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A Review of the Surgical Treatment of
Congental Dislocanion, Recurrent Dislocatic
or Shipping Patella

H WINNETT ORR, M.D *

There are two reasons for reviewng, for
all orthopedic surgeons, the management of
congemtal distocanon of the patella (1) So
many operative procedures have contmued
m wse for example, release of the patella
on the outer side, and reefing of the capsule
on the ioner side which long ago were thown
to be inefficient but continue to be employed
as procedures for the relief of this disability
(2) In published reports of the operative care
of slippmg patefls, it 18 the exception
rather than the rule to find that ail of the
“slippmg” parts involved have been con-
trolled edequately 1n the postoperative care
so that there was a real expectatton of sound
healmg m correct anatoruc and functional
POSlt.lDIL

The protectron of the usually relaxed knee
and all of its surrouncing structures aganst
stretching and strain after operation and
when weight-beanng on the imb 15 resumed,
1s important not only for the prevention of
the motion and the irntation that sometimes
lead to postoperatrve wound infection but
also to secure sound healing with all the
parts m the relationshup that will cure the
disabulity and give “maximum benefit” for
function. A proper appreciation of all this
demands what Sir Robert Jones called “the
orthopaedic conscience ” For such care the

*Liacoln, Neb

compression bandage, or even compres
by an elastic knee “stocking 1S
wedequate  Thus 15 2 matter of specral
portance m those cases 1 which effu.
present. When there 1s fluid 1n the knee
the operation, aspiration, m addition to g
immobilization, 1s almost always

The obvicas requirements of tr=atm
cases of shppmg patella, or recurrent
cation, have been the replacement of
quadriceps tendon and 1ts bony cc
between the femoral condyles at the o
level, the restoration of quadniceps 1
and the prevention of @ return of the
formity These indications have been
usually only in part, by physiologic 1
cxercises and massage by such an 1
as Thomas percussion of the femoral
dyle to cause a hypertrophy of the
margin of the tendon groove by m
devices such as pads or sphints or by surp:
operation  Usually the last has been
shifing about of the patella and the
parts or the reconstruction of the
mechanism of flexion and extension of
leg by the rearrangement of the .u
at the front of the knee It 1s to the !
technical procedures that we shall direct
partcular attention

It 15 of mterest 1n thus connection, to
that carly Amencan surgeons made
cant contributions toward straightening
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tabilizing deformed knees Some years ago
1t a mecting of the American Medical Asso-
1atton 1n Philadelphia the Mayor not a sur
reon in his address of welcome mentioned
ones Physick Dorsey, Mutter Barton
tbson and others whose osteotomies and
other corrections of deforrity were  firsts”
n laying the foundations of orthopedic sur
gery both at home and abroad
That these men got training and inspira-
tion from John Hunter the Bells, Cooper
Velpeau Bichat, Larrey and Dupuytren does
not detract from their achievemnents and the
influence of their teachers at the Umiversity
of Pennsylvania, and thetr courage as pio-
necr surgeons immediately after the Amerd
can Revolution
Most of the surgical expedients proposed
to retain the patella between the femoral
condyles have been based upon using the
soft tissues i the nerghborhood either to pull
the patella inward or to transfer bands of
tissue to the outer side to prevent the patella
from following its tendency toward outward
displacement. None of these has been more
than partially successful, yet they have con
tnued to be employed. Now better and
sounder technics have been proposed and
will be described
Barton,! 10 the 1830s and Gibson and
Buck 3 m the 1840s gave us some useful
suggestions by therr use of arthroplasty and
osteotomy to relieve deformuty and to sta
bilize lower extremuties in good position One
mught do well 1n many cases of knee opera
tion, to follow their rules especially those
of Mutter 1n the selection of patients for the
treatment of fractures and the aftercare of
thus class of pantents
Pearson a Bntish surgeon,! employed 2
very good, carly “knee cage” brace to hold
a shipping patella in correct posiion How
cver like its sucoessors 1t probably was not
a great success  Some of the early operators
who employed mncision along the outer side
of the patella and “reefing” along the mner
side were Canton 8 Roux  (see Goldthwait)
and Appe!l 7 The last had « >llected 30 cases
from the Literature

Willham Anderson® reported the treatment
of a fractured patella by a technic not utl
lized as 1t should have been by others until
a long time afterward He transfixed the
upper and the lower parts of the fractured
bone with long pins then brought the frag
ments into correct relationshup and fastened
the pms at one end m a cork and at the
other ends by wires so that all the parts
were controlled 1n correct posiion This was
as good a method of pin fixation as any—
except plaster of Pans—and much better
than sutures wires or even the Malgaigne
clamps

Pollard® released the patella on the outer
side and reefed the capsule op the inner
side  When this failed, he persevered with
an osteotomy of the femur to get a better
Iine for the knee later he deepened the
groove for the quadnceps and resutured the
capsule on the mner side, pulling the patella
inward once more Finally he got a satis-
factory result J S McLaren' followed a
similar program using silk sutures for the
mternal capsule at the last operation after
4 years he got some improvement tn the
knee and the mb

In the meantime some more courageous
operators J W Perkans,!! Goldthwait 17 and
Krogus!? introduced operative suggestions
that have led to the more successful technics
and results of the present time Perkins
(1893) had o patient with a dislocation of
the patella of 6 years standing He trans
planted a long and fairly wide stnip of the
internal capsule and the tendon over the re
mainder of the tendon and the patella and
to the outer side of the front of the knee In
this way he carned the patella with its ten-
don through the open knee jount to the 1nner
side By suturing these structures in ther
new position he closed the joint with a very
strong correction of the dislocation  He said
that he obtammed a good resolt. Hauser m
his paper in 1938 gave Perkins somewhat
less than cpough credrt by refernng to this
operation as “an attempt to free the patella
and hold it 1n medial displacement.”



In 1900 Goldthwaj operaty
tient, doing transference of a portoq of
quadneeps tendon acrgg, from the outer
fo the inper side fn ope knee
transferenee of the
quadriceps altachmeny o,
ldthwaic B0l 2 better Tesult wy
don transference

Krogius eally followeg Perluns jn his
“Mployment of a band whe he car
nied oper from ¢he nner to the
of the Patella by Without Caterip

He s

e,
were nog taken ndvamagc of as prom
roughly ag they shoutq have p
A H Edwargy 17 for “ex

Operation of 25
Plantaygy mward of
Juadncepy 14
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correct alignment and to obtain the tension
upon the quadriceps tendon exactly mght
for the stabilization of the kmee jomt and
the range of motion of the knee He added
a reef in the internal lateral capsule to assist
in correcting the valgus that is present so
often,

Regardmg this operation of 15 years ago,
Dr Hauser has just sent me the followmg
supplementary comments  The quadriceps
tendon, the patella and the patellar ligament
arc all brought to the mud-line thus re
establishing the normal pull of the quadn
ceps muscle from ats origin to 1ts nsertron
The new imnsertion of the patellar higament
1s lower than the onginal bnnging about
normal tension and increased strength to the
quadriceps muscle

“The countertransplant of the bone block
1s readily executed and gives an immediate
firm attachment The procedure is relatively
stmple and logical and has been successful.
Dr Hauser makes this observation

“I feel that the Soutter igament operation
1s more complicated than need be Also 1t
15 not complete enough 1n that 1t does not
presuppose & complete transplant of the
quadriceps tendon and thus does not assure
that the force exerted at the upper margin
of the patella, where the greatest force is
exerted 1n weight beanng when the knee 1s
flexed would be 1n the nght direction ”

Steindler 2! 1n his second book on Opera-
tive Orthopedics commended the Krogius
operation but for his own work added the
moving of the tibial tubercle with its quadrd
ceps attachment He said that Horwitz had
failed 1n 2 cases (of 20) because of made
quate postoperative physiotherapy (There
might have been insufficient support for the
weak knee after the operation Ses my 1e
marks elsewhere on that pomnt ) (HW O )

Willis Campbell 2 who borrowed the title
of his book from Stemndler’s first editton e
views with approbation the operations of
Ober (which resembled the Goldthwait ten-
don transference operation) Krogus and
Goldthwait s tibial tubercle transfer He also

endorsed the Hauser bone block transference
of the quadnceps sttachment to the mner
stde of the tibia. Campbell went om, as so
many wnters do to recommend the Gallie
procedure (resemblmg Soutter’s), clevation
of the outer rim of the 1ntercondylar groove
(with which he credited Brackett, who did
the operation two years before Albee) and
Albee s own bone graft procedure This fault
of suggesting s0 many procedures, some of
which must be combined with others for a
good result, makes for a difficult choice by
any except the most expenienced surgeons
Campbell, with his own large expenence and
good judgment, was definite upon one mat
ter he employed plaster-of Paris casts good
splints and adequate after-care to obtamn real
“end results” 1n these cases

To recapstulate usunlly too little attentton
has been paid to mmmizing damage dunng
and after operation even by surgeons who
are supposed to have an “orthopedic con
scence  Injudicious manipulations or mct-
slons sometimes contribute to disability in
stead of repair

The old injunction to do the paunent no
harm” should be borne mn mind, especaally
at the operating table After-care is 1if any
thing even more important Valgus knees
backward displacement of the tibia on the
femur and undue stretching of the quadri
ceps tendon and the knee Ligaments are all
factors that have been neglected n the sur
gery of recurnng dislocation of the patella
It always should be borne 1n mmd that re
placement of the patella 1n correct position
1s only one of the items in a reconstruction
of the anatomy and the physiology of the
affected knee joint

I cannot close without reminding some
of you that in our own work I have not
hesitated to employ pm fixatlon through both
tibia and femur and 1n plaster-of Pans
casts until healing 1s well established. The
patient 15 certainly safer and more comfort
able with this kind of immobilization

For several years past, Dr Fritz Teal and
our other associates have performed patel
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Ruptures of the Rotator Cuft

JuLrus S NEVIASER, M.D *

Although the entity “Ruptures of the
Rotator Cuff ” has gamned widespread ac
ceptance sunee the publication of Codman s
text, The Shoulder the diagnosis and the
management remain beclouded with the aurn
of confusion, half truths and musunderstand
g In order to dingnose and treat this ennty
correctly one must have a complete knowl-
edge of the anatomy the physiology and the
pathology of the musculotendinous cuff The
cuff consists essentially of the tendons of the
supraspinatus the infraspinatus the teres
munor and the subscapulans which fuse with
the articular capsule of the shoulder joint,
forming a o us envelope g
head of the humerus The first three tendons
insert 1n therr respective facets on the greater
tuberosity and the latter tendon on the lesser
tuberosity of the humerus

It must be borne w mnd that although
the supraspinatus 15 most prone to be
volved in a rupture 1t 1s quite possible to
have a severe mjury of this tendon wrthout
significant imparrment of total shoulder func
tion Formerly the erroneous concept was
prevalent that derangement of supraspinatus
function matenally impaired shoulder activ
ity specifically mitinting and mantaining ab-
duction The fallacy in this concept may be
demonstrated dramatcally by abolishing the
protective pain reflex by the Injection of a
local anesthetic agent and observe the pa
tient performung the act of abduction and
mamntaiung this abduction without difficulty

Washington, D C

The pnmary function of the supraspatus 15
fixation of the humeral head in the glenoid.
However, if this tendon 15 ruptured, the
deltoid may elevate the humerus Thus s
accompanied by some motion of the scapula
and a disturbance In the normal gleno-
humeral rhythm  If this 18 remembered, plus
understanding that abduction can also be
gawned by the remaimng Mmtact cuff clements
by humeral rotaton, the drognous and the
treatment of these lesions assume 2 simple
and logical pattern,

Ruptures of onc or more components of
the rotator cuff asually occur in one of thres
ways

1 There may be a rupture followng a
history of injury without a dulocation or a
fracture

2 A rupture may occur following 2 dislo-
cation of the shoulder

3 Rupture of the rotator cuff may follow
a dislocatton of the shoulder with a fracture
of the greater tuberosity of the humerus

RUPTURE OF THE ROTATOR CUFF
WITHOUT DISLOCATION OR
FRACTURE

This lesion usually occurs through degen-
erated tendon nssue. Therefore it most fre
quently occurs mot carlier than the fourth
or fifth decade of hfe Whether the rupture
of the supraspmatus tendon i partial or
complete, 1t always will occur at the so-
called “critlcal area” near the msertion of
the tendon nto the bony tuberosity of the
humerus (Fig. 1) This so-called “eriucal
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Fia. 3

Incomplete avulslon fracture
of the greater tubcrosmity which may be
assoclated with a partial rupture of the
supraspuiatus tendon.

or more the likelthood 1s that the patient
has a small tear and requires conservative
treatment rather than surgery Injection of
procaine mto the suspected area of injury
removes the protective muscle spasm and
pamn and enables the patrent to abduct the
arm 1f there are only minor tears A com
plete 1nability to 1nitiate or maintain abdoc
ton wn any of the humeral arcs usually
indicates a massive cuff tear involving all of
the cuff msertion Ten cc. of 1 per cent
procane is generally sufficient for a test. If
the procame injection does not allow the
patient to abduct his arm to at least 950°
or if he has difficulty mmntaining abduction
agninst resistance then arthrography may be
performed. From 6 to 8 cc of radiopaque
matenal 13 1ected under fluoroscopic con

There is an occasional lesion n which we
find a partial tear mvolving the deep layer
of cufl fibers near thewr greater tuberosty
msertion with incomplete avolston of the
tubcrosity These cases present the same
physical findings os the mcomplete ruptures,
but the roeatgenograms will show the -
complete tubcrosity fracture (Fig 3) They
respond quite well to conservative treatment.

In the treatment of partial ruptures we can
antclpate a very satisfactory result in most
nstances by conservative means Tho xmall
or Incomplete tears may heal, or the short
rotator muscles of the shoulder may com-
pensate for the loss of action of the mjured
tendon by a change of the rotation are. A
sing may be all that 15 needed durning the
acute pamnful stages. Graduated exercues
aro then ollowed, and most paticnts will re
gain therr full range of motion in a period
rangmg from 3 to 6 weeks When one
convinced that the patient has a compicte
tear as determined by chinical exanunation
as well as by procaine injection and arthrog-
raphy then surgery can be done to approx+
mate the edges of the torn tendan cuff
There may be times when ane is in doubt
as to whether or not surgery is indicated,
and a wait of 10 days or 2 weeks will not
jeopardize the ultimate result. By this tims
the reaction from mjury and the pamn will
have subsided so that one can better cvalu-
ato the extent of the patient’s infury If
the patent still cannot ebduct the arm fo
90 after this period and if secondary
changes appear such as atrophy of the in-
fraspmatus and the sopraspinatus muscles,
making the scapula spino prominent, then
ono is justified in exploring these cases In
operating upon theso patients 1 prefer tho
transacromial approach as advocated by
McLaughlin  When the lesion has beea ex
posed all sutunng should be done to restoro
normal fc poution of the structures

trol at the anterior portion of the should

jomt. The injection 13 made sbout 1 inch
below the acromuoclavicolar jomt. If the
fluid runs out immed:ately into the subdel
towd bursa, one may assume that the patent
has a substantial tear and that surgery 1s
indicated.

bat without any tension. Reinsertlon of the
retracted portion of the musculotendious
cuff into the humeral head 15 dooe at what
ever point it will reach without tenson and
also with the arm at the side In some cascs
aft:rc.xpomreon:mayhnvedlﬁic\ﬂtyh
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locating the site of pathology Thus i3 par
ticularly true of mcomplete ruptures or par
tnl tears through the cuff.

There are some valugble pomts which
will be helpfal in locating these lesions at
the operating table Normeily when the armmn
is abducted the cuff slides under the coraco-
acromial arch of the shoulder smoothly with
hardly any wrinkle on the tendon surface
Howsver at the site of tear the tendon may
become clevated into a blister just before
it passes under the edge of the acromion.
One can confirm the presence of this teac
also by passing the fiat surface of an instru
ment laterally toward the tuberosity along
the tendon surface  If thuis buckles, then this
ks the site of cuff tear (Fig 4) When the
tear has been located then 1t can be repaired
in the usual manner In massive ruptures of
the shoulder the cufl may be turned in be-
tacen the bead of the humerus and the
glenold (Fig. 5) I s0 an aitempt should
be made to repair this lesion withoat tension
even if it is necessary to fix part of the cuff
cdges nto the supenor sarface of the head
(Fig. 6) However if the cuff 1s gready re

Fiw. 5 Mauive ruptures may show
complete scparation of the entire cuff,
which may be turned in between the
glenoid and the humeral head

Fra. 6 Reinsertion of the retracted
cufl as far medially as » necessary to
secure flxation without tension

tracted and the sutures seem to be under
tension, then a primary fusion of the shoul-
der jownt 15 possibly the best method of rc
par My own experiencs bos shown ot
these massive ruptures with marked scpara
tion and retraction of the cuff do not do
well by opemative repair  The sutures tend
to pull out when motwon Is allowed. Then
agun, 1t must be remembered that massive
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Fio 7 Note :fuward riding of hu
meral head, following reductlon of dis-
location

ruptures oceur in the older age group where
soft tissues are degenerated and the bone 15
DﬂCKJPOI'OUC

RUPTURES OF THE ROTATOR CUFF
FOLLOWING A DISLOCATION
OF THE SHOULDER

This 15 o common injury The torn cuff
may be the only disabling factor following
such an injury One can casily understand
why this 13 so When the head of the hu
merus is pulled out of pesitton without any
damage to the greater tuberosity one must
suspect a tear of the musculotendmous cuff
After reduction of the dislocation and m
mobilization of the arm the patient can best
be tested after an imterval of 10 days or 2
weeks  If be does not show any evidence
of abduction after the acute phase has sub-
sided then operanve repair 15 indicated
Roentgen examination is most important 1n
the diagnosis of ruptures assocated with dis-
locations or fractures Inasmuch as massive
ruptures are likely to occur 1n this type of
injury roentgenograms may show such a
lesion following a reduction by the upward
nding of the humeral head (Fig, 7) This
1s dus to lack of support of the overlying
structures as the tear has extended through

> &

Fic 8 Dhlocation with fractured tuber
osity fragment opposite the glenold.

the full thickness of the tendon and the pount
capsule and possibly the floor of the bursa.
Then again, with the patient standing, a sub-
luxation of the head of the humerus may be
demonstrated by roentgenograms taken with
the arm hanging or holding a heavy wesght.
An attempt should be made to repair this
type of lesion without tension and 1if this
is not possible a fusion of the shoulder joint
would be indicated.

There are certain mstances of duslocatrons
when after redaction a persistent sabluxation
of the humerul head may occur end if this
is so It generally indicates a large cufl tear
Thus 15 usually seen 1n clderly people where
tho degenerative changes ars most pro-
nounced. If such Is the case and the patient
has a very deftuite disability as determined
by the tests previously descmibed, then op-
crative repur i m order

RUPTURES OF THE ROTATOR CUFF
FOLLOWING A DISLOCATION OF
THE SHOULDER AND FRACTURE
OF THE GREATER TUBEROSITY
Duslocation of the shoulder wath a frac-

ture of the greater tubcrosity nearly always

15 accompsmed by a ton cuf  Although

this may be our most frequent njury 30 far

as cuff tears are concerned many such tears
do not require tive repair  However
some may multoﬂnom dusability if they
are not managed properdy The rocntgen
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Fio. 9 Dhilocation with tuberosity
fragment retracted up under the acro-
mson

films give us an 1dea of what we are dealmg
with nght from the beginnmg. If the greater
tubcromty fragment remmwns m its normal
positon opposite the glenoid (Fig. 8) one
usuelly has a tear of the aponeuross be
tween the lesser and the greater tuberosity
allowing the humeral head to duslocate Usu
ally thus dislocation is introcapsular When
the dislocation 1s reduced the edges of the
longitudinal tear generally heal well with
good function Fortunately this is the most
common occurrence {n fracture duslocations
of the shoulder If the tuberosity fragment
should be retracted up under the acromion
(Fig 9) then ono must presume a large
and extensive tear exists. In additon, the
tuberosity fragment under the acromion acts
as a wedge between the humerus and the
acromion blocking glenohumeral motion.
Early operative repair should be done
through the transacrormal approach, and
restoration of the tuberosity fragment to the
shaft of the humerus can be mantuned by
sutures or screws. I prefer the screw as
this allows the pauent to start early motion
resuling in a shorter postoperative period
of disability 1f the tuberosity fragment ac

Fia 10 Dislocation with the tuber
onty fragment following the humeral
head

companses the humeras (Fig 10) it should
make onc very suspicious of a cuff tear
After reduction the patient should be
watched closely and »f there is no retum of
abduction power after 10 days or 2 weeks
then surgery is indicated for repair of the
cufl tear

RUPTURES OF THE BICEPS TENDON

The long tendon of the biceps at its mtra-
articular portion is mtimately connected to
the musculotendmous cuff of the shoulder
Becauss degenerative changes also take place
m this tendon 1t 13 easy to understand why
it 13 possible to bave a rupture of the biceps
tendon at this area. Also one may have a
rupture of the biceps tendon assomated with
a rupture of the rotator cuff of the shoulder
Then agein, a mamave tear involving the
rotator cuff with retraction of the tendon of
the subscapulans medially and the external
rotators laterally may cause the tendon of
the biceps to be displaced antenorly over
the lesser tuberosity  Inspection of the bicip-
ttal groove wll reveal the tendinous tunnel
to be empty Climcally the diagnosis of o
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Fro 11 R
tendon by
of the brclpral groove

of ruptured brceps
on in the upper portion

rupture of the biceps s relatively casy In
addibon to the previously meanoned signs

Afterward, the ruptured cuff can be re
pared (Fig 11)

SUMMARY

The vanous types of rotatar cuff mjuries
of tho shoulder have been reviewed. The
diagnosis and the treatment as presented
shonld be regarded as a logical sequence
to an understanding of the fundamentals of
anatomy and phyxlology of the stractures
about the musculotendinous cuff Conserva
tive treatment suffices in most cases bow-
ever, surgical repair of the cuff Is indicated
m those few instances that present a definite
disability after the inital traumatic reaction
has subuded, which usually 1s from 10 to
14 days after injury
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Injuries of the Ligamentous and Associated
Structures about the Hip Jomt

T H. VINEE, M.D * AND
F M DEUSCHLE}

This paper 1 wnitten with the purpese of
bringing together several of the cimcal en
tittes mvolved 1n injunes to the hip jomt.
Since injury to the hp jont produces
changes m the anatomy m and about the
pmt,wcfcelthaimuahumbcgnmcdfmm
a critical review of the anatomy of the jomt
and the surronnding structures as well as a
presentation of several new mterpretatons
of these structures m the light of function
m health and mjury  Much of the following
matenal amounts to a review but severnl
new concepts are considered sufficiently 1m
portant to be incorpornted mto the broad
thens of this presentation.

ANATOMY OF THE HIP JOINT

The hip joint 18 a ball and-socket jomnt
composed of the head of the femuor and the
acctabulum of the hup bone  The rim of the
acetabulum I8 completed by the transverse
acetabular hgament, and the fossa is deep-
ened by the glenoid labrum  Umion is main-
tained by a capsular ligameat which 1s rein-
forced by the schiofemoral the pubofemornl
and the ibiofemoral hgaments

The transverse acetabular hgament bndges
the acetabular notch and creates the acetab-

Asmshtant Climcal Professor of Orthopedic
Surgery Collepe of Medsane, Unnernty of Cin-

t Asshuant Profasor lied Anatomy College
of Medicine, Universaty :f%lndmﬂ. Y

ular foramen for nerves and blood vessels
entenng the jomt

The Lps of the glenoid labrum slope so
that the mouth of the acetabulum is mar-
rowed to gnp the head of the femur more
securely
In front of the joint the capsular higament
15 especaally strong. It 1s attached behind
and above to the transverse ligament and
below and in front to the labrum. Tbe
femoral attachments are to the trochanteric
Lins in front, the upper and the lower sur-
faces of the neck near the trochanter and to
the neck behmd, % iwnch from the mter-
trochantenc crest. Longitudinal and carcular
fibers arc present 1n the capsule The circu
Lar fibers encircle the neck of the femur to
form a collar—zona orbicularis The circu
lar fibers are the deeper fibers except at the
back of the neck of the femur where they
appear superficially The stronger and more
numerous fibers are longitudinal and are
maost numerous at the surface of the capsulo
where they are collected into the named
Hgaments Some of these fibers at the
femoral attachment are reflected onto the
neck of the femur as the retnacula, which
are frequently strong enough especially 1n
the young, to prevent displacement of the
neck of the femur when fractured.

The 1hofemoral, the ischiofemoral and the
pubofemoral Ligaments are divisions of the
sheet of the superficial longitudinal fibers.
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The lofemoral {s m front of the capsule,
appeanng as an inverted Y” because the
part between the limbs 1 thinner than the
sides  The apex of tho hgament 13 attached
to the antenor infenor ibac spine and the
base to the trochanteric line The apical at
tachment is especially strong, and frequentty
the hgament resusts teanng so well that the
antero-infenor spine of the thum 1s fractured.
The pubofemoral and the ischiofemornl
hgaments pass obliquely from the pubic and
1schial acetabular nms to the femoral &t
tachments, minghng with the cireutar fibers
of the capsule
The hgamentum teres 13 attached at 1ts
apex to the fovea capitis of the femur and at
its base by three bands one to the trans-
verse acetabular higament and a second and
2 thurd 1o the pubi and the ischinl marging
of the acetabular notch respectively
The cawity of the jomnt Is lined by a syno-
vial membrane It covers the two surfaces
of the labrum and continues over the acetab-
ular fat body and the hgamentum teres en
closing its neck 1n 2 sheath, It is reflected
from the femoral attachment onto the neck
up to the articular margm of the head. The
sheath of synovial membrane on the neck is
rased mto folds the retinacula, by blood
vessels runming to tho head Teanng of these
in fracture of the neck dumnushes the blood
supply to the head. Sometimes a bursa un-
der the psoas may communicate with tho
joint cavity through an opeaing between the
iliofemoral and the pubofemoral ligaments
The blood supply to the hip joint must be
divided 1nto two sets vessels munnng to the
capsule and others to the head The capsule
is supplied constantly by the superior gluteal
the inferior gluteal, the medial and the lat
eral fernoral circumflex artenes and not m-
frequently by the deep femoral artery and
the capsular branches of the internal puden-
dal artery The acetabular artery supplics
the transvenso ligament, adjowning parts of
the capsule and part of the acetabulum. Sup-
plemental blood supply of the acetabulum 18
guned from the gluteals and tho obturator
Recently Weathersby! reported that the fo-

veal artery to the ligamentum teres came
from the obturator 1 54 of 104 hips from
stillborn nfants from the medinl crreumfiex
femoral 1n 14 and from both arteres in 6
speamens  In 30 other hips the artenes
jowned before the angin of the acetabular
branch.

The medial and the lateral creumflex
femoral give the branches to the head of the
femur found in the retinacula. In 20 of 49
femora of the Weathersby seres the foveal
artery penctrated the bead. There was anas-
tomosis between the capital and the foveal
artenies 1 only 3 Tlus 1s comustent with
the findings of Wolcott® and others® and
supplements theur work,

The merves to the hup jomt are derived
from the nerves to the rectus femoris the
anterior diviston of the obturator (sometimes
the postenior too) and the merve to the
quadratus femons It 1s to be noted that the
obturator and the femoral perves wnervate
both the lup and the knee jounts and also
that the nerve to the quadratus femons Is
conpected to 3 (4 5 L I S)ofthe 5
spunal perves forming the sclatic (4 5 L.,
1 2 3 S) which mnervates the koee jount
mdirectly Thus, pain referred from one joint
to the other 1s explained.

RELATIONS OF THE HIP JOINT

The gluteus munimus covers the superior
surface of the capsule Infemory the ob-
turator externus approxunates the lower sur
face of the capsule and a portion of the back
of the neck of the femur beyond the capsole
After the medil circumflex femoral artery
has passed between the pectincus and the
psoas, it lies below the jout, then ascends
along the obturator externus to its insertion
The 1nsertion of the Hiopsoas teadon 15 be-
low the lower part of the capsule of the faint.

Three muscles Lo antenior to the capsule
From medial to lateral, thcs:hmmuida su:
the tincus, the and the cus
few %:cn of the mgcﬁsm mserted into the
capsule A bursa separutes the psoas from
the ca Lateral to the iliacus s the
rectus femons. Its straight head covers the
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upper end of the ibofemoral lignment, while
1ts reflected head 1s attached to the capsule
beneath the gluteus minimus The ihofem
oral ignment at its distal laternl attachment
of the femur Lies between the rectus femons
and the gluteus mimmus, which are covered
by the tensor fasciac latae and scparated
from 1t by fatty connective tissue contaming
the ascendmg branches of the lateral femoral
arcumflex artery The deep edge of the ten-
sor fascia latae 1s attached to the capsule

Postenorly from above downward, are
the pinformus, the obturator mnternus and
the gemelli and the upper edge of the quad
ratus femons The nerve and the vessels to
the latter muscle descend between the com
bined obturetor internus and gemell and the
bone and then between the quadratus fem
ons and the capsule

MOVEMENTS OF THE HIP JOINT

Flexion 13 produced by the rectus fem
ors the sartorus the pectincus the obtu
rator externus, the adductor longus and
brevis the iliopsoas the pubic part of the
adductor magnus and the upper anterior
portion of the glutcus medius and munimus
Flexion 1s wnhibited by contact of the neck
of the femur with the acetabular margin, by
contact of the thigh and the abdomen when
the knee 15 flexed and by the hamstnings
when the knee 15 extended.

Extenmon is produced by the gluteus
maxumus, the hamstrings and the 1schual por
tion of the adductor magnus. Extension is
limited by the iliofemoral ligament.

Abduction is brought about by the glu-
teus medius and mimimus, the upper antenor
fibers of the glutcus maximus, the tensor
fascine Intae and the sartonus and 1n flexon
by the pinformus and the obturator in

the lateral part of the flofemoral bigament
Limits adduction,

Lateral Rotation is obtained by the glu-
teus maxumus, both obturators postenor
fibers of the glutcus medius and mmimus,
both gemells the piriformis, the quadratus
femons, the sartonus, the pectincus, the ad
ductor longus, brevis and magnos and, 1n
flexion, the psoas

Medial Rotation 15 gained by the ante-
nior parts of the gluteus medius and munmus
and the tensor fasciae latac and, dunng flex
1on by the ihopsoas

Greatest lanty of the jomt occurs when
the joint 1s flexed, adducted and rotated
slightly medially This 1s the postion fre
quently taken by the joint when effuston mto
the jomnt occurs

DEVELOPMENT OF THE HIP JOINT
In the fetus of the eighth week the thres
cartilaginous elements—ilum, schium and
pubss—mect at the Y acetabular suture The
pubic element 15 the last to chondnfy In
the mnth week a synovial cavity appears,
cartilagenous outgrowths occur from all
three of the above elements especaally the
iliac, and a head is separated from the shaft
of the femur by the development of a neck.
The synovial lining of the jomnt results from
an wgrowth of cells from the periphery into
tho blasterna between the head of the femur
and the hup bone The intra articular hga
ment, the ligamentum teres appears m the
fetus 1 the capsule of the jomt. The 1sola
ton of the higamentum teres 1n the jount
results from a development of the head
expanding as a wing on each mide of the
Ligamentum teres the fusion of which sepa
rates the ligament from the capsule, The

ternus  The pubofemoral hg Limits
abduction.

Adduction is accomplished by the adduc
tors, the pectineus, the gracilis, the quad-
ratus femons and the infenor portion of the
gluteus maxumus  Adduction 1 Limuted by
the ischiofemoral ligament and by contact
with the other thigh. If the hup is flexed,

reflected part of the lig; on the inferior
surtaceoflhom:ckuthcpanofthcmp—
sule with which the ligamentum teres 1s
continuous

Congenital dislocation of the hip may re
sult from arrest of development of the ace
tabular elements of the illum the ischium
and the pubis
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The lup jownt Is complete carly in the
third month,

CLINICAL ASPECTS

The hup jowt apparently 1s not wnvolved
in sertous lhgamentous difficulties as fre-
quently as are joints such as the knee and
the ankle The study of these hgamentous
structures may aid i understanding certain
phases of hip pathology and its treatment.
Much has been wntten about fractures 1n
volving the neck of the femur, as well as
prosthetic  applhances and reconstructive
procedures

It may bo assumed that the lup 1s not
wvolved frequently 1n sprams and ruptures
of 13 vanous ligaments However the fact
1 that frequently the hgamentous structures
about the lup joint are myured We have all
scen many cases of children who have de
veloped a hmp of unknown ongm. We are
pressed as to what 1s the cause of such a
limp The laboratory findings, ncluding
blood counts sedimentation rates, roemt
genograms, ctc  all may be negative There
18 no evidence of infection or allergic mani-
festahon In many of such cases by close
questioning we find that the child has placed
unusual stramn on his hup eather by acadent
or by some strenuous athletic or acrobatic
pursuit. On exammation, we find a few
tender arcas and certain mobons producing
or aggravating pamn  Such cases m the
younger sge groups are relleved of symp-
toms by restncted activities for a few days
and someumes a few wecks. Older patients
may require crutches or a longer penod of
resticted activity as far as the hip joint 1
concerned.  These struns usually are pro-
duced aither by wide abducton or by wide
sdduction in wnde abduction the pubofem-
oral igament 15 strained and 1 wide adduc
non the Ischiofemoral ligament 1s stramed

(Figs 1 and 2) Consequently the symp-
toms should be aggravated by the moton
which produces the strain. Marked flexion
does not produce strain, sioce it is mhibrted
by the contact of the neck of the femur with
the acetabular margin and by the contact of

the thigh agmnst the anterlor abdominal
wall However by vialent extension or exer
cuso the iliofemoral igament can be strained.

