,
and some degree of repair of the lacerated
periosteum over the fracture (which after
all 1s part of the quadnceps tendon) will
develop before any strain induced by flexion
of the knee 15 permutted Finally, the knee
is protected from secondary Injury which
may separate the fractured fragments grossly
as a result of a sudden flexion of the joint.
A recent case which came under observa
tion presented exactly such a picture A
supposed “brmuse” of the knce was 1gnored
until sudden flexion a few days later while
getting out of bed produced marked scpa
ration of a previous transverse crack m the
patella and complete disability necessitating
operative repair  Early disgnoss and pro-
tection of the knee no doubt would have
prevented this.

Marginal fractures of the patella do best
with surgery Theoretically the fragment
should nite with at least a firm fibrous un
jon and no residual symptoms should re
man but in 2 personal cases this has pot
proved to be the case and localized paln
and tenderness persisted untl the fragment
was excised

The osteochondral or tangential fractures
also have hittle to do with the extensor ac
tion of the knee Here the problem is that of
an internal derangement with a loose body
n the jomnt rather than a disruption of the
extensor a2pparatus  In the adult the de
tached fragment may be recognized readily
by roentgenogram and removed through a
suitable Incision  However in an adoles
cent this may not prove to be so simple The
fragment detached may be completely or
almost completely cartilaginous 1n charac
ter and its localization by roentgenogram is
someumes a problem However fortunately
the fragment 1s usually so large that it re

mzins in the anterior compartment of the
knee jomt and can be found and removed
through the standard median parapatellar
exploratory 1ncision  Thus exposure renders
the under surface of the patella readily
available for mspection and facilitates the
smoothing-off of any frayed edges that re-
main  Furthermore in closing the incsion
the medinl capsule may be plicated, and
thus the tendency to any further recurrence
of lateral dislocation is reduced.

The treatment of the above types of frac
tured patellac 1s straightforward, and there
18 Iittle room for argument or difference of
opinion as to the procedure of choice How
ever when one has to consider the treatment
of the varous types of fractures of the body
of the patclla with displacement and comse
quent disturbance of the extensor power of
the knee one finds many opinions expressed
often at conuiderable vanznce from one an-
other It is the purpose of the author in this
paper to review the various procedures ad
vocated and to indicate what appears to be
the most satsfactory type of operation for
each particular kind of fracture involved.

A review of the hterature shows that as
far back as 77 years ago open reductian
was undertaken for the treatment of these
cases. In 1877 Lord Lister operated on &
fractured patells and wired the fragments
together 1 Thus the principle of accurate
apposttion of the bono fragments and fixa
tion until union occurred was established
However 1t was not until about 1900 that
open reduction and wire fixation came to
be the method of chorce in the treatment
of fractures of the patella with wide separ
won Complications 11 these early caser
were many Infections developed, wires cu!
through the bone and often broke and had
to be removed so that gradually the usc of
wire as a fixation medium fell into durepute

The parnde of substitutes for wire advo-
cated by many authors since that™ime is &
lengthy one These range from the use of
smple catgut, ! cotton,1? kangaroo tendon
fascial transplants 1314 strips of quadriceps
tendon,18 double pin fixation,!¢ even to the
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radical H-thaped bome graft of Albee 7
Those who stil ndvocated the use of wire
-mployed various types—silver phosopho-
bronze  malleable iron and in recent years
stainless steel.18
A perusual of the voluminous hternture
outlining the varfous technlcs of internal
fixation shows that in many cases the chief
aim has been toward sccunng fixation of the
apposed fracture fragments and immobiliza
tion of the part until healing was complete
when 1t was anticipated that function would
be restored spontanecusly  Accordmgly
followng the use of absorbable sutures, pro-
longed 1mmobilization m plaster was carried
out with considerable delay m the restoration
of function and all too often a limitation of
flexion of the jomt, atrophy of the quadr
ceps and consequent weakness of the knee.
Even after fixanon with wire the use of
brittls wire or that of too small a gauge and
weak tensile strength necessitated an undue
length of postoperative immobilization and
resulting delay 1n restoration of function.
The principle of securing a fixation of the
fragments at the tume of operation which
was strong enough to permit almost fmme
dinte function was stressed repeatedly by
Dr George W Hawley of Bndgeport,
Conn with whom I was associated for many
1
Since that time the pnnaple of secure
fixaton of joint fractures to permit early
motlon has been extended to almost every
major jomt in the body Femoral neck
fractures are nailed, external condylar frac
tures of the lower end of the humerus are
screwed or pinned bacl into place and frac
tures of the malleolt at the ankle often are
replaced and held with screws nails or other
fixation media. This principle has been ex
tended to shaft fractures and the vanous
technics of Intramedullary nailing of the
femur the humerus the tibia and practically
every other long bone of the body are gan-
ing increasing populanty
In the case of the fractured patella, Dr
Hawley!® emphaszed that treatment was
concerned not only with reduction of the

fracture and internal fixation of the frag
ments but also with securing the return of
function in the knec as rapldly and com
pletely ns possible vho this end he empha
sized that eorly motion of the knee was
the surest way to prevent muscle atrophy
mantain the strength and the tone of the
quadriceps and restore the normal range of
flexlon of the joint. In order to permit this
early motion he insisted that complete and
accurate fixation of the fragments with the
use of strong, nonbnttle wire of high tensile
strength was essential To meet these re
quirements one type of ware was found
which has been very satsfactory—a high
quality of rustproof iron “stove wire ” usually
about gauge 18 Thus has proved to be tough
malleable and easy to handle and does not
break even when twisted tightly Such
slight corrosion of the wire which takes place
in the course of years may result in some
blackening of the wire and the adjacent soft
tissuc but this causes absolutely no adverse
clinical reaction

OPERATIVE TECHNIC

The operative techme for wire fixation of
the fracture fragments naturally varies with
different types of fractures

1 Simple Transverse Fracture. In this
fracture after removal of all blood clots
between the fragments, two drll holes arc
made vertically through each Iragment, care
being taken to select exactly opposite pounts
to that apposition between the fragments
will be perfect on tightening the wires The
drill holes are started on the fracture sur
faces near the articular marging and directed
slightly forward to penctrate the upper and
the lower poles of the patella. This is es-
tential to secure firm fixaton of the entire
fracture surface and to avoid tilung of the
fragments with a resuling posterior gap m
the articular surface on tightenung the wires.
Two wires are inserted throngh the Tespec-
uve drill holes The fragments are held
snugly apposed with sharp pomnted re
tractors applied above and below and pulled
ughtly together by an‘hsustant. Al stack
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Fra 1 (Left) Sunple transverse fracture with gross separation and some irregulerity
of fracture surfaces. (Center) After winng with 2 wires Lateral view Note the
wmooth articular surface of the patella (Righr) Antervposterior view of the same case.

m the wire 15 taken up and the wires are
tghtened by twisting, Before the final twrst,
the finger 1s nserted through the torn apo-
neurosis on either side of the patella and
the articular surface ts palpated to cnsure
absolutely accurate apposition. If shght 1r
regulanty exists this can be corrected readily
by finger pressure as the wires can be made
to cut through the cancellons bone a milli
meter or so without difficulty Maintaining
this perfect appositton, the wires are tight
ened very snugly so as actually to impact
the fracture surfaces together The excess
wires are cut off, and the twisted ends are
folded down where they can be embedded
m the fracture line or burted laterally be
neath the quadnceps expansions Then the
tears tn the Jateral aponceuroses are closed
meticulously with silk sutures and the pen
osteum and the subcutaneous tissues are
sutured carefully taking pamns to bury the
wire beneath them where 1t cannot be pal
pated externally

Then the leg may be placed n a plaster
cast, a symple postentor splint, or event a
large compression dressing for a few days
Quadrceps exercses are istituted in 2 day

or two and all support is removed In 5 or
6 days Active motion of the knee 1s en-
coureged, and in another day or two the pa-
tient 15 encouraged to get up and walk, often
without any support except the arm of an
attendant, As soon a3 confidence is estab-
hshed, 1t is surprising how rapidly all Jimp
disappears and the motion of the knee re
turns. In a co-operative patient, flexion to
a nght angle is anticipated in 3 weeks and
full recovery of strength and motion follows
rapldly

Figure 1 illustrates the repair of a simple
transverse fracture the smoothness of the
artrcular surface which was restored can be
seen readily

Objections to this form of treatorent have
been made clayming that the wires tend to
cut through or even to break when extra
strain 13 placed upon them This has not
been our expenience  In only one imstance
did the wire cut through, and this was many
years ago in the case of a woman m whom
tabes dorsalis was not suspected before op-
eration Her bones were soft deep sensation
In the knee was absent, and there was no
voluntary of the joint on walking
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2. -

Fio 2. (Left) Transverse fracture through the upper thurd of the patella. (Center)
The same case lateral view after fixation with extra heavy ware showing position mamn
taned and wires unbroken after severe, sudden flexion of unsupported knee 4 days after

operation (Right) The same casc anteroposterior view showmg embedding of wire
ends laterally in fracture line

Fia. 3 (Left) Transverse comminuted fracture in 3 main picces with rotation of the

central fragment. (Center) Lateral view after wiring N smooth articul
face of the patella (Right) Anteroposterior mw-n g Mot the e sur
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Fro. 4 (Left) Extemlvely comminuted fracture of the lower half of the patella.

(Center) Lateral view after winng with one wire loop through the upper fragmen

t above

sod the patellar tendon below (Right) Anteroposterior view showing the wire loop and

the apposition obtained

as is present in a normal person, On dis
charge to her home 8 days after operauon
she immediately resumed stasr chmbmg us-
ing no support, with the result that the wire
cut completely through the bone, necessi-
tating rewrring and plaster fixation for a few
weeks

To prevent possible breaking of the wire
in an unusually heavy patient, it 1s advisable
to employ a heavier gauge wire than usual
Fortunately such a heavier wire was used
some years ago 1n repalnng the fractured
patella of nn obese young woman who 4
days postoperatively after all support to the
knee had been removed accidentally fell out
of a wheel chair acutely flexing the operated

of the smaller pieces between the larger where
they are squeezed tightly m place on tighten-
ing the wire, 15 often the procedure of cholce.
Of course care must be taken to maintain a
smooth articular surface That this can be
accomplished even 1n comminuted froctures
1s seen In Figure 3

In other nstances 1nsertion of the wires
through the comminuted fregments may be
impracticable A single transverse wire may
be passed transversely through a larger frag-
ment and then carned through the quadriceps
or the patellar tendon at cither pole of the
patella, as the case may be snugging the
fragments together quite satisfactorily

Figuro 4 shows such a frocture with exten-
$1ve o ion of the whole lower half of

knee. In spite of this untoward accid
roentgenograms (Figure 2) showed that the
wire had neither broken nor cut through the
bone and her convalescence was interrupted
in po way

2, Comminuted Fractures of the Body
of the Patella wicth Separatlon These
lesions present a different problem and one
which further varies in cach individual case
If the major fragments are large tmnsverse
wires through the bones with replacement

the patella  This was wired with good fixation
but with some residual irregulanty of the
articular surface However clhinfeally this
caused little if any crepitation on motion and
functionally the patient secured an cxcellent
result, This case was operated on in 1936
1f seen today excislon of the fragments might
be performed but I doubt whether recovery
would have been more rapid or the functional
end-result more nearly complete.
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Fio § (Top left) Fracture-dulocation of the patella Lateral view showing
the knee Jocked at » nght angle (Top right) Antesopostenor view Note the
large upper fragment of the patella caught behmd the femoral expansion above
its internal condyle and the d lower fragr caught behind the
external condyk.” (Botrom, left) After reduction of the dslocation and smgle-
loop ware fixation of the patellar fragmen

ts, pasung through the quadnceps
tendon above and the patellar tendon below  Note the smooth articular surface
of the patella secured in spite of extensive comminution and separation of the
{ragments. (Botrom right) Anteropostenior view
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In more extensive comminution of the
fracture an encircling wire passing through
the quadriceps tendon above and the patellar
tendon below often will give excellent fixa
tion although not quite so tight and secure
as when the wire includes the bone itself

A case m pomnt 15 shown mn Figure §
which was most upusual from another stand
point. This man aged 60 had sustained a
severe mjury wiuch smashed hus patella mnto
a number of fragments In some way hs
knec then became acutely flexed and twasted
completely ruptunng his quadriceps expan
sions A large upper fragment of the patella
became rotated and was caught behund the
mner margn of the femur where it expanded
to form the medial condyle while the com
minuted fragments of the rest of the bone
were displaced downward and laterally
where they were caught behind the margin
of the external femoral condyle lockmg the
knee in fleon. This extraordinary occur-
rence resulted 1n a true fracture-dislocation
of the patella When first seen the knee
was fixed at a right angle and 1t was m
possible to strasghten 1t until redoction of the
dislocated patellar fragments was obtmned
under anesthessa A few days later the frac
tured fragments were rednced and held with
one encircling wire through the tendons
above and below and very extensive lateral
tears to the aponeuroses were repaired In
spite of the extraordinary amount of injury

to the extensor mechamsim of the knee in this
instance the pattent made a very rapid and
uneventful recovery  No similar case of frac
ture-dislocation es yet has been found to be
recorded in the hterature

3 Communuted Fractures Involving
Prnimarily the Upper or the Lower Pole
of the Patella. In these fractures varrous
procedures can be carned out. In some m
stances the major fragment can be drilled
transversely and o single wire passed
through thrs fragment and carried through
the quadrceps or the patellar tendon de
pending on the pole mnvolved. When this 1s

h d, the cx d fr are

n;uggcd together as prcwouslycrducﬂbcd

However comminution of the fractured
poles of the patella 1s apt to be so marked
that often it is 1mpossible to secure a com-
pletely smooth articular surface Because
of this m recent years we have come to
believe that m many cases exasion of the

d frag and reattach of
the tendon 1o the bone are probably the
procedures of choice However in oor
hands with this procedure the return of
function and strength to the knee bas not
been quite so rapid as when secure fixation
of the fragments themsclves has been
achieved. Thus scems to be particularly true
w the case of fractures of the lower pole
Here if the fragmented Jower pole Is ex
cised and the whole thuckness of the patellar
tendon 1s attached to the remaiming portion
of the bone this portion of necessity must
be pulled down and anchored distally to its
normal location. The patellar tendon cannot
stretch appreciably consequently thuis ab-
normal position of the patella persists and
mn our expertence tends to retard the retum
of function  To avoid this it mught well be
advisable to suture only the superficial pot
tion of the tendon to the bone above How
ever 1n the case of fractures of the upper
pole 2 different situation exists and removal
of the communuted fragments and closure
of the gap by attachment of the full thick
ness of the quadnceps tendon to the remaun-
ing portion of the bone does not appreciably
alter the normal location of the patells
due to the clasticity of the quadniceps above
and little difficulty s encountered 1n regain-
ing function m the knee

REVIEW OF THE LITERATURE

Excsion of all or part of a fractured
patctia as a form of therapy has been prac
tced for many years. Heineck,2? ns far
back as 1909 reviewed a series of 13 ex
crstons of the patella for various disorders
among which were 5 for comminuted froc
tures of the patella As a result of his re
view he strongly opposed excision on cos-
metic and functional grounds and deplored
the loss of protection fo the kaee joint sfter
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removal of the patella  Dunng the next 20
years scattered references were made to ex
trpation of the patella In 1925 Ludiofi 2
impressed by the prolonged stiffoess and
wenkness of the knec following operative
treatment and prolonged postoperative fixa
tion recommended resection of the patella
for better funcuoming m vanous knee affec
tions includmg fractores In 1935 Thom-
son™ recommended partinl exciston  In
1936 Blodgett and Farrchild?? reported their
experience with 55 patents with fractures
of the patelia m 30 of them partial or total
exciuon had been carried out. However
Brooke2+ of England was largely responsible
for dmsemmation of the belef that the pa
tella per se was of neghgible importance m
the re-cstablishment of extensor power or
function m the knee and m 1937 he re
ported 30 cases of complete excizton.
Since that tme partial or complete ex
cision of the patella m the treatment of
fractures has been practiced widely Dobbie
and Ryerson®3 m 1942 reported 21 cases
and advised total excision Some surgeons
now advise removal only of comminuted
fragments others recommend complete ex
cinon Some fail to sec any disadvantage
in complete patellectomy others find defi
nite loss of extensor power and pomt out
the cosmetic disadvantage of thus procedure
1n the case of women Still others stress the
lack of protection afforded to the knee joint
after its excision Thus in 1942 Thomson"%
reported an analysis of 544 cases of frac
tures of the patella, of whom a number were
treated by total excision and others by re
moval only of the loose fragments and plas
tic repair of the tendon. His conclusion
was that totnl exciston was mnadvisable as
“removal opsns the exposed condyles to
the constant possibility of minor and severe
direct brussing injuries that can lead to intra
articular changes and ulumate disability ”
He pomted out that “even a fragment of a
patella forms a tremendous protection to
the large exposed condyles of the fernur in
cose of future accidents” and stressed that
this protection was needed, as the knee joint

was the largest and yet the most exposed
and vulnerable jomnt m the body Cohn 3"
m further stressing this point, reported n
1945 the result of his expenmental study
with rabbits in which he found that com
plete patellectomy resulted in “defimite path
ological changes in the articular cartilage
interpreted as degenerative arthntis ” Hax
ton,® working along the same hne from
the reports of previous expenmentation as
well os lus own mvestigations came to the
conclusion that the patella was an ntegral
and necessary part of the knee jomt, Not
only did 1t act as a protective covering for
the anterior portions of the femoral condyles
but also 1t improved the efficlency of the
extension of the knee by holding the patel-
ler tendon away from the ans of the jount,
thus increasmg the extending movement of
the quadnceps pull. With this opimon
Rowe?® concurred and 1in 1952 advrsed ex
csion only of the smaller fregments, reserv-
ing complete excrsion for those with very
extensive commmution The same conclu
sion was reached by Jensenius,3° who re-
ported tis expenence with 7 excisions of
the patella finding 1t advisable to preserve
at least one large patellar fragment. Agamn
in 1951 Langvad-Nielsen?! reported 6 ex
cisions, partial or total, obtaning a good
result 0 1 and only satsfactory results in
the other 5

In opposition to these findings Schmier32
in 1945 cnticized the older methods of treat
ment of fractures of the patelln with sepa
ration stating that bony umon was not al-
ways obtamed and that fibrous umon left
2 sense of Insecunty on walking up and
down stars. He further estmated thet 10
per cent of fractured patellae suffered re
fracture and pointed out that malunion with
urregularity of the articular surfaces resulted
Accordingly he recommended partial or
complete exasion m all cases o avoid these
poor results He further stated that m
vilian life simple transverse fracture of the
patella comprised the majonty of cases and
suggested that “total patellectomy might even
be preferable here when ope considers the
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possibility of developng non-umion, fibrous
unjon or malunion with secondary arthntic
changes and refactore ” One can mercly
point out that only & poorly conceived and
executed operation for 2 simple fractare of
the patella could result in any of theso com
plieations It would scem that his concep-
tion of the proper operative repair of these
fractures 13 open to some question as he
goes on to say ‘patients treated by open
reduction require plaster immobilization for
approxmately 4 to 6 weeks and 1t may be
4 to 6 months before these patients retarn
to strenuous activity and even then refrac
turo may occur " In contrast with this he
states that a stable knee with complete func
tion can be obtamed 1n 6 to 8 weeks after
cxcision. However 1t mught be pamnted out
that as a milltary surgeon he was dealing
with young, healthy male adults, and al
though the rapid return of function which
he describes 15 most gratifying others carry
ing out the same procedure do not report
the same rapid recovery Furthermore the
end results from subsequent trauma to knees
subjected to total exaision have not yet been
ascertained.

More recently Todd! 1n 1950 reviewed
46 cases of fractured patellac of which 16
cases were treated by catgut suture and plas-
ter immobilization for 6 weeks and 30 by
excusion of the patella. In hus cnitical anal
ysis of the end results he found that the
range of movement was slightly better after
excision but that the strength of the quadri
ceps and the consequent extensor power of
the knee was better after suture It seems
likely that with better operauve fixation us-
ing wire instead of catgut and early motion
mstead of 6-week plaster fixaton hus func
tional results from open reduction would be
even more supenor to those after patellar
excision

In general a review of the Literature of
the Tast 10 or 15 years leaves ome with the
impression that the enthusiasm with which
the use of patellectomy as the tr of
choice for all displaced fractures of the pa
tella was received now has begun to wane

Critical analyns of the progress and the end
results of cases 5o treated has depicted cer
tain  disadvantages not clearly recognized
at first and it would appear that the pendu-
Ium has begun to swing again m the opposite
direction  Judging from the expression of
opmion of these varlous authors and from
our own personal expemence  operative
treatment of fractures of the patella appears
to fall into the following main categories
varymg according to the particular type of
fracture concerned.

1 Marginal or Osteochondral Frac
tures. These require removal of the spint
off fragments with the occasional necessity
of smoothing off the articular surfacs of the
patella or reefing the medial capsule

2. Commnuted Fractures of the Up-
per or the Lower Poles of the Patells
These do best with excsion of the fragments
and suture of the quadriceps or the patellar
tendon to the main body of the bone, fol
lowed by early motion.

3 Transverse Fractures. With Ittle If
any comminution these should be reduced
accurately with meticulons attention to the
contour of the articular surfaces followed
by complete fixation of the fragments secure
enough to permut early function of the joint.
In our opimon, this can be secured best by
the use of the proper type of wire

4 Commnuted Fractures. Those
which divide the bone mto a number of
large fragments with gross displacement also
1n many instances may be wired in anatomic
position with complete restitution of a
smooth articular surface

5 Extensively Communuted Frac
tures. These may be treated in some cases
by snugging together the various fragments
with & wire loop sometimes passed through
a larger fragment at one pole or they may
be treated with primary complete excision.
The first leaves the possibility of a delayed
traumatic arthritls from jrregulanty of the
posterior surface of the patells the second
leaves the femoral articular surfaces largely
upprotected, with the possibility of the de
velopment of degenerative changes from



References E5

wwbsequent trouma. The first complication
f senous still can be treated by the inser
lion of the ingenious patellar prosthesis re
cently descibed by Duncan McKeever but
for the second, little relicf can be afforded at
the present time nude from such radical
procedures as arthroplasty or arthrodesis

6 Compound Extensvely Commn
uted Fractures. In these y if con-
tammation is marked or the nsk of infection
and chronic ostcomyelits 1s immunent, pri
mary total excision of the patella would
appear to be the best form of treatment.

SUMMARY

The treatment of fractures of the patella
during the past 50 years or more has been
reviewed The cvolution of the operative
repair of these fractures has been summar
1zed and the vanous methods of internal
fixation and postoperative carc have been
analyzed. The particular operative technic
found to be most satisfactory mn each type
of case has been outlined emphauzing
thorough repair of the torn lateral expan
sions, complete and accurate reposthon of
the fracture fragments meticulous appost
tion of the articular margins of the fracture
to ensure a perfectly smooth articular con
tour and ngid internal fixation of the frag
ments with a strong malleable iron wire of
a tensile strength sufficient to permit motion
of the knee as soon as the immediate post
operative reaction has subsided.

The treatment of fractures of the patella
by excwsion, esther partial or complete has
been discussed enumernting the advantages
and the disadvantages of t\uch treatment
and quotmg the end results reported by
those who have treated substantial senes by
this techmc. The conclesion has been
teached that quite frequently partial excision
may be indicated 1n fractures mvolving the
upper or the lower poles of the patella but
that total excision should be reserved for
those cases in which comminution is exces~
sive compounding 15 severe or infection of
the bone 1s imminent or already present.
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A Presumpuive Test for Reduction of

Carpal Lunate

Dislocation”

GARRETT PIPKIN, M.D

The purpose of the aothor in this chapter
15 to describe a presumptive clinical test for
reduction of lunate and penlunar disloca
tions of the wnst. Post traumatic anatomy
1n erther of these types of duslocations pro-
duces 2 Junate mass which encroaches upon
the flexor carpal tunnel, iming finger ex
tension cven under tubocurare or brachial
block anesthesia  Adequate redaction im
mediately restores finger eatension to nor
mal. A knowledge of ‘this mtchanism facl
itates diagnosis closed and open reduction
and convalescent care (Fig 1)

INCIDENCE

Carpal lunate dislocation 15 rarely encoun-
tered 1n civilian hfe? According to the
Blue Shield statistics 1n the Kansas City
Mo ares covermg a typical fiscal year the
number of months of exposure to nsk was
3653411 Dunng this period Blue Shield
pud 2 total of 114 698 cimms ¢ The ncr-
dence of classified wrist ijurles other than
spraum was o3 {ollows

WrRisT INJURIES

INCIDENCE PER 1 000

Ingury MEMBERS PER YEAR
Colles fracture 00623
Navicular fracture 00050
Dislocations af cne bone 00031
Dislocations of more than

one bone 000031

THE PROBLEM

Such an incdence of wnst dislocations of
all types s almost an Intangible one so far
as {nsurance risk or availability for teaching
material is concerned. An orthopaedc resi
dent on an mtensive fracture service such
as the Kansas City General Hospital may
see only one lunate dislocation dunng his
traming period. A rotating 1atern probably
will not see any  An additional reason for
such a paucity 1s that many such duloca
tions are self treated for “sprain.” As a re
sult these injunes are overiooked until the
late stage when conservative treatment 1s
useless and even skiliful operative mterven
tion may be unable to prevent crippling 8-°

Many failures to make a proper diagnosis
arise from dependence upon indifferent
roentgenograms. Interpretation of the carpal
mosalc presents problems for the expert.10 32
Such difficulties could be avoided by the sur
geon s carefully examining the patient, so
that his case 1s presented to the department
of roentgenography for confirmation of the
diagnasis rather than for a diagnostic survey

POST TRAUMATIC ANATOMY

Early complete perflunar  dislocations
present a silhouette which has been labeled
“a mimature silver fork™ dcforrmty (Fig 2)

* Read at the Annuaf Meeting of the American
Association,

Frecture 11 1954 Houston
Texas.
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This deformity 15 not present unless the
main body of the carpus! 1t completely
dislocated dorsally and it 1s soon masked by
secondary swelling. It may be seen in late
cases after swelling has subsided  Usually
only the wnst is thickened (Fig 2, bottom)
Displacement of the lunate allows the third
ray to telescope so that its knuckle s de-
pressed!® (Fig. 3) The knuckle tapping
test of Vaughn and Murphy, positive 1n na
vicular fractures 1s painless in Junate dis-
locattons (Fig. 4) 10

The fingers are curled mn shight flexion
and cannot be extended folly due to Hock
ing of the displaced lunate (Fig. 1) The
greatest hmitation of motion occurs 1 the
third ray As the profundus tendon has the
greatest pressure on it, the greatest imitation
of moton occurs in the distal interphalan-
geal jomt of this finger (Fig. 5) Rupture
of the flexors has been reported in neglected
cases.!1 Varying degrees of median nerve
impairment also result.3.4°

DIFFERENTIAL DIAGNOSIS

When the limited finger extension sign s
encountered for the first time in a patient
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whose wnist, hand and forearm have been
casted without reducing the Ionate disloca-
ton, the limited finger extension may be
confused with en early Volkmanns paraly-
s1s (Fig 6) Differential diagnosis from
Volkmann s paralysis is made by the absence
of severe pain, cyanosis or pallor and totally
stiff fingers Removal of the cast doss not
restore or improve finger extension,

Of more 1mportance than any possible
second causal condition 1n differental diag-
nosis is the development of a complication
mberent m the dislocation jtself namely
post preading lgia (cavsal
ga,# compression neunts of

the median
nerve) 3 Lunate pressure on the median
nerve results mn intense pam, paresthesis,
anesthesia, paralyus of the muscles of op-
posttion, atrophy of the median area and #
hand that 15 spastic from pain.¢

McBride s excellent descnption of the
spastic hand complicatmg Iunate dislocations
is pertinent. He states

At first the fingers are flexed alightly more
at the terminal than at the middie phalangeal

jolats [the basls of the finger extension fest
—author] but often within two or three

11117
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Fia 1 The thurd finger extension test for carpal lunate dislocation
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weeks the pain and stifiness become extremely
sovere which gives a defiute :Fpenmnce to the
hand Fixation of the original spastic attitude
gradually takes place. The hand becomes some
what mummylike in ap) there b a
fixed attitude of slender pronglike fingers and
a slightly flexed wnst. To grip the hand gives
a cold, stiff feclng as though one had taken
hold of a cadaver Codman and Chase, in
describing one of thewr cases say that “the
hand looks as though 1t belongs to another

person " The palm is mosst, the kauckles are
prominent, the skin is glossy and firmly adher
ent to the subdermal tissue. The fingers can
not be extended by pasuve force and flexion
Is limited to o few degrees. Manipulation
scems more like the bending of solid rubber
fingers than the gliding of joints.

Because of atrophy the fingers seem slender
and arc separated at their bases, which gives
them a fork prong sppearance. There ks a
slight promimence at the base of the palm. The

Fio. 2. “Minlature sitver fork™ deformity {s present only 1o complete dorsal

dislocations. (Top) “Miniature gil fork,”
fom) Perilimar dislocation with thickened :moorﬁly

(Center) Normal, (Bot
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thenar erminence is somewhat atrophled, and
the thumb is held close to the foreflager
Atrophy extends up the forearm, rotation be
ing considerably limited

The outstanding subjective symptom from
the beginnlng 15 persistent pan of a buming
pressing nature, unrelieved by splints, or the
position of the hand. Other symptoms are

geaeral numbness of the fingers and palm, and
sometimes there is a tingling sensation fn
the first and tecond fingers on movement of
the wnst, The fechng in the fingers b com-
pan:dbythcpadmtxmthntohhmdcomcd
with a glove.

Development of a causalgic state in lu

Fia 3 Depression of the third metacarpal knuckle seen as a result of
funate dhlocations.

Fra. 4 The knuckle percussion test i positive In navicular
fracturo negative in lunate dislocation.
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nate dislocation carries 2 grave prognosls
One of McBnde s cases became a narcotic
addict and commutted swcide 2 years fol-
lowing injury ® Bunnell states that in com-
plete dislocations such disability is perma

Fia 6 Dhlocated lunate or Volkmans paralysis?

nent, but if the dorsal mdiolunate ligament
has not been ruptured 5o that the displace
ment is only partial the permanent disability
may be slightd Obviously it Is of the ut
mast Importance that & surgeon considering

(See text,)



Fia. 8 Is it reduced? The field is obscured by the plaster cast and
poor lateral positioning
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closed or open reduction of a Iunate disloca
fion determine whether le Is dealing with
simple mechanical flexor tendon contrac
ture or with the spasticlty of a causalgic
tate
While pot within the scope of this chapter
the anthor wishes to pomt out that a discus
won of recognized methods of treatment of
causalgic states such as repeated procaine
acllate blocks, ganghonic blocking drugs
sound or roentgen-ray therapy and sympa
thectomy 1n relation to lunate dislocation
Igia was not ence d 1n his review
of the literature. Any surgeon with expen
ence in these vanous of therapy for
this entity could make a valuable contribu
tion to the liternture by reporting them

CLINICAL APPLICATION

Thus charactenisuic hmrtation of finger ex
tension 15 pathognomonic of Iunate disloca
tions s numerous contributions to the med-
ical lterature record-7891113 Jt js a
usefol toal in the management of this in-
jury From post traumatic anatomy 1t is
self-cvident that thus sign will persist, even
under adequate anesthesia, until the block
to the flexor tunnel hes been relieved by
reduction of the dislocation or extirpation of
the lunate (Fig. 1)

After closed or open reduction the res-
toration of finger extension Is immediate and
may be consldered a presumptive sign of
reduction  This obwiates an
hazard for those surgeons who still do fluoro-
scopic reductions. It 1s 2n adjunct to open
reductions, in which proper operating room
rocntgenograms may be obscured by mstru
ments in the surgical field (Fig. 7) After
reduction and check roentgenograms, a
change of positon may occur dunng the
application of a cast even with a skilled
team. Under such circumstances it is most

comfortng to test the finger extension in
the final assembly

The finger extension test 1s also useful
during the convalescent cast period The
presence of a cast adds to the techalcal diffi-
culties of making and interpreting roent
genograms (Fig 8) A postreduction case
with a positive imited finger extension test
should have the cast removed for a more
nearly sccurate cvaluation of the reduction.
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closed or open reduiction of a lunate disloca-
tion determine whether he Is dealing with
simple mechanical flexor tendon contrac
ture or with the spasticity of a causalgle
state

While not within the scope of this chapter
the author wishes to point out that a discus-
sion of recognized methods of treatment of
causalgic states such as repeated procamne
stellate blocks ganglonic blocking drugs
sound or roentgernrray therapy and sympa
thectomy 1n relatton to lunate dislocation
causalgia was not encountered 1n his review
of the lterature. Any surgeon with expen
ence in these vanous types of therapy for
this entity could make a valuable contnbu
tion to the Iterature by reporting them

CLINICAL APPLICATION

Thus charactenstic hmrtation of finger ex-
tenuion 13 pathognomomnuc of lunate disloca
tions, as numerous contributions to the med-
ical Iterature record-780111%3 Jt k a
useful tool n the maenagement of this m
jury From post traumatc anatomy it Is
self-cmident that tins sign will persist, even
undes adequate anesthesia, untl tbe block
to the flexor tunnel has been reheved by
reduction of the duslocation or extirpation of
the lunate (Fig, 1)

After closed or open reducuon the res-
toration of finger extension is immediate and
may be comidered a presumptive mign of
feduction This obviates an unnecessary
hazard for those surgeons who still do fluoro-
scopic reductions. It 1s an adjunct to open
reductions in which proper operatmg room
roentgenograms may be obscured by nstru-
ments in the surgcal field (Fig. 7)  After
reduction and check roentgenograms &
change of position may occur durng the
applicaion of a cast cven with a skilled
team. Under such circumstances it is most

comforting to test the finger extension in
the final assembly

The finger extension test is also useful
during the convalescent cast period The
presence of a cast adds to the technicat diff
culties of making and interpreting roent-
genograms (Fig 8) A postreduction case
with a positive himited finger extension test
should have the cast removed for a more
nearly accurate evaluation of the reduction
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Injuries of the Hip

Justus C PickerT, M D

Injunies of the hip jomt have been ob-
served for hundreds of years and were de
scribed both as to occurrence and treatment
long before roentgenograms were avallable
for confirmation. Dislocation of the hip 1t-
seclf 15 considered to be a somewhat uncom
mon mjury and is sad to occur in only 2
to 5 per cent of all patients with traumatic
mjones  Previous reports of traumatic m
junes of the hip from varjous parts of this
country have been grouped 1nto those occur
g as a result of automobile accidents 3 the
result of wartime 1njunes® 8 and as a result
of falls, ctc. This series of cases represents
those that have been seen for the most part
n a mining commumty It inclodes all of
the usual types of wnjuries and mn addition
many persons mjured In the coal mines
These njuries are frequently very severe 1n
nature and often are associated with other
serfous injunes.

ETIOLOGY

Injuries to the hip may occur in many
ways The typrcal descnption of the so-
called “dashboard injury” occurs when a
passenger nding 1o the front seat of a car
suddenly Is thrown forward, stnking the
knee which 1s crossed over the other leg
agamst the dashboard. Exactly the same
mechanism can occur when a miner 1s 1 a
bent position and a fall of the roof occurs,
striking him across the back, foraing his
pelvis forward aganst the fixed leg. Fixation
of the foot often produces more damage to
the acetabulum. Falls 1n which a person

strikes his knee or falls from a heig)
though he lands on his feet, can |
the same type of mjury In the mr
dustry many of the injuries to the b
occur when a person s squeezed, ¢
two moving vehicles or by one mot
hicle against the sids of the mine *
sition of the kmb at the tume of the 1
determuines to a large extent the typ
jury that occurs
ANATOMY

Usually the hip is regarded as »
stable joint. The capsule is fairy v
veloped and 1s renforced m the fre
the superior portions by the Y-l
The weakest portion of the joint 13
be postenorly mfenorly but anter
feriorly it is also weak The curcule
the hip itself comes from several 1
The hgamentum teres which extenc
the base of the acetsbulum into th
contains a fairly large vessel althoug
discussion has occurred 1n the past ©
ing the value of this ligament to
joint, Chandler has shown that it do
tun a significant blood vessel m the
adult 2 He was able to demoastrate a
tomosis between the vessels of the It
and the head of the femur in 109
patients who were studied Circula
the head also is maintained through t
sels in the capsule chiefly through ti
terfor retinaculum.  The nutnent
from the upper shaft of the femur
only to the bass of the neck itsell
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TYPES OF INJURIES

Duslocation of the hip joint is smd to be
most frequent through the postero-unfenos
portion of the copsule and this particular
dislocation occurs when the njury or the
force is agninst the flexed adducted thigh.
Considerable force it required to disfocate
the hip As o result of expetiments 1t has
been estimated that it requires several thou
sand pounds actng at the time of maximum
fotee to produce n dislocation of this jomt.
It the leg is extended at the time of the
application of the force the posterior miar
gin of the acttabulum often 5 broken and
carned upward with the head of the femur
self  Dislocations antenorly occur when
the leg 13 abducted widely and the head of
the femur slips into the obturutor region 1if
the thigh is in fiemion or into the antenor
or the pubic region it the leg 15 extended
Central dulocations occur when consider
tble force is exerted agamst the hip such as
being squeezed between two abjects and it
will depend upon the amount of force and
the length of time in which it acts as to how
much protrusion of the head of the femur
into the peivis tnkes place. Such an mjury
often 18 accompamed by bemorthage in the
retropentonesl region, fractures of the pet
vis injunes to the penito-urmary svstem

and frequently by fractures of the other
extremities

PATHOLOGY

The pathologic changes that may occur
1 njunes to the hp in the simpleat of dis-
locations tavolve tearng of the capsule and
the hgament. The tear usuatly oocurs at the
atachment of the copsule to the margin of
the acetabolum  If fracture occurs with the
dulocation, the nze of ihe fragment may
vary from a smalt section of the margin of
the ip of the acctabulum to the entre pos-
lenor wall ot at umes a portion or all of
the head of the femur  The soft tssues,
Lomprising not anly the capsule but also the
muricles 1n the region of the hip {requentty
are torn, producing hemorthage and even

tually this may result in calcification or the
occurrence of myositls ossificans  Injury to
the soft tissues with interruption of the blood
supply to the head of the femur is undoubt
edly the major factor in the later develop-
ment of avascular necross and traumatic
arthntls  Delay i reduction, wath prolonged
pressure, adds 1o the exient of thrombosis.
Trauma self appears to precipitate some
alteration in the articular cartilage s well
as the bane, a8 the chanpes seen following
atellate njuties to the acetobulum as well
us complete central dislocation are usvally
severe  The addition of surgical trauma
when open redoction 13 necessary adds to
the incidence of complications, Injunes @
the sciatic perve may occur both in pos

terior displacements and 18 those pauents
in whom intrapelvic or central dislocation
occurs  The nerve may be stretched over
the bead of the femur as it Is duisplaced or
the sierve may be contused by direct mjury

Complete severance of the nerve has not
occurred in this senes, but severe contu

sions have been seen

CLASSIFICATION

For purpotes of this paper these cases
are classified into “acute” and “old” njunes
Acute injunies are those that had occurred
recently or were under treatment for the
original injury  The older cases are found
in pensons who came because of palg, dis-
ability or both and were seeking relief from
their symptoms or evalustion of their dis
ability

The acute cases are classified into simple
dislocations either anterlor or posterior dis-
locatious with fracture of the rim of the
acetabulum, central disfocations with a par
tnl or complete {racture in the floor of the
ecetabulum  and  dislocations  assocrated
with fracture of the head of the femur

SturLE DISLOCATIONS
Acute disfocations of the hip usually can
be cared for dmply and wathowt susgery
Canservative treatment always should be
@ven a fair trial, but indue viofence never



66 Injunes of the Hip

Fro 1 The original injury was a pos-
terior dislocatlon of the head of the femur
with a fragment of the head in the acetab-
wlum. This roeatgenogram was (taken

after forceful mai tion of the hip
showing complete fracture through the
neck with one fragment lying posterlorly
and another lying within the acetabulum.
The patient had other Injunes and ex
pired on the day after reduction

should be necessary in reduction of the hip
When the head 15 extruded through the cap-
sule, failure of reduction usually means that
soft tissue s looped over the neck or that
the rent in the capsule has contracted be-
hind the head of the femur In such pa
tents when gentle manipulation has failed
to restore the proper relationship this tissue
must be displaced surgically at the earliest
possible time in order that reduction may be
obtained. It js imperative that treatment m
these patients be carried out without delay
The usual methods of reduction for disloca
tion which have been described by Allis
Bigelow and Stmson have been employed
at various times using the sumplest type of
manenver that would accomplish reduction
Gircumduction as described by Bigelow has
been avoided if possible as that may add
additional injury if it is carnied out forcibly
In the first group there have been 6 an-
terfor and 9 posterfor dmlocations which
we have been able to follow In our reduc
tions wo have been fortunate for the most
part by being able simply to lift the head
of the femur into the joint under complete
refaxation  Forcible attempts often produce
very serlous complicatons (Fig 1) Fol

lowing reduction, at times we have used
traction but at present immobilization in
2 hip spica for 8 wecks followed by gradual
activity on crutches s followed by physical
therapy muscle traming and gradual re
sumption of weight-bearing m 3 to 4
months There has been no substantial evi-
dence that prolonged non weight bearmg 1n
simple dislocations prevents the occurrence
of avascular necrosis Banks was of the
opimon that changes could be detected
much carlier however i those persons
who remained on crutches for at least 6
months.} These 15 patents in the suthor's
serics were reduced within the finst few
hours after injury the longest tme being
shightly more than 6 hours The patient who
was reduced after 6 hours was transported
60 miles after unsuccessful closed mampo-
lation and open reduction here revealed
soft tssues around the neck of the femur
including a contused sclatic nerve  After
only 6 months the hip shows 50 per cent
hmutatton of moton decrease of the joint
space and a peroneal nerve parslysis At the
present time the remaining patients have
shown no evidence of avascular necross or
arthntis  Limitation of motion 15 not a fac
tor of disability in any of them and other
than the complamt of occasionzal aching
after walking there is no pain The penod
of follow-up vanes from 15 months to 15
years.

POSTERIOR DISLOCATION WITH FRACTURE
OF THE ACETABULUM

When dislocation of the hip 1 accompan-
ted by fracture of the posterior rim of the
acetabulum, it 15 necessary not only to re
duce the displacement of the head but also
to replace the fregment of bone into fts
normal position. Incomplete reduction of
the joint or the fragment often s followed
by rapld disintcgration of the joint cartilage
The slightest irregularity of the articular
surface in a welght-bearing jount is undesir
able In those patients in whom the frag-
ment was small and redoced satsfoctordly
traction was mamtaed for from 6 to 10
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weeks followed by a period of non-weight
beanng for at least 3 to 4 months.

In thrs group there were 8 patlents
Closed reduction was carned out immedi
ately but in thosc persons 1 whom the
fragment was large or the displacement
could not be reduced, open reduction was
performed as soon as posmble. Internal
fixation of a large fragment may be delayed
for as long as 10 days Six patients wero
treated by open reduction In 2 of them a
screw was not nsed ot operahon because
the fragment was secured very well without
fixation. Subsequently 1 showed slight ab-
sorption but the patient has had no further
difficulty from his hip joint and after 7 years
he 13 fying jet fighter planes for the U §
Armmy Air Force In the other slight pam
has developed, and early traumatic arthnns
probably is developing

Four of the patients were treated by fixa
tion with screws The operation was con
ducted through a posterior incision with the
patient lylng on hus face  Following exposure
of the hup joint, the area was irrigated thor
oughly to remove all debris after which the
fragment waes fitted carefully mto place and

secured with o screw passing mto the ilium
(Fig 2) Small fragments that were free
were removed from the joint.

One of the 4 patients in this group ong
inally was treated i a hospital at some dis-
tance Followmng unsuccessful closed ma
nipulation he developed a pulmonary em
bolas and was observed carefully for about
a week before being moved to our hospital
The postenor dislocation was still present,
and operation wes carned out the following
day through a posterior ancision The bead
was lying agminst the postenor bnum of the
flium and the jont was filled with blood
clots The articnlar cartilage was dry and
showed a yellowish discoloration. The dis-
placement was reduced wath some difficuity
and the fragment of the postenor acetabular
wall was at such an angle that the screw
was placed close to the jont He was n
traction for 10 weeks but subsequently de-
veloped absorption about the screw and evi
dence of avascular necrosis. In addition, the
screw appeared to be making some pressure
against the head of the femur itself. After
8 months 2 vitalllum cup arthroplasty was
camed out. Now after an additional 12

Fia. 2. (Lef,
tlon, showing diy
lum (Right) A,

1) Roentgenogram of the hip after reducton of dis
loca
placement of the posterior fragment of the acetabu
ppeerance after open reduction and flxation of the

postenior fragment of the acetabulum with a single acrew
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months he has occaslonal aching pan, with
80° flexion, 25° abduction and 10° rotation
in each direcuon (Fig 3)

Of the other 2 paticnts one s fracture was
only » fragment of the margin of the acetab-
ular wall and he was treated in traction
after reduction, followed by non-weight
beanng for 4 months. He has normal func
tion of huis jomnt and still is working m a
coal mune after 8 years The last patient
was scen in a distant hospital It was a
postenor dislocation with a small fragment,
but there were other injuries Treatment by
traction after reduction was advised The
reduction was not maintamed, as he was al
lowed to sit up and eventually arthrodesis
of the hip was carned out.

CENTRAL FRACTURES AND DISLOCATIONS

There were 12 patents in this group
For the most part, these have been the re
sult of accadents occurring mn the coal mmes
However one occurred in a white female
who fell from a sccond-story porch as she
was doing her housecleaming. This group has
been treated by tracton, usually skeletal, for
a pertod of about 10 weeks and then non
weight-beaning for as long as 6 months

Open reduction with reposition of the floor
of the acctabulum has not been attempted in
this series Four of them have had injuries
to the sciatic nerve and have been assocmted
with other severe mjunes, including fractures
of the pelvis fractures of the shaft of the
femur on the same side and injuries to other
extremities

The white female who fell from her porch
sustamed 2n intrapelvic protrusion of the
head of the mght femur which was treated
by traction in abduction for 10 weeks and
then gradual weight-bearing After 4 years
she has some pain and shows moderate re
striction 1 motion. There is x ry cvidence
of loss of the joint space but chmcally she
has not had sufficzent restriction to necess!
tate reconstructive surgery up to the present
time (Fig 4)

The second interesting case in this senes
is a white male who sustalned not only 2
centrel dislocation of the head of the femur
but alse a fracture of the shaft on the same
side fractures of the sacrum and the lumbar
spine and injury to the urcthra. He was
treated with traction through the trochan-
teric region to reduce the dislocations as
well as to the lower leg for the fracture of

Fia 3 (Left) Roentgenogram after the initial open reductlon of the
posterior dnlocation that had been present for more than a week. It b
noted that the sercw 13 lying close to the margin of the joint. There 1
narrowing of the jomnt space and beginning crosion of the articular sur
face (Righr) After vitallium-cup arthroplasty
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Fro. & (Left) Roentgenogram of the pelvis after prolonged traction showng a aat
isfactory position of the head of the fernur that formerly had been protruding into the
pelvis. (Right) Appearance of the hup 4 years later showing marked lows of the foint
space. However the patient showed surprangly good movement clinically

the shaft. His other mjuries were treated
simultancoutly He demonstrated a reason-
ably good result immeduately after reduction
and did not bear any weight for a period
of 6 months Subsequently he has shown
r gradual decrease mn the jomnt space -
creasng roughening of the head of the
femur and loss of mouon until at the end
of 2 years he showed almost complete re
striction 1 motion and severe He now
has been treated by excinon of the head

which was found to be the site of severe
arthrits wath extensive panus formation and
only 2 small central area of reasonebly nor
mal cartilage 1 cm in diameter The floor
of the acetabulum was rough and arregular
so that reaming was necessazy A stem type
prosthesis was inserted  He now has been
permitted complete weight beaning but has
pam m the hip after short periods. This has
decreased shightly after 1 year (Fig. 5) The
range of motton in the hip is normal, but

Fro. S (Left) Roentgenogram of the pelvix after Initial traction, showing the bead

still protruding
the same side

- Ve, showing lost of jount space. roughening and irregulanty of

and evidence of avascular changes.

liy into the acelabulum. A duplacement in 1ho sacro-ilisc
can be noted. (Center) Appears folnt o

acetnbulum but before weight-bearing. (Righ

pperrzace of the hip after healing of the
1) Appearance of the Jolnt at the end of
artcular surface
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Fio 6 (Left) Posterior dislocation, with a fragment of the head lying fn the acetab-

ulum. (Center) Appearance 3 days later
of the hip 22 moaths after reduction, sh
head of the femur with the

nor to
g loss ot the inferior articular surface of the
int space memtamed In a fairly good manper after a year's

reductlon (Right) Appearsnce

weight-bearing. A coasiderable amount of calification is noted in the supertor capsule.

pain is severe enough to prevent return to
tus former occupation and he is now engaged
in a sedentary job An arthrodesis would
have prevented his pamn but he could not
have returned to work with a stiff hip

DISLOCATION WITH FRACTURE OF THE
HEeap or THE NECK OF THE FIMUuR

There were 2 patients in this group both
of whom required surgery

The first showed a complete posterior dis-
location of the head of the right femur
with a fracture through the base of the neck
of the femur hself, which occurred when he
was caught beneath a falling tree  There
were other injunes and he was in severe
shock. It was impossible to consider ex
tensive surgery on him until 5 days after tho
injury At that tiume the dislocation of the
head of the femur was reduced and the
fracture was fixed by a Smuth-Petersen nail
with a plate attached to the shaft of the
femur The fracture gradually healed with
tremendous overgrowth of bone and he has
shown evidence of traumatc arthritly He
has slight motior «n the hip joint, which 1s
not extremely padful after 14 years This
mpury was accom ned by a severe contu-

sion of the scatic nerve with permanent
paralysis of the peroncal portion.

The second case was a white male who
was injured m a car accident and snstaned 8
severe head injury  Becauso of this he had
been given a spinal apesthetic at a distant
hospital and two attempts at reduction were
carried out before he was transferred to
our hospital after 3 days Roentgenograms
revealed the head to be lying posteriorly
with a fragment of the head in the joint.
Operation was carrled out through a poste-
nor inclsion, The fragment of the head,
which was lying in the ecetsbulum, cor-
sisted of about one fifth of the mferfor ar
ticular surface The head of the femur was
dry and the articular cartilage showed the
usual yellowish discoloration. After removal
of the fragment the duslocation was reduced
with a great deal of difficulty but recon
struction was not attempted at that time be
cause of the patient s general condition and
the fact that the weight-bearing surface was
stifl intact He was treated m traction for
more than 8 weeks and was an crutches for
a total of 6 months It will be seen that
following reduction the position was fairly
satisfactory At the present time 22 months
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Fra. 7 Enarly changes in the hip occur

nog less than 2 after dislocation.
Reduction had been delayed for 24 hours.

after injury he shows o faltly marked de-
gree of myostis ossificans with marrowing
of the romnt space. However, he has main
taiged 2 reasonably good range of motion
in his hip with only slight aching pan and
has returned to tus regular occupation (Fig
6) Motion Is resincted 1w internal rotation
at 5° flexron ot 80° and abducuon at 25

END RESULTS OF FORMER INJURIES

Of the patients with old mjunes most
were seen because of pain hmitation of mo-
ton m the bip or deformty Many of them
had been treated years before and their
original roentgenograms were not available
In these persons we found it necessary to
rely upon the history from the patent or in
a few instances from the doctor In some
who had been treated more recentdy even
within the past 5 years, we were unable to
obtain more than confirmation of the story

Fra. 8 Ap of a hip 3 years
atter Injury in which reduction of the pos
terlor dislocation had been delayed for 24
bours.

A few of the pauents stated that they had
been injured years ago and had been treated
by a physician, either in his office or m the
home where the hip was “pulled back nto
place,” and they were allowed to become
active at once.

This senies of 38 patents whose injunes
for the most part appear to have beea either
posterior or central dislocations record the
persistent fact 1n the hustories of many of
them that reduction had been delayed any-
where from 1 to 3 days. Those in whom
this fact was recorded have shown the most
severe degree of disebility at the present
time. As a group they show from 50 per
cent to complete loss of motion wmn the hip,
with varymng degrees of fiexon and ndduc-
tion contracture accompanied by pamn and
inability to walk except by the use of
crutches Some of them have shown a rather
marked degree of avascular necrosis and

Fia. 9 (Lefr) Bilaeral traumatic arthnus in
fracture-dulocations of both hj

ml:x::‘licup asthroplasty The lap oa the nght has shown a pernsient anteversion of

& patent who had sustamed central

ps 23 yean before. (Right) Appearunce of the hips after
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Fro 10 Two years postoperatively in &
patient weighing more than 200 pounds
Calcification can be poted in the superior
capsule. He has a normal range of motlon
and has returned to his regular work i
the coal minex.

this has been noted in a few of the more
recent patents even those who have been
scen after 2 to 4 years. Others show a
rather extensive degree of trnumatic arthn
ts and 1 of them, extensive ipping winch
has limited s motion completely Six
young patrents were examined, all of whom
were less than 17 at the ume of accident
As a group they show the most extensive
changes 1n the hip jomt.

A few of these panents have demred
treatment of some sort and m this group
there have been 16 arthroplasties, 9 having
vitallinm cups, 7 metallic prostheses and
3 arthrodeses

Fio. 11 Appearance after resec
ton of the head and the peck and
replacement with a Thompson type
of prosthesis

RECONSTRUCTIVE SURGFRY AND
END Resurts

For many years arthrodesis of the Tup
was considered as the eventual treatment 1
those persons who developed pain and limi-
tation of motion followmng traumatc 1njury
of the hip However m the presence of
avascular necrosis healing was prolonged,
and fusion was very difficult to obtap. If
operation was delayed until avascular pe-
crosis had reached its maximum degree of
healing, foslon was possible to a mare fav
orable extent but even in these patrents fixa~
tion for as long as a year or morc was often

and this resulted in additonal
disability to the knte and the eatire lowa
extremity Fixatton with a long pin or screw
into the fium has been trded wath some im-
provement. Recently arthroplasty has besn
looked upon with more favor Partcalarly
n this communrty where a person with &
fixed hip joint would be onable to return to
employment 1n the munes, &t has been ow
fechng that if & movable jornt relatively free
from puin could be obtained, then these per
sons could be rehabilitated to a much betier
degree than those having a compleiely
fixed hip

Of the patients who have had cup erthro-
plasties 1t has required from 6 to 12 mosths
to obtain a reasonable degree of use in most
of them but mn those m whom woe feel that
o satisfactory procedure has been carncd
out, the range of motion has been good and
the patient has been relatively free from pain
Of the 9 patients who have had vitallum c#p
arthroplasties, the results have been pood
5 farr m 3 and poor 1n 2 Al of thos®
1n the first group have returned to their re
ular work, Achmg pamn s present to some
degree after 8 to 10 hours of weght bearing.
In those persons in whom the head has beth
lost or a portion of the neck lnvolved, we
have used metallic prostheses rather thon
accept a conuderable amount of shortemsg
by use of 8 cup To date these patients
have shown reasonably satlsfactory return
of function and in 1 m whom we replaced
one of his bllateral cups with # prosthesst,
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out open reduction, if necessary can be
performed when the patient s condition 1m
proves. Open reduction should be per
formed carly on patients . whom closed
manipolation 15 unsuccessful

In central fractures and dislocations or
any severe Injury of the hip 1t may be ad
visable to perform a vitallum cup arthro-
plasty at the ongmnal surgical procedure
Once avascular necrosis is demonstrated, the
patient shows a progressive deterioration of
the jomnt and eventually traumatic arthntrs
Early arthroplasty mught decrease the even
tual perlod of disability as well as reduce
the

When mjury of the sciatic nerve persists
more than a few weeks without improving
exploration 1s wndicated.

SUMMARY

From a study of thrs small sertes of trau-
matic wmjuries to the hip joint, 1t can be
stated that if early and gentle manipulation
of a sumple duslocation of the hup joint is
carmed out, excellent results can be ob-
tamed. It would appear that immobilization
for a period of 2 months followed by grad-
ual resumption of weight-bearing, 13 as satls-
factory a method of treatment as we have
at the present time

In those persons in whom fracture of the
margin of the acetabulum occurs accurate
reduction of the dislocation as well as the
fragments must be obtmned 1mmediately
1f the fragments are not replaced accurately
or the joint surfaces closely approximated,
open reduction should be carned out in
order to obtain the best position posible
When large fragments are present, exposure
through the postertor approach 1s the most
advantageots

In central dislocations the best results
were obtaned with prolonged traction in
abduction but perhaps reposition of the
floor of the acetabulum rught be of some
value 1n these patients  Certainly the incon-
gruity of the articular surface n these pa
tients has given very unsausfactory late re

sults, with almost 100 per cent occurrence
of traumatic arthritis of

When fracture of the head of the femur
occurs 1t is best to avoid open reductron
unless 1t {s necessary to remove a fragment
to obtam a reduction of the dislocation itself.
When the head is both fractured and com-
pletely dislocated the occurrence of avascs-
lar necrosis is almost sure to follow

Frequently avascolar necrosls can be de
tected early In those persons in whom 1t 1s
gong to occur, both because of a
of pain and the appearance of the hip 1n the
roentgenograms. This should be determined
at the earliest possible date 1n order to treat
the condrtion if possible and so that the pa-
tient may be advised in regard to any future
limitation that mught affect his work as well
as his disability evaluation.

Injunes to the sciatic nerve most com-
monly occur 1n the peroneal division i
they perssst more than a few months, they
appear to be of permanent nature Eady
exploration was not carrred out, and in View
of the findmgs in the 2 patients who were
explored, 1t probably would be advisable

Calcification 1n the capsule occurs occa-
stonally in severe injuries and myositis oss-
ficans 1s seen most frequently in those pa-
tients who have had surgery or marked ds-
placement.

Arthrodesis 10 this senes of cases has
been carned out in only 3 patents, and the
result of thus procedure 13 not very satisfac
tory for those patients who are required to
return to vigorous occupations.

Arthroplasty to date has not given cof-
pletely satisfactory results but, for the most
part the patlents have been improved, and
many of them have been able to retum (0
their regular employment.
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The Treatment of Congenital Dislocation of
the Hip m Children Less than 5 Years Old

JuaN Farir, MD *

Geaerally 1t is recognized that in cases of
congemital dislocation of the hip the younger
the patient 1s the more readily will he respond
to treatment the older the patient is the more
difficult 1t is to achieve a satisfactory result.
This clinical observation is based on the fact
that the soft tissues adapt themselves to the
existing skeletal abnormality thereby n-
creasing the formation of secondary altera
tions which are progresave in nature and
aggravate the deformity In addition pew
functional demands produce adaptative alter
ations in the organs concerned thrs is par
trcularly true of the skeletal system Hence
it 1s reasonable to assume that restoration of
normal anatomy 15 to be expected after cor
rection of an abnormal stuation.

The observations made by the author dur
1ng open reduction for congenital dislocation
of hips and those noted m follow-up studies
reveal that fallure to correct the caosative
factors responsible for the deforruty espe
cially aplasia of the acetebulum and ante
version of the femoral neck results in easy
redislocation as well as residual subloxations
of the affected hips. These observations to-
gether with the knowledge that many cases
treated conservatively are failures and exhibit

numerous complications justify the author
in formulating certain themapeutc critene
which are set forth in this presentation.

The best procedure everything clse being

Mexko, D F

k]

equal, s that which is most conservative
this does not imply that surgery shoald be
avolded when manual reductron is unsatis-
factory nor does 1t imply that 1t should be
resorted to when 1t is avoldable The cholce
of method s based on roeatgenograms and
arthrography which will show the soft tissue
obstacles Such precautions will avold fakse
reduction and uscless Injury It is far better
than the practice of some surgeons who carry
on treatment over a period of months unt!
faiture is apparent and then decide that there
s an mdication for open surgery
Manipulative therapy Is Ideal, provided
that thess maneuvers do not wnjure the
delicate articular cartilage or the femora!
epiphysis Reduction should be carried out
by gentle maneuvers and should be meln
tamed without excessive femoral acetabuler
pressure It should be remembered that, 02
the whole success depends greatly on a welt
centered head within the cotylold fossa.
Open reduction should solve the problem in
tote m avolding redislocations, residual sub-
luxations undue pressure of the femur wihin
the acetabulum the need for further surgety
and the loss of time in returning norrnal fun®
tion to the hip joint. However, surgical pro-
cedures should be viewed ag aggressive thus,
they should be resorted to only when it be-
comes apparent that the force necessary o
schieve reduction will be excessive This de
gree of force is difficult to determine becams®
it is an Individual and personal factor Whe
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1n doubt as to the procedure of choice or
when concentriaity is lacking after reduction,
one should resort to open methods These
will serve 1o restram the attack on soft tis
sues at the points of elecuon and under
direct surgical vision however any unneces-
sary operative measures should be avoided.
Simple open reduction with reconstruction
of the soft trzsues by layers is the ideal surgy
cal procedure. It might be necessary to oper
ate on soft tissue structures only but this
13 usually msufficient because the acetabulum
may be aplasic the femoral head out of
proportion to the acetabulum or the femoral
anteversion very pronounced, or there may
be a high femur which cannot be brought
down despite total capsulotomy and finally
because of muscular shortemng. In such
cases the author’s chowce 1s, respectively to
deepen the cotyloid to enlarge 1t and to
carry out 2 subtrochantenc ostcotomy or a
partiel dizphysectomy In substance the
problem 15 solved by correcting the disloca
ton as physiologically as possible m one
procedure
In readmg Leveuf’s book, Les luxations et
subluxations congénitales de Phanche the
author admired his philosophy and his tech-
nic served as groundwork to build the
authors lme of operative sction with the
modifications set forth in this paper Arthrog-
raphy follows Faber’s method to which has
been added control with a screen. The surg
cal approach 15 a cross between Ombre
danne s and Zahradnlcek s method a sub-
trochantenc osteotomy 1s performed, and the
femoral segments are fixed by an intramedul-
lary nad, thereby leaving a greater blood sup~
ply for the proximal segment. The level of
the bone section has been recommended by
Hey-Groves Swett, Ombredanne and Zahr
adalcel. Reconstruction of the fossa and the
covering of the femoral head with the cap-
sule followed procedures advocated by Cod
ivilla Hey-Groves and Colonna
Correction of anteversion and maimte
nance of the fernoral head within the recess
of the cotyloid 1s achueved by an extra-articu-
lm‘l:|.'1ilinthempcnm-¢:;m».:,—,myofme

femur which then 18 placed in nternal rota

tion i relation to the flum, the limb 1s
placed in slight external rotation until bony
umion of the subtrochantenc osteotomy takes
place This 1s followed by the application of
a bruce which makes traction on and holds
the limb 1n nternal rotation, the thighs are
tree for flexion and extension. Regardless of
the method of reduction, it should be done
under roentgenographic control 1 order to
guarantes correct placing of the articular sur-
faces Periodic roentgenographic control will
cosure that the iliofemoral relation has not
been modified.

Years ago cotyloplasty was done ( butée”
for the French, “shelving” for the Anglo-
Amencans) logically and hopefully The
author’s expenence and the results observed
1n cases done by famous orthopacdists have
disheartened him because the graft frequently
fractures displaces or 1s reabsorbed. Thus 13
more likely to occur in the younger panent.
Morcover the femur often 1s left laterally
displaced. In cases showing acctabular flat
tening it is the authors opuuon that, gen-
crally speaking arthroplasty with decpening
of the cavity is the lesser evil To date, re
sults followng this procedure have been quite
good

Bifurcation osteotony 1s 2 stabilizing pro-
cedure which mmproves the shortening and
the strength of the abductor mechamsm and
also provides an artificial snpport however
it is pallauve The angle of support fre
quently lessens and has to be repeated. Thus
operation often 1s a canse of Lmping,
linutation of motion pamn and genu valgns

Fuslon 15 2 good stabilizing operation but
should be performed only when no other
choce remams, since immobility produces
Lmping It never is indicated in children,
nether 13 it indicated m the presence of Jum-
bar pathology nor can It be carried out on
more than one side

Time of Operation. The author’s small
surgical experrence has fully convinced him
that the femoral head deformitses the wax
drop osteophyte formation of the mferjor
pole the pitting, the loss of luster the m
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creased acetabular aplasia and tho increased
plane of the cotylold rim, the capsular ad

hesions to the Hlium the neck and the femoral
head, the drumhead constriction of the cotyl

oid fossa by the capsule, by the iliopsoas or
by the transversc ligament, the hour-glass
constriction of the capsule, the hypertrophy of
the ligamentum teres etc  all are secondary
to the dislocation per s¢ Just as are muscular
wasting, shortening of the limb and scoliosis

Repeated  frequent or forced manipula
tions cause or accentugte these changes
Leveuf has wisely pointed this out and also
the relative ease of treatment and improved
prognosis when treating virgin hips  The
author concurs in this and considers it unwise
to wart until a later date to carry out reduc
tion when the secondary changes are pro-
nounced and the response to the formation
of the fossa will not be as marked or as
good as when done at an carher age

ROENTGENOGRAPHIC STUDY

Regular roentgenograms and arthrography
are used to avold useless and harmful mamp-
ulations and immobilization 1n those cases
where closed treatment 13 not feauble How
ever one should bear i mind that no patient
should be operated upon without a just indi
cation and without all the facts gleaned from
a roengenographic survey Because an anter
oposterior film fails to reveal all the available
data the fallowing views are recommended

1 Anteroposterior plate with maximum
mternal rotatton to show the neck length and
the cephnlad ossifying center This view is
taken of both hips and in like positions.

2 Lateral plate of both hips in patients
more than 12 months old following Sanchis
Olmos technic with the patient seated and
each thigh abducted to 30 to 35 from the
mud-ine The cassette 15 placed vertically
aganst the patient s back (Fig. 1) the cen-
tral ray passes horizontally 1n line with the
pubis The legs hang freely over the edge of
the table making sure that there is no hgo-
mentous laxity or lateral defornity of the
knees before taking the plate Under these
conditsons, the femurs are found to be ro-

tated to a nentral position there fs an angle
of dechination of the femoral neck equal to
25° 1n 8 normal child as measured from a
honizontal plane correspondmg to the femoral
shafts Thus, approximately and with Iittle
difficulty or complications or instruments be-
yond the means of orthopaedist, anteverston
s measured this is @ most important step
when deciding whether or not a derotation
osteotomy should be done This Intersl plate
projects the cotylold fossa on a different plane
as the pelvis 1s tilted shghtly forward

3 Besides the two plates already men-
tioned, arthrography s dome in children
more than one year old, which permits visnal-
zatton of the articular terran not permtted
by the radiotranslucent soft tissue Thus step
of the roentgenographic cxaminanon is indis-
pensable and the author does not treat & con-
gemtal dislocaton of the hip wathout first
doing 1t. It is done under anesthenz to kecp
the child quiet and to carry it out without
pain at the same tume, subcutaneous addoc
tor tenotomy is performed when the femoral
head 1 displaced above the rim of the
acetabulum

Technic. The anesthetized patient &
placed on an orthopaedic table m the supine
position An anteroposterior view is taken of
the whole pelvis with both lower lmbs in
mternal rotation A wire grill fs placed over
the grom (or both hips if the dislocation B
bilaternl) and another exposure is made The
potnt corresponding to the intersection of the
acttabulom with the Y cartilage s marked
on the skin by inserting a hypodermc neede
perpendicularly to the grom While a0 asasd
ant holds both lower limbs in moderate in-
ternal rotation the surgeon inserts 8 Jong
nesdie m the lateral aspect of the thigh 18
front of the femur aiming toward the necdle
forward or backward, recailing that the ant®
nor border of the acetabulum 1 iofants sef
fening this sflment 15 less than 2 cm
the antero-inferior spine Another rocnigeno-
gram is taken A syringe wath 10 cc, of salin®
solution Is connected to the latersl needlé,
and 1 or 2 cc njected. The same amount of
Iiqud must be withdrawn if the needle bas
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penctrated the jomt. When this occurs, the
solution 15 taken out and a radiopaque aque-
ous solution is injected from 2 to § ce. I
injected, depending on the age of the patient.
The needle 15 withdrawn the grown Is mas-
saged geatly the hip 13 maved in all direc-
tions, and then another roentgenogram Is
taken If the femoral head Is at a higher level

Fio. 1 Roentgenogmphic technic for
showmg the cxagperated antetorsion of the
femoral peck. (A) Lateral view (B) View
from above (C and D) How the angle 1
measured on & horizontal positlon of the
femoral shaft i neutral rotatton

than the acetabulum a subcutancous ten
otomy of the adductors is performed, then
reduction of the head by gentle manspulation
15 tried

If the dislocation con be reduced correctly
without force, a cast 1s applied in the pos-
tion obtained If reduction is impossible and
there are no apparent soft tissue obstacles

A “'%
- A
:
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preventing  reduction, heavy adhenve or
sponge rubber traction 1s used until the hesd
descends to its proper level after which the
author s brace is fitted.

Obstacles. The soft tissuo obstacles to
reduction or those mentioned previously
which oppose cotrect maintenance arc shown
mn Figure 2 These contingencies as well as
the roentgenographic revelations of the prtch
of the cotyloid roof the flattenung of the
cavity and the pronounced elevation of the
femur or 1ts marked anteversions, are alf
factors which determune open reduction

12

Fio 2. (A) Plain roentgenogram (B)
Obstacles for its reduction not seen in 2
plain roentgenogram (C) Arthrograpby
with & radio] substence (1) 1§
bone and shallow acetabulum (2) il

psular adhesions (3) cariliag
of the femoral head (4) epiphysis (5
neck of the femur (6) and (13) e
sulocervical adhestons (7) capsule (8)
growth center of the greater trochanter
(9) fibroadipose tmssue (10)1181;“::“‘_
glenoidale (11) hypertrophred hga
tum teres (12) intra articular space Jim-
#ted mediatward by the isthmus.
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CLOSED REDUCTION

Children Less Than 4 Months Old In
these cases, excepting those of pnmary dislo-
cation with an elevated femur or severe
aplasia of the acetsbulum results gained with
the use of a Frejka cushion are excellent as
long a3 one counts on the intelligence and
the fine co-operation of the parents After
this age, results range from poor to bad. Its
use should be discontinued only when 1m
provement 1s statiopary as shown by periodic
roentgenographic studies The author’s ex
perience i3 scant with this age group

Chuldren from 4 to 12 Months Old.
In cases showing an elevated femur 1t is ad
visable to apply adbesive or sponge rubber
traction thus is suspended when 1t 18 no longer
useful. One sbould try progressive reduction
by means of the author's reduction brace or
particularly with Pacr-Lorenz method of
gentle manrpulations Casts should be nsed
at first, mcluding the feet, 1 order to
prevent rotation, leaving the kmees free
after 3 months If roentgenograms show an
ncomplete reduction or e poorly centered
bead it is better to use the author s apparatus
Cases of subluxaton m children less than 1
year old should be treated as though they
were dislocated.

Chuldren from 12 Months to 5 Years
Old  These cases thould be studied sys-
temancally by roen including
arthrography which will decide the plan of
therapy to be followed according to the dis
Iocation At the time of the arthrography 1f
the ferur Is higher than the cotylmd, en ad-
ductor myotormy on the the affected side al-
ways should be done If a bilateral disloca
tion exsts the myotomy is done on the side
on which reduction 1 first contemplated. This
umphfies closed reductions or if surgery 1
to be chosen it enhances traction. Traction
on both Jower limbs at the same time 18 not
advisable in bilateral dislocation because the
weight of the child s not sufficient for
countertraction.

Cases are encountered 1n which closed re
duction 1s successful and 13 maintamed with-
ot 2 brace but anteversion 1s still marled.

In such mstances a derotauon osteotomy
should be done The proximal fragment is
fixed at the level of the trochanter by means
of a transcutaneous pin maintaning it in 10°
of internal rotation. A cast 1s apphed holding
the imb distal to the osteotomy site in 10°
of external rotation The nte of the asteotomy
can be in the supracondylar region or the sub-
trochanteric the author favors the latter be

cause the line of foree of the pelvicrural
muscles 1s not disturbed

The author s expenence shows that ev
dence of sclerosis of the cotyloid m pornts
toward a poor prognosis because 1t indcates
that the fossa is not mclined to reduce
1ts angle

Fanll s Brace. This brace was introduced
in 1948 to be used dunng the convalescent
stage of open reduction of congenital disloca
ton of the hip Its object s treatment In
abduction and 1nternal rotation at the same
ume traction downward and medally of the
proximal fragotent of the femur s accom-
plished while fiexion and extension of the hips
are permitted thus enabling the little patients
to &t up This movement s of great im
portance smce it helps the femoral head to
deepen the cotylod cavity

The author obsetved that in his series the
nuclens of the femoral head and its ossifica
tion developed more rapidly than in the cases
treated m plaster 1 the frog postion. The
latier cases frequently show osteochondrrtic
complications. This position causes circula
tory dmsturbances of the superior femoral
cpiphysis es observed by Nicholson.

‘When there is marked anteversion, which
was noted in a large number m the author s
series, and there is hypoplasia or aplasia of
the anterior rim of the cotyloid, there 1
specza] peed for mternal rotation of the hip
m order to prevent redislocation, This is
noted readily at operation.

Any surgeon who has performed a hup
arthrotomy recalls the softness of the femoral
cartilage, wiuch on the least SCIApINg or pres
sure of an mstrument leaves a bloody mark
Injuries wiuch are produced wath closed
forced or repeated manipulations must of ne
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cessity leave a mark which may not be per
cerved immediately because of the radiotrans-
parency of the cartilage However this will
show up later when an arthrotomy 1s done or
donng later treatment.

It Is indispensable and urgent that atrau
matic reduction be achieved before the sec
ondary changes have become established and
complicate the treatment and the prognosis
Conservative methods should hold preference
over open ones when indicated and not harm
ful but if the contrary holds there should be
no hesitation and surgery should be con-
sidered immediately upon finishing the case
study perfection in reduction should be sacrl
ficed to conservatism

In June 1949 after 3 weeks of unsuccess-
ful skeletal traction to lower the level of a
femur 1n a bilateral dislocation the author
applied his brace and was surpnsed to note
that both sides were reduced m 11 days Since
then he uses 1t 1 closed reductions when

arthrography shows the possibility of domg

so without operation. If the obstacles pre
sented by the soft tissues indicate the con-
trary if the joint cavity Is flat or the roof
too oblique 1t 15 preferable to operate. In
subluxation, the author’ brace Is recom-
mended as the conservative measure of
cholee used over several months Thrs 15 fol-
lowed by roentgenographic control, operative
intervention is justifiable 1f reduction cannot
be mantained

Tt shonld be remembered that any lengthy
immobility of the hip produces Jaxness of
the knee Jigaments, with resulting instability
In order to prevent this the author recom-
mends that his brace or any other should not
be womn continuously for more than 2
months After this knee movements are al
lowed, gradually tricycle ndmng, morung
and afternoon is permitted The brace 1
used in the mtenm. No walking under
any crcumstances 13 allowed until 1mprove
ment is well advanced.

DescripTion The author’s brace (Fig
3) mamntams abduction similar to Puttl’s de-

Fra. 3 Fanlls apparatus for convaksceace and closed reduction Notice the
late the

(3

i p
md lowering the femur

ion bar and the spring for adducting
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Fra. 4 Surgweal approach used for open reduction

varicator in addition 1t produces internal
rotation with tracHon downward and me
dially while 1t perouts flexion and extension
of the hips It is a lever of the third gender
where the force applied by a spring mter
venes between the resistance offered by the
cislocated hip and the fularum which 1s sit
uated over the hinge of the abduction bar
on the anlle of the same side
The brace comprises 2 metal rods for each
limb extending from the base of the thighs
to the stirup applied to the shoes, permit
ting free flexion and extension at the ankles
The knees are fixed at 180° At the upper end
of the lateral rod a metal plate covered with
sponge rubber 15 placed to give pressure over
the greater trochanter At the upper end of
the medial rod a spring 13 attached to a nng,
gmdoating 1ts tension with a turnbuckle
which 13 attached by 1ts opposite pole to the
abduction bar near the opposite ankle This
bar can be telescoped and 1 affired to the
lower part of the medial rods above the jomt
of the ankles by 2 hunges. On the duslocated
side the lunge carnes o stop which prevents
external rotation but leaves internal rotation
free The pressure produced by the spring
should be moderate and is regulated accord
ing to the patient s tolerance- periodic roent
genographic readings are taken the first few
days. Thenurseshould be instructed towatch
and adjust it during the day In bilateral
cases the same appliance iv used for both
timbs the spning traction is increased by
meuns of weights that act through the same

rings as do the sprmgs Countertraction 15
applied by elevating the foot of the bed.

OPEN REDUCTION

Preoperauve Regimen  If the femur 1s
above the cotyloid fossa strong skn trac
ton 1s applied 2 to 3 weeks pnor to
surgery 1 order to bring 1t down and to
stretch the muscles The difficulties n bring
ing the femur down and the ume required
should be borne m mund durning the opera
ton In cases requmng a long time and
strong traction one may expect some re-
covery of muscle tone after reduction s
achieved. This will be manfested by the ex
cessrve between the femoral head
and the cotyloid and 15 avoided solely by
diaphysectomy

Operative Procedure. After having de-
clded upon open reduction based on climical
roenigenologic and laboratory studies one
should go to the operating room determined
to solve the problem of the dislocatfon com
pletely at the one sitting and then await the
necessary biologic reactions which consoli
date the surgery performed

PracmG THE Pattent The child is
placed face up on an orthopaedic table
which 15 adapted for anteropostenior roent
genographic control. The patient is placed
over the pelvic rest, and both lower Limbs
are 1n peutral rotation with 20° abduction
and with exactly enough traction to keep
the patrent set.

Incrstoy The author wishes to empha-
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size his viewpomt that a complete exposure
15 requured for this operation Le one which
pernuts  absolute liberty dunng surgery
After trymg Ollier Murphy s, Ombredanne s
and Zahradmcek’s inctsions, a combmation
of the last two has been used since 1952
(Fig 4) One starts over the jliac crest
Iinc with the vertical axis of the femur car
rying 1t forward to the anterosuperior spine
then it follows the anterior border of the
gluteus medius, as does Ollier’s incision to
2 fingerbreadths below the point of the
trochanter reaching the superior part of the
femoral shaft and then coursing 1t down
ward for a distance of from 6 to 8 cm. All
small vessels aro clamped off, the aponeuro-
518 13 mcsed over the jliac crest reaching
bone and the opening 1s extended to the
planc scparating the tensor fascia femons
and the pluter as far as the base of the
trochanter here the strong aponeurosis of
tho gluteus maximus is cut. A thin ostco-
cartilaginous wafer is lifted from the tro-
chanter together with the Insertion of the
gluteus medius and minimus and then the
capsule is then uncovered up to the ilium,
With a wide periosteal elevator 1t 15 sep-
arated with the gluteal Insertions from the
wing of the flum, uncovering the cotylold
ridge The whole flap is covered with a
warm saline-soaked sponge and is fixed to
the skin over the crest by means of a towel
clamp exposing the articulation without the
need of an assistant. The tensor fascia
femons 15 mased transversally below its
pelvic insertion anchoring its distal end with
black sk The reflected tendon of the rectos
Is transected and the capsule 1s freed with
its adhesions to the ilum. Internal and ex
ternal rotation of the limb may be observed
while the 1liopsoas 18 retracted medially
CapsuLotoMy Once the dusection of
the capsule is accomplished, especially the
crcumference visible on external and in-
ternal rotation of the femur a tramsverse
capsulotomy is made on its anterfor and
superior aspect, parallehing the acetabular
border leaving a smull fnnge marked off in

order to reconstruct the capsule if necessary
Through this opening, the inside of the cap-
sule the femoral head and, if possible the
cotylold fossa is explored. Frequently the
capsular isthmus adheres itself on the infe
rior border like a cortam or the fiopsoxs
over the cotyloid does not permit visualza
tion of the fossa. If the lumen of the capsule
1s sufficient and the femur can be brought
down without force to the level of the cavity
the obstacle of the soft articular tissues is
treated and the dislocation is reduced. If
the length of the capsule permits the cap-
sule is sutured to the fringe left over the
acetabulum, which, as has been noted i
the author’s series has been the exception.
As a rule the exploration caonot be done
correctly and the femur cannot be brought
down easily to the level of the fossa Under
these conditons the capsulotomy 18 done
completely around, leaving an over #ll length
sufficient to cover the femoral head if nec
essary, a purse-string suture 1s used, follow
ing the orthoplastic technic of Codivila,
Hey-Groves and Colonna.

INTRA ARTICULAR ExPLORATION Usmg
a Lambotte hook an assistant carries the
supenior end of the femur laterally while
another assistant retracts the anteromedial
structures over the ilopsoas When doint
this step 1t is convenent to grasp the edges
of the cut capsule with Alls clamps, be
cause this reference s an mportant guide
to the cotyloid, which 15 difficalt to find If
one 13 not sufficiently experienced. The cap-
sule Is ncised when found interposed like 8
drumhead over the acetabulum after sep-
arating it from the iliopsoas this Is kengthened.
This should not be done unless necessary
because together with the abductor muscles,
it Is essential in mamtainmg reduction

If the ligamentum teres is found to be
hypertrophied it is cut flash with the femore!
head then it is grasped with strong forceps
and cut out from the bottom of the fossa.
If 1t is required, the same is done with the
limbus and the transverse ligament the cav-
ity is cleancd carefully of fibroadiposs 1S
sue which at this age except in one case
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Fioc 5 (A) Capsular arthroplasty MdY"

wnth high femur The amount resected “

(B) Capsular srthroplasty after osteotomy or diaphyscct

med

disphysectomy In an trreducible dislocation

is equal to the upper displacement “X.”
a omy l::r].reﬂdy nalled (iotra

) with the anteversion corrected and a shelf made (1) Reamed acetabulum.

(2) Capsule. (3) Shelf and bono clups (4 and 7) Steinmann nail with st screw
protector cap (5) Lateral pin for fixing the reduction 1 correct rotation. (6) Oste

otomy or diaphysectomy site

wever has been enough to impede reduction.
Then applying table traction as well as in
ternal rotation movements onc can sec
whether the femur descends easily and
whether reduction may be achieved
SUBTROCHANTERIC OSTEOTOMY This step
(Fig. 5) must be done under vision and 15
of vital {importance since 1t not only length-
ens the femur but also prevents redisloca
tion. Rarely fs subtrochantenc osteotomy
not done, because in the absence of ab-
normal anteversion, reduction is easy if the
jomnt cavity is deep and the roof 15 slanted
normally The osteotory Is done through
the fibers of 1the vastos Iaterahs, 3 cm below
the lesser trochanter The proximal fragment
is grasped with Lane forceps or Uon clamps
n order to explore the cavity adequately
As a role reduction can be achieved wathout
force The proximal fragment preserves the
muscufar insertions of the gluteus maximus,
the pelvitrochanteric external rotators and
the vastus laterahis If on reduction one ob-
serves aver nding of the fragments at the
osteotomy site the excess from the distal

fragment is removed, thus avoiding undue
mtra articular pressure Diaphysectomy does
not 1ncrease shortening because an equal or
a lesser length 15 resected than the mterval
between the femoral head and the cotylod
nm (Fig 5A)

TREATMENT OF THE JOINT CAvITY When
the acetabulum 13 not decp enough one may
follow two courses, depending upon the de
gree of flattening (1) If the cawity 1s sightly
insufficient and the angle of its roof not too
far removed from the normal, one mey do a
cotyloplasty by bringing down an osteo-
cartilaginous flap from the roof proper and
filling the remaiming defect wath bone chips
(2) 1t the flattening s scvere, increasing
subluxation, it 1 preferable to decpen the
acctabulum with a large curet and an elec-
tric burr until its floor can be dented by a
finger as advised by Colonna Care should
be taken in formmg the angle of the roof
of the altered cavity Also an effort must be
made not to enlarge excessively the cawity
supenorly because this will preclude proper
centermg of the femoral head within the
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acetabulum In the hands of the autbor ths
arthroplasty has given mcomparably better
results than cotyloplasty because in the lat
ter the prafts displace reabsorb angulate
or fracture Thus is particularly true in the
very young patients With the fossa sufficient
to take the head of the femur the capsule
18 closed over it with a purse-string suture
after the excess length or thickness 1s re
moved in order to facilitate replacement of
the head. Occasionally, the capsule 1s 1 cm
in thickness at this point.

INTRAMEDULLARY NALING A 3/16 in.
Steinmann pun of proper length is passed
through the canal of the proximal fragment,
starting at the osteotomy site upward until
it is flush with the cut bone Care is taken
to have an assistant guide the nail m order
that 1t may project from the skm near the
iiac crest The osteotomized fragments are
reduced, and the pin 1s dniven down into
the canal of the shaft of the femur leaving
2 cm of the nail protrudmg above the
greater trochanter If only 2 cm are left
protruding from the femur the nail will not
impinge on the ihum when the thigh is ab-
ducted. The reduction s checked, and good
contact 13 ensured at the osteotomy site The
author has found it advantageous to use an
end cap as in Figure 5B which permuts ity
casy extraction.

Foana THE REDUCTION AND CORRECTING
ROTATION One of the most difficult prob-
lems Is maintaining the femoral epiphysis
within the joint when it has a tendency to
project itself outward Hey-Groves jn 1927
had descnibed 2 step in hus arthroplasty tech
nic whereby the capsule was sutured over the
head of the femur and anchored to the bot
tom of the acetebulum with a tendon suture
It is the only surgical treatment which the
author has found in the Iterature to pre
vent subluxation

The author fixes proper internal rotation
with a % In pin in the proximal fragment,
plercing it from below the greater trochanter
and bringing 1t out over the supenor margin
of the neck to cnter above the cotyloid

(Fig. 5B) and then places the Jower limb 1o
10° external rotation The free end of the

pm 15 held by an esmstant who simultane
ously presses over the greater trochanter
The nail 15 encased in plaster It 19 advisable
to put the pin through the skin and not
the wound

CoTYLOPLASTY In cases of moderate
subluxation due to an unduly oblique ace
tabular roof, cotyloplasty 1 indicated The
author performs Gill s operation, rewnforcing
the bony shelf with a bone bank graft. These
grafts are fixed with the pin used to fix in-
ternal rotation as described previousty The
pin is withdrawn 4 or 5 weeks later when
the cast 13 removed and Fanlls brace k
applied. This procedare is ndicated malnly
in adolescence or adulthood since the grafts
tend to become reabsorbed or to displace In
the younger patients When dislocatron 13
severe 1t is better to do an arthroplasty
covering the head with the capsule and decp-
enng the joint.

Plaster Cast. A double plaster spica Is
applied

Postoperative Care. Besides the routme
postoperative care in major surgery & blood
count on the first postoperative day and 5
days Iater is recommended The cast permits
changing the patient’s posmtion Penicillin
and tomycin are glven as a safe-
guard for 72 hours morphine for pain the
first 24 hours then phenobarbital-anupyrinc-
Control roentgenograms are taken before
and after applyng the cast at the end of
surgery at the the end of the third day and
overy week thereafter Low fever reaction
frequently is due to the presence of the pins,
subsiding when the pms are withdawn The
lateral pin is withdrawn through a winéow
cut mn the cast at the end of 4 or 5 weeks
and the intrmedullary one is removed when
callus is discernible at the osteotomy site.
When this callus is wvisible on roentgeno-
grams the cast Is bivalved, and tho bmce
maker measures the patient for the author s
brace When the brace is ready it Is applicd
without changing the position of abduction.
One month later the use of a tricyck Is

itted, as well as underwater CXERISEs,

mg not to carry the thigh in adduction
except slowly and gradually Walking first
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is permrtted in the tank and then out of it,
using a flat Thomas heel to foree internal
rotation The use of Farills brace should
be contued for some time at mght When
there is Inequality of hmb lenpth, roent
genographic measurement should be done,
followmg the author’s technic, and an ap-
pmpﬂatehﬁuappucdtothcshocofthc
short limb

Results. The follow-up has been too
short to give final results. The author per
formed the first operation using chaphysec
tomy in 1946 hence many cases are stilt
recent. In general, the immediate results
have been encouraging  In further
publications details regarding late results will
be given.

STATISTICS OF PROCEDURES

EMPLOYED
Number of patients treated 34
Number of hips 42
Total closed reductions 9

With Pacl Lorenz technic
With Furill s brace

Total open reductions 33
Plain reductions
With thelf added

v

:
£
i
£

and dinﬁhy‘cctczmy
With disphysectomy and shelf
Shelf operations with no reduction
Total shelf aperations
Total diaphysectomies
Total capsular arthroplasties

Fatal cases (hyperpyrexia and
pallor syndrome)

(SRR

CONCLUSIONS

1 The carly diagnoss and treatment of
congenital dulocation of the hip permits bet
ter and faster results with simpler and less
aggresuve methods,

2 Arthrography and lateral roentgeno-
grams are recommended routmely in chil
dren more than 1 year old in order to select
the method for reduction,

3 The author describes a brace for con-
valescence and gradual reduction In cases

of subluxation and 1n some carly cases of
duslocation. This brace provides abduction,
internal rotation and downward and medial
traction of the femoral head, permutting free
floxion and extension movements of the hip

4 One should stnve for easy reduction,
leaving zero pressure 1€ leaving no ab-
normal pressure of the femur on the acetab-
ulum In order to accomplsh this one must
not hesitate m choosing operative pro-
cedures when n

5 Open procedures should be reserved
for cases where closed reduction fails or
when closed reduction is impossible as
shown by arthrography

6 Surgical measures should be carned
out before sccondary femoral and cotyloid
changes and deformuties appear and when
there is still sufficient tume for the femoral
bead to remam normal following reduc
ton (between the fint and the fifth year)

7 On doing open reduction all the prob-
lems presented should be treated with min-
umal damage to the joint elements surgery
should be defimtive The convalescing pe
niod 18 reduced, and there are mare probabil-
tties of gaming normal function sooner
without complications.

8 In the open reduction of congenital
duslocation of the hip the suthor recom
mends subtrochantenc osteotomy as a must
thus prevents redislocation and corrects the
antetorsion In cases showing a high femur
one should resect the overnding section
from the infenior segment after reduc-
tion thus preventing excessive intra-articular
pressare

9 In the majonty of cases showing
moderate subluzation and a cotyloid roof
not tooomobllqﬂc:nnnd not amenable to treat-
ment cr surgery a cotyloplasty can
be performed, but the authoxt'yizplmut:):lh n
favor of arthroplasty covering the head with
the capsule this is also true in cases with a
shallow acetabulum

10 Surgery for congenital disloca
the hip shou:lybc undc‘lf:kmm by exper'ii::c:;
surgeons in order to attain the best anatomic
physiologic results and to avod serions
surgical complications

o
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Fundamentals of

8
Design as Applied

to Bone Surgery

DuncaN C McKEE

Engincers and industnal designers have
carcfully studied and analyzed the relation
between  structural form and functional
strength of static and dynamic units m balld
ings and maciunery from the tallest sky-
scraper to the smallest watch mechanism.
The vital importance of micrescopic cracks
and nicks incident to fabrication as weaken
Ing factors in the strength of machme parts
subgected to stress has been known and
studied extensvely for many years. Books
on this subject as applied to structural ma
terials were wnitten as carly as 1858 and
onc very incomplete bibliography on the
subject covers moro than 30 pages of onc
reference book. These facts have been more
or less 1ignored by orthopaedic surgeons and
little if amy effort has been made to apply
this kpowledge to the problems of bone
surgery A brief study of the subject will
convince any experienced orthopaedic sur
geon that many failures 1n a wide vanety of
operative procedures are easily attributable
to ignorance of the physical prmaples in
volved and immediately one can begin to
think of specific cases In which a lack of
this knowledge resulted in faflure

For years a fair percentage of fractures
through the donor site in the tibia have
been accepted as incident to cortical bone
grafung and in many clinics casts were
applied routmely to protect the donor area

Houston Texas

VvER, MD, FACS*

No one ever made any particular effort to
determme why these fractures occurred and
whether or not they could be avoided or
prevented They can be, and quite casily
Apparently no one wondered why grafts
broke There must be a reason What is 7

The author became interested in these
problems m this manner In 1943 he began
usmg large massive grafts from the
tibia, particularly in doing prop-graft fusons
of the spme These grafts were cut out n
rectangular pieces In 32 successive fostons
in which large grafts were moved from the
tibia spontancous fangue fractures occurred
1n 6 cases, and fractures due to excessire
stress such es falls occurred in 2 offxt
cases All of these occurred more than 6
weeks after operation, onme as late 83 7
months after operation (Figs. 1 and 2)
All of these grafts were removed as rec
tangnlar blocks cut from the tibla with 2
reciprocating motor saw This is mo I*
flection on the reciprocating saw Any cuvt-
lar saw produces cven worse defects, as will
be shown by considerntion of the principics
advanced in this paper A study of this
group of fatigue fractures revealed that all
of them were propagated from one cormer
of the rectangular arca from which the
graft was removed and proceeded in a0
oblique direction zcross the bone (Fig. 3)
Consideration of this fact led to the cot
clusion that there was an cxcessive stress
sctupatthupomt,whlahumlmmlﬁoﬂ
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Fio 1 Healing fatigue fracture at lower
end of donor area.

pomt between 1ntact bone and the bone from
which the graft had been removed Then
the shape of the graft area was altered so
that both ends tapered to a pomt (Fig. 4)
Fallowing the adoption of thrs method and
some further refinements applied at about
the same tme the author performed over

Fio 2 Traumanc fracture through upper
end of donor area.