The hip jomnt 13 a weight-beanng jomt
and 1t 13 controlled by some of the strongest
ligaments 1n the body Dislocation of the hip
joint 18 quite rare because the hip joint
held firmly in the acetabulum. The motion
of the hup jownt 15 umiversal because of 1ts
ball-and-socket arrangement. Sprains are
less common i this joint because of this
architectoral design, associated with strong
Ligamentous structures. A duslocation of thrs
joint produces extensive soft issne damage
The ligamentous structures are ruptured, and
the synovial membrane 1s torn badly Occa-
sionally it 15 associated with fractures of the
scetabulum and damage to the head of the
femur The extent of damage 15 at tumes
difficult to determine Of course 1w exten-
sive soft tissue damage, thers is interference
with the blood supply and subsequent asephic
necrons of the head of the femur Prolonged
periods of no wetght-beanng and restricted
activity become quite necessary for other
than prompt reduction there is very lttle clse
one can do to prevent an aseplic pecross.

In dulocstions the medial circumflex ar
tery 15 compressed easily aganst the tendoa
of the obturator externus by the head of the
femur This is especially true 1o a high dis-
location, ie., o dislocation sbove the obto~
rator externus It 18 obviously important that
this compression against the medial circum-
flex artery be released a3 soon as posuble 10
order to re-establish the blood supply

The usual mechamsm of the traumatic
dislocation of the hup is the resultf of a strong
farce exerted against the knee when the hip
and the ¥nee are flexed. This occurs fre-
quently in automabile accrdents when the lup
jomt 15 flexed and adducted, for the sur
rounding hgaments arc lax and then the
head of the femur can be dislocated with
case over the or nm of the acetabi-
Inm By far the greatest number of disloca-
tions of the hip are posterior while antenor
obtrator and ceatral dislocations are also
possible. In a posterior dislocation of the
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QObturator

internus bursa

Fio 1 Attenton is called to the relanon of the ischiofemoral ligament 1n the cap-
sule. This relation thows why this n taut in adduction. We polnt out the structure of
the bursa between the tendon of the obturator mternus and the {schial tuberoaty  Sunce
this 13 an unique cartilage-tendon joint unrecognized pathologic changes resulting from
Injury to the obturator internus tendon should be considered in diagnosis and treatment.

Arhcular branch

Obtyrator nerve

Obturator nerve
P(/‘ (post. division)

Fi6. 2. Observe the relationship of the obturator perve, both an

ternior and
tenor divksions, 1o the obturator externus muscle. por
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hip the mvolved extrermty 1s held i inter-
nal rotaton and adduction combined with
moderate flexion, and there is obvious short
enng of the involved lower extremuty The
greater trochanter appears to be quite promi-
nent. With the patient recumbent, the knee
15 rotated inwardly and fexed The foot 1s
mverted, and the heel often rests on the
dorsum of the opposite foot. The head of
the femur can be felt indisunctly 1 its poste
nor position through the gluteal muscles,
while the trochanter lies anteriorly and above
Nelaton s ine  According to Steindler ¢ pos-
tenor dislocation of the hup is held m a
posiuon of nward rotation and adduction,
which 1s the result of the fulerum action of
the thofemoral hgament which winds jtself
around the neck of the femur 1 such a way
as t0 ard 1n bolding the femur 1 internal
rotation,

The antenior duslocation 13 more infre
quent, and 1n such & dislocation the lsverage
action occurs at the greater trochanter and
at the posterior aspect of the neck of the
femur The head of the femur s forced
agamst the im of the acetabulum, the latter
acting as a fulcrum over which the head is
brought gut through a rent in the antedor
and 1mmer portion of the capsule In an ante
rior dislocation the head of the femur is
heid 1n outward rotation. If the head is ro-
tated inward from this posstion, lever action
at the fulcrum of the greater trochanter will
lead it downward toward the obturator fora
men. If jnward rotation should continue
around the acetabulum, a postenior disloca
tion could be produced The rents and the
tears m the capsule of the hup jolnt appar
eotly heal qute rapidly hence Lttle stram
15 placed on them once the dslocation is
reduced. In the anterior obturator disloca-
uons, the extremity 13 held n external rota
tion and abduction, the knee being flexed
The shortemung 15 not very apparent. Some-
times there may be slight lengthemung. The
head may be wm the obturator foramen. The
external rotation and eversion of the foot are

s marked, while the abduction 1s in-

reased. When the head lies 1n the higher

pubic position, there 15 less abduction b
more oxternal rotaton. In both cases, the
1s moderate flexion of the hip as well, It
umpossible to extend or adduct the limb .
the high position the head cen be felt
front of the pubrs, but when 1t is in 4
obturator foramen, 1t 15 difficult to locat
The greater trochanter is ebscat from 1
usual position, bemg displaced 1ward, an
a depression remans instead. Occasionalt
there 1s pain and numbness m the distnb
tion of the femoral nerve when the head ¢
the femar is in the obturator foramen bx
cause the femoral nerve Is compressed b
tween the taut ilizcus and psoas muscles.
The decsions for deflmtive treatment ¢
such infuries about the hip must be base
on several factors (1) the general conditon
of the patent, (2) ana,ppmxaloft.hein
Jured hup and (3) thorough knowledge o
the 1nvolved anatomy Roeatgenogrars al
ways should be taken to determine whethe
or not a fracture or a dulocation is present
In many cases a fracture dislocation occuss
the nm of the acetabulum being fractured
This injury usually 15 accompamied by cof
siderable shock. The amount of soft-trssix
damage that 1s present will influence the rats
of repur In severe dislocations and spraus
of the lup thero 15 definite soft ussue dant
age, repair of which may be delayed because
of tho lack of circulation. Restoration of
circulation can be facilitated by clevatron of
the extremity by early muscular activity and
by physwotherapy conmsting of heat and
massage  However weight-bearing should
not be permutted unul enough tume has
elapsed for complete healing of the soft th-
sues  Vanous amounts of tme for restricted
weight beaning bave been suggested  Aftes
a fracture dislocation 1t s our opton that
the patient should be immobilized in a plas-
ter hip spica cast for approximately 4 to 6
weeks. Ommadmcnpcnodofmlmow
ization of from 4 to 8 weeks After thi,
exercises should be instituted gradually and
tho patient should be on crutches without
weight beanng for another 6 weeks 10 allow
sufficient tume for healing of the ligamentous
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and the vascular structures If mcomplete
healing it suggested by pam and muscle
spasm after the 3 months bave clapsed fur-
ther restriction of werght beanng should be
carrled out. Many advise that a peniod of
6 months of po weight bearing 13 the best
treatment® However it scems reasonable
that those cases which appear to have nor-
mal function without pam can be allowed to
bear welght after 3 months have elapsed.
Immeduately after a didocation of the hip
emergency tracton should be appled with
the least possible manrpulation and with no
attempt at reduction If the general condi
tion permuts reduction under a general anes-
thesia ¢hould be doac as soon as possible
The longer the head of the femur remamns
out of the acetabulum the greater the soft
ussue damage Early reduction of the dis-
location under a complete ancsthesia and
gentle maneuvers causes less damage to the
soft tissues and circolation than when great
force or violent manipulation 1s used.

All methods of reduction begin wath flex
ion of the hip Many methods of reduction
of the up have been described. It 13 noted
that o carcumduction mancuver of the lup
and the knee would replace most hups  If
reduction of the head of the femur must be
delayed for any reason, one can apply skele
tal traction holdmg the hip and the knee
flexed at about 90° Sometimes this alone
will reduce the dislocation. The best ma
mpulative reduction for both posterior and
anterior diglocations is to flex the knee and
the hip mnto postion and rotate the lower
extreruty nto 1ts neutral position so that
the femoral head Les below the acetabulum
then, by traction the head 1s pulled or ele
vated gently into the acetabulum  Forcible
manspulation 15 very scldom necessary Open
reduction of dislocations of the hip should be
the last resort of treatment, since open re
duction increases the amount of damage to
the blood supply If there 1s a fracture of
the nm of the acetabulum such a fracture
also may be reduced at the tme of disloca
uon. If the fracture of the posterior nm of
the acetabulum is lacge enough to produce

nstability of the lup open reduction must
be done and the fractured portion held
posution with one or more screws The
number of screws depeads on the size of the
fragment of bone being replaced.

Watson Jones® has stated that aseptic ne-
crosis develops in about 30 per cent of trau
matic dislocations of the hip In uncompl-
cated cases the panent should be kept in
bed several weeks until the soft tissues of
the lup have a chance to heal. After that,
the patient should be mstructed to use
crutches for at least 3 months, and if no
abnormal roentgen findings are present and
when normal function 15 estabhished weight-
beanng may be permitted. Roentgenograms
should be taken of the hip every 2 or 3
months for at least 12 months to determine
whether or not the head 15 becoming ne-
crotic The only method we have to prevent
disability after a dislocation of the hup s to
redoce 1t immeduately and to protect the lup
from weight bearing until the blood supply
has been restored. However according to
the statisics of Vernon Thompson,” the
length of tume before full weight bearmg was
resumed 1n his cases did not significantly
affect the occurrence of aseptic necrosis he
found that the causes of this avascular ne-
cross depend upon the extent of damage
and thromboss to the blood vessels supply
ing the head of the femur

It should be mentioned that paralytic or
infectious lesions whuch cause flexion-adduc
tion contractures or spasm may give rise to
a spontaneous dslocation of the hip because
n this position the femur 13 unprotected by
the acctabulum and 1t lies almost entirely in
contact with the joint capsule

The scintle nerve may be traumanzed 1n
postenor duslocation due to stretchmg of the
nerve over the head of the femur or occa-
slonally to compreswon of the nerve in the
sciatic notch. Thus produces a paralysss of
the muscles of the posterior thigh and those
below the hnee and a wide area of anesthessa

Incomplete nerve lesions recover if the
pressure 1s relieved by immediate reduction
of the dislocanon. But 1f there has been
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considerable delay, the prognosls of recov
ery of nerve function becomes poor
Duslocations of the hip may damage the
peniosteum, the muscle attachments and the
capsule Subpencateal hematoma may occur
and subsequently undergo calcification Such
a hematoma absorbs more repidly if the hip
is reduced immediately and the penosteum
15 replaced 1n 1ts normal positon After
delayed reduction or after rough mampula
tons a greater hematoma develops and as
a result large areas of calafication or a trau
matic myositis ossificans may occur
Redislocation of the hip may occur par
ticularly if fracture of the posterior margin
of the acetabulum is present. In such cases
plaster cast immobilization for at least 6
weeks is preferable It also mught be stated
that early motion in such cases of extensive
capsular damage increases the danger of
thrombosis of the veasels and of subsequent
aseptic necrouss of the head of the femur
Dunng the period of immobilization 1 plas-
ter casts a course of muscle scting exer
ases  includmg quadnceps  exercises, 18
very valuable and should be carrled out
dunng the entire period of immobilization
At times 1t appears on rocntgenograms
that a hip dislocation has been reduced 10
the anteroposterior projection, but in reality
it shll is dislocated completely In such
cases the femornl head has been pulled
down to the kevel of the acetabulum  [here
oppears to be a fairly good position of the
hip except for the fact that Shentons linc
18 not continuous and does not form an arch
suggesting that the proper anatomic align
ment has not been restored In such cases
it is also important to nots that one is un
able to see the lesser trochanter because of
the positon of the femur in the antero-
postenor view* the Jup has been rotated -
ternally so much that the head of the femur
is behmd the scetabulum  Of course lateral
roentgenograms of the hip 1n addition to the
anteroposterior views would defimicly show
whether on not the hip has been reduced
In cases of old uareduced dislocations,
surgical intervention 1s defimtely mdicated

If the hip has been dislocated for many
weeks or months manrpulative reduction 1s
not possible Even by surgery reduction
becomes extremely difficult 1n such old cases
and 1t usually is complicated by an aseptc
necrosis of the head of the femur In poste
nor dislocations the postenor surgical ap-
proach, such as that described by Gibson, is
preferable. Usually in such cases either an
arthrodesis or a prosthesis becomes neces-
sary The cup arthroplasty as described by
Smith Petersen 18 still the choice of many
orthopedic surgeons  In antenior dulocatrons
of the hup 1n additton to the torn capsuk,
the adductor muscles and the obturator ex
ternus usually are lacerated. The Smuth-
Petenien incision 15 indicated 1 the antenor
dislocation 1if surgery 1s performed i the
posterior ditlocation, the short external ro-
tators, particularly the obturator internus
muscles are liable to injury The tendon of
the obturator internus may become inter
posed between the neck and the acetabulum
and mterfere with reduction

In alt dislocations of the lup the follow-
ng tustes are damaged or macerated and
often are associated with extensive hema
toma the synovial membrane the capsul
and the associated hgaments particularly
the ilofemoral, the wchiofemoral and the
pubofemoral and the higamentum teres The
ibofemoral lgament is so strong that 1t
rarely s ruptured completely The blood
supply of the capsule and the head of the
femur is disrupted, since the reunacula of
the synovial membrane contain blood vessels
running to the head of the femur Branches
of the following blood vessels also are in-
volved, since they supply the capsule the
superior gluteal, the mferor gluteal, the me
dial and tho lateral femoral circumflex and
often the deep femoral and capsular branciies
of the internal pudendal artery The foveal
artery 1s severed completely sunee it 13 asso-
cnted with the Lgamentum teres If the
transverse ligament is domaged the acetab-
ular artery may be involved

Nerves dertved from branches of the ante-
nor division of the obturator and the nerve
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to the quadratus femoris are damaged n
dislocations of the hip and, as poted elsc
where 10 this paper the obturator and the
femoral nerves mnervate both the knes and
the hip joints (Figs 3 4 and 5) and the
nerve to the quadratus femoris 1s connected
to 3 of the 5 spmal nerves forming the
saatic  Pamn about the knee 1n cases of hip
pathology Is produced because of this ana
tomic arrangement. Thus innervation of the
hip joint makes it difficult to obtain com
plete anesthesia of the hup jount,

We have attempted to consolidate the
anatomic and clinieal relationships of the
higamentous and associated structures about
the hip jont. Consideration hag been given
to several hip problems, such as traumatic
dislocations  We believe that higamentous
strans mvolving this joint are frequent and
upportant. Treatment deugned to prevent
aseptic necrosis has been discussed

Vastus
lateralis

Rectus femeoris
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Spramns and Ruptures of Ligaments of the
Ankle Jomt

JupsoN D WiLsoN, M.D *

A spram of the ankle 1s due to a sudden
mversion or eversion strain produced by
stepping on en uncven surface or by a fall.
The body weight 1s suddenly thrust on the
hgaments of the ankle which, at the mo-
ment, 1s unprotected by supporting muscles
and tendons surrounding the ankle jount.
With a moderate stram, the ligamentous
fibers are only stretched, or perhaps a few
of them are torn In a simple spram, the
stability of the ankle joint Is not disturbed
However if the spram 1s severe a complete
avulsion or tearmg of the hgamentous fibers
occurs and this permits undue mobility and
a temporary dislocation of the tafus This
1s particularly true when there is a complete
avulsion of the anterior and the muddle
fascicull of the lateral higament. A temporary
dislocation of the ankle jont 13
only by spectal chnical and roentgenologie
tests

SURGICAL ANATOMY

In discussing sprains and ruptures of the
ankle jomt, 1t is imperative to review bnefly
the anatomy and the physiology of this jomt.
The lower end of the tibia expands and be-
comes four sided. The medial portion ex
tends distalward, forming the medial mal
Icolus  The fateral surface presents the
fibular notch and a rough depression for the
attachment of the infenor interosscous liga
ment of the dmtal ubiofibular jomnt. The

Columbas, Ohio.

lower extremuty of the fibula forms the lat-
eral malleolus which extends approxmately
1 cm lower than the medial malleolus The
jout 18 1 the form of & mortise and tenon,
the two malleoli formung the claspmg sur-
face of the mortise The articular surface of
the tiba 18 concave and articulates with the
superlor surface of the talus, which 15 wedge
shaped, with the base in front. The stability
of the jomt of the foot and the ankle depend
a great deal on the accorate approximation
of the talus to the mortise formed by the
tibta and the fibula. The talus consists of a
body which articulates with the tibm and the
fibuln by its upper or trochlear surface a
forward projecting neck and a head which
articulates wath the navicular The inferfor
surface of the body of the talus rests on the
calcaneous, which 18 able to rotate shightly
beneath it. Because of this inversion and
eversion take place at these jolnts and the
ankle joint 1s spared much wear and tear
However these movements are not sufficient
to protect the ankle from severe and sudden
struns. The superior surface of the talus
which is arched evenly anteroposteriorly
rocks in the tibiofibular notch and is broader
antenorly

The tibia and the fibula are connected by
a strong interosseous Ligament (Fig 1)
which is the mfenor prolongation of ths
Intcrosseous membrane by the inferior
transverse ligament which extends from the
postenior part of the medial surface of the

oy
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lateral malleclus to the postedor margin of
the distal extremity of the tibia and by the
antero-infentor tibioflbular igament,

The capsular ligament of the ankle 1s rela
tively weak, particularly anteriorly and pos-
terforfy The antenor hgament is a thin
membrane attached to the anterior aspect
of the malleok and the lower extremuty of the
tibia, and 1nferiorly to the supenor surface
of the neck of the talus (Fig 2) The poste
nor hgnment is the weakest of the ankle
ligaments and 1s represented by a few liga-
mentous bands connecting the posterior sur
face of the tibin and the posterior tibiofibular
ligament to the posterior aspect of the talus
below (Fig. 3)

The ligaments whuch remforce the medial
and the lateral aspects of the jount, are very
strong and pass fanlike from the malleoll to
the tarsal bones The mternal Internl (del
toid) higament strengthens the medial side of
the jomnt to a preat degree (Fig 2) The
proxmal extrenuty of the ligament attaches
to the anterior medial malleolus The distal
portion presents an unbroken lme of attach-

Fibula

Anterior inferior
{iblofibutar hig

Antervor band of
external lat lig

calcaneal lig.

Middle bandof
external lat lig

ment 1o the navicular, the talus and the pos-
tertor calcaneonavicular igament. It is rewmn-
forced by the tendons of the tibighs posterior
and the flexor digitorum longus

The lateral ligament 13 weaker and less
complete It is divided into thres compo-
nents the anterior the mddle and the pos-
terior fasciculi (Fig 1) The antenor talo-
fibular ligament extends from the anterior
border of the lateral malleolus to the lateral
surface of the neck of the talus. Tho cab
caneofibular lig , the muddle hg
18 a band extending obliquely downward and
backward from the malleolus to the lateral
surface of the calcancus. The postenor fibulo-
calcancal Ligament binds the fibula to the
talus and 1s rarely tom.

The patient presents himself complainmg
of severe pain and swelling on the outer
surface of the foot, resulang from a turnmg
of s ankle or u fall. ¥ the sprain 1 2
scvero opo the swelling and the ecchymons
become pronounced at a rapid rate, as a
result of an extravasation of blood wto the
soft thsues After a few hours the entire

T(bia
Interogseus Vg of feg
Interosseus talocalcanesl

lig.
Talonavicular

Fso. 1 Ligaments of cxternal or lateral susfaco of ankle joint.
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foot and lower leg may become edematous
and discolored  If the spruun 18 2 muld one
the patient may be able to bear partial
weight on the foot whereas, if 1t Is a severe
one, he may or may not be able to bear any
weaght. It 18 characteristic of sprun that the
pam penists in spite of immobilization and
placing the extremuty at rest,

PHYSICAL EXAMINATION

On phymcal examination, when the in
jured ankle is scen within an hour or two
after mjury there may be hitls objective
evidence of severe mjury Dunmng the first
few houn, a very well-drcumscribed swell
ing forms a semicircle around the tip of the
fibula with tenderness at the paint of the
origin of the lateral hgament. In other cases
there 18 an localized g

temporary dislocation of the talus and a re-
sultant mjury to the deltoid bgament The
history of something snapping, giving way
or slipplng out of place 1s ugnificant, and 2
Interal ligament rupture should be suspected
Tenderness of the distal tiblofibular jaint,
indicating some damage to these Ly
18 a constant finding The absence of deltoid
ligament trauma, that 1s, no swelling or ten-
derness on the medial side of the ankle joint,
is indicative of 8 sumple spran. In such a
sprain one can be reasonably sure that there
is no fracture, 1n that all motions of the foot
are possible even though pamful, especially
on inveruon of the foot.

The more severe sprmn may simulate a
fracture  Conscquently, meticulous x ray
cxamination 13 important in every case.

largely below the tip of the fibula, becom
g subsequently more diffused and more
marked, Tenderness and swelling on the
medial aspect of the ankls over the deltord
ligament is an important sign. In a complete
rupture of the lateral ligament, there 15 a

Capsular lig of

ankle joint

Telonsvicular 1ig

Superior portion of internal
calcaneonavicular lig

Three prelininary views of the ankle should
be 1nsusted npon with every ankle injury an
anteroposterior view wherein the malleoli are
equal dutance from the x ray films a true
Iateral view and an oblique view with the
foot and leg rotated internally at 45° If
thero 18 any suspicion of a spreading of the

Sustentaculum tali

F1o. 2. Ligaments of internal or mediaf surface of ankle joint.
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ankle mortise or a tear of the two compo-
nents of the external lateral ligament, an
x ray examunation should be made with -
version stressed using erther local or gen-
eral anesthesla. When the roentgenogram 1s
taken, the foot 18 farcibly mnverted by grasp-
ing the forefoot with one hand and applying
counterpressure agamst the muddle third of
the leg with the other hand while the knee
is maintained 1n a trus anteroposterior plane
The same maneuver 13 repeated on the an
wnjored side 1 order to determmne the nos-
mal amount of mobility of the talus
Leonard reported a study of 51 cases of
taversion njury of the ankle wherem 23
patients were shown roentgenographcally to
have had spontaneously reduced subluxation
Both ankles were x rayed In Inversion, and
the difference in degree of parallclism be-
tween the articular surface of the talus and
the tibia of the two smdes was considered as
diagnostic of & spontancously reduced sub-
luxation of the ankle In order to visualize
the mechanism of 1nversion 1njury resulting

Epiphysal disk
tofernal Malleolus
Capsular lig
(Post 1. of ankle
jont

Capsular lig of the
talocalanes!
Brtculation

m higamentoos damage and to ascertan the
importance of a given ligament m a mante
nance of talotibial stability expenments
were carnied out on the cadaver to determine
the course of the ligaments in varying de-
grees of flexion and dorsifiexion and of the
cifect of cutting the ligament i vanous
combinations to determmne ankle stability
He concluded that the anterior talofibnlar
ligament was the most frequently ruptured
and the most important component of the
lateral igament of the ankle He concluded
further that mversion films should be taken
with the foot 1n equnus if the tenderness s
anterior to the fibula and at 90 if the
tenderness 15 posterior to the fibula,

THE TREATMENT OF SPRAINS
OF THE ANKLE
The treatment depends upon the severity
of the sprun and the amount of swelling
preseat, In a muld o sumple sprain, Imme
diate treatment can be mnsttuted. The area,

Ig
Epiphysial disk

Fio 3 Ligaments of posterior surface of ankle joint.
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Fio 4 Method of applylng adhesive
strips for basket weave splnt.

including ths lower thurd of the leg the
ankle and the foot 18 cleansed thoroughly
and shaved. Then the swollen, tender area
13 njected wath 5 to 10 cc of a 2 per cent
solution of procaine and the area 1s mas-
saged lightly to ensure nfiltration of the pro-
came Next the prepared arca 15 then pamnted
with Mercorochrome tincture of benzome
or merthwlate It has been our experience
that 5 per cent Mercurochrome has been
more effective m the preventon of skan rri
tations than either the tincture of benzoine
or the merthiolate

Then the patient is scated on the examin
mg table and the foot 1s supported m a
ponition of 90 dorsifienon and eversion
This can be accomplished by a 1 inch band
of adhesive tape around the plantar surface
of the foot at the base of the toes beneath
tie metatarsal heads The patent s n-
structed to hold the adhesive tape in such a
way that the desired dorsiflexion and ever
sion of the foot is maintained Adhesive

Sy

Fwo 5
heaive splint for simple spramn.

End result of basket weave ad

rolis, 1 and 2 inches wade should be at
hand. The roils of adhesive make apphcation
casier and the desired length can bo ob-
tamned without waste The adhesive strips
are applied as follows use the 1 mnch strop
and begm on the jnner aspect of the leg at
the level of the middle and the lower thirds
Secure the adhesive by exertmg shight pres

sure with the left hand and passing down
over the plantar surface of the heel and up
the outer uude of the leg The sccond stnp
15 started on the inner side of the foot at the
level of the first metatarsal head passed
around the heel over the first strip and along
the outer border of the foot, parallel with
the plantar surface and ends at the level of
the fifth metatarsal head. Stmp No 3 15
placed slightly antenor and parallel with
strip No 1 (Fig. 4) The strapping 13 con-
tinued 1n the following manner Bring ver

tical stnps forward and honzontal strips up-
ward on the foot and the leg  Upon reachung
the antenor surface of the leg the vertucal



14

Spralns and Ruptures of Ligaments of the Ankle Joint

strips are continued 1n therr normal course
by curving around the leg At this stage the
dorsum of the foot and the surface of the
anterior and postenior leg 15 covered with
short stnps of the 2 mch adhesive In this
manner the entire foot and the lower leg are
covered with a basket weave type of splmt
(Fig. 5) It 1s important that the position
of domsiflexion and eversion be mamtamed
throughout the strapping

The foot and the leg are then bandaged
with a gnuze bandage for 12 to 24 hours to
ensure adherence of the tape to the skm
The patent may be permitted full wesght-
bearing on the mvolved foot. It 15 well to
have the outer border of the heel and the
sole elevated 3/16 mch to mamtain eversion
of the foot and to relieve the strain on the
wmjured ligament The adhesive will Joosen
in 7 to 10 days due to penspiration, natural
ouls of the skin and motion of the foot. The
adhesive sphnt is then removed, the sk is
cleansed thoroughly with some solvent such
as carbontetrachloride and the foot 1 re-
strapped m the manner deseribed before
The adhesive strapping and the shoe cleva-
tion should be muntained uatil healing
complete The average spramed ankle 1n the
adult requires from 4 to 6 weeks to heal
in children, it heals more quickly

In the severe sprain, where the entire foot
and the lower leg are swollen, discolored
and excruclatingly painful, the treatment

s more comphcated A very satisfactory
method of treatment 15 to cleanse the foot
and the leg thoroughly end inject the aren
of maximum sweling with the enzyme,
hyaluronidase using 2 per cent procams as
a vehicle

Investigation by Sefert at the Wyeth In-
stitute demonstrates that hyaluronidase acts
directly on the ground substance of certain
body tssues, freeing hyaluronic acid. This
acid forms the mamn constituent of the nor
mal body fluid. With a breakdown of the
natural barniers there 15 a freer flow of the
intercelular flud. It has been shown that
hyaluromidase has no propuluve power but
that by freeing the intercellular barriers, the
accumulated floid can be dupersed rapidly
by the use of external pressure

The solution 1s prepared by dusalving one
ampule contaning 1000 TR. (turbudity re
ductlon) units of the enzyme m 5 cc of
2 per cent procamc This amount can be
doubled if the area to be injected 15 exten-
suve By the use of a 2 per ceat procame
solution, total ancsthesia can be obtaned
locally and the necessary X ray evaluation
can be made to determune the extent of the
ligamentous tear

After x ray cxamination, a compression
dressing is applied. A very sumple and eff
cient form of pressure dressing can be de
vised by wrapping the foot, the ankle and
the lower leg m several layers of glazed

Fia. 6. Elastic compression bandage to reduce swelling of severely sprained
ankle.
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Fic 9 Roentgenogram of the ankle
jount following a severe spran that ap-
peared to be normal m regard to jomnt

structure,

v
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Fio 10 Roentgenogram of the same
ankle after the infection of 2 per cent
procamne and foraing the foot In a lateral
direction. This demonstrates a tear of
the medial collateral ligament, as well as
the interosscous membrane.

Fia 11 Repaosition of the talus and mtemnal fixation of the fibula with
vitallum screw
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LIGAMENTOUS RUPTURE WITH
DISRUPTION OF ANKLE MORTISE

As previously stated, the ankle mortisc
consists of the distal ends of the fibula
and of the tibla, The integnty of this all
important mortise s maintained by the
strong tibiofibular syndesmosis and the in-
tenal collateral lignment In case of a dis
ruption of one or both of these ligaments or
a combmation with a fracture of the distal
end of the fibula n lateral displacement of
the talus may result (Fig 7 B) Foulure to
correct the abnormality of this jomt will
result in disastrous arthntic changes m the
ankle jomnt.

If the routine roentgenogrums of the n
Jured ankle jont disclose an incongruity be
tween the mortise and the talus every effort
must bo made to effect a complete normal
restoranon. Normally the lateral surface of
the talus 15 1n lLins with the lateral body of
the tibia (Fig 7 A) Early treatment of such
2 condion 18 essentially the same as that of
an scute spram except that the foot 13 placed
very shghtly in the equinus position since
the normal anatomic widening of the talus
may force the fibula lateralward Roent
genograms are obtained m anteropostenor
lateral 20d oblique posons following the
apphcation of the cast. If a normal restora
ton of the ankle mortise has been restored,
Do further treatment 13 requured other than
mmobilization until healing has taken place
If 1t s found that a normal restoration has
Dol been obtamed, an open reduction 1s
ndicated,

We have found that a very satisfactory
octhod of restoring the integnty of such a
Jomt 18 by open reduction and mternal fixa-
Bon with 2 special witalllam screw The
wrew that 19 nged (Bosworth type) has a
&d:. tun head and very coarse threads on
. distal one third (Fig 8) The intervening
cll’;“f-timallcrmdlumctcrthanlhedhml
a 2 has o smooth sorface  The patient

ancsthetized, the cast is removed, a poeu
E“hﬂwﬂml-qm is applled, and then the foot
Xhow surgically and draped sterilely A

™ masion is mado over the anterolateral

Fio 12, A fracture dislocation of the
ankle with diastans of the flbula and a
fracture of the mternal malkeolus

aspect of the distal end of the fibula, expos-
ing the distal end of this bone The space
between the tibia and the fibula 15 mspected
and freed from any mntervenming soft tissue
or blood clot. This allows an easy replace-
ment of the displaced fibula A dnll hole
a little larger than the proxunal end of the
screw 15 placed through the fibula extending
into the tibia A screw of the appropnate
length is selected and mserted mto the pre-
viowsly made hole The large coarse threads
on the end of the screw permit considernble
trachon without tearng through the cortex
of the tubia (Figs 9 to 11) This wail pull
the fibula into its normal position and the
reduction 15 maintained Fracture of the
distal end of the fibula associated wath a
dhastasis may be treated 1n the same manner
(Fig. 7 D)

If there is an avulsion of the internal mal-
leolus (Fig 7 C) a short incision fs made
directly over the internal malleolus, the re
duction 15 accomplished, and the fragment is
anchored into normal position with an ord:
nary witallium screw (Figs 12 13) If the
fragment of the mternal malleolus 15 very
small the enure fragment 5 removed, and
the ligamentous structures 1s reattached di
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Flo. 10 Roeatgenogram of the same
ankle after the mjection of 2 per cent
procaine and forcing the foot i a lateral
direction. Ths demonstrates a tear of
the medial collateral Ligament, as well as
the nterosseous membrane

3

Fia. 9 Roentgenogram of the ankle
jomnt following a severe spram that ap-
peared to be normal 1n regard to jomnt
structure.

Fk 11 Reposiuon of the talus and internal fixation of the fibula with
vitallum screw
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Fra 9 Roentgenogram of the ankle
jount following a severe sprain that ap-
peared to be normal in regard 1o jont
structure

[ S

Fio. 10 Roentgenogram of the same
ankle after the injection of 2 per cent
procaune and forcng the foot in & Iateral
direction. Thu demonstrates a tear of
the medial collateral ligament, 23 well as
the interosseous membrane.

Fic 11 Reponuon of the talus and mternal fixation of the fibula vwath
vitalium screw



Complications as the Reslt of Maltraatment

e

reposison of the talus beneath tho tibu, and
reductron could ot be mamtained  Upon
open reduction, 1t was found that the proxi
mal portion of the fibula had been displaced
behind the tibia and was caught behind the
posterior Interal ridge of the tibla. The fib-
ula was held in this position by the nght
stress of the interosscous membrane above
In order to reduce the displaced fibula, a
pry was mserted between the tibla and the
fibula, and with considerable force the fibula
was pred out from behind the tbia and
woved wito jts proper place  After the fibula
wis freed, reduction of the fracture disloca
ton was easly seeured.

It wes the authors opmon that the
mechansm of this condition was o result of
the foot twisting under the talus wath the kg
contmumg to push forward and fo rotate
outward. The lateral collateral lgaments
drew the mtact fibula behund the tibfa, Con
tingation of the force rotates the talus back-
ward and out from its ponton beneath the
tibla, cavung further force on the laternl
collateral ligament, finnlly the fibula 13
broken off agunst the posteror bl bor-
der There 13 no hgament or soft tissue
Temaiung attached to the upper fragment of
the fhula by which 1t can be drawn back
M place. It was the authors conclusion
thlI‘Pmpel'rcdun:!ioﬂcnnbcobm.l:r.md:.vuly
by opea operation and ying the proxmal
ead of the fibula into 1ts proper location on
the latern} ﬂ;orf:ca of the iy Often, a

of the roentgenograms is
made becanse the rocnigenologist belicves
m'“he"'ifwmkcumnottrulyalntcml
Of anteropastersor expovure  In cases where
92¢ is uaable 1o obtan an accurate reduc
10 of the talus and the fibula, such & con
&i“:’:ﬂmuld be suspected and, if found to
o Mth‘;;uld bo corrected. 1t is likely that
tares of e malpositions aoted in old frac
s ankle joint are probably dus to
mu;:fﬂ‘)ﬂ and are responsible for the
arthritls which necessitates an

e b of the ankle jont.
&R&m"twcnonemcwhcmmapaumt
8 ladder and produced an upward

duslocation of the talus between the fibula
ond the tibsa without fractunng the bones
Reduction was accomphished cauly, and tho
fibula was transfixed with the coarse thread
vitalhum screw as described above The end
result was very sausfactory

COMPLICATIONS AS THE RESULT
OF MALTREATMENT

Usntreated cases or failure to mamtain im-
mobilization untl healing 15 completed in a
spriined ankle may result in disaster to the
ankle joint. Oceasionally a maltreated sum-
ple sprain develops on acute travmatic bons
atrophy or osteoporosis Such a conditron 1
usually referred to as o Sudeck’s atrophy
He regarded 1t as a reflex neurotrophic phe-
nomenon. s progress s rapid, and there is
a marked loss of calaum from the bones of
the extremmty, particularly n the bones distal
to the injured area

The condition is charactenized by a con-
sistent and excrucmtmg pamn The extremity
15 edematous, cold and tendes At first the
skin 13 moust, red and glossy but then takes
on a dry parchmentlike texture The joints
ars stiff and pamful The patieat becomes
very apprehenave, amd usually sedation is
requred.  Roentgenographically the bones
preseat a charactenstic moth-eaten atrophic
mppearance This condition may persist over
a penod of several months and may ressst
ol forms of treatment.

We have obtained the best results by plac-
ng the patient on & high-calcium diet, com
plemented by large doses of vitamin D and
moderate doses of thyroid, provided that 1t
is tolerated. In the very acute cases the
extremity s immobilized by a compression
bandage Then the patent is placed at rest
with the extremuty shightly elevated and un-
der a heat cradle Daily physical therapy
m the form of whirlpool, contrast baths and
light massage 15 msututed Graded exercise
13 insttuted and encouraged but 1 given
only as tolersted. These excrcises are 1n
creased agunst resistance as the condition
improves Full weight beaning should ot be
permatted until improvement 1 well along
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rectly to the tibia. Then the wound 1s closed,
sterile dressings are applied, and their pont
tions are mantained by sterile glazed cotton.
The foot 1s held 1n slight plantar flexion and
eversion, and a plaster cast 13 applied from
the toes to below the knee mantaining this
position  The cast 1s removed at the end of
4 weeks and the foot is strapped in the
usual basket weave fashion until the frac
tures or the higaments have healed.

A few cases of complete dislocation of
the ankle joint without an associated frac
ture have been reported 1n the hterature The
only comprehensive report dealing with this
type of wjury is that of Wilson, Micheale
and Jacobson, who collected 14 cases which
had been reported suince 1913 and added 2
cases of ther own, In general, the mecha
msm of the injury was a fall upon the foot
with the foot held m plantar fleion The

sudden weight of the body on the foot m
the plantar flexed position forced the talus
backward 1nto a complete dulocation with
out fracture It is apparent that severe and
extensive damage was done to the collateral
Lgament m all instances as well as the syn-
desmosis of the tibiofibular jomt. The re-
duction was accomplished easily under pen-
cral ancsthesia, The foot and the leg were
encased 1 a cast until the gaments healed.
The end results of these cases were reported
as good.

Bosworth reported 5 cases of fracture dis-
location of the ankle joint m which satis-
factory reduction could not be accomplished
by closed methods Roentgenograms re-
vealed a typical bimalleolar fracture with
marked displacement of the talus ruptunng
the anterior ligaments of the ankle. At
tempts at closed reduction revealed a poor

Fio. 13

Reduction and internal fixaton with vitallfum
SCTEWE.
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reposition of the talus beneath the tibia, and
reduction could not be mantained. Upon
open reduction, it was found that the proxt
mal portion of the fibula had been displaced
behind the tiba and was caught behind the
postenor lateral ndge of the thia The fib-
ula was held 1n this position by the tight
stress of the mnterosscous membrane above
In order to reduce the displaced fibula, a
py was nserted between the tibla and the
fibula, and with considerable foree the fibula
was pried out from behind the tbia and
moved into 1ts proper place  After tho fibula
was freed reduction of the fracture disloca-
ton was canly sccured

It was the authors opmon that the
mechansm of this condition was a result of
the foot twisting under the talus with the leg
conuayiag to push forward and to rotate
outward. The lateral collateral ligaments
drew the intact fibula behind the tibia. Con
tinuation of the force rotates the talus back-
ward and out from 1ts position beneath the
tibia, cauning further force on the lateral
collateral  ligament finally the fibula 1s
broken off against the postenor tibal bor-
der There is no Ligament or soft tissue
rmamng attached to the upper fragment of
the fibula by which it canpg: mﬁm
Into place Tt was the author’s conclusion
that a proper reduction can be obtamed only
by opea operation and prymg the proximal
cad of the fibula mto sts proper location on
the lateral gurface of the tbw  Often, a
mishierpretation of the roentgenograms ls
made because the roentgenalogist belicves
that the view taken was not truly a latesal
9r anteroposterior exposurc  In cases where
o8¢ it unablo to obtain an accurate reduc
Uon of the talng and the fibula, such a con
b should be suspected and, if found to

true, thoald be corrected It is Iikely that
$ome of the malpositions noted m old frac
tures of the ankle jomt are probably due to
. condition and nre responsible for the

\TMALC arthntle which necessitates an
arthrodesis of the ankle oint.
. [:"hnve 220 one case wherein a patient

@ 2 Iadder and produced an upward

duslocation of the talus between the fibula
and the tibfa without fractunng the bones.
Reduction was accomplished easily and the
fibula was transfixed with the coarse thread
vitallium screw as descnibed above  The end
result was very satisfactory

COMPLICATIONS AS THE RESULT
OF MALTREATMENT

Untreated cases or failure to mamtain 1m
mobilization until healing 1s completed m a
spramned ankle may result m disaster to the
ankle joint. Occasionally a maltreated sim
ple sprain develops an acute traumatic bone
atrophy or osteoporosis  Such a condition is
usually referred to as a Sudeck s atrophy
He regarded 1t as a reflex neurotrophic phe-
nomenorn. Its progress 1s rapid, and there is
a marked foss of calcrum from the bones of
the extremity particularly m the boney distal
to the njured area

The condition 18 charactenzed by a con-
sistent and excruciating pamn The extrermty
is edematous cold and tender At first the
skin 15 most, red and glossy but then takes
on a dry parchmentlike texture The jomnts
are stff and pamnful. The patent becomes
very apprehensive, and uswally sedanon 19
requred. Roentgenographically the bones
present a charactenstic moth-caten atrophic
appearance This condition may persist over
a period of severnl monthy and may resist
all forms of treatment.

We have obtained the best resulis by plac
g the patient on a high-calcium diet, com
plemented by large doses of vitamun D and
moderate doses of thyroid provided that it
is tolerated In the very acute cases the
extremuty is immobilized by a compression
bandage Then the patient is placed at rest
with the extremity shghtly elevated and un-
der a beat cradle Daily physical therapy
in the form of whrlpool, contrast baths and
light mossage is instituted. Graded exercise
18 nstituted and encouraged but 1s given
only as toleruted. These exercises are m-
creased agamnst as the diuon
improves Full weight-bearing should not be
permitted until improvement 1s well along
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¢ case fails to respond to conservative
a skin type plaster cast with a walkmg
should be applied. The patient 1s en-
aged to begin gradual wesght bearing by
e of crutches.

martenal sympathectomy or procame
5 of the lumbar sympathetic gangha
ell as deep x my therapy have been
nmended

complete restoration of the ankle mor
will result in an enlarged, panful ankle
ich a case a traumatic arthnns will do-
v and complete relief can be obtained
after an arthrodesis of the talotibial

adequate treatment of a ruptured exter
laterzl ligament results 1 a so-called
ankle This condition presents an un
¢ ankle and 1s responuble for repeated
> sprains or recurrent dalocatons. This
1tion is very disablng and exerts 2 defi-
psychological effect on the patient. The
ment 18 surgical repair of the higament.

SUMMARY

1 sprained ankle 15 an important wjury
nust be treated according to the severity
o injury A sumple sprain should be
sbilized for approxumately 3 weeks with
idhessve basket weave splint. Failure to
> may result 1n prolonged pain chrome
g, and edema and occasionally acute
natic bone atrophy Severs sprains re-
: 1n additron to routine ro¢ntgenograms
al inversion films to rule out a complete
1re of the ligagments of the ankle

scvere sprajn that is complicated by
ied edema and subcutaneous hemor
s 15 treated by injectng the involved

area with the enzyme hyaluronidase using
2 per cent procune as a vehicle This 1
followed by a compression bandage and bed
rest until the edema has subuded. The treat
ment then consists of immobilization, with
the foot everted and dorsiflexed until the
Ligaments are healed,

Selected cases, wherem the ankle martiss
1s disturbed are treated by immobilizing the
fibula through mternal fixation and the ap-
plication of a plaster boot cast.

Studies on the cadaver reveal that the
anterior talofibular ligament 1s ruptured most
frequently and is the most important compo-
nent of the lateral igament,

A properly treated sprain or ruptured ligs-
ment of the ankle joint grves umformly good
results wherem as 2 maltreated spraun may
result jn disaster to the ankle jomnt,
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The Pellegrimi-Sueda Para-articular
Calaficanon

I WiLLiaM NAcHLAS, M.D

The discovery of the x ray n 1895 made
available a new diagnosuc medium that
brought to light skeletal anomalies that pre
viously had not besn known. One of these
anomalous structures was a calcareous
shadow that was found at the knee joint
medial to the condyle In 1905 Pellegnm’
described thu findmg and 1n 1907 Stieda?
reported 5 cases  Subsequently a number
of case reports of thus condition appeared
m the hiterature under the name “Pellegnm
Steda diseass ™ More recent articles on the
subject have appeared under such titles as
“Shadows of the Epicondyle of the Internal
Femoral Condyle,™ *“Post traumatic Para
articular Ossificaton of the Knee Jownt,”*
and “Pare-articular Calcification of the
Knee =

The common denominator 1n the essays
on this subject i an x rey shadow over
lymg the lower end of the femur on its
medial aspect. The shadows scen 1n the
lustrations that have appeared 1n the litera
turs are by no means uniform in shape Nor
are they always i the identical location.
Furthermore the interpretations that have
been offered as to the ongmn of the shadow
the causative factors and the tissues mvolved
have differed apprecuably Indeed, as one
surveys the literature one wonders if a num
ber of distinct pathologic conditions have not
been grouped under one classification How
ever there 11 a nuclens of cases that are
similar clinically and roentgenographically

]

s0 that one 15 justfied 1n considerng them
as a chnical entity The name that 1s sug
gested for this affechon 1s “para articular
calaification of the knee

ETIOLOGY

Thus disease though not generally known
cannot be considered as rare Several writers
who have been interested in this subject
have been able to find and report fauly
large scries  Bistolfi 1s said to have found
78 typical cases in a serics of 767 roent
genograms of injured knees, approximately
10 per cent.® Finder? who reviewed the
traumatic lesions of the knee m the ortho-
pedic department of Cook County Hospital
found that i the course of 1¥4 years 42
patients, or 3 per cent, showed calcificanons
medial to the femoral condyle Of these 28
resembled those described by Pellegnoi and
Stieda. Perocchia reported 39 cases In an
Army General Hospital of about 2 000 beds
with a rather slow turnover of 1ts popula
tion the wnter found 20 typical cases in
one year* Russell and Smuth,* working in
the x ray department of 2 simular hospital
found 8 cases i 9218 examnations
Kulowski gives the case historles of 11 pa
tients, and mn a footnote mdicates that 2
nddittonal cases came to his attention be
tween the time Ius paper was offered for
publication and the date of its pnntng * It
Is not 1mproper to assume that as the condi
tion becomes more generally recogrized and



122

The Pellegrini-Stieda Para-articular Calefication

the search for 1t by means of X ray examina
uon 15 expanded, the lesion will be found
to be qmte common.

Most of the patsents reported have been
men. However, one must consider the fact
that the reports have included studies of
industrial or military groups which normally
bave a predominance of males. In Finder’s
figures, obtmned 1n a cvilian hospital, the
ratto was 5 males to 2 females Kulowskss
11 patients included 8 males and 3 females
Wetzler and Elconin® reported 3 cases of
which 2 were females It 13 likely that the
distnbution will vary with exposurc to
trauma rather than with any inherent sex
characterzstics

Young adults 1n the pnmo of life chicfly
between the ages of 30 and 40 have sup-
plied the materlal for most of the reports
The lesion does occur in younger people
but only a few have been found n patents
under 20 The oldest case reported 135 @
patient 71 years old.

In all the studies the causative factor most
generolly found 1s trauma. Since the snjury
13 not always the result of a major force and
unce several weeks may elapse between the

Fro. 1 Medial

injury and the appearance of the x ray find-
g, the patient may not always

the causal relationship Careful questioning
will usually establish the occurrence of an
antecedent trauma  Commonly the Injury
13 of the indirect type a twist of the knee
or a laternl bend of the leg at the knee fount.
However a number of patients indicate that
thelr injury consisted of a direct blow cn
the 1aner side of the knee  Also it has been
reported that the mass developed following
the therapeutic manipulation of a suff jount.
Some of the affected knces have had previ

ous mflammatory conditions In ono serxs
it was noted that a number of the patents
had had a “weak kneo” as the result of
carlier trnuma but the lesion did not appear
untl a relatively minor mjury had produced
a new disabihity ® The precipitating fores
need not be of great magmtude One is led
to conjecture on the possibiltty of the pro-
duction of the condition by repeated munor
njuries 1n the same aren,

PATHOLOGY

The understanding of the local pathologhe
process has been handicapped by the paucity

of right knce. (Left) Loagitudinal incision to exposs fascia.

(Center) Incusion through fascia lata showing thin glidng membrane contalning veins
that course over medial condyle of femur (Right) Attochments of adductor magnus
tendon and tiblal collateral ligament. (Nachlas, L W Olpp J L. Para-articular cal

cification (Pelle
Gynec & Obst. 81 208)
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Fio. 2. Omuified mass overlymg adductor
tubercle. Even though photograph s reduced,
organzation of mam, with cortical periphery
and trabeculated center can be recognized.
(Nachlas, L W, OlpP J L. Para-articular
calcification (Pellegrini-Streda) in affectiona of
the knee, Surg., Gynec. & Obst. 81.209)

of operative explorations Most of the m-
formation obtamned has been denved from
studies of the x ray films, but thess are of
only limited value so that there 1s still no
unammity of opuon as to the particular
anatomic structure that 11 involved. In view
of this, 8 review of the local anatomy may
be helpful

As onc dissects the medial aspect of the
knee one proceeds through the skin and the
subcutancous tissue to expose the firm fascia
lata Beneath this there appears a white
ghsteung membrans that comes down the
inner aspect of the thigh over the adductor
magnus muscle to mvest snugly the con
dylar expansion of the femur This mem-
brane is not firmly fixed to the bone but
glides over it In the fresh specimen thus
layer 1s sufficiently transparent to pernut one
to seo several small blood vessels runming
longitudinally from above ths adductor tu-
bercle to disappear in the deeper structures
at the level of the arucular surfaces Beneath
this membrane one finds the tibial collateral
hgament, the penosteum and the capsule

Fio. 3 Showng typecal evolutive lesions (hulow
ski, J Post-traumatic
the kuee joint, Am. J

-artreular ossification of
E:ntmoL 47 399)

the adductor tubercle and the tendon of the
addoctor magnus (Fig. 1)

The bony surface that forms the base of
the dissected area, 1e the mner surface of
the medial condyle 13 shightly convex 1n con-
tour A bony hump near the muddle of thus
surface serves as an epicondyle which occa-
sionally 13 found to be grooved honzontally
30 as to present two promunences The lower
of these 15 the point of attachment for the
tibial collateral LUgament, while the upper
together with the proximal and posterior
portion of the bony surface serves as the
attachment for the adductor magnus muscles
and the medial head of the gastrocnemius
The latter usually overlies a small bursa and
at times contains a small sesamoid bone A
larger buma separates this muscle from the
internal hamstrings that run over this area

It has been definitely established that the
mass vsualized by x rays is caleific in char-
acter  Calaification does not appear imme
diately after the injury Benass: 1s sald to
have found a case 1 which there was a lapse
of only 2 days, but while the mterval



124

The Pellegrini Sheda Para-articular Calcification

quite vanable most people find that the
mass appears between 2 and 4 weeks follow
mg the wnjury It 1s quite likely that the
calcificauons found in periods shorter than
this were produced by earhier trauma

The mass usually begins with soft tissue
swelling 1n which a slight amount of calcific
deposit appears  This calcification may 1n-
creass in suze and eventually can recede
Complete absorptions of the mass have been
reported.

Characteristically, the xray shadow 1s
scen on the anteroposterfor view and 15
found to be a thin semilunar Iine overlylng
the adductor tubercle (Fig. 2) Usually 1t 1s
about 2 cm. long and about 2 mm. thick
There 15 always a mdiolucent area from 1
to 2 mm. in thickness between the bony
shadow and the femur Senal roentgeno-
grams may show the mass enlarging, and,
as a rule the clongation takes place prox
mally while the thickness increases medially
As the line clongates, the curve of the sermi
lunar shadow reverses itself so that an S-
shaped configuration is developed (Fig 3)
The density of the shadow 15 usually that of
a granular calcareous deposit which is
thicker In the center and somewhat fuzzy
on the edges In more firmly established
masses one finds definite increase in the den
sity of the entirs mass with rather sharply
demarcated outlines.

The lateral view usually fails to roveal
the mass. This 15 due to the fact that its
shadow 18 masked by the much greater den-
sity of the entre condylar portion of the
femur Because of this the roentgenogrmm
does not reveal the full extent of the lesion
m 1ts third dimension However, one can
make some deductions from this negative
finding. One can assume that the mass does
not extend behind the level of the condylar
pmpcﬂon. This helps us rule out, as poten-
tlal housung for the mass, thase tissues which
lis postedor to the bonc Therefore on the
basis of the x ray findings one can localize
the mass as follows it lies external to the
penosteunt of the booe, proximal to the
tibial collateral ligament and Is embedded

mn the soft tissues that cover the mner con-
dyle In view of the shape of the mass and
its chango from a semulunar to an S-shaped
figure, one must consider the Iikelihood that
it is molded by the gliding membrane de
scribed above In other words on the baus
of the x ray findmgs one has reason to
believe that the typical shadow 1s produced
by a calcific mass lying immeduately under
the gliding membrane but separated from the
bone proper by the perosteum

This localization of the bony mass finds
corroboration 1n some of the operative ob-
servations Kulowski who operated on one
patient found *This formation infiltrated the
tendons of the adductor magnus and vastus
medialis but was nevertheless clearly defined.
It was intimately related to the {nternal lat
eral ligament but did not actually imnvalve
it. 1° Finder who divided his patients into
3 groups explored ono knee 1n the group
that had not only the characteristic Pelle
grini Stieda picture but also peripheral bony
shadows In this patient he found a bony
mass m the central area of the hgament.
Nachlas, in a typical Pellegnni-Stieda knee,
found a buttonlike discrete mass lylng in the
interval between the membranoe and the con-
dyle ovedying the adductor tubercle Its
external surface was firmly attached to the
overlymg membrane, but its faner surface
lny loosely on a thin fibrous bed that was
granular in a The mass did not
invade the Internal lateral ligament the ten-
don of the adductor magnus, or the tissuc
of the adjacent muscles A palpating finger
directed toward 3t from inside the joint fell
far short of reaching it. In other words, it
was not housed within any of the organized
anatomic structures but had made a place
for itsclf m the latent space between the
gliding membrane and the periosteum

Histopathologically 1t 1s generally be-
tieved that the radlopaque matcrial is at first
deposited in o granular caldfic form How-
ever the specimens that were obtained in
the 3 operative cases just meationed, show
well formed bone ussue  Kulowski atates
that the central portion ls usually ociseous
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but someumes calcific. His specimen is de-
scribed as follows The tissue grossly pre-
sented an osscous body embedded in dense
lignmentous tissue The tendinous tissue near
the bone 1s edematous (preosscous edema?)
and the cells arc round rather than spmdle
shaped but still paralle] 1n arrangement This
layer of edematous tusue merges with the
bone Fibers of lignment merge impercep-
ubly with the fibnls of the bone The bone
1s living cellular bone almost entirely com-
posed of fibrous bone The architecture
closely rescmbles that seen m the very thin
compacta over the metaphyses of a long
bone Along the walls of the larger vesscl
spaces 18 a 1ow of osteoblasts and bone
apposition 1s occurrmg  Often there 18 a thin
layer of lamellar bone (of osteoblastic on
gm) along such a vessel This 1s
demarcated from the fibrous bone by a blue
cement ine Conceatric layers of lamellar
bono are found around some of the smaller
vessel spaces In a few areas osteoclastic
resorption 15 taking place Most of the ves
sel spaces are filled with a loose cellular
vuscular connective tnsue ™9
With regard to the pathogenesis, a number
of theories have been suggested. To Pelle
grinf 15 attributed the belief that the bony
mass 13 made by penosteal proliferation and
metaplasia of the medial collateral lignment.
Stieda felt that it 13 due to an avulsion frac
ture of the epicondyle with subpenosteal
proliferation of bone Temnler believed that
1t 13 produced by the calcification of a blood
clot between the adductor magnus and the
vastus ternus  kulowskh considered the
lesion as a form of myonts ossificans
Johannes Volkmann,® who also separates
the shadows nto thres groups, of which one
group scems to conform to the classical pic-
turc attributes the mass to a “metaplastic
process cither in the tendinous tissne or m
an ossifying hematoma ™ Nachlas and Olpp
offered the opuuoen that the small vessels on
Ulcmcd‘mlaspcctol’thcknccmprumzo
form a collection of blood that 1s trapped
in the space between the ghding membrane
and the underlying bone The hematoma

undergoes calafication and subsequent con
version to bone

It 15 noteworthy that as pomnted out by
Shanks and Kedey deposits resembling
those of the Pellegrinr-Stieda lesion may be
found in the soft tissucs on the postenor sur
face of the tibin or medial malleolus ™!

CLINICAL PICTURE

The patient usually comes 1 complaining
of pamn in the knee A history of an jury
can ordinarily be obtaned. Frequently one
kearns that the patient has had some ante
cedent trouble with the knee and that the
joit has ‘flared up” from time to ttme but
has had periods of remussion. The current
episode may have begun a few weels carlier
but the discomforts in the knee did not sub-
ude A limp may have developed. On ex-
amination one often finds evidence of an
articular wnvolvement. There 1s swelling,
capsular thuckening and flwd increase i the
jomt, Over the medial aspect of the jomnt
one may note some thickening on palpation
over the condyle pam can be clicated. A
bony prominence may be present but it 1s
usually difficult to determing by the examin
ing finger When the jomt is flexed the pa
tient may complain of pain over the epicon-
dyle but this 15 encountered only occasionally

The positive dingnostic criterlon 15 ob-
tained by x my examunation when it reveals
the colcareous deposit. If in the first few
weeks after the injury the film does not
demonstrate the deposit, one must recall that
there Is a latent penod 1 1ts development
1f one suspects that a Jesion is present, or if
the jont fails to follow the normal pattern
of recovery the x ray examination should
bo repeated at 2 week mtervals  After the
exutence of the deposit has been established
serinl roentgenograms arc indicated to help
one follow the conrse of the mass

Smee the symptoms about the knee need
not all be attnbutable to the cakufied mass,
one must differentiate between those pro-
duced by an articular involvement and this
extra articular lesion. In this connection it
must be remembered that the trauma that
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led to onc may also lead to the other Intra
articular pathology will present such eve-
dences of synovits as ballottement, thicken-
ing of the capsule and local tendemess In
the jowmt one may be able to fecl looss
bodies or cysts of the cartilage In the
Pellegnn: Stieda lesion the swelling and the
tenderness will bo limited to the medial as-
pect and be maximal near the adductor tu
bercle The pomnt of greatest tenderness in
the articular lestons 1s likely to be at the
level of the articular surface often over the
medial memscus  Differentiation from extra
artieular pathology such as semumembrano-
sis bursits or direct contusion, may be more
difficult, Careful attention to the exact lo-
cation of the swelling and the tenderness will
be helpful here In evaluating the roemt
genograms one must ascertain the presenco
of the radiolucent zone Sometimes it will
be found necessary to alter the projection
slightly to bring thus out. The radiopaque
area may vary conuderably m size shape
and density but the lino of scparation should
be present.

TREATMENT

When the patient presents humself with
his mjured knee interest 13 usually centered
on the articular damage. The treatment that
13 mdicated for this 1s ordinarily some form
of physmiologic rest. This treatment is bene-
ficlal to the Pellegnni-Stieda lesion, too and
in the early precalafic stage 1s all that 1s
required. The rest allows the swelling that
serves to promote the deposit to subside and
constitutes good prophylaxis 1f, m spits of
the protechon calcification should develop
roentgen therapy may be helpful. Limitation
of activity 13 desirable In fact, under this
regimen the calcification may reach 1ts peak
and receds to & completo resorptron without
the use of any other therapy Whea the cal-
cific deposit has been changed to an osseous
structure, radiation therapy is not likely to
make 1t disappear

When the Pellegim Stieda lesion is found
in the established or chronic stage the need

for active treatment must be determuned oa
the basis of the symptoms In most wnstances
the deposit may be allowed to exist without
any therapeutic measures It remams in sty
witbout producing symptoms In other 1n
stances particularly when it 1s 50 large that
1t acts as a mechanical interference to the
ghding of the medial structures as the knee
fiexes and extends, it may be necessary to
remove 1t. Under such crcumstances, care
should be taken to allow the mass to become
stabilized, Lo to reach matunty Attempts
to excise the mass prematurely have resulted
n recurrences of calcific deposits which have
exceeded the onginal mass in size The op-
cration should be performed with munimal
trauma to the adjacent tissues and care
should bo observed to leave s dry field.
Postoperative immobilization for 3 weeks is
desirable  When operative intervention is
used on properly matured lesions one may
expect good results

It muost be re-emphasized that 1n most pa-
tients in whom the Pellegnni-Stieda shadow
is found as an incidental observaton, no
special treatment 15 needed

SUMMARY

The soft tissues on the medial aspect of
the knee are 5o arranged that under proper
conditions they predispose to the formation
of # local calcified mass  The precipitating
factor {s trauma, which produces a hems-
toma that undergoes calafication. Tlus mass
may disappear spontaneously or may change
to bone The presence of the deposit rarely
calls for surgical intervention, but occasion
ally 1t 15 s0 largo that it impedes the normal
movements of the joint. Under such circum-
stances, after the t has become stabil-
ized, it may be excised with the anticipation
that a cure will be obtained.
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Giant-Cell Tumor of Bone and Its
Differental Diagnosis

WiLLiaM C Herrick M D ,* AND
Henry L Kazar, MD §

INTRODUCTION

The difficultics 1n diagnosing and treating
glant-cell tumors of bone have a famuliar
nng to all those interested 1n bone discase
particularly to those interested in bone tu
mors. The literature contains much discus
sion on the subject as well as a number of
reliable series of cases One need only fol-
low the history of glant-cell tumor from
1837 when t was described by Warrea,
until its present-day grading, as described by
Jaffe and Lachtenstein, to appreciate the con-
troversies that have ansen. One of thess
whether the lesion 13 benign or malignant,
whilo another even more basic, is whether
or not it 1 a tumor at all. The microscopic
examunaton of lesions similar clinically and
roentgenologically  containmg multmucle
ated larpe giant cells has led to their ms-
dingnosis as gant-cell tumors of bone

It 1 the p of the authom in this
chapter to sketch the natural history of
gunt-cell tumor from observations gleaned
from 30 cases drawn from the files of Jefler
son Medical College Haspital as well as from
the abundant medical Literature on the sub-
fect. Included in the chapter are the clmeal
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manifestations the roentgenographe find
mgs the gross appearance, the microscopic
detuls and the approach to the treatment.

Ons of the greatest problems i the dif
ferental diagnoms of gantcell tumor of
bone lies in segregating 1t from some of the
more closely allied lesions of bone In re
viewmng our own cases that were dngnosed
as giant-cell tumors, for example we were
able to find several ossifying fibromas an
ancurysmal bone cyst, a reactive bony lesion
following trauma a chondroblastoma and a
chondromyxoid fibroma. This is 11 no way
a cnticsm of our predecessors 25 to 30
years age who attempted to make the diag-
nous when the issues were clouded by con
fusion and &t a ttme when insufficient data
had not yet been accumulated. However
this 15 no longer true as a result of the efforts
of such men as Bloodgood, W B Coley
Ewnng, Stewart, Stout, Jaife and Lichten-
stein, and Codman By consohdating the
present-day concepts mn dlagnosis and man
agement, we hope that some of the stll-
existing problems can be solved.

HISTORY
From a perusal of the lterature it is
dufficult to be sure that the early deserptsons
were concerned with what 13 known today
as giant-cell tumor or whether they dealt
with its vanonts  Certainly Parés accouat
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of grant-cell tumors occurring 1n the maxilla
might well have been ossifying fibromas or
ostestls fibrosa cystica of hyperparathyroid-
ism, because gant-cell tumors are uncom
mon 1n the maxilla Warren (1837) is cred-
tted more rightfully with the first description
of the gant-cell tumor for although he
described leslons in the maxilla, he also de
scribed them as occurning i the epiphyseal
ends of the long bones,

Regardless of where the credit for the
first description lies the development of the
present-day concept of the giant-cell tumor
certainly has been a “stormy  one wath bitter
opponents cach believing his own concept
to be true Widespread amputation was
practiced for many years and was augmented
greatly by the use of the term “sarcoma” as
a suffix after myeloid or gant cell. Staunch
defenders of an infl y origin sod na
ture were more numerous m past years,
although a few still hold to the doctnine

Although Paget, as early as 1853 no
doubt had meticulously descnbed the true
giant-cell tumor and furthermore was of the
opimon that even though many gunt-cell
tumors were benign a fow went on to malig-
nancy hu colleagues and followers were not
entirely willing to accept his concept; For
example a few years later we read that
Virchow contended that most guant-cell tu-
mors were malignant, Néaton (1863) m
corporated much of our present-day knowl
edge of the gross microscopic and clmical
findings found 1n our present-day Literature
but was very emphatic mn stating that all
tumors with guant cells must be regarded as
benign m the younger age groups cven
though there was an odd mixture of fibro-
blasts and cartilage cells However with
advancing age of the pauent and alterations
in the histologic structure he was not sure
that the lesion would remmn benign. Fur
thermore he felt strongly that stmple curet
ting of the tumor might be inadequate and
that resection or amputaton might have to
be resorted to in the final analysis.

However Gross countered, mn 1879 with
an accurnte analyzation of some 70 cases of

glantcell tumor with descriptions of the
gross and the microscopic findings He 10-
sisted that the tumors were bemgn but ad-
mutted difficulty mn separating some of the
lesions from vascular osteogenic sarcomas.