400 successive massive bone grafts usmg
the tibia as a donor area Two fatigue frac
tures and 2 traumatic fractures occurred
spite of the fact that -all these cases be
gan onprotected weight-beanng less than 3
weeks after the removal of the graft.

The removal of the boat-thaped graft
distributed the stress formerly applied at a
sungle pamnt over an arca approumately 1 to
1% inches 1n length. In discussing this prob-
lem with an engmeer several other prin
aples of structural strength were bronght
out, and the author learned of a book en-

1. 3 Stress concentration at ends of donor area 7 fatigue fractures and
2 other fractures In 35 consecutive cases
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Fioc 4 Donor area shaped to distribute
strews over & wide area

titled Prevention of the Fallure of Metals
Under Repeated Stress * This book is wnt
ten as & guide in design and tesung of vanous
airplane parts and therefore 15 applied par
ticularly to metals but many of the prin-
ciples expounded are applicable to any
structural matenal including bone Some of
the ponciples covered m this book have
very obvicus and direct applications to
bone surgery

There is a statement early in this book
whuch should be quoted directly

Nature exacts the penalty when her laws are
violated. Ignorance of the laws i no excuse to

This is a handbook prepared for the Buresu of
Acronsttics of the Navy lg:-pamn:m the Bat
1eTle Memorial Institute under the a of the
Nationa! Rescarch Council of the Na 1 Acad
emy of Sciences, Wiley 1941

Fic 5 (Top) Stress con-
centration at vertical hole
3X hole at 45 angle 4X
hole of any alze trangverse,
7X (Bottom) Expansion
stress  hole too small for
screw cracks radite out and
cause subsequent fracture
Draw screw has similar effect.
Hole should be outside diam
eter of screw countersink
shoulder of screw set screw
snug but not tight

E@

her Moreover to the famuly of a pilot who bss
been killed through the failure of a part which
was obeying nature s laws, it is cold comfort to
koow that the alip made by the dengner the
machinist or the inspector was innocently made
because no one sufficiently emphasized the
natural lawa that came into play

Likewise 1t must be small consolation to
a patient to know that for the same reasoms
a bone graft has faled, or some recon-
structive operative procedure entered fnto
with high hopes for relief of pain and disa-
bility must be repeated or must be doomed
to permanent faflure,

When any structural unit fails, erther un-
der a single maximom stress or under T¢
peated minimal stress there must be a pomt
at which this faflure starts Structural eng-
neers call this point a fatigue nucleous.”
It may be & microscopic mick or erack of
defect. It may be due to unintentonal in-
Jury to the part during fabrication. The
cndurance strength of a substance fs ot
altered by & nick or 8 crack, but the eodur
ance strength of a given plece is altered
vnstlybyit.Thcrearax}eounccru.mcnr
model consistently broke at about 2 000 mikes
mn all cars This was due to the part num
ber which was stamped on the shaft. When
it was put on the end of the shaft the
breakage ceased.

The presence of a round hole in a part
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multiplics the stress by about 3 times
(Fig. 5) A hole placed nt a 45° angle
multrplies 1t 4 times & transverse hole multi-
plics the stress 7 tmes A microscople crack
at the edge of the hole may reduce the
resistance to zero The surface of a part is
the most volnerable area and the harder
and more bnttle sub-tances are more af
fected by minute defects than are ductile
substances As an illustration a 1/64 i
deep notch 1 a steel bar 9 m. in diameter
may reduce 1its resistance to stress by 50
per cent. Think of 1t Only 1/576 of the
diameter of the piece has bten removed
but 50 per cent of 1ts resistance to repeated
stress is gone

The clamping stress applied by nivets and
screws may reduce the stress resmistance of
a given part markedly How many tmes

-

have you felt a sense of satisfaction as you
sct a screw down tight on a plate or a
graft or an oblique fracture? Dont do it—
you are wenkening the part. Sharp corners
arc particularly prone to contain micro-
scopic fatigue nuclel, and 1f 2 hole 1s bored
the edges of the hole should be rounded
and not left square. The throat of the screw
is tapered. It cannot be flat if 1t is, the
screw head may come off. Demigners of
screws know this but we have ignored 1ts
implications Expansion stresses produced
by clf threading screws greatly weaken the
stress resistance of any part. The machimst
carefully matches the hole to the threading
tap (Fig. 6) Of particular importance 1s
the proved fact that endurance strength can
be increased i many cases by actually tak

g away material to remove a small notch

e T T

Fm. 6 (Top) Deve for centering drifl hole i plate. (Bottom) Dnll
properly nized for screw

Fra. 7 Complete treatment of donor area.
ofl to remove all fatlgue neuclel and

underDcturtslromhlhi‘nom}OOgnfu.

to distribute stresses,

All comers and edges have been rounded

There were only 2 fractures,
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or crack and give wider distribution of
stress Shatter cracks within a part also may
serve as fatigue nuclel These statements
constitute a summary of the more wportant
applications of known prinaples of struc
tural design Now Iet us apply some of
these principles directly to bone surgery
Alteration of the shape of the donor area
in the tibia to secure a wider distribution of
stress has been mentioned (Fig 7) Further
refinements comsist of using a burr to round
off all sharp edges and corners and remove
all nicks until the edges of the donor area
are completely smooth and the ends are not
pointed but round. Every nick must be re
moved, even If this involves removing con-
siderably more bone in order to get com
pletely to the bottom of the nick this
routine must be carried out with meticulous
care n every case in which o bone graft
of any size has been removed. In 1 cass
the integrity of one of the angles of the

iz
S/

Fic 9 (Lefr) Saw blades to make
curved cuts 1n bone (Center) Burrs and
rotary files for removing defects and
rounding corners  Over 200 sizes ond
shapes. (Right) Countersinks to fit the
hole to the throat of the screw

LA

Fra. 8 (Top) Gnft
as removed. (Botiom)

been removed to oval
cross sectfon Under
surface has been planed
off flat.

D

tibn was violated accidentally in removmg
a bone graft Using the burr the defect was
removed completely This required the re
moval and the smoothing out of a defect so0
great that barely more than one balf of the
curcumference of the tibia remamed, yet this
patient began walking some 10 days after
operation and continued to walk to compiete
healing without the occurrence of & fatigue
fracture Certamly any nick or angle or any
concentration of stress In this area would
have resulted m fracture. Fatiguo Iracture
was anticlpated it did not occur The stress
was distributed widely The bone bent but
did not break.

Having considered the donor it and its
protection from overstress let us apply the
same principles to the graft itselt (Fig. 8)
If we do we remove all of the sharp comen
from the Inear edges of the graft. Ther
must be no nucks or defects however small
1n those portions of the graft that will b
subjected to stress, and 1t must be kept In
mind that 1n bone these stresses will be et
slon, compression torsion and bending All
alterations mn shape and size of the graft
must be made with precision cuttng tooks
mchusaws,driﬂsandmmers.not‘mh
bone-cutting forceps end rongeurs, which
have a shattering effect, radiating out from
the cut A wide variety of tools for these

is available at any machine toct
supply house (Fig 9)
upﬁo’;' we must %’ustcn the graft into placc
bndging a defect (Fig 10) If we do this
bymmofnscmvplnccdﬂuoush”“
graft on either sids of the fracture line, we
have placed a rotmd hole in it which may
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Fia 10 (Top) Flat
surface prepared with
rotary file, for recelving
graft. This type of prep-
aration prevents tonson
and bendlng (Bottom)
All screw holes of ample
slze and beads are coun
tersunk Screws are
tightened to graft contact
and no more,

remove as Httle as ome fifth of the actual
width of the graft but certamnly will cut s

reasstance to ted stress to less than one
half of that of the miact graft. Now if we
force through this bole & self threading
screw and subject the graft to an expansion
stress  producing microscopic cracks radiat
Ing out from the hole and then draw thus
screw down tight and with its throat cause
further expansion cracks and compression
stresses around the hole and further at
tendant cracks m the bone we may reduce
the remstance strength of the graft almost
to zero Some of these stresses apply if we
use a draw screw principle to pull the graft
down on the bono Any rough edge or ndge
in the surface to which the graft 18 applied
may cause concentratton of the stress at this
point and failure of the graft under repeated
strain. Any curve in the site to which the
groft s applied which causes bending stress
on the groft when 1t is drawn down tght
on the bone may increase the internal streas
in the graft further and cause its failure

Fia 11 We may avoid
the loss of strength due
to drill holes near the
fracture by this method
Note that the flxation

pomts are staggered

Therefore 1if we are to conform to our
prmciples the pgraft itsclf must not have
any defects and the bed to which it is ap-
plicd must conform exactly to the thape of
the graft and must be absolutely smooth.
If possible holes must not be drilled through
the praft and particularly this must not be
done near the mte of the defect, at which
the maximal stress will be applied to the

It must be emphamzed that any on-the
spot testing gives no adequate 1dea what
cver of the reustance to repeated applica-
tion of stress that may be expected mn any
glven mechamical setup

Sugpested methods of holding the grafts
m place are illustrated in Figure 11 If it
is to drill a hole throngh a praft
the hole should be large enough to permut
free passape of the screw or a bolt, and a
nut should be used If 1t is absolutely neces-
sary that the screw gnp the graft itself, the
hole should be tapped and reamed suitably
before the screw 1s put in, or a washer
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Fro 12, (Top) Ap-
rance of crack by

shovld be used to dustribute the stress
around the screw head

These principles are of further importance
in open reduction where every orthopacdic
surgeon has noted that there are many frac
ture Lines within the bone not visible in the
roentgenogram  which may appear when
stress is applied in Inserting screws and
other intemnal fixation apparatus (Fig 12)
After one becomes accustomed to thinking
along this line violations of these principles
will be apparent instantly There 18 no ques-
tion that stnict observance of them and
further study of them will enable us to make
a very significant improvement in the per-
centage of good results In a wide variety of
reconstructive and reparative procedures

At tmes, reports have been made of the
application of vanous tesung devices used
m engncenng to the strength of vanous
bones from the human body and to the
strength of various internal fixation devices
These findings give an indication of the
physical propertics of matenals as obtained
from static tests and usually are concerned
with the clastc himits the yrelding pomnts
and the ultmate strengths of vanous bones
and orthopaedic appliances such as intra
medullary pins and plates These are static
tests and m no way do they reflect the con-
ditions encountered in use Most of us at
some time have applied & screw in an
oblique fracture of the tibia and then picked
up the Jeg and jerked 1t a few tumes n all
directions to demonstrate the ngidity of the

pea
direct vilon or under
x rays. (Bottom) The
actual condition {s more
like thrs. These scces-
sory cracks may be in-
visible Later they
break. Oblque screws
usually fail for this
reason.

fixation What would happen if this prk
or stress were applied a thousand times
or ten thousand times? Can eny test that
onc may apply on the spot be used to
give an indicaton of the resistance that
2 plate or a graft will afford to repeated
bending and tormonal stresses? Can any
degree of solidity obtained in a spinal
fusion at the time of operation give amy
indicatton of how these parts will stand vp
under repeated bending stresses in flexon
and extension and lateral deviauons of the
trunk? They certamly cannot. Only planned
attention to design at the tme of fixabon
can allow a margm of safety to resist stresses
to which a part will be subjected

We all know that if a plece of wire is
bent once 1t will not break and that 15 what

u are doing when you put a given amount
rf’nmsoufbonczcwlyplatedorgnﬂed-
But, we also are perfectly familiar with the
fact that if you bend the ware 40 or 50 or
100 times 1t will break and this is exactly
what happens in actual service in a bone.
Stresses are being applied constantly even
though the part may be in a cast. Thus,
all the static tests of the breaking strength
of bones and the bending strength of pins
lose their significance what we want o
know 1s not how much weight it takes or
how much force ks required to bend or
break a part but how many times it can
bend and how many times the force can be

lied and not break the part.
.p}IJ-‘lgu:c 13:howsﬂmscmpmcdlooblﬂﬂ
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Fro 13 Lathe setup
used for dynamic tests
of effect of defects on
resstance to repeated
stress.

the statstics to be given in proof of the
importance of these design factors and fabri
catlon factors if we may use such a term,
as applied to bone surgical procedures An
ordinary wood lathe with a chuck 13 used
to hold a piece of cortical bone of care
fully measured length and diameter A small
ball-bearing race 1s attached to the end of
the piece of bone and to it is appled a
sufficent amount of stress in the form of
weight to produce a measurable lateral devi

Fro. 14 Method of cutting test dowels

ation Then the motor is started at a known
number of revolutions per munute and
when the bone breaks the motor and a tum
ing device are shut off automatically By
this means the effect on functional breaking
strength mposed by vanous defects can be
demonstrated.

The first fact determined was that there
is a wide vanation in bones Each set of
tests had to be run on dowels made from
the same bone (Fig 14) Large heavy bones
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are very bnttle smaller bores are more
resilient and less sensitive to mmor defects
The first pleces used broke at once After
considerable trouble, this was determined to
be due to hutting the end of the dowel with
a hammer to dnve the bearing on the end
A control average of 48 munutes was estab-
lished A set in which the end of the dowel
was struck 10 light blows with a hammer
ran a vanable tme from 1 to 30 seconds

Accidental defects such as a flat side on
a dowel or a nick from gnpping the dowel
with pliers resulted m & runnmg time of
about 3 to 8 mmutes The smallest holes
caused almost immediate breakage. Ring
burns on the dowel produced by the cutter
50 weakened the bone and concentrated the
stress that they caused instant breakage All
tests were run on groups of 5 pieces as

nearly altke as possible and made from a
single bone The control average was made
from 10 pleces The smallest discernitle
saw-cut caused almost instant breakage,

CONCLUSION

These are some of the reasons why our
well-laid plans fail The ideas presented here
only scratch the surface and much remains
to be done about the application of these
princples to specific problems It is hoped
that the reader has been stimulated to begin
thinking serlously about thrs aspect of
orthopaedic surgery There are bits of use
ful knowledge m many other fields that
could bo applied at once 1 ours This en-
gmeerng knowledge has been rgnored, in
a large part, too long
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Antbioucs and Chemotherapy

Will the Widespread Use of These Agents Upset Our Present
Knowledge of Bacteriology?

A Review of the Drugs, Their Actions and Reactions

Francis W GLENN, MD *

The subject of antibiotics and chemo-
therapy by an orthopacdic surgeon may
scem to be a little out of routme. The
author’s interest 1n searching the hterature
both clinlcal and research, became more
and morc intensive as he was confronted
with many unknown and unexplamed prob-
lems for which he could not find a logical
answer He started this study on antibiotics
and chemoth m the vanous stages of
osteomyelitis but then felt that a general
review of this timely subject might be more
valuable

We have been bombarded with the “rosy
side” of the picture by the drug manufac-
turers and their detail men, and often the
other mde of the picture has been soft
pedaled Since so many new drugs are com-
ing out which are said to be effective againat
organt that are rest to the other
antibiotics it s no wonder that we become
confused. The recent trend, according to
reports sceras to show that organisms are
becommyg resistant to the newer drugs much
foster than they did to pemcillin. It 15 un
fortunate that the lay press has publicized
these “wonder drugs™ so widely and
they tell only one side of the story Probably
all of us have had the experience many
tmes when patients come into our offices
asking for a shot of penicillin for a cold
7 Mo, Florsda.

or other minor ailments Many others with
whom this matter has been discussed say that
they have had numerous similar experiences
When questioned, many of them stated they
went ahead and gave it since the pauent
undoubtedly would go to another doctor
who would give 1t to hum. Therr 1gnorance
of the possible dangers of loosely admm-
istering these drugs 1s the same as the au

thor’s pnor to the mvestigation of this tre-
mendous subject over the period of the last
5 years.

In acute ostcomyelitis there 15 very hitle
difficulty in antibiotc management, eype-
cally if the organism 15 known prior to

antibiotic therapy The vasculanty
of the tissues Involved is plentiful in that
stage and the blood stream can carry the
drug to the desired site However mn the
chronic cases the blood supply s at a
premium  especially in thoss who have had
the disease for many years.

The author has had conuderable expen-
ence with organisins becommg resistant to
many of the antibiotics. In one case R, W
male aged 52 had osteomyelits involving
both upper and lower extrenuties and the
um on the nght sde for 38 years before
the author first saw him. His orgamsms have
become resistant to all of the available antt
biotics. The author is hopeful that the
tune the patient has & flare-up and
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tainly will his organisms again may become
susceptible to penicilin This assumption is
based on the nts of Monnier and
Schoenbach, which will be referred to later
in this paper (pp 109 110)

The next plan of attack n these chromc
cascs 1s to get a culture of the pus and
have a specific autogenous vaccine prepared.
Of course sensitvity tests are done to all
the available antibiotics at that time and
the drugs are kept in reserve and in some
cases the culture 15 refrigerated for future
reference The author feels that this plan in
the chronic cases y with multiple
involvement, should be routine The methods
of prepanng specific autogenous vaccines
have been so simplified that it 15 now pos
sible to prepare one in a short time When
it is used, we should not give antiblotics
nt the same time

The author 1s indebted to clinical and
rescarch  bactenologists because of  their
tremendous help in reviewing the notes
and 1n smoothing out the section relatmg
to the physiology the pathology and the
biochemistry of the various orgnmsms Their
stucdics have received tremendous impetus
within the past 15 years Interestingly
enough, they are using antibiotics in their
experimental work 1n genctics metabolism
and biochemistry of the vanous orgamisms
and in downg blologic assays

Bacteriology is o tremendously expanded
profession and will continue to become more
complicated since the advent of antiblotics
and chemotherapy

Since most of the articles in our clinical
journals deal with some speaific organism
or some specific drug 1n one or more dis-
eases, 1t might be worth while to try to
present as broad a picture as possible of
the drugs themselves and very bnefly of
the allergic type reactions of various krmds
and the anaphylactic reactions of mild to
severe types. Also a bnef comment will be
made on the most widely nccepted theones
on how these drugs kll the bactena, and
also on theories concerning the development

of resistance

Each of us 1n our varlous ficlds as medical
practitroners  clinical and rescarch bacten-
ologists  physiologists  biochemusts  drug
manufacturers etc 1s 50 occupled 1n vanous
endeavors that the “whole picture” of what
effect the world wide 1mpact of antibiotkes
and chemotherapy will have on our commg
generation may escape us  Thercfore are
view of this type, covenng many of these
factors 15 submutted with the hope that this
cffort will be worth while

Now we can use with certainty the term
“cure” for such one time scourges as syph-
ilis gonorrhea and subacute bactenal endo-
carditis and these discases have become kess
threatening in the acute stages Near murace-
lous cures are reported of many infectious
diseases. Mortality and morbidity rates of
childhood diseases surgcal operations and
nfirmities of old age have been improved
by these blessed agents However there b
a price that must be paid in many instances
in order to reap these bencfits The two
most common dangers arc antibiotic resist
ance of organsms and carly or late seos-
uvity reactons of vanous types in our
patients We are all aware of the fact that
these agents have been used for everytung
from “dandruff to plantar warts " Such in-
discrimmnate use 13 to be condemned The
author knows of no statstics on the per
centage of the general population on @
national scale who have rectived one oOf
more of the chemotherapeutic or the anth
brotic drugs at some time i their lives.
Probably more people have received penicik
Lin than even the sulfa drugs, since the Iatter
were put m the background to a large d¢
gree when penicilin became available on
the market. Now with the nsw broad-spec
trum antibiotics our unknown problems are
multiplied  Therefore it 15 obligatory to
ask our patients, or the family in the cas®
of infants and children, whether or oot
previous sulfa drugs or antibotics have
been given, for what diseases, approximately
how much and how long ago We als0
should inquire as to any suspected or real
sensitivity reactions
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AN ANALOGY IN THE
INSECT WORLD
The experiences of entomologsts all over
the world should warn us of the mult
plicity of problems which face us. C E.
Palm ! n his presidential address (1953)
appealed to all entomologsts in the Untted
States to co-operate fully with allied pro-
fessions here and in other parts of the
world who are dealing 1 public health and
he cited the responsibility of the entomolo-
gist in hus dedication to human welfare
This inclades the entire medical profession
m all of its many branches and espedially
the public health services He made a plea
for extensive study and basic research in
the physiology the biochemistry and the
genetics of the varlous species of pests af
fecting human beings and the food and the
fiber that they need He stated that “the
fescinating studies of the physiologist on the
effect of hormones and enzymes on the
metamorphosis, metabolism growth and ro-
production 1n insects arc &3 intrigumg as
they are important.” He sounded a solemn
warnng 10 regard to resistant orgamsms as
a result of the extensive use of chemical 1~
secticides. He urged a return to funda
wentals in the control of reproduction.
The Flonda Entomological Society (May
1954) urged the mosquito control board to
wtensify previous methods of dramnage and
filling of breeding places as an absolute ne
cesuity 1n the control of mosquitoss 1n that
state.* The mosquitoes have become increas-
ingly resistant to all the known chemical
msecticides and combination of msecticides,
end DDT 1t considered as practically useless
at this tme Generally the msecticides fall
nto two large groups of chemicals
1 The chloronated hydrocarbons which
include DDT lindane chlorodane methoxy
chlor TDE, BHC, aldnn, dieldnn, endrmn,
hepatachlor and malathion. Because of their
similarity 1 chemical structure their efficacy
is short-lived once they have become re
sistant to one of the group
2 The organic phosphate  group of
which pamthion ks an example has been

found to be espectally efiective against or-
garusms resistant to the above group How
ever resistant strmins to parathion already
arc appeanng Those critters” which were
not killed by the first the second and the
third onsiaughts of chemicals survive and
reproduce 1 tremendous numbers and are
not influenced by any available chemical
For this reason the basic principle of
climinating breeding places appears to be
the last resort at the present time

Brologic control of wsects has been used
for mamy centunes The first written record
on the transportation of beneficial insccts
by man was made by Forskal In 1775 He
reported that the date palms 1z Arabia were
attacked by ents which often destroved not
only the frit but also the trees themselves
The growers introduced colonwes of “preda
tory™ ants annually from the mountams and
these controlled the “pest”™ speczes The use
of predatory ants for the protecton of or-
chards agamst insect pests 18 a practice of
long standing in varlous Asiatic countries
and still is employed Many examples of the
biologic control of insects and transporta
tion of insects from one region to another
were reported by Sweetman in 1936 3% An
outstanding example was a ladybug beetle
(Vedalia cardinalis) imported from Aunstralla
wto Calforma in 1899 to control the cot
tony-Cushion scale Predatosy insects or par
asites were used to combat the onental frut
moth m the peach mdustry in New Jersey
from 1938 to 19473 In 1947 1952 the
parasites were used, together with a mumi
mum of chemtcal spraying and this com
bmation s cconomcally sonnd and much
better than chemicals alone When chemi
cals are used too early often the “beneficial”
wnsects are destroyed, and polfination 15 in
terfered with To recall a few of the tre
mendous contributions of the entomologust,
we must consider the control of such di
cases as malarda yellow fever bubonic
plague epidemic typhus and other scourges
of mantind that are spread by mosquitoes
flies lice ticks and fleas The majonity of
this work was done prior to the chemical era

=~
T~



102 Antlbiohcs and Chemotherapy

In our own profession a few examples
which can be considered biologic control,
even though somewhat indirect, are vac
cination for smallpox, inocalations for diph
therta and typhoid fover and many other
vaccmes sern etc A more recent example
15 the ingestion of cultures of normal feces
by persons with intense diarrhea following
the use of broad spectrum antiseptics 4 to-
gether with large doses of vitamin B com
plex, milk buttermilk yogurt etc., in an
atternpt to re-establish the normal bacterial
population (flora) 4+

A review of the development of some of
the most important agents may help us to
have a better understanding of their actions
and reactions It 1s not possible within the
scope of this paper to give all the theones
on their mode of action toxiaity develop-
ment of resistance and combined antibiotic
therapy with its mynad ramifications I
shall discuss briefly the drugs it most com
mon usage and give the most widely ac
cepted theones  with references to source
of material.

THE SULFONAMIDES

As we all know chemotherapeutic agents
for systematic use m the human are not
new Salvarsan was developed by Ehrlich
before World War I Sulfamlamide first was
synthesized 1n 1908 by Gelmo = German
organic chemist and was used in the dye
mdustry In 1919 Heidleberger and Jacobs
observed that sulfanilamide coupled with
hydrocupreine, wes bactericidal in vitro 8 In
1935 Domagk using the same combination
snnounced that it was bactericidal in vivo
as well, He called 1t prontosil In the mean
time French Investigators under the direc
tton of Fourmeau ct al postulated that
rublazol (their name for the same sub-
stance) was reduced 1n human body to form
free sulfanilamide and demonstrated that the

Neoprontosil a less toxic substance came
mmediately afterward,

Extensive clinfcal work began soon after
ward m this country umng the two drugs,
neoprontesil and sulfanilemide There was
much confusion at first. Neoprontosil seemed
to turn the patients pink and sulfanilanude
turned them blue Realzing the very toxic
properties of these drugs thousands of new
compounds were developed but only a few
were found to be useful and reasonably
safe Of these, some of the most uscful are
sulfadinzine sulfamerazine sulfamethanne,
sulfapyrazine the triple sulfa compounds,
gantrisin and more recently elkosin and
thiosulfil. (Salfathiazole was removed from
New and Nonofficlal Remedies by the Coun-
cil on Phermacy and Chemistry of the
A M A first as an ndvidual drug and
later as a component in mixtures ©3¢37)

The sulfonamides have epproximately the
same degree of cffectiveness However there
are differences of solubility ebsorption
penctration mectebohsm and rate of excre
tion. These drugs are sparingly soluble n
water The solubility mereases as the pH
and the temperature of the medim are

All of these sulfonamides have a tendency
to crystallze 1n the kidneys—some more
than others—and a careful check on the
urine should be made m all cases recclving
sulfonamide therapy They should maintain
at least a 1,500 to 2 000 cc. dally output
for an adult and should receive alkalinmng
therapy whenever the unmne falls below
pH 55 Keeping the urine pH above 6.5
to 7 increases very markedly the solubllrty
of the sulfonamides

For the past few years, combined sub
fonamide mixtures have recelved widespread
use in order to achieve further reduction of

lization of the drug in the kidoeys.
The solubility of each of the sulfonamides
is independent of the presence of others, and

Iatter compound exp d antib: ie] ac
uvity This amazing discovery opened the
way for extensive expenimental and clinical
studies since the umiversal use of the sul-
fonamides was not shackled by patent nights.

the use of the mixtures gives o therapentic
effect while reducing very markedly the pos-
ubility of crystallization.es Ope combina
tion, namely 0167 Gm. each of sulfodia-
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ane sulfamerazine and sulfamethazine, has
the same therapeutic effect as 05 Gm of
any one of the three but the amount to be
excreted Is equivalent to only 0167 Gm
of cach drug When using these drugs it 1s
necessary to establish a high concentrution
in the body and the wutil doso should be
large as will be explamed later in this
paper The imitial dose should be 4 to 6 Gm
in adults and ¥ of the calculated 24-hour
dose 1n children. Doses of 1 Gm. or more
thould be given thereafter every 4 hours
around the clock in adults, and correspond-
ing doses mn children. As the patient 1m
proves the dose and the frequency may be
decreased as his condition permits

Blood level tests are not as reliable as

once was thought, since little 1s known how
much 1s present 1n the vanous tissues at amy
given time The clinical course of the pa-
tient 18 the most important check. If there
s no improvement within 48 to 72 hours,
then a re-cvalnaton of the case should
be made

Gantndn, elkosin and throsulfil are some
of the newer and more highly soluble sul
fonamides Their advocates claim that they
do not precipitate in the kidneys and need
no alkalinization and are active agamst a
wide variety of orgamisms The last two have
been used clinically in this country for only
a lhittle more than 2 years. These and sumilar
solfonamides now being developed may dis-
place the previous ones exactly as the latter
dusplaced others before them.

The sulfonamides do not show thewr effect
for from 4 to 7 hours and only act when
bacteria are mulaplying

The toxic reactions of the sulfa group are
well known. They include nausen, vomuting,
headache general malase mental depres-
sion, drug fever vanous skin rashes, agranu-
locytosis hemolytic ancmia and leukopema

PENICILLIN
Pemcilin was discovered by Fleming n
1929 Chain and Flory in 1940 reported 1ts

effectveness agmmst pathogeruc organisms
In the past 14 years numerous antiblotics

have been discovered. Penicillin is probably
the most widely known of the so-called
“mimacle drugs.” Numerous types of penicil
Lins have been prepared some of which are
Penicilin G X, F K and, more recently,
Penicillin O Penicilin G is used most
widely because it is produced on a large
scale more casily For this reason, prac
tically all of the penicillin now available on
the market is Pemcilin G The pentcillms
are freely soluble 1 water but they are un

stablo in its presence and therefore if aque-
ous solutions are used, they should be made
fresh and refrigerated for no more than a
few days for maximum efficiency Procaine
base combired with Pemcilin G forms a
compound which is almost insoluble 1n
erther water or ol Therefore procaine pen

icillin can be prepared as a suspension smt-
able for intramuscular injections. Thus a
depot 15 established from which absorption
is prolonged. Specially buffered aqueous
suspensions of procame penicillin retam
therr stability for months if refngerated

Penicillin G 1s available for intramuscular

oral or topsical admimstration. A dosage by
any routc depends on the severity of
the infection. In using aqueous penicillin,
divided doses should be given at intervals
of from 3 to 6 hours If oral penrcillin 1s
uwdthcdosagenhou\dbcﬁnm’:\tos
times the estimated dose of that by mtra

muscular fnjection.

Reactions due to allerpic hypersensitivi
are reparted in about 5 per cent of thtz
cases who never had it before some of these
;ﬂn bctgngzl;d by antilustaminics and

not, should be sto Many
patients have become mmmdpx?dpemﬂm
and, even if not sensitrve at finst, on a sec
o or a later course they may show a
mild to a very severe allergic reaction Many
cnsuofvadonstypcso!allcrgiqaudm
phylaxis have been reported. Mayer et al.
(1953) reported severe anaphylactic reac
trons ut)] penucilin In 6 cases which
dramatic treatment.” One pati a 47-vear-
old white man, started L;P:at:ct'nz hzm

1943
for an inadcqumg}y treated lues Durng —™~



104  Antiblotics and Chemotherapy

years he had received 3 courses of pemicil-
Iin, consisting of 2%4 mullion 5 million and
7 million umts respectively with no il ef
fects In November 1951 he developed an
upper respiratory tract infection and he
bought some penicilin troches “over the
counter " He took one troche and fainted
almost immediately but recovered spontane-
ously He returned to the hospital in Janu
ary, 1952 Because of the persistent positive
serologlc tests he was started on another
course of pencilin and was given 300 000
units of aqueons procaine penicillin intra
muscularly Immedtely after injection he
complained of a peculiar feching in his chest,
similar to that which he had when he took
the penicillin troche two months before and
almost immediately collapsed 1nto coma
Blood pressure and pulse were not obtam
able He died wathin a few minotes Mayer
ct al. stated that Waldbott, in 1949 reported
the first death due to penscilin anaphylaxis
Others have been reported since They stress
the importance of skin testing 1n all patients
who have recelved previous treatment with
penicillin, especially if they have had any
untoward reactions

Recently Pemcillin O* has been produced
in limited quantities and many of the pa
tients sensitive to Penicillin G can tolerate
Penicilin O Furthermore  Penucillin O is
recommended for use aganst Penicillin G
resistant organusms However this work 1s
very new and judicious application rather
than enthusinstic acceptance should be the
order of the day since bacteria are famous
for their obility to develop resistance to
new antiblotics

STREPTOMYCIN AND
DIHYDROSTREPTOMYCIN

Streptomycin  and  dihydrostreptomycin
may be used as an adjunct m the treatment
of bone Infectrons along with perucillin, and
several products are put out combining the
two 1 the same ampule It 15 thought that
the use of streptomycin would prevent the

#Depo-Cer-O-Clllin (Upjohs)

gram negative organisms from predominat
ing after penicillin had destroyed the gram-
posluve organisms in a mixed mfection
Streptomycin and dihydrostreptomycin are
used very effectively m tho treatment of
tuberculosis and when combined with par-
aminosalicylic acid, the development of re
sistance is said to be markedly delayed.
Streptomycn is said to be more toxic to the
eighth nerve and the vestibular apparatos
than dihydrostreptomycin. Receat reports
indicate that 1t Is not necessary to give
more than 0 5 Gm twico a day of dilydro-
streptomycin with 80 to 16 0 Gm of para
amunosalicylic acd daily in divided doses
the dosage Ievel and the frequency are Jow
ered for optmum results, making it possible
to use them over a longer period of time.
Recent reports m cases of tubercalosls indi-
cato that after the mitial improvement, thy
combination can be given every other day
and then decreased gradually to twice 8
week over a long pentod of time This syner
gism of action between an antibiotic and 2
chermical compound reveals a new thought,
namely that further studies in using chemi-
cal compounds wrth antibiotics In gram-
positive pyogemic infections may be of help
to us in the treatment of bone joint and
other infections

Broad-spectrum antibiotics are refatively
new therapeotic tools and are not as yet
time tested They aro active aganst @ widet
vartety of organisms than heretofore scen 1
any one of the previous drugs They &
especially useful against penallin- and sulfs
T org R to them I
being reported more frequently recently

CHLORTETRACYCLINE

The first report of the discovery and the
properties of chlortetracycline (Aureomty
cin) was made by Duggar In 1948 8 It is
active in vitro and in vivo agn.insz Bg;";"
vanety of both -pasitive an
ncgnttxyvc orgmusuznmm a weight basis,
chlortetracycline as well as the otbers of
this group is considerably less active than

penxcillin against most gram-posiuve orgat-
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wms It 15 especilly effective against sul
fonamide and peniallin resistant staphy
Jococel and streptococel Chlortetracychne 1s
not given intramuscularly routinely because
of its Irntative qualities

Average adults 500 mg,. intravenously
every 12 hours. This dosags may be adjusted
upward to as much as S00 mg every 6 hours,
never more or downward accordung to the
severtty of the Infection Intravenous therapy
should be employed only in hospitalized pa
tients who are unable to take medication by
mouth 1t should be replaced by oral therapy as
soon as posslble. The mse of vitammn B com
plex m full dosage also milk, buttermilk, yogurt
or acidophitus milk, i idered helpful in
preventng too much upset in the normal bac
terial florn m the intestinal tract and
siways should be given to any patlent requinng
broad spectrum drugs for a period longer than
5 to 7 consecutive days.

OXYTETRACYCLINE
Oxytetracychine (Terramycin) came later
and 11 a broad-s antiblonc  Oxy

tetracyclme and ats hydrochloride show no
detectable loss of potency on prolonged
storage at room temperature It 1s active
both in witro and 1 vivo agamst a wide
vanety of both gram positive and gram-
negative bactenie. The initial dose of oxy
tetracycline recommended 1s from 1 0to 2 0
Gm. followed by 0.5 Gm by mouth every
6 hours and later by 025 Gm Oxytetra
cychne 13 dispensed in esther capsules or
coated tablets and is available for intra
venous and intramuscular use as well

ERYTHROMYCIN

Erythromycin 1s @ newer broad-spectrum
antibotic very similar to that of chlortetra
cychne and oxytetracychne Its indications
and dosages are approximately the same
Recently it has been used effectrvely agaunst
stephylococa: resstant to chlortetracyclme
and oxytetracycline 10

CHLORAMPHENICOL
Chloramphemeol (Chloramycetm) is a
broad-spectrum antibiotic which, when used

with proper precaotion, 1s an excellent drug
There have been numerous reports of aplas-

tic anemia reported from its use 11121314
1t is beheved that if the dosage 1s kept to
a minimum and not given over a long period
of time, chloramphenicol still will remain a
very useful drug

TETRACYCLINE HCl

Tetracycline HCI (Achromycin) 1s one
of the newer and sull relatively untested
antibiotics and fits within the same group of
drugs as chlortetracycline and oxytetracy
cline. It 15 said to be the actrve factor m
both the latter anublotics It 1s reported to
act agamnst strains resistant to the others in
this class

BACITRACIN AND TYROTHRICIN

Bacitracin and tyrothnon are excellent
for topical application and may be used
m comjunction with other antibiotics n an
attempt to climmate contammnatmg organ-
isms, as well as those not susceptible to the
drug simultancously given by way of the
blood stream.

PROBLEMS

Broad-spectrum antibioucs have brought
numerous problems 1o both the clinician and
the bactenologist The alteration of the nor
mal bacterial population in the mouth and
the entire gastro-inteatinal tract has led to
many serious complications Vanous types
of yeast have been permitted to predominate
when their natural enemies have been elm
inated or reduced in nomber Severe and
sometimes rapidly fatal staphylococcic diar
theas have been reported very frequently
and a few are cited in the following
paragraphs

Finland, m 1951 had several patients
tnder treatment wnth broad-spectrum antt
boties who developed severe diarthea the
:;ools fshuc:w!:d pus and blood, and the cul

re of these stools yiclded coagulass posi
tve hemolytic Staphy lococcus aﬁw aspov.::c
predominant organism and occasionally, as
the enly organism which could be cultivated
on blood agar plates 15 This oTgamsm was

resistant to chlortetra ¢ and
o cycline and oxytetra
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Jackson et al. stated that these staphylo-
coccic Infections m seriously ill patents
resulted in a detenoration of their condition
at a time when thelr prmary iafection
(which was pneumonia m their cases) was
being eliminated.18 “Ths form of dysentery
prolonged the peniod of morbidity of many
of the patients who recovered and played
an important role in the failure of some of
the patents to survive ”

In the opinion of Dearing and Heilman,
smears and cultures of the throat and
stool should be made in all ed cases,
and 1f staphylococci are found in sufficient
numbers, chlortetracycline and oxytetra
cycline should not be given. If the smears
made after the onsct of the discase reveal
large numbers of staphylococel and the pa
tent 1s gravely ill, erythromycin should be
started immedistely 10 In the cases where
crythromycin was used it was found to
bnng the staphylococcic enterits under
prompt control. There were 44 cases in their
series all but 4 of whom had previously
received broad-spectrum antiblotics with 2
deaths They stated that ‘broad spectrum
antibiotics should not be used in minor
infections ™

Hay and McKenzie, in Great Britain re
ported o number of cases of severe “staphyl
ococcic” diarrhea, which was rapid in onset
and fatal within 18 to 24 houns 17
likened the severe cases to Asiatic cholera
and remarked that “Jonbon, et al. (1952)
called this syndrome ‘e syndrome cholent
forme de la terramycine ” In 1 case of
death no attempt was made to culture the
staphylococcus, as they did not suspect it
at the time In another case a pure culture
of staphylococcus was found at autopsy m
the stool the mouth from all sections of
the intestinal tract and the lungs which was
resistant to pemcillin chlortetracycline and
oxytetracycline and sensitive to streptomycin
and chloramphenicol They reported another
case of very severe diarrhea with marked
dehydration in a 2 year-old child who had

purc cultures of streptococer from  the
mouth which were resistant to penicillin

chlortetracycline and axytetracycline and

sensinve to chloromycetin and streptontyem.
Intravenous flulds and intravenous sulfadi-

azne, 1 Gm every 4 hours, and intn-
muscular streptococerc serum 10 000 units,
were given and & prompt recovery was ef
fected. They postulated that broad-spectrum
antiblotlcs upset the “host parastte-drug”
complex, of which we know very little, They
urge that broad-spectrum antibiotics pever
should be used in minor discases, as did
Deanng and Hellman earlier

Hofer and McCaskey divide the many
mechanisms that may play a part m antibt
otlc resstant supennfections into 3 groaps

1 Envir | (antibfotsic suppression of
sensitive organisms the symbiotic state)

2. Possible stimulation of bacterial growth
by the antiblotic.

3 Tissue alteratlons may inclide viamm
deficiency provoked by aureomycin, terramycin
and chloromycetin The alteration i the In
testmal flora may favor acute enterocolitn as
a result of Jocal tissue alteration perhaps asso-
ciated with decreased body reststance.1®

An increasing number of reports on simi-
Iar complications are being made all over
the world One Interesting fact m these e
ports 1s that the dysenteric stools were
purulent and bl m only a few cases,
while the ma]o:t;d’t;f cases reported here
2nd 1n England were described as a copioas,
greemsh diarrhea. Ordinary stool cuftures
were negative but blood agar and other
media revealed the staphylococel often m
pure cultures.

THE MODE OF ACTION OF THESE
DRUGS AND THE DEVELOPMENT
OF RESISTANCE BY BACTERIA
TO THEM

Ehrlich the proneer investigator in chem-
otherapy postulated that chemical antimt-
crobial agents exert their effect by combining
with speafic chemucally reactive groups of
the susceptible bacterlal cell He called them
“receptors " He further indieated that these
chemical structures 1n the microbial cell had
specific attractions or affinities for only cet
tnin other chemical compounds. In ather
words, these “receptors” combine with spé



Action of Drugs and Development of Reslstance

107

afic food components so essential to proper
metabolic function of the microbe His basic
idea was that 1n nature there exists chemical
compounds similar mn structure to these spe
cific food components needed by the mi
crobral cell and that the cells “receptons™
combine with these drugs almost as readily
as with the food components. The cell 1
being “hoodwinked mto “coupling on” the
drugs rather than the food Once the drug
s combmed with the microbial cell, it 1s
now toxic to that cell m the sense that it
blocks a vital metabolic pathway for the
orgamism  Because of their speafic affimty
or attraction for certain drugs only these
“receptors” €ven were given names for a
tune, such as arseno receptors acetico re
ceptors  orthonmnophenol receptors etc
The ycars moved along, and the biochem
st and the bacterial physiologist could do
Ittle to venfy Ehrlich s views. Therr knowl
edge of the biochemical processes mvolved
m cellular metabolism and structure was
too imited to advance this origmal concept.
In fact, soon after Ehrlich, the findings ap-
peared to be incompatible with his views
concernmg specafic receptors It was shown
that bactenal killmg agents were toxic not
only to bactena but also to host cells as
well. The jodides, the chlorides and the per-
oxides had oxidative action on all proto-
plasm the heavy metals phenols, etc de
natured all protein and the detergents and
surface acting agents dumtegrated structural
complexes on all orgnmisms  Therefore, ant
scptic action seemed to be in no way lnked
with specific chemical receptors on mi
crobial surfaces
However recently laboratory workers
have become interested 1n the chemical re
actions between inhibitors and mucrobral cell
constituents The newer viewpoint is a sort
o[mnvnlofd\crcecpmrthcorybuti.sbawd
on the recently sequired knowledge concern
ing the chemical structure of the microblal
cell the brochemical reactions and the en
zymes mvolved 1n the processes of nutrition
respiration and growth, It 1s ths last aspect
of the problem, the effect of antibactenial

agents on metabolic processes, which is most

acceptable today
Fildes (1940) expresses it in this way
The growth inhibiting effect of antiseptics in
general might be due to a specific polsoning of
tome euential reaction exerted through an
interference with the catalyst or essential
metabolite

A complete survey of the killing action
of antimicrobial agents should include then
the specific chemical agents which can block
or imnterfere with essential metabolic reac
tions the enzymic and chemical reagents
which can selectively alter or destroy the
orgamsm s structure (detergents etc ) and
those agents which nonspecifically affect the
protoplasmic constituents of all living cells

What, then, 1s the mode of action of the
sulfonamides? We have mentioned the “re
ceptor theory” and designated that receptors
on the bactenal cells can be tncked into
accepting “fake” molecules which they can
not usc An enryme essential to the organ
1sm 15 depnived of nutnment, and a vital
element goes dead. Esther the patient s cells
do not need the enzyme that the organism
must have or they make more than enough
of the enzyme Therefore the patents cells
are unmjured by a drug molecule that 15
deadly to the orgamsm

In the case of the sulfa drugs there were
many hmts that this was probably the case
Sulfas did not kill instantly even in the test
tube The growth rate of the organisms was
slowed down greatly and apparently in
some subtle way the bactena were starved
to death The drugs have little or no effect
on bacteria that are not actively multiplying
In 1940 D D Woods advanced an expla
nation of the action of sulfanilamide on
bactenal cells which now is accepted faurly
generally 1 The chemical structure of the
sulfanidanude molecule wath the exception
of one radical, is identical with that of para
aminobenzore acld—PABA for short—a
part of the vitamin B complex. Sulfanilz
mide then, 15 2 chemical analogue of PABA.
Many bactenal cells need PABA for their
exstence  exactly as all higher organisms

———
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need their essential vitamins When sulfa
combines with the receptor on the bacterial
cell mtended for PABA it inhibits this
vitemuin from combimning onto the same re
ceptor The organism is starved for that par
ticular vitamin, and its end 1s near Thus 2
“fake” molecule competes with PABA for
space on the surface of an enzyme system
essenttal to bactertal Lfe This is called
“competitive nhibition
Woods further stated that ‘the bacterio-
static action of 1 000 molecules of sulfanila
mide 1s inhibited by 1 molecule of PABA
The latter occurs free in human plasma
very low concentration and in somewhat
ugher concentration 1n a bound form which
can be liberated by actd hydrolysis Other
substances contminmg the aminobenzoic
group exert an cffect simflar to that of the
PABA acid, such as peptone certain amino
acids procaine and many others
Urea appears to mcrease the bacterio-
static action of sulfonamides in vitro and
n vivo when applied locally to wounds.
Therefore these factors have been largely
responsible for the wide variation of in-
vitro tests for sensitivity of specific organ
wms to the various sulfonamides in different
laboratories
Other factors include the species and the
strain of the test organusm, the composttion
and the pH of the medium the age and the
size of the noculum, the medrum, the dilut
ing fluid the concentration and the stability
of the drugs used, the temperature and the
duration of incubation and finally the cn
tena used to determine activity White noted
that “when concentrations of sulfonamide of
less than 1 000 mg. per 100 cc were osed
agalnst streptococet 1t produced a difference
wn inhitition of 100 to 1 when the tem-
perature was rased from 30 C. to 39 C ™20
In the light of this thcory how does
penicillin effect 1ts killing action on mi-
croblal celis” In the first place the penicit
lin molecule 15 & much more complex one
than the simple sulfamlamide molecule Yet
the evidence indicates that both drugs affect
susceptible organsms 1n much the same

way For all practical purposes both can be
considered as antimetabolites or substitu-
tion agents, that is latchmg onto a bactenal
cell and blocking a metabolic pathway es-
senhial to the life of that cell. 21

The penicilin molecule is extremely umi-
lar in chemucal structure to a molecule of
glutathione  This latter substance a tnpep-
tide contuns amino acids that are essential
to the detoxication processes of the bactenal
cell Then a bactenal cell which may re
quire some fraction of the glutathione mole
cule eg. glutarmc acld absorbs a very
similar pemcillin  molecule fnstead, and
thereby a vital metabolic pathwny
blocked and starvation scts in  Another
view 15 that penicilin might combine with
glutamic acid and prevent absorption of thes
ammo acid by the microbe Stll arother
proposal is that penlcillin inhibits ribone-
cleic acid necessary to the life of the bac
tenal cell and yet has no similar effect on
the amimal cell. The important point Is that
antibiotles function as biologic antagonists
or antimetabolites 22 and this very phenom-
enon 13 opening vast and wonderful honzons
in modern drug research.