One of the great milestones m the present
day concept in discovenng the true nature of
the lesion but also w arriving at the proper
mode of treatment was afforded by Blood-
good, 12 1919 when he reported 47 cases
treated by curettage without recurrence He
employed and encouraged the use of the term
“guant-cell tumor’ rather than giant-cell sar
coma 1n 2 day when widespread amputation
was being practiced in the treatment of such
cases Followng this, together with the
efforts of W B Coley thorough curettement
was practiced mare often, although over
realous amputation still was encountered
occasionally

Ewing cited a few instances of spontane
ous cure but also stated that m most cases
in which the glant-cell tumor was left to run
1ts course there was a “patural termmation
in death from bemorrhage and infecton.”
Ewing not only described accurately the
gross and the microscople findugs of giant
cell tumar but also recogmzed
glant-cell tumors benugn calafying giant-cell
tumors (Codman s tumor chondroblastoma)
and malignant giant-cell tumors

Bntish wrters as well as others, have
continued to use the term “osteoclastoma ”
primarily because of the writings of M J
Stewart and R. A Willls who believe that
the fumor arses from osteoclasts Stewart
fiest suggested the name “osteoclastoma” ln
1922 and 1t has been adopted by most
Bnush pathologists Certamnly there 1s much
to be sard in favar of their comments on the
subgect. The mulunucleated glant cell seen
in this kesion certmnly has an ctiology and
1t does resemble somewhat, an osteoclast

Yet to be scparated in some detail were
the so~called giant-cell tumor variants, such
as the brown tumors of hyperparathyroldism
the ancurysmal bope cysts, nonossifying and
ossifying fibromas of bone chondroblas-
tomas and even chondromyoid fibromas.
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configuration and, if left uninterrupted, will
progress on to death by hemorrhage and/or
wfectlon (Ewing) Complete healing and
cyst formation followmg pathologic fracture
has been descnibed (Jungling, Martland) In
malignant-cell tumors pulmonary metastass
does oceur but it develops later in the course
of the discase Pathologic fractures occur in
14 per cent of the cases (Geschickter and
Copeland)  Physical examinaton reveals
swelling and disturbed jomt function as the
outstanding findings There 1s tenderness to
deep palpation but actual pulsaton of the
tumor is uncommon even though the perd
osteum covenng the hemorthagic tumor 1
very thun The mtact articular cartilage
greatly aids i preventing jomt cffusions

'
H

Fro 1

female.

AGE

It 15 faudy well agreed that approximately
90 per cent of glant-cell temaors occar 11 the
thurd, the fourth and the fifth decades of Life
(Geschuckter and Copeland) Although the
averago age 15 between 30 and 33 years, the
greatest ncdence lies between 20 and 50
years. Jaffo has scen ono case in which the
patieat was 18 years old, and age In which
be was 19 Certanly glant-cell tumors are
rare below the age of 20 years but may bs
scen any tume after the closure of the

epiphysis
SEX

According to Christensen s serles males
are affected about equally with females—
males 170, females 192 (47 to 53%)

(Left) Roentgenogram of a giantcell tumor
situated 1 the upper end of the flbula of a 28-year-old
male showing an arca of rarefaction with thinning, expan
s100 and partlal destruction of the overlying cortex. .
Fie. 2 (Right) Roentgenogram of a sumlar giant-ce
tumar in the upper end of the flbuls of & 19-year-old

The almost complete absence of periosteal new

bone formation is notable The multifoculated appesrance

ts seen frequently
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LocATION

According to Jaffe and Lichtenstein, ap-
proximately 60 per cent of giant-cell tumors
occur m the lower end of the femur, the
upper end of the tibia and the lower cnd of
the radius  Chnstensen s figures are much
the same Sites other than those mentioned
above (in decreasing order of frequency)
are the proximal end of the humerus, the
distal end of the ulna and the prozimal end
of the fibula. Rarely does the growth occur
in the small bones of the feet, the calvanum,
or the veriebrac, althongh Willis states that
25 per cent of the gant-cell tumors occur
m the head and the trunk (especially the
pelvis and the vertebrae) We feel that this
percentage 1s unduly high Most of our cases
occurmmg m the head eventually were re
classified 2s osufying fibromas and reactive
bone changes We have one case of a very
large giant-cell tumor occurring in the thom.

Acherman cites 3 cases with lesions 1n the
bones of the hands which resembled greatly
the gant-cell tumor but in all of which were
eventually found adenomas of the parathy
rold glands Not only may lesions in this
locale be the brown tumors of hyperpara
thyroidism, but also enchondromas are com
mon here

Cystic Iytlc lesions occurring in the ver-
tebras may grossly be hemorrhagic and re-
semble glant-cell tumor histologically but are
more lilely to be the aneurysmal bone cyst
or hemangiomas or even myelomas.

A giant-cell tumor occurring with Paget s
disease has been reported by Jaffe.

When cases of multiple giant-cell tumors
are reported, then careful biochemical
studies should be done to rule out hyper
parathyroidism.

Giant-cell tumors occur so cumi:(ently at
the ends of long bones in the region of the

cpiphysis that the name “epiphyseal glant
cull tumor™ has been recommended. Coley
describes unusual ginnt-cell tumors occurr
ing in the shafts of long bones. We have not
cncountered such a lesion por have we en

countered one instance of multiple grant-cell
tumors

ROENTGENOGRAPHIC FINDINGS

The successful interpretation of this tumor
18 better than for many vanetes of bone
ncoplasms It 1 true that the charactenstic
“soap bubble” effect 13 commonly present,
but there are exceptions (Figs 1 and 2)
The charactenstic roentgenogram of a giant-
cell tumor will show a radiolucent mass
nvolving the epiphyseal regon of a long
tubular bone Trabeculae course through its
center giving 1t a “bubble” effect. The le
sion expands the walls of the ends of the
bone eroding the cortex and the penosteum
50 that only a thin shell remains visible on
the roentgenogram Seldom does 1t spread
mto the shaft, although it may mvolve the
metaphyss The neoplasm may extend to

Fia. 3 Roentgenogram of o gant
cell tumor located In the upper end of
the humerus of n 23 year-old female,
Tho cpiphyss and the metaphysls
have been destroyed. The cortex hay
been expanded “and thinned, and
there 15 lttle penosteal new-bone
formation. The characterstic “soap
bubbke™ a is well shown
The location of the lesion 1 unusual
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Fic 4 Guntcell tumor of the tibla.
The expanded end of the bone shows
extenmve destruction with trabeculation
and thinning of the overlying cortex.

fill the condyles and approach the articular
cartilage but docs mot destroy the Iatter
Pathologic fracture may be present in 14 per
cent of the cases (Geschickter and Cope-
land) Rarely will there be displacement.

Other more serious lesions occurnng at
the ends of long bones and resembling the
gant-cell tumor are chondrosarcoma and
fibrosarcoma  Therefore, no matter how
“typical” the x ray film may be of gant-cell
tumor the diagnosis should not be final until
tissue dingnoms has been made Certainly
no mods of therapy should be mstituted until
the diagnosis is confirmed histologically
(Fig 3)

GROSS PATHOLOGY

The gross pathology of this lesion ak-
though fairly characterisuc vanes with the
size of the tumor the age the amount of
hemorrhage necross and whether or not

pathologic fracture has taken place Usually
onc secs a markedly enlarged end of a long
bone the periostenm distorted and widened
by a bulging mass 1n the center of the bone
On cut surface in the full-blown “typical”
state, an expandmg, bloody, hemorrhagic
mass, with necrotic sold and cysbc areas
occupies the end of a long bone The lesion
looks like a large lIoculated hematoma within
the confines of the thin bony penostenm,
having destroyed the epiphyseal area, Occa
sionally however the whole mass may not
be bloody or have the typical maroon color
but may have white patches representing
more fibrous areas The cut surface, as one
would expect, 15 very friable There is no
capsule around the giant-cell tumor but its
expanding nature compresses the tissue out
side of 1t so that it may appear to have ane
(Fig. 4)

Early in the neoplasm one might find a few
remanmg trabeculac coursing through the
tumor As the grantcell umor grows, de
stroying and resorbing bone spicules, the
trabeculae disappear and the periosteum be
comes a thin membrane The articular car
tilaginous end plate s rarely
although the subchandral end plate may be
croded. A few cases where the articular
cartllage was destroyed have been described
but this is uncommon. A lemon which is
Jeft to make its course without surgical in-
tervention, may not only develop a patho-
logic fracture but may also bulge mto tho
adjacent soft tissues.

MICROSCOPIC FINDINGS

In a review of 30 cases of giant-cell tumor
diagnosed 1n our own hospital collected over
the past 25 to 30 years, the need Is apparent
for careful microscoplc examination of the
giant-cell tumor of bone Because of the un-
necessary accent placed on giant cells which
many bone lesions have nponosteogenk fi-
broma, chondromyxold fibroma, umcameral
bone cyst, bone cyst, osteitis
fibrosa cystica of hyperparathyroidism and
chondroblastoma have been mistaken for the
problem child of bone tumors—the glant
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Sprains

GARRETT PreKIN M.D *

Scientifically the subject of “sprains” is
difficult to discuss because such a diagnosis
is no longer recognized If one looks up
“spralns”™ 1n the Index Medicus ooe finds
“see individual point such as wnst, ankle”
subtitles read  “wounds and injuries of 7 In
other words there 1s no such thing patho-
logrcally as a sprain and the scientists are
msisung that the diagnosis be made moare
nearly accurate and they want the anatomic
structure involved named spealfically eg., a
rupture of the deltoid ligament.

The average doctor and the laity are not
concerned with scientific definitions and will
continue to usc the terms “strmun” and

sprin” mn spite of what the Index Medicus
bists

According to Blue Shield statistics for the
Raonsas City Missoun area covenng their
fiscal year ending Dec 31 1952 the number
of months of exposure to risk for all their
members was 3 653 411 Dunng this
they alloned payment for 114 698 clums
Included 1n this total were 1 486 sprains rep-
resenting approximately a 1 per cent ratio
Their next largest allowance in therr “Bone
and Joint Classification™ was for Fracture
of the Clavicke ™ which amounted to 257
“Colles Fracture™ was third totaling 210
payments The average of payments made to
parucipating physicians covering sprains was
$5.33 to which must be added the overhead

AttendIng
General Hospital a
tal Assoclate Editor

Chinscal Medicine

w Su Kansas City
Ramas ity St J Hos-
Aiman Medicine and

for clenical processing. All sprains during
the fiscal year of 1952 cost Blue Shicld
$7,095.52 The cost to Blue Shueid for 257
fractured clavicles was $11,358 2

Insurance experts have pointed out that
the individual would be financially ahead by
assuming Lability for sprains himself
substantiate this statement with the following
reasons (1) that his recovery from Blue
Shield is 20 small and (2) that by eliminat
ing the cost of processing these small clajms,
Blue Shield would be in a position to lower
premiums

Several of the major insurance companies
1n this area issue policies which include pay
ment for sprains They also state that they
have trouble processing these claims for
sprains since there Is such a wide varance in
the reports made by the doctors covermng
these jnjunes One large company here re
ports that they have processed a claim in ex
cess of $1,500 for which they received no
dragnosts other than “sprain

The purpose of the foregoing listof stans-
tics has been to show that strains and sprans
are a real problem to the insured (the injured
person) to the doctor and to the insurance
companies Any attempt made to resolve
these difficulties must include some analysis
of the injunes that are usually diagnosed as
“strains or sprains "

As Iate as 1930 acceptable medical termi
nology defined a sprain as  a wrench or 2
stran resulting 1n stretching or laceration of
the soft panis without external wound ™ The
outcome of a “sprain” therefore depends



— e ———

Microscople Findings

cell tumor The salient featurcs of the his-
tologic picture in the giant-cell tumor are
(1) stroma cell and (2) grant cell

The guant cells are large and vary from
50 to 100 mucrons in diameter They show
numerous nuclel that number o3 ugh s 100
1n some cases but usually disclose from 30
{0 60 The muclel are promunent with dis
unct nuclear membrane and a reticular net-
wotk. The cytoplasm is eosmophulic  The
number of glant cells per hugh-power fleld
may vary a great deal from field to field.
When gant cells are small and contan few
nuclei and are sparsely scattered through the
tumor one should hestate m making the
diagnosis of glant-cell tumor

The stromal cell 1 the more essential cell
for the diagnoms of thus tumor and 1 the
key to the prognosis through the histologic
grading as described by Jaffe and Lichten
sten  The stromal cell has one nucleus, as
a rule, and looks much like young connec
tve tsue cells The contour of the cell 15
spmdle-shaped with a central prominent nu
cleus and & moderate amount of chromatin
and a centrally placed nucleolus The cyto-
plasm stains Lightly cosmophilic. It can be
noted also that the nucleus of the stromel
cell in a given tumor resembles hughly the
nucler contamed within the gant cells Ac-
cordmg to the compactncis the degree of
celinlarity and the amount of atyplsm pres-
ent afford the basis of histologle grading of
these tumors Furthermore in the grading of
these tumors, the most ommous area should
be used for the corresponding grade regard-
less of the fact that much of the tumor may
appear to be benign

Grane 1

Guantcell tumors in Group 1 show the
stromal cells to be loosely spread through
the background and show almost no atyprsm
Stromal cells will be spindle-shaped or round
and oval. There will be httle or no vanaton
in size although shape may vary and for
the most part stainmg quatites will be about
the same  Occastonal mitotic figares are
found Rarely is osteold tasus produced by

A O T iy m;:

Fra 5 (ZTop) Photomicrograph of a
glantcell tumor of Grade L The loosely
wrranged stromal cells are upiform in aze
with mimmal atypsm. Giant cells with
numerous nucler are plentiful (X 400)

Fio 6 (Center) A giant-cell tumor of
Grade IL showing a more cellular and
compact stroma with some atypbm of
the cells. The giant cells, which are still
numerous in some fields, show nuclear
atyplsm tendmg to llel that seen
the stromal cells. (X 400)

Fra. 7 (Bottom) Grade III plant-cell
tumor demonstrating a sarcomatous type
ott: u{.mr&: In addition to the occurrence
ol irregular tastic  nuckel
within the stromal cell:r:;pm s a mark
edly Iregplar arman nt of these cells
The cells are mconsplcuous with &
;Z;(uc; )or nuclei which are typrcal.
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the stromal cell The connective tissue
framework Is vascular and areas of hemor
rhage are common,

Grape 11

These tumors show definite atyprcal cells,
but to a minimal degree  Whereas the Grade
I ginntcell tumors have a loosely packed
stroma Grade II giant-cell tumors show a
greater degree of cellulanty and are more
closely compacted Mutotic figures are more
promunent and increased in number The
stroma is beginung to take on more of a
sarcomatous appearance

Grabe III

Grade Il gantcell tumors possess o
definitely sarcomatous stroma Atypism 1s
marked, as is hyperchromatism  Many of
the stromal cells will contain two and three
nuclei The stromal cells are more numerous
than in Grades I and I and more compact
As the degree of malignancy of the giant-cell
tumor mncreases the size and the number of
nucles in the giant cells decrease  The nuclet
in the grant cells gre as atypical as the nuclet
1t the peighbonng stromal cells

According to the experience of authors
tuch as Jaffe and Lichtenstein given a size-
able senies of giant-cell tumors one half are
likely to bave a favorable outcome whether
treated by x rays or surgery Approximately
one thuird are more apt to be aggresaive
recurnng after treatment and may eventuate
in amputation. Fifteen per cent are frankly
malignant and are likely to metastasire
Rarely is a gant-cell tumor found to be
Grade I on mtial exammatron Grade IT
gant-cell tumors are more apt to occur
after repeated and unsuccessful treatment of
Grades 1 and IT gunt-cell tumors (Figs
567

DIFFERENTIAL DIAGNOSIS

Many lestons have only recently been sep-
arated oway from the true grant-cell turnor
Some of these lesions are listed below with
differential pomnts in diagnosis

ANEURYSMAL BONE Cyst
Jaffe has described aneurysmal bone cyst
as “an esscntially solitary, localized, and
cxpanded fibrous lesion, honeycombed by
x:;d-cformously dilated, plexy form vascular

Clintcal Ancurysmal bone cyst occurs
more commonly in young adults and chil
dren It is scen more commonly in females
than i males at a ratto of 2 to 1

The lesions are usually located 1n the ver
tebrae or the femur  When in the long bones,
1t 1valves one end of the shaft but spares
the eprphysis Occastonally 1t 1s seen mvolv
mg the tarsals the metacarpals, the phalan-
ges and flat bones as well as the calvarum.
In two cases described, in the recent Mayo
Clnic Senes the second cervical vertebra
was involved,

Paln swelling, tenderness and limutation
of motion are the outstanding symptoms
they certainly are not diagnostic but merely
indicate pathology of some nature in ths
area. If the lesion involves the vertebrae it
may encroach on the spinal cord so as to
produce nearologic signs and symptoms

Roentgenograms. X ray films can show
a rather typical appearance of this Jewon
and ths Is the case more commonly A cyst
like area is seen eccentrically placed, ex
panding the cortex and partlally absorbing
it. The lesion 1s defined by a sharply etched
nm of penosteal bone The center of the
mass s radiolucent, with fine trabeculations
not unlike the “soap bubble” effect com
monly attached to the grant-cell tumor The
cyst has a “blow out” appearance 1n many
cases

Pathology Upon unroofing the thin layer
of periosteal bone covering the cyst, blood
will well up from the center of the mass.
This blood is old and appears to be stagnant,
it does mot spurt or pulsate The blood
spaces are separated by their fibrous septal
walls

fc examination reveals a field
somewhat Ilke that secn m the giant-cell
tumor The septal walls do not appear to be
those of blood vessels Occaslonally osteoid
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and nonlamellar, coarse fiber bones are secn
in the scptal walls The stromal cells are
spindlc shaped with promment nucle and
there is a scattering of multinucleated giant
cells More solid nonbloody areas may have
an abundance of fibrous tissue 1n whuls and
spicules of osteoud, looking much like fibrous
dysplasia. There arc two types of intra
osscus fipromas of bone both have been
confused with gant-cell tumor of bone one
shows ossification while the other does not.

Non-OssTFYING FIBROMA OF BONE

Synonyms are giant-cell tumor vanant of
bone cvst, osteinrs fibrosa healing vanant of
gantcell tumor occasionally xanthoma or
xanthogranuloma of bone

Clinical Non-ossifying fibromas of bone
occur 1n a younger age group than the gant
cell tumor namely 8 to 16 and the
sexes are equally divided (Jaffe and Lichten
stem)  The lesion 1s seen at the ends of long
tubular bones and prefers the lower extrem-
ity to the upper It is seen in the region of
the metaphysis  Cutaneous prgmentation and
endocnne changes are Iacking

Roentgenograms will reveal a lytic
[esion in the ends of the long bones, eccen-
tncally placed snd occasionally occupying
the entire end of the long bone  Neither the
penosteum nor the epiphysis 1s invaded 1f
the tumor grows to any great size bulgmg
of the shaft will be noted

Pathology The bone shows a general
fusiform enlargement 1n the area On cut
surface the nonossifying fibroma tends to be
loculated and showsyellow moderately dense
tissue

\licroscopic examination reveals a rather
clear-cut picture of dense whirls of fbrous
tissue m tight curlveue whirls  \Multinucle-
ated giant cells are seen i many fields, but

for the most part they do not have as many
nucler as those in the giant-cell tumor The
giant cells are limited in the tumor to areas
of hemorhage sienifving phagocevtic func-
tion These gunt cells, together with histio-
evtes and foam cells, give rise to such terms

ay solitary xanthomas or xanthic variant of
grant-cell tumor

OssIFYING FIBROMAS

Osafying fibromas were first described by
Phemuster and Gnmson  This type of intra
osseous fibroma is clmmed by such authors
as Schlumberger to be identical with fibrous
dysplasia.

Clintcal For the most part, ossifying
fibromas are limited to the jaw Review of
our cases of giantcell tumors in the head
and the neck revealed several ossifying
fibromas Sherman and Sternbergh s senies of
11 cases showed 6 1n the mandible and 5 i
the maxilla, ATl were monostatic ‘The pa
tients complamm of facial asymmetry also
difficulty with occlusion of the teeth due to
bulging mass

Roentgenograms reveal an essentally
destructive process m the medullary portion
of the bone The lesion expands 1n all direc
tons and perjosteal reaction 1s conspicu
ously absent.

Pathology Gross examination shows a
Jobulated fibroma of bone usually small, but
it can grow large enough to cause deform-
sty Microscopically the tumor shows—
aside from dense fibrous tessue—muluple
spicules of bone scattered through the tumor
at vanous levels. Agan around areas of
hemorrhage gant cells will be seen but the
phagocytes and the spicules of bone together
with the dense fibrous tissues readily differ
entiate this from giant-cell tumor of bone

CHONDROMYXOID FIRROMA OF BONE

Thus 1s another lesion that m recent years
has been separated away from the giant-cell
tumor as a distnct eotity m its own nght
(Jaffe and Lichtenstern 1948) The lesion
has been musdingnosed more commonly as
chondrosarcoms than giant-cell tumor of
bone By definitfon, it 1s a bemgn tumar
denved from cartilage forming connective
tissue, with cartilaginous and myxomatous
tssues predomynating and possessing ocea
sional foc1 of multinucleated giant cells.
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Glant Cell Tumor of Bone and Ifs Differential Diagnosls

Clinical  Although many of the cases
described thus far are at the ends of long
tubular bones already it 15 becoming appar
ent that they may occur in the small bones
of the feet, the nbs and the pubic bones

Symptoms are not remarkeble but rather
similar to any tumor growing and expanding
a bone, namely, pain tumor and distarb-
ance of function of the neighboring joint.

Roentgenograms reveal a partially Iytic
expandmg mass showing ranfaction end
pseudotrabeculzion  In the long bones the
tumor mvolves the metaphysis, 1s eccentric
and destroys the overlying cortex. In the
metatarsal bones the tumor may grow to fill
the entire bone

Patholegy The tumor may grow to con
siderable sze—8 x 5 cm (Lichtenstein)
The cut surface of the tumor has a rubbery
white texture and a cartilagmous appearance
quite unlike the bloody appeanng piant-cell
tumor

Microscopic sections reveal myxoid and
cartilagimous tissue with occasional foci of
mulbipucleated giant cells  However the
gant cells are scarce and tend to be smaller
with fewer nucler than those seen in the
glant-cell tumor In addition the glant cells
are Iimited to areas around blood vessels
where extravasation of blood has occurred
The background cell is spindle- or multt
polar-shaped in s myxord mtraceliular
matrlx

BENIGN CHONDROBLASTOMA OF BONE

Benign chondroblastoma of bone (Jaffe
and Lichtenstein 1942) has the following
synonyms benign calcifying giant-cell turmor
(Ewmg 1928) and epiphyseal chondroma-
tous giant-cell tumor group with certainty
until as late as 1931 when Codman reported
in detail 9 cases occurnng in the head of the
humerus.

Chinical. For the most part, chondro-
blastomas occar below the age of 20 years
and from 80 to 85 per cent will occur between
13 to 17 (Jaficy Six of Codmans 9 cases
and all of Jaffe and Lichtensteln s cases were
males. All of Codmans cases were in the

head of the humerus whereas Jaffe had 4 in
the Jower femur 3 in the upper tibia, 1 1n
the lower tibia, and 1 in the upper humerns
Chondroblastomas, like gant-cell tumors,
ongmate m the epiphyss and may extend
into the adjacent metaphysis

Following an msidious onset, symptoms
common to tumors ansng in this locale fol
low mm 9 months to a year namely, pam,
swelling and disability referable to the
nearest jount,

Roentgenograms reveal an oval eceen
tnc lytic area 1n the epiphyseal or juxta-
epiphyseal area. There 15 a mottled appear
ance instead of the “soap bubble™ trabecular
appearance  The mass looks like ground
glass Although the tumor 15 radiolucent on
roentgenograms it 13 not as radiolucent as
the glant-cel] tumor The round Iytic tumor
mass commonly will cross the eprphyseal
plate  New bone may be lud down by the
periosteum

Pathology Chondroblastomas are smafter
tumors than giant-cell tumors In general,
they measure from 1 to 6 cm. in dinmeter
(Jaffe) Usually the epiphyseal plate is
destroyed, and the articular cartilage may be
damaged but this will be only mummal
More well-preserved portions of the tumor
will be grayish brown and firm, Areas of
calcification ars present, as well as cystc
arcas of hemorrhage and softening.

Microscopic exammation reveals mul
nucleated glant celis around arcas of hemor
thage Jt1s these gant cells that apparently
have mede the disgnosis confused with
glant-cell tumor of bone However giant
cells in chondroblastoma aro inconstant and
may even be sbsent mn areas The back
ground stromal cells offer more defimte dif
ferences for here we find fields of poly
hedral cells The cells do not vary greatly
in mize or shape The cells are compact with
a rather large nucleus Thbe cytoplasm is
lightly stalning and eosinophllic The high-
light of findings 15 the focal arca where
calcium 1s sprinkled between the cdhl;vgl

Iight its and then moro y
gggﬂeg a.r::spfrc foond. As the calcifics-
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won becomes heavier the stromal cells in
this area become necrotic and cie  This, in
turn is replaced by light hvaline connective
tissue foci or focal areas of cartlage It Is
best 1 prepanng sections of this tumor not
to decalcily it lexs the histologic detalls be
obliternted,

UNICAMERAL BONE CYST

Clumcal Unicamerel bone cyst tends to
involve the long bones of children or young
adults Geschickter and Copeland s senes of
205 cases revealed that most patients were
between 10 and 15 years of age However
the solitary cyst can occur m older ind:
viduals as well as younger

The average time for development of the
symptoms is 2 years (approximately ©
months longer than that for gant-cell tu
mor) Pathologic fracture 13 the outstandmg
mtroductory clmical finding in 45 per cent
of cases (Geschickter and Copeland) Fol
lowmg, pathologic fracture the cyst may heal
and 50 per cent of thosc that develop
fracture have mo subsequent symptoms In
the remaning cases, a new cyst or cysts
may develop Pam and swelling are con
spicuonsly absent as 1s disability

Roentgenograms.  Almost all solitary
cysts begin m the metaphyms but do not
cross the epiphyscal plate  This cyst 1s usu
ally scen on the diaphyseal uide of the epi
physeal plate in young individuals before 1t
closes in comparison with the gant-cell
tumor which 18 seen on the opposite side of
the epiphysenl plate after it closes Examl
nation of the roentgenograms reveals a soli

tary radiolucent mass fairly sharply out
lined, thowing thinning of the cortex and
pscudotrabeculaton

Pathology Unicameral bone cysts are
characterzed by a sohtary cyst hned by a

hyalinized, thicl, cc ve tissue mem-
brane. This membrape 1 avascular and
varies i thickness  The cyst may contain &
few to several cu mm of brown serous
fluid. Following pathologic {racture this
fluid will be bloody and mereased 1n amount.
Ocentlonally instead of containing fiuid the

Y d,

cyst will be filled with a meshwork of kight
fibrous tissue

Microscopieally a thick hyaline hning of
the cyst 1s noted  Glant cells are present but
less nomerous than seen 1n giant-cell tumor
The glant cells are more localzed around
blood vesscls and areas of hemarrhage The
stroma 15 dense and fibrous

Treatment. When giant-cell tumors occur
1n sites accessible to surgery, then the tumor
may be completely resected. Where surgery
mvolves marked loss of function of a hmb
although amputation is not done wradiation
should be considered Neuther type of ther
apy should be attempted prior to bropsv and
a histopathologic diagnosis

THE BIOPSY

The biopsy may be open surgical or the
needle aspiration biopsy The open surgical
biopsy does not preclude Jater surgical treat
ment 1f radiation 15 preferred. At the time
of the biopsy a frozen section can be per
formed with safety of differentiating a gant
cell tumor from a sarcoma of some type
Gradmg the stroma, however must awmt
paraffin section Disadvantages of open sur
gical biopsy do exist because time must
clapse to permut wound healing it radiation
s contemplated, and subsequent hermation
through the mcision 1s possible

The needle biopsy has been used specess-
fully in many hospitals as well as at our
Instrtution m aspirating bony lesions It is
quite possible to obtam tissue by passing n
needle through the thin overlying penosteom
and have sufficent material to dsagnose the
lesion correctly  Results can be given in 10
to 30 minutes on the smear or wathun 4
hours on the clot. Little time 1s wasted and
an gnpecessary operation is avorded as well
as additional expense to the patient  If the
dingnosis cannot be made by needle biopsy
then an operatve biopsy should be per
formed. If the diagnosts 1s made by the needle
biopsy the choiee of therapy can be made
with & minimal loss of ume

Radiation therapy has o definite place in
the treatment of the giant-cell tumor
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S1ant-Cell Tumor of Bone and Its Differential Diagnoss

ndications have been stated already Irradi
ation 1s capable of controlling effectively
glant-cell tumors of the Jess aggressive type
No relable series of radiation therapy to
gant-cell tumors 1s avallable Janasson
treated 4 patients with this lesion using
iradiation alone and reported 10- to 12-
year cures His dosage was 500 to 1000
gamma given every second month until ossi
ficaton appeared This took from 3 to 4
months and he states that 1t was adequate
treatment, Roentgenotherapists differ in theirr
opinions on dosage Some feel that 500
gamma 2 sufficient, and many feel that more
than 3 000 gamma may give nse to an ir
raciation sarcoma mn 5 to 10 ycars One
fourth of these cases were treated by x rays
and were complicated by pathologic frac
ture Coley fecls that this can be greatly elim
mated by adequate sphnting.

Surgery consists of curetment, resection
of the mass together with a good margin of
normal bone or amputation. Tumors occur
ring m the lower femur or the upper tibla are
easily accessible and emenable to curettage
Lesions in the ulna and the fibula, if exten
sive are amenable to resection Frankly
extensive and malignant giant-cell tumors or
recurrent Grade II giant-cell tumors should
have smputation

The combmation of surgery and irmdia
ton has not met with good results due to
wound breakdown, dewvitalization of bope
and sarcomatous transformation

PROGNOSIS

Fifty per cent of giant-ceil tumors will
have a favorable outcome whatever mode of
accepted therapy s used One third are
likely to recur and the remalung 15 per
cent may be malig on inftial
tion (Jaffe)

In general the older the patient, the more
uncertzin s the outlook Lessons 1n bones
of the upper extremty tend to have a more
favorable prognosis than those of the lower
extremity

The grading of the stroma has afforded a
valuable tool 1n determining the malignancy
of the tumor However even thrs 13 not

ebsolute, and recurrent giant-cell tumors
following thorough curettage should be re
sected or have amputation strongly con-
sidered.

SUMMARY

Giant-cell tumor of bone can be a difficult
diagnosis to make A review of the history
of this tumor reveals the many controversies
concerning its natural history as well ax us
degree of malignancy

The pathogenesis most widely accepted is
that this is & true tumor of bone arlsiag from
the marrow s nonosseous forming connective
tissue

Principal symptoms 1 this lesion gre
trauma, pain, tumor and fracture The
greatest age wcidence falls between 20 and
50 years Males are affected about equally
with females The tumor ocurs in the ends
of long tubular bones and roentgenograms
show it as a radiolucent trabeculated mass
expanding the epiphyseal end of the bone
Gross examination reveals a bloody necrotic
tumor mass Microscopic examination has
been greatly augmented by grading the
stroma as described by Jaffe and Lichten
stein. The grading extends from the more
benign loose stroma with occasional atyplsm
to the malignant markedly anaplastic
stroma.

Swnce such lesions as ancurysmal bone
cyst, nonossifying fibroma ossifying fibroma
chondroblastoma chondromyxold fibroma,
and solitary unicameral bone cyst have been
confused repeatedly with giant-cell tumor of
bone a differential dlognosis of these lesions
1s presented

Treatment consists of lrradiation  curet
tage resection and amputation Irradiation
is capable of controling the more benign
leslons In poorly accessible surgical sites
Lesions in the ulna or the fibula can bo re
sected wherens in the proximal tibla and
the distal femur they are readily amenable
to curettage Frunkly malignant lesions
should be amputated

Fifty per cent of giant-cell tumors will do
well with any type of accepted treatment
One third are apt to recur and about 15
per cent are frankly malignant.
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Grant Cell Tumor of Bone and Its Differsntial Driagnosis

mdicatlonis have been stated already  Irradi
aton is capable of controling effectively
glant-cell tumors of the less aggressive type
No reliable series of radiation therapy to
guant-cell tumors s avaflable Janasson
treated 4 patients with this lesion using
irradiation alone and reported 10- to 12
year cures  His dotage was 500 to 1000
gamma grven every second month until osst
fication appeared  This took from 3 to 4
months and he states that 1t was adequate
treatment Roentgenotherapists differ 1n their
opimons on dosage Some feel that 500
gamma s sufficzent and many feel that more
than 3000 gamma may give rise to an fr
radiation sarcoma mn § to 10 years  Ono
fourth of these cases were treated by x rmys
ond were complicated by pathologic frac
ture Coley feels that this can be greatly elim
inated by adequate splinting

Surgery conssts of curetment resection
ol the mass together with a good margin of
normal bone or amputation Tumors occur
ung in the lower femur or the upper tibi are
casily accessible and amenable to curettage
Lestons i the ulna and the fbula 1f exten
slve are amenable to resection Frankly
extensive and malignant glant-cell tumors or
recurrent Grade 1T giant-cell tumors should
have amputation.

The combrnation of surgery and iradie
ton has not met with good results dee (o
wound breakdown devitahzation of bone
and sarcomatous transformation

PROGNOSIS

Filty per cent of gant-cell tumors will
have a favornble outcome whatever mode of
accepted therapy i used  One third are
likely to recur ‘and the fematning 15 per
cent may bo malignant on 1nutal ¢xamina
tion (Jaffe)

In general the oMder the patient the more
uncertaln s the outlook Lesions in bones
of the upper extremity tend to have n more
favorable prognosis than those of the lower
extremity

The grading of the stroma has afforded a
valughle tool in determining the malignancy
of the tumor However even thus n not

absolnte and recurrent gant-cell tumor
following thorough curettage should be re
sected or have amputation strongly con-
sidered

SUMMARY

Giant-cell tumor of bone can be a diffcht
dingnosis to make A review of the hustory
of this tumor reveals the many controversics
concerning its natural history s well as its
degree of malignancy

The pathogenesis most widely accepted is
that ths Is a true tumor of bone arising from
the marrow s nonosseous formung connective
tissue

Pancipal symptoms 1n this lesion are
tmuma, pain tumor and frocture The
greatest age incidence falls between 20 and
50 years Males are affected about equally
with females The tumor ocurs in the ends
of long tubular bones and roentgenograms
thow it as a radiolucent trabeculated mass
expanding the epiphysenl end of the bone
Gross examnation reveals a bloody necrotic
tumor mass  Microscopic examination hﬂx:
been augmented by grading
stromugr:[;yamf:; by Jaffe and Lichten
stein - The grading extends from the mort
benign loose stroma with oceasional atypism
to the malignant, markedly anaplastic
stroma.

Since such Iesfons as aneurysmai bome
cyst, nonossifying fibroma ossifying fibroma
chondroblastoma, chondromyxoid fibroma,
and solitary unicameral bone cyst have been
confused repeatedly with gunt-cell tumor of
bone a differenual diagnosis of these lestons
1s presented

Treatment consists of wradiation, curet
tage resection and smputahon Irradiation
is capable of controlling the more benign
lexions 1 poorly accessible surgleal sfies
Lesfons in the ulna or the fibula can be r¢
sected, whereas n the proximal tibin and
the dstal femur they sre readily amenable
to curettage Frunkly malgnant lesions
should be amputated

Fifty per cc!:: of glant-cell tumors will do
well wath any type of accepted ucnlmﬂ‘“5~
One third are apt to recur and about
per cent are frankly malignant.



Bibliography 143

BIBLIOGRAPHY
GIANT-CeLL TuMoOR

\/Gcschickter C. F Treatment of glant cell
tmor of long bones by surgery by irradia
tion 1 Bone & Joint Surg 17 550 1935

Gechxekter C.F., and cotEde)lmd‘ M M Glant
cell tumor and ostetts fibrosa evatica, Arch
Surg. 19 169 192%

Geschickter C F., and Widehorn H L. Guanot
cell tumors  Relationship to histogenesls of
osteitls fibross cystica Arch. f kim Chir
172.694 1933

Jaffe H. L., Lichtenstein, L., and Portis, R. B
Guant cell sarcoma and a new grenuloma of
bone, M J Austraiia 1241 1941

Guant cell tumor of bone  Its pathologic appear
ance prading supposed vamants mnd treat
ment, Arch Path. 80 993 1940

Lichtensteln, L. Giant cell tumor of bone  Cur
rent status of problems in diagnosis and treat
ment, ] Bone & Jont Surg 38-A.143 1951

Linde, S A Gunt celf tumor of patefla com-
plete review of hterature Am J Surg. 28 150
1935

Mallory F B Giant cell surcoma, 3 M Re
search 19:363 1911

Néiaton E. D une nouvelle espice de tumeuny
bénignex dex 0%, ou tumeurs A myeloplaxes,
Parn, Adrien Delahaye, 1860

Paget, Sir I Lectures on Surgical Pathology

(delivered at the Royal College of Surgeons of
England) London, Loagmans, 1953
Stewart M J Observations on myelold sar
coma, with an analyss of 50 cases, Lancet
2.1236 1914
The hustogenesls of myeloid sarcoma with a criti
cum of the “chronic hemorrhage osteamye
Iitis™ theory Lancet 2.1106 1922
Stewart, F W, Coley B L, and Farrow J H
Mabgnant giant cell tumor of bone Am. I
Path. 14.515 1938
Berpstrand, H  Geneus of gant cell tumon,
Am.J Cancer 27 701 1936
Bloodgood, J C. Diagnosss and treatment of
“ benign and maliguant tumors of bone, §
Radiol 1147 1920
Benign guant cell tumor of bone Its
diagnosis and comservative treatment, Am J
Surg. 37 105 1923
——— The glant cell tumor of bone and the
specter of the metastanzing giant cell wumor

Surg., Gynec & Obst. 38 784 1924

Christensen F C Bome tumours. Analyss of
one thousand cases with special reference to

locaron, ape, and sex, Ann Surp. 81
1925 £ T 8L

Codman, E A Treatment of glant cell tumors
nbout kaee Surg., Gynec & Obst. 64 485
1937

Coley B L. and Higinbotham, N L. Surgecal
treatment of giant cell tumor Ann. Surg 108
821 1936

Glant cell tumor of bone J Bone &
Joint Surg 20 870 (938

Coley B L, and Miller 1. E  Atypical pam
cell tumor Am J Roentgenol 47 541 1942

Coley W B Prognosis n giant cell sarcoma
of the long bones Ann Surg. 79-32( 1924

Maulignant changes in the so-called be
nign gant cell tumor Am ¥ Surg. 28 763
193§

Cooper Sir Astley and Travers B Surgical
Essays, London, Cox & Son and Longmans
& Co., 1195 1818

Geschickter C. F,, and Copeland, M M
Tumors of guant cell A pathologic
study Arch. Surg. 21 145 1930

Willes, R. A. The pathology of osteoclastoma
or guant cell tumor of bone, J Bone & Jomt
Surg 31B.236 1949

ANEURYSMAL BONE CysT

Besse B E, Jr, Dahlin, D C Bruwer A,
Svien, H 1, and Ghormley R K. Aneurvs
mal bone cyst, Proc. Staff Meet., Mayo Clinic
28 249 1953

Jafle, H L.

Jowt Dns. 11.3 1950

Lichtensteln, Lous Aneurysmal bone cyst. A
pathologrcal entity ty mistaken for
glant cell tumor and occanonally for beman-
poma and osteogenic sarcoma, Cancer 8,279
1950

Mayer L.,and Restler O C  Aneurysmal bone
mof spwe, Bull Hosp Jomt Dn. 5 16

1 bone cyst, Bull Hosp

NONOSSIFYING FIBROMA OF BONE

Burman, M 5., and Sinberg, S. E. Soltary
anthoma (Lpoid granulomatosis) of bone
Arch Surg 1017 1938

Iaffe H. L, and Lichtensteln 1. Non-osteo-
ﬁl’s fibroma of bone Am. J Path. 18.205

OssiFyiNe FreroMA or Bone

Colcy B 1. Neoplasms of Boue and Related
Conditions Their Etiology Pathogenesis, Di
:Sgsgsh and Treatment, New York, Hoeber

Geschickter C. F., and Copeland M M Tu

:Ingoi‘r;o( Bone ed 3 Philadelphia, Lippincott,



142 Giant-Coll Tumor of Bone and Hs Differential Diagnosrs

mdications have been stated already Irradt
aton 1s capable of controling eflectively
gunt-cell tumors of the less aggressive type
No reliable senes of radiation therspy to
gantcell tumors 15 available  Janasson
treated 4 patients wath this lesion  using
yradiation alone and reported 10- to 12
year cures His dosage was 500 to 1000
gamma grven every second month until ossi
fication appeared. This took from 3 to 4
moaths and he states that 1t was adequate
treatment. Roentgenotherapssts differ i their
opmions on dosage Some feel that 500
gamma 15 sufficzent, and many feel that more
than 3 000 gamma may give nse to an ir
radratton sarcoma mn 5 to 10 years One
fourth of these cases were treated by x rays
and were comphcated by pathologic frac
ture Coley feels that this can be greatly elim-
tnated by adequate splmting,

Surgery consists of curetment, resection
of the mass together with a good margm of
normal bone or amputetion. Tumors occur
rmg in the Jower fernur or the upper ubia are
casily eccessible and amenable to curettage
Lesions in the ulna and the fibula, of exten-
sive are amenable to resection. Frankly
extensive and malignant grant-cell tumors or
recurrent Grade 1I giant-cell tumors should
have amputation.

The combination of surgery and urada
ton bas not met with good results due to
wound breakdown, devitalization of bone,
and sarcomatous transformation.

PROGNOSIS

Fifty per ceat of gantcell tumors will
have a favorable outcome whatever mode of
accepted therapy i used One third are
likely to recur and the remmning 15 per
cent may be maligmant on imtial examina
tion (Jaffe)

In general the older the patent the more
uncertam is the outlook Lestons in bones
of the opper extremyty tend to have a more
favorable prognosis than those of the lower
extremuty

The grading of the stroma has afforded a
valuable tool 1n determining the malignancy
of the tumor However even this 1 not

absolate, and recurrent giant-cell tumars
following thorough carertage should be re-
sected or bave amputation stronply coa-
sidered

SUMMARY

Grant-cell tumor of bone can be a difficolt
diagnosis to make A review of the history
of thus tumor reveals the many controverses
copcerning 1ts natural history as well as its
degree of malignancy

The patho mast widely accepted 8
that this is & true tumor of bone arisig from
the marrow s nonosseous forming connectn®
tissue,

Princrpal symptoms in this ksion e
trauma, pam, tumor and fracture The
greatest age ncidence falls between 20 and
50 years Males arc affected about equally
with females The tumor ocurs in the ends
of lang tubular bones and roentgenograms
show 1t as a radiolucent trabeculated mass
cxpanding the epiphyseal end of the bone.
Gross examination reveals a bloody pecrotic
tumor mass Microscopic exarpaton bas
been greatly augmented by grading e
stroma as described by Jaffe and Lrchten-
sten  The gradmg extends from the mOfe
benrgn loose stroma with occassonal AfypsT
to the malignant, markedly anaplasic
strora,

Since such Jestons as ancuryumal bone
cyst, nonassifying fibroma, ossufyrng Sbrom,
chondroblastoma, chondromyxord Bbroms,
and solitary unicameral bone cyst bave b‘:}
confused repeatedly with giant-cell fumof
bone a differential diagnos:s of thess lestors
13 presented

Treatment consists of irradiation, c&Tt
tage resection and amputation 1rradiaticd
1s capable of controlling the more b‘;?‘g
lesions m poorly accessible surgee! "
Lesions in the ulna or the tibula cant be ™
sected whereas in the proximal tibl2 i
the distal femur they are readily smes?
to curcttage  Frankly malignant k
should be amputated.

Fifty per ccpl:lt of glant-cell tumars “ﬁﬁ
wcﬂwlmmytypcofﬂmf}’wd“;n”
One third arc apt to recur 2nd &
per cent are frankly malignaot.
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upon (1) anatomuc structures involved and
(2) treatment received.

Sprains may be divided mto two large
classes (1) articular, or those affecting the
jounts themselves, and (2) muscular, con-
cerned with overstretching, or dislocation of
muscles and their tendons

Articular sprains may be divided into (a)
simple sprams and (b) comphcated sprains
In the simplest form of sprain that 1s tech-
nically described as & strn the soft parts
merely are stretched beyond their capaaity,
and there 1s supposedly no laceration No
swelling 13 to be found and the symptoms are
only those of pain and stiffness with some loss
of function In the more severe forms of sim
ple sprains In which there has been more or
less tearing of ligamentous structures swelling
occurs Swelling immediately after an mnjury
is duc to hemorthage Artenes as well as
veins are torn and pour their contents into
surrounding tssues  Swelling that occurs
hours or even days later is due to scrous
effusion Delayed swelling in a joint injury
in stself produces further symptoms and pro-
longs recovery Itis not necessary and proper
early treatment can circumvent it For em
phasis then joint injunics occur in which
sweling is immediate Is generally extenuve
and is due to hemorrhage In others painand
limited function are immediate and swelling
15 delayed for from 12 to 24 hours In this
peniod of grace something can be donc to
alleviate the occurrence of secondan effusion
and to shorten greatly the period of convales-
cence if not actually reduce the Ikelthood
of some degree of permanent diabiity Of
this I shall talk Jater

BRI} REGIONAL ANALYSES

The ment common injun smolang the fin
£on mandet steelf in the foom of trauman
arthnts wath serous of sancuineis eTunen
Sushangunes are hest trested by immotiliea
tman aadphth flered poiten £ 0 10
dzvs Unfortunateh mam paticatshavesu b
rpaties b nd th a toneue-dopreiay hade
Inheld oo the entensaral~cre of Lat=ral dirste!

hinges shorten and create a stiff finger which
at that pomt may requre many months of
further treatment 1n an effort to restore use-
fulness One of my many aphonsms to re-
sidents 1s “The tongue depressor blade 1s the
commonest cause of suff fin ”

It1s indeed a sad commentary on the abil
1ty of the average doctor that the Army dur
ing World War 1T found it necessary to 1ssuc
a directive to the effect that no hand or finger
mmjurtes were to be immobilized in the for
ward umts Apparently an injured finger is
not of sufficiently great importance for doc
tors as a whole to concern themsclves to
acquire the art of proper immobilization
even though all standard textbooks devote
considerable space to the discussion of the
proper immobilization of the hand and fin
gers Our favorite finger dresstng Is composed
of two longitudinal strips of gauze bandage
overlald with several coatings of collodion
This forms a well fituing bandage which pro-
tects the injured finger while permitung full
use of the hand A similar dressing may be
used for injured tocs

In regard to the wnist joint and the hand
one sces few injuncs which could be elassd
fied as a sprain Washerwomans spraun
{DeQuervains  Disease—chromic stenosing
tendosynovitis) 1s a chronic constriction of
the extensor tendon sheath of the thumb The
princaipal diability ds anability to wong
clothes It1s more prevalent inwomen hence
the name Local infiltration of 01 ¢¢ of
hydrocorticone into the sheath rehieves the
symptoms dramancally It may even result
in a cure if the panent can be educated sufly
ciently to avofd all motions comparable with
the one uted 1n wanpine clothes If the dow
tor s not sutlicienthy expert with a hypoder
me needle to Jocate the swollen extensor
sheath exuls or if the patent 15 an mver
senatne subject wsuall the vame rovult may
be chamned By the oral adminntraten of
hvdrocortisene The usual cral treatmert aim
ol LAl dramv ol 200 O f hydroe
cottions 5 av ot 1t Apenad as 2 dasy st
whihtme the ot oo roay have ¢teared
tpevmpl=ch Tl bivere - funarLh
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Step-Cut Knee Fusion wicth Medullary Fixaton

WM MiNor DeyeErLE, M D, and
VoL R. May, Jr, MD

Thus arthrodesis employs the establithed
princaples of absolute Immobilization and
contact compression of raw bone surfaces

Dr J A. Key! in 1932 first advocated
positive pressure 1n knee fusions and accom
plshed this by mserting a Stanmann pm
above and below the knee jomnt. These pins
were put on tension by applying tum buckles
which were tightened at mtervals Addi-
tional immobilization was obtained by wncor-
porating the pms 1n a long leg cast meluding
the foot.

Charnley* in 1948 modified this technic
by substituting a Thomas splint for the cast
m the first 4 weeks of treatment. All 15 of
his cases fused m spite of the pins bresking
m 4 mstances  Fett® mn 1953 modified the
procedure further by plaang 2 pms above
and 2 below the knee in order to give better
immobilization m the anterior posterior
plane as well as in the lateral plane He
also stated that there was practicaily no like
lihood of fracture of the pins  All of these
methods required 4 weeks in bed and at
least 8 weeks before weight beanng could
be started

Chapchal® 1 1948 reported 7 knees suc
cessfully fused wsing medullary fixation
Stack? 1n 1952 reported medullary fixation in
20 knees, meluding 6 tuberculous knees and
8 Charcot knee jowts, Only one of the
Charcot Loees was fused successfully  All
of the others fused m spite of complications

as follows 2 nails broke and the femur
fractured at the site of the entrance of the

nal 1n 2 cases There was onc fracture of
the tibia at the distal end of the nail

My associate Dr May used medullary
nails i 2 knee fusions. One patient had an
argument with a fniend and as you can see
lost the argument. (Fig 1 )

Casec 1 S.S 28 year-old colored female,
developed a septic knee and osteomyclitis
of the compound fracture of the upper end
of tho tibia. Her knee dramed 14 months
following the wound but had been healed
5 months prior to surgery The tibia had
umted in a prossly angulated position, and
the patient could bear no weight on the ex
tremity and had only a few degrees of pan-
fol knee motion. The knee jont was de-
nuded and cut in such a manner as to correct
the angulation m the lateral plane and fused
mn approximately 15° flexion, unng a 38
cm. x 10 mm. medullary nail. A plaster
cast was used from the grom to the ankle
and the patient placed on antibiotics  She
was discharged from the hospital in 14 days
with partial weight bearing on crutches She
had full weight-bearing in 1 month, and all
casts were removed m 6 months, at which
tune thers was a solid umon (Fig. 2) This
woman works daily as a housewife

Case 2 RJ.,, 50-year-old colored male,
dusabled 13 years with a Charcot knee He
Wasunablembuu:weightandwnlkcdon
crutches (Fig 3) This patient had a sumilar
fuaonmmgnpm38m.x9mm_andwm
walking on crutches m 14 days with
weight bearing. He left the hospital in 3
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Step-Cut Knee Fusion with Medullary Fixatnon

WM Mmvor DeverLg, M.D, and
VIRGIL R, May, JR M.D

This arthrodesis employs the established
principles of absolute immobilization and
contact compression of raw bone surfaces

Dr J A Key! mn 1932 first advocated
positve pressure 1n knee fusions and accom
plshed this by mserting a Stemann pin
above and below the knee jomt. These pins
were put on tenslon by applying turn buckles
which were nghtened at intervals Addi
tional immobihization was obtained by 1ncor
porating the pins 1n a long leg cest includmg
the foot.

Chamnley* in 1948 modified this techmic
by substtuting a Thomas splint for the cast
m the flrst 4 weeks of treatment. All 15 of
his cases fused 10 apite of the pms breaking
mn 4 instances Fett® mn 1953 modified the
procedure further by placing 2 pins above
and 2 below the kuee 1n order to give better
immobilizauon in the anterior posterior
plane, as well as in the laternl plane He
also stated that there was practically no hike
lihood of fracture of the pins  All of these
methods required 4 weeks m bed and at
least 8 weeks before weight beanng could
be started.

Chapchal m 1948 reported 7 knees suc
cessfully fused using medullary fixation.
Stack? 1n 1952 reported medullary fixation in
20 knees, including 6 tuberculous knees and
8 Charcot knee joints Only one of the
Charcot knees was fused successfully Al
of the others fused m spite of complications
as follows 2 nals broke, and the femur
fractured at the site of the entrance of the

nail in 2 cases There was one fracture of
the tibia at the distal end of the nail.

My associate, Dr May used medullary
nails in 2 knee fusons One patient had an
argument with a fnend and, as you can sce
lost the argument. (Fig. 1 )

Case 1 SS 28 year-old colored female
developed a septic knee and ostcomyehitis
of the compound fracture of the upper end
of tho tia. Her knee drained 14 months
following the wound but had been healed
5 months pnor to surgery The tibia had
mnited mn a grossly angulated posiion and
the patient could bear no weight on the ex
tremity and had only a few degrees of pam
ful knee motion. The kneo jomnt was de-
nuded and cut 1n such a manner as to correct
the angulation 1n the lateral plane and fused
mn approximately 15° flexion, uung a 38
cn x 10 mm. medullary nail. A plaster
cast was used from the grom to the ankle
and the patient placed on antibiotics She
was discharged from the hospital n 14 days
with partial weight beanng on crutches She
had full weight bearing in 1 month, and all
casts were removed mn 6 months, at which
tme there was a solid umon (Fig. 2) This
woman works daily as a housewife

Case 2. RJ 50-year-old colored male
disabled 13 years with a Charcot knee He
was unable to bear welght and walked on
crutches (Fig. 3) This patient had a sumilar
flmonusingapm38un_19mm.andwm
walkmg on crutches in 14 days with parual
weight-bearmg  He left lhcy;ospm\l m 3
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Fia 3 Charcot knee Disabled 13

years
47 32)

(May V R South. M J

knee and a separate 4-inch incision over the
medial portion of the femur The knee jomt
13 cxposed and denuded of all soft tissue
With a broad osteotome the ends are fash
wned mto a sagittal step-cut pattern ¥4 inch
deep (Fig 5)

The procedure may be umplified by step-
cutting the femoral fragment initially and
step-cutting the tibial portion only after the
nail has been driven down mto the femoral
fragment flush with the stepcut end of the
femur In this way one can step-cut the tibia
n such a fashion as to direct the nail directly
mto the center portion of the medullary
cavity and give maxumum apposition of all
surfaces

The femur 13 exposed through the anterior
4-inch ncision at approximately the juncture
of the middle and the lower thirds From 7
to 8 inches nbove the knee a slot 1 x 4 em.
1 cut carefully with multiple drill holes con
nected by an osteotome or with a power
saw A nal of the proper size 15 sclected,
usually 38 to 42 cm long and 9 or 10 mm.
in diameter

It is inserted carcfully into the preformed
slot, and 1f any difficulty 15 encountered, one
should not hesitate to make the slot longer
1f the cutung of the slot and the nserting of

Fio. 4 Charcot knee 6 months efter
arthrodesn, (May V R. South M J
47 32)

the nail are performed carefully most of the
fractures at this point can be avoided. The
nail 15 dnven down until 1t is flush with
the knee jomt. With the step-cut edges held
tightly together at 10° to 15° flexion, the

Fig. 5 Step<cut procedure (May V R
South M J 47 32)
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Cass Report 149
CASE REPORT " -
AWG 28-ycar-old white male, admit R
ted to the hospital June 9, 1952 His chuef 'j}'.-..,
complaint was pamn, swelling and progressive  { ¥ 27w %;'—-!.""‘
stifiness of the left knee joint. o iy

Past Hustory In 1944 the patient hed a
medial menisectomy performed 1n the Navy
for instability of the left knce Following
this he developed pam and sweling and
never recovered completely  In 1945 ho was
discharged wrth 20 per cent general dis-
ability In 1946 tho patient was hospitalized
for hu progressing disability A complete
synovectomy was done through 2 parapatella
incisions.  Frozen sections wero done at tho
tume as tuberculosis was suspected. Pre
operative and postoperative diagnosis was
chrome synowvitis  On admission his chest
TOeT revealed an old fibrotic
healed tubercular lesion in hus chest. After
operation he was discharged from the hospt
tal with full extension and 30° flexion with
good lateral stability

Present Tliness. Complete hustory at the
time of his recent admismon was negative
with the exception of the complants refer
able 1o the left lower extremity  There had
been no weight loss, mught sweats, cough or
generalized weakness Physical examination
was normal except for the left lower extrem
ity There were well-healed medial and
Interal parapatefla scars. The left knes was
considerably enlarged and endurated with a
moderate joint effusion There was some
tenderness over the entire joint space, and
motion was restricted from 170° to 150
the patient having lost 10° extenslon since
hus discharge following synovectomy There
was marked atrophy of the quadnceps

muscle

Roentgenograms. Films of the left knee
showed chronic arthntis consistent with
tuberculosls (Fig. 6) Roentgenograms of
the chest revealed old fibrotic infiltration of
the left upper lung unchanged from that
noted in 1946

Laboratory Studies. These were within
oormal limuts, except the white blood connt
of 11900 86 per cent polymorphonuclear
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Fm. 8 Chronic synovits removed from
knee 1 1947

leukocytes secimentation rate 34 mm  The
patient was afebrile, and the pulse was nor
mal. Sputum smears were negative

Consultatron. The medical service was
called in regarding pulmonary tuberculosis
and they felt that it was mactive and no
contrasndication to surgery

Operauve Report. June 23 1952
through a 5 mch U flap cuion the distal
end of the femur and the proximal end of
the tibia were completely denuded. The
cartlage wes moderately destroyed over the
tibia and the femur There was some panus
formauon and imjection of the synovium.
There were areas of necrosis on both the fe-
mur and the tibia immediately underlymg the
cartilage The end of the tibia and the femur
were step-cut mn a sagittal plane with the
step being opproximately ¥ inch deep
(Fig. 53 A clovereat medullary nail, ¢ x
42 mm. was driven nto a preformed slot
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Fia 2 (Right) Proper ro¢ntgenogram
technre for demonstrating acromioclavieu

lar separation
more cxpensive one than the use of local

mpection It must be anticipated that in a
certun percentage of cases the patients
are constitutionally or cconomrally un-
able to eliminate the precipitating motion,
ie the one used In wnnging clothes,
ond so will have a recurrence of the stenosing
tendosynowitis  Under such conditions re
peated hydrocortisone therapy may become
impractical Excellent results have been ob-
tained In the past by surgical release of the
constricted sheath It 1s probable that some
cases will not respond to hydrocortisone ther
apy and will sull require surgery

The common wnist sprain 1s really a frac
tured navicular All are aware thot making
a rosntgenogram of the navicular bone 1s
technically difficult, and that the fracture line
may be obscured in the miual roentgeno-
grams In fact, in a larce Army series 40
per cent of fractured naviculars were mussed
on the inital roentgen ray examination so 1t
Is important to remember in wrist njunes
that are not responding to freatment, to
roentgenograph them again in from 7 to 10
days at which time it 1s more Iikely that the
fracture line will be apparent

Clinically ft 1s not necessary to have a
rocntgenogram to diagnose a fractured navic

ular as Murphy s sign will do it. Murply s
sgn (Fig. 1) consists of pounding on the
knuckle of the mdex metacarpal bone %ith
the wrist 1 neutral positon.® If a fractured
navicular is present pain will be more pro-
nounced when pounding on the tndex RY
If a lunate dislocation 1s present, pain will
be more pronounced on the middle ry If
Murphy s sign 15 present for a froctured n3-
vicular and the roentgen ray report 1s BCE
tive that wrist should be treated o 2
fractured navicular that 1 put 1n 3 cast o€
10 10 14 days and then again roentgend
graphed Similarly sprained thumbs, partes-
larly from fighting wcidents or changin
tires when the thumb slips and 1s caught wib
& dnving force on the bent distal phafan, x
not sprams but fractures of the base of o
first metacarpal All of thesc hazards
course can be avorded by good mﬂ“s“’:—"
grams, and yet roentgen-ray work has
limitauons also
A roentgen ray machine cannot be hl—"ﬁ
for fathng to dingnose a fracture of the e
head which produces limited wrist moti i
when the lazy or overworked surgeo? ‘:’N
careless techniclan included only the ¥
joint in the roentgen-ray study The roentee™™



Refarences 151

or postenior to the pin and apply traction  If
the knee 18 solid, remove the nail from the
knee and insert a regular femoral nail from
the trochanteric region down to trent the
fracturc of the femur In all cases, reapply
a cylinder cast from toes to grom to help in
total immobilization

2 FRACTURE OF THE NAIL AT THE KNEE
The nail may be removed from the tibua by
cutting a slot wm the tibln large enough to
insert & puach  The nail 15 tapped into the
knee joint and both pieces can be removed
The proximal portion of the nail s removed
in the femur and & new and longer nell is
mserted, If necessary it should be a mze
smaller so that 1t can be extended beyond
the weakened portlon of the tibin  If union
Is 1n progress, treat the knee fusion as ind:
cated with casts, spicas or other immobiliza
tion

3 FRACTURES OF THE TiBIA BELOW THE
P Remove the nail and 1nsert a longer
and smaller nail across the fracture site
then apply a long leg cast

It these complicauons teke place they
will alter the postoperative care accordmg to
the necetsities m each case

Conclusions. This knee arthrodesls com
bines contact compression and immobiliza
tion in a manner that allows early weight-
beanng  The procedure is ssimple and can be
used fn all conditions of the knee requinng
fusfon,
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Closed Medullary Pmning of Colles' Fracture

LESLIE V RusH, MD »

Our first attempt to pin a Colles fracture
was made In 1948 Thix was a routlve
Colles fracture In a 51 year-old male The
operation was carried ont, with the patient s
conseat, purely as a chnlcat experument and
without any great expectation of accomplish-
ment, The pin used was of the samo design
as the prescat Rush pin, with the exception
that 1t was made of Type 410 stainless steel
because at that time Type 316 stainless ateel
could not be secured mn 8 satsfactory
temper

In this wnstapce there was farly marked
silver fork deformity with antenor luxation
of the distal end of the nlna Reductlon
was accomplished, and with the hand and
the wnst in the Cotton-Loder position the
tip of the styloid process of the radins was
palpated, and a very small stab wound was
mads in the skin over this pomt in the ana
tomc smuff box A small drill hole was
made near the tip of the styloid process and
was converted mto an opening which ap-
proached the longitudmal axs of the radius
A pin 5 inches long and 3;, inch in diam
cter was then introduced through thus open
mg and daven upward nto the medullary
cavity of the radius  The pin traveled casily
through the {lous bone and rest
was felt as the sled-runner point engaged the
medial wall of the shaft of the radlus. As
the pin wes dnven, the proximal or head
end could be seen to swing medially exert
ing pressure against the stylosd fragment in

Department of Surgery Rush Memorial Hos-
pital Meridlan, Miss,

182

the medial direction  When checkup roent
genograms were made 1t was found that the
radlus had been completely reconstructed,
and the fracture lino was discern-
able To our very pleasant surprisc 1t was
then determuned that the radius jtself was
completely stable and that the stylold end
of the ulna was in proper relstionship to the
radios and was stable n this positon with-
out tendency to anterior luxation It was
noted further that full range of motion was
possible 1n every direction. Plaster splints
were not appled, and the patient was per
mitted immediate function

This patient suffered the usual spramn
symptoms for 2 or 3 weeks but never fost
the ability to make a tight fist or to pronate
the forearm Because of soreness, there was
slight hmitation of suploation and extremes
of flexion for about 3 weeks At the end of
4 weeks the patient had apparently made full
recovery without pain or soreness and the
fracture line was no longer demonstrable in
the x rzy film

In this particular case, although the pin is
of ondesirable metal alloy being Martensitic
end sabject to passible corresion, the pin
has not been removed and has given rise to
no bone frrtation

In September 1949 this techmc was re-
ported (with considerable difficulty because
several medical editors felt that intramedul
Jary fixation was a mdical procedure) and
the study of 6 cases was reviewed In thrs
report was included the case of an 87 year
old woman who received a fragmented im
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pacted Colles fracture of the left wrist. This
fracture was treated in the same menner and
without splints It healed without deformity
Function never was lost except for slight
limitation of full supination and extreme
dorsfiexion because of soreness  Three
weeks from the date of her 1njury this little
lady combed and arranged her own har
using the mjured wnst.

INDICATIONS

In the 1949 report, which expresses our
present opinion in this regard, mdications
were ducussed as follows

Due to the wide variety of ro-called Collaa
fractures it {s dfficalt at this time to draw secu
rate conclusions as to which specific case ks best
benefited by pinning In children the method Is
probably never indicated because it 15 not wise
unnecessarily to croms an eprphyseal line and
becauso children rarely develop etiffness of the
hand and wrist from injury

Due to the mmplicity of the procedure, we
feel that 1t might be indicated ln any adult ln
whom the styloid fragment of the radius s of
sufficfent s{ze to be grasped satisfactorily by the

head of the pin. In crush-type fractures it ap-
pears to be of inestimable value to maintain the
proper length and relationship of the styloid end
of the radius. In these cases it might be neces-
sary to apply plaster splints at least during a
portion of the healing period

At flot glmpse this appean to be a procedure
requiring a great deal of skill on the part of the
surgeon  Our experence does not lead ws to
believe that this 1s true but it must be bome in
mind that a Colles fracture can be an extremely
complicated affalr and 1o be treated properly by
any means requires 2 thorough understanding
of its mechanics on the part of the surgeon

Because of the simplicity of us application
and the immediate freedom of function that Is
permitted the extremity we believe the method
to be indicated in all adults, and most particu
larly the aged, 1n whom a satlsfactory fixation
can be secored.!