Streptomycin, 1t appears blocks the pas-
sago of certam carbohydrate intermed:ates
into the Krebs cycle that is, the termmal
respiration system of the cell It mhibits oxi
dation of pyruvate and oxalacetate steps nec

for the basic energy change of the
individual cell 23 The details of this inhibt-
ton are not understood at present. Sm<e
the metabolic step which streptomycin ap-
parently affects 1s of extreme importance 0
all animal tissues why does mot strep
tomycin cause great harm to the bost? In
essence the answer lies in the rf:ihlhd;'

tomycin ordinarily docs pot

mggdﬂn (gra.uuln); or rod shaped par
ticles 1n the cytoplasm) where these re3¢
tions occur yet it does reach the sensitive
areas of certain micro-o Whea re
sistance to streptomycin develops (a3 In the
“by pass” action of penicillin reststance) It
15 because the particular strain of organism
has been able to get elong without the
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“oxalacetate pyruvate reaction” and presum-
ably has a new path for thesc metabolites
Little is known of the action of chlor
tetracycline and oxytetracychne Wong, Bar
ban and Ajl believe that they may not act
on any one step but rather on the phos-
phorylating mechanism 2+ They apparently
mhibit the mcorporation of phosphorous
nto the nucleic acd fractions and 1into
organic phesphate
Chloramphenrcol may have at least 2 sites
of action. Because 1ts structure rather closely
resembles that of the ammo acid phenylala
e 32 it may act as an antmetabolite and
render certain enzymes mactive by displacing
phenylalanine Furthermore 1 Escherichia
coli the antibiotic apparently inhibits the
formaton of an enzyme gluconkinase
which converts gluconate to 6-phospho-
gluconate 28
In attempting to understand the manner
1 which bactenal orgamsms can develop
resistance to certmin drugs one must accept
the fact that micro-organisms posscss nuclel
exactly like those of higher organisms The
bactenal nocleus problem has been a con-
troversial one for more than a half century
but the more recent work of such men as
Robmow Tatem, Beadle Hederburg, Dem-
arec DeLameter?! and others leaves hittle
ground for further question on the existence
of a bactenal nuckus Therefore the bac
tenial ccll goes through the processes of
mutosis and miosis 1n other words divinon
and reduction, whereby the chromosomes
align themsclves and split evenly to form
two daughter cells The chromosomes carry
the genes and a theory that is now popular
is that one genc 1s responsible for one en-
Zyme system—the “on¢ gene-one cnryme
theory ” In very rare instances 1 case out
of 1 billion an unequal distribution of genes
occars, leaving a new cell lacking 1 a spe
cific enzyme Should this enzyme be the one
needed for PABA synthesis the sulfa drugs
could have no effect on this organism since
it could not block a nonexistent enzyme
thus a sulfa-resistant cell #s born
Another view states that since genetics

are at play among bacteria too a microbe
can be produced in a colony that has an
oddity of metabolism and can thereby
“short-cut” or “by-pass” a block caused by
an antibiouc In one of its metnbolic path
ways Stll another theory 15 that some bac
teria become adapted to certain drugs or
that oltered hereditary trmts may anse by
mutation,

The antiblotics vary greatly in their ability
to induce remstant strmns among the bac
teria It 1s evident now that all species of
bacteria can become quckly resistant to
streptomycun and, surprisingly enough some
bactena now even require this antibiotic as
an cssential food Unfortunately the newer
antibiotics are encountering increased num
bers of resistant strains or vanants Penicil
lin has received some harsh criticism smce
more and more staphylococcic infections
failed to respond to it. The drug scemed to
be losing its effectivencss against thrs genus
of orgamism. However from examination of
the record it now 1s sugpested that in the
carly days of pemicillin therapy the resistant
staphylococcic strans were not particularly
widespread and penicillin was effective
against the general run of staphylococcic m-
fections Then gradually the pemcillin-sus-
ceptible strains were dimimished slowly by
widespread use of the drug and the resistant
strams became more and more common 21

Monmier and Schoenbach,2® 1n 1951 test
g the sensitivity of organisms to the vari
ous drugs after exposure to others noted

“An incremo In susceptibility to penicillin
repeatedly observed in mi o4 Whv;:]:
bad been d to aureomycin, chloramphen:
col, terramycin or streptomycin. The degree
was more marked when stralns onignally shown
to produce penicillinase were studied. This
augmented sensitivity a to be related
either to a decrease in the production of or
an inhibition of the enzymatic actvity of penl
cillinase Only a slight loss of this increased
semltivity was observed after subsequent trans-
fers in broth wathout the antibiotic. Pemicillinase
production by these strains of microorganisms
did not return after these latter transfers, and

1t is interesting to speculate as to the possible
cause for the maintmned nability of thes

JS—

- o~




110 Anhblohes and Chemotherapy

strains to form penicilinase The relationship
of resistance to penleillin unaccompanied by
the production of peniciilinase 15 also of great
interest as to the mechanism concerned  Spink
has ed that stephylococc] made resistant
to did not acquire the sbility to form

He also found that such induced
resistance was only temporary The strains of
staphylococe] which were found to possess a
“permanent” type of lin resistance
formed penialinase  He indicated that the pro-
duction of penicillinese was characteristic of
such organisms which could arise by mutation.
Luria did not belleve that penicilinase produc
tion was directly related to the development of
reanstancs to penicillin."2¢

They further stated

“With the exception of loss in the ability to
produce penicillinase, which was astocisted with
an increased susceptibility to the action of pem
cillin—a finding which was noted when certamn
stralns of microo

changes in senartinity to pemscilin
were Independent of the acquusition of reastance
to the other antiblotics. Streptomycin and
polymixin B alko appeared to act as separate
and Independent entitiecs Aurcomycin chlor
amphenicol, and terramycin appeared to bo
closely related in that when resistance to one
of these antibjotlcs developed the same was

true with the others 1n this group although
chloramphenico! differed somewhat in respect
to the gram positive coccl.”

It would appear hopeful then that mamy
of the “newer gencrations” of bacteria
again may become sensiive to penicillin, It
would appear from the conclustons of Mon
nier and Schoenbach that streptococed do
not become resistant to penicillm as quickly
as do the staphylococa.

COMBINED TREATMENT

Theoretcally the most cffective way of
preventing the development of resistant bac
tenia would be the use of two drugs that
would atteck two different metabolic path-
ways of the same orgnmism Many different
combinations have been used. Obviously
when we are dealng with agents which can
attack all of the various susceptible organ
fsms in the body this problem can become

very complex.

Jawetz and Gunnison divide antibrotcs
mto 2 general classes

“Group 1 (bactericidal) strepto-
mycin bacitracin and neom
Group 2 (bactenostatic)  aurcomyein,

chloramphenicol and terramycin *27

They stated that, “combinations with
Group 1 are often synergistic Withn Group
2 they are no more than additive. Combina-
tions of the two groups are apt to be
antagonistic the Group 2 drug interfering
with the bactencidal action of the other
Such antagonism Is observed only when
the orgamism is fully sensitive to the bac
tericidal component if it s more resistant
(although naturally not if completely so)
the combination may actually be synergre.”

They strongly emphasrre that “no gencral
rules about synergism and antagonsm can
be laid down The same pair of antibrotics
may exhibit erther effect aganst different
orgamsms, accordmg to ther degrees of
semitivity Other authors have found that
the same pair may be either synergre of
antagonistic against the same organim 8¢
cording to the concentration used.”

“The whole of this sub hu[nfncftbecncvcbfy
simplified, apparent! or the sake of brevity
umll:ﬂ.ug mention of many factors which have
been shown to determine the results of comr
bined action.”38

Garrod emphasizes that laboratory studies
are absolutely essential in the care of any
given case 20 These are time consuming and
at the present time are prolubitive on 3
large scale He cites “one case of entero-
coccal endocarditis which occupred well over
100 hours of laboratory time ” He remarks
on the complexity of the problem, espectally
when more than onc drug 1s used He
states

“The bacteriologist who tackles Individuat
problems of this kind serlously is facing what
I believe to be the most compheated m_l_rmln
the whole of routine laboratory medine

Dowlmg suggested some basic precepts
governing the jomt use of the differeat anti
microbial agents
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1 Combinations should not be used in a
“shotgun™ fashion on the theory that if one
agent 1 effectlve, 2 or more should be propor
tionately more cffecuve. In many cases, a
single broad-spectrum antibiotic, such a1 ox{n
tetracyclme, will prove more efficacions
treating mixed infections than a 1on
of less versatile drugs.

2. Where combinations of antimicrobml
agents have been demonstrated to be of value
m a given dhease, these same combinations may
be used routinely 1n all cases of the diseate.

3 Where individual agents have been found
meffective m the treatment of a given patient's
infection or when rest of the organhkm
to the agent 13 demonstrated in vitro tests
should be made 1n vitro to flnd an effectrve
combination of agents 30

Gould, Bowie and Cameron remarked
about the reliance on senshvity tests which
were qualitative only and in their experi-
ments attempted to correlate the therapentic
doses of the antibiotics and the resuling
m vivo concentrations with the results of
n-vitro senmtivity eshmatons. In thelr study
with unnary-tract infections they concluded
that “if the dosage of en antibiotic is based
on the 1n wvitro sensitivity of the infectmg
microorgamsm 1t will often be much lower
than the standard dosage There s reason to
suppose that if no more than the lowest
cffective dose is used the infecting organ
ism is unlikely to become resistant to the
antibiotic ™31

Weil and Harnis reported a senes of 330
consecutive 1n-vitro tests in which they ob-
served a high imadence of uncommon bac
tena or of bactena with an unexpected anti
biotic “spectra” among their findings 32
They stated

A full 3rd of our 1solations of organisms of
the colon group of proteus and of pyocyaneus
bacilli came from locations where these organ-

are not commoaly found, such as blood
cultures, memngiths and osteomyelits. As to
ive blood cultures, only 2 concerned beta

fytic streptococei and 4 S, aurews, but 6
concerned al| tococet or S

p strep!
fecabs, S members of the colon group 1 pro-
teus, 1 B alkaligenes, 2 H influenzac, type b
and [ Py oeruginesa. If one subtracts from
these 22 cases the 8 where the chinial aspect
of the disease (endocarditls or meningius) gave
some indk of the probabl apent,

14 cases remain where the tentative diagnosts
was septicemia of unknown ongin. Seven of
these yielded gram-pegative rods. Of 9 cases of
meningith 6 concerned H influenzae, b
and 1 each Neuseria meningitidis, E. col and
S aureus

referred in an addendum to the
work of Chabbert of the Institut Pasteur
de Pans concerming “the wide vanation of
tensitivity not only to peniciilin but also
to the other antibiotics and the ncreased
finding of reststant strams among gram-
positive cocct and enterobacteriaceae from
the hospital material obtmned 1n recent

From these facts 1t can be scen how es-
sential sensitivity tests are and 1t leads us
to hope fervently for someonc to develop
a sumpler method of not only qualitative
but quantitative determination, so that we
will have an index for dosage 1n each case
Of course vanation of sensitivity tests to
the sameo orgamsm in different laboratories
15 understandable from the facts mentioned
previously

A number of other reports support Weil
and Harrls findings of orgamsms otherwise
not considered pathogenic appearmg 1 tis-
sues of the body where they are not found
commonly during or following antiblatic
therapy  especaally with  broad-spectrum
antiblotics

Statstics on resistance of orgamsms to
ndividual drugs can be confusing. Usually
they are limited to certamn grovps or bos
prtals in locel areas, and to my knowledge
there have been no nationwide or worldwide
statisics published It probably will take
many years to achieve this The followmg
examples will serve to show the trend.

Wellman 1n 1952 noted that before 1944
very few strains of penrcillin-reststant Staph
slococeus atreus were reported 33 In 1946
14 per cent were reported 59 per cent in
1948 and 68 per cent in 1949

Needham and Nichols reported in 1953
that prior to 1948 no strains of strepto-
coccl were found resstant 1o Aureomy
an3t Subsequently the Iadence of re-
sistant strains to Aureomycn and Terra-
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mycin had increased gradually untl in
November 1951, they had reached 36 per
cent m their senes and in Janvary 1953,
45 per cent.

The Veterans Hospital in the Bronx,
N Y reported resistance to pencillin by
Staphylococcus aureus as 59 per cent in
1949 and 80 per cent m 1952 to Aureo-
mycin, none 1n 1949 and 29 per cent in
1952 to Terramycin, 1 per cent in 1950
and 29 per cent i 1952 to streptomycin
pone 1n 1949 and 25 per cent in 1952 3%

SUMMARY AND CONCLUSION

The author has attempted to present a
broader outlook on antibiotics and chemo-
therapy than generally 15 given m our
clinical journals and a review of the best
known of these agents their ongin charac-
tenstics how they act how bactena develop
resistance the problems of sensitivity testa
and some of the complications that may
arise due to the use of these agents Their
specific uses are well known, but many fac
tors are not so well known and an effort
bas been made to try to bring some sem
blance of order out of the confusion in the
author’s mind and in that of many others
with whom he has discussed this subject
We are treanng the whole person when we
give these drugs and we should know some
thing about how they affect hix whole bac
terial populaon in additon to the patho-
gen we are trying to combat

1 Further intenuve studies which re
quire the skill of many researchers in
bacteriology phystology biochemistry and
pathology and of clinicians are being car
ried out all over the world on the pathology
the physiology the biochemistry the genet
ics etc. of bacteria So many factors can
mfluence the results of these experiments
and the whole picture is so broad that it
often takes many years to interpret all the
findings and to evaluate them properly
Language bamers prevent closer co-opera
ton m many lostances

2 Extensive research studies are being

carned out on the various bacteral specres,
therr normal basic charactenstics, ther re
action to environment, normal or othersse,
and to foreign agents such as antiblotics
and chemotherapeutic agents This 18 a tre
mendous task m itself, It Is necessary to
know their normat behavior m therr normal
habltat, ¢ g in the eyc the ear the nose,
the throat and the entire gastro-mtestmal
tract etc Much has been learned along this
line but all of the factors that contribute to
2 “symbiotic state” in the bactenal flora of
the gestro-intestmal tract alone i “normal”
health are not known Even now the bac
terologist 18 & most important member of
our diagnostic and therapeutic team and will
become more so in the future

3 Mutant strams can be transmitted
from one person to another and remain re
sistant to one or more of these therapeutic
agents This has created 2 big problem in
the control of venereal dicase cg ¢
gonococcns which Is resistant to sulfa and
penicillin may be transferred and remain
resistant. Recently the broad spectrium anti
biotlcs have been used but not unill they
were made available for intramuscular In
Jection where they were very effective As
we have seen, soon these probably will be
come more resistant to the broad-spectrums
83 well It is hoped that they may revert and
agam become senstuve to penicillin or the
sulfopamides or both,

4 Resistance 10 the various drugs is o€
curring too rapidly to rely on the hope that
forthwith a new drug will be made avail
able to handle anv speclfic problem It
the future In any given case If the paticnt
docs not respond satisfactorily withm the
first 48 to 72 hours to any one of & combins
tion of drugs the drug should be stoppsd
and the case re-cvaluated. Additional cul
tures taken as often as necessary will be of
tremendous help

5 Further research should be intensified
mn developing more accurate and simpkt
sensitvity tests Some of the work oft
tivity tests has been referred to they have
brought out many heretofore unkpown of
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ed strains of bactena found pre
dominant in unusual locations Quantitative
tests are new but will be of tremendous help
to us if and when they are improved to such
a state that they can be used in a general
hospital The present methods are so cum
bersome and time-consuming that they are
not practical at the present tume
6 It 15 ponted out that the present
media used for sensitivity tests 15 unsatis-
factory with the sulfonamides, as certain
chemicals especially the aminobenzoic acd
group including PABA, 1nhibit the acton
of sulfa even when present in small quantt
ties This also should be considered in giv
mg drugs contaming the aminobenzoie acid
group m the treatment of a case
7 Further work on the possibility of us-
ing a chemical agent In conjunction with
antibiotics to enhance their action or retard
the development of resistance should be en
couraged. It is well known that the use of
urea cnhances the effectivencss of sulfona
mides m vitro and when wied locally m
wounds The use of PAS with streptomycin
enhances the effecuveness of the strepto-
mycm and delays the wsually rapid develop-
ment of remstance to this drug by the tuber
cle bacillus

8 Allergic and anaphylactic reactions to
these drugs were mentioned only brefly In
order to understand the complenty of these
problems better consult Dorland s Medical
Dictionary 22nd editon (1951) and look
up the defimtons of allergy anaphylaxis
antigen and antlbody one readily can see
bow meny tremendous problems confront
u3, even m such a small field as the scope
of this paper represents

9 Combined therapy has been discussed,
and 1t can bo seen that there is no “easy”
way to determine which combination 1s best
m any given case Some general rules are
presented.

10 An analogy of the problems in en-
tomology has been presented Therr exper-
ences are showing the way we are headed
even now

These are wonderful drugs we are dealing

with but they should be treated with the
proper respect. They never should be used
in minor alments We should save our am
munition for more serious or cdtical prob-
lems. We should know the organism that
we gre trymg to combat and select the
proper drug by sensitvity tests They should
be considered as preclous tools to supple
ment sound medrcal and surgical judgment.

1 desire to express my gratitude especially to
Dr Vincent R. Saurino Asaistant Professor of
Bactenology Umvensity of Miami Medical
School, for his Invaluable advice and sugges
tions in the summarization of the section on the
theories on how bacterin are killed by these
agents and how they develop resmutance. I also
wish to thank Dr D O Wolfenbarger * Re-
search Entomologust at the Subtrop:cal Experi-
mental Statton Homestead Fla., for his aid in
providing additional source matenal and his help

c ating the material that I had collected
in the field of entomol in order to show an

analogy of thelr problems as compared with
ours.

* Immediate Past Pressdent of the Florda En
tomological Society
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The Local Use of Hydrocortisone Acetate
m the Trearment of Pamful Shoulders

Lewis M OVERTON M.D *

The frequent use of needlng procane
wnfiltration, repeated mampulation, roent
genotherapy and daily foreed pasuive stretch-
ing is mute evidence that the pamnful shoul
der stll presents many puzzling problems.
It has not becn too many years since all
pain about the shoulder joint was classified
by most phymcans as bursits In the
process of continued study a group of rather
definite disease cntities was evolved Cod
man did much to make us more aware of
the importance of arriving at some definite
diagnoss mn shoulder Jesions 2 He classified
chronic tendinitis in the abductor cuff ten-
dons with calcareous deposit. For some
tme this was consdered to be the most
frequent cause for shoulder pam and dis-
ability Tenosynovitls of the tendon of the
tong head of the biceps muscle was men
tioned early as & possible cause of shoulder
dusorders More recently DePalma clanfied
this lesion and demonstrated its Importance
In the production of shoulder dusabilities 3
Causalgia or sympathetic dystrophy of the
extremity reseltng from cervical spine rad
lculius also has been demonstrated as a not
uncommon cause of disabling paln m the
shoulder * Other lesions, such as acute
trauma and acwute or chronic synovins, also
may be etologic factors

Regardless of the cause the sequence of

Section of Orthopedic Sargery Lovelace Clink
Afbuquerque New Mexkeo.

s

events in pamful thoulders is relatively con
stant when adequate treatment is not instt
tuted durmg the early stages. The pain ac
companymng all of thess lesions results in
loss of shoulder function and an ensung
muscle atrophy As stated by DePalma, this
causes a slowmg down of the arculation
and results m venous and lymphatic stasis
A low grade chronic inflammatory process
follows which affects all tissues about the
shoulder This inflammatory process unless
prevented or cleared up eventually will re
suit in @ frozen shoulder Pain will per-
sut ontil all mfammaton has subsided
DePalma has polnted out that tenosynovitis
of the tendon of the long head of the biceps
muscle fs the most common and tenacious
complication of shoulder lesions

It has been agreed rather generally that
1t I3 necessary finst to relieve the pain factor
in the shoulder f one is to restore its
function. In the past the gamut of conserva
ave measures hay been run with unsatis-
factory results in a large percentnge of the
cases If all pun has subsided, the froren
shoulder may respond to gentle manipula
ton under anesthesia however if the In-
flammatory process still exists such therapy
will only eggravate the process Surgery to
remove the calcareous deposits or decom-
press the tendinitls and transplentation of
the tendon of the long head of the biceps
muscle have given very good results. This
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type of treatment always requires hospital-
zation, and the convalescence often contin
ues for a long perlod of time

Since the chronic inflammatory process
about the shoulder has been established as
the causative factor in the continuance of
the disability, attention has been focused on
some conservatrive measures that would clear
up the process The development of corti
sone and later hydrocortisone acctate made
availeble an antt inflammatory substance that
had pronuse in decreasing or clearing up the
joint inflammation  Hollander and hus asso-
ciates found that hydrocortisone was muoch
more effective than cortisone when used
locally 1n the joints and other involved ts-
sucs.4 Thelr expenments revealed that hy
drocortisone is much less soluble in blood
plasma and thereby remains local in a
greater concentration for & much longer
time In addition 1t did mot produce the
[ocal irmtation that was produced by cortl
sonc Subsequently Hollander reported a
large series of cases of arthritic and allied
conditions treated by local injection with
very good results 80 Comparable results
have been reported by other authors.1112 13
A few reports have been published on its
local use in nonarthntic joint lesions and
tenosynovitis Howard Pratt and Bunrell re
ported good results when it was used locally
n leslons about the hand, includmg teno-
synovitis 7 Orbach reported 6 cases of so-
called bursitis of the shoulder all of which
subsided quite promptly ® Recently Butson
reported on 1ts use in subdeltold bursitls and
frozen shoulders along with its use for other
local joint conditions * His report indicated
approximately 56 per cent of good results in
these two shoulder lesmions. It should be
noted here that he injected the material
cither nto the jomnt or into the subdeltoid
bursa in all of the cases In a most recent
paper Reynolds and Remsey reported excel-
Ient results from 1ts use in acute subdeltord
bursitis with or without calcareous tendinitis
however thelr results 1n frozen shoulders
were much less stnking.1¢ The conclusion
reached 1n the orticle was that the material

had been mjected durectly into the jolnt In
the latter group of cases

The cases sclected for study in thus re-
port have been those in which the primary
naturc of the lesion was not inflammatory
Rheumatoid arthritis and allied conditions
which are pnmanly mflammatory discases
were excluded because past studies have
shown that hydrocortisone will decrease or
clear up the local process m other dis-
cases but that the conditron will recur onless
the arthntic process as a whole subsides
along with the clearing of the injected joint.
We were interested in determining whether
or not hydrocortisone when used locally In
inflammatory tissues that occurred pnumarily
as a result of venom and lymphatic stass,
would clear up the inflammation and
whether or mot 1t would remain cleared
Since pain 13 associated directly with the
mflammatory process m the group of pam-
ful shoulders under discussion, onc would
expect the inflammation to subside with re

TABLE 1 ANALYSIS OF CASES SELECTED
FOR TREATMENT (24 CASES)

STaTUS OF
SiiourpEr MoTION
No or
Dugonosss Caszs Fartially
Normal Seiff Frozes
Sympathetic
Dystrophy (Shou! .
der Hand Syndrome) 4
Calcarcous
Tendinitls o s 4 1
Noncakareous
Tendinits 2 1 1

Trauma (Spram and
Acute Synovitls)* 5
P O Radrcal
Breast Surgery
(X ray Therapy) 2
Primary Biceps
Tenosynovitls

Total

[N)
[N}

10

24 7 7

tuberosity

ter
One case of fracture of the pgrea 1 the

-ndluscal{mc(nreohh:mrglulncd
bumerus.
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hef of the pain and restoration of function.
DePalma has demonstrated that this 1s trus
by transplantmg the tendon of the long head
of the biceps muscle from its groove to the
coracoid process of the scapula In our
study no attempt was made to grade the
severity of the pam however the status of

TABLE 2. ANALYSIS OF CASES WITH
SECONDARY BICEPS TENOSYNOVITIS

STATUS OF
SrOULDER MOTION
PrDIARY No oF
DisGNasTs Cases Partially
Normal Stff Frozen
Sympathetic
Dystrophy 3 3
Calcareoms
Tendinitis 2 1 1
Noncakcareous
Tendnitls 2 1mid 1
Trauma 4 4
P O Radical
Breast Surgery
(X-ray Therapy) 2 2
Total 13 1 2 10

passive motion was graded on the basis of
normal, partially stiff and frozen. It i nter-
esting to note that we are able to separate
only 1 casc in which we could make a
primary diagnosis of biceps tenosynovitls
(Table 1) However when the panents
were examined, 13 were found to have a
biceps tenosynovius that had developed dor-
ing the counse of the discasc (Teble 2)
Thus indicated to us that the inflammatory
process that occurs as a result of functional
loss in the shoulder involves the tendon of
the long head of the biceps most frequently
In the treatment of painful shoulders with
hydrocortisone, 1t was felt that it was es
sential to localize the cause of the pain
accurately This became necessary becanse
hydrocortisone remams localized quite well
and does not diffuse nto all tissues about
the shoulder Injection into the shoulder
jomnt will not result in diffusion around the
biceps tendon m the presence of adhesions
Therefore 1n all of our cases the matenal
was myected directly mto the tendon sheath
or other tender and pamful areas The
quantity required to give relief was found

TaBLE 3 ANALvais OF RESULTS FROM LOCAL INJECTION OF HYDROCORTISONE

o No oF No or

ResuLTs

Inaec

Rellef of Paln

Return of Motlon

TIONS Fallore Improved Relicved None Partial Normal

Sympathetic
Dystrophy 4 8

Calcareous
Tendinitls 10 23

oncalcareous
Tendimitss 2
Pnmary Brceps
Tenosynovitis 1 2
7

&)

Trauma 5

PO Radical
Breast Su
X-ray Therapy 2 3

Total 24

1 3 1 3

2 8 1 9

[N

N
2
=
w

Secondany

feeps
Tenosynovitls

[®)
w
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to be small At first we nsed larger doses
but later we found that it was rarely neces-
sary to use more than 25 mg. in both the
tendon sheath of the long head of the biceps
muscle and the shoulder joint, dividing 1t
equally between the two arcas Twenty five
mg, was the amount mjected 1n the tendin-
ous cuff and the subdeltord bursa 1n cases
of calcareous tendinits The injections were
repeated 1f the pan recurred or if it had
not cleared up entirely following the first
mjection Injectrons were not continued after
relief of pamn Procalne was used only
to infiltrate the skin. Eleven of the cases
required only 1 injection while there was
1 case that required more than 4 injections
The 24 cases received a total of 45 injec
tons All of the cases were followed for at
least 3 months except for 3 cases of acute
calcareous tendinitis

In evaloating the results in these cases
they have been graded on the basis of pan
relief and restoraton of active motion or
functional use of the shoulder The results
have been tabulated m Table 3 The results
were based on findings at the tume the
study was made The duration of improve
ment or complete rehef had continued for
from 3 months to 15 months except in the
3 cases of acute calcareous tendinitis seen
more recently There was not a case In
which material improvement had not been
obtained More than 80 per cent had re
ceived complete pam relief Motion also was
improved in all cases eand normal motion
was obtaned in 19 however it should be
noted that 5 cases had normal motion be
forc treatment. Some interesting features
were presented by several of the cases One
of the patients had suffered for several years
with pain in the left side of the neck, the
shoulder and the arm which was associated
with extensive degenerative arthnitis of the
cervical spine  The left shoulder became
stiff about 1 year prior to edmisston. It had
been mompulated twice withont any im
provement. At the time of our first examina
tion there was marked tenderness over the
tendon of the long head of the bieeps

muscle with only a few degrees of very
pamful motion. Twelve and one half mg,
of hydrocortisone was injected mto the
sheath of the biceps tendon and 12V mg.
directly into the shoulder jomt. Two days
later the acute pain had subuded, and ac
tive and passive motion was begun The
njections were repeated after 1 week Prac
tically all of the discomfort disappeared fol
lowing this mpction The motions were
nearly normal at the end of 5 weeks Two
days later the patient fell on the iwce and
susteined an undisplaced fracture of the
greater tuberosity There was a mild recur
rence of the biceps tenosynovins following
this mjury but this subsided after 2 injec
tions of hydrocortisone The patent now
hes a well functioning shoulder Another
patient with a chromc calcareous tendmitls
had been given hydrocortisone systemically
for 5 months with practically no unprove

ment. At the time of examination the ten-
dinitis was found to be complicated by &
biceps tenosynovius Both of these re-
sponded promptly to the local mpections.
Full motion had returned by the sixth week.
One other patient with & chronic cakarcom
tendinitis complicated by a biceps tensyno-
vitls responded much more slowly The cak-
careous deposits In this patient favolved the
whole cuff and the tendons of both the
supraspinatus and the infraspmatus muscles

The relief from pam was always good but
lasted for only about 1 week at fist. The
duration gradually increased with subse

quent jnjections. The last imjection was 8p-
proxunately 8 months ago The patient s
free of pan at this time and had sbout 90

of motion fn the shoulder It should be
noted that this case had received 2 counes
of roentgenotherapy with oply slight retie!

prior to the local injections of hydrocortisont.

DISCUSSION

The consi antt ory action
of hydrocorusone acetate has been demon-
strated by many authors The results wil
be more favorable in those cases 1n which
the process is self-limited namely ome that
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when cleared up is not likely to recur

Such striking enough to indicate that the treat

a condition cxsts in most painful shoulders  ment, when correctly used may offer the

Reports on the use of hydrocortisone ace
tate in acute lemons of the shoulder have
been excellent however the results in the
chronic lesions, particularly frozen shoul-
ders have not been striking A careful study
of these latter reports fails to reveal the
specific location or nature of the lesions in
these cases The results obtamed m a study
of our cases indicates that this 15 necessary be
cause the hydrocortisone must be injected
directly into the mflamed area Failure to
accomplish thus will not clear up the process
Some of these cases have generalized cap-
sulitis with little involvement of the adjacent
tissues, These cases respond well to mjec
tions of the matenal into the joint. On the
other hand, we found that 1t was necessary
to inject directly into the sheath in the
presence of a biceps tenosynovitis

The only complication encountered 1n our
cascs was Increased pan for several hours
after the injechon 1n a few cases This did
not cause any concern becanse 1t was fol
lowed by good pain relief withuin 24 hours
The increased pam did not recur with a
sccond mjection. We did not conmder this
a contraindication to repeated use of the
drug. The only known contrundication to
its use is the presence of an infection. All
of our cases were screened carefully and
thus far we have not mjected any known
infected areas

CONCLUSION

We have presented @ sedes of painful
shoulders that were treated by the local In-
fection of hydrocortisone Tn this study the
necessity of miecting the matenal directly
nto the inflamed tissues 1 emphasized. In
order to accomplish thx, an accurate ding-
nosis and localization of the Jesion 18 neces-
sary before beginmuing treatment. The num
ber of cases reported is too small to draw
any definite conclusions however they are

best available treatment for such lesions
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Heel Modifications as Aids m Rotation Control

JosepH D GoDFREY, M D

With the ever increasing levels of intelli
genee of parents and with keenness of ob-
servation and awareness of poor postural
sequelae we are more alert to galt ab-
normalities than ever before Their correc
tion must never be left to the shoc clerks
and the cobblers.

In the carly toddling and wallang days of
the infant the pattern 1s usually one of
broad base external rotation feet pronation
and plodding As the jnfant develops, heel
and toe pait elements appear in the pattern,
and when the heel makes contact the foot
is normally in dorsiflexion with the knee
fully extended and the extremity at maxi-
mum length

Where and when the heel and toe pattern
of walking 13 established, it may be said with
reasonable certamty that factors above cal
caneal level come into play to rotate the
foot interpally or externally as the case
may be for the half-circle rounding of the
posterior portion of the average heel pro-
vides the easy to-roll walking surface con
tact. This fundamental pattern makes pos-
uble the rotation control aids described
below

It 1s not withun the scope of this practical
presentation to discuss foot imbalances
tiblal torsions, genu valga or genu vara etc
but suffice 1t to say that these are aided by
the modified heels Obviously local treat
ment for the imbalanced foot is in order
In this particular paper we deal more with
rotation components secondary to habits
rather than with deformities

10

Such habits as situng on one foot or
both feet with one or both in forced m-
ternal rotation sleeping in the curled-up
buttocks high, knee-chest position, skeeping
faco down with the lower extremities ro-
tated mternally and the feet 1n equinovarus
and the hike should be corrected by trainmg,
policing and splinting

The use of flared or winged heels oc
curred to the author as possible oids in
fostenng internal or external rotation Cor-
tact of the rounded heel as previously noted,
permits an mternal or an external rotation roll
as the full plantar surface of the shoe, strikmg
heel first, approaches the walkng surface.
The straight contacting edge of the flared or
the squared hee] exerts a stabilizing or hinge
action as the forefoot is brought down

The carliest uses of the above pnncples
were 1n cases of extensive poliomyelitc m-
volvement of the lower extremities, where,
when the flail straightbraced leg was swung
through heel contact was the first made and
unpredictable or poorly controlled rotation
of the entire extremity occurred As flarings
continned to md walking patterns their
use was extended Into mdicated channeis.
Doubly flared or squared heels were at
tached to foster neutral patterns.

It is obvious that desired corrective ro-
tatlons are fostered when the child Is in a
situng posiron on a level surface

Overshoes and rubber footgear pose o
fitting problem but some parents merely get
large enough sizes

In the construction of the special heels
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Fio 1 The medial flares promote exter
nal

it 13 recommended that metel plate rein-
forcement be used, because leather will curd
at the first contact corner, and efficency
decreases Aluminum sheeting, known to the
trade a3 ALCAD 75 S bas been used by
the bracemaker for it may be worked casity
while being stout evongh to withstand the
poundings of youth Leather or rubberoid
compositions are shaped and to

tad

F1a. 3 The doubly flared promote peu-
tral patterns.

the plantar face of the piate Parents are
advised to replace the leather or the rub-
beroid compositton when indicated, so that
the plate does not wear to a knile edge
These alterations have been employed 1n
over 100 mstances dunng the past 2 years.
In only 1 case has a parent thought that they
were of no value and 1n that mnstance her
opimion was revensed st an examinaton

/\}

Fia. 2 The tateral flares promote internal
rotatlon.

Fia 4 ﬂlcsqmredh:ehl\soprofmc
neutral patterma,
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within the week prior to submussion of this
paper for publicaton. These modifications
are proposed as aids and not answers to rota
yon control problems
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The Preservaton of the Function of the Foot
Ralancing and Synchronizing the Shoe

with the Foot
A Cntical Analysis of the Conventional Shoe¥*

Harry C STEIN MD 7§

1f preservation of the foot 11 to be the
prme consderation m the design of the
shoe it is necessary that the shoe be en-
gineered to comply with the bromechanical
prnciples that govern the action of the foot
Any factor of the shoc that obstructs the
normal dutribution of the dynamic forces
of the foot leads to breakdown of the foot.

The demgn of the shoe for the normal
foot s the responsibility of the orthapacdic
surgeon. By tralning and expenence he is
best qualified to direct that the dewmpn of
the shoe embody the features necessary to
accommodate the biomechanical require
ments of the foot.

The intricate and highly complex me
chanics involved in foot function have been
greatly clucidated as a result of extensive
ploneenng and panstaking research and
literary contributions by such mvestigators
as Duchenne, Meyer Thomas Piersol, Lav-
cit, Whittian Mupson, Morton Steindler
Elftman, Schwartz and others Hamns and
Beath, Lewin, Dickson and Dively Hauser
and many others.

In spite of this, the design of the shoc
continues to be dictated arbitrarily by cus

* Presented as & schentific exhibit at the American

Academy of Orthopaedic Surgrons Jaruary 1953
at the Palmer House, Chicago, Y

t New York, N Y
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tom fashion and the whims of the manu
facturer rather than by sound enginecring
prnciples based upon the blomechames of
the foot. Fashion and common sense are
unevenly matched foes

As a result of the faulty relationship
existing between the conventronal shoe and
the foot, gradually we arc becommg a na
tion of “foot-cripples " It 1s rare to find a
par of feet entirely free from some delo-
tenous influence of the conventional shoe.
The combmation of hallux velgons, meta
tarsal breakdown and contracted deformed
toes, in varying degrees has become almost
unmversal (Flg. 1) The Lst of other wade
spread ailments, pnmary and secondary
directly and indurectly attributable to the con
ventional shoe is a lengthy one (Table 1 on
following page)

Prmitive and nonshoe weanng peoples
have powerful, well-developed and versatile
feet with tremendous functional capacity
They are practically free from fatgue dis
comfort, strain and the common *“foot
allments.™

What 13 there about the conventionsl shoe
that has 5o plagued civilization? The aothor
becatme partcularly interested in this ques-
tlon as a result of his mvestigations of the
problem of hallux valges 32 particularly re
garding 1ts etology and postoperative care
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Prior to the Civil War right and left
shoes were made on identical symmetncal
lasts They were interchangeable for either
foot. The questton of bromecharics never
was given senous consideration in their de
sign When rights” and “lefts” in shoes
first were given to the soldiers, they were
considered objects of ridicule and dension
because they were not interchangeable This
step marked the beginning of the applica-
tion of scientific biomechanical princaples to
shoe design Since then, progress in basic
shoe design has been relatively scant. The
shoe 1n 1ts “evolution” is notorlous for its
tenacious adherence to old forms Changes
come about 1n extremely slow moving cycles

In 1912 Munson published the findings
of an extensive investigation of this prob-
lem by the Army Shoe Board, of which he
was head. This study extended over 4 years
end included cntical examination of the feet
of some 2000 soldiers and the fitung of
thousands of pairs of shoes

TABLE 1 WIDESPREAD AILMENTS
ATTRIBUTABLE TO MALALIGNED
UNSYNCHRONIZING SHOES

Arch Strains and Breakdown longitudal
transverse

Toe Deformities hallus valgus hallux nglda
hammer and claw toes overlapping and dis-
torted toes etc

Fibrositic Involvement strained and inflamed
muscles, tendons, ligaments fascla, per
osteum

Skin, Appendages coms callosities Ingrown
tocnails clubnails bursitides Inflamed fat
pads (subastragalar fossa, metatarual) vaso-
motor disturbances (hyperhydrosis, “bum-
ing," etc.)

Painful Heels inflamed or thinned fat pads,
fasclitls bursitis periostitts spors

Secondary Arthritic Changes static traumatic

Secondary Postural Joint Strains knee hip
apine

Secon Nervous System Strains and Tee-
:Iamdlryvmu neurasthenic and exhaustive
manifestations

and
Fio | I1hus combination of hallux valgus, secondary metatasal breakdown
contracted toes in varying degrees has become almost universal.
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Fic 1 (A) T;i
angulation of the
canems, its descent and
enlargement, forms the
longitudinal arch The
arch s asymmetncal
The antenor pillar s
much longer than the

r The foot is
relanively flat amtemor
to the point of engula
tion. The navicular tu
bercle (T) encroaches
on the anterior pillar
(B) The angulation of
calcaneus (A A) in
chnes lateralward
dovwnward and forward,
This causes a corre
sponding rolationship of

/ﬂf‘:\'f\\
L o
~

i S
£
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the peak of the lateral arch to that of the medial The plantar tubercle of the cuboid

(C) “locks” the cal The

The following interesting excerpt from
this report Is pertinent to the present
presentation

The foot i not at all the ngd mu:l
larly supposed, to be carclenly jamm

F:lrc)nu myy container irrespective of the size
shape and character of the latter On the
contrary it 13 scen to be a highly developed
member of complex formation and intricate
function, every factor of which needs thought
ful comuderation in determining its proper
covering. 3

Critcal analyshs of the conventional shoe
reveals a multitude of factors which inter
fere with the normal distribution of the
dynamic forces of the foot and lead to
its breakdown.

Belore describmg these findmgs and out

(S) supports the talus.

lining projected modifications for a physe
ologically balanced and synchromzing shoe
it may be relevant to mention some of
the more pertinent evolutionary anatomic
physiologic and biomechamcal factors that
govern or have important beanng on the
relationship of the shoe to the foot.

ANTHROPOLOGIC CONSIDERATIONS

The evolutonary changes i the human
foot well exemplify the operation of Walffs
law of adaptation of the anatomic struc
tures of organs to meet thewr functional
necds

Man alone of the mammals has a longl
tudinal arch and bears welght on the heels

of fect joined at right angles with the legs.
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As man i the comne of evolution
adopted the upright position and the foot
assumed the entire burden of weight bearmg
and locomotion the weaght line shufted from
the region of the center of the foot to the
heel. Among the numerous other adaptive
changes of the foot, the body of the cal
caneus underwent angulation enlargement
and descent (Fig 2 A) Ths enabled the
heel to contact the ground fimmly and gan
strength. The calcaneus, posterior to the site
of this sngulation forms the common pler
of the thus-created medtal and Iateral long
tudinal arches The line of angulation in
clines laterally and obliquely forward
(Fig 2 B) This coumses the peak of the
lateral arch to be lower and more forward
than that of the medial

“EVOLUTION” OF THE SHOE
GENERAL CONSIDERATIONS

1 Most pnmtives went barefooted,
which toughened the soles of therr feet to
form a natural protection

2 It 1s assumed that ammal skins and
hides first were used as protective footwear
by those living in the mountams as hunters
m their quest for food.

3 The ongn of the shoe has been traced
to the thuird and the fourth pre-Chnstian
millenniums to the first great civilizations 1n
Mesopotamis and Egypt.

4 Tho common types of footwear—the
shoe the sandal the slipper and the boot—
were developed in ancrent tmes Sandals
are regarded as typically Asiatic shoes
as European.

5 Throughout the centuries the shoe has
adhered tenaciously to old forms Changes
take place in very slow m which
utiity and fashion alternated in dominating
the design of the shoe

6 Fashion, mstead of adding a touch of
garety to the shoe as origwnally intended,
more  frequent] d a ding
role, This resulted n the creation of many
strange forms of highly impractcal footwear

7 The cycles of changes in design of the

shoe ceptered mostly aronnd the shape of
1ts tos section, The vanations meluded
round, square and oval toes of widths and
lengths of varying extremes and ponted toes
of varymg extremes of sharpness, length
and upcurving.

8 Included among the stranger forms of
highly impractical footwear appeanng m
these cycles were pedestals, stilts, pattem,
platforms, clogs galoshes chopines, cra-
cowes, poulames, bundschuh kuhlmaul and
the dunder bludgeon.

9 Woven stockings first were Introduced
AD 600 Hosiery was worn but lite up
to ths time They were tailored from preces
of hard fabncs the seams of which pre
claded the use of any but the softer types
of footwear With the advent of the woven
stocking came the snug fitting and firmer
type of shoc This was the forerunner of the
present conventional shoe.

10 The thick heel on shoes, although
introdaced for Caesar’s soldiers in the form
of & leather stud did not find its way nto
gencral use undl the uxteenth century, when
both 1t and the heavy sole came wto vogue

11 In 1547 Catherine de Medici of
Italy came to Paris, as the bride of Henry II
weanng high-heeled slippers to increase her
stature She Is given credit for introducing
and popularrzing women s high-heeled shoes
Mens and womens styles heretofore gen-
crally identical now deviated in deslgm
the high-heeled shoe becoming typleally
feminine.

12. Untll the beginning of the nmeteenth
century shoes were custom made with hand
tools, first by members of ono s own family
then by itinerant workers, later In small
shops
13 Although crude, hand-hewn Jasts
were used In making shoes over the een-
turres 1t s only within the more recent
decndes that their importance in foot henith
has become recognized. They have become o
vital force in shoemaking

14 The fist machine turned last ap-
peared in 1815 when a lathe for turning
out gun stocks was adapted for this use.
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Fia. 3 (A) Note eccentric rel hip of cal Axls of

g arch and bal ) St St The

L L breaks at the ball of the toe, a3 sesamold muscles take

over the propubive effort. (B) The vertical axus of weight-beanog of the calcancus b

offset laternlward about 1 to 1% cms. from that of the tibm. (Schwartz, R., and

Heath A Physiotherapy Rev 16 48) (C) Lateral infenor calcaneal tubercle (L)

Is smaller and lles posterosuperiorly 1n relation to the medial (M) Arrow indrcates

the arc of rotation of the calcaneus in the imitisbon of gait. The vertical axis of welght
bearing shifts correspondingly

T Y try (of con-
ventional shoe) Sy-Sy axis of ding (abso of
axis of
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It was not until 1844 that a simphfied last
turning machine and a fixed chart of stand
ard last measurements was developed

15 Right and left shoes first were pro-
duced in volume for soldiers durmg the
Civil War Although they were referred to
as crooked shoes ” they enjoyed such pop-
ulanty that scon they were adopted for
civilian use

16 Leather counters first were manu
factured 1n 1845 Shoe tips were introduced
in 1858 toe boxes in 1862 nghts and lefts
in toc boxes 1n 1906

Thus, the modern snug fittng hard-soled
thick heeled shoe In “nights™ and ‘lefts” is
of comparatively recent origin Tius type
of shoe has great advantage in fit protective
qualities and appearnnce over its predeces-
sors the Ioose fiting soft soled shoes—the
moccasin and the sandal Nevertheless, it
has & serious disadvantage Tt does not syn
chromize with the action of the foot, thus
distorting the normal distribution of the
moving load and leading to the breakdown
of the foot.