In October 1952 a cnitical review of 50
consecutive cases of closed pinming of frac
tures of the wrst was made The conclu
sions of this study are the main basis of this
report.  Thirty nine additional cases of
Colles  fractures have been pinned, with
comparable results

Fio. 7 Shawing typical fixation Colles

fracture with i.nlmmedullnry

p1o This case was an elderly woman,



154 Closed Medullary Pinning of Colles Fracture

TIME OF OPERATION
Early cascs were all pinned as emergency
procedures because 1t was felt that swelling
would obscure accurate palpation of the
styloid end of the radws and compheate the
ure The operation 1s now deferred

from 2 to 4 days for severnl reasons

Fic 2

toperatne day
l::hl wrist.

K

A woman 91 vears old who «

wrist with fracture of the nght hip ‘I‘h:s:eghuwg
al

Spramn symptoms are usually severe for
the first several days after a Colles fracture,
and the patient gets a great deal of comfort
from proper splintng As a temporary treat
ment, without anesthesia, gentle traction is
cxerted upon the index and the mrddle
fingers anterior and postenor plaster splints

of the right
made on the sixth
recently pinned



Fia 3 Techme of closed pinning of Colles fracture

are molded in poution and held by one or
two thicknesses of clastuc bandage This
dresung rarely has to be loosened, because 1t
will stretch sufficiently to allow for the swell
1ng, that occurs and become smug again as the
swelling subndes  The operation can be set
at 8 later datc s an clechve procedure,
wiuch is much more convenient to the sur
geon and the staff of the operating room
and permits adequate preoperative prepara
tion of the patent,

An additional prychologrenl ndvantage 1s
guned by delay  When an operatlon 1s done
immediately the patient 1s prone to blame
all pain and sorencss upon the surgeon
losing sight of the fact that he umself suf
fered an injury prior to his qurgery Also
the patient becomes ofraid to engage 1o ac
tive motion because of fear of pawn.

In delayed operation the patent is re
covering from hus sprain symptoms 15 glad
10 be rid of his dressing and has an under
standing of and confidence 10 his wnternal
fixation and is more willing to embark upon
immediate active motion

RECONSTRUCTION

The pin chosen is from 4% to 6 inches
in Yength there bemg no need for a pin

longer than 6 inches Except mn rare m-
stances the pin of % inch damecter 1s
chosen because the medullary cavity 1 usu
ally large enough to receive a pin of ths
chameter  Particularly 1s this true m the
aged in whom the redullary cawity of the
long bones is nearly always large A rare
indmvidual has a small medullary cavity n
the mdius and thus may require a pin of 352
ch in diameter The operation 1s always
done as & closed procedure

The extremity 15 prepared from the elbow
to the fingertips  The hand and the forearm
are passed through an opening m an ord:
nary laparotomy sheet which is clamped
snugly about the mid-portion of the fore
arm The fractore 18 reduced and beld mn
postion by straight trachon on the muddle
and the index fingers with the wrist In the
neutral position

Previously the Cotton-Loder position was
used for pmning but it was abandoned (1)
because it was difficult to palpate the styloid
end of the radirs (2) because of the tend
ency to dorsal angulation and (3) because
of the possibility of injunng the extensor
teadan of the thumb

Truction widens the gap in the -
snuffbox betsveen the styloid of
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and the base of the thumb so that the tip
of the styloid can be palpated even after
considerable swelling has occurred Begin

mng at the np of the styloid a % inch inci

sion 1y made through the skin only This
safeguards against injury to tendons nerves

or blood versels  This mncision rs made very
slightly toward the dorsum about mudway
between the abductor and the extensor ten-
dans of the thumb An opening 1s then
made in the stylord end of the radius as near
the articular margin ns possible pazsing the
wmstrument through the stab woand  This
opening may be made by a drill, an icepick,
an awl or as we now prefer by an nstru

ment designed for this putpose which s
called the awl reamer The mstrument 1
first held vertically to the cortex of the bone
and rotated back and forth on its axis so #s
not o entangle soft tissue and 15 passed just

Fro 4 Drawings showing
(A Left top) View fram the wrist jolnt to demonstrate anterior luxa-
tion of the stylold end of the ulna (B Left center) Normal relation
ship eutablished. (C Lefr bottom) Same view showing u-hnpﬂumlv{ﬁl
ment attachment to tip of stylold (D Right) Dorsal view ih 2
radio-ulnar relstionship

deeply coough to penetrate the cortex of the
bone Continuing this back and forth rotary
motion, gradually the instrument 13 brought
mto falrly closs alignment with the long
axis of the radius 2nd when this position 1
reached penetration of the bane is Increased.

Then the pin is Introduced through this
openng and pushed up mto the medullary
cavity of the radius In the aged and debih
tated the cancelious bone iy frisble and
sometimes almost absent, so that the pm
can be pushed In with the hand. Yet fixa-
tion is usually stable

In young mdividuals the cancellous bone
15 firm and dense and 1t becomes extremely
necessary that the onginal openmg 1 the
bono be made close to the line of the long
axts of the bone because if it is mede
obliquely the distal fragment will be forced
to apgulate by the passage of the pip, thus

M AT ,"':(‘ ¢
Y {

rtant radio-ulnar relatiombip
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giving nse to deformity of the lower end of
the radius and 2 marked disturbance of the
radio-uinar relationship

As the pm 1s doven up the medullary
cavity of the radius, 1t meets certan resist
ance within the medullary cavity which gives
to the surgeon a characteristic “feel ” so that
1t 18 very casy to tell whether or not the pin
has entered the medullary cawvity rather than
passing through the frocture line nto the
soft tesues

Checkup x my pictures should be made
while the head of the pin still emts through
the stab wound, because 1if the pin has not
been dnven properly it is extremely difficult
to grasp the head to remove the pin once 1t
has been sunk beneath the skin covering

The best way to make checkup x ray pic
tures 1s to slip the cassette beneath the stenle
drape being careful that the films are made

plemental plaster ‘sphints were a
the splints were removed perod

Fla. 5 Severely comminuted Colles reconstructed
bed with elastic
exercise

exactly m the antero-posterior and m the
Iateral planes

When 1t is certnin that reconstruction is
complete, and the pin 1s properly placed the
head 13 sunk beneath the soft tissues using
2 1mall nail punch uatil the head grasps the
cortex snugly Care must be taken that it
not be driven too deeply If the head 1s
driven completely into the bone substance
there will be loss of fixation. On the other
hand if the head is not dnven home suffi
aently 1t will protrude mto the soft tissue
and cause 1ntation on motion of the wnst
joint. Usually the skin wound can be closed
with one small stitch From the appearance
of the roentgenograms and from the feel of
the wrist, it can be determined whether or
not fixation is stable enough to omut plaster
splints  If there is much swelling or soft
tissue damage splmts should be applied for

by medullary pin, §
bandage. After one w:cpk-

for
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Fio 6 Technoreal errors (A, Top
left) Pin missed channel in dustal frag
ment, result ulnar deviation of fragment
with widenmg of the wrist. (B Top
right) Point of eotrance mn distal frag-
ment too far medial result radial devin
tion of distal fragment with poor proxt
mation with loss of ulna relationship
(C, Bottom left and right) Pin enters
distal fragment at mmproper angle result
angulation with disturbance of the radlo-
olnar relationship Wrong angle of in-
sertion can  produce uloar devistron
(above) donal angulation or posterior
angulation of dntal fragment.

a few days for the comfort of the patient and
to give lum the needed confidence so that he
will embark properly upon active motion.

STABILITY OF FIXATION
In most cases fixation 1s surprmngly
stable But stability can be influenced by
many factors The most important is the
accuracy of the reduction and the placing
of the pin In the elderly the styloid end of

the radius can be only a ahell and telescop-
Ing of the bone can occur In this age group
Colles fracture 1s rarely umple, and there
are usually many small fragments.

CHART 1 REVIEW OF 50 CONSECUTIVE
CasES COLLES FRACTURE

Average 56 years
Oldest 93 yeans
Youngest 24 years
Women 42 cases
Men 8 (5 violent injunes)
Fixation completely stable 43
Fixation unstable 7
No external splints 46
Exterpal splmts appled 4

ANATOMIC RESULTS

Gross deformity did not occur in this
scries  Shortening of the radial stylold and
recurrence of the silver fork deformity were
conspicuously absent. In no case was there
radial deviation of the wrist. Recurrent
luxation of the ulna persisted in one case

In 4 cases there was some permapent
deformuty suggestive of a reverse Colles
frocture—exaggerated radial arch with -
creased angle of inclination of the articular
surface of the redius with dorsal convexity
of the radius and with domal pronunence of
the styloid end of the ulna

Silver fork deformity would have recurred
1n 4 cases had not supplemental splimts been
used It has been encountered m cases not
jncluded in this senes.

DYNAMIC FACTORS

A discussion of dynanc factors in medul-
lary punnmg is beyond the scope of this
paper bat it is necessary to call attention
here to some of the factors involved

For stahility of fixation 1t 15 necessary for
the pin to securc a good purchase upon both
fragments This Is easily accomphshed 1n
the shaft of the radius because it s & mildly
tortuous bone and when a medullary pin B
driven into the shaft of the radis it secures
bone contact at 3 pamts which gives firm
fixation within this fragment.

For stability of the short distal fragment
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there must be accomplished a successful op-
posttion of forces There 13 an intrinsic dy
namuic force at work n the wrlst which
prodnces and mamntans the deformity of
radial deviation  No matter what method is
chosen to muntom the reduction of the
fractured wrist, this must be acomplished by
3-point pressure whether appled externally
or wnternally With medullary pinning this
3-point pressure 15 oppled withm the sub-
stance of the bone

As the pin enters the medullary cavity of
the shaft of the bone the sled runner poimntis
deftected toward the line of the long axs of
the shaft The shaft of the pm rocks on a ful
crum like 2 scesaw so that the head or prox
mal end of the pu 1s forced medially as the
pln 11 dnven in such fashion that the dynaruc
force exerted by the pin resists the intnnxic
dynamic force of the extremuty

An additional opposing foree is provided
by the styloid end of the ulna, which resists
the dynamic force of the pin in such fashion
that 1f reduction 15 accomplished perfectly
the radwo-ulnar relationshup is firmly re~
established, and with the styloid end of the
ulna snugly pressed wmto its notch n the
radis this jount becomes stable despite the
fact that the tnangular ligament has been
damaged

Furthermore if one observes closely the
contour of the distal end of the radws it
will be noted that there is a natural bone
gutter into which the proxumal portion of
the pin fits thus prevents antenor or pos-
teror displacement of this fragment upon
the pm  When the hooked head of the
pm 15 dnven down propetly to grasp the
cortex, the fixatlon becomes even mare
secare

Had it been placed
have been vented.  Not
the ulna. e ¢

néarer the stylowd process, this angulatron could
abnormal dorsal prominence of stylold end of
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Fia. 8 (Top) Anteroposterior view of Colles fracture Pm did not get good purchase
on distal fragment (Middle} Radmus b sagping, with recurrence of silver fork deformity
and loas of normal angle of inclination at the wrist. (Boftom) Deformity prevented by
application of molded sphnts (film retouched)

Attention must be called to the fact that
a sizeable fragment of the styloid process 1s
essential for pin fixation, but it is a surprs-
ing and pleasant expenenco to see com
munuted fractures 1n this regron compressed
into relatively pormal relationship by the
applicatton of these dynamic forces

TECHNICAL ERRORS AND
COMPLICATIONS

In the entire series of 89 cases there have
been no infections and no signs of embolism
In one instance the extensor tendon of the
thumb was caught by the pin and resulted
1n some permanent loss of extension of the
thumb In this case the pin was mtroduced
from & wrong position on the dorsum of the
wrist rather than from the styloid.

On two occasions the head of the pin
was not driven completely home and some

mechanical irmtation occurred about the
head of the pin making it necessary to re
move the pin after the passege of several
months In several cases overcorrection of
the distal fragment i ulna deviation wath
abnormal lengthening of the radil stylold
was produced temporarily because the pin
missed 1ts i the distal fragment,
pasing through the soft tissues lateral to the
bone gltm}smuhupmrccognindfmmthc
roentgenogram at the time of operaton,
permanent deformity may be prevented

Especially  young adults in whom the
cancellous bone Is firm and dense, the pin
must pass through the distal fragment as
nearly in correct alignment with the long
azis of the bone as possible The passage
of the pin st an improper angls can result
in angulation of this fragment to produce
dorsal angulation anterior angalation or ex
aggerated ulnar deviation
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ray machine 10 no way supplants carcful ciint
cal examunation It is a faurly safe rule that
it an examinmg surgeon will go over an in-
jured extremity Lightly digitally asking the
patient for the pomnt of greatest tenderness
and having that pomt roentgenographed he
will seldom be in error

Most rapid swellings about the wrist are
due to torn blood vessels, which, as a rule
occur on the dorsum They are treated best
by a splint and a compression bandage (pref-

T Y Aand B (A To,
lar punt sppeans to he normal
aadvmesbavkular punt &
Ptientstead np

erably ACE elastic) elevation cold and
local mjection of 500 umits of hyaluroni
dase Continued active use of the fingers 1s
1mportant

It1s a mustake to feel that these hematomas
are collected 1n a fascial compartment and
can be relieved by aspiration The hemor-
rhage 1s generally a diffuse interceliular one
About once a year one sees an overly am-
bitious intern who feels that these dorsal wrist
hematomas could have a clot evacuated by

) In recumbency the acremiad lavicy

(B Borom) Imtabiin of the

‘mostnated Mo traction with the






162

Closed Medullary Pinning of Colles Fracturs

leave the pin 1n place permanently removing
1t only if 1t should cause trouble

DISCUSSION

In thus serdes of 89 cases a critieal study
of 50 consecutive cases only was made be-
cause of the ttme hmitation for this publica
tion. In evaluating the results of this series
several factors must be borne in mind. First,
the senres includes all cases which presented
themselves regardless of the age group or
the seventy of the injury Many of the frac
tures were esther crush type or comminuted
Most of the cases are i the older age group
the average age being 56 All were private
cases and the average hospital stay was 2
days

Many of the patents thought that they
were well and did not return for follow up
treatment as requested.

Several cases included in the senes were
pmned from 2 to 3 weeks after the injury
following unsuccessful attempts to hald the
bones m proper position by external fixation.
It might be mentioned here that 1t has been
found possible to pin these cases satisfac
torily after a passage of 3 weeks Ono case
was pmned 5 weeks after wjury with but
shght tendency to recurrence of the onginal

deformity

SUMMARY

1 A technic for closed medullary pmung
of Colles’ fracture 15 presented.

2 Technical errors and complicatrons are
discussed.

3 Conclusions are drawn from 89 cases.

4 Fifty consecutive cases are reviewed
critically

5 Physiotherspy was not used.

6 Gross deformuty did not occur  Fixa-
tion was stable in 43 cases splints were used
in 4 cases

7 Full function was regained by approxi-
mately 84 per cent of the patents withu 4
weeks after surgery Five patients showed
some residual functional disability for 3
months or longer
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A Comparanve Chmcal Study of Autogenous
and Frozen Homogenous Bone m Grafung
Procedures

ERNEST A Brav, Colonel, MC USA *

The refagerated bone bank 1s now an es
tablihed 1mplement 1 the management of
orthopedic problems Its evolution can be
traced to the bone grafting rescarches of
John Hunter Ollier Barth, Lexer Axhausen
and Macewen and to the important studies
1n tissus preservation by Alexis Carrel. Fol
lowmng the carly clinxal studies of bone
grafting by Albee, Gallie and Robertson,
Hey Groves and many others, the concept
of bone storage for subsequent use was stim-
uvlated by the reports on chemucally treated
os purum by Orell and the refrigerated bone
employed by Alberto Inclan. This panciple
was developed and populanzed by Bush and
his associates, and thewr refrigeration technic
has received widespread adoption.

The advantages of such an avalable sup-
ply of bone grafung matenal requires no
claboration However there is consuderable
difference of opinion regarding the relative
value of such frozen, preserved, homogenous
bone compared with fresh autogenous graft
ing matenal. There is conflicting expen-
mental evidence concerning the physiologic
actvity and the rate of assmilation of these
two types of bone Some studies! 4718245

73T 48 ndicate that avtogenous and frozen

Letterman Army Hosputal, San Francisco, Cal.
Prczm}.l{y Chic! Service, Walter Reed
Army Hospital Washington, D C.

t&3

homogenous grafts behave in 1dentcal fash-
1on when transplanted, and that the end re
sult 15 the same Other observations®® 1%
BUWL o the microscopic tissue changes
n grafted arcas and on the physicochemical
responses of the two types of bone grafts
suggest that the osteogenetic quality of au-
togenous bone 13 supenor and its mcorpora
tion 1 more rapid and complete

Any conclusions as to the relative useful-
ness of these two types of grafhng matenal
must await the chmcal results of a large
series of parallel and well-controlled bone
grafting procedures  As part of such a com
parative series we instututed a plan for
alternate grafting operations with fresh an-
togenous and frozen homogenous bone Ths
proved to be umpractical because there was
msufficient bank bone available for use m
alternate cases and there were some patients
on whom the nse of bank bone was a neces-
uty Consequently we have succeeded
obtaming comparable senes of grafung pro-
cedures but not alternating senies  Seventy
five operations of sumular types have been
performed i each of the 2 groups during
the past 3 years, and the minimal penod of
postoperative observation 1w the study has
been 1 year

Our bone bank has been patterned after
the method of Bush and Garber An ordi-
nary deep-freeze unit 13 kept 1n our central
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service and 1s maintuned at munus 30° C
No extra personnel are required for its op-
eration, and asids from the origmal cost the
method 18 entirely practical and mexpensive.
Precautions as to contmuation of the destred
temperature are fulfilled by the sound of the
motor, by a red light whuch indicates that the
current 1s operating and by a warnmg bell
which signifies an meffective temperature
Our source of bone has been entirely from
operative procedures and has been prina
pally cancellous ANl our open reductions of
fractures are accompamed by diac bone
grafts and usually we are able to remove a
small amount of cxtra bone for tho bank.
We have not yet solved the problem of the
use of autopsy bone which is the obvious
source of accumulation Donors are checked
for syphilis, malignancy and active tubercu
loas  They are questioned concerning a
hustory of malaria or hepatitis and are elim
mated if any of these factors 1s positive
Bone specimens removed at operation are
placed ongnally in a separate compartment
of the freezer until the wounds of the donor
are checked for infection  If prampt healing
occurs, the bone 13 moved to another com-
partment and is mads available for usc
When necded, the bons 13 removed from
tho bank just pnor to surgery and usaally
it 15 well thawed when ready for use If 1t
has not thawed it is inmersed brdefly m
warm sahne  Once bone has been removed
from the bank 1t 15 not replaced. Any excess
bone 1s discarded

We have not stored massive cortical frag-
ments, and when the grafts are used they
are elther ground up mn the bone mill or
transferred as small chips or slabs conssting
principally of cancellous bome We have
avalded the use of preserved bone 1n opera-
tions for the bridging of large shaft defects.
Theso restrictons may account m part for
our successful results

Originally we made an attempt to check
the sterility of preserved bone by sending a
specimen to the laboratory for culture at the
time of operative removal, Fifteen positive
cultures were reported 1n 2 short perfod of
time and this bank bone was discarded. As
confirmatory evidence we compared these
positive laboratory reporty with the healing
of the donor wounds and with addigonal
cultures made from the corresponding back
bone matennl before 1t was discarded. The
gross inconsistency of this comparison (Ta
ble 1) suggested that m many of the cases
there was little justification for discarding
tho bane and that other cntena for disposal
should be adopted In cases where there is
infection of the donor mite the discarding of
the preserved bone scems to be entrely
proper  However 12 of the 15 which wero
discarded were from dopors whose wounds
healed promptly There were 8 m which the
cultures of the specimens sent to the labora
tory at the time of removal wers compared
with cultures reported from the correspond-
g preserved bone n the bank In 4 of
these the organisms reported by the labora-

TABLE 1 ANALYSIS OF INFECTED BONE SPECIMENS 1N 17 Cases

BONE SPECIMEN BoONE BANK

Dunrosar NumseR DoNogr SITE CULTURE CULTURE RECIPIENT SITB
Discarded 1 Infected
Duscarded 1 Infected Staph
Discarded 1 Infected Stenle Steph
Discarded 3 Healed Staph.
Discarded 4 Healed Similar organtuns
Discarded 4 Healed Dufferent organisms
Duscarded 1 Healed Diptherolds
Used inadvertently 1 Healed Staph. Healed
Used inadvertently 1 Infected Staphe
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tory as being 1n the specimens were entirely
different from those found in the bulk of the
refrigerated bone  In 2 patients, bone which
was considercd as infected was used inad-
vertently 1 grafung procedures The speat

men which the laboratory reported as being
contarunated was removed from a donor
ste which healed without incident, produc

ing no mfection 1 the recipient. The other
was transferred from a patient whose donor
site became mfected. The wound of the re

cipient was contamunated with the same or

ganism that was cultured from the donor
te

In additon, a study was made of bank

bone preparations which were considered as
sterile because they were removed under
ascptic precautions from donors whose
wounds healed without mfection, In 10 con-
secutive prafting procedures a specimen of
such bone was sent to the laboratory at the
time the bone was used. The results of these
cultures were correlated with the healing of
the respective recipient wounds  Three pou

tive cultures were reported, and 1 each of
these the wound of the recipient healed with

out infection It 1y possible that our routine
postoperative use of antibiotics in these

TABLE 2 BACTERIOLOGIC STUDY OF

grafting procedures may have a beanng on
the apparent contradiction of the laboratory
cvidence by the prompt wound healing
However, such therapy did not prevent op-
erative wound infection 1n a patient whose

bank bone specimen was reported as
sterile (Table 2) We have concluded that
the copflicting Iaboratory and clinical ev1
dence mdrcates that the duscarding of bone
removed under aseptic precautions is not
warranted if the dotor wound heals unevent
fully Any attempt to make repeated cul-
tures from the bone bank 1n order to ascer-
tam persistence of sterility entails an sdded
possibility of contamination and seems to us
to be unmjustified.

STATISTICAL DATA

Dunng the 4-year period of operation of
our bone bank there have been 196 bone
specumens stored  Twenty-seven were dis~
carded 15 for suspicion of nfection and 12
because of interruption 1n refrigeration. Re-
sults have not yet been evaluated 1 17 op-
crations m which bank bone was employed
and there were 13 speaimens of bone re
maning in the bank at the time of prepara
tion of thus report.

BANK BONE USED AT OPERATION

AGE OF BacTeErioLoGIC
Donor
No Srrg DJ:;;:NE DoNog BOKE  REPORT OF Recirient
(Davs) DoNoR BoNE Wouno
1 Healed Fibula 104 No growth H
2 Healed 1bum 115 Ne growth H:I.CH(}
3 Healed Tifum 70 No growth Healed
4 Healed Tium kx] Non-hemolytic Healed
Staph. aureus
Alca
s Healed Thum 52 No gmmhhm ® Healed
6 Healed Dum 55 Noo-hemolytic Healed
tococcus
; gcalcd g}\;m 39 No growth Hemolytic
caled Staph. aureus
148 Non-hemalytic Healed
Staph. aureus
Non-hemalytic
9 Healed Ilium ol sbebraa
10 Healed Tlum 4775 Sg m E:}”dcd
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There were 139 donor specumens used
the 75 procedures which are -
cluded in this study One hundred and five
specimens were removed from the thum 17
from the ribs 4 from the outer end of the
clavicle, 3 from the lower ulna and the
remander from cancellous areas such as the
patelia, the actomion process of the scapula
the astragalus and the humeral condyles

The number of donor specimens used at
operation vaned between 1 and 10 with an
average of 18 Swce operations tn which
multiple specimens were employed presented
an added nsk of contamination we analyzed
our nfected cases m the hight of this poss
bility Of the 7 panents with woand infec-
tions, 3 were grafted from multiple dobors
while the other 4 had single donor grafts
The bank bone which was used In these 75
operative procedares had been stored for
penods varymg between 2 and 224 days
with an average of 48 0 days It 13 concerv
able that the age of the preserved bone
might have some mnfluence on the success of
the grafung procedure so that the § failures
m the bank bone group wero wmvestgated
from thrs pomt of view All of the failures
were found to have occurred following the
grafung of bone which had been preserved
for a relatvely short penod, 1 all cases less
than 3 months whereas many of the sucoess-
ful procedures had been grafted with bone
which was stored for much longer penods

‘Type of Operauon. In the 75 paients

who bad autogenous bone grafts 46 were
fresh fractures which were treated by open
reduction, 3 presented delayed bone umon,
and 12 were patients with frank nonunion
of fractures There were 14 patients who
had grafung procedures associated with ma-
jor arthrodeses  In the bank bome group
there were 29 patrents with recent fractures,
10 with delayed union and 9 with nonunion
of fractures Seven spinal fusions were per
formed with bank bone There were 14 pa
hents who had major arthrodeses and 6
patsents who presented bone cysts or tumors
which were treated by curettage and packmg
with bank bone clhups

Analysis of Operative Results. A com-
panson of the end results 1 the 2 groups
of patients reveals that i each there was
prompt healing of bone at the grafted area
mn 63 patients. Delayed union was noted in
6 paticats with autogenous grafts and mn 7
patlents with bank bone grafts. There were
0 (80%) operative falures with the use of
autogenous bone and 5 (6 7% ) with bank
bone It may be of some significance that
3 of the 6 falures with autogenous bope
were assoctated with frank wound infection
whereas none of the fallures with bank bone
presented such a complication, Since there
were 6 miections in the autogenous group
and 7 n the bank bone group there 15 the
suggestion that the latter materal may be
somewhat more effecuve wn the presence of
fection, whereas 1n the clean cases the au-
togenous bone may be superior Of course,
the series 13 too small to offer data of stats-
tical ngmficance

An analysis was made of the unsuccessful
operattons in the 2 groups m an attempt to
obtan some 1ndication as to the cause of
fadure and the results arc shown in Table
3 Concerning the type of operative proce
dure i the 2 groups thero was little differ
ence in the incidence of failure It s wnter
esting to note that the percentage of failure

TABLE 3 COMPARATIVE BONE GRAFT SERIES.
ANALYS1S OF OPERATIVE FAILLURES

AUTOGENOUS BANK BONE
GRAFTS GrArTs

6 (30%)

ToTAL FALLURES 5 (67%)

Type of operation
Recent fracture
Old poaunion
Spmal fusion

esis

Posuble causes
Wound wfection 2
Poor skin 1
Subsequent

injury 1
Unknown 2 3
Inadequate surgery?
Quality of graft?

2 (51%)
2 (222%)
1 (14.3%)
1(71%) O

2 (41%)
3 (250%)
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with the use of bank bone 1n the patients
with recent fracture 1 nearly as high as the
failure mate for the entire group This might
be used wn answer to any crtcism of the
grafung of recent fractures as a determina
tion of the effectiveness of prescrved homoge
nous bone It 1s noteworthy that of the 6
falures i the autogenous group, 4 might
be attnibuted to infection or to wjury subse-
quent to operation. In nome of the bank
bone cases was there any apparent explana
tion for faure Acknowledging the posu
bility of many vanable clements one of
whuch 13 the adequacy of the surgical proce
dure 1tself the wunplication remains that the
quality of the grafing material may be the
unknown factor 1n the operative fmlures of
the bank bone group

Analyns of Infections. There were
wound infections mn 6 (80%) operafive
procedures 1 the autogenous group and 1n
7 (93%) of the bank bone casss Any

pauent who presented a postoperative com
plicatton 1n wound healing however muld
and due to whatever cause was included as

TaBLE 4 COMPARATIVE BONE QRAFT SERIES
—ANALYSIS OF INFECTIONS

AUTOGENOUS BANK BONE
GRAPT GRAFT

ToOTAL INFECTIONS

Type of operation
Recent fracture 4
Old nonunion 2
Bone cyst

6 (80%) 7 (93%)

SRy

0
Possible causes

Compound injuries (27) 4
Poor skin 1
Direct infection
Unknown 1 3

Technical errors?

Graft contamination?

19) 3

Fua 1 (A Lefr) Antero
gunshot fracture of lower en

postenior and lateral roentgeno,

grams showing noounion of

d
faation with supplemental w of femur (B Right) Films 7 months after intramedullary

ire loops and the use of cancellous

bank-bope grafts.,
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Fia 2. (A Left) Anteroposterior and lateral roentgenograms of

a wound infecton, Most mfections were
mild, and only 3 were assocated with opera
ave falure all of these being in the antoge
nous group Table 4 represents an analysis
of the mfected cases i an attempt to study
the cause of the infections It 15 felt that the
type of operation was of no importance 1n
the mcidence of wnfection The slight differ
ence in the 2 groups, especially in the caso
of recent fractures represents sumply the
somewhat different proportion of patents
treated by the two methods The incidence
of imfection wus also the same m the 2
groups as related to the total number of

ous bone uwon
following gunshot fracture of lower end of humerus. (B Right) Enlarged views of same
arca 2 ycar after the application of reinforcing cancellous bank-bone grafts. The grafis
are well incorporated and bone architecture has been restored. (Letterman Army Hos-
pital Photographic Laboratory San Francruco)

patients who formedy had open wounds and
therefore presented a somewhat ter nsk
of subsequent postoperative wound infection.

One patient 1 the autogenous group had
a skin conditon which we feel was a pre-
dispostng factor to the infection. In 1 pa
tient of the bank bone series, a grft was
used from a donor site which became in-
fected postoperatively ‘This bone should
have been discarded Of the 6 patlents with
infection in the autogenous group there re
mained only 1 in which no apparent reason
for the Infection existed and for which op-
erative technical error must be held respon-

TABLE 5 RESULTS OF PRESERVED HOMOGENOUS BONE GRAFTING

SICARD AND ReyNoLDS PRESENT
Weaver BINET WiLson AND OLIVER SERIES
Year rted 1949 1950 1951 1951 1953
Numbcrch:f operations 49 205 253 129 75 75
Type of preservation Frozen Frozen Frozen Merthiolate Frozen  Fresh
auto us
0
Infection rate {per cent) 81 30 4.5 8.5 9.3
Lyl 17.3 140 150 302 6.7 80

Openative failure (per cent)
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sble Of the 7 infectlons wn the bank bone
group there were 4 1n which technical esrors
mght be held accountable Omne of these
was definitely due to a contaminated bank-
bone graft. While ths other 3 may have no
relation to the sterility of the preserved bone-
graft matenal, we cannot cntirely chminate
such a possibiity whercas there 18 no com-
parable situation in the autogenous group

DISCUSSION

The reported results of preserved homog-
cnous bone grafting obtamned by other
observers in large groups of paticnts are rep-
resented 1n Table 5 Qur falure rate com
pares favorably with that obtalned clscwhere
and we agnbute our successful results to the
use of principally cancellous bone appled 1n
chups or slabs and to the avoidance of bank
bone 1n the bndgmg of large shaft defects
Qur expenence with the progress of healing
in the successful bank bone cases has been
entirely groafying. We have no reason to
believe that for practical purposes a success-
tol bons graftmg result 18 any less rapid with
bank bone than with autogenous bone and
wo are unsble to distngsh between the two
types of graft on the roentgenogram Asumi-
lation of the bank bone and restoration of
local bony architecture apparently occur 1
o manner as satisfactory as wath autogenous
bone (Figs 1 and 2)

In spite of these favornble impressions, a
careful analysis of our failures and 1nfections
suggests that when factors such as wound
wfection and trauma are eliminated, there
secms to be a somewhat better prospect for

with the ute of autogenous bone
Where the probable cause of failure was un
known, the incidence with bank bone was
three umes as great as with autogenous bone
(Table 3) It would seem also that there is
a greater msk of operative wound contami
naton with the use of preserved homogenous
bone However the latter seems to be more
resistant to wound infection and appears to
be preferable i the grafting of previously
wnfected bone cavities or whercver the re
activation of an old wound infection is to be

feared.. It must be emphasized that these
impressions are based on a senies of patients
which is too small to be of statistical impor-
tance Defimite conclusions must await the
results of a more extensive analysis of sumilar
parallel groups of bone grafting procedures

SUMMARY

Expenence with paraflel series of fresh
autogenous and frozen homogenous bone
grafting procedures has resulted 1o the fol
lowing impressions

1 The operation of a refugerated bone
bank 18 smple practical and inexpensive

2 Although the mmadence of postopera
tve infection 15 roughly sumilar in the two
groups, the possibility of wound contamina
ton appears to be greater with preserved
bone

3 The percentage of operative faijures 1s
about the same m the 2 groups but when
possible factors such as infection and trauma
are excluded there 13 a consmiderably higher
inadence of success with antogenous than
with frozen homogenous grafts

4 In the successful cases the progress of
bone healmg 18 spparently the same 1 the
two groups and they are indistingwishable
on the roentgenogram

5 In the presence of infection the outlook
for bone healing appears to bo better with
the use of frozen homogenous bone This
may compensate for the mereased risk of
contammanon when such bone 18 employed

6 When bank bone s uttlized 1t i advis
able to rely pnnapally on cancellous bone
wiuch 13 divided 1nto small slabs and chips
It is not recommended for the bridgng of
Targe shaft defects

7 Fresh autogenous bone of normal qual-
ity 15 always preferable whenever available
for grafung procedures with the possible
exception of those 1n which the reactivation
of an old wound infection {s feared

8 As supplemental bone for extensive
grafting procedures or where sausfactory au-
togenous bone 13 not available refnigerated
homogenous bone can be crployed with
excellent prospects for success
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12 Sprains

Fio. 4 Ethyl chioride spray for neck
sprains

incision and drainage Such ambitious young
sters choose the accident room for their sup-
posed surgery make an ill-advised incision
fail to find any large blood clot, encounter
diffuse oozing and, before the days of pem
allin, would end up with & serious tendon
infection. So learn by their sad experience
do not weise sprains in the hope of evacuat
ing @ large clot.