ANATOMIC CONSIDERATIONS

1 The calcancus is ocated eccentrically in
relation to the foot (Fig 3 A) and the leg
Its vertical weaght beanng axis is from about
1 to 1% cm lateral to that of the tibia
(Fig 3 B) This anatomic relationship has
the mechanical advantage of making pos-
sible 2 rapid shuft from the axs of stance
fo that of locomotion. Mobility is galned
at the expense of stability It also favors
the direction of the forces of locomotion
toward the great toe

2 The angulation of the body of the
calcaneus (Fig. 2 B) forms the peak of the
medial end the lateral longitudinal arches

3 The medial infenor caleaneal tubercle
juts inferomedially to act as a natural strut
sgaimt its pronation (Fig. 3 B and C) The
lateral tubercle (Fig. 3 C) lying postero-
superiorly thercto 1s of considerably smaller
size Tt serves to check excessive rolling ac
tion of the heel in that direction during
the initlation of gaut.

4 The sinus-tarsi allows for eversion and
inversion at the subtalar joints.

5 The plantar tubercle of the cubold
(Fig 2 B) abuts against the calcanems.
In the presence of good stability of the es-
sential arch it acts as o further check agalost
caleaneal pronation,

6 The tubercle of the navicular projects
Inferorly, encroaching comsiderably on the
antennor pillar of the medial arch (Fig 2 A)

PHYSIOLOGIC CONSIDERATIONS

1 The foot is an amazing machine In
spite of its lightness and elasticity it posesses
tremendous strength  Unmolested, jt bears
the estimated enormous deily cumulative
force of 704 tons (Teble 2) with com-
parative ease comfort and freedom from
trauma, although constantly exposed

2 The remarkable efficency of its per
formance 15 duc to the arciutectural ar
rangement of its 26 bones and 137 joints
Into multiple elastic arches and levers This
permits complete distribution and dissipa-
tion of the moving load and provides re
sistance to excesstve forees It the foot were
composed of but 1 or 2 bones the trauma
resultmg from the undistributed impact
agamst the ground would make walking
impossible

TABLE 2 ESTIMATED DALy CUMULATIVE
Force, EacH Foor (FroM QUIMBY)

No of mifes Indrvidual walks daily

No of feet to mile 5280
No of feet to each step 3
No of steps to mile 1760

14,080

Neo of steps to 8 mikes
A 200-1b man bears on foot,

each step 100 [
14 080 steps 1 408,000 b
704 toms

Daily cumulative force each foot
(Letter carners, doubke)

3 The skeletal framework with its liga-
ments provides the mam support of the body
weight against the forces of grawity The
muscular structures serve by their revene



Phyniolegic Considerahions 129

Foramen cake
Fia. 4 The bony trabeculae of the foot are arranged to form two distinct trajectory

systems  These correspond to the medial and the lateral arches. (Steindler A. Me
chanics of Normal and Pathological Locomotion in Man, Springfield, Thomas)

Fua, § mehluch(A)htcnlvlcw(BCD orsal
} Lateral medial
views talus and navicular added Note (B D) that the base of the !ateml‘:udn:form
articulates with both the cubotd and the navicular bones, Thus is In accord with the
arches.
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Fro 6 (A) Course of peron

forms the fulcrum for the
pler adding great comfort

eus longus muscle and tendon (the only muscle that
forcefully plantar flexes the medizl half of the forefoot) (B) The tuberosity (T)

ncus longus actlon. It serves as an auxiliary antenor
locomotion. (C) The tubcrostty at the base of the filth

metatarsal (T) forms the inferolateral wall of the peroneal groove (P) (D) Noie the
transtarsal course of the peroncus Jongus tendon (T) and the lateral location of the

long plantar Ligament (L)

and distal actions to control the skeletal
framework 1n balancing, propulsion and m
restraning capacities

4 The dustribution of the body weight
in the foot 1s mediated through its skeletal
beardng-points  If these are unbalanced
faulty distributron results

5 The infenor calcaneal tubercles the
head of the third metatarsal, the ball” of
the great toc and the head and the base of

the fifth metatarsal sre key bearng-points
of the foot.

6 The bones of the foot are arranged
anatomically to form two longitudinal
arches, The calcancus forms the common
posterior pillar and pler for both. The
Iateral arch (predominant in standing) Is
completed by the cuboid and the outer two
metatarsals  The medinl arch (serviog
chiefly 1 locomotion) ts completed by the
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Flo 7 (A, B) Iflustrates by mnalogy the formation of a metatarsal arch us the toes
fiex. Thuy facilhates the completion of the tramfer of the forces of locomotion to the

ball of the great toe (C) (Great toe removed) On tptoes

with the bases of the
sesamotds of the
J Bone & Joint Surg. 81A 553)

tolus the 3 cunerforms and the fnner 3 meta
tamalt The trobeculae of the bones com
prising these arches are amanged 1n the
form of 2 distinct trajectory systems (Fig. 4)
The base of the lateral cuneiform artculates
with both navicular and cubold bones (Fig
S B ond D)  The thurd metatarsal hend,
aithough anatomically a component of the
medial arch  physiologically serves both
longitudinal arches Foruung the antetior
prer of the tal arch it particip

d contect b made

phalanges of the lateral four toes (D) wath the
great toe. (Photos A ond B from Harna, R. 1 and Beath, Thomas

from the lateral to the medial arch in
locomotion.

7 The essential arch (Fig 5 A) b
formed by the caleancus the cubowd, the
lateral coneform (joined to the last by a

firm interossecous ligament) and the third
metatarsal bone

In the ordinary pomtion of sup, g the
body it appears that the csseni arch i
through the calcantus the cuboid the lateral

in
the support and the balance of the body
weight In standing. It also serves as a pvot,
to assist wn the shifung of the body weight

™, foloed to the latter by a firm inter
oncous ligament, and the third metatarsal Tho
can be proved by removing the fint and the

fifth metatarsaks withoit impalnng the
stability of the foot. The fourth mmtnxuf may
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Fro 8 [Illustrates the Importance of
torslon in maintaining equilibnum (same
is true physiologrcally) (A) Flat foot

(Ueft)y  Foreloot 1w supinaticn
pensation for pronation of hind foot
(else it would dig nto the ground) (B)
Claw foot (left) Forefoot pronated to
compensate for supmnation of hmd foot
(in order to reach the ground) (Boch
fer L. Treatment of Fractures Fourth
English  Editton  Groves  Baltimore
Wood)

o com

next be taken away without trouble If the
second with 1ts cunciform be detached with
care the arch f otill reasonably firm. It is
possible to preserve the arch after taking out
the talus, and then removing the navicular
Although the arch sull stands, It will bear [itle
weight, the third cuntiform being inadequately
supported behind but with the navicular and
the talus refained the arch is a good one *0

8 The axis of stunding (Fig. 3 A) ac-
cordingly extends in a line from the medial
calcaneal tabercle to the head of the third

Counterbal g tekes place
over the remafning metatarsal heads, the

tuberele at the base of the fifth met
and the medial and the lateral arche
axs of locomotion (Fig 3 Ay 52~
one It extends in a Ime from the
ferior caleaneal tubercle to the ball
great toe It then breaks 1n finst prop
to correspond to the line of sction
sesamold muscles. (In adults, due
wnyversality of a muld hallux valgn
Iine 13 deflected somewhat laterally )

9 The tuberosity at the base of
metatarsal gets s an auxibary mntern
pier for the lateral arch (Fig 6 )
affords great comfort in both stanc
locomotion. It also forms the nfero
wall of the peroneal groove (Fig. 6 ¢
additon 1t provides a fulcrum to fa
the actlon of the peroneus longus m s
ing the body weight across the foot
ball of the great toe

10 The metatarxal heads arch only
the toes are flexed (Fig 7 A and B
tiptoc the body weight 1s borne o
bases of the proximal phalanges of the
4 toes (Fig 7 C) and on the adv
scsamoids of the great toe (Fig 7 D

11 The sesamoud bones move In v
ever duwection the great toe moves
7 D) They act as a aclf adjusting c
pier  Thus, they mantam stebility ¢
great toe in its varying positions of fun

12 Functional stability of the first
tarsal segment (great toe first meta
bone sesamoids medial cunciform)
important factor in restraning pronat
the hindfoot.

13 Motions of the tarsal jonts fo
pronation and supination (subtalar and
tarsal) abduction and adduction (m
wl) plantarfiexion and domsifledion |
tarsal) combinstions of these action
in torsion, and #lso independent acht
the first metatarsal segment Motlon o
medial side of the foot 1s much gr
than on the lateral. Here o wide rang
inversion, everston and plantarfiexion s
sible Motion on the lateral mide ¥ Ir
Iargely 10 axial rotation.

14" Torton k an fmportant facte
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malntalning balance physiologically and 1n
pathologic conditions When the hindfoot is
pronated the forefoot undergoes compensa
tory supmation, clse it would dig mto the
ground. Conversely when the hindfoot 18
supnated (es in cavus) the forefoot under

pronation in order to reach the ground
(Fig. 8 A and B)

15 The peroncus longus (Fig 6 A) n
of key importance in normal Jecomotion.
It 1 the only muscle which forcefully
plantarflexes the medial half of the foot
agamst the nd. In 1ts action the fore
foot is pmx;::Dt:i, narrowed and abdocted
The first metatarsal head s plantarflexed
to about 2% cm. lower than the adjoming
heads There 18 a corresponding shortening
of the foot and heightening of the medial
arch The first metatarsal bead slightly op-
poses and underndes the second (Fig 9
AD) The acton of plantarfiexion takes
place duminishingly 1 the following joints
first metatarsocunesform, 1 to 1% cm. me
dial cunerfonavicular 1 cm  naviculotalar
nephgible.

16 The calf muscle group forcefully
plantarfiexes agamat the ground the lateral
half of the foot only (no such acton on
the medil hal) Tt » a plantarflexor
supmator (Fig 9 E) The combined action
of the peroners longuy and the call muscles
results in direct plantarflienon (Fig 9 F)

17 The smamoid muscles {abductor
haftucis adductors transversus and obliquus
flexor brevis haflucis—2 heads (Fig 20 A)
plantarflex with force the proximal phalanx
of the great toe and (by clonganon of the
extensor tendon) extend the distal phalanx
These muscles provide the main final thrust
ing power 11 propulsion.

18 The flexor longus hallums plantar
flexes the termunal phalanx as the great
toe Is about to clear the ground.

19 In the maintenance of equilibdum
the weight center of the body constantly 1s
shifting above the area of ground support
in both the frontal and the sagittal planes.
In fatigue tests performed ot the Univeruty
of Southern California, it was found that

Fio 9 lhstrates action of peroneus
loogos as plantar flexor abductor pro-
nator of forefoot. This is the only muscle
that forcefolly plantar flexes the medial
half of the forefoot. (A) Lateral view
Note promunence of ball of great toe and
of tendon of peronews longus above
ankle (B) Dorsal view Foot 1n ever
sion forefoot pronated in relatlon to
hindfoot. (C) Medial view Arch
heightens correspondingly to flexion of
forefoot (D) Plantar view Creases In-
dicative of flexion, pronation and narrow
ing of forefoot shght opposing and
underriding of fist metatarsal head in
relation to second. (E) Calf action plan
tar flexor adductor suplnator This mus-
cie forcefully plantar flexes the lateral
half of the foot only (F) Combined
ection of calf and peroneus longus mus-
cles Durect plantar flexon (Photos A
to D from Duchenne, G B Physiology
of Matlon, 1867 English Bditlon, trana

Iated by E. B Raplan, Philadelphia, Lip-
pncott)
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Fro 8 ustrates the importance of
tonsion jn maintainmg equilibrium (same
1 true physiologically}” (A) Flat foot

Forefoot in tHon & com
ronatton of hind foot
{eke it would dlg 1nto the ground) (B)
CQlaw foot (Jeft) Forefoot pronated o
compensate for supination of hind foot
(1 order to reach the ground) (Boeh
ler L. Treatment of Fractures Fourth
Englah  Editton  Groves Baltimore
Wood)

(left)
pensation for

next be taken away without trouble. If the
second with Its cuneiform be detached with
care thcarchumllmmunblyﬂrm.ltu
possible to preserve the arch after taking out
the talus, and then the navienlar
Although the arch st stands, it will bear little
weight, the tturd cuneform being nadequately
supported behind  but with the navicular and
lhetnlu;reulnrdthcarchh-goodonc"’

8 The aus of standing (Fig 3 A) ac
cordungly extends mn a lize from the medial
calcaneal tubercle to the head of the third
metatarsal Counterbalancing takes place
over the remaining metatarya heads  the

Preservation of the Funchon of the Foot

tubercle at the base of the fifth metatarsal
and the medial and the Jateral arches. The
axis of locomotion (Fig 3 A) is a broken
one It extends in a line from the lateral
mfcnorcalcancaltubcrclotoﬂ]cbaﬂo“b:
great toe It then breaks in final

to correspond to the line of action of the
sesamond muscles. (In adults doe to the
universality of a mild halinx valgus this
Iime 18 deflected somewhat laterally )

9 The tuberouty at the base of the fifth
metatarsal acts as an auxiliary intermediate
pler for the lateral arch (Fig. 6 B) It
affards great comfort m both stance and
locomotion. It also forms the mnferolatera)
wall of the peroneal groove (Fig. 6 C) In
addition, it provides a fulcrum to facilitate
the action of the peroneus longus m switch-
ing the body weight across the foot to the
ball of the great toe

10 The metatarsal heads arch only when
the toes are flaxed (Fig 7 A and B) On
tiptoc  the weight 11 borne on the
bases of the proximal of the outer
4 toes (Fig 7 C) and on the advanced
sesamoids of the great toe (Fig. 7 D)

11 The scsamod bones move in which-
cver direction the great toc moves (Fig
7 D) They act as a sclf adjusting antenor
pler Thus they maintaln stability of the
great toc 1n fts varying positions of functron,

12 Functional stability of the first meta
tarsal scgment (great toe, fist metatarsal
bone sesamoids, medial cuneiform) is =
important factor in restraining pronation of
the hindfoot.

13 Motons of the tarsal jounts meclode
pronation and supination (subtalar and mid-
tarsal) abduction and adduchon (mudter
sal) plantarfiexion and domsificxion (mid-
tarsal) combinatlans of these actions, a8
wn torsion and also ndependent sction of
the first metatarsal segment. Motion on the
medial wde of tie foot 18 much greater
than on the lateral. Here a wide rangs of
nverston, everston and plantarflexson fs pos
sible Motion on the lateral side i Jimited
largely to axial rotation

14 Torsion 1s an important factor in
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malntaining balance physiologically and In
pathologic conditions When the hindfoot is
pronated the forefoot undergoes compensa
tory supination, clse it would dig Iato the
ground Converscly when the hindfoot fs
supinated (as in cavus) the forefoot under
goes pronation i erder to reach the ground
(Fig.8Aand B)

15 The peroncus longus (Fig. 6 A) is
of Ley Importonce in normal locomotion
It is the only muscle which forcefully
plantarfiexes the medinl holf of the foat
against the ground In its action the fore
foot is pronated, narrowed and abducted
The first metatarsal head 15 plantarfiexed
to about 2% cm. Jower than the adjolaing
heads. There 13 a correspanding shortening
of the foot and heightening of the medial
arch, The first metntarsal head shghtly op-
poses and underndes the second (Fig. 9
A D) The action of planterflexion takes
place cimmishingly in the following jomts
first metatarsocunelform 1 to 1% cm , me~
dial cunefonavicular, 1 em  naviculotalar,
neghgible,

16 The call muscle group forecfully
plantarfiexes agmunst the ground the lateral
half of the foot only (no such action on
the medial half) It is = plantarflexor
supnator (Fig. 9 E) Tho combuned action
of the peroneus longus and the calf muscles
resalts m direct plantarflexion (Fig. 9 F)

17 The scsamold muscles (abductor
hallucys, adductors transversus and obliquus
fiexor brevis helleeis—2 heads (Fig, 20 A)
plantarfiex with force the proximal phalanx
of the grest toe and (by clongation of the
extensor tendon) extend the dustal phatanx
These muscles provide the main final throst
1ng power in propuldon

18 The flexor longus haltuens plantar
flexes the terminal phalanx as the preat
toe 18 about to clear the ground

19 Tn the mumntenance of equilibrium,
the weight center of the body constantly fs
shufting above the area of ground support
in both the frontal and the sagyttal planes
In faugue tests performed at the University
of Southern Califorais, 1t was found that

Fio 9 Iilustrates actlon of peroneus
longus as plantar flexor abductor pro-
nator of forefoot. This is the only muscle
that forcefully plantar flexes the medual
half of the forefoot. (A) Lateral view
Note prominence of hall of great toz and

aof tendon of longms  above
ankle (B) Doral view Foot in ever
sion forefool pronated in relaticn to
hmdfoot. (C) Medial wview  Arch
heightens correspondingly to flexion of
forefoot. (D) Plantar view Creases in-
dicative of Sexson, proastion and narrow
ing of forefoot shght opposing and
underriding of fint metatarsal head in
refation to second. (E) Calf action plan
tar flexor adductor supinator This min
cle forcefully plantar flexes the lateral
balf of the foot only (F) Combined
action of calf and peroneus longny mus-
cles  Direct plantar flexion. (Photor A
to D from Duchenne G B Ph

of Motion 1867 Englsh Edition, trans-
lated by E. B Kaplan Philadelphla, Lip-
pmeott)




134

Preservation of the Funchons of the Foot

Fra 10 (Lefr) Chinese Mandarins foot The deforming effect of Jong-continued

externally

lled force (binding) is illustrated. Theso feet are small and practically

useless  (Right) Drawing of a natural foot showing the bores and a cormresponding
sectlon of a Chinese deformed foot. The outline of the latter is dotted, and the bomes

are shaded

young men in perfect physical condition
would collapse under the strain of standing
n onec position without moving for 20 to
45 minutes

20 The powerful inferior calcancocub-
oid (long plantar) ligament (Fig 6 D) by
virtue of jts firm attachments to the laternl
cunetform and the outer two metstarsals
strongly resists the upward motion of the
outer tarsal bones when the foot 1s plantar
flexed forcefully agninst the ground by the
calf muscles Its integrity 1s indispensable
in maintaimung the stability of the essential
arch There 18 no similar restramning liga
ment on the medial side of the foot.

2] The foot Is readily susceptible to
the deformung influence of long-continued
externelly applied force This is exemplified
best in the extreme defornuty of the Chinese
mandarin s foot which results from deliber
ate binding (Fig. 10 A and B) and also In
the umversality of varying degrees of hallox
valgos resulung from pointed toed shoes
This principle also has therapeutic applica
ton as m the covection of clubfeet by
wedging of plaster casts

22 On flexion of the knee, the out
tocing diminishes. The leg stroightens m re

lation to the great toe to Improve tho
leverage of gait.

BIOMECHANICAL CONSIDERATIONS

The forces of locomotion converge to the
ball of the great toc (Fig. 11 A and B)
preparntory for the fmal thrust from the
ground The ection 15 a spiral one (Fig 9
A and D) in an oblique exis commencing
ot the Iateral inferior calcancal tubercle
(Fig 3Aand C)

Actlon 1s fmtiated as the heel of the for
ward extended leg contacts the ground on
its posterolaternl aspect (the surface be-
tween the inferior calcaneal tubercles) With

ulsve power supplied by the opposite
IP:;Ptbc bodpyo weigh‘ipr}:)m forward until the
entire foot 1s brought to the ground. The
weight line mow extends perpendicnlarly to
its center The body weight at this stage
1s borne chiefly by the lateral arch, with
countersupport from the mediel arch

As the action continues the peronems
longus muscle with fulcrumage provided by
the tubercle at the base of the filth meta-
tarsal switches the weight medially to the ball
of the great toe Now the welghtis assumed by
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the medinl arch The tronstarsal action is
made possible by the pivotal action of the cs-
sential arch. The third metatarsal heads acts
as the prvotal center Ths tronstarsal transfer
1 facihtated by the arching of the meta
tarsal heads as the body weight progresses
along the bases of the proximal phalanges
asusted by the action of the toes

The toes now “dig n” to supply a fixed
pomt. With the foot directed forward by
the combined action of the calf and the
peroncus  longus  muscles, the sesamoid
muscles contract energetically to thrust the
body forward for the final ‘take-off” from
the ground The fiexor longus hallucis assists
by flexing the terminal phalanx as the foot
18 about to clear the ground.

In standing, the weight 15 balanced over
the pivotal axis of the essentiel arch. It s
borne predommnantly by the lateral arch
The medial arch affords counterbalance

CRITICAL ANALYSIS OF THE
CONVENTIONAL SHOE

Comfort, maximum efficiency and preser
vation of function of the foot from the bio-
mechanical point of view are dependent
upon the normal progression the distnbu-
tion and the dissipation of its dynamic
forces

In order not to interfere with theso forces
the shoe must be m balance with the skeletal
beanng structores of the foot. In addihon
1t must dynamically accommodate and syn-
chrontre with its actions

The conventional shoe feils in many re
spects to fulfill these basic requirements On
critical analysis at least 8 major faulty fac
tors in its design can be identfied each of
which independently causes distortion of the
normal course of the streams of force across
the foot The pattern of the distortion result
ing from each of theso Is quite similar The
streams are diverted and largely dissipated
lateralward along the outer suide of the foot.
Then the residnal forces are shunted to the
medial and distal aspects of the great toe
finally to be spent as a distorted tale-off
thrust from the ground The ball of the

Fia 11 (A) Normal footpnm. stand
ing (B) Same in locomotion Forces
concentrate toward great toe Note im
pression of proximal phalanx. (After
Munson)

great toc (the antenor heel”) is bypassed.

The correctlon of cach of thase 8 factors
is vital to favor the normal harmonious
action of the foot, the chain being no
stronger than its weakest link. These distort
g factors of the conventional shoe ere
as follows

1 Its longitudinal axis does not correspond
to that of the foot.

2. Its beel does not dynamcally accommo-
date the lateral rolling action of the foot in the
inihation of gait,

3 Its shank section Is not balanced with the
foot in its transverse axis

4 Its shank does not accommodate the dy
namx demands of the foot.

5 Tts metatarsal floor does not conform to
or dynamucally accommodate the foot.

6 The of the curve of its arch (also of
the commercial arch support) is too far forward
and too ugh. Its curve does not conform to the

tion of the foot.

7 It great-toe section 1 malaligned with
that of the foot in its longitudinal, horlzontal
and vertical axes.

8 Its heel section design substitutes an

plvotal action over a posteniorly o:r:
tended fulcrum for the normal “rocker” action
of the heel of the unshod foot.



136

Preservation of the Funcilon of the Foot

1 Its Longitudinal Axis Does Not
Correspond to That of the Foot. The
conventional shoe is constructed in an arbu
trary longitudinal axs of symmetry (Fig
12 B) The axis of the foot 15 asymmetrical
(Figs 3 A, 12 A) The heel and the shank
regions are located eccentrically 1n relation
to the forefoot. The vertical axis of the
calcaneus, because of the eccentnic location
of this bone 1s offset lateralward about 1
to 1% cm from that of the tibia (Fig 3 B)

A line drawn from the mferfor medial
calcaneal tubercle through the third meta-
tarsal head inclines normally toward the
ball of the great toc (Fig. 3 A) It passes
forward between the second and the third
toes This line also represents the axs of
balance (standing) as well as the direction
of the essential arch The medial mclination
of tlus line favors the transfer of the forces
of locomotion toward the great toe

A similar hne drawn from the center of
the heel of the conventional shoe (which
wnflares in relation to the foot because of
1ts axss of symmetry) through a pomt on rts
sole corresponding to the third metatarsal
head inclines away from the ball of the
great toe It passes forward through the
region of outer toes (Fig 12 D) The effect
on the foot of this medial inflaning of the
axis of the heel section of the shoe v »
deflection of the streams of force lateratward
toward the outer toes. The ball of the great
toe 18 bypassed (Fig. 13 A and B) The
heel section of the shoe, together with its
counter, scts as a rudder

The distorted forces are largely dussipated
along the outer toes and the metatarsal
regron. Then the remdusl forces are retard
edly shunted to the medial and the distal
margins of the great toc finslly to be spent
in a distorted take-off from the ground.

Fia 12. (A) The bearing surface of the posterfor two thirds of the foot is offset
lateralward i line with the lateral toes. (B) Inflaring (because of its construction in the
axis of symmetry) hind section of the conventronal shoe acts s a rudder to misdirect
the forepart of the encased foot laternlward. The forces of locomotion, belng cotre
spondingly distorted b the ball of the great tos (Fig. 13 A, B) (C) The foot
crowds the lateral margin of the conventional shoe the medial margin is redundant.
(D) A line drawn from the center of the heel of & conventonal shoe and pamung
through the sole at a pomt corresponding to the third metatarsal head inchnes away
from the great toe and passes through the region of the outer tocs. (E) Physiologic
shoc A line drawn from the center of the heel through the region of the sole corre-
sponding to the third metatarsal head in

s medislward, This favors the forces of
locomotion reachung the ball of the great toe

@
[, !I
i

[) E




Fr 13 (A) The marimgs on the Inner and the outer surfaces of the malabigned con
ventronal shoe reflact the bypassing of the ball of the great 10¢ by the forces of Joco-
motlon. (B) The jrregular wear of the shoe reflects its unbalanced reiationship with the
actwon of the foot.

c

ta mn;'mm OF CALCANEUS WOT ™ WALANCE WITH 20 BEAMNG POINT OF CALCANEUS
BHOE HEEL OF SHOE N EZQuUzt
lnm%ormfummmmnoor WWWHE& L
COUNTER 20 CORREEPONDING EVEN WEAR OF $0LE

ic CORRESFOMDING UKEVEN WEAR OF SOLE

Fio 13C (1a) Beanng powt of caicanens not 1 balance with heel of shoe (16
Uneven wrar of beel with latersl bulging of counter resulung (Ic) Con‘apondm)g
uneven wear of sole {2a) Bearmng palat of calcaneus and heel of shoe In equilibrium
cven wear of heel, (2b) Corresponding even wear of sole
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The long axis of the conventlonal shoe
thus crowds the foot lateralward along the
entire length of the shoe (Fig 12 C)
This is reflected 1n the shoe In the prema
tare wearing-off of its heel as well as of 1ts
sole (Fig 13 C) The misdirected secondary
forces acting on the mner margin of the
great toe favor the development of hallux
valgus sccondary metatarsal breakdown and
also mgrown toenails

2, Tts Heel Does Not Dynamically
Acoommodate the Lateral Rolling Ac
tion of the Foot in the Imtiation of
Gait, The manner in which the gait 13
wtiated determmes the course of the entire
journey of the streams of force across the
foot Opce distorted from their normal chan
nels these streams fail to regan it. There
fore the manner in which the heel of
the shoe takes the ground 1s of primary
importance

In the hutiation of gait, the heel of the
forward extended leg rolls posterolaterally
on the arched surface between the medial
and the laternl inferior calcancal tubercies
(Fig. 3 C) The vertical axis of weight

bearing of the caleancus shifts co nd-
ingly The conventional shoe fails to make
provision for this action

This lack of accommodation 13 reflected
in the shoe by a rapidly developing bulging
of the counter and premature, brregular
‘wearing down” of the outer margn of the
heel (Fig. 14 A) as well as of the sole
(Fig. 13C)

The resulting supmnation of the backfoot
Is one of the principal evils of the conven-
tional shoe

8 Its Shank Section Is Not Balanced
With the Foot in 1ts Transverse Axis
The shank section of the foot Is of utmost
mmportance 1 the biomechanics of the foot.
It 1s here that the shifing from the axs of
balance (standing) to that of locomotion
takes place The shank also scrves In a
similar capacity in the side-to-side swaymg
of the body incident to the malntenance of
vertical equilibdum. It provides 1n the form
of the tubercie of the fifth metatarsal an
auxiliary intermediate pier (Fig 6 B) This
adds greatly to comfort m locomotion

This tubercle forms the inferolateral wall

Fio 14 (A) Heel of conventional shos lacks accommodation for the lateral shift
of the vertical axis of weight-beanng of the calcaneus in the initatlon of galt. (B) The

heel s dynamically accommodated. The pos
vl EIA

SN s

terfor half of its Iateral margin 1 extended
Toeamnl —bhife af sha sactlea) axie nf welght-bearing,
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Fio 15 (A) Outline of the sole of a conventional shoe showing lateral inadequacy
and medial redundancy of shank area. (B) Shank section bs redundant mediaily (C)
The lateral margin of the foot overrides the shoe The tubercle at the base of the fifth
metatarsal loses its important mechanical advantage

of the peroneal groove (Fig 6 C) It acts
as a fulcrum to faculitate the transfer of
the body welght by this muscle across the
foot to the ball of the great toe.

Due to the faulty longitudinal axis as
well as to the faulty outhme of the outer
sole of the conventional shoe the lateral
margm of 1ts shank s madequate (Fig 15
A and C) while the medial margin 15 re
dundant (Fig 15 A and B)

The foot, parucularly the tubercle at the
base of its fifth metatarsal, overndes the
lateral margin of the shoe (Fig. 15 C) The
resultmg loss of sopport for this tubercle
places the peroncus longus muscle at a great
mechamcal disadvantage in the fulfillment
of 1ts important function of transferning the
body weight to the ball of the great toe

The medial redundancy of the shank acts
to retard and distort the pronatory action
of the peroneus longus

Incidentally the correction of this im-
balance allows a more snog fit of the arch
section of the shoe It improves the relation
ship of the first metatarsal bone to the
great toe by lesserung s tendency to varus

It also serves to protect the ball of this toc
from medial crowding and friction agminst
the shoe

4 Ity Shank Does Not Accommodate
the Dynamic Demands of the Foot. The
major functions of the foot are biaxial. The
axis of locomotion 1s entirely different from
that of standing (Fig 3 A) The form of
the foot changes radically 1 locomonon
(Fig 9 AD)

The axis of standing extends from the 1n-
ferlor medial calcaneal tubercle to the third
metatarsal head. The main axis of locomo-
tion extends from the lateral inferior cal
caneal tubercle to the ball of the great toe

The action of the shank section of the foot
m locomotion 13 powered by the peroncus
longus muscle and 1 predommantly a tor
slonal one The foot mn this spiral action
is pronated and narrowed The ball of the
great toe 13 plantarfiexed to about 2 cm
in relation to the adjoining metatarsal heads.
There 13 a corresponding shortening of the
foot and heightening of the medial arch
(Fig 9 A-C)

The conventional shoe provides only a
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Fro 16 (A) Example of a rigid shank reinforcement of a conventional shoe (smgle
arbitrary axis) unadaptable to the normal axis of propulsion. (B) Same in action
Shoe 13 forced to break lateralward. The forces of locomotion are distorted
ingly (C) Physologic shank reinforcement Anchored at their bases by means of suit
ably adapted joints. These are deugned to allow the shoe to simulate the natunal
action of the foor. (D E) Same in action Dynamically accommodates tho spural action
of the foot in locomouon (F a. b ¢) Ilustrates diagrammatically the of adapt
abilty and the spreading force induced betwren layers of shank by the conventfons!
shank reinforcement (a b c) Adaptability of a physlologic shank reinforcement
to the spiral action of the foot 1n locomotion.
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Fia, 17
cavity (B) Correspondmg confi
fon:f:y region of third metatarsal head. Ball of great toe rests on an inclined plane
(D) Sesamold bopes move with the great toe (a) sesamolds in neutral poution (b)
toe extended, sesamoids advance (c) toe m flexton sesamolds recede. (E} C S

physiotogrcally adapted last. (F) Modified metatarsal bed  sesamoids recessed weight
distributed evealy

sngle rigrd (and arbitrary ) longitudinal axis
(Fig 16 A) This cannot possibly sccam
modate the dynamic demands of the two
divene major axes of function (Figs 3 A
16 F) The foot is compelied to function,
both m standing and m locomoton, in thrs
smgle arbitrary axis The shoe m locome-
ton, cannot “break” other than laterally and
dnstztward (Fig. 16 B) wstead of behind
the ball of the great toe as 1 to
sccommodate the normal ection of the foot

(A) C S metatarsal bed of conventonal shoe Note “boat-bottam™ con
guration of the conventronal last (C) Concentratioa of

(Figs 9AD, 11 Aand B 16 D and E)
Thus the forces of locomotion are di
rected contranwise to the action of the foot.
After being largely dissipated lateralward,
they are shunted arcwtously to the medial
and the distal margins of the great toe.
There scem to be two schools of thought
regarding the preference for & rigid shank
(for support) or for a flexible shank (for
dynamic accommodation) It appears ob-
vious that an jdeal shank remforcement is
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AND TOO FAR FOMWARD)

PEAK OF DETACHED ARCH SUPPORT 13 M
AR UNBALANCED RELATIONSHIP TQ FQOT
NOTE IMPTHGEMENT AQAINST NAVICULAR TUBERCLE

LOCATION OF FEAK OF SHOE ARCH CORRESPONDS
TO AMATOMS PEAK. NOTE FOAMATION OF WEDGED
RECESS M HEEL,

Fia 18 (A) Note incongruous rela
tionship of floor of conventronal shoo with
arch section of fool. (B) Same reflected
in conventional “arch support™ shoe (C)
Physiologic arch section of shoe
“Wedged™ recess for heel inclines lateral
ward, downward and forward to conform
to peak of Iateral arch

onc which would provide both support for
the longitudinal arch as well as adaptability
to the dynamic demands of the foot

This 1s achieved by the mobilization of
the anchorage of its reinforcing blades by
means of suitably adapted joints (Fig 16 C)
Dual blades with joints designed to simalate
the diversity of action of the medial and
the lateral sides of the foot are preferred
(The medial half of the foot can be n

verted or everted over a wide range The
action of the lateral half is predominanty
one of axial rotation )

A self adjusting shank of this type has
an added advantage m that 1t compensates
to 2 large degree for the normal vanations
in the toe-ball and the ball-heel relation-
ships m feet of identical length.

5 TIts Metatarsal Floor Does Not
Conform to or Dynamically Accommo
date the Foot. The metatarsal floor of the
conventional shoe 1s shaped 1n the form of
2  boat bottom™ concavity (Fig 17 AC)
This is due pnmarily to the faulty confignma.-
tion of the last (Fig. 17 B) It is accentu-
ated by the inadequacy of the filling material
used to level the inner surface of the shoe
to correct the effects of the last and the m-
tucked upper (Fig. 17 A)

The metatarsal region of the foot arches
only when the toes are flexed, as shown by
Harmis et al (Fig 7 A and B) In locomo-
ton as ponted out by Duchenne (Fig. 9
A and C) the ball of the great toe ks
plantarflexed in relation to the adjpoming
metatarsal heads The location of the
sesamold bones shifts corresponding to the
action of the great toe (Fig 17 D)

The concave metatarsal floor of the con-
ventional shoe falls to accommodate these
diverse actions Instend it mvites a con-
centration of force on the third metatarsal
head, this being the site of greatest de
pendency (Fig 17 C) The ball of the great
toe lies on the inclined margin The forces
of locomotion intended for the ball of the
great toe arc dustorted along circultou
channels similer to those previously referred
to the ball of the great toe is

6 The Peak of 1ts Arch (Commerdial
Arch) 1s too Far Forward and too High.
Its curve docs not conform 1o the configura
tion of the nner arch whch has s peak
immediately proximat to the tnlonavicular
junction (Figs. 2Aand B 9C) The corre-
sponding location of this peak in the shos 15
withmn 1ts heel section (Fig 18 C)

The angulation of the cal forms
the peak of the arch (Fig 2 A and B) The
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foot anterior to this point of angulation is
relatively flat (Fig 2 A) The arch thus
formed Is asymmetncal, having a very short
postenior pillar and a long anterior one The
conventional shoe Is constructed as if the arch
were symmetrical (Fig 18 Aand B) There
Tore its heel section is relmively flat, whie
its peak is too far forward and hugh (Figs
18 A 19 A) This nets us o supinatory
unbalancmg force on the forefoot It favors
the development of secondary compensatory
pronation of the calcancus and cversion of
the great toe The forces of locomotion are
distorted lateralward along the usual circu
itous channels common to all supinatory
unbalancing factors
The congruity of outhne established by
the correchon of this imbalance provides
within the heel area & cuplike medially
wedged recess (Fig 18 C) This wedge con
struction acts to support the postertor pillar
of the arch agpinst calcaneal pronation A
support at this site has the advantage in
that it does not produce supmnatory im
balance as does the conventionally placed
wedge under the medial margin of the heel
There are additional advantages of the
balanced configuration of the arch. It oblit
crates the dead” space between the shoe
and the foot. It also tends to prevent the
foot from shding forward withun the shoe.
7 Its Great Toe Section is Mala
ligned With That of the Foot in 1ts
Longitudinal Horizontal and Vertical
Axes. The preservation of function of the
great toe embodying the entire first meta
tarsal sepment, 13 of paramount importance
In foot function. The stability the firmpess
and the springmess of gait, in addiion fo
the ratufactory final thrust from the ground,
are dependent upon its integnty
The conventronal shoe 1s constructed as
if the great toe were located 1n the center of
the foot (Fig 20 C) As a result, the great
toe and the sesamoid muscles are deflected
correspondingly (Fig. 20 B) This force
sugmented by the upeurved margin of the
Inersole (Fig. 20D and k) as well as the low
and sloping toe box (Fig. 20 D) favors the

Fia 19 (A Bottomm) Conventional
last, posterior half Jower surface practt
cally flat. (B Top) Physlologic last, con
forms to confipuration of foot Postenor

llar of longitudinal arch is supported
nferomediaily by its design

formation of hallux valgus secondary meta
tarsal brenkdown and also ingrown toenails.

Hosvever the centrally pointed toe 18 not
the only or even the greatest of the distort
ing factors of the conventional shoe which
find expression in this type of deformuty
and breadown

All of the numerous other factors that
distort the streams of locomotion lateral
ward lead to the shunting of these forces
to the medial and the distal margins of the
great toe. These arc at least cqually re
sponsible for the foregoing conditons

The nner Ime of the toc section of the
shot whether it be inflared straight or de
flected lnteralward, has in itself no great
significance It Is only 1 jts relationship to
the longrtudmal axis of the hund section of
the shoe that 1t assumes any considerable
importance

With the inflanng hind section of the
shoe pomting the foot lateralward (as 1s the
case in the conventional shoe because of its
aus of symmetry) the centrally pomnted
foe section 15 not so severely malaligned
with the foot as it may appear at first. (The
foot is rotated in a mmilar manner wathin
ﬂlclnst:doc by both of theso factors )

ew of this the added rovided

by a “stralght mner line” or “m};t" type
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Fio 20 (A) Normal sey-
amold muscles. (B) Deflec
tion of the sesamold musches
by the conventional shoe.
(C) The conventional shoe
dengned as though the great
toe were located tn the cen-
ter of the foot. (D E) The
diminished base line, result
Ing from the upcurved mac
gin of inncrsoke and the

ing of the toe bot con
tribute to the deforming
force of the malligned toe
sectron of the shoo (F) With
coaxial alignment of hind
foot, a relatively slight added
accommodation i .l;lh:h:!t):
necessary (o coabgn
with great too (G H) The
toe section of the shoe ks co-
ahigoed with the foot. The
mediaf sloping i ehmmated
The solo recessed to 8¢
commodate the action of the
great toe (Photos A and B
from Stein, H C. Halhx
Valgus, Surg., Gynee. & Obit
66 889-898)
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like on an underlying rotatmg fulcrum on

ventional shoe 1s tremendous This dele

the wntertubercular surface of the cal
(Figs 2 B and 3 C) This action 1s smooth,
and unopposed and is performed with a mini-
mum of ¢

With the foot encased in a conventional
shoe this normal rocker action is substl
tuted by a pivotal action over a posteriorly
extended lever (Fig 21 A) The lower hind
margin of the external heel acts as the ful-
crum The distance between 1t and the con-
tact pont of the infenor calcancal tuberclo
represents the lever (Figs 21 A 23 A)

Because of this faulty mechanical rela
tionship with the foot, the sole of the shoe
is thrust plantarward each time the foot 1s
actively dorsiflexed agaiost the ground (Figs
2] B 23 B) Although the shoe may bo
laced firmly this spreading force exists Con
sidenng that the average person tokes
14 08O steps daily the expenditure of extra
encrgy because of this feature of the con

tenious infl may be substantially les-
sened by the mterruption of the npdity of
the above leveragoe action

The jomted anchorage of the thank rem
forcement previously described (Fig. 16 C)
has thus effect on the antenor lever arm
It affords some rocker achon to the hecl

This action 13 augmented by the Inter
ruption of the ngidity of the hind lever
This 1s accomplished by means of cfefting
the peripheral margin of the heel (Fig 22
inset) The action, to be most effective,
must extend throughout the full thickness
of the heel section into the shoc (Fig. 22)
Thus the heel is divided 1nto central acting
and perpheral actlng sections The body
weight rocks over the central sectron (€)
The peripheral section (p) provides stability
and surfece tracton. This multiple achon
pnnciple of the heel 1s not spplicatle to
lugh heeled shoes Here the vertical line

Fic 22 A type of clefting to restore normal rocker action to heel (Insct)
The actton mu:P;e minimal gHowzver 1t must extend to within the shoe The
“central heel” (c} acts predominantly in Jocomotion the “peripheral heel”
affords a broader more stable base In standing as well as improved tract
in locomotion

p
ton
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OF SOLE OF SHOE AND FOOT W
m(mumurmmoum

ITED ACTION OF SOLE OF SHOL AND FOOT
1IN THE ABSENGE OF A POSTENIOR LEVER

Fio 23 Diagrammatic {Mustration of the contrasting actions of conventional and
physwiogic heel sections.

of equilibrium 13 advanced toward the center

of the foot and walking takes place m
equinus,

PROJECTED MODIFICATIONS

1 Axas. The section of the shos pos-
tertor to the reglon of the metatacsal floor
is transposed lateralward a distance equal
to the eccentricity of the vertlcal axis of
the calcancns (Figs 3 B 12 E) With this
modificatlon, a line drawn from the center
of its heel to a point on tts sole correspond
ing to the thurd metatarsal head will inclme
toward the ball of the great toc and pass
between the second and the third toes
(Fig. 12 E)

2. External Heel. The posterolateral
section of the heel 1s thifted and extended
lateralward to accommodate the correspond
ing shifting of the vertical axls of weight

beanng (Figs 3 C 14 B) the mration
of gart.

3 Shank and Balance. The last 1s
extended lateralward sufficiently to provide
an adequate base for the tubercle of the
fifth metatarsal. The medial redondancy is
pared The relationship of the outer sole
15 modified correspondingly (Fig. 12 E)

4. Shank and Mobilization The shank
remforcement (see foregong) 15 anchored
by means of jomts designed to simulate the
natural action of the foot. Dual blades are
preferred (Fig 16 C) These are placed to
correspond to the two major axes of func-
tion, When a single blade is used jt cor-
responds to the axis of balance

5 Metatarsal Floor In order to favor
the transfer of the load to the ball of the
preat toe and to accommodate the action
of this toe and its sesamoids, a localized
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recess 1s substituted for the boat bottomed
concavity (Fig 17 E end F)

6 Peak of Arch The heel section is
contoured to conform to the inmer arch.
A cuplike recexs 1s formed, the peak of
which corresponds to the talonavicular junc
ton (Figs. 18 C 19 B) 1ts floor medially s
fashioned to form a wedge support for the
postenor pillar of the arch

7 Alignment of the Great Toe. The
tp of the shoe 1s fashioned to correspond
to the longitudinal axis of the normal great
toc. With the hind section of the shoe
aligned coaxially only a shght mod:ification
of the external appearance of the shoe from
that of the conventional is necessary to ef
fect this correction (Fig 20 F) Wood Is
added to accommodate the action of the toe
and to correct the medral sloping of the
toe box (Fig 20 G and H)

8 Mobilization of the Opponng
Hind Lever The mobilization of the shank
by means of the ointed shank remforce
ments previously described allows a con
sderable degree of “rocker” action of the
heel section This 15 supplemented by mter
rupung the continuity of the ngid hind lever
by means of clefung the heel penpherally
(see foregomg) The action mvolves the
full thickness of this section of the shoe
(Figg 22 and 23) In this manper a
movable center is formed within the heel
section itself which allows a rocker action
stmulating that of the unshod foot.

Numerous variations may be substituted
to gam the objectives of each of the fore
goung modifications There are also varlous
means of camouflaging some of these modufi
cattons that may be objectionable from the
estheure point of view

SUMMARY AND CONCLUSIONS

1 Civilzatron has imposed severe penal-
tres on the foot m the form of hard pave
ments and ngid o d and

2 Hallus valgus metatarsel breakdown,
contracted, deformed toes and a multitude
of other foot atments” and related dis-
orders attributable to the conventional shoe
i varying degrees have become almaost
untversal

3 The perfect foot is to be found only
in prmitives end peoples who do not wear
shoes and 1 very young children before
the adverse effects of the conventional shoe
have become manifest.

4 Symptomatic foot disorders are prac
tically unknown 1n peoples who do not wear
shoes Thelr fect are well developed, power
ful and undeformed

5 The foot 15 extremely prome to
deformity under the mfluence of long-
continued, externally applied, misdirected
foree

6 The foot, as a rule is very oblygng’
it does not rebel freely Instead, 1t readily
adapts itself to malaligned sboes The shoe
actually may bo referred to as “feeling very
comfortable,” even though detenorative
changes of the foot are taking place con-
stantly This 1s particulary true in persons
pursuing sedentary occupations

7 Comfort maximum efficiency and
preservation of function of the foot wre
dependent upon the normal progression
distribution and dussipation of 1ts dynamic
forces The shoe, 1n order not 1o obstruct
these forces must be in belance with the
skeletal beanng pomts of the foot and must
dynamically accommodate and synchronire
with 1ts actions

8 The preservation of function of the
foot, includmg the desmign of the shoe for
the normal foot, is primarily the responsi-
bility of the orthopsedic surgeon.