The troublesome shoulder spramn” 1s a
subluxation or dislocation of the acromio-
clavicular joint. It 1s a common Injury in foot
ball, ice hockey and other similar body
contact games The usual mechanism 15 the
praning of the point of the shoulders between
two forces viz. a football lincsman, who is
pinned between two opposing Lnesmen or
between an opponent and the ground The
neck yoke and the shoulder caps of football
harness are designed specifically to prevent
this type of imjury yet they do not always
accomphsh 1t. Dislocations of the acromro-
clavicular joint are troublesome to the physt
clan as many such injunies reduce themselves
SPX ly in r y As a result
roentgenograms made in this position are re
ported as negative If the roentgenogram is
made wth the patient standing (Figs 2& 3)
with weights in each hand the dislocation
may be demonstrated The treatment for
luxations {s immobilization for 3 to 4 weeks

The treatment for complete dislocation is
surgical

Traumatic wry neck is commonly called a

neck spran.” Following a sudden twist or
wrenching of the neck, a painful stiffness of
the cervical spine may occur causmg the
head to assume the position of torticollis
(Fig 4) Roentgenograms are negative A
clinical thermometer is a more valuable ad
n diagnosis, as is the use of a tongue-de
pressor blade 1n ruling out reflex forms of
tarticollss such as early tuberculosls of the
spine, or cervical lymph nodes cervical ade
mitis deep-seated mflammation of the neck
the pharynx, or the tonsils, as well as certain
other types of tumors In this same region
True torticollis 1s pantess

When the wry neck is clearly post trau-
matic, the mechanum of infury becomes of
vital importance in determming the progno-
sis If the force causning the trauma is a sudden
turn or wrench of the head, ¢ without ex
ternal force such as a handball player might
meur by turning his kead backward too sud-
denly 1n order to follow the ball the condi
tion clears spontancously in about 10 days

When the force causing the trauma 1s ex
ternal, as in whiplash Injunies of the meck,
commonly caused by automobile collisions,
particularly those in which onme car is
rammed from the rear the prognosis is mare
serlous  because of the commonly encoun-
tered complications of cervical radiculitis and
cerebral concussion Discussion of whiplash
injuries 15 beyond the scope of this chapter®

‘While minor neck sprains clear up spon-
taneously 1n approximately 10 days they are
acutely painful, causing the patient to consult
his doctor in order to obtain relef Fre
quently dramatic reflief is obtaned by the
application of ethyl chloride spray for a few
minutes* (Fig 4)

Sprains of a more extensive type require
cervical traction, cither intermittently (Fig.
5 A) or continuously (Fig 5 B) as indi-
cated An adjunct in therpy Is local support
by the use of a Thomas collar As a general
rule minor sprains are fairly comfortable
during the day even without support but rest
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The Use of Tubadil (

Tubocurarme) m

COMMANDER JOHUN S THIE

Repository Injection of
Acute Back Strain

MEYER Jr, (MC) USN aAnD

LIEUTENANT E F Reep, JR (MC) USNR

Few problems ¢ncountered by the ortho-
pedic surgeon are more refractory to treat
ment than back strain eccompamed by se-
vere pain and muscle spasm  Usually the
patient presents o history of stooping and
lifting an object and feels a “giving way of
the back or a sudden sharp and severe pam
in tho back. He then usually notices marked
himtation of motion and pain frequently he
has to go to bed to seck relief from the pamn
Most of the patients described 1n this report
had this mode of onset and were treated by
the usual regimen of local heat, massage &nd
rest on @ firm bed, without mgmficant rehief
n complaints Tt was believed that treatment
should be aimed more specifically at relaxa
tion of the associated muscle spasm as rap-
idly as possible With thisinmund the Ortho-
pedic Department of the U S Naval Hospital
Portsmouth Va tried Tubadil (repository
mjection of tubocurarne) which has a direct
and rapid muscle relaxing effect by its tubo-
curarine action

The use of curare dates back to the six
teenth century It has been used n physio-
loggc expenmentation for nearly a hundred
years But ft was not until about 15 years
2go that preparations of curare, sufficrently
purified for clinical use became available

d Tubocurarme from the plant Chondo-
dendron tormentosum was introduced into
modern medicme by Gl Through research
by Burman 1 Bennett,* Cullen® and mamy

others 5t was found that the drug could be
used for the alleviation of muoscle spasm
Bennett reviewed the clinical {nvestigatrons
on curare in organic neurologic disorders in
1941 and noted that curare produced &
marked relaxation of ngdity and abolitron
of involuntary movements in spastic paral-
ysis athetord and dystonic states parkinson-
ism heredity choren, spasmodic torticollss,
status cpilepticus and tetanus Its action 10
aqueous solution was transient and flestmp
At a later date Fuller* reported on the mse
of a repository injection of tubocurense in
pamful muscle spasm doe to traumatic Jo
junes  The action of tubocurarine m the
repository menstruum used by Fuller was
apparent 1n 45 mioutes, as indicated by re-
laxation of the spasm

Tubadil repository tubocurarine, used m
this study 1s manufactured by Endo Products
Inc Ruchmond Hil N Y It contains &
crystaline d tubocuranne chloride of high
punty mcorporated tn a slow absorption base,
capable of delvering a clinically effective
dose of curare at a constant rate below the
level which produces adverse side effects.
Tubadil contains 25 mg of d tubocuranne
per 1 cc The recommended dosage fs mds-
vidunalized on a basis of body weight, 1.25
cc per 70 klograms or 154 pounds The
muscle relaxing effect 1s apparent in 45 min
utes and continues for from 12 to 24 hours
or more

2
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Certain measures should be followed to
obtan the maximum usefulness of the drug
Anyone who uses 1t should be familiar with
the signs and symptoms of overcurarzation
and of measures 1o combat this immedintely
In the event of annoying side reactrons, such
as heavmess of the cyelids diplopla or
marked general muscle relaxation the injec
tion of ¥ to 1 cc of neostigmine 15 effec
tive The contrmndications to the use of
curare-containing drugs are respiratory defi
crenciet, pulmonic disorders and renal dys
functions It must never be used 1n patients
even suspected of having myasthenia gravis
The dose must be measured accurately be
fore administration and given intramuscu
larly 1n the upper outer quadrant of the
buttocks. The total dosage is given at one

ste ‘The patient 1s advised to refrain from
excesstve muscular activity for several hours
after the admimstration of the drug External
heat must not be applied to the body, ax
this would increase the absorption rate and
the site of mnjection must not be massaged
for the same reason

REPORT OF CASES ILLUSTRATIVE
OF THE ABOVE THERAPY

Case I RIS, White Male Aged 42, This
man was admitted February 18 1953 because
of back pain and wes treated conservatrvely He
had become freely ambulatory about the ward,
domg cleaning of the decks and light work in
the galley On March 18 1953 be suddenly
developed a wry neck, and any motion of the
oeck cansed severe pain There was a comnch-
dental flare up of his low back pain, He would

| ~

Fio. 1 (Lef1) Forward

bending [m
Fia. 2. (Rlght) Increased rmm‘ggbm;‘;‘:cmr 10 recerving Tubadil.

(Officual photograph, U

hour sfter receiving Tubadil,
5 Navy)
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not move from hm bed, and In the bed he lay
with his entire spine Rxed.

At 11 05 AL M 1{ cc of Tubadil was injected
mto the muscle of the right buttock. Withun 1
hour he was able to move his head about with
Ltle pawn, end i 1% hours he could move his
head throughout a full range of motion without
discomfort ‘The pain in his low back had de-
creased to a dull ache and he was able to move
about the bed and the ward. At 1 00P M he
stated that be noticed difficulty {o focuring hus
eyes properly This diplopa persisted for about
3 hours following the infection  There was no
recurrence of seck pain and atiffnesy, but the
pain reappeared in his Jow back about 36 hours
after hh injection Four days later the paln
still was not as severe as prior to Tubadil and
st subsided over a period of & week, and he re-
tured to duty

Case 2 HFS White Male, Aged 37
This Navy Chief was admitted with a recurrent
pan In the low back for the past 2 yeats Dia
thermy and massage sometimes releved the
pun  Four days prior to admusion he stooped
to pick up a razor blade from the deck and was
unablo to stralghten up He had received the
usual heat, massage and bed rest without relief
On examination he walked with 8 marked Hst
(o his left, with sphntlog of all muscles of the
low back. He had difficuity ip sitting or arising
from a chair He had to have assustance in dress-
ing. There was muscle of the lumbar
muscles, more marked on the left. Straight leg
Tising 1o 45 cowsed puin m the bk There
wes no radiatron of pam and no relatlon to

fstve efforts. Roentgenograms were nega

P
tive

He was given 075 cc of Tubadil in the left
gluten! region Half an hour later he stated that
he felt more relaxed and on examination at one
hour he was found ta be takuing a shower and
had an almoet full range of motion of his back
without pain  He still had sorae lut but walked
about freely He noticed a diplopia about 2
houry after injection but this 1 only about
2 hours. He recetved no otber treatment, and
ona week Iater he was returned to full doty with
no list, full back motion and po pain

Case 3 R D.A., White Male, Aged 24
This patient had patn i the low back of sudden
onset which had lasted for about 1 week and
did not respond to the usual regimen of heat,
rest, etc He had marked of tho para
vertebral miuscles, especially on the left, with
almost poker stiffmess of the spine on forward
fiexion. He could bead only to within 24 inches
of the floor with the fingers extended and com

plained of pain on any motion of hu back.
The Gacenslin test was positive for Jumbosacral
involvement.

At 1205 P M he was given 075 eo. of
Tubadil 1n the right buttock and put to bed
By 1 00 P M he stated that he had almost no
pain, but he noticed some stiffiress in tumning
overjn the bed At2 00 P M he was able to
bend with the fingertips to within 8 inches of
the floor Lateral bending, hyperextenston and
rotary movements were nommal  All movementy
were pain free  He still stated that he feit some
stiffness in the low back and examination re
vealed some limited motson of the Jower tho-
rucic spine  He had a slight drowsimess, but o
diplopla or vertipo This mas was
until 4 00 P M "and ailowed to return to s
ship

Case 4 R-TH White Male, Aged 20
This young men was admitted on March 22,
1953 ‘with the diagnosts of “contusion of ow
back,” having suddenly expenenced backach
when lifting a heavy object. He had marked
muscle spasm ead Itmitatlon of all motions of
the back He was given 075 cc of Tubadl in
the right buttock and in one hour he steted thit
all the pan had dusa except O CXtremes
of motlon The spasm had entirelv disappeared.
He had & “full feelwag” ia his head, but po drplo-
pla or vertigo. Photographs made before and
after injectioms are presented (Figs. 1 and 2)
He was returned to duty on March 27 1953
with & full range of back motion and no pain

Case 5 F H AL, White Male Aged 19
This man was a boxer from Luttle Creck Am-
phibious Base who felt sudden and sharp pain
in his Jow back while boxing Heat, masssge
and rest did not relieve the pam or the fpasmm.
On examination ho had marked spasm of the ieft
sxcrospinalis and could flex onlv to about 150
with no hyperextension of the back demob-
strablo, Lateral bending was to about 20 and
thero was no rotation of the spine. All motom
were accompanied by considerable pain i the
low back He was given 0 75 ce. of Tubadil in
the right buttock, and within 1 hour aft mi
spasm was gone  He complamed of dufficulty
1n focusing his eyes on distant objects and of an
extreme dizziness but was ablo to walk wefl with
o weaving and no (remor  Three hours later
ho had full lateral bending hyperextension and
rodstion of the tpioe and was sble to bend far
ward to within B mches of the floor whhout
ducomfort. Diplopla Insted fos about 2 hourt
after in Ho was returned to duty 4 hours
Inter and boxed the next night.
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Case 6. FW., Aged 46 'This man had o
sudden onset of back paln following lifing and
was treated by 3 days of bed rest with linle
improvement. He had marked Jimitation of ell
motlons of the back with conyiderable bilateral
erector spinae muscle spasm  He was glven
075 ce. of Tubadil in the buttock at 2 00 P M
and 2 hours later had almost full range of pain
free motion of the back. He contlnued to have
some discorafort on full flexion, and the finger
tips lacked 6 inches of touching the floor
Twenty four hours later the patrent nsked to be
returned to duty as he was completely axymp-
tomatic.

Case 7 CDN., White Male, Aged 30
Thus patient noted recurrent low back pain of
uoknown ongn for several months previously
wiuch became acute in the last 3 weeks Roent
penograms revealed no evidence of pathology
Examination revealed considerable muscle
spasm of the lumbar muscles with radtion of
pain into the posterior thighs and limited lom
bar motion In all planes. Tubadil, 1.25 cc. was
givenat 10 30 A M andby2 00P M he was
relaxed and able 10 tie his own shoes for the
fint time in 3 weeks. He had little or no pain
on keaving the hospital at 4 00 P M

Case 8 J.L.H., White Male Aged 22. This
paticot had pain of the low back following
shearing stress which occurred about 4 weeks
previowsly and was not relieved by the usual
comervative means Thn occurred when he was
picking up a heavy obpect, and at that time he
felt @ sudden, sharp pain of the low back
Roentgenograms of the lumbosacral spine were
negatrve Physical examination revealed conud
eroble muscke spasm and marked limrtation of
all motrons of the lumbar spine One cc of
Tubadil was tnjected jnto the buttock and
within 2 hours his umbar 3 was pone The
following day he was fm?)ﬂnmhﬂalorv with
only slight stifiness of the low back, but po
pain, and on the fifth day after injection he re
turned to full duty He had a transient dipl,
for about 2 hours following injection of Tubadit

Case 9 JCS, White Male Aged 19 This
patent fell from a ladder aboard ship a distance
of about 4 feet and struck his buttocks. He
developed pain 1n fus low back which pershted
for about 6 weels and was not relieved by rest,
local heat or the usual conservative meany,
Roentgenog of the Jumbosacral spme were
negative. Physical examination revealed
of the lumbar musches and marked lunstation of
motion of the lumbar spine fy In for
ward flevon. He was given 1| cc. of Tubadll

mtramuscularly at 10 40 A M A dxplo{: de
veloped within 1 hour and persisted for about 3
hours In 2 hours the muscle spasm Wes f¢
lieved and the range of pawn free motion was
75 per cent of normal. By the following morn
ing he was ambulatory and pain free He still
could not touch his fingertips to the deck but
could reach to within 4 mches. Six days later
without repeat injection he returned to duty fit
for same.

Case 10 R.D., White Male, Aged 23 Ths
patient had acute patn and marked limitation of
motion of the lumbar spine of 8 days duration
following lifting a heavy object. This was not
relieved by the usual conservative measures.
Roentgenograms of the Jumbosacral spine were
normal He presented 'Efm of the paraverte
bral muscles and only about 10 of motion of
the low back. He was grven 1 cc. of Tubadil
and within 2 hours had 50 cent of normal
range of motion of the low back and verv httle
pein. The following day the injection was re
peated, and 3 hours later he was able to touch
the deck with hs fingertips. Two days later
without further treatment, he went to full duty

SUMMARY

Twenty cases of low back strain with pun
and paravertebral muscle spasm but no bony
abnormahty demonstrable clnically or by
x rays, nor with evidence of neurologic dis-
easc were treated by intramuscular repository
mjection of d tubocuranne Only 2 were not
improved, and these were thought to have had
functional overlay Two others were only
partially relieved and the remainmg 16 were
greatly improved. Three had two myections
and the remainder had only one npection
Usually hospitalzation overmght was not re
quired, but it 1s advised that if ths treatment
Is used, the patent should be retamed under
observation for 4 hours or longer In this
setles less than the recommended dosage has
been used averaging G 75 cc for a 150-
pound patient, as 1t was found that the de
sired results were obtamed. Half of the pa-
tients treated noticed a translent diplopia
begmumg in about 30 minutes and lasting
about 3 hours after injection and one com-
pluned of a marked verigo that cleared in
2 houn Other than these no untoward
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effects were noted, nor was peostigmine re-
quired 1n any case.

It s the opmion of the authors that
Tubadul has a definite place 1n the armamen
tarlum of physicians treating acute back
strain with muscle spasm and back pain.
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Faugue Fracture of the Shaft of the Femur—
Report of a Case’

Hyman R Osuerorr, CotoNeL, MC, U S A, AND
Tuomas C DevLm, First Lieutenant, MC, U S.A

Fatgue fractures are relatively common
m Army personnel Frequently they are seen
involving the metatarsal bones March frac
ture of the foot is a clinical entity and 1
diagnosed casily by the typical roentgen find
ings of & minute fractore Lne surrounded by
exuberant callus However when bones
other than the metatarsals are involved, the
diagnosis 13 not reached so readily At first
the lesion wsually is considered as a bone
tumor In 1942 Petersont reporied a case
of fatigue fracture of the shaft of the femur
Prior to his publication only 1 such case had
been reported thus 1t would seem that this
1t an uncommon condrtion.

CASE REPORT

[hoe panent, a 20-year-old white male
prvate was seen fint by 2 dispensary doctor
ut this installation He complaned of pan
and tenderness of the left thigh, localized at
a pomt about 2 or 3 inches above the Interal
femornl condyle He gave no hustory of in-
juty He stated that he had had this pain
almost constantly for 3 weeks  The patent
had been undergoing basic training and had
been subjected to long penods of marching
and physical trainmg  He could not remem-
ber any distinct trauma 1o the left leg. The

U S. Army Howpital Camp Gordon, Ga.
+ Peterson, L. T March fracture of the femur
J Bone & Joint Surp. 24 185 1942

¢

m

pain was described as being dull and aching
0 nsture 1t was mads worse by physieal
sctivity but not completely relisved by bed
rest. Occasionally 1t awakened the patient
at mght,

Physical examination was essentially nega
tive with the exception of the left lower
extremity There was & defimite hard swell
ing which appeared to be deeply situated just
above the flare of the condyles of the left
femur This was very tender There was a
full range of motion m the hup and the knee
There was no evidence of ecchymosis or any
other soft tissue mvolvement in the left lower
extremuty

The patient was admutted to the hospstal
April 27 1953 for surgical observation
Roentgenograms taken on admussion re-
veaked a small fracture line in the postenor
cortex of the femur with elevation of the
penosteum in this area and amorphous cal
cafication extending into the soft tissues Be
cause of the peniosteal reaction about the
femoral shaft, 1t was felt that a mahgnancy
of bone was a good possbility Laboratory
studies were done and the results were as
follows WBC 12 600 neutsophils 75 lym
phocytes 17 monocytes 7 and eosinophils
t Hemoglobin was 13 40 Gr Calcwm was
10 8 phosphorus, 3 6 alkaline phosphatase,
19 The urinalyss was negative

In view of the ncgauve laboratory find-
mgs and since additronal roentgenograms of
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Fia 1 AP and lateral roentgeno,
taken on admission April 27 1953 show
ing fracture of the posterior cortex,
osteal elevation and amorphous calcifica
ton

the femur showed the presence of a minute
fracture line traversing the shaft of the
femur it was decided to watch and wait.,
Therefore the patient was kept at bedrest.
In a few days us pain gradually subsided

Fia 2 Roentgenogrums taken May 11
1953 showing increase in callus forma
tion and partgnl obliteration of the frac
ture Line

Fic 3 Roentgenograms taken August
31 1953 showlng complete healing of
fracture

although the swelling persisted and this area
remamed tender Roentgenograms were ob-
tamed again approximately 3 weeks later
These revealed obliteration of the previously
mentioned fracture line What was at first
thought to be periosteal reaction was on
these films thought to be normal callus for
mation. Eventually the patient was allowed
ambulation and was &ble to gst about well
without any recurrence of his pain, Final
roentgenograms were made about 4 months
later these revealed complete healing of the
fracture The patient was returned to lrmrted
duty July 10 1953 and as yet has had no
recurrence of his symptoms

SUMMARY

The above case 15 being reported because
of its ranty and because of the tendency to
mistake this type of pathology for a bon¢
tumor We serously considered a biopsy of
this bony mass when the patient was first
seen, and 1t was only after serial roentgeno-
grams had been taken that we arnved at @
correct diagnosis and did not subject this
man to a uscless operative procedure
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Vascular Relations of

the Ankle and Their

Chinical Slgmﬁcance‘

H. KELIKIAN, M D

The ankle 13 a weight beanng jomt. It
connects two unequal levers  The foot joins
the leg at an angle and moves on 1t around
a smgle ads The axis of movement runs
from mde to mide across the angle of umon
of the leg and the foot 1t passes from a pont
thghtly below the lowermost blunt border
of the tibial malleolus to the tup of the
fibular malleolus As the lateral buttress of
the ankle is placed postenorly and fathoms
the entire depth of the body of the talus and
the tblal malleolus extends forward and de-
scends only one third down the medial side
of the astragelus the axis of hinge motion
inclipes downward and backward from the
inner to the outer border of the ankle
Around 1t the talus rocks vp and down.
Since no muscles connect with 1t, the talus
can move only by the gear action of the
contacting bones or by the tension of the
ottnched higaments It 1s elther pushed or
pulled

‘When the foot ts at & nght angle to the
leg, the angle formed between the weight
beanng axis of the tbia and the Jong axis
of the talus s about 100 From thss
tion the talus moves 15° dorsally and 35°
plantarward  Due to merements of gliding
movement allowed m joints distal to the
talus the foot as o whole moves through a

From of Bore and Jobnt
Northwestern Unlveniity Medical School, Wesley
Memortal and Cook County Hosputak, Chicapa,
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greater arc  30° up toward the leg and
about 50 away from it Donifiexion 1
carned out with greater ease when the knee
is flexed and the tenmon on the tendo
achillis 15 removed

In plantar flexon and doruflexion, the
une at which the foot folds on the leg 13
a bias Because of the obhiquity of the axis
of hinge action and the tapering of the lat
eral wall of the body of the talus from front
to back, in plantar flexion the head of the
talus twists down and medwlly 1n dorsi
flexton 1t turns up and Iaterally The foot
follows swit and accentuates this corkscrew
action of the talus When the sole of the
foot 15 depressed toward the ground, the
gastrocpemius pulls the os calas hence the
heel, into shght varus the forefoot devintes
medially and the toes pomnt down and m
Conversely when the dorsum of the foot 1s
lifted toward the front of the leg, the heel
retumns to 1ts normal shghtly valgus posi
tion, the forefoot is deflected laterally and
the toes pomt up and cutward. Thus plantar
flexion s accompanied by wmversion and ad
duction (supination) and dorsiflexion by
eversion and abduction (pronation) of the
foot. The plane of movement of the foot
against the leg is not altogether antero-
postenor- it Is spiral.

ARTERIAL PATHWAYS

As 1n other joints the mamn artenes which
cross the ankle are four
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ward which the scgments move and when
there are two vessels the larger 15 located
on the side toward which movement 1s more
extensive  Smce the ankle permits greater
range of plantar flexion than dorsiflexion
the larger artery Is placed behind and the
smaller artery 1o front of the joint More-
over in plantar flexion the sole of the foot
faces backward and turns medially the pos-
terior tibial artery traverses along the pos
tesomedial aspect of the ankle In domsi-
flexion the back of the foot 1nchnes Jaterally
toward the fibula the antenor tibial artery
descends from the Iateral aspect of the leg
down and medally

Great Arterial Loop Higher in the keg
the pophteal artery bifurcates into two ter
minal branches the antenor and the poste
nior tibial trunks The anterior tibal artery
passes forward and enters the front of the
leg through an aperture in the proximal end
of the interosseous membrane Here the
artery Is flanked by the tibia and the fibula
and establishes for itself 8 point of fixation
At the bend of the ankle the tendon of the
long extensor of the big toe crosses over the
artery from the fibular to the nibfal side and
enters & special compartment provided by
the mferior extensor retinaculum under the
shelter of this tendon the antentor tibual ar
tery gives off two malleolar branches and
passes over the back of the foot as the
dorsalis pedis  Just dustal to the ankle over
the neck of the talus, the dorsals
shoots out a large tarsal branch in the direc
tion of the outer border of the foot and then
continues toward the first interosseous space
At the apex of this space between the first
and the second metatarsal bones the con
unuation of the anterior tbial artery—the
dorsalis pedis—turns down toward the sole
of the foot it connects directly with the lat
eral plantar artery which 1s the larger ter
minal branch end hence the more direct
contmuastion of the posterior tibal artery
wiuch n turn 15 the larger termunal branch
or the more direct continuation of the pop-
Liteal artery

The two mam arteries of the leg and their

contrmuaton 1n the foot thus complete & large
loop which s analogous to the circle of Willis
within the cramum 1n that the anastomons
is through a large channel and not solely
through capillaries In gencral the plane of
the arteral loop cuts across the skeketal
tramework of the leg and the foot and more
or less parallels the twisted plane in which
plantar flexion and donifiexion are carned
out The posterior kmb of the great arterial
loop—cousisting of the tibialis posterior and
the lateral plantar arteries—Is placed oa the
side toward which movement Is more exten-
five, 1t gives off a greater number of seg-
mental branches in the leg and supplies the
skin on the back of the ankle a
The anteror imb 18 smaller 1n caliber and
closer to bone with no muscles intervening
both st its inception and its termnston it
uﬂmkcdbyboncx,a.ndntﬂzcbmdalﬂre
ankle the extensor haflucs longus tendon
crosses 1t from the lateral to the medial sde
Thus the anterror limb Is bound down and
gves off fewer segmental branches, which—
because they are placed deeply behmd ghid
g tendons—do not reach the skin m pro-
fusion the integument in front of the ankle,
especually over the tibial malleolus, 13 pot
richly supplied with notrient vessels
Accessory Arterial Loop The peroneal
artery—an offshoot of the posterior tibral
artery—passes down tho leg and splits ito
two terrunal branches The smaller pef
forating peroneal artery penctrates the lowet
portion of the nterosseons membranc and
descends In front of the tibiofibular sym-
desmosis the direct continuation of the per
oncal srtery gives off several twgs which
pass through and around the posterfor talo-
fibular ligament and connect with the pef
foratng artery m front The two t
branches of the peroncal artery thus com-
plete a circuit around the outer malfeolus
of the ankle Ths constitutes the smalf of
the accessory artenal loop of the ankle
Lateral Tarsal Rete. Ax i dorsiflexion,
the back of the foot mnclines toward the fib-
ular malleolus and the tisues immediately
below that process and to the outside of the



Fia 5 (A Inser) Intermittent cervical traction. (B Below) Con
tnuous cervical traction.

less mights may be avoided by the use of 2
Turkish towel folded 4 umes longitudinally
wrapped twice around the neck, and pinned
with a safety pin to kecp it m place

The Jow back will be discussed briefly The
back situation 18 a complicated one and sup-
posedly always will be confused Conmder
the case of the working man who develops
a catch in his back. By the next mornung he
is m quite severe pain and is pulled or bent
over to one mide He states that he has
spruned huis back What should he do?

The first suggestion is that he consult his
physician and that the physician 1nstead of
quickly prescribing adhesive tape heat treat
ment, aspinn, codewne or some other drug,
should make a careful diagnosis

In most instances diagnonis will show the
most common cause of such sprained backs
to be fatgue which produces “muscle

Fra 6 Mechannm of typical American
football knee injury
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Fia. 1 Arterial pathways—artenograms (A, Top left) The arterial loop in a new
bom. Note the relupt:-e wze of the artenal trunks. (B Top center) The arterial loop in
an adult (Top right) Distal portion of the artenal loop Sizable tarsal twigs emanate
from the dorsalis pedis and run laterally toward the outer neck of the talus. (D Bottom
left) Terminal portson of the arterial loop showing a direct communication between the
dorsalis pedls and the lateral plantar artery (E, Bottomn, right) Artenogram mn a case
with congenital absence of the flbula Note the muissmg anterior limb of the great arterial

loop

neck of the talus are comparatively lax a
ncher web of blood vessels 1s to be found
here than 1n the corresponding area in front
of the tibul malleolus, where movement is
Lruted and the skin 15 snug The anasto-
motic network 15 formed by the two termmal
branches of the peroneal artery by the lateral
malleolar twig of the antenor tibial artery
by a large offshoot from the tarsal branch
of the dorsalis pedis and by small recurrent
filaments from the lateral plantar artery

‘Tibial Malleolar Rete. The medial mal
Jeolar branches of the anterior and the pos-
terdor tiblal artenes—one coming from n
front and the other from behind—anasto-
mose with one another over the base of the
inner malleolus, establishing a small vascular
side-slhing around the bone The anastomotic
lacework lies betund the tendons, and its
capillaries penetrate the bone just above the
base of the tibial malleolus

The arteral pathways descnbed admut of
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some vanation In two cases of congenital
absence of the fibula the antenor tibal ar-
tery was completely mussing, the dorsals
pedis was represented by a small thread
comung down from the peroneal artery and
it did not connect directly with the lateral
plantar artery

SUMMARY
The two main artenes of the leg and ther
continuation in the foot complete a large
loop which is analogous to the circle of Willls
m that anastomosss 1s through a sizabke
channel and not by way of capillares alone.
The postenior imb of the great artenal loop

Fia 2 Artenal pathways. Roentgenograms from arteriosclerotis. (A, Top
lefp) Latera) view showing tortuous antenor and posterior limbs of the great
arterial Toop at the level of the ankle (B Top right) This roentgenogram
shows a large sclerotic artery between the first and the second metatarsal

bones. This vessel copaects the donsa

rior tibial—with the lateral plantar wh

kgad.b—»tbc contipustion of the ante
Is the contmuation of the posterior

ubial artery (Bottom left) Lateral view rocntgenogram showlng the proxim

ity of the dorsalis pedis to the neck of the lus. (D Botrorm right}

mme

atter astragalectomy for pyogenke arthritis of the ankle Note the collapss of
the tortuous artery mto the cradle of the extracted tajus. Later this pauent was
subjected to tibiotarsal fusion, and the surgeon inadvertently cut the herniated
segment of the artery The foot survived by virtue of patent posterior tibial

artery
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Fie 3 Artenal ways. Drawings iilustrating the great arteral loop and its acces
sones. (A, Left) Thp:u:lnenal loop viewed from the medial side (B Center) The artenial
loop from the lateral aspect. (C, Right) The antenor imb of the loop in relation to bones
and to the long extensor tendon of the great toe

18 padded away from bone and gives more
numerous segmental branches the antenor
limb runs in the skeletal plane and grves off
fewer mde twigs A lesser artenal loop s
formed around the distal tibiofibular syndes-
mon by the termumal branches of the pero-
neal artery At the level of the ankle over
and around the malleols, one finds 2 anasto-
motc side-slings A ncher lacework is seen
outside the neck of the talus where the
tssues are lax. In 2 cases of congemtal
absence of the fibula the antenor tibial ar
tery was muung (Figs 1 2 and 3)

RETURN CIRCULATION

The veint and the lymphatics which cross
the ankle jornt pursue a less defimite pattern
The deep veins accompany the artenes as
venae comites and therefore Le within the
confines of the deep fascin the superfical
vems tend to avoid the bony knuckles, the
malleoli The smaller short saphenous vein
\\‘hlchhnvcwp:\lrcmnnnlotthcpmmxlnl
or sciatic trunl of the embryonic imb bud
curls up betund the fibular malleolus 1 com

pany with the terminal branches of the sural
nerve ‘The long saphenous vein—the ongi-
nal preanal vewn—is larger and courtes up
the medial side of the ankle 1n front of the
tibial malleclus 1t is accompanied by the
termunal sensory branch of the femoral nerve
The direction of venous and lymphatic
flow m the foot 1s from the deep to the
superficial system 1 the leg the directon
1s reversed  The veins and the fymphatics of
the lower limb empty themselves against
gravity with the md of the transmitted pulse
from the artenes, the squeezing action of
the contracting muscles the massage of the
glhding tendons and the movements of the
jomnts  As no muscles except a few fleshy
fibers of the peroneus tertius cross the ankle
jouat, the greatest md to venous and lym-
phatic flow 1s elrmunated and return circula
tlon must depend upon the remaning fac
tors At the Jevel of the ankle the superficial
vewns and lymphatics benefit munly from the
movements of the jont proximally around
the calf the impulse of muscular contraction
as transmutted by the crural fascia also helps,
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Fro 4 Return circulation. The ankle 1 dependent. It consututes a comman site of
stasis and associated phenomena, such as skin and fascual thickening, ulcers and con
gostrve ostertis absorption trom eround the ankbo 1s extremely sluggsh, (A, Top left)
Lateral view roentgenogram of a man who was shot by a soft lead bulket 21 years earler
Apparently the lead was soluble which in a joint like the knee where the absorptian is
quick, might have given risc to systemic symptoms. This man had no blood changes, no
bleeding gums or penpheral neunttre. He did not even have any local discomfort. The

tumor was removed for cosmetic reasons. Note that the dussolved or p. itated Jead
1s held 10 sus| fon and is wailed off (B Top center) Frontal photograph of the tumor
(C Top right) Tumor partly {D Bottom left) Tumor dissected from the neck
of the talus and the capsule of ankle Lower forceps polnts to the ay yet undssolved
lead. (E, Bottom center) The lead bullet has been removed. Note the hole within the
neck of the talus and the ankle jomnt. The ankic was washed coprously with salipe.
(F Bottom right) Tho multilocular cyst which held the precip lead in i