9 Great advances have been made m
our understanding of the biomechanics of
the foot. The need for balancing and syn-
chronzing the shoc wath the action of the
foot to conserve its function has long been
recognized In spite of this the design of

unsynchronizing shoes 'Fhu is threaterung
to convert us gradually mto a naton of
“foot-cnipples

the shoe still continues to be dictated arbl
trarily by custom fashion and the whums
of the manufacturer rather then by sound
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engincering pnnciples based upon the bio-
mechamics of the foot.

10 Distorted ideos lead to distorted
shoes distortion of foot function and finally
to distoruion of foot structure

11 Unlhe o sousage the foot fs
highly developed member of complex forma
tlon, every factor of which needs thouphtful
consideration 1 determining its proper
clothing.

12 The calcaneus is offset lateralward
m relaton to the foot. This architectural
arrangement adds mobflity to the foot at
the expense of stability Otherwise muscle
action would be mmpossible It favors the
direction of the forees of locomotion toward
the great toe. It enables the foot to fumction
biaxally

13 The essential arch is formed by the
calcancus the cubmd lateral cuneiform and
the third metatarsal bones held together
firmly by the powerful long plantar lign
ment. This 1s the only combinauon of bones
that will stand up alone as an arch It will
bear little weight, but with the talus and
the navicular added, the arch 11 & good one

14 Foot function 15 predomnantly bi
axal. The axis of standing extends 1n a line
from the medial calcaneal tubercle to the
third metatarsal head. The axis of locomo-
tion extends from the lateral infemor cal
caneql tubercle to the ball of the great toe.

15 The axs of prvotal rotation 1n shift
ing from the standing to the walking powi

ton, corresponds to that of the essential
arch (This also constitntes the ams of
standing or balance ) The third metataryal
head acts as the pivotal center

16 The peroncus longus is the chief
mucle 1avolved in this shaft. It is the only
muscle that plantarflexes with force the
medial half of the foot (the calf muscles
8ct only on the lateral half of the foot as
a plantar flexor supinator)

17 Impaired achvity of the peronens
longus from amy cause cven unyiclding
shoes favors suplnation of the forefoot with

compensatory pronation of the calcaneus as
well as eversion of the great toe

18 The foot in locomotion assumes a
radical change In its form The action is
a spiral one It is associnted with pronation
narrowing and ebduction of the forefoot
and plantarflexion of the ball of the great toe

19 The conventlonal shoe (which we
have leamed to accept with a sort of hope-
less and fateful resignation) on critical
analysis reveals 8 major factors which ob-
struct the normal progression distnbution
and dissipation of the dynamic forces of
the foot. They all, very much in common
tend 1n locomotion to divert and dissipate
the body weight largely toward the lateral
half of the foot. Then the residual forces
are shunted obliquely (the third metatarsal
head acting as a pivot) to the medial and
the distal margins of the great toe, bypassmg
its ball Tt 11 almost the equvalent of a
functional amputation of the great and the
adjoining toes The ball of the small toe 15
no substitute for that of the great toe Each
of these 8 factors requires careful considera-
tion 1n the design of a physiologic shoe

20 Prior to the Civil War penied, nght
and left shoes were made on identical symmet
rical lasts The shoes were interchangeable on
cither foot. When “nights” and “Jefts” were
first given to the soldiers they were considered
objects of derision and ridicule because
they were not interchangesble This marked
the beginming of the application of bio-
mechanical prncrples to the design of the
shoc There have been very few outstanding
modifications of its basic design since The
shoc tustorically adheres tenaciously o
old forms

21 'The thoe can be no better than the
last. Therefore it 15 important that the last
resemble the foot and not the reverse
Other factors bendes the last which con
cemn the shoe itself are of equal umportance
m the design of & physiologic shoe

22 Some of the more pertinent histor-
cal, anthropologic  anatomic physiologic
and biomechanical factors that govern or
have important beaning on the relationship
of the shoe to the action of the foot have
been reviewed. A modification of our pres-

.t
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ent concept of the biomechanics of the foot
has been presented.

23 The postulates and the details of a
projected “correct” rather than “corrective”
shoc desuigned to establish balance dynamic
accommodation and synchronization with
the action of the foot have been outlined.
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appreciation to Dr Arthur Stemndler for hus
oumerous helpful suggestions, and to Dr
Emanuel A Salma, Professor of Mechanical
Engineering, New York University and to Mr
Joseph Burger for their generous co-operation.
He abo wishes to thank Elizabeth H Brodel,
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both of Cornell Univensity and also Ann
Ogden, Ann Muth and Harold W Street, Jr.,
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the numerous illustrations.
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Coracobrachialis Brevis

CHarRLES O BEecHTOL, M.D

INTRODUCTION

Ths paper describes an anatomic vara
tion of the coracobrachialis muscle which
may produce painful shoulder Ttus has been
found dunng an opermtive explomtion of a
number of shoulders for biceps tendinis
or other surgical lesions In each of these
cases defimite persistent tenderness was ob-
served preoperatively over the lesser tuber
osity of the humerus Surgical correction
of the anatomic vanation 1 each case led
to a disappearance of the signs and the
symptoms in this area,

The coracobractualis brevis (or supenor)
muscle is one of the common anatomic
vanations of the coracobrachialis muscle
According to Piersol & study of comparative
anatomy shows that in most speaes the
cormcobrachualis has 3 portions, which mnsert
along the full length of the humerus. In
man only the middle of these 3 portions
s commonly present and it 15 known only
as the coracobrachialis muscle Either the
supenior or the infersor portion of the
muscle occasionally may be found n map
The coracobrachialis brevis muscle repre-
sents oo mserton of the coracobrachials
muscle on the upper portion of the shaft
of the humerus and sometimes mto the les-
ser tuberosity or the capsule of the joint
(Fig. 1) The coracobrachisls muscle
when present, presents a mechamcal ob-
struction to the motion of the lesser tuber
asity on wternal and external rotaton of
the humerus The degree of mechanical
mterference 1s such that it would not neces-

e considerable amount of wear and tear
occurred m this reglon However once the
lesion 13 established 1t 18 probable that it
will be of long duration.

SUBCORACOID BURSA

In most cases, a bursa Iies between the
coracoid process and the surface of the
subscapularis muscle where it attaches to
the lesser tuberosity of the homerus. In
none of the 3 cases observed was the sub-
coracoid bursa present. In each casc loose
areolar ghding tssue was present in this
area Doe to the repeated trauma, the
arcolar tissue was thickened, scarred and
mfamed. It was evident that the actual
pamful lesion lay in the traumatized ghd-
ng tissue

CLINICAL DIAGNOSIS

The patients present themselves with 2
chronically panful shoulder Ope case had
pun of 3 years duration. On
examunation, pah is expenenced on nternal
and external rotation of the humerus. It
may be aggravated by extreme external rota-
tion of the humerus with the arm at the
side There 1s an area of considerable per
sistent tenderness lying over the lesser tuber
osity of the humerus. This can be demon-
strated most easily with the humerus o
external rotation so as to brmg the insertion
of the subscapularis muscle out from the
cover of the coracord process. Two of the
cases In tms series were diagnosed pre-
operatively The ongmal case was found

dental o an exploration of the biceps

sanly lead 1o post tra ic changes uanless
182
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Pamn m the Hip Caused by Osteord Osteoma’

GEORGE S PHALEN M.D, ANp DAviD W PartcH, MD }

In 1930 Bergstrand described 2 cases of
a rarc benign, osteoblastic lesion—1 lesion
was 1 a metatarsal and 1 was in the
phalanx of a finger * Climcally these lestons
appeared to Bergstrand to be osteogenic
sarcomas, but after he had examined the
involved areas of the resected bones he
concluded that the lesions were neither m
flammatory nor neoplastc and probably
were doe to embryonal rests. Although
these 2 cases of Bergstrands were osteoid
osteomas, the credit must go to Jafle for
establishing osteoid osteoma as a clinfcal
and pathologlc entity in his report of 5
cases m 19354 Ten years later in 1945
Jaffe presented a comprehensive review of
62 cases of osteoid ostcoma.® Since Jaffe s
ongmal report, more than 250 cases of
osteold osteoma have been described m the
Iterature and the lesion is well known to
the orthopacdist and the radiologst.

Pathologists radrologists and orthopao-
dists are stll debating among themselves
as to the exact nature of osteoid ostcomas
Brailsford,® MacKenzie® and Hellner? be
heve that osteord osteomas are only a low
grade cortical or subcortical nonsuppura
tive mflammatory process 1m bone The
absence of any climical signs of infection
such as fever or localuzed redness or in-

From the Department of Othopedic

Sargery
The Cleveland Chinic Foundation, and The Frank
E. Bunty Imtiute Cleveland, Ohilo.

+ Former Fellow in Department of Orthopeds
Surgery Cleveland Clhinke Now st Crouss Irving
Hospital, Syracuse N Y

112}

creased warmth, together with the absence
of any microscopic findings of inflammatron
in surgical specimens, has led most mvest-
gators to the conclusion that osteold osteoma
should be classified as a bone tumor

If osteord ostcoma ks a true meoplasm
of bone 1t is a tumor entirely different from
any other type of bone tumor No known
benign tumor of bone produces so marked
a reaction at a distance from the margin of
the tumor 1itself Recently Moberg has re
ported 2 case of osteord osteoma of the
fourth metatarsal i which reactve bone
formation was not restricted only to the
bone mn which the mdus was wtusted bot
was also present on 2 adjacent bones—the
third metatarsal and the proximal phalanx
of the fourth toe 7 The periosteal thicken-
ing was noted only on the lateral aspect of
the third metatarsal that is on the side of
this bone adjacent to the metatarsal coo-
taining the osteoid osteoma.

The natural course of this discase also
argues against its being 2 true neoplasm
The fact that only a very few cases of
osteold ostcoma have been found in pa
tents more than 40 years old 1s the best
evidence we have that this disease must
heal spontancously Sherman® and Moberg?
have reported a few cases with clmscal and
roentgenographic findings typical of osteold
osteoma, 1n which the disease healed over a
period of years and the patients became symp-
tom free The clmical symptoms in these cases
apparently disappesred with cessation of the
progressive dévelopment of the nidus The
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Fso 3 Preoperative roentgenogram of
hip in Case 2 The arrow points to an
irregular area of decreased density in the
superior ramus of the pubrs near the
acctabulum. This midus s surrounded by
a narrow rone of deme sclerosis,

nerve was not severed because no mflamma
tion was found about 1t.

Physical examination revealed that the pa
tient walked with a Iimp on the right leg
Internal rotation of the right hip was restricted
to 15 other motions of the hip were pormal
There was some deep tenderness over the an-
terior aspect of the nght hip joint The re
mainder of the general physical examination
was essentrally normal

Laborstory stdies, wncluding urhum
blood count, hemoglobmn determmation bl
sugar blood Wassermann and kahn tests, were
all within normal lmits. Roentgenograms of
the pelvis and the right hip which the patient
had had taken 2 months previously showed no
evidence of any bony abnormality except for
slight cartical thickening along the mnferior as
pect of the femoral nech. New roentgenograms
pow revealed definite thickening of the cortex
along the mferor aspect of the neck of the
femur with a small oval, radiolucent area
wathin this zooe of sclerotic bone (Fig 1)

On November 2 1948 the nght hip jomnt
was exposed through an antenor jhiofernoral
mciston  The synovium of the hup joint was
thickened and there was an mcreased amount of
flmd within the foint. On the antenor nfenor
aspect of the femoral neck was an area of
roughened cortex. A marler nas placed at this

site and a roentgen was made it sk
that this area coincided with the site c
mdus Then a block of booe was rem
measuring 15 1 10 x 6 mm., which inclad
area of soft, reddsh ussue correspondu
size with the small area of radiolucency
on the roentgenogram  The walls of the ¢
were cureited and anather roen:

made to be sure that the entire nidos had
removed.

Fathologic examnation of the specime
vealed the typrcal histologie pattern of an
oid osteoma. There was a well-defined lay
dense trabecular bone surrounding a small
m which the normal bony architecture
completely lost. This area was formed by
irregular interlacing trabeculae of osteox
suc scparated by relatively abimdant, b
vascular fibrous tessue contaimmg osteot
and numerous multinuckated giant cells o
osteoclastic type (Fig 2) A biopsy of
joiut synovium showed evidence of a ponspe
type of inflammation, characterized by s
foci of hemorrhage and diffuse infiltratic
the synovisl membrane by lymphocytes
plaama cells.

On the fist day postoperatively the pa
was certain that she no longer had the pai
her hip which she bad had prior to tho of
tron It is now 5% years smce the oper
and the patlent has remalned well with
symptosns referable to the Hght hip

Caze 2. An 11 yearold boy was fint
at the clmic on May 12 1950 He had }
referred by hus local physician because ¢

T Urolog Pmdl"dns ]
in the child's left gromn and hip This pain
begun Insidsously 1 June, 1949 about
month following an uncomplicated #ppent
tomy There was no hutory of any jury

was described 23 @ “1oothache In the b

pan was aggmavated by excessive exen
and relieved to some extent by rest and aspt
At first the pain was present oaly at night, aw
ening the child from & sound skep Inthef
few months, the pain had been present 1
duripg the day The chfg was observed

on the keft leg when the pain was prest
‘;{Tph-d been chewhere for
months with a tentative diagnosls of tuben
loss of the hip but at the time of his ¢
charge the physician told the boy s parents t
no disexse bad been found.

Physical exammnation wzs csientully me)
tive except for deflalte tenderness to decp pr
sure in the Jeft groin and | cm atrophy of t
feft thigh as compared wath the right. Tht
way no resiriction of mosement wn the 1
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goinu, Lnbornlory studrey Inch:dlng urinalysiy
count blood serology ang blood sugar
were all withip formal limjgg
Rocnlgcnogums of the hip showed 5 yome
what fll-defineg radiolucent greq in the supcrior
FAMUS of the fof, Pubh. There Wy o ghollow
ot

was tgken before the
incuion "2 closed ang this showeq that the
entire Radiolycent ACa hod been TeMoved, The
hild secon

Fio 4 PmoPc.-,uw:rom Ogram of
Wclmcoplc Saminagion of everal of qha hip In Cage 3 A rather mléicnom area
nts of the of density appea s Just aboye

nce {mmn-o{dou There ﬂ-rclmcrtrochnmcr'lbcrcﬁml
y slight
was ng "g-k-‘mscopk: fvrlgcnce of Luﬂamanan sclerosiy of bone adjacent 1o this Hea.g

revealeq p fon the
g L ed; o3iy of d
eateg ol Onhou;. c SXAminatio, re  agn Osten Osteomy, Thcrewuno

hyy
cluld ped slighy; on the Jef, tologre vidence of lﬂﬂn.nmﬂ i
e T dwn.. & fuf range afhmgtion in the &““'mw oo " ot the
p an WS slight oy, £ 9y after
RIt thigh ang g Ieft caugbn compd Chud aaig g he'no "’“S:fe‘“d ”‘cu‘}n‘ d:
wit emm}z Of the ke mmdhvta:i nndblpBecnlnenWanc
nothing v of a the chitq f,
the py ﬂYEIOfdccl’EIsed any%lnganekftkgorafcwwrchg
2PProvimatep, ) in m  hip gy wag o lied, Ty, Was re
‘mrdmeiy bove the Bter of yhe moved jq § month ap Child wpy ted
emur only ypen dence fo be ampyy, Without It by noy,
*HTOS1s 0f poye g tto area (Fig gy 24 years sipe, there
OPeration wup:rfo,rmed Augugy 12, o reeyy of any g, Ort eithe
1952 D" ilofemory) fop 12 1 ‘e bip or iy g
ek angd ipe rochanter,, Tegion of e
femur Were Pased l'uchrquclHy A window, DISCUSSION
g]:bonlelmcuunng 1 X058 ¢
Mediatery above fhe lezser trochany, X infy 9 em the ¢
C“min.ll‘on at the of O'ner‘ha::g that uf bfp 2y be due fo ostc:ifit
xhc(out’i:be ’dow of bope “OrreIpongeg 10 the and Conditioy Mmust pe
‘tliouinthcbwme TbebOne Comldtredhl
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Pain in the Hip Caused by Oslecid Osteoma

tient 13 mn the second or thurd decade of
life The relief of pain by small doses of
aspunn should make one very suspicions of
of the presence of an osteoid ostcoma. Pain
that awakens a child from a sound sleep at
night is also a characteristc symptom of
osteoud osteoma

In all of the 6 cases of this senes com
plete and permanent relief from all symp-
toms was obtained by adequate excision of
the nidus or arca of decreased density as
noted on roentgenographic examination In
2 of the cases a second operaton was
necessary to obtain complete relief because
all of the nidus was not removed at the
ume of the first operation The use of
x ray exammation at the time of operation
will assist the surgeon to judge the ade
quacy of the excision and obviate the ne
cessity for further It is never
necessary to remove all of the sclerotic bone
that is present, but the entire nidus must
be excised (o prodnce a permanent cure

If the history and the physical exanuna
ton are compatible with a diagnosis of
osteoid osteoma, it 1s imperative that & most
careful roentgenographic scarch be made to
discover the lesson. The nidus may be small,
and there Is not always a great amount of
bone reaction about it. Roentgenograms
should be made with the hip in varying
degrees of rotation, and oblique roentgeno-
grams of the pelvis should be made as
well as the usval anteropostenior view

While a block dissection of the lesion
may pive the pathologust a better chance
to make an eccurate diagnosis, 1t 1s neither
necessary nor advisable to remove any more
bone than absolutely necessary to eradicate
the mdus Of course care must be taken
to preserve all fragments of tissue removed
so that a proper pathologlc examination
may be made By employing the roentgeno-
grem at the time of the operatton, unneces-
sary removal of bone may be reduced to
a mummum This s especially important
when the Jesion is 1n the neck or the tro-
chanteric region of the femur since too

radical removal of bono in this area might
preduspose to fracture

Once the cliucal diagnosis of osteoud
osteoma has besn made the only effective
treatment 13 surgical excuion of the nidm,
Although 3t certainly ts true that osteod
osteomas eventually will heal spontaneously
the pain produced by this dmeasc 1 of
sufficient  magnitude to warrant surgical
intervention The risk of the operation 1
shight 1n comparison with the years of con-
tinued suffering that the patient will have
to endure if the mdus is not removed.

Sherman has pointed out that osteold
ostcoma may be associated with changes in
tho adjacent jont.® In Case 1 of this rc
port there was noted at operation marked
thickening of the synovium of the hip joint,
as well as considerable increase In the
amount of normal joint flud However
microscopic examination of the yomt syno-
vium revealed only a chronic ponspeafic
inflammatory process with no evidence of
suppuration or active inflammation.

SUMMARY

Osteold osteoma should be considered as
one of the causes of pain in the hip espe
cually in patients between 10 and 30 yean
old. If the history and the clinical findings
are compatible with the dugnosis of ostcold
osteoma, & very careful roen
search thould be made to discover the nidus
if this area is pot readily visible on routin¢
x ray examination, The pathogenesis and
the exact nature of this disease are not well
understood, but the results obtuned by ade
quate surgical exciwon of the nidus are

most gratifying.
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Thyroid Function m Legg-Calvé-Perthes
Disease—A New Approach to an Old Problem

R W EMERICK, MD K E CoORRIGAN, PH D

A H Joistap, JrR

The possibiity of endocrine dysfunction
as a factor in the ctiology of Legg-Calvé
Perthes disease has previously been sug
gested many times Zemansky discarded the
posubility of an endocrine imbalance on the
basis that the pathologic changes are not
generalized and that other aseptic necroses
of bone “never’ are found In the same per
son 7 Ferguson found no assoctation of pi
tuitary-gonadal disturbance or body stature
type with this disease but in 75 cases found
1 with associated Kohlers discese and 1
with calcancal apophysits ® Gill believed
that some persors with Legg-Calvé-Perthes
discase showed definite evidence of endo-
crne wmbalance but he thought that this
could not be accepted as the sole or uni
versal etiologic factor +

Purcell presented a paper in 1948 which
was the sumulus for our studies on the
thyroid function of children with Legg
Calvé Perthes disease 5 The discussion which
followed the presentation of the paper
aroused the interest of one of the authors
(LEC) who demided to determine the
thyrold function of these children using
radioactive iodine (1131} Carner free radio-
active 1sotopes had become available only
recently through the Atomic Energy Com
mussion. This program was instituted in the
Department of Radiology (L Reynolds
M D., Director) at Harper Hospital, De
troit, Mich. Since that tme other cases also
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have been studied 1n the Radiology Depart
ment of Hackley Hosptal, Muskegon Mich.

The use of radioactive rodine tracer
studies repretented a new approach to the
study of thyroid function in children as well
as jn adults The clement of co-operatton
was 1o lonper necessary (but no less ap-
preciated when present) Following the
early determmation of normal ranges it was
found that subtle changes in thyrord func
tion which were not apparent by other dizg-
nostic tests could be discovered by this
method

The procedure of doing radicactive jodire
tracer studies has been developed by varions
groups using different technics Consdermg
that radioactive isotopes have been availabie
in sufficaent quantities for less than 8 years,
it can be apprecuated that this diagnostrc
study 15 evolving in divergent methods &
a result of differences 1n tralning, experience
and philosophical and scientific epproach?s
to the problems mvolved Our proceda®
1s described in detail because wo feel that
1t Is the best method, and one with which
we have been mble to demonstrate and
check various pathologic findings

To make an accurate dingnostic radio-
actve-isotope tracer study of the thyroid
gland, certan mformation must be obtained.
It Is necessary to determime (1) the loca
tion of the thyroid thsue (2) the rate of
concentration the total concentraton and
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the retention of the Isotope in the thyroid
tissue, (3) the varations in concentration
of rodosctve lodne In the thyrod aod
(4) the rate the time ard the total quantity
of urinary excreyion of mdioactive jodine
In order to observe these cniema ous pa
tients are hospitalized About 8 AM on
the Imifial day of the study radioactive
fodine is given orally to the fasting subject.
Dasage is determined by body weght, 1
mycrocurie per 3 pounds, the smallest dose
being 5 microcuries and the largest 50
microcunies, At vadous tme Inteevals,
usually 2 hours 6 houns, 10 hours, 26

90 per cent of the administered rodioactive
fodine should be accounted for, the re
mainder being Jost In feces and perspiration

In cvalunting the results of radicactive
fodine tracer studics, onc must keep in mund
the possibility of chemical blocks affecting
the thyrold gland Todine in any form except
todized xalt walt decrease the avidity of the
thyrold for fodine Thiv includes Lugols
solution, practically all of the radiopaque
solutions used for contrust in roentgenog
raphy and many proprictary vitemin prep-
arations which contain jodine Thiocyanate,
sulfa drugs and Thiouracil dervatives pro-

hours and 30 hours following administration
of the mdioactive iodine, counts are ob-
tained over specific areas, We use 2 standard
Geiger Miiller counter with 2 thin mica
window This s shielded by 1.5 cm of lead
ard 1 attached to a sustable scaler which
fins been deseribed previously 26 The win
dow of this tube 18 2 cm 1n diameter which
with a detachable lead cone can be reduced
to | em This will localire small sctive
sources witlun 0.5 cm., which is satsfactory
from = clineal standpoint,

Determunation of radicactivity 18 made
aver the thyrowd ares, m the regions of both
the lobes and the isthmus The eatire thyroid
area is scanned with the counter for local
areas of hyperactivity o hyposctivity Pomts
over the manubnum, the sternum and the
sublingual area also arc counted to rule
out possible ectopte aites of thyroud tissue
County are made over the emgastdum o
ensure that the radicactive matenal is
passing normafly mto the small bowel,
where 1t 15 absorbed. The degres of mdio-
sctivity of Liver and thigh muscle reflects
the amount of radiactive jodine 1n the
cucalaung blood end the body tsrues
These daw are recorded at each counting
penod In additon fo this an excretion
curve 15 obtained whenever possible Esch
unne specimen 15 recorded as o tme of
vouding and quantity Assay of zadioactivity
enables one to plot a urinary excretion
curve which checks the concentration curve
of the thyrold gland. We feel that about

duce 8 chemical block of the thyrouud gland,
and feeding of thyroid substance decreases
thyrotd function markedly Renal or cardio-
vascular disease cen produce some confus-
Ing smilanty to 2 chemcal block? but in
children this occurs infrequently A careful
medicat:on history must be obtaned in ench
case but even without history of medica
tlon a chemical block becomes apparent 1n
u careful study

Since this study was siarted in 1948 37
tracer studies have been done on a grovp
of 35 pauents with Legg-Calvé Perthes dis-
easc Early in our senes 2 few patients were
thought to have normal thyroid function
but m view of later results 1t Is probable
that these were erraneous conclusions and
that we nussed some small thyrod ade-
nomas. If adequate sceanlag of the thyraid
area i not dope and counts are not ob-
taned with the smell cone these small sreas
of hyperfuncuion are not apparent, In the
Inst 35 patients stedied none have shown
normal thyrosd fu Exgh hild:
have been pure hypothyroid wath no evi
dence of hyperfunctromng adenomata. Sev
enteen have had thyrold adenomas with ele
vated jodme concentrotion. These small
toxke adenomas depress activity of the re
mamder of the thyrold glend so that the
et over all thyroid function 15 decreased
(0 some degree Of the 17 patients with
#denomas only 12 had palpable nodules
Sowme of the adenomas were so smafl that
even at surgery the adeftoma was pot pal
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1A

Fia 1 (A) Appearance of the hips, Ma
studres. The patient was on usual non weight
ing the following year (B) Apgean.we of the hi

months, in a

tlon of thyroid substance for

1B
1950 priar to madioectlve fodire tracer
g treatment. No change occurred dur
October 1951 following admnistra
tion to non-weight-bearing Reversal of
oberved.

bone changes and healing with minimal deformity can be

pable m the exposed gland In such -
stance, 1if a tracer dose of radioactive 10dine
has been given prior to surgery the adenoma
may be demonstrated by use of a probe
counter on the exposed gland. In any event,
from our previous tracer study we can tell
the operator that the adenoma 1s located
in a specific thyroid area, so that it can be

Fra. 2. Photomicrograph of the ade-
noma removed from patient R. J  Note
the irregular follicle formatron and the
thin fibrous capsule This s typxal of
the adenomas scen in these children.

removed blind. Of 6 patients who had partial
thyroidectomies, the adenoma In each m
stance bas been found in the specimen. It
1 of importance to note that the adenomas
which are present do not necessarily have
the mucroscopic charactenstics of adult
adenomas They do have a thin fibrous
capsule and follicle formation There may
be tymphocytic infiltration. Tn genenal they
resemble the so-called metastasinng ade
nomas found m adults

In addition to the usual nom-weight
bearing, we have recommended administra
tion of desiceated thyroud to limits of toler
ance. In our experience children with Legg-
Calvé Perthes discase can tolerate from 1
to 3 gr of thyroid substance dafly without
showng clinical evidence of tosaity In 1
case of thoso reported to us from distant
imstitutions, tolerapce was not reached until
the dosage had been raused to 6 gr per day
in a child 9 years old An immediate and
entirely satisfactory response was obtained
with permanent healing * In cases where
hyperfunctioning adenomas are preseat we
have recommended their removal surgically

We arc indebted 1o F W Feightner MD., of
uuube.Pl..fuflnform.ﬂonregudlnsthhpaM
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Fio 4 (A) Appearance of the hrps at the time of radioactive jodine tracer studies.
Thss is 13 months after the onset of symptoms (B) Following 3 months in a hup spica

and adminstration of thyroid substance 2 gr

dafly There were no clinfcal symptoms,

and the defect in the right capital femoral eplphysis bas disappeared.

In general the course of the discase rs
dependent upon the stage at wiich it first
is seen and therapy started. In early cases
we expect o see improvement or reversal
of changes at from 3 to 4 months after
therapy is started. Later stages respond more
slowly passing through the usual processes
of repair and residual changes but m an
accelerated fashion. Late stages show litile
response

In contrast with the foregomg case
where treatment was delayed until perme-
pent changes had taken place Fig 4 shows
the results obtained when properly controlled
thyroid therapy was mstituted immediately
after the diagnosis of Legg-Calvé Perthes
discase was established and the patient was
found to be hypothyroidal without com-
plicaung factors

In exhibits demonstrating this study we
have encountered considerable doubt as to
the accuracy of the diagnosis of Legg-Calvé
Perthes disease 1 some of these cases. We
have no objection to this os in many of the
cases treatment was started early before
the classical changes of fr fon and
flattening of the capital femoral epiphysis
had occurred Reversal of the early changes
occurred and the usual progressive roent
genographic changes did not occur How

ever a control serjes would be necessary to
answer this valid objection. We did not
cstablish such a senes ourselves because of
the desire to give each child such benefit as
therapy mught afford. At the same time, it
must bo pomted out that a very adequate
and satisfactory control serres was main-
tamed 1n that treatment was refused in a
sigmficant number of cases similar to those
discussed. Refusal was usually on the
grounds that the procedure suggested was
not 1n keeping with established orthopacdic
practice which of course was entirely truc.
However the cases have run the

course without exception, establishing the
validity of the onginal diagnosis In 2 cases,
exogenous thyroid therapy was Instituted,
and a demonstrable early response was pro-
duced, after which the therapy was 1r
nunated abruptly before significant healing
had taken place m each of these cases,
immediate and disastrous relapse followed.
We do feel that if chmcal findings 23 ob-
served by competent physmcans are com-
patible with the manifestations of Lege-
Calvé Perthes discase  and if mcntg;ﬂ:,-

hic changes are present mn the ca

Igex:;:[::rn.l epiphysis then an early dlagnosis
of Legg-Calvé Perthes discase s ]

and therapy s indicated
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SUMMARY

Over the past 5% years the thyrod func
tion of children with Legge-Calvé-Perthes
disease has been studied using radioactive
jodine trocers as @ measure of thyrod
actvity Swmce cstabhishing o proper tech
nit, we have found no patients with Legg-
Calvé Perthes discase showing normal thy
rowd function. Abnormalities obscrved have
been pure hypothyroidism and hyperfunc
tong thyroid adenomas with relative hypo-
thyroidism We feel that these patients re-
spond more rapidly to conventlonal therapy
after the adenomns, i present, have been
removed surgically and the patient has been
placed on thyrold substance in a full toler
ance dosage
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Sciatica—Enology and Trearment

WirLiaM Mmor DeYErRLE, M D | F.ACS,* anp
VIRGIL R MaY JR MD FACS*

Any consideration of this subject
a review of the functional anatomy of the
fow back.1*# The two sacro-iliac jomts are
very stable and strong as a resujt of their
contour and heavy supporting ligaments and
arc resistant to all except the most scvere
mechanical trauma. The intervertebral joints
are composed of the nucleus pulposa sur
rounded by the mnnulus fibrosa bound 1n
place by the anterior and the posterior
longitadinal hgaments This forms a rela-
tively resilient structure with a moderate
amount of motion and supports the spinal
column. This resiiency and motion de-
crease as the disk ages The 10 mterfacet
1oints have true articular cartilage synovium
and capsules with supporting lignments This
anatomic arrangement allows more motion
in the mterfacet jownts than in any of the
other joints m the region The interverte
bral joints and the interfacet jownts com-
bine to support the weight of the upper
part of the body and allow s moderate
amount of resilency and motion, but are
stable because of their tnpod relationship
as well as their strong supporting ligaments
and muscles. The stability of these joints
decreases from above downward because
the angle of the sacrum with the umbar
vertebrae tends to decrease the efficiency of
the tripod by tipping it forward. Any condi
tion that weakens one portion of the tnpad
ihrows an mncreased struln on the remaining
2 structures This is demonstrated m loss
of disk support as a result of rupture or

* Richmond, Va.

removal It also Is demonstrated In the do-
fect in the pars mterartrcularis, where the
focet joints are left without any function of
support or stability

The dura, with the nerve roots, lits in
the spinal canal immediately postenor to
the disk, and the nerve roots leave the
spinal column by way of the invertcbral
foramen, which 13 bounded antenorly by the
disk, posteriorly by the pars interarticularis
and the wnterfacet joints snd to a certam
extent by the gamentum flavum and su-
penorly and inferiorly by the pedicles The
sensory supply to the dura s by way of
a meningeal branch of the spinal nerve and
the sensory supply to the remaining strnc
tures of the back, mcluding muscles and
fascta subcutapeous and skin areas 1 by

way of the posterior rami.
ETTOLOGY

Sciatica Is cavsed pnmarily by 2 mech-
anisms

1 Root compression syndrome, usually m
the region of the intervertebral foramedl.

2 Teatation of the nerve endings of the
postetior rami or the meniigeal nerve In this
group could fall any irritation or pathologic
conditions In the low back region supplied by
these 2 nerves This type of sciatica is true
referred
anoﬂ]:;: conditions in the back and the
pelvis which may cause referred sciatic pain
are strain of the facet joints, myosiis,
fibrositrs, arthritls hernintion of nucleus pol
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Fio 1 Scatic tension test (bowstning
test) The only motion that takes place {s
on the bowstringed sciatic nerve

facet joints with smple sprains and
edema of a traumstized or a degen
erated disk, may occur
4 Decrease m strength m the muscular and
the ligementous supports of the lnverte
bral and the interfacet joints
A. The posterior longitudinal ligament
and the annulus fibrose may be de
generated as the result of old-age
thinning,10 11 12 and spinal puncture
orating the posterior longrtudinal
gament ako may cause of
these structures 10
B Loss of normal muscle support and
tone sometimes 1 seen in pregnancy
All of these conditrons allow an increased
stress and strmn on the structures of the
area and are aggravated by repeated injur
1es In turn, they predispose to dusk degen-
eraton and rupture or other pressures on
the nerve root. In cases of degencration or
rupture of a disk,'® and in cases with ex
cess cartilage in the defect in the pars inter
articulans or even bone proliferation in the
form of ossicles in this defective area, the
tervertebral foramen s altered and the
nerve 18 more vulnerable to pressure This
may be the result of direct pressure from
these structures It may result from the
edema of the surrounding structures, such
as the capsule of the facet joints or edema
of the traumatized disk or the defective ares
m the pars intererticulans Even In cases

due to direct pressure edema plays a part.
The nerve tself, as well as surrounding tis-
sue becomes edematous as a result of pres-
suro and irritation. It s the subsiding of
this edema wn the nerve and the surround-
ing tissue that allows many cases of sciatica
to respond to rest and conservative treat
ment. For this reason, we believe that even
the most severe caso of sciatica deserves a
trial of conservative treatment.

HISTORY AND PHYSICAL
EXAMINATION

A typical hustory and phyucal examina-
ton i a root compression syndrome 1s as
follows Spontaneously or followmg varying
degrees of trauma the patient has 2 mild do-
ability because of back pamn, The attack lasts
several weeks and subsides to be followed
by repeated attacks which often are releved
by manipalations from chiropractoss or
ostcopaths These attacks gradually merease
in seventty and radiate further into the leg
and the foot. Disability increases, and the
patrent no longer 15 relieved by the above
mentioned manipulations He may volunteer
that lifung, coughing, tneezing and bowel
movements produce leg pan. It is noted
that he is pulled forward end to one sde
during the attacks and dunng remussions
the patient s frequently completely free of
pan and drsability Usually the patlent has
had several trials of conservative treatment
with bed rest, which mitlally helped his
attacks and sped their recovery In cases
thet have lasted longer periods of time, the
patient may describe a burnung or 8 pumb
sensation in hss leg or foot and at tmes
describes a sensation of formication. Very
frequently he describes the pamn In the
calf as cramplike.

The patient walks with a limp favonng
the affected side and often s flexed with
muscle spasm and pulled forward with sci-
atic scollosis esther toward or away from
the affected mb Frequently the patient Is
relicved by a hyperflexed position of the
spine which tends to open up the inverte
bral foramen Pamn may be produced mn any
of the following weays



1 Jugular Compression
2. PrEsure over e fourth ang the
fifth tumbar Intery

3 Hyperextens of the back With the pa
trent fying in o rone position
4 Smll.ih( f:g-mlling test
5 Scia tension tegy
Prnciples involyed in this ag test
have peen ed Previously 21 4, the
Procedure deseripeg here is pew (Fig. 1)

Scutic Tensioy Test
(Bowsrgypg Test)
The pavient i nstructed to 5¢ op 4 table,
ding the back ne 3rught a5 possiple and
Sitting djm:u; in line With 1ot he
should broce himself yopy his handg e
Patient jg inttructeg 70t 10 move by back
°F 20y poryon of b body o affectad
lmb f extended Pasuively ar ghe {pee untf
the pateny states tha (he
uced.

Pressed upop e
Iteay pace, whyeh
by th
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drome The test may pe performed op gpe
contralaterat feg, and of Teproduces pagn
on the painfy) side thiy s sugpestive thay
ony herniated in
of the crotch of the nerve mather than Jager
ally ag g usually s placeg

3| d

up at the region of
from the lmcn'crrcbml 1
case moton 4

€an be ygeq
method of ronouing Progress of conserya.
Ve treatmeny, A jugular
PeHormed vy the sciaye nerve
' this manper 6 more sensitjve
Neurologe findings M3y be weakpess of

the anije of knee yery of dorg
{on of the ETCat toe Joqq of tone o
alrophy iy ghe calf

dermatome skin panerny may be
Sugpestive of the Ievey but they frcqucnlly
overlap

During n

low back
Uy the patien 15 held
Posttion by g spasm
dings

e
they lway,
£ Negatve value when
are normy), A\{_}ﬂogrmm e not g,
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79 12 20
Disx SPONDYLOLISTHESTS UNSTANLE

PATHOLOGY OR SPONDYLOLYSIS Bacx
Local tenderness T4or936% 1 or503% 17 or 85%
Positive leg raning 71 or $0% 12 or 100% 170r85%
Local pressure cavamg sclatica S52o0r68.5% 100r 82% Tor35%
Reflex changes 33o0r42% lor83% 3oriss
Sensory changes 3lor39% Zorl66% 6or30%
Atrophy 8or10% lor83% 4o0r20%

unely but thould be done in those cases
which suggest the possibility of cord tumor
A negative myelogram 1s of po help and
may be a factor in prolongung a diagnostic
survey False positives are very common and
have been reported m patients with normal
backs 1n as much as 56 per cent of the
cases studied 25 Although we have had no
severe reactions there are some very serfous
ones reported in the literature concerning
possihities of radiculitis followmg this pro-
cedure 24 We feel that 1f a diagnosis cannot
be made on the history and the physical
and the xray findings additonal time
should be allowed for further conservative
treatment or ungil the disgnesis becomes
more apparent. Our experience with myelo-
grams has been as follows.

CONSERVATIVE TREATMENT

Often those patients not improving sats-
factorily on conservative treatment are given
a Tolserol test3® 100 cc of 2 per cent
Tolserol solutlon 18 myected intravenousty
over 8 S-nunute period This provides
muscle relaxation sufficzent to produce visual
vertical nystagmus At this pont of general
muscle relaxation, if the patlent s ability to
tolerate a straight leg raising test 15 im-
proved, we feel that he should be given
further conservapve treatment. However f
the patents ability to tolerate strught leg
raising tests 15 unchanged or made worse we
feel that there is probably a root compres-
sion syndrome that will require surgreal
correction

MYELOGRAM RESULTS CONFIRMED AT SURGERY

Drsx SPONDYLOLISTHESTS UNSTABLE
PATHOLOGY OR SPONDYLOLYSIS Back
Tests 16 0r 20% 1or83% lor5%
True positive 10 0r 62.5%
Fablie negative 6or375%
True negative 1or100% 10r 100%
ToLsErOL TEST RESULTS CONFIRMED AT SURGERY
Disx SPONDYLOLISTHESIS UNSTABLE
PaTHoLOGY ox SPONDYLOLYSIS Bacx
Tests 27 or 34% Jor25% lor 5%
True positive 23 0or 85.2% 3or 100%
ke tr 4or148%
T e 10r 100%

True negative




Conservative Treatment 17

This is a very helpful procedure in de
ciding which patient should be given further
conservative treatment but in genceral, once
the diagnosis 18 made our maln indication
for surgery has been the repeated fallure of
conservative treatment.

Conservatlve treatment!®14 "2 consists of
rest on a hard bed with the knees and the
upper body elevated in Fowlers position
Figure 2 shows this postion In the hospital
1t 15 accomplished ensily with a Gatch bed
Mephenesin 1 gm every 4 hours combined
with local heat, helps relicve spasm but
often narcotics are necessary to relieve pain
Thus is continued for from 10 days to 3
months depending upon the progress and
is supplemented by flexion exercises (Fig 2)
after the acute pain subsides. When the pa
tient becomes ambulatory a flexion cast or

a Williams flexion brace is applied and
worn until the patient becomes asympto-
matic Alt of thesc positions and exercises
and the use of a flexion cast or brace tend
to open up the intervertebral foramen
thercby allowing the maximum opportunity
for cdema and other pressures to subside
The patient is advised to do no heavy work
uatil all pain has disappeared and is cau
tioned agminst lifing in a strmned position
at any time Over a 6~year period this con
scrvative treatment was carrfed out on ap-
proximately 1 100 patients with sciatica and
was successful enough to prevent the neces-
sity of surgery in all but 155 cases Con-
scrvative treatment failed in 14 per cent of
our cases The authors performed 155 disk
explorations and spinal fusions over this

period.

Fra. 2. Exercises flexing the lumbar spine and opening the Intervertebral foramen,
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Fra 3 Anomalous branch of L 5 nerve root

OPERATIVE TREATMENT
PATHOLOGY FOUND IN SURGERY

Disk pathology 79
Bulging 16
Ruptured 53
Extruded 10

Unstable back 18

Tight intervertebral foramen 2

Spondylolisthenis or spondylolysm* 12

Total 111

* 3 of these also had extruded duks

Omne of the cases of tight intervertebral
foramen had an anomalous branch of the
fifth lumbar nerve root that came off at a
night angle to this root at the level of the disk
(Fig 3) This anomalous branch went su-
perior to the pedicle and the normal por
tion of the merve continued in its Dormal
pathway inferior to the pedicle This made
exploration of the disk very difficult, and even
after removal of the disk matenal there was
a large amount of tension on this anomalous
nerve A portion of the pedicle was removed
to relicve thus tension This patient is grouped
in the fair results

Disx PATHOLOGY

14 LS
Ruptured 27 26 53
Extruded 5 5 10
Bulging 10 6 16
Total 79

All of the patients we operated upon had
one or more trials of conservative treatment
prior to surgery The averago age of the pa
tients was 37 The youngest was 17 and
the oldest 63 both had ruptured dusks.
(See table at bottom of page.)

The anesthetic agent was endotracheal or
spnal, with a definite preference for the lat
ter We used the convex saddle frame!?
(Fig 4) and we feel that it has many ad-
vantages over other methods of obtalmng
flexion This postionmg (Fig. 5) has the
following advantages

1 The erfor Interlaminal ces are
opened uppt(:)ﬂ!he maximum l”O‘\i:‘iﬂg easy
access to the disk area often without remov

OCCUPATIONS OF SURGICAL CASES

Dok SPONDYLOLISTHESIS UNSTABLL

PamioLoay OR SPONDYLOLYSIS Bacx
Laborers 400r51% Sord2% 10 or 50%
Office worhkers 100r13% lor83% lor5%
Houscwives 16 or 20% 3or25% 6or 30%
3or25% lor 15%

Others, ¢.g., sales and professional 13 or 16%
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F1a 9 Spmnous processes removed and cut as mortuc grafts.
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Fu. 10

across facet jomnts, propping open the inter
vertebral fotamen

(Left) Morthed grafts placed

Fio, 11 (Right) Beveled grufts mortised
into undercut siots in facet jolnts

S
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g in a pronc position s
re 7 the same patient

&
2

presaure over the abdotinel

nics incorporate the principle of distracting
the facets sufficiently to Jeave 8 maximum
space in the Intervertebral foramen and also
to supply additional cancellous munute chips
for osteogenesis The precise mechanical sta-
bilation makes easly ambulation possible

We routinely explore the fourth and the
fifth interspaces on all surgical cases and,

Tbcrerbufreemngco!mp{ntorymcv—
dowrrward “ngxmmgmmsu;mupwmdfsg
an’ AC!

Shock has not been a problem, but we
keep ope pint of blood available in the
operating room to be used ay a preventive
M any case where shock appears to be

L

The operative procedure followed has
M‘ngahemp)oycdbymnuthcr
V R Mt (Fig 8) and multiple trons-
facet mortise prop graftsts (Figs. 9 10
11) by the other author (W M D) We
o uee dditional small cancellous chipt to
*upplement this fixation. Both of these tech-

it y slso the third Interspace All
cases are fused the area to be fused being
determmed by the amount of pathology
found and by whether or not the posterior
longitudinal hgament was opened i the ex
ploration. If the postenor fongitudinal lga
ment i opened although no disk is found
at the level at which it 18 opened, we feel
that the spme should be fused across this
area as well as the area from which &
ruptured disk was removed. We make an
effort to remove alt of the extruded disk
matenal and any addibonal loose fragments
within the disk space are cureted and dusected
free A careful inspection 13 mude of the
nerve roots, espectally in cases of spondylo-
listhests or spondylolyns to see whether or
not there 15 any pressure from a cartilagen



Fic 8 Mortised interspinous-propopening interspaces (J Bone & Joint Surg 25 58)

Fio 9 Spinows processes removed and cut as mortlse grafts.
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Fro. 10

(Lefr)

across facet joints propping open the inter
vertebral foramen.

Mortised grafts placed

Fio 11 (Right) Beveled grafts mortised
into undercut slots in facet Joints.

ing any bone. This can be seen in Figure 6
with the patient lying in & pronc position as

with Figure 7 the same patient
fiexed on the frame,

2. There is no pressure over the abdominal
veins, as the engorgement of the dural veins
makes possible more accurnte surgery with
Jets hemorrhage, especially in exposing nerve
roots. This lack of back pressure de
creases the ponibility of secondary complica
tions of the venous system such as thrombo-
phiebitls or phlebothrormbons

3 There is a free range of respiratory mo-
tion, u3 the diaphragm can move upward and
downward without any back pressure from
the abdomunal viscera.

Shock hes not been a problem but we
keep one pint of blood available in the
operating room to be used as a preventive
In any case where thock appears to be
Unminent,

The operative procedure followed has
been a prop graft employed by one author
V R M1+ (Fig. 8) and multuple trans-
facet mortise prop graftsie (Figs 9 10
11) by the other author (W M D) We
L0 use additonal small cancellous chips to
tupplement this fixation Both of these tech

nics incorporate the principle of distracting
the facets sufficiently to leave a maximum
space in the intervertebral foramen and also
to supply additional cancellous mimute chips
for osteogenesis The precise mechamcal sta-
bilizatron makes early ambulation possible
We routinely explore the fourth and the
fitth interspaces on all surgical cases and,
if necessary also the third nterspace All
cases are fused, the area to be fused being
determined by the amount of pathology
found and by whether or not the posterior
Jongitudinal higament was opened 1n the ex
ploration, 1f the posterior longitudinal liga-
ment 15 opened, although no duk 1s found
at the level at which 1t 1s opened we feel
that the spine should be fused across this
arca, as well as the area from which a
ruptured disk was removed. We make an
effort to remove all of the extruded disk
matenial and any addittonal loose fragments
within the disk space are curcted and dissected
free A careful inspection 13 made of the
nerve roots especally in cases of spondylo-
listhesis or spondylolysis to see whether or
not there is any pressure from a cartilagen



Fro. 9 Spinous processes removed and cut as mortise grafis.
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Fio 10
across facet Joints propping open the inter
vertebral forumen.

(Left) Mortised grafts placed

Fic. 11 (Right) Beveled grafts mortlsed
mto undercut slots in facet joints

ng any bore This can be seen in Figure 6
with the patrent lylng in a prone position as
compared with Figure 7 the same patient
flexed on the frame

2 There b no pressure over the abdominal
veus, g the enporgement of the dum!l veins
makes possible more accurate surgery wath
lexs hemorrhage ily m exposing nerve
roots, This lack back pressure also de
cresses the ponsibility of wecondary complica
tons of the venous system such as thrombo-
phichitis or phiebothrombosis

3 There is a free range of respiratory mo-
tion, a3 the diaphragm can move upward and

without any back pressure from
the abdominal viscera.

Shock has not been a problem but we
keep one pint of blood available in the
Operating room to be used as a preventive
M any case where shock appears to be
imminent.

The operative procedure followed has
becnupm-pgrn.ﬁemploycdbymamhor
VR Mu (Fig 8) and multple trans-
facet mortise prop graftsis (Figs 9 10
1) by the other author (W M D) We
155 e additonal small cancellous chips to
$epplement this fixation. Both of these tech

mes incorporate the pnnciple of dustracting
the facets sufficiently to leave a maximum
space 1 the intervertebral foramen and also
to supply additional cancellous munute chips
for ostcogenesis The precise mechanical sta
bilization makes early ambulation possible
We routinely explore the fourth and the
fifth nterspaces on all surgical cases and,
if necessary, also the third interspace All
cases are fused, the area to be fused being
determined by the amount of pathology
found and by whether or not the posterior
longitudinal hgament was opened in the ex-
ploration. If the posterior longitudmal liga
ment 13 opened, although no disk Is found
at the level at which it is opened we feel
that the spine should be fused across this
area, as well as the area from which a
ruptured ditk was removed. We make an
effort to remove all of the extruded disk
matenal and any additional loose fragments
within the disk space are cureted and dissected
free A careful mspection is made of the
nerve roots, especially in cases of spondylo-
lsthesis or spondylolysis, to see whether or
not there 18 any pressure from a cartilagen
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ous plaque or an osteophyte formation. If
pressure is present 1t 1s removed carefully
Occasionally this necessitates removing the
entrre I2mina, and in our senes 4 such cases
were encountered. After careful hemostasis
the wound 1 closed with No O chromic
catgut in the fasciz and No O plain catgut
subcutanconsly with silk or cotton to
the skin,

We feel that the disk should be removed
and the spine fused 1 one opemative pro-
cedure for the following reasons

1 The unstable spme h the main
ing factor in degeneration and rupturing of a
disk, and removal of the supporting disk ren
ders 1t even more unable to withstand future
treuma

2. The removal of the duk allows for
sagging of the vertebrac and a decrease m the
size of the mtervertebral foramen Therefore
wo feel that from an anatomic standpolnt one
should restore insofar as possible the norma!
relationships of the intervertebral foramen and
strengthen the unstable back by performing &

rop-type spwal fuston.
P 3 Psychologically a patrent who has a
disk removed and the spine fused at one pro-
cedure 15 much more able to make a com-
plete recovery than is a patient who has his
dsk remo with the understanding that it
ho has any further difficulties his spine will be

fused at that time A patient does not recover
as well from 2 operations at te mtervals
performed in the same area a3 be does from a

single operation at which tme the complete
procedure 13 performed.

4  Economucally a very great factor 1 in
volved. If the duk iy removed at one opera
tion and 18 months later it is found 3

that they remain recumbent. It is felt that
this motion is possible In view of the ex
cellent fixation obtalned by the use of the
prop grafts precisely fitted.

Initielly all patlents were recumbent for
21 days following surgery and then were
allowed up In a cast or a brace Recently
wo have been letting the patents up on the
scventh day following surgery wearlng a2
brace or a cast for from 4 to 6 months
They may return to Iight activities from 3 to
8 weeks but are not allowed to do beavy
work for 6 months

AcTivity FOLLOWING SURGERY

AVERAGE EarviesT
Out of bed 18 days 7 days
Hosprtal stay 20 days 8 days
Light work 8.5 weeks 1 week
Repular work 17 weeks 6 weeks
COMPLICATIONS

Two cases developed stitch abscesses
which responded well to antibrotcs and did
not i any way affect the results of the
operation. Four patients had to be reoper
ated upon

1 case developed a ruptured dik at a

higher level
1 case fell and fractured her spinal fusion

4 following Bending fllms re
veiied mofion at 14 and 1. 5

1 case ruptured a disk and a pieudarthross
developed. Bending films fajled to reveal any

to fuse the spine the patrent has 2 periods of
total disability 2 periods of partial dusability
and, n all, loses twice as much time as he
would if the procedurey were l;~:‘ver10r:m:d at the
initial operation In addition, he 1 much more
likely to have a larger amount of permanent
dusability following the te  procedures
than be is following a single procedure. The
postoperative care m our cases is essentally
the same as that employed by surgeons who
remove the disk only

POSTOPERATIVE CARE

The patients are grven iberal use of seda
tives and narcotics for the first 3 to 4 days
and are allowed 1n any posttion, provided

motion. This ks the case discussed with poor
regults

1 case of spondylolisthesis developed &
arthrosis. Bending films revealed at
L4andLs

Three of these patrents have returned to
their original occupations and the fourth
15 too recent for adequate follow up Ome
patient died 6 weeks postoperatively 8t
home from what was thought to be pul-
monary embolus No aotopsy was obtained

RESULTS
The results were judged as follows
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Poor Those patients who were not im
proved or benefited by their operation

Fair Patlents still complaining of some
pain In back and lepy but have returned to
previous occupations. They judge thelr own
result to be satisfactory

Good Patients returned 1o their previous
occupations and have only occasfonal discom
fort and pain

Excelient  Patients who have no pain and
pdge their own condition 1o be excelient

These results were obtamned largely by
personal interview and supplemented by
sending a questionnaire when the personal
interview was not poswible

BrNDiNG FiLMms

Ths s a careful study of end results.
We do not believe that an immovable spine
s demonstrated on superimposed bending
flms necessarily indicates an acceptable re
sult. Three of our cases classed as poor
results have repeated bending films which
do not reveal any moton We feel there
5 2 lmitation on the accuracy of bending
films m demonstraung motion  One out of
3 cases reoperated on for pseudarthrosis had
bending films fading 1o reveal the motion
that was demonstrated later ot surgery

We have obtained bending films on only
4 few problem cases and do not do them as
2 routine procedure *

In 7 cases which were problems we
grined the following information from bend

3 cases revealed immovable spmes Al atiit
are conardered T results.

1 case revealed an immovable spme which
subsequent surgery proved to be incorrect.

*They were very little belp in solving our
problems.

3 cascs revealed motion between the fourth
lumbar and the fifth lumbar vertebrae which
was found later at surgery

ResuLts or (1! Suraical Casts
Excelient 53 or 48%
Good 40 or 36%
Fair 120r11%
Poor 6or5%
Total 111

Fotrow-ur
Longent 5 years
Shortest & months

Discussion oF Pook REsurts

One casc of a bulging disk developed a
pseudarthrosis which did not show on re-
peated bending films but was demonstrated
between L-4 and L 5 ot surgery It is ques-
tionable whether the patient s symptoms are
a result of his condition He is & severe
hypochondrac and alcoholic and siace then
has had 4 surgical procedures on other parts
of his body such as clevation of the kid-
neys, gastrectomy vagotomy and sumular
procedures. He also has been in a mental
mstitution on one occaston.

One case was a 63 year-old diabetic with
a ruptured disk She was not fused due
to her age Her complaints have been vaned,
and although we are not sure that they
are connected with the surgical procedure
performed we do not believe that we greatly
improved ber conditon by treatment She
also has been 1 a mental mstitction on two
oceasions following surgery

RESULTS ACCORDING TO ETIOLOGY

Disx SPONDYLOLISTHESIS UNSTABLF
PATHOLOGY OR SPONDYLOLYSIS Bacx
Exceffent 42or53% Sor41% 6 of 0%
Good 27 or 4% Sordl% B or 40%
Fair Tor8% lor83a Jor15%
Poor Zor25% lor83% Jor1s%
Total cases

12 20
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One patient with an unstable back in
which no ruptured disk was found was able
to get about and do her housework in a
satisfactory manner Examunation clmically
and bending roentgenograms show no evi
dence of failure of fuson however she
states that she is unable to do night work
As this was her previous occupation, we
bave Listed her case as a poor result.

A second case of an unstable back in
which no disk was found hsd complaints
referable to his head extremities and ab-
domen. There 15 definite evidence of a
pscudarthrosis on bending films bot we are
not sure whether or not this s responsible
for most of hss complaints

One patient had pseudarthrosis followmg
o spinal fusion performed elsewhere and
was re-fused An excellent fusion Is demon
strated on repeated bending films He has
vacillated between stating that he had ab-
solutely no pam and professing to be 100
per cent disabled We feel that we have
cured his unstable back but not hus unstable
personality

The single factor that these 5 cases have
m common 15 this unstable personality

A sixth case of spondylolisthesis has re
tumned to his work which Is reasonably
beavy buot he continues to have pain in fus
buttocks and down m his thighs and feels
that he has a poor result, on direct ques-
tomng This patient was done before we
were routinely exploring the nerve roots
cases of spondylohsthesis, and we feel that
hus residual pam is due to the fact that he
probably has some pressure on the nerves
i the region of the cartilagenous plaque
Bending films reveal no motion.

CONCLUSION AND SUMMARY

1 The many causes of sciatica fall into 2
pencral groups
a. True referred pain
b Root cumlfamnon syndrome

2. A new scial tension test (bowstring
test) has been described. Thos is &
scontive test to differentiate referred
atica from true root compression syn
dromes.

3 Conservattye treatment should be

a thorough trial 1n both types of sclanca
before any surgical Intervention,

The surgical treatment should be di
rected b;t correcting the mechanical weak
ness a gpinal fusfon

the in(crvenibnl space, mﬁﬁmapc;
removing the local pressure or dbl that
mmught be present. Both procedures shoutd
be performed at one operation.
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Synovitis of the Hip and Legg-Perthes Disease

A B FERGUSON JR, MD

SYNOVITIS OF THE HIP

Acute synovites of the hup 15 one of the most
common orthopaedic conditions seen It is
an inflammatory conditton of the hp of
short duration relieved by rest. It Jooms m
the forefront of every differential diagnosis
of childhood mp Although this condition
15 so common it scldom has been described
It is related to Legg Perthes disease in that
1t 1s potentally preltminary to 1t

A review of the cases admitted to the
Children s Hospital (Prttsburgh) over the
last 4 years reveals that the age distnbution
18 very smilar to the 3- to 10-year-old
group found in coxa plana Occasionally
a case as old as 12 may be seen Four out
of 5 cases are males

Acute synovitis of the hip is sometimes
so muld that its symptoms attract little at
tention sometimes 1t 13 so severe that it
is mistaken for a septic hip jomt. Occa
sionally cases are recognized only as syno-
vius by roentgenogram which go on to de
velop the typical changes of coxa plana

ETioLoGY

Very frequently there is @ history of
respiratory fllness from 10 days to 3 weeks
prior to the onset of hip symptoms The
relatiomship of these predominantly strep-
tococcal mfections to the inflammatory
changes of the hinis not clear When trauma
looms large m 1 history the presence of
free blood in the uint 1s postulated. Occa
sionally this has b-en confirmed by aspirn-

1w

tion Despite this occastonally clear implica
tron it 1s apparent that no sungle etiologic
agent exists whether or not such a joint is
an allergic mamfestation 1s uncertam.

CLINICAL FEATURES

The patient 15 typically a male about the
age of 5 Paln usually begins at the knee
1 the previous 24 hours. The pain tends
to become more localized at the lup as the
disease progresses Frequently the tempera-
ture at the height of the symptoms 1s 23
high as 101° occasionally 103° However
the leukocytes ordinarily are not increased.

Fro. 1 Toxkc synovitls | a 6% year
old male. Note the rounded, increased

rominence of capsular shadows of the
EJ joint on the right side a» compared
» straighter shadow on the normal

side
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superiorly and laterally Accompanying this
is a muumal widening of the hip joint.
Although slight and often found only by
measurement, still 1t is commeonly seen.
Widening of the hip joint space Is recog-
nized more easily m the medial infertor
portion of the jomt, The anteroposterior
view of the hup 1s most instructive There
are no bone changes suggestive of coxa
plana
DIFFERENTIAL DiaGNasIS

The hip inflamed because of tuberculous
involvement has a chronic history which
acute synovitis does not have Septic in-
volvement of the hip must be differentiated
by the more defimte signs of sepsis—eleva
tion of the white count and shift to the left.
Aspiration may be necessary but in practice

Fio 3 The roentgen features of earl Perthes
disease are fllustrated. These features myprlégt before
the greatly Increased density of the femoral epiphyils
appeans (Bortom left) The capsular swelling 3 du
grammed in the stippled area. (Bottom center) The
arTow ponts to the widening
widening 1 noted most reliably n the area indicated by
the arrow (Bottom right) The stippled area indicates
the metaphyseal decakcification that can be found in the
roentgenogram.

of the hip foint. Such

rarely turms out to be so Other possible
underlylng causes of inflammation of the
hup such as th Id

fever or th old

arthrits are cvident on general physkal
examination or future course

TREATMENT

The Inflammation about the hip tends
readily to subside when welght bearing i
ehminated. Traction in hne with the flexion
contracture is the most certain method of
obtaining rapid subsidence of symptoms.
Whilo relief from pain 15 almost immediate
it usually takes from 36 to 72 houn to
regan full motion at the hip Failure to re-
gain full motion at the hup wathin 4 or 5
days leads to s suspicion that a more serious
etiology underlies the condition

The patient usually is given 1 week of



Logg Perthes Dissaso

183

F10 4 The development of coxa magna from coxa plana. (Top) The roestgenograms
reveal the carly stage of coxa plana, with increated density of the femoral head added

g

the carly roentgen signs. (Botom) The roen

reveal the 1ame hip 3 vears

tgenograms
later with widening of the neck and the head, but with 8 good joint space maimtained.
Some fatterung of the head atso has taken place

bon-weight-bearng after full motion has
been repuined to guard agamst recurrence
Recarrences lead to a suspicion of coxa plan.

LEGG-PERTHES DISEASE
Although synovitis of the hip may be
Peeliminary 1o coxa plana, aseptic pecrosis
o the proximal femoral epiphysis may start
*thot any previous difficulty at the hip
1 known variously as Legg Perthes dis-

ease osteochondntis deformans coxse ju
venilis or coxa plana,

The condition may be defined as a disease
of the lip limited by age group and largely
by sex it results in changes mn the femoral
head apparently secondary to a loss of ade-
quate vascular supply Its duration Is self
limited, but its course may result in frre-
versible mechanical impafrment of the hip
The age group runs predominantly from 3
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Fra. 5 (Top) The roentgenograms Py
and flattening of the head and are outlined by the dotted line 1n the diagram. No better
result than that outlined can be expected (Bortom) The same hip 2 years later with
femoral head outlined as predicted from the earlier roentgenogram

fo 10 years old, with occasionally a case
as old as 12 As m synovius of the hip
the discase occurs predominantly m males
(80%) Although Legg-Perthes discase can
be bilateral it is most often unilateral (90% )

ETroLocy

A good understanding of coxa plana can
be achieved if it 15 considered as a discase
of the soft tissues rather than of the bone
then the swellng of soft-tlssue shadows
about the hip present on the roentgeno-
gram, 15 not lost to observation the
presence of rather striking bone changes
Ferguson and Howorth have noted the
presence of thickened blood vessel walls and

reveal ch

with wrdening

that are consi

thickened capsule m surgically observed
cases. They postulated a relationship be
tween previous simple synovits of the hip
or other causes of inflammation at the hip
joint and coxa plana. Many have tred to
impl thyroid deficiency b of the
occasional occurrence of a similar x ray
change at the hip m cretins Conditions re-
sulung in irregular  oswmfication of the
femoral head such as chondrodysplasia,
bear a superficial resemblance by roentgeno-

but are not associated with capsular
swelling about the hup or with clinfcal symp-
toms and usually have other sugmata of the
underlying condition It is possible to have
an aseptic necrosis of the proximal femora!
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revitalization of the head is taking place as
evidenced by the presence of radiolucent
arcas Widemng of the femoral neck also
may be ewident. One can outhne on the
basis of the neck width and the jomnt space
remaining, the area of the head not visual
zed. Often to do so 15 illuminaung, It may
be cvident that considerable mechanical
malformation already has taken place Such
malformation still may be compatible with
good hip function, but the anatomic outline
will not be normal. Still further seventy
in flattening and widenmg of the head may
be present, so that a poor result 1s fore
ordained. However treatment should not
allow any further progression if 1t fs to be
of value In the last portion of this stage
regeneration of the femoral head takes place
until the head is filled in completely

RELATION TO COXA MAGNA

Coxa magna 15 a frequent end result of
coxa plana. Its development can be ascribed
to the cartilage overgrowth that apparently
takes place under conditions of impaired
vascularity at the p Widening of the
femoral neck becomes evident 1n the second
stage of coxa plana, when condinons of
aseptic necrosts arc well established The
regenerating head must match this increased
width of neck, regardless of whatever other
deformuty the head may have The head
reformed without defornuty other than in
creased size 15 consistent with good motion
at the hip However such increased width
results 1n emergence of the Iateral portion
of the head from beneath the overhanging
acetpbular roof Apparently coxa magoa
can occur without the development of asep-
tic necroms of the head that 15 28 an
eatity quite separate from coxa plana

TREATMENT

Several authors have noted the importance
of bed rest and tractron in the treatment
of coxa plana It 1s helpful to remember that
the soft tissues about the hip must be re
stored to normal before the vascular jm-
pairment wall cease Until that dme the bead

must be protected from forces which may
cause secondary mechanical impairment of
the head by flatteming and wrdening,

Treatment revolves around the maimte
nance of full joint motion, & normal femorl
head outhne and a patient who 13 a well-
rounded person, for the disability caused by
the late effects of this discase can be a
severe deterrent to a persons progres
through life F

Some deprivation of activity at the stage
of involvement may be necessary to give
the patrent a uscful weight bearng jount in
the years ahead A strct regimen of non-
weight-beaning Is essential or there is no
sense m advocating this limitation at all

Removal of the patient from weight-bear
ing 1s not enough to prevent deformity of
the head. He must gam relief from muscke
spasm. This 1s accomplished best by trac
ton in hne with s flexion deformity Tt
should be continued until there is no Lmite
tion of motlon. It Is essential that full mo-
tion of the hip be restored regardless of
whatever further form of treatment is nsed.
Full motion never should be lost from this
point onward. It is obvious that placing the
patient 1 a cast does not fall in hne with
the previous statement.

Should the cass be an cady one, with
mnimal soft tissue and bomy involvemtent,
it is possible that the time needed to pro-
gress to a regenerative stage may be rela
tvely short. These patients regan full mo-
tion of the hip quickly and then they may
be treated by absolute bed rest with frequent
re-examinations to ensure that foll motion
ts being maintamed

In the untreated cases the expected time
mtervals for each stage are as follows
first (incipient) from 2 to 4 weeks second
(aseptic necrosls) from 1 to 2 years third
(regenerative) from 3 to 4 years.

Since absolute co-operation is casential
those cases that presumably will be bedrd-
den for at least 2 year can be allowed up
in a non weight-beanng splint. Apparatus
which the patlent can dwsengage will be
unsuccessful The foot in the spimt should
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be suspended 3 inches from the ground. If
the patient cannot be counted on, bed rest
alone is preferable Full motion at the hip
must be mamtmned, and the patient should
be rechecked at 2 month intervals at least

A return to werght-beanng s justified
when there have been no new dense areas
m the femoral head for 2 months and there
are no dense areas m the line of the stress
trabeculae of the head. The patient must
have full motion at the hup jomnt There also
must be definite evidence that reconstruction
is taking place in the head It is not neces-
sary to wait for a completely remineralzed
head, but sufficient bone structure should be
present to arouse confidence m the preserva
tion of that structure
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T

-

Fo 1
amputation at 10 years of age because of severe congenital deformity of the foot. The
fibuls had been sectioned 134 in higher than the tibla and because of either regeneration

(Left) Anteroposterior and lateral views of a stump 21 months following

or wth is seen at ths time to be shghtly longer The patent began walkmg
with & prosthess 3 months after 1on and had an llent, asymptomatic stump
(Right) Anteropostenior and lateral views of the same stump 15 months later or 3 years
after amputation The fibula has increased n leagth slightly more than the tibla. The
stump was pamful and was revised at this time, with both the tibia and the fibula
shortened. The patient became ambulatory 5 wecks later with his prosthesis and when
last seen had reached 18 years of age required no additional operative work and had
an excellent stump He walked with practically a normal gait and partrcipated in all

activities for his age.

to provide a stomp at & level whuch is the
most suitable for prosthetic function and to
supervise the patient until maumuom func
tion has been obtaned 1% Thrs includes
carcful postoperative management to pre
vent deformities and to prepare the stump
for use with the prosthesis prescribing the
proper prosthests and the necessary training
in 1ts os¢ together with appropnate voca-
tional gurdance

In pl g «n clective

ion during

13

childhood, the selection of the optmum age
1s of the greatest importance In

young children adapt well to physical dis
abilities which are not pamful and it woukd
scem that the advantages of prosthetic res
toration at the earliest possible age arc ob-
vious Possible disadvantages of early clec

tive amputation might be (1) complications
mn the stump incident to growth, (2) diffi-
culty m trauning the child to use the pros-
thesls, (3) psychological problems of adjust
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$ 4
:

Anteropostertor and  Jateral
tion stump of the

Fra 3
views of the am
same patlent as m Flgure 2, taken 16
months after her closed amputation The
stump did not require revision at that time
but was begmning to give a little trouble
and revision undoubtedly will be requrred.

If the previous roentgenograms had not
been taken these fllms might well have
been mterpreted as indicating overgrowth
of the fibula with respect to the tibm
following amputation

because of the absence of the cpiphysis
through amputaton

The first could logically follow below
knce amputations since 67 per cent of the
growth of the leg occurs from epiphyses at
the knce + Bone overgrowth as a cause of
unsatisfactory amputatton stumps in chil-
dren should be distingushed from ulcer
formation on the stump due to circulatory
insufficiency excessive or adherent scar tis-
sue or an improperly fitted prosthesis Bony

ik

Fio 4 Anteroposterfor and Ilateral
views of an amputation stumip which re
g;ired revision becanse of “spiking,” in

o absenice of a flbula. These films were
takcnnt IOynnofngu.Syunn!ter

of ital absence
of the ﬂbula and the lateral two digital
rays of the foot. The patient had had
excellent function in a standard below
knee prosthens until spiking necessitated
revsion.

protrusion also may be due to retraction of
soft tissues in open amputations not accom-
panied by sufficient skin traction. In ths
serfes  bone overgrowth requinng revision
was lumited entirely to amputations through
the tibjal diaphysis Such stumps have re-
quired revision at periods varying from 2
to8

Ih);“:u.se of such an overgrowth s not
known defimitely although it has been the
subject of much speculation Among pos
sible causes have been stimulation of the
proximel tibial and fibular epiphyses follow
ing surgery &6 with a tendency of the fibula
to overgrow the tibiz an atrophy of soft
partsts or retarded growth as compared with
the bone.® Amputations in the rabbit result
in stimulation of the tibial epiphysis.® How
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ml;n- 3 (Left) Anteroposterior and lateral views of an amputation stump 14 months
dmputation at the age of § hocause of severe congenital deformity of the foot with

an euremely short tibia and fiula The stump was excellent and with &

prosthesis the

Falient could 1ake pant in practically aff actsitics wawal for his age {Righr) Antero-

posterior and lateral vicws of the rame

mmpuiation While this stump is sull funct

raucm 10 months later ar 2 years after
0

ming well, comparson with previous fllms

Indicates that the 1itwa by outprowing the fibula and s becoming more pointed

:n(h 1pking has been reported in | patient
congenital obsence or “amputation™
throogh the humerat diaphyss™ and has

ot the only factor Bom
been reported as following
“‘m\lg‘: the femur,!5 0y well os
on at the knee.® This

Iumt octurred in the nuthor s senes
mu’“'ﬂ"‘““g the records of patients it
bor hag |y P?uiblc to determine which
was n'?‘“ﬁ first, but enough Informa
tbia op le 10 determine that either
fected, (g Boula or both had been of
—— Patient appeared to show n
tibxy FIM Tate of the fibula over the
e An interesting explanation
of wupposed fibular over

growth ls suggested by 1 patient who had
a defimtive below knee amputation at the
age of 6 following an open amputation for
injunes inflicted by a truck  Although ap-
parently an extraperiosteal resection of the
distal fibula had been done subsequent
roentgenograms showed extensive regenera

non of the fibula. Thus might have been at

tributed to overgrowth (Figs 2 and 3)

Spiking can occur in the absence of the
fibula as demonsuated by Figure 4 and
m some cates the tibin may grow more
rapidly (Fig 5)

Spike formations developed m 6 of the
26 amputations through the tibial diaphysis
occurring twice a1 patient No correlations
related to sex Or race wero apparent.

Severnl methods of preventing spiking

have been proposed by vanous surgeons
Epiphyseal arrest has been reported as suc-
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cessful.14 16 This bad not been done 1 any
patent in this serfes Its theoretical disad-
vantages are the production of possible
tender scars on the weight-bearing tibial
condyles together with production of a de
formity of the stump because of asym-
metrical epiphyseal closure and loss of valu
able stump length if done at too early an
age Exasion of the fibula has been advo-

Fra. 6 Anteroposterior and lateral
views of a below knee stump 8 yeans
alter amputation at the age of 10 because
of rschemia and infection following a com

d fracture of the tibla and the fibula.
revious roentgenograms were umavafl
able, but clmically the patient had a
marked knock knee deformity which
gests that there may have been an early
and asymmetrical epiphyseal closure
There 13 & tibrofibular synostam, and the
end of the tibla shows a well-formed cor
tex. Function with a proathess was exce!
lent lntially but for the past year he had
been having some pain in his kneo

cated,? but its routine use Is considered
inadvisable since spiking can occur even in
its absence Tibiofibular synostosss has been
recommended.1? This procedure had not
been done on any patrent in this senes
However 1ts spontaneous occurrence in 1
patient did not prevent bony protrusion. In
this case both bones spiked

Tibiofibular  synostosis occurred 1 1

Fxa 7 Antero-
posterior view of 2
raﬂmt with congen
tal partial absence of
the fect, at the age of
9 months. The p2
tient established galt
with a prosthesis st
19 months of age
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FiG & (Lejr) Anteropostcrior and latersl views of the right leg and (right) sntero-
“m:‘“dhwrllvicwlo[mckh feg of the same tient as shown in Figure 7 at
wait age. This patient walked very well with \fied Symes prostheses and could
Penod o{“h‘“‘“ them. There had been no complications in the stumps during the 14-year

growth,
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other patient In this case, 1ts possible in-
fluence in preventng spiking s obscured by
the fact that the patent had an early and
asymmetrical epiphyseal closure with a
knock knee deformity (Fig. 6) It has been
suggested that a method of attaching the
muecles 1o the bone end may be designed
so that they would exert thewr mechanscal
pull and thus be stmulated to grow: this
might prevent the complication © However

no method of accomplishing this has been
developed.

There 13 no reliable method of preventing
this  complication The soft tussue flaps
might be permitted to be a lttle longer
than would be desirable 1n an adult, The
fibula should be cut 1% in. shorter than
the tibia,! and the stump revised as neces-
sary The family should be informed of the
probability of necessary revisions This com-
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Fio 9 Lateral views of transtarsal amputation, showing the range of active
motion which was present 10 years after amputation Thh patient sustained a
traumatrc amputation at the level shown at 7 years of sge when his foot was
caught 1n a feed gnnder  According to the parents medical attention was hmited
to the application of an antiseptic and a bandage by the family doctor The
wound healed after several weeks and the panent walked on the stump for 10
vears wearing & shoe flller The stump had an adbereat cicatrix dstaily which
broke down from time to time and the patient requesicd and received a below
knee amputation when he reached 17 years of Donsifiexors, plantarfiexors
nvertors and evertors functioned well, and he walked with a l]ightd:;l?l:;;l
bmp apparently to avold pressure on the scar  There was no varus defo
nfpafxcm m}tyed that bopgreferred his below-knee stump and proathesis, since
wib t he could roller skate which previpusly be had been unable to do. 1t scems
PR e that a Symes amputaton also would have given good results in this casc.
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TABLE 2

NUnBER OF EXTREMITIES AMPUTATED AT VARIOUS LEVELS TABULATED AS TO LEAGTH
ofF Forrow UP AND NECEsSITY FOR REvistoN DuUe 10 GrowTtH (Does not mclude
revisions of “guillotine™ on other stumps prior to function with prosthesis)

LEess THAN
3 Yus, 3ro5Yre 6TO8YRS. OvER3YRs.  Ravmows

Hip Disarticulabon 1
Femur Above Distal

Epi%lyxis 10 4 2 !
hnee Dharticulation 3 1
Tibla Above Lower

Epiphyss 15 2 5 4 6
“Ani]e“ and Foot 3 1 7
Total 31 8 8 12 6

>
»

Froure 12 (Caption on page 199)
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The total number of patients followed
over sufficlently long periods in which to
expect growth complications is not large
Thesefore concludons are tentative. How
ever in this series it would scem that the
presence efther of functioning distal muscle
attachments of of a distal cpiphysls within
a stump will prevent spiking or bony pro-
trosion, While distal cpiphyses continue to
grown 1t has not been possible to determinoe
from this study whether thelr time of closure
ts preaipitated by amputation trauma

CHILD TRAINING

Training the child to use the prosthesis
has not been a major problem n single am-
putatrons, Bilateral amputations, knee dis
articulations and amputations through tho
femoral ciaphysis have been hospitalized
routinely for trawning in the use of the pros-
thesis. Below knee amputees have not re
quired this stensive training, even at pre
school ages. There have been no failures
a any age, forufying the opinion that chnl
dren should be Sited with a lower extremity
w;'ﬂ;lhh:mcnssoonmﬂmycnnsmndor

Good function was obtamed prior to 2
years of age in a patient with congenital
postial absence of both feet, Good function
wilh & standard below knee prosthesis was
seefi in 2 3-year-olds, One patient with a

Fio. 12 (Page 198)  Anteroposterior and Iteral vrews of
the deformed feg of & 7 year-okd boy following unsuceenful
Miemp(s ehewhere to establish fibulotarsal and fibulofem

Knee joint disarticulation was done  The
;‘:Hqc Wt not remaoved from the femoral condyles and
patella, which i scen much proximal to its usuaf posi
iater with d-bearn, oty
an en rosthesis without a hi,
Jmat but with a kick strap and hegclzund walk snd run muﬁ

oral

Uon, was not distusbed. The pat

out discomfort.

Flo 13 Anteropostenor view of the same patlent shown
in Figure 12, { year after disarticulation TheP'dqul epiph-
738 b otlll scive  The bulbus stump 15 not & duadvantage

prosthetic service 1 available as it grves addi
Gonal control of the prosthesi particularly m lifting it and

 adequate
fn controlling rotation

knee joint disarticulation easily Jearned a
good goit at 4 Two patients with thigh
amputstions walked with standard above
knee prostheses at the nge of 6 These are
not nceessanly considered to be mmimal
ages but they arc the youngest in this scrics
Satisfactory ambulation with n prosthesis
was accomplished In 51 of 55 patients Two
with thigh smputations because of a malg
nancy were not fitted because of early me
tastases Onc patient with a thigh amputa
tion because of a flail, short lep following
poliomyzlius in Infaney fell while learning
1o use her prosthesis and sustained o fem-

4
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oral neck fracture This was treated by in
ternal fixation but was not sufficiently healed
at the end of the follow-up perrod to have
resumed prosthetic traming One patlent
with a badly scarred below knee stump fol
lowmng an infected compound fracture was
awniting reamputation at a higher level 9
months [ater The stump would not tolerate
the prosthesis

In none of these patients was the difficulty
of training a reason for failure It would ap-
pear from this series that young children
are readily taught to use a prosthesis

PSYCHOLOGICAL PROBLEMS OF
ADJUSTMENT

Such problems of adjustment are difficalt
to evaluate No patient younger than 12 at
the tme of amputatton complained of

Aa Be .

phantom sensations of the extrermty Such
sensations were recorded or admitted on
questioning in about one third of the pa-
tients in thus series amputated after 12 years
of age Such compluints were of trouble
some degree in only 1 patient Of course it
is difficult to tell what the effect of any
physical handicap has been on a patents
personality, but by and large these patrents
and therr parents were happy when scen
in the follow-up clinics and had few com-
plaints Seversl parents who had refused
to allow emputatons for long periods after
it had been advised subsequently volun-
teered that *“if we had known how well our
child could walk and how happy we would
be with a prosthess we would have con-
sented to the procedure soomer ™ Although
it has been said that conventional prostheses
are not necessary before the age of 9 or 10

ed Jeg, at the
Fio 14 (Left) Anteroposterior view of a congenltally deform
age of 314 immediately prior to knee joint disarticulation. (Center and right)

Anteropostenior and lateral views of the same patient s stumy
femur has continued to grow no revistoas have been req

7 years later  The
red and the patient

has had excellent functios with an end-bearing prostbesls  He had had po stump
complications and could walk, run and roller skate.
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a0d that duninp the younger ages mote emily

braces are beat ™ it scemn wiser
a5 2 general rule to fit the child with 5 con
ventional tipe Himb as early av powible
Soch 2 mb s much Jew conspicuous than
2 trace and subjects the child 1o lew nids
cde. In any ovent a child tequiting an
chectne Jower extremity amputation should
have it completed and be fitted and tramned
m o of the prowthesss poar to beginning
schoot.

Performance with the prostheas has
wned somewhat among patients with com
parabie levels of amputation but was <atis
factory In alf cates except s previoush
oted Many of these children were active
m sports, could dance, raller akate shi and
Py sandlot bacshall One child with o
below. knce provihiesds played foothalt

SPECIAL MAINTENANCE AND
REPLACEMENT PROBLEMS OF A
PROSTHESIS FOR A
GROWING CHILD

Mantenance and t problems
Wy with the child and with the rate of
gowth. Limbs may require lenpthening or
PPl a5 often s every 6 monthe and
;’“mywplmmnt cvery 3 years Although
@M;ﬂrm for each extremity undoubtedly

be ideal (permitting munor repairs
without neeesmtating  crutches)?  in this
“““On*yh;:wnsﬁucdmnumc Ob-
use of prowth in young chit
dﬂ“‘“‘Bﬂlrna}ora:ov:rncmxicfm:t)m' 5

SUMMARY

A wenes of 59 lower extremi
ty smputa
ovy fone during childhood was reviewed
be e oeC 10 special problems Hkely 1o
Encountered dunng the growing penods
end of g 7 PR protrusion through the
Dous a th:mmp occurred only in amputa
20t o uwial below knes level and did
| in obove-knee ampatations with
kmeﬂm:mng distal ﬂ‘\;:iiclu:s sttachments or in

disartiey A

titiomg which hag nd Symes ampo

dintnl
ot epiphyses It was
2oted i amputations through the tarsals

o falures in use of the prosthess because
of tmining problems werc  encountercd
Phantom lmb was not complamed of when
the amputation was done prior to 12 years
of age The patients were a happy group
apparcntly well adjusted Maintenance of the
prosthesss during the growing peniod with
accompanying rough usage of childhood
called for constant attention

CONCLUSIONS

I Mapr lower extremuty amputations
ase «ati<factory procedures in growing chil
dren

2 Flective lower extrenity amputations
<hould be done sufficiently carly mn hife to
allow the child to be fitted with a cos-
metically acceptable and funcuonally eff
cient prosthesls and to be trmned in its use
as early as practicable in any event prior
to starting school.

3 A joung amputee who 1 trving to
walk and is otherwise able can use a
prosthesis

4 Optumum [evels for amputations dur
g the period of epiphyseal growth are not
always wentical with what would be an ap-
timum level in an adult In boys knee jomnt
disarticufation fs preferable to amputating
proximal to the femoral epiphysis and the
Symes amp or an amp hoough
the tarsals is preferable 1o the asual below
knee amputation. When contemplaung these
levels in young puls the surgeon must weigh
the advantages of preserving a dustal epiph-
ysrs against the disadvantages of the pros
thesis from the cosmetic standpowmt

5 Disarticulation at the elbow bas the-
oretical advantages over an above-elbow
amputatfon during the growmg ages
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An Attached Osteopetiosteal Flap for the
Repan of Recuirent Direct Ingumal Hernia

Ropert T MCELVENNY, M D

An excursion mto the field of generat
surgery by an orthopacdist demands somo
sart of prologue My curiosity was followed
by locker room discussions with general
sargeons and eventually led to a fixatlon on
the subgct. To add further justification for
® paper on hernla one must tecall that
orthopaedists have 2 tradition in this field
of endeavor One outstanding orthopacdwe
institution was founded in New York City
years ego for the purpose of treating the
ruptured and the cnppled

At times the repeated repair of recurrent
direct ingwnal herma becomes a problem
because of the fack of good tronsversalis
fascia and other tusue in the region of
Hessclbachs trangle The age group to
which this condstion 15 common also may
suffer from such other affictions as fre
quent couphing and spewing aprons of ab-
doming} fat, along with fiaccrd muscutature
Ot prostanc hypertrophy

The problem was underiaken in an at
tempt to develop a procedure that would
fumish an unmterrupted buttress against the
protrunon of bowel through the weakened

R McMiltan applied this techmc to actual
cases of involved and marked recurrent ds-
rect inguinal herms The results of McMi!
lans experiences 1 the first few cases have
been published elsewhere 1

PRINCIPLES OF TECHNIC

1 The usual inciston exposes and dehne-
ates the operative site and the vanous
structures.

2 The iho-ingumal ligament is defined
and traced to sis attachment to the sym-
physis pubis at the tubercle. Once located
the higament and an attached portion of the
tubercle arc detached by means of an
osteotome

3 Following this the lacupar ligament
which attaches the io-ingunal hgament to
the ramus of the pubis js severed. This al-
lows one to retract the iho-mguinal liga
ment and the attached portlon of the ad
domunal wall Iaterally untd the femom!
vessels are exposed These vessels are pro-
tected and carefully pulled Interally This

ares of this portion of the abdominal wall
and at the same time afford a tissue strong
nough 10 provide attachment for the sur
rounding usable fascia

The prmciples of the technic were wotked
00t by this author over & period of 6 years
they incloded study with the prepared ca
daver aod many sehearsals upon fresh specr-
™ 10 the morgue Following this, Wilham

0

expases sbout three quarters of
the ramus

4 The pectineus muscle can be seen
covenng the medial half of the ramus. The
ongm of thus muscle on the supertor ramurs
is scraped sway gently by blunt dissection
a curved peon with its points closed works
very well The muscle retracts into the groin
No bleeding of any moment 13 encountered
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The penosteum covenng the bone 13 left
mtact 1z all places

5 The complete extent of the superior
the antenor and the antero-mferior surfaces
of the supenior ramus are now 1 the field
The antero-mferfor border of the superior
ramus forms the superior border of the ob-
turator foramen. Attached to this border is
a thin fascia that serves to cover the ob-
turator foramen, Directly under thus fascia
are small but pumerous vems that, if dis-
turbed cause some bleedmg which packing
will control

6 With a sharp osteotome a flap s out
lmed, with its base left attached to the su
perior surface of the ramus. The osteotome
delineates a flap that takes in an area about
Y2 inch medial to the junction of the su
penior ramus with the symphyus continues
downward to the upper border of the ob-
turator foramen and crosses this border
laterally to the bed for the femornl vessels.
Then the osteotome comes upward, skirting
medially and parallel with this bed in the
bone for the femoral vessels

7 The two vertical lines representing the
medial and the Iateral extents of the flap
are cut decisively by an osteotome to be
sure that the outer cortex of the bome 15
cut through With a curved, sharp osteotome
the cortex of the bone forming the upper
border of the obtumtor foramen s cut
through gently but defiitely All possible
closeness to thu border must be used, for
the length and the subsequent height of the
flap depend uy n this fect The osteotome
should sk decply here and one should
be sure to get through the cortex and into
the cancellons portion of bone By gently

Flo. 1 Showing
the curved osteotome
and the el
evator are great
aids in developng a
continpous bony flap

cutting and levering with a curved osteo-
tome one can form e cortical flap with 113
overlying periosteum firmly attached. This
1s the most difficult and important step in
the procedure

8 Once this flap 15 well started, a sharp
periosteal elevator having an arrow shaped
head 1s pushed under the cortical flap and
the pomt enters the cancellous bone By
keeping deep in the cancellous bone and by
gently elevating and screwing the clevator
the flap is raised casily, provided that the
vertical cuts have been deep enough to re
lease the cortical continurties (Fig 1 A
and B)

9 When the flap is ralsed and ap-
proaches the junction of the superor and
enterror surfaces of the ramus the direction
of the flap changes at almost a 90° angle
Here ono easily can come out of bone, per
forate the penosteum and thus rue the flap
As soon as this area is reached the vertical
cuts are extended across the supenor sor
face of the ramus to where the abdominal
surface meets the superior surface Now &
straight, sharp osteotome 15 taken, placed
under the flap and 1s dnven carefully into the
cancellous bane ander tho superior surface
of the ramus The object here is to Lift the
superior corncal surface of the ramus and
at the same time to fracture the abdominal
cortical surface of the ramus without going
through 1t and cutting the periostcum This
is accomplished by very gently and carefully
cutting and elevating

10 Now the flap remains attached to

the structures on the abdomnal surface of
the ramus These soft tissue structures along
with the fractured (almost green-sticked)



Fio 2. Outline and development of the
bone flap

cottical surface of the abdominal face of
the ramus act a3 @ hinge This allows the
ﬂlpmbcmmcduplocovcrthenmof
Hesselbach completely (Figs. 2 and 3)

11 At this pomt n towel clip may be
used 10 bite holes 1n the osteopenosteal finp
for the attachment of transversals fascin
brouglit from above Hesselbachs area and
other fascim from the rectus Following
s, closure of the structures s routine
Sy:mng it;mtaé::u to have these stroctores over

p ranforaing it and where
sible attaching 1o jt, ¢ P

12 The ioangunat Lgament s reat
ﬂthedmiumberdebymmofnmy
.;'-:Cﬂ viallium nail of the Stuck type This
mmml does not have 1o be anatomic
down taguinal ligament also can be tacked
e 10 the denuded supenor border of

Puble ramus  This works very well 1t
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Fia 3 Titustrates rassed flap resting
upon the neum and covered by the
repaired inn! walf

makes a very ught closure and at the same
ume affords a backing to the fap This
procedure nlso con be wsed to close any
defect in the region of the femoral vessels
13 1f the osteopenosten flap 15 scciden
tally cut through in the attempt to raise it
along the junctions of the various surfaces, the
finp sull should be used With a sharp knufe
the 1lio-ingumal Tigament and aits attached
fascia can be split longtudinally to form
two joined sheets of tissue The inoer sheet
can be stitched to the flap and to the fasca
of the rectus Then by tacking the outer
sheet to the superior surface of the ramus
by means of vitallium tacks n good tght
closure and repair may be achroved.

CONCLUSION

The purpose of this operation 15 to afford
2 wall against which the pentoneum aad
the bowel may beat The result ts that there
is no operung through which the bowel may
protrude The direction of this buttress is
one that tends to direct the pentoneal and
the bowel forces down and back into
the pelvis
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Sciauc and Femoral Nerve Block

Danier C Moorg, M.D

The combination of sciatic and femoral
oerve block Is one of the most useful, yet
most ncglected, anesthetic procedures ap-
plicable in orthopaedic surgery Tho artho-
pacdist will find this block most useful for
lower extremity problems requinng anes-
thesln. The technre for a satisfactory sclatic-
femoral nerve block is simple to master
and it is almost free of complications which
makes it usefol in either office or hosprtal
practice

Scuatic femoral nerve block has been ne
glected by most physiczans for the follow
mg reasons (1) Spmal (subarachnoud)
annlgesia 1s regarded as easier to master
and less time-consumuing to perform and
the results are believed to be more pre-
dictable (2) Poor results often occur if one
blocks only the sciatic nerve for work on the
foot. This is because the foot 1s partly sup-
pied by the femoral nerve (Fig 8)

(3) Adequate instruction in admmistration
of these nerve blocks has mot been given
in the past i many traming centers.
(4) Some anesthesiologists comment that
“this particular block is little employed and
that shock and other circulatory phenomena
from trauma to the sciatic nerve occar !
At the Mason Clinic dunng the past 7
years these blocks have been used in more
than 1 000 patients and are now the anes
thetrc of choles in most open and closed
orthopaedic procedures of the leg and the
foot as well as mn closed manipulations of
the femur and tho knee jomnt (Table 1)

INDICATIONS

The wdications for this method ofien are
dictated by the type of ancsthesia as well
as by the bospital facilities available 1 the
locale in which a physician practices The
advantages of this combination of blocks

TABLE 1 ANALYSIS OF SCIATIC FEMORAL NERVE BLock ¥ 1 000 Casres
No Maxmmum* Maxnaum®
OrERATIONS aF ANESTHESIA OPERATING
Cases TmME Hours Tne, Hours
Closed
(Reductions, manipulations, 229 2 144
Kirschner wires etc)
(Reduoctions, tendon 171 314 4%

repaurs, bone grafty,
bane resections)

These arc actual times noted on charts.
the patient had Jeft the operating suitc.

206

In all instances analgesis lasted longer attbough
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seldom {5 understood by the orthopaedist
or the anesthestologist untl the technic s
mastered and the procedure piven a reason
able clinieal trinl At the Mason Clinic the
following tndwcations have been established

Operations and Manipulations of the
Leg and the Feot from 2 Inches Below
the hnee Down  Any open operation or
manipulation of the lower extremity from
2 inches below the knee down irrespective
of its magnitude may be performed under
these 2 blocks A tourniquet may be apphed
10 the thigh in from 96 to 98 percent of
the cases without the patients complaining
of tourniquet pain

Sympatheuc Block of Lower Extrem
ity for Vascular Insufficency Many
trmumatic injunes, particularly those of the
lower extremities result in reflex vasospasm
of the part. Block of the scintic perve pro-
doces o chemical sympathectomy in the
lower extremuty because most of the sympa
thetic fibers of the thigh and the kg sccom
pany the static nerve Therefore this block
may be used 1o effect o sympathetic block-
ade when the phymcian does not wish to
perform a jumbar sympathenic block be
cause he either 15 unskilled in its technic
of i3 deterred by fts complications @ Also
a0 operation or a manipulation 15 neces
1ary the blocl serves a twofold porpose, i.e

Relief aof Sciatic Pain  Sciatic pain
which occurs spontancously or following
trauma may be relieved by one block or a
series of scatic nerve blocks with a local
anesthetic drug, provided that there is not
an intrathecal, an intravertebrat or a verte-
bral source of the trouble

Transportation of a Pauent with a
Broken Leg In some fnstances it is neces-
sary to transport a patent with a broken
leg from one city or hospital to another
Often even if opates are given bumping
over rough roads etc couses morked dis
comfort. Sciatic and femoral nerve block
performed with Pontocaine (tetracaine) will
give from 6 to 9 hours of analgesia nnd
often solves such a problem Furthermore
if the time consumed in travel is short, the
block may last long crough so the surgieal
procedure or manipulation may be executed
without ndditional anesthesia

Advantages of Scatic and Femoral
Nerve Block Compared with Spinal
Anesthena  While 1t 1s true that spinal
analgesia will create the same operating con
ditions as swatic and femoral block and
that the spinal technic may be easer to
master the following drawbacks to spinal
analgesia have made me prefer 2 combina
tion of sciatic and femoral nerve block
wherever it v apphcable (1) Followmg

u produces anesthesia as well as sympathetic
blockade

Mampulation of a Fractured Femur
3 Locked or a Fractured Knee The
sclatic and the femoral nerves wmnervate
mast if not all of the muscles of the thigh
and the leg, the penosteurn of the femur as
well as mupplying artrcular branches to the
nte  Therefore the femur and the knee
may b mampulated without pan, However
%Pen operations cannot be performed on
;hﬂknxorl}mdughunlwﬂnlntcml
cmoral cutancows nerve which innervates
the fateral side of the thigh, and the ob-
Wrator nerve which mnervates the upper
::umﬂ;:%fthc(highandmaymd

ranch
rticulating to the knee also are

spinal analgesia, the patient is nonambula
tory This should be considered when a pa
tient is treated on an outpatient basis or
during war or catastrophe when it may be
necessary to move patents quickly Follow
fng combmed sciatic femoral nerve block,
patients may be ambulatory on crutches al-
most immediately (2) Scatic and femoral
nerve block cacumvents the 7 to 10 per
cent madence of headache that occurs
after spwnal analgesia (3) Most patients
who complain at the prospect of a contem
plated spinal anesthetic will not object to
a sciatic-femoral nerve block. (4) Other
dangers associated with spinal anesthesia,
such as precipitous falf sn blood pressure
nausea, vomuting, high anesthena and canda
equina syndrome, are avoided,
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Advantages of Saatic and Femoral
Nerve Blodk as Compared with Inhala
tion or Intravenous Anesthema. Com
bined sciatic and femoral nerve block offers
the following advantages that any regional
procedure has as opposed to general anes
themia (1) Chemical sectioning of a nerve
favors conservation of the physiologic econ-
omy of the patlent, which 15 of obvious im-
portance 1n cardiac disease and diabetes.
(2) Emergency procedures may be done
immediately without the hazard of voruting
and aspiration, even after a full meal (3)
When fluoroscopy is required, this block
chiminates respiratory depression or obstruc
tion, which may pass unnotced 1n a dark
room. (4) Postoperative nausea, vomrting
and atelectasts vsually do not occur and
postoperative depression which may follow
a prolonged peneral anesthetic 1s avorded.
(5) Ths block reduces the tme necded for
postanestheic care  and the nursmg staff
may direct roore attention to the care of
the extremmity (6) In circumstances where
1t is necessary to limut the amount of ame
an anesthesiologist must spend with each
pauent or where no anesthesiologst is avail
able (for example the treatment of lower
extremity njuries under catastrophic condt
trons) this type of block Is less time-con-
suming and more practical than general
anesthesia,

TECHNIC

These 2 blocks are not difficult to learn.
It was found by strict adherence to the
technic described herem that in a short
penod of ume the percentage of successful
blocks performed by the physician leamnmg
them for the first time closely paralleled
those of the mstructor This s emphasized
because many believe that the combmation
of scuatic and femoral nerve block s diffi
cult, time-consuming and unsatsfactory in
a high percentage of cases  The author wishes
to rectify such impressions and to stress that
with patience and some basic understanding
of anatomy these blocks can be mastered by
most physicians so that successful results

are obtained m from 90 to 95 per cent of
the cases

It must be remembered that you should
strive to start all block anesthetie procedures
at least 45 mmutes before surgery 1n order to
give adequate time both for mstruction and
for the block to become establshed Also
you should not hesitate to do a nerve block
again if your first attempt is a failure or
only partial anesthesia ts obtained.

Premedication. Paresthesias of the scr-
atic nerve should be clicited to assure a
satisfactory block of that nerve. Paresthesias
of the sclatic nerve that are characterrred by
2 “shootmg, electniclike™ pain to some por
tion of the foot should not be confused with
the scnsatton derived from stmulation of
the iliac penosteum, which often radiates
into the thigh as a dull, aching pan. The
author’s dictum for this block is “no paresthe
sias no anesthesie,” Becaose paresthesias ars
essential for sciatic nerve block, the patient
should be awnke and co-operative at the
ume this block s performed. For ths
reason, premedication is gauged and selected
when the patient is scen on preoperative
rounds.

Premedication in the average patient, who
15 from 20 to 50 years of age is 5 ft. 10in.
(1778 cm.) tall weighs 150 Ib (68 kg)
or more and 13 in good physical condition,
consists of from 1/6 gr (10 mg ) to 1/4 gr
(15 mg) of morphinc sulfate with from
1/150 gr (04 mg.) to 1/100 gr (06 mg)
of scopolamine or atropine at the time of
call to surgery A barblturate is not given
preoperatively After the sclatic block has
been executed successfully but pror to the
injection of the blocking drug into the fem-
oral nerve from 134 gr (90 mg.) to 3 gr
(180 mg ) of Nembutal (pentobarbital) is
given mtravenously Thus the patent sel-
dom remembers the femoral block or B
drscomforted by It If the pauent is restless
prior to or during the surgical procedure
or musinterprets touch as pain, he is given
additronal sedation usnally mtravenously
such as morphine Demerol (mependine)
hydrochlonde pentobarbital or 0.2 per cent
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Sodium Pentothal (thiopental) I always
bear in mind Labat s admonition that “nar-
cotics must be used to blunt consciousness
but not to abolish it ™3

Drugs Used  Any of the common loeal
ancsthetic agents may be used, Their dos-
ages ete. are found m Table 2 However,
for thé past 7 ycars Pontocaine Hydro-
chloride (tetracaine) has been the authors
choce for the local anesthetic agent Concen
trations of from 0 15 to 025 per cent and
volumes ranging from 30 to 100 cc have
been employed. When o bilateral sciatic
femoral block is performed the weaker solu
tons should be employed Adrenalin (epine
phrme) 02 cc  and hyaluronidase 150
tarbudity reducing umits may be mcorpor
ated 1n the solution. 1f hynluronidase is used,
cpinephrine should be added to the solution
or the anesthesia time will be markedly
shortened due to wider dhffusion and quicher
absorption of the drug

The author prefers the crystalline form and
mixes his own solutions but ready mixed
Pontocaine solutions are adequate 4 In the
eflective concentrations advocated here it is
Do more toxic than Novocain Hydrochlonde
(procaine) and 1n many cases Is less
toxic.® Not more than 1 mg. of Pontocaine
per pound of body weight 1s admunistered
and as a result its toxic reactions are rela

TABLE 2 Dosage, ONSET AND DURATION

tively infrequent in comparson with those
of procaine but if they occur they are
treated in the same manner

The author prefers Pontocainc as 1t pro-
duces nn ancsthesia that lasts from 4 to 6
hours, with solutons containing epmephrine
giving longest dumtion (Table 2) There
arc scveral advantages based on thes lengthy
duration 8te11 (1) The physician has tume
to do the block deliberately without rushing
there is adequate time to nstruct pupils and
lengthy dissections may be performed under
local anesthesin (2) Sudden changes in
operating schedules are permissible since
the nerve block does not have to be done
again even if the operation 1s delayed up
to 2 or 3 hours (3) The physician has
some convenicnt personal latitude as to tim
ing his blocks which s of obvious impor
tance in pnivate practice where a large surgt
cal schedule prevails (4) The length of
anesthesia and postoperative analgesia re
duces the amount of postoperatrve oprates

MaTrriALs NEEDED
One % in (2 em ) 25-gauge Huber poumt
security Lok needle
One 1¥4 In (3 8 cm.) 22-gauge secunty Lak
needle preferably with short bevel
One 3-in. (76 cm) 22-gauge secunty Lok
needle preferably with short bevel
One 4-in (10.2 cm.) uw secunty Lok
needle preferably with short 1

oF CoMMON LoCAL ANESTHETIC AQGENTS

Dosace AMOUNT ONSET DusaTIoN
Drue UNTLATERAL | BOATERAL 1 ;n(;OO oF or
- Brocx Brocx ADRENALIN Anagesi OPERATION
Pontocaine 40-50 cc 90 cc of 15 to 45 6t07
(tetracaine) of 025% 015% 0.2 cc* minutes hours
Novocain 40-50 cc 90 cc of Stols 1to 1%
(procame) of 15% 10% 0.2 cc* minutes hours
‘(Y;‘Cnme ) 40-50 cc 90 cc of Stols 1% t0 3
u docaine of 1% 05% 02 cc* minutes hours
(“mlm 40-50 cc 90 cc of Sto15 1to 134
Fperocaine) of 1.5% 10% 02 cc* nunutes hours

.
‘I-""‘?pecuv:ofmgmh:mnofmluﬁouolcc of Adrenalin (epinephrine) 1 1000 s not exceeded.

to of anaigesia somewhat longer

tho rironger solution of the drug the omist of analgesls b usually moro rapid and the dura



210 Sclatic and Femoral Narve Block

Fra. 1 The
Note

pauent 1 posttion for sciatic nerve block, with a 3anch needle m place.
tlon of the legs,

the perpendicular position of the needle,
ted. The anesthetic was adminstered for fractured ankle
(Moore D C Regronal Block, p 206 Springfleld, I, Thomas)

Greater krochanter
Plriformis m

Quadriceps femoris m
Sciatic n

Greoter trochanter
Greater sclatle notch

— Posterlor sup llac spine
- )

Flo. 2 (A) Deep anatomy of scuatic nerve in relationshup to landmarks. (B) Topo-
graphic anatomy ofphndmnrkyx for scutic block. (Moore, D C. Regional Block, p 209
Sprﬁ]gﬁcld, Il Thomas)






Inguinal llgament
Femorel nerve
Femoral artery
Femoral vein

Surfoce landmarks

Ant sup. spine -
Point of Injectiort
Publc tubercle,

A B

Fro. 4 Landmarks involved 1n blocking of femoral nerve (A} Deep anatomy
(B) Topographic anatomy (Moore D C. Regional Block, p 208 Spring
fleld, 1. Thomas)

" theslas of the sciatic nerve are elicited. De
pending on the size of the buttocks the
depth to which the needle must be mserted

o may vary from 2 . (5 cm) to 4 in
(102 cm ) When bone the rim of the

P
¢ Ty sciatic notch or the spme of the 1schium and
' ™ - the bone in its immediate vicinity are en-
! '3 countered but paresthesias are not obtained,

O
( . the needle depth should be noted The needle

O fF W F_ ~ does not need to be Inserted in any direction
b ! ﬁ, more than ¥ in. (2 cm.) past this depth.

r?\_,"ﬁ— -
sak S~-’{7‘/\/ The nerve usuzlly lies more superficial to
/ . < }" these parts of the iliac bone and pares
/

Fio 5 Index finger diaplacing femoral
artery medially as femoral nerve ks in-
jected  Paresthesizs were not clicited in
this patient, but pulsation of the artery
against needle was casily felt A satis-
factory block ensued. F N femoral
nerve P S pubxspine O N obturator
nerve. (Moore D C  Reglonal Block,
p 212, Spningfield, 1. Thomas)







Femoral sheatn

br of femoral n
Illopsoas
Iilum
Head of Fermur
Gr trochanter
Bladder

/ Level of crossecktlon

Fig 6 (A) Anatomy of femoral nerve at level of injection, with needle lyng
next to artery i vicinity of nerve (B} Level of cross section (Moore D C
Regional Block, p 213 Springfield, 1ll. Thomas)

Paths of needle

Cutaneous branches to
anterlor thigh

Femoral n
Femoral o and v
Illopsocas m
Pectlneus m

Illac bone

FIG 7 Cross section through the thigh, showing lateral fanwise direction of
peedle a3 femoral nerve i fnjected. Cross section is through same arca shown in
Figure 6 (Moore, D C Regional Block p 213 Sprngficld, IlL, Thomas)



Roferences 215

SUMMARY AND CONCI USIONS

An cffective technic for combined scratic
and femoral nerve block that has given
from 90 to 95 per cent sathfactory blocks
in 1 000 cases is deseribed The advantages
of this combined blozh are enumerated and
compared with spinal and general ancsthesia
The reasons why Pontocaine is the drug of
choice are drscussed The results obtained
in this senes of cases justify a beliel that
this block combination is an entirely satis
factory form of anesthesla for operations
and manipulations of any part of the leg and
the foot from 2 in (5 cm ) below the
patella down as well as manipulations of
the knee and the thigh

Perscverance a knowledge of the
anatomy mvolved and strict observance

Occaalonal
yariacion in
fermora)

alseribukion }

of the prinaples of the technic des-
cribed will permit most physicians to
master this technic and to obtain satis
factory results
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Ml tem
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Fia 8 Area of skin anesthoua resulting from block of scuatic nerve and femoral
Derve (A) anteror and (B) postertor views (Moore D C Regional Block, p 214
Thamas)

Springfleig, 1,
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Fio 1 (A) Skin incisions. (B C D) Approximately 1 Inch of the tendinous insertion
of the rotator cuff is left attached to the upper end of the humerus The head of the
humerus is placed under the distal end of the clavicle and the tendinous tissue is anchored
to the end of the clavicle by interrupted sutures passing through driil holes in the clavicle,

This 1s followed by a division of the mus-
cular attachments to the coracold process
these are the pectoralis minor the coraco-
brachialis and the short head of the biceps
brachi Then the coracoclavicular liga
ments arc identified and they are divided
close to the clavicle

The musculotendinous cuff is divided ap-
proximately | inch from lts insertion leav
ing & broad band of thick tendinous tissue
ottached to the humerus This nctsion also
divides the coracohumeral ligament and the
tendon of the long head of the biceps the
distal end of which should be grasped with
an Alls forceps 1n order to prevent its re
traction distally and beyond reach Resec
tion of the  apula 13 completed by cutting

the remalning portion of the fibrous joint
capsule and the muscular attachments After
all bleeding has been controlled the long
head biceps tendon is anchored to the
humerus This 1s achieved readily by scanfy
ing the floor of the bicipital sulcus with a
curct or a gouge and anchoring the tendon
in the newly made trough by several inter
rupted sutures passing through the tendon
and the lateral walls of the sulcus as an
alternative the tendon may be stapled to
the humerus Then the arm is stabilized
against the thorax by attaching the reman-
ing portion of the musculotendmous cuff
to the end of the clavicle Ths 1s executed
by passing several drill holes through the
clavicle and anchoring the cuffl to it by
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means of interrupted sutures Finally, the
trapezius and the deltord muscles are ap-
proximated, and the skin incisions are closed
with interrupted sutures. A drun 18 placed
in the dependent part of the wound 1t 1s
removed after from 24 to 48 hours Dry
dressings are applied maklng firm pressure
on the wound The arm 15 mmobilized by
a Velpeau bandage The arm is maintained
fixed to the side for a pertod of approxi
mately 3 weeks However durng this penod
the hand, the wrist and the elbow are exer
csed freely After a period of 3 weeks the
Velpeau bandage is removed, and active
motion 18 encouraged in all the jomts of
the extrenuty

ADVANTAGES OF THIS PROCEDURE

In the orthodox type of scapulectomy the
patient invariably exhibits a dengling arm
and 15 unable to fix the arm agunst the
thoracic cage In addion as time elapses
the weight of the arm drags the humeral
head far below the level of the clavicle and
by so domng forms a hideous deformuty in
the region of the shoulder This s well
depicted in the case of J A (Fig 2 D)
On the other hand, the procedure descnbed
above anchors the humeral head i close
proxumty to and beneath the clavicle pro-
viding a round contour for the anterolateral
aspect of the shoulder elso 1t provides a
potnt of fixation for the hemeral head when
the patient attempts to stabihze the arm
It 1s interesting to note how well the pa
trent can fix the arm under the clavicle and
against the thormx by contracting the deltord
muscle Although no abduction is possible
these patrents stabilize the upper arm firmly
against thewr chest wall and undec the
clavicle and can use the eibow the wrist
and the hand freely

CASE HISTORIES

Case 1 T A aged 41 According to the
tient s statement b sustained an injfury to hus
ft shoulder approuumately 10 yeany prior to
his first viart to the orthopaedic clinic of the
Jefferson Hospltal Ho was first seen on April
26 1951 A fcw months after the infury the

patient noticed a small tender swelling on the
top of the shoulder He sought no treatment for
approximately 1 year Finally roentgenograms
were taken, and a needle bropsy of the tumor
mass was done A diagnosis o dresarcoma
was made and he was given irradiation therapy
Following this he was told that surgical inter
vention was not ndkeated and that pothing ehse
could be done At his first visit to our ortho-
pacdic clinic this patient had constant pan 1
the shoulder girdle and volunteered the inforra
tion that the tumor mass was increasing rapidly
mn size Examination at thi time disclosed a
nodular masy mmplicating the upper end of the
shoulder all motions at the shoulder Jolnt were
painful However he was able to abduct the
arm approximately 135 and had & small ran
of internal and external rotatron without pal
(Fig 2 A) Palpation of tho area duclosed a
large nodular mass involving the spine of the
scapuls and the acromion process. The skin was
freely movable and there was no evidesce of
any lymphatic involvement in the axillz or in
the neck. A survey of hs roentgenograms dis
closed findings consistent wrth chondrosarcoma
lr:-leﬁng the scapula and the entire acromion
(Fig 2 B) A biopsy disclosed the lesion to be
a chondrosarcoma. On Apn) 27 1951 he was
admitted for a scapulectomy which was per
formed promptly” however the cuff of the hu
merus was not anchored to the clavicle as de
scribed above This patient when last observed
inMay 1954 showed no evidence of recurrence
However as will be noted in the roentgenogram,
the humerus has descended to cons{derable dis-
tance from the clavicte and the patient has no
stability of the l:}:;cpcr arm when an atternpt is
made to employ the extremity for any useful ac
tivity (Fig. 2 D) He is capable of anchor
g the humerus to the side of the thorax
by means of the oralls major muscle and by
30 doing he is able to provide a little stabllity
during the course of his work His chief com
plaint is a constant “dmgging and pulling” sen
sation in the neck on the affected side

Case 2 (Fig. 3) W M., aged 38 Ths
tient was seen finst on July 8 1952, at wh
time she was comﬁluh'ung of gencralired pain in
the region of the keft shoulder girdle The omset
of this paln had been gradual beginning ap-
proximately | month prior to the time that she
was seen I the chmic A local surgeon examined
the patient immediately after she noticed the
symptoms and observed a mass on the posteror
region of the scapula, The mass was tender and

mfu] however tt did not imphicate the over
r;{ng tissves The skin was freely movable, and
on June 23 roeni, phic survey of the
shoulder disclosed that the kesion Implicated the
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Fi0 4 (A. Top) Desmord tumor {Case
3 RB) Note that oaly the head, the
neck and the spine of the scapula remain
0o umplication of the bone 15 demon-
strable (B Bottom) Gross specimen of
turnor trssue found along the inferfor neck
of the scapula. Io this photograph it ap-
pears as dense greyish white fibrous tissue

W;'J'I}_“ L IR VI

Fla 4 C Photomicrograph (X 100)
Note the connective u.uuahErohfan}on

between the musck fibers which are betng

replaced by tumor tissue

entire body of the scapula the surrounding soft
tissues appeared to be free of any involvement,
A biopsy of the masy was done and a duagnosis
of chondrosarcoma was made A review of the
histologic sections by another pathologist dbs-
closed that an erroneous diagnosls had been
made the cytologic features noted were con
sistent with chondromyxoid fibroma of bone.
This casc i3 of special interest because, based
on the first bropsy report, a thoracoscapular

putation had been plated here,
On July 9 1952, the patient was adnutted to the
hospital, and a sca omy was performed In
accordance with the technkc described previ
ously Figure 3 D shows the bead of the bu
merus in close proximity and immediately under
the clavick. By means of the deltold muscle and
the pectoralis major muscle this patient 15 able
to stabilze the head of the humerus firmly
against the thoracic cage and is able to use the
arm the wrbt and the hand to great advantage
The patient does not have the dragging sensa
tion Enlthe regon of the shoulder and the meck
that was noted in the first case of this senes.
Thus patient was examined in May 1954 no
Jocal recurrence was discernible and the gen
cral bealth was excelient.
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neurovascular structures and the soft tissues of
the meck The author fully realizes that this case
is too recent to know whether or not the patient
will a recurrence of the lesion in the tissues
sbout the shoulder girdle However it does em
phasize the fact that the technic of scapulectomy
described is to be preferred over thase technics
which fall to stabi the head of the humenus

SUMMARY

A plea has been made to employ scapu
lectomy more frequently 1n the properly in-
dicated cases In addition to destructive le
sions such as osteomyehitis and tuberculoss
this technic may be used in cases of chon
dromas osteochondromas and endotheh
omas also in cases of chondrosarcomas and
cven in frankly maligoant sarcomas, pro-
vided that all of the impheated tusue can
be removed.

A techme hes been described which
anchors the humeral head to the inferior
surface of the clavicle and stabilizes the head
of the humerus firmly agmnst the thoracic
cage and the undersurface of the clavicle
this method precludes symptoms incident to
stretching of the neurovascular structures
and the tssues of the neck following scapu
lectomies without anchorage of the head of
the humerus. It is the author s opimon that
unless the clavicle 15 imphcated, it should
be preserved this mimmizes disfigurement
of the patent and functional loss of the
shoulder girdle
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Fro 1 (A) V-shaped indentation of epidermis which Is the plantar keratosis. (B) Hyper
trophied rete pegs directly under the keratosss. (C) Normal eprdermis and rete pegs.

treatrrents including excision and even m
wstances where skin grafts have been st
tempted with the consequent prolonged pe
nods of disability and hospital n This
condition 18 an extremely panful and dis-
abling one and many a patent s almost
desperate 1 his or her attempt to secure
alleviation from the pamn  Furthermore
Dame Fashion w her decree for high heeled
so-called shoes for the female sex has ma
terally helped to increase the occurrence of
the plantar keratosis which 1n turn accounts
for the greater prevalence of this conditon
m the female

The average orthopaedist sees many a
patient with this condition. The majonty
of the latter have gone through the gamut of
x ray therapy and sometimes too much of it
electrcal fulguration application of special
metatarsal pads and concentrated acids and
even surgical excision but wath recurrence
after each form of treatment. What then 1s
the next step? With this 1 mind the author

several years ago atternpted resection of the
metatarsal head overlying the plantar kera
tosis The results were satisfactory from the
standpoint of the relief of pain but the in-
vanable development of the cock up or
hammer deformity of the related toe with
its consequent attending dissatisfaction on
the part of the patient soon placed this
operntive procedure mto the discard plle
At approximately the same time Dr R. T
McElvenny! evolved the fdea of resecting
the plantar half of the metatarsal head but
when he reviewed the end results of this
procedure he found a sufficient number of
recurrences to cause him to discard it In
January 1951 Dr Duncan McKeever?
first mentroned metatarsal shortening for the
treatment of plantar keratosis and subse

quently published this method of therapy

He recommended that the shorteming be
performed at the junctron of the head and
the neck of the metatarsal This procedure
was tned and was found to work satsfac
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mation under the other metatarsal heads of both
feet since ber feet are rather thin, there is no
callus formation present under tho third meta
tarsal head of either foot.

L. A — Housewfe
The patient was seen wntially on 4-9-47 and
demonstrated plantar keratosis under the right
fifth metatarsal head and under the medial
sesamotd The patient had undergone treatment
for the previous 3 years consisting of x ray
therapy fulguretion with dry ice application of
metatarsal pads and trimming. The patient was
unwillng to consider surgery and comma
shaped pads were prescribed. On 5 12 52 re-
section of the fifth metatarsal head and excision
of the medial sesamoid was performed since the
patient was unwilling to continue having as
much pain as she did Follow-up examination
in April 1954 revealed that the plantar kera
toses had duapgared entirely and the foot is
ptomatic. However a metatarsal pad 15
still worn because of the resection of the fifth
metatarsal.

S 1 — Housewife

The patient was seen initlally on 4-30-47 and
demonstrated the presence of a plantar keratosis
under the left third metstarsal head. For the 5
yeass prior to surgery the patrent had had x-ray
therapy with recurrence of the plantar keratosls,
application of dry fee with the mme recurrence,
and subseguent to that, trimming of the kera
toss and the application of a metatarsal pad
On 722 52 shortening of the third metatarsal
shaft was carned out, and follow-up examina
tion in March, 1954 revealed the plantar kera
tosis to have dissppeared and the foot to have
been entirely asymptomatic The metatarsal pad
was also discarded

M M — Nunse

Tho patient was seen on 7 22 52 and exami
natlon revealed plantar keratosrs under the right
second metatsraal bead which had been present
for one year The patient had had no tr

controlled by trimming. On 10-3 52 shortening
of the second metatarsal head with resection of
tho proximal one haif of the proximal phalanx
was pedor}:n;d, since the second metatarso-
phal ! foint was dfal 4 to

tion l?ullorw-up examination Inp?f:rdt, 1954
revealed the foot to be entirely asymptomatic,
Tho plantar keratoses have disappeared

S B — Milkman

The patient was seen Initlally on 7 28 52 pre
senting an nfected plantar keratosls under the
feft third metatarsal head which had been pres-
ent for 8 The paticnt had undergone x-ray
ad had 2 excisions of the plantar kera
tosis with recurrence and subsequent unsuc
cessful electrocantery On 11 10-52, shortenin,
of the third metatarsal head was perfo
The foot was asympiomatic within a perrod of
4 weeks. The patient was able to return to work
2 a milkman on his regular route Follow-up
examination 1n February 1954 revealed the
foot to be entirely asymptomatic. The plantar
keratosis has disappeared, and tho scar tissue
from the previous surgery is muumal

M R —Nurse

The patient was seen on 9 26-52 at which
time x plantar kerstosis waws found under the
left thurd metatarsa] head This had been present
far the past 6 months. Tho patient had had one
scries of x ray treatments with recurrenco of
the plantar keratosls since then the patient had
maintatned comfort by tnmming and applica
ton of a metatarsal pad. On {2 26-52 shorten
ing of the third metatarsal was performed, and
the petient was able to return to work in a walk
ing cast, Follow-up examination 1 April 1954
revealed the plantar keratesls to have recurred
but the patient's symptomatology 1s not as severe
as it was preoperatively In case ft is felt
that the shaft was not adequately shortened and
therefore this case should be considered as 2
fallure.

except for trimming of the kerutosls. On
7 23-52, shortening of the second metatarsal
head was carried out Within 4 weeks following
surgery the patient returned to duty as & nurse
and there has been complete disappearance of
the plantsr keratosis and no symptomatology
referable to the foot.

M S — Housewife

The patient was seen initially on 9 24-51 and
presented & plantar keratosls under the right
second metatarsal head with hammer toe de
formity of the right second toe The keratosls
had been in exfstence for 4 years and had been

E. G — Saleslady

The patient was seen nitially on 11 24-52,
and upon examination an ukcerating, infected
plantar kerstosis was found under the right sec
ond metatarsal head which had been present for
the past 3 yearn The patient had had excessive
x ray therapy as estimated from the nunber of
x-ray treatments she was given which sccounted
for this ulcerated infected condltion On 12 53
shortening of the sccond metatarsal head was
carried out. Within 6 weeks, the area was healed
Within 3 months, the plantar kcr(ntosklg;g dis-
appeared. Foliow-up study i May e
vsn}cd the foot 10 be asymptomatic The kera
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REGIMEN OF TREATMENT

Following examination of the foot, stand
ing roentgenograms arc ordered n the AP
positon with # small lead marker directly
over the plantar keratous jn order to deter
mine the exact location of the plantar
keratous in relationship to the overlymg
metatarsal head. If the lesion s not directly
under the metatarsal head or under the
medial or lateral sesamord of the first meta
tarsal, this surgical procedure is not recom-
mended, smce it will be doomed to failure
The operation consists of shortening of the
metatarsal shaft. It is performed under
tourmquet eschenua at the base of the meta
tarsal, since there is more cancellons bone
at this level and therefore callus formation
and healing will occur more rapidly

The 1ncision is made on the dorsum of
the foot over the corresponding metatarsal
beginnmg at approximately the mid-shaft
level and extending proximally to the tarso-
metatarsal jomt. The small muscles are re-

flected subpenosteally With a 3 o-inch wide
drillpoi.nti.nscrtcdinaxma]]huddxﬂl,n
series of drlt holes are made and & 1 1nch
step cutis outlined (Fig 2A) A thin 34 nch
wide osteotome Is used to complete the step
cut. Upon completion of the osteotomy
¥4 an mch of each tongue of the step cut 1s
rongeured carcfully, thus prodocng a 4
1nch shortening of the metatarsal shaft (Fig.
2B) A dnll hole ts made through each cortex
of the remaining portion of the tongue so that
aNo 2 chromic catgut suture may be passed
through each hole and upon tying the
suture the defect will be closed, and the
two bone ends will be held in the shortened
posiion (Fig. 2C) Following closure of the
soft tissues, a firm Schantz dressing 13 ap-
plied This 13 mantained on the foot for
3 to 4 days at the end of which tune &
plaster of Pans walking boot 15 Bppled,
extending from the tips of the toes to the
mud-leg, The toes arc placed i o position of
moderate plantar flexion at the metaterso-

Fio 2 (Left) Dnll boles outlining step
portion of each tongue to be resect

cut, (Center) Osteotomy completed and
ed. (Right) Shortened metatans]



Fro 3 (Top lefr) Plantar keratosis pmopcrnt:x A;
right) Same sres, postoperative appearance on
gating infected plantar keratosn, preoperative appearance on Nov 24 1952, (Bottomt

right) The same area on June 9 1953—7%4 months postoperatively Since then slightly
hyperkeratotic area has disappeared.

phalengeat joint level The paticnt becomes
ambxtatory within 24 hours afier the apph
cation of the cast, The amount of discomfort
vpon smitisl weight-bearng is surposingly
mild The patient is not only encouraged but
also advised to be up and about as much ss
possible and even to return to work. The
cast i removed at the end of 4 weeks after
its application. No metatarsal pad 1s apphed
to the foot upon removal of the cast.

Fig. 3 represents preoperative photo-
graphs of plantar keratoses and subse-
quent photographs taken several months fol
lowing operation  As can be seea, the kera

tosis 1n each instance has disappeared sponta
neously

rance on May 12, 1953 (Top
27 1954 (Honom lefty Fun

CONCLUSION

The diagnostic term plantar keratoss and
fiot plantar wart, should be used when the
above-described conditon is found.

Shortening of the metatarsal shaft has
been successful in correcting this entity in
19 out of 21 cases In 2 instances the hera
tosis recurred a failure rate of 9 5% In both
of these recurrences the shaft was not short
ened sufficently However neither patent
has as much pamn as she had previously

REFERENCES
1 McElvenny R T Personal communkcation
2 Mcheever D C. Arthrodesis of the first

arso-phalangeat jolnt for hallux va]
hallux rigidos, and metatarsus iy

primux varus
J Bope & Jolnt Surg 34 A 129 1952,



230 Shortening of the Metatarssl Shaft

REGIMEN OF TREATMENT

Following examination of the foot, stand-
ing roentgenograms are ordered m the AP
position with a small lead marker directly
over the plantar keratosis m order to deter
mune the exact location of the plantar
keratosis m relationship to the overlymg
metatarsal head. If the lesion is not directly
under the metatarsal head or under the
medial or lateral sesamord of the first meta
tarsal, this surgical procedure 18 not recom-
mended, since it will be doomed to failure
The operation consists of shorteung of the
metatarsal shaft. It 1s pedormed under
tourniquet eschema at the base of the meta
tarsal since there 15 more cancellous bope
at this Jevel and therefore callus formation
and healing will occur more rapidly

The incsion is made on the dorsum of
the foot over the corresponding metatarsel
beginning at approwumately the mid-shaft
level and extending proximally to the tarso-
metatarsal jount. The small muscles are re

Fra 2 (Lefr) Dnll boles outlining step cut (Center) Osteotom
portion of each tongue to bo resected. (Right)

flected subpenosteally With 2 34 ;-inch wide
drill pomt inserted in a smail hand dnil, a
scries of drill holes are made and a 1 mch
step cutis outlined (Fig. 2A) A thin ¥ 1nch
wide osteotome is used to complete the step
cut. Upon completton of the osteotomy
34 an inch of each tongue of the step cat is
rongeured carefully, thus producing a 14
mnch shortenmg of the metatarsal shaft (Fig,
2B) A drill hole 1s made through each cortex
of the remaning portion of the tongue so that
a No 2 chromic catgut suture may be passed
through each hole and upon tying the
suture the defect will be closed and the
two bone ends will be held in the shortened
position (Fig. 2C) Following closure of the
soft tissues, a firm Schantz dressing is ap-
plied This 15 maintained on the foot for
3 to 4 days, at the end of which time a
plaster of Pans walking boot 1s applied,
extending from the tips of the toes to the
mid leg. The toes are placed 1n a position of
moderate plantar fiexion at the metatano-

aded area to
ected

y completed and
mctatarsal
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Fio 3 (Top lejt) Plantar heratosts preoperative & on May 12, 1953 (Top
s Margﬂ 27

right} Same area,

operative appearanee on

1954 (Bottom, left) Fun

ting infected plantar keratosss, preoperative appearance on Nov 24 1952 (Botrom
rgf:hl)g'l'be umcpm on June 9 195%—7% rmonths postoperatively  Since then shightly

hyperkerstotic ares hss ditappeared

phalanges! joint level The patieat becomes
ambalatory within 24 hours after the apph
cation of the cast. The amouat of discomfort
upon mutial weight-beanng ts surpnsingly
mild The patient 13 not only encouraged but
also advised to be up and about as much as
posuble and even o retum to work. The
cast 1 removed at the end of 4 weeks after
its application No metatarsal pad 1 appled
to the foot upon removal of the cast.

Fig 3 represents preoperative photo-
geaphs of plantar keratoses and subse-
quent photographs taken several months fol-
lowing operation. Ax can be seen, the kera

tosis m each instance has disappeared sponta
neously

CONCLUSION

The diagnostic term plantar keratosls and
not plantar wart, should be used when the
abave~-described condition 15 found,

Shortening of the metatarsal shaft has
been successful in correcting this entity m
19 out of 21 cases In 2 mnstances the kera
tosss recurred, a failure rate of 9.5% In both
of these recurrences the shaft was not short-
ened sufficiently However, neither patsent
has as much pain as she had previously

REFERENCES
1 McEivenny R T Personal comumunication.
2 McKeever D C Asthrodesis of the flost
metatano-phalangeal joint for hallux valgus,
hallux rigicus, and metatarsus primus varus
} Booe & Jomt Surg. 34-A 129 1952,
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Boyer, on reduction of fractures of patells, 24
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eccentric relationship 127 128
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treatment, 63
Chloramphentcol (Chlaromycetin) actions and
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operative procedure for correctron, 153
Cotyloplasty congenital dulocation of hip in
children 77 86
Coxamagna,relationtoLegg Perthesdisease, 186
Coxa plana. See Legg Perthes disease
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quadriceps, after repair of fractured patells
33 37 40 41 46 48
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location of hip in children 84.85
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convalescent stage of open reduction of con-
genttal dislocation of hip in chil
dren 81 86
description, §2-83
Fascia transplants wse In fixation of bone frg-
ments in fracture of patells, 46
Femur fracture of head or neck, with daloca
tion of tup 70-71
open reduction 70
Fever drug, from sulfonamide therapy 103
Fibroma, chondromyxoid, of bone scapulec
tomy 217 221
Fibrosarcoma, scapolectomy 217
Foot (feet) allments caused by improper shoes,
124

anatomic considerations 125 127 128
anthropologic considarstions, 125 126
arch essentlal, 129 131 132
lateral, 129 130
medial, 129 130
trabeculac of bones 129 131
axis, of Jocomotion 127 132
of standing, 127 132, 135
biomechanical conslderations, 134-135
daity cumulative force excrted on, 128
deformity in Chinese Mandarle, 134
ligaments importance in locomeotion 134
mechanics In function, 123
metatarsal bones, function 131 132
motions of tansal jolnty 132
muscles and tendons, importance in locomo-
ton 130 133
seqamord boaes, functlon 131 132
shoes, See Shoes
torsion, 132 133
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172 173
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than 4 months old, 81

Gantrin, 102 103

Gatch bed, use in treatment of sciatica 171
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children, 86

Gron, bibliography on fractures of pateila, 24
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hip n children 77 85 86
Jones, Sir Robert, on reduction of fracture of
patella, 25

Keratosis, plantar distinguished from verruca
lan

surgrcal treatment, 226-227
case studies 227 229
230-231
Knee “house-mad's,” 25
Jomnt, aspiration in fracture of patells, 32
33 45
knuckle metacarpal, depression from lunate
drslocatron, 60

Legg-Calvé Perthes dwsease thyroid function
See Thyrold function m Legg
Calvé Perthes disease
Legg Perthes discase 183-188
clinical picture, 185 186
etiology 184-185
1ocidence 183 184
fschial weight-bearing splint with patten bot
toms, 187

pathology 185
relation to coxa magna 186
treatment, 186-188
Leukopenia, from sulfonamide therapy 103
Ladocaune (Xylocaine) m sciatic femoral nerve
block, 209
Ligaments, cakcancocubond, inferfor importance
n locomotion 130 134
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Murphy 58 60
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spastic hand as complication 58-60
from Volkmann s para 58 61
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flnger extension test after reduction, 62,
63
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McBride, E D description of spastic hand
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n fracture of palel!.n, 24

Manipulation foreible after repair of fracture
of patclla dangers, 42

Mental depression from sulfonamide therapy
103

Mcperidine (Demerol) 1n sciatic fernoral nerve
block, 208
Mephenesn therapy sciatica, 171
Metatarsal(s) breakdown from faulty shoes,
123 124
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keratosis, 225 231
case studies 227 229
regimen of treatrnent, 230-231
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block, 209
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208

Muscle abductor hallucis, importance in loco-

motion, 133
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133

adductor transversus, importance in locomo-
tion, 133
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tomic variation 152 153
clincal diagnosis, 152 153
operative procedure for correction 153
flzxor brevs halluchs, importance in locomo-
tion, 133
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ton, 133
peronreus longus, importance in locomotion
130 133
quadriceps, contracture in old untreated
fractures of patella 28
Myelograms in diagnoan, sciatica, 169 170
Myositis ossificans, with hip Injurles, 73

Nail, Smith Petersen, with plate in reduction of
fracturs of neck of femur 70

Nathing, intr dullary  See Intr dollary
nailing

Nausea, from sulfonamide therapy 103

Necrosis avascular wath hip inj 73 74

Nembutal (pentobarbstal) in sciatic-femoral
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Neoprontosil, 102
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Novocaln (procaine) in wintle femoral nerte
bloch 209
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Oveochandritis deformans covace jusealis Jee
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case reporty 155 157
dicseion 167 158
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ton of hupin children 77
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Oxytetracycline (Terramvein) actions and re
actlony, 108
mode of action 109

Pact Lorenz method of manlpulations in closed
reductlon of congemital distoca
tion of hip in children from 4 to
12 months old, 81

Patella, biparite differential dragnows from

fracture 31 32
chondromalacia, with fracture 34 40
fracturedislocation 51 52
{ractures, 24.55
comminted 26 45
treatment 49 52, 54-55
complications 4142
compound 29 38 39
treatment 55
B, 28-32
iferential from bipartitc or triportite
patella, 31 32
cusdogy 25 30, 4445
tangential force, 45
viol direct 26 44 45
indirect, 25 26, 4546
hatones! review 24-25
Barton, wire suture for fixation of frag

ments, 24
Boyer description of mechanica of frac
tures 24
Cooper SIr Astley separation of frac
ture fragments 24
Gross bibliography 24
Jones, Sir Robert, open reduction and
M
goe hooks, 24
Robson, ateel pin, 25
Scudder conservatve treatment, 25
Stimson, simplicity in technle 2§
Trcﬂmv;nsn, open reduction and suture,
incidence 25
Incomplete (Infroction) 31

Patcella (Continucd)
fractures (Contlnued)
marginal 45 46
treatrment 54
old ununited with separation 37 38
avteochondral treatment, 46 54
pathology 25 30
pro, s 4142
tangential treatment 46
transverse 25 45
treatment 45 47 50 54
treatment, 3241 45-55
comminuted type 49 52, 54-55
compound type 55
conservative 312 33 4546
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wirc 4647
by wnire 46-52
marginal 54
osteochondm] 46 54
postimmobllization 3941
revien of Wterature 52 55
surgical, 3341 46-55

fascia lata, 46

mattress sutures drill holes and stain
lexs steel wice, 35 37

patcll See Patellectomy

technlc 33 38

widing 35 37 40 41

tangentinf 46
transverse type 45 47 50 54
vertical 45

vertieal 45
treatment, 45

tripartite differential diagnosis from fracture
L

Pateliectomy 33 34 4042
complete (total) 29 30 34 37 38
review of literature, 52 54
partial, 26 27 30 37 41
review of literature, 52 54
Pemictilin, sctions and reactions, 103-104
death from anaphylaxis, 104
mode of action, 108
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susceptibility to Incroase 109 110
therapy mﬁﬂ dnlocation of fup In chil
6

open 8
fracture of patelia after surgical repair 39
types, 103 104

Pentobartatal (Nembutal) 1w selatic-femoral
nerve block, 208

Pentothal Sodium (thiopental sodium) n ecl-
atic-femanal nerve block, 209

Pipercaine (Metyealne) n sclatic-femoral nerve
block, 209
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Pontocaine (tetracaine) In sciatsc-femoral
perve block, 209

Prevention of the Fallure of Metals Under Re-
peated  Stresy  handbook  af
Bureau of Aecronautics, Navy
Dept., 92

Procawne (Novocan) 1n sciatic femoral nerve
block, 209

Prontosil, 102

Prosthests after amputation In children, meinte
nancs and replacement In grow
ing child, 201

truning in use 199 200
Thompson type for hip (njuries, 72
Pyarthrosls with fracture of patella, 39

Rad:culitia, cervical spine, shoulder pain from
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Rash from sulfonamide therapy 103

Robson use of steel pin and sutures in fracture
of patella, 25
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Salvarsen development by Ehrlich, 102
Scapulectomy 217 224
advantages, 220
case histarjes 220-224
chondrosarcoma 217 219
fibroma, chondromyxold, of bone 217 221
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techore 217 220
skin mcisions, 218
tumor desmoid 217 222
Sciatica, 166-178
diagnosis, differential 167
etiology 166-168
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examination physical, 168-170
myelograms 169-170
roentgenograms, 169 170
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functional anatomy of low back 166
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treatment conservative 170-171
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operative 172 176
anesthesw, 172
complicattons 176
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172173
fusion 175 176
mortred prop grafts 174 175
pathology found 1n surgery 172
operztive care 176
resulty, 176-178
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Scudder on reduction of fracture of patells, 25
Screws use for fixatlon in fracture hip 67 72
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distorting factors 135 147
arch, distorting factors in conventional types,
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design faulty crippling effect of 123
rior to Crvil War 124
orthopaedic surgeon 123
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137 138 145 146
moddfications as aids i rotation controf
120-122
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history of development, 126 128
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shank, and balance 136 147
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138-141
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Shoulder(s)
therapy 116
from inflammation, 115
pam etfology 115
treatment, conservative 116
surgical, 113 116
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block 215
graft, fracture of patella, after surgical re
i 39

rashes [mmprfxlfonunfdc therapy 103
Smith-Petersen nail, with plate, in reduction of
fracture of neck of femur 70
Stiffness, after fracture ir patells, 42
Stimson, on reduction of fracture of patells 25
Streptamycin, actions and reactions 104
mode of actlon, 108 109
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Trethowan, on reduction of fracture of patella,
15

Tamor desmoid, scapulectomy 217 222
Tyrothrycin actions end reactions 105

Urea, effect on action of sulfonamides 108

Velgus convertor application and use m frac
tures of medial condyle of tibia
14-15

Varus spreader application and use in fractures
of lateral condyle of ubla, 11 12

Vaughan and Murphy knuckle-tapping test, in
differential diagnosrs, 58

Verruca plantans, distinguished from plantar
keratosis 225

Vitallum cup arthroplasty hip injunes, 6768,
7274

Volkmann s paralysis differential dugnoss from
lunate dulocation, 58, 61
Vonutlng, from sulfonamide therapy 103

Welght lfting, frecture patella after surpal
repalr 40

Wilhams flexion brace for sciatica 171
Wire for fixation of bone fragments 1o fracture,
patella, 46-52
substitute materials 46-47
Wrist, “miniature silver fork™ deformuty 57 59

Xylocaine (hdocaine) in scatic femoral neck
block, 209