Should the deep fascia thicken, as after mul-
tiple surgrcal operations and pertfascial fi
brous deposits caused by mnflammanans of
the veins and the lympbatics the muscles
fail to transmit their squeszing action through
the stiffened fascia, and stass cosues

After 1t leaves the front of the tibial mal
leolus, the long saphenous vemn passes up-
ward over the distal tibla and receives no

benefit from the transmitted impulse of the
muscular contraction This so-called sikent
area over the distal tibia just above the lnger
malleolus constitutes the most commion ste
of stasis ulcers

The decp lymphatic vessels run i close
relation to the arteries as do the deep velns
the superfizal lymphatics accompany the
sapbenae  There are no lymph nodes around
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the ankle Absorption from the ankle 13
extremely sluggish as compared with the
knee (Fig 4)

CLINICAL CORRELATION

Avascular Necrosis 1n Daslocationy
and Fractures of the Talus. Informauon
about the blood supply of the bones of the
ankle—the talus included—is gammed by con-
sderation of the following (1) the growih
pattern of the bones, (2) the extent of thewr
articular coating (3) the grooves and the
folera that they provide for tendons to ghde
over- (4) the attachments they give and the
tenseness and the laxity of the anchored liga
ments (5) the proximity of the bones or
portions of them to ncher or poorer vascu
Inr petworks and the density or the loose-
ness of the intervenung tissues (6) the size
the number and the allocation of putnent
foraminae scattered over their nonarticular
surfaces and finally (7) the behavior of
the detached or displaced piece of bone m
fractures and dislocations

1 Tur GrowTH PATTERN The talus is
denved from one pnimary center of ossifica
Gon. Occasionally about the age of 7 or
8 2 secondary center appears in the tail of
the bone and 15 destined to become the lat
eral or tngonal tubercle At times this cen-
ter tails to effect a bony umon with the main
body then 1t 15 called o trigonum The
©01320us core within the primary center ap-
pears at the seventh month of intra uterine
e Around 1t from the mnermost aspect
of the cartilagmous shell newer bone is de
posited, layer by layer m a concentric fash
wn untl the age of 20 when all but the
arucular cartilage surrounding the bone 13

consumed. The ossification center first ap-
Pears in what 13 destined to become the neck
of the talus  As bone must have blood ves-
3€l1, the neck of the tafus captures its pro-
vition of vascular supply carly At burth the
body of the talus is manly cartilaginous
bone and blood vessels grow 1nto it from the
peck backwurd  As growth proceeds, the
““1\1: bane changes 1n shape and inchnation
0 children the talus slants down and meds-

ally to a greater extent. In some Afncan
tnbes the neck of the talus definitely tilts
up and bears an articular facet on its su-
perior aspect, which, on squatuing, comes
into contact with a cartilage-coated surface
in front of the distal tibia. However as a
rule the neck of the talus touches no other
bone and bears no articular coating Meds
ally, both above and below the neck 13
narrowed by the encroaching articular sur
faces of the body and the head laterally
where a ncher arterial network 15 to be
found, the neck of the talus is spacious

2 THE EXTENT OF THE ARTICULAR
CoatiNg Hyalin cartilage conshtutes a bar
ner to blood vessels and the neck of the
talus 15 the only portion of the bone that 1s
not insulated by it. The neck provides the
main surface area for penctranion of nutrient
vessels mto the talus The globular head
front 13 capped completely with hyalin cartt
lage, and the massive body behind 1s almost
surrounded with it

3 THE GROOVES AND THE FuLcra The
neck of the talus 18 constricted and its sur-
faces are sunken They proffer no fulcrum
or groove for tendons to glide over blood
vessels can reach the neck without any fric
tional interference by gliding tendons

4 THE ATTACHMENTS No muscles, only
ligaments, connect with the talus Unllke
muscles ligaments are not lush conveyers
of vessels to bone The deltold lignment
which gains the widest attachment to the
body of the talus 18 under struns and 1its
fibers are disposed axdally thus it carnes
only small twigs to the talus The postedor
talofibular ligament jons with the trigonal
tubercle of the tafus and 1ts fibers run trans-
versely and are not under strmn it carries
sizable vessels, most of which pass forward
to the fibular malleolus but some of which
turn postenorly toward the tail of the talus
When the tngonal tubercle remains unfused
and presents itself as os trigonum, a thin
band of fibrocartilage intercedes between 1t
and the main bone and blocks blood vessels
from passng into the body The antenor
talofibular ligament, which connects with the
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Fia 5 Ossficatlon of the talus. (A Top left) Talus at 2 years of age. (B Top center)
Talus at 4 (G, Top right) Talus 2t 6 (D Bottom left) Talus at 8 Nota the appearance
of the secondary center 1n the taul of the bone. (E, Bottorn center )Talus at 11 The tri-
gonal center o almost fused. (F Botiom right) Mature talus with growth arrest lines
due to mngestion of phosphanzed cod liver o1l between the ages of 1 and 2. Note that
considerable bone bas piled up posteriorly on the osseous core delineated by the growth
arrest hines 1n childhood.

outer neck of the talus also 15 disposed
honzontally Except in extreme plantar
flexion and inversion of the foot, 1t 13 not
under strun. Moreover 1t 1s a weak band.
The corresponding area on the medial aspect
of the neck of the talus 13 hooked by the
strong anterior fibers of the deltord ligament,
and a comparatively weak ligament and lax
capsular structures connect with the outer
neck of the talus they can convey sizable
vessels to the bone

5 THE PROXIMITY OF VASCULAR NET
WORKS AND THE LAXITY OF INTERVENING
Tissugs In doruflenion the neck of the talus
turns toward the fibular malleolus 2 richer
network of blood vessels 1s to be found on
the side of greater movement, next fo the
broader outer neck of the talus where the
tssues are lax  The lateral tarsal rete per
haps contnibutes the greatest namber of nu

trient vessels to the talus, since 1t 1s closr
to the spacious outer neck of the bone

6 NUTRIENT FORAMINAE There is no
one large notrient artery which enters the
talus there 1 no smngle mzable nutnent
foramina There are many, some smaller
than others. In freshly boued specimens oot
sces numerous apertures around the meck
as well as along the fringes of the body
of the talus Only smaller holes are to be
seen on the noncartilagmous portions of the
body The neck is peppered wath numerous
foramina.

7 THE BEHAVIOK OF BROKEN BONES
The talus presents certain ues of
structure and dispasition which influence iis
Linbility and condition its reactron to wmjury
The body of the talus sustmns tho entire
weight transmutted by the uibla, but the wmlus
as o whole is only partly supported by the
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tarsal bones, Long accustomed to great pres-
sure and cushioned around with cartilage,
the body of the tafus can withstand consid
erable compression. When forced, the body
of the talus, and with 1t the entirc bone
shps out of the Hne of stress It bears on
the adjacent bones and breaks them it tugs
at the restramuing hgoments and tears them
Surgeons of the past likened the talus to the
slippery kemnel inslde a cherry when com-
pressed 1t pushes its envelop aside and may
tear 1ts way through the integument. Dislo-
cations of the talus are more frequent than
fractures  Duplacements of the astragajus

usually are accompaned by fractures of the
surrounding bones When the talus yields
through its own substance, the Ine of frac
ture runs across the part of the bone which
Is not covered with cartilage namely, the
neck

Its lack of cartilaginous padding, its con-
stricted shape and 1ts precanous position be-
tween the hundfoot and the forefoot make
the neck of the talus the most vulnerable
portion of the bone In fractures of the neck
of the talus the effective bloed supply of
the body sometumes 1s cut off and the bone
undergoes avascular necrosis Thus 15 espe

Fia. 6. Inclinatlon and alignment duning growth of the talus. The maturs telus rides
wdesaddle on the os calcis. The disposition of the 2 tarsal bones can be simulated by
croming the loag finger of the homolateral hand astnde the index the tip of the third digit
diverges medually its pulp projects without any support from below much like the under
surfaces of the head of the talus, which rests not on bone but on ligament. In the
coronal plane the talus turns medinlly while the os calcls pomts toward the outer

toes, and the long axes of
the two make an angle of
40 in the newborn and
15 in the adult viewed
from the side, the talus
b definstely plaatarflexed
—more 30 1n children
than in adults and to a
greater extent m fetl than
b infants. Occanonally
the fetal pattern wall per
sist, and the talus remainy
tarflexed. (A, Top
Nlt) Plantarflexed talus
ole the elongated neck,
bence, the gregiclr surface
a2 for penetration of
blood venels (B Top
right) Afrcoud talus. Tha
pe has & short neck
*hih bears an articular
facet wuperlorly and has
Precanous crreulation. (C,

Dottom feft) Talocaka

finger over
the index of the homolat
Al hand. (D Borom
Heht) Talocakeaneal align
mlh:u.t 1n the newborn. Note
ol Breater divergence of
o, \ong axex of he talus

1he o3 calcla ng indi
Suied by Rinchoer wires.
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cully true if the body fragment 13 displaced
as well Since the body of the talus enters
mto the two mam weight beanng jounts—
the ankle proper and the posterior talo-
caleancal articulation—avascular  necrosis
and consequent crumbling of the bone and
degenerntive arthntis become real hazards
In fractures of the body of the talus when
the planc of break cuts across two articular
facets segregating a cartilage—coated piece
of bone avascular necrosis 1s even more
imminent. In simple dislocations when the
unbroken talus ships out of its wonted loca
tion and carries with it fractured pieces of
the surrounding bones it retains most of its
capsular and Iig h henee
1ts blood supply and lives

Transcervical fractures of the talus with-
out dislocation may be treated conscrvatvely

IS att

Fra 7 Dhlocation of the
talus away from the leg. (A,

Top left) Anteroposterior
View  roentgeno, of the
ankle of an woman

who suffered a com| dis-
location with the ngloklu.:dpmt
gaping wide open laterally
(B Top right) Lateral view
{C Bortom left) Antetopos-
ter10r View —— roenigenogram
18 months after open reduc
tlon and reconstruction of the
deltord ligament, usmg half
of tho tibulis postentor ten
don for tenodesis. The pa-
tient recovered with no trau-
matsc flatfoot. (D Botiom,
right) Latersl view Tahy
sthows no sign of avascular
necrosu,

until such time if ever when avascular pe-
crosis of the body becomes established then
ankle or tarsal fupon 1 performed. Present
trend mclines toward tnple arthrodesis to
vascularize the dead talus However arthn-
t1s of the ankis 13 moro disabling than arthri-
s of the subtalar jont. Trplo arthrodesss
18 resorted to when pan persists after a
stable ankylosis of the ankle In transcervi-
cal fractures with displacement of the
body it Is best to reduce the dislocation by
two-pin traction and to immobillze and cle

vate the parts When the skin takes on 3
healthy appearance and x ray films denote a
turn toward avascular necrosls anklo fusion
1s resorted to  In arthrodesing the ankle the
foot is displaced backward so that tho de-
nuded distal beanng surface of the tiba
ndes astride the body and the neck, with
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Fro. 8 Dunlocation of the talus away from both the leg and the foot (A Lefr)
Agteroposterior view showing counterclockwise rotation of the talus out of the ankle
socket and medal displacement of the foot at the talocalcaneal and the talonavicufar
Jounts. (B Center) The same patent nofyw after reduction (C, Right) Lateral view
rocotgenogram  Talus shows evidences of avascular necrosis.

F10. 9 Fractures and frac
turedislocatrons of the talus
@ which avascuiar necrosis s
almost certaw. (A, Top Jeft)
Basal fracture of the nech of
tbe talus invalving a portion
of the body (B, Top righs)

ure of the body with the
plane of b traversiag
1035 two arncular facets
04 segregatmg a cartilage-
coaled precs of bone (C
Bottom "lefty Fracture-dhio-

Sabon with partial extruson
o the dody (D Borom
rrht) Transcervical

fracture
b extrunon of squashed
body out from under the
Pulverized tibial mafleofus,
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Fig 10 Laccration of the postenor limb of the great arterial loop Paradoxical a3
it may seem, fn some severe fracture-duslocations of the talus the posterior tibinl artery
—protected from bone by intervening muscles as 1t 1s—runs a greater ruk of bemg
lacerated than the anterior tiblal which runs in the skeletal plane close to bope. This
apparent discrepancy is explained by the fact that the posterior tibial artery passes under
the taut flexor reunaculum n the posteromedial aspect of the apkle, where the tiblo-
fibular socket is defectuve. The broken body of the talus 13 extruded from behind the
ublal malleolus and may injure the posterror tblal artery (A, Left) Transcervical frac
ture with extrusion of the body out under the flexor retinaculum (B Center) The same
patient 6 weeks after open reduction (C, Right) Arteriogram of the same case The
posterior tiblal artery 1s not vsuslized, but the foot 1 supplied adequately by the

anterior hmb of the great arteral loop

the fractare line lying deep under the tibil
vault. When the body fragment 1s com
pletely extruded out of the ankle socket—
especially when 1t Jodges under the tense
flexor retinaculum-—the displaced bone is
reduced by two-pin traction (one through
the tibia, the other through the os calcis as
shown 1 Fig 19 D) or extracted through
an mcision, and arthrodesis 15 postponed to
a later date In compound-fracture disloca-
tions the detached, displaced body 15 re
moved, the wound 1s closed and tibiotarsal
arthrodesis 15 performed later through viable
skin. In fractures of the body when the
plane of break traverses two articular sur
faces, early arthrodesis of the ankle 1s ad-
vised (Figs 5-11)

Fractures of the Bones of the Ankle
Socket The cnteria which were utilized m
apprasing the circulatory relations of the
talus may be applied to the skeletal compo-
nents of the ankle socket.

1 THe GrowTH Patrexn The fibular
malleolus 15 designed as a low guarding but
tress to prevent the talus from slipping out
ward and backward. Its growth 1s unique.

The fibula 1s an exception to the general ruke
that the epiphysis away from which the nu-
trient artery runs ossifies first and unites last.
The nutnent artery of the fibular shaft runs
from the knee toward the ankle Yet the
ossfication of the lower epiphyms of the
fibula antedates the appearance of bone wn
the upper center by 4 years This discrep-
ancy 1s cxplained by the fact that the proxt
mal ceater of the fibula anchors the power
ful biceps tendon and is a traction epiphysss,
much like the trochanters of the femur As
with all tension epiphyses, 1t appears late m
life around the fifth year The distal center
of ospfication of the fibula 1s designed to
block the outward twist of the talus and 15
to be regarded as a pressure cpiphyss as
such 1t acquires 1ts osseous nucleus carly,
toward the end of the first year of Lfe Sice
bons must have blood supply to thrive the
asseous core of the distal epiphysis of the
fibula captures 1ts provision of blood vessels
carly at points where 1t is not covered by
either conjugal or articular cartilage The
entire distal epi of the fibula goes into
the formation of the malleolus, and the
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Spralns

Fra. 7 Relationship of the menisci to
the lateral hinges (A) internal semitunar
fibrocartilage (B) external semilunar
fibrocartilage

Fia 8 Ethylchlornide nrav to relax knee
lpl’dll

spasm ” pulling the spme out of ahgnment.
Anythmng to relax this muscle spasm makes
the patient happy, including massage (“ma-
mipulative therapy ) heat or 1mjections of
procaine or curare

Such methods are superficial and represent
symptomatic treatment only Unless the un-
derlying causes of fatigue are chimmated re
currences are ineviteble The queston in the
doctor s mind when examning a lame back
should be  Why is this man tired?”

Knee injunies belong predominately to
American football and as a result are en-
countered most frequently m adolescent boys.
In Spain they kull bulls for entertamment m
America they tear up knee joints In indus-
try a fallmg stack of boxes or bales of paper
frequently reproduce knee injuries similar
to those of the football player (Fig 6) The
irutial knee njury labeled @ sprain is actu-
ally some form of tear of the internal lateral
hgament and 1s rarely at first 2 dislocated
cartilage If this spramed knee is placed m
a cast for 3 weeks healing occurs and the
chance that a dislocated or torn cartilage will
develop later is remote However nerther the
coach nor the boy wishes to miss the next
Saturday game and nerther the working man
nor hus boss wishes to rn tus safety record.
The njured person bakes his knee tapes it
and attempts full activity in 3 or 4 days on
a weak knee A second mjury occurs, and
this ime because of the intmate relation of
the internal semilunar cartilage to the mter
nal hgament, a cartilage tear resols (Fig 7)
and the boy receives a serious knee injury
Summarinng Imnal knee injunes are gen-
erally torn internal lateral lignments Serioas
later njuries can be avoided by proper care.

In edolescent girls the knee spram 15 duc
to their mept use of high-hecled shoes The
following example covers the usual pattern
for this of knee 1nj

The ggtehcr cally upurz.sunlly on Sunday
mormng stating that her daughter is an emer
gency case The daughter Is somewhere
sround 16 years of ago and has developed
a “locked” knee which 1s very painful The
patient hops along on her good kg to the



Fio. 11 Tear of the posterior tibial trunk and displacement of the anterior
tibfal trunk. The anteror limb of the great srterial loop 1 flanked proximally
and dintally by bones af the level of the foot it » oversiung by the long exten
sor tendon of the great toe This tendon and its fascial slings seTve as a hedge
along the medinl aspect of the artery They carry the artery laterally m out
ward dislocations of the foot the tibial malleolar branch of the anterjor tiblal
artery may rp but the main trunk shifts unharmed toward the fibula. (A, Top
lefr) Anbteroposterior view of an old fracture-dislocation of the talus 3 months
after closed reduction. (B Top right) Artenogram of the same case. The
anterior limb of the great artenal loop which normally crosses the ankle
about midway between the 2 malleols, has been displaced laterally Its fibular
matleolar branch is visualzed ita tibul malleolar twig 1 not seen The tiblal
malleotus 1 fractured there 1 considerable tibjofibular distases. (C, Botrom
leff) Lateral view Note that the posterior Lmb of the great arterial loop is
not visuaized, and the tarsal twig emanating from the dorsalss pedis does not
reach the peck of the tatus. (D Bottom right) Rocnigenogram of the resected
tahis and the tiblal malleolus. Compare the dermty of the body of the talus
With that of the neck and the head. The inserted roentpenogram at the top
o D 1 a fllm of the partly replaced tiblal malleolus,



192

Yascular Relations of the Ankle—Their Clinfeal Signdficance

conjugal cartilage which Links it proximally
with the shaft runs flush with the hom-
zontal hine of contact between the beanng
surfaces of the titha and the talus the con-
jugal cartilage enters the ankle joint and 1
continuous with the artcular facet which
the malicolus presents to the talus medially
Thus the osseous nucleus is surrounded by
cartilage above end over the upper portion
of its medial surface, 1t must receive its nu-
trient supply from its lateral surface and
from the fossa below the articular facet. In
rare fnstances the lowermost pole of the
fibular malleolus anses from a separate cen-
ter of ossification and remains connected
with the main malleotus by a semilunar band
of fibrocartilage In bipartite fibular malleo-
tas the two centers receive their separate
provision of blood supply
The beanng plate of the distal extremity
of the tibia anses from the same ossificaton
center as tho inner malleolus, and the con
jugal carhiage which connects the common
epiphysis with the shaft proximally 13 placed
about 1 cm above the transverse line of
contact between the tibia and the talus it
ltes on a higher level than the conjugal car
tilage of the fibular mallsolus and does not
enter the ankle nor does it connect with the
articuler cartilage First, a horizontal bar of
bone is deposited in the core of the bearmg
piste of the distal titma. This portion of the
common growth center 15 nghtly regarded as
a pressure epiphyss since it nt destmed to
bear the body weight Like all pressure
epiphyses, it appears early—dunng the first
year of hfe—and captures its blood vessels
which grow and extend with it
The tibial malieolns is merely the con
tinyous downward projection of the distal
artrcular extremity of the tibia and it arises
from the same epiphyus as the bearing plate
The malleolus gives anchorage to the deltold
ligament which also s attached to the talus
mnfenorly and laterally to the os calers and
the spring tgament below and to the navic
ular bone in front. The deltond ligament
restrans the tendency of the foot to twist
outward eround its long axis, and s sus-

pension point proximally 15 merely a trac
tion beak drawn down from the inner edge
of the dista] growth center of the tiba, As
a fensional outgrowth of an epiphyns and
not as its pressure plate, the tibial malleofus
acquires its osseous core late m lfe—abont
6 years after the appearance of bone in the
beanng plate or in the fbular malleolus. In
giris at 7 and i boys a year later the
transverse bar of bone within the digtal
epiphysis of the tibia begins to turn mediafly
fnto the cartilaginous frame bone grows
downward toward the tip of the malleolus,
and vascular channels align themselves in
that direction

2 Tur EXTENT OF THE ARTICULAX
CoaTmiNg The hyahin facet which the fibular
malleolus presents to the talus occuples only
a small area on the upper portion of its me-
dinl surface, it leaves an extentive fossa -
fentorly where the stout posterior talofibolar
ligament lodges and whers numerons blood
vessels enter the bone

Between the articular surface below and
the conjugal cartilage above the bearing
plate of the distal tibia 15 surrounded by 3
nng of nonhyalin surface where blood ves-
sels can penetrate the bone

The articuler cartilage coments the enhre
talar surface of the titial malleotus and i
even reflected over its fnferior blunt border
thus Lmiting the area where blood vessels
cen penetrato the bone

3 Tue GroovEs aND THE FuLcxa On
its posterolateral nspect, the fibular malleolus
offers @ small groove for the peroneal ten
dons to glide By far the grestest portion
of the outer surface of the fibular malleolus
18 free of ghding grooves and is available to
penetrating vessels

Most of the tendons which pass in front
of and behind tho ankle bowstring across the
nng of noncartfaginous surface surrounding
the bearing plate of the distal b2 they
offer no frictional interference 1o penctrating
vessels

On 1ts posteromedial aspect the tibial mal
leolus bears a broad clongated groove for
the tibialis posticus and the flexor digitorum
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longus tendons, both of which hug the bone
ond ghde over 1n long, extensive sweeps no
smmble vessel can penctrate the bone 1n the
of this fractional interference

4 TRE ATTACHMENTS Of the three sep-
arate components of the fibular collateral
lgament, only the middle, or calcancofibular
cord 15 under tension and has a small point
of anchorage at the lowermost tip of the
fibular malleolus  The other two—the ante
nor and the postenor talofibular ligaments
—gain broader connections  Their fibers are
disposed horzontally and are without undue
temsion m physiologic shifts at the ankle
they can convey suzble vessels to bone

In front and behind the bearing plate of
the distal end of the tibin gives diffuse at
tachments to the antenor and the posterior
capsular lignments, both of which are lax
and can convey sizable vessels to the bone

The tibial malleolus moors the powerful
deltosd ligment which spreads fan-wise to-
vard the tarsal bomes but its stronger
strands are disposed axially and therefore
e under tenmon. Like all higaments under
stress the deltoid conveys only minute ves-
s¢ls to 1t more confined proximal point of
anchorage along the inferior nm of the tibial
malleofus

5 THE PROXTMITY OF VASCULAR NET-
WORKS AND THE LAXITY OF INTERVENING
TBSUES  Both the accessory artenal loop
and the Jateral tarsal rete lie close to the
Outer ankle and the tissues in front and
behund the fitular malleolus and the adjacent
Eﬂg Plate of the tibia are comparatively

mnc tusues around the tiblal malleolus
S0ug. The closest network—the tibial
malleolar rete—rs comparatively amall, The
r;':rhl’ slde sling 15 placed on the skeleton
and not on loose yrelding tissues 1t

s t: ouly minate filaments to bone
UTRIENT FORAMINAE In cleared
One seex numerous foraminae
below the small articular facet of
lftn.?gn:dm 20']1 in front of and
urroun the beanng plate
o the distal ibly there :ri nummxugfper

the foses

tures, fewer and smaller foraminae are to be
scent over the nonarticular portions of the
tiblal malleolus

7 THE BEHAVIOR OF BROKEN BONES
The fibular malleolus receives ample blood
supply at almost all levels except at its very
tip where the middle cord of the fibular
collateral hgament the calcaneofibular liga
ment 1s ettached Like the deltoid on the
medial side of the ankle, the calcancofibular
ligament is under tension, and its fibers run
downward and backward 1n axial direction
The calcancofibular ligament has a confined
point of attachment at the tip of the malleo-
lus and when under excessive stress, 1t pulls
off & smail piece of bone In these so-called
spran fractures the plane of break falls be
low the level of penetration of the nutnent
twigs nto the infra articular fossa The de-
tached ossicle of bone is comparatively avas-
cular and fails to effect bony union with the
main fragment proximally With thus one
exception 1n almost all fractures of the fib-
ular mafleolus the line of break usually
passes above the level of the penetration of
the vessels mto bone—above the fossa into
which the posterior talofibular ligament 15
lodged The distal fragment 1s well supplied,
and there 18 no risk of avascular necrosis
Moreover the low-guardmg fibular buttress
18 broken most often by compression, and
the hne of fracture may start at the base
of the malleolus but runs up spirally or
obliguely mto the shaft the malleolar frag-
ment is larpe and there 13 a wide area of
medullary contact. Theso fractures unite
readily

Ouly occasionally in comminuted frac-
tures of the bearing plate of the tibla caused
by axml compression, a cartilage-coated
preee is cut off completely from the mother
bone and cies These fractures are treated
best by fixed traction and cast and by pro-
longed nonweipht beanng  Should pamful
arthntis intervene, arthrodesis of the ankle
13 advised

In peneral then, vascular disturbance does
not interfere wath the healing of most com-
mon fractures of the fibular malleoly
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of the beanng plate of the distal titua, both
of which are pressure cpiphyses They cap-
ture thewr provision of nutrient supply early
m hfe blood vessels grow and extend with
them and gain favorable distrnbution.

The tibial malleolus is a traction break
Bone and vescular channels grow imto 1t late
in life from the mam beanng plate down
toward the tip of the malleolus, anicular
cartifage 1nsulates its entiwe talar surface
down to 113 very tip and 1 reflected n part
over its lower nm  The deltold higament
which captures the remainder of the infenror
border of the malleolns 15 under stress and
conveys only munute vessels to bane on ity
posteromedial aspect, the tibial malieolus
bears a broad sulcus for tendons to glide
over which leaves only a small trangular
area over the anteromedial surface of the
maflfeolus where nutrient vessels can enter
the bone The small tibial malleclar rete
from whuch these twigs arise 1s placed on
the skeleton itself and not on loose, yield-
ing tissues The side-shing formed by the
mediat malleoler branches of the antenor
and the postenor tibal artenes lies ountside
the penosteum with which the deep fascia
of the leg blends in tins region. Nutnent
vessels pierce and trapsfix the penosteum
and pass into the booe obliquely downward,
Most of the vessels penetrate the bone in
the hmted area over its apteromedial sur
face about midway from the tip of the mal
leolus and the common conjogal cartilage
Since the latter 1s placed 1 cm above the
beanng surface and the malleolus itself de
scends that far the point of entrance of
blood vessels into bone comes to bfc at or
sbove the base of the malleolus—the site of
avulston fractures of the tiblal malieolus

Bref of length, blunt and rounded along
12 wntenor border the tbl malleclus allows
the foot to be pushed mward and often
escapes compresston  Inversion continng
the calcancofibular ligament on the other
side gives or the outer buttress of the ankle
15 pulled off before the tibwul mafleotus itself
yiclds to the upward thrust of the talus The

starts at the angle of union betwsen the
tibial malleolus and the wferfor beanng sur
facc of the tibia, tt runs up and medially
almost 1 a saggnal plane and cuts

where the shaft of the tibia begins to flare
medially The melleolar fragment 1 large,
and the plane of fracture i above the level
of the penctratton of nutrient vessels into
the bone  The broken fragment has ample
supply of blood, and its fractared surface
affords wide medullary contact 1t fives and
it unites

However compreasion fractures of the
tibal malleolus are rare  The tiblal malleo-
lus 1t broken moare commonly by the pull of
the deltord ligament, which loosens the mal-
feolus off s base In these avulsion frac
tures the detached malleolar fragment 1s de-
prived of its medullary source of noansh-
ment comung down from the bone above,
and if the fracture hine Kes below the level
of penctration of nutrent vessels at its base
as it often does, the broken malleotus iy cut
off In addition from its surface soutce of
blood supply Often, avaimon fractures of
the tibual maljeotus are accompanied by out
ward duslocation of the foot. The fong ex
tensor of the blg toe end us retineculae
carry the anterjor tibial artery laterally away
from the vasculer side-ling formed by the
medial malleolar branches of the antenot
and the posterior tibial arteries The mak
leolar branch of the anterior tbial ertery
runs the rsk of being torn the correspond-
ing branch of the postetior ubial severed
from uts anastomotic mate s fikely to re-
tract Thus the blood supply to the malleo-
lus oy be put om of functlon completely
and the broken fragment of bone has to
thrive on what little nounshment {t obtalns
by way of the ottachment of the deltoid
tigament inferiorly This source of supply
is at best meager and procarious.

When recent avulsion fractures of the
tibtal maNcolus arc explored sorgically sad
the broken surface of the malleolus is
scraped by a curet it fails to bleed, while
the surface of the bone above bleeds freely
Granul cannot be expected ta sprout

hme of break 1n these cc ton fractures
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frora the avascular malleolar side and vas
cular tssuc growing down from the main
booe often fails to enpape the malleolar
fragment and effect union unless reduction
Is accurate and fixatlon firm  In old, un

united fractures of the tibial malleolus caused
by the puil of the deltoid Iigament one
often finds the malleolar surface white and
pale and the fractured surface of the main
bone sealed by an apron of fibrous tssue

Fio 12 The tibal malleolus. (A Top left) Tibjoflbular socket just before

;‘;‘mmﬂd year of ife (B Top right) The socket at 4 (C Botrom left) The
mtﬁamkﬂ at 8 when hone begins to break down into the cartilaginous
ot 1 of the tiblal malleolus Note that at about this age the osseous core

© trigonal tubercle appears (Fig. 5 D) The tngonal tubercle moors another
th ligament, the posterior talofibular ligament. (D Bottom right) The
oy bular socket at 12 when the tibial malicohus s assified almost completely

the age coincides with the fusion of trigonal center in the tall of the talus

(Fig. 5 E)
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The latter 15 nothing but scarred granula
tions that have failed to penctrate the distal
fragment and have curled across the Line of
fracture giving the appearance of interposed
pertosteum. As over all epiphyses the perd
osteum enveloping the tibal malleolus s not
such that it can be peeled and made to fall
across the fracture hne It 1s thin and trans
fixed, 1t tears flush with the avulsed piece
of bone leaving no loose tags The torn
edges of the deep fascia may fall between
the fractured surfaces but the perosteum
will not.

Interference with the blood supply of the
detached distal fragment 1s regarded as the
main cause of the common nonunion of
avolsion fractures of the tibial mallealus
The transverse line of break the lirmted area
of medullary contact, faulty reduction and
inadequate fixation all enlarge the viclous
effect of the ongmal vascular damage The
detached bone 1s depnved of its effective
blood supply and may even undergo avas
cular necrosis Since the tibial malleolus is
not a weight beanng bone like the head of
the femur and is not subject to rotary and
shearing stresses as the broken fragment of
the carpal navicular is cven if completely
deprived of 1ts blood supply 1t does mnot
crumble but retains its size and shape only

rarcly does it manifest any evidences of
cystic” invasion or crecping replacement,
In x ray films the detached malleolus may
appear denser than the surrounding bone,
but most often the contrast is not marked,
for the companson 1s made with the shadows
cast by thicker bones.

The ubfal malicolus 15 considered s fm-
portant since 1t moors the deltoid ligament,
which 1 turn suspends the celcancomvic
ular or spring ligament of the Jongitudinal
arch The spring ligament consists of a fibro-
cartilaginous hammock slang across a tn
angular gap medially between the os cals
and the navicular bone The head of the
talus rests on it. When the deltoid ligament
loses 1ts anchorage proximally the spring
hgament sags and fails to support the head
of the talus, the keystone of the longitudmal
arch of the foot the head of the talus sags,
the longitudmal arch collapses and trau-
matic flatfoot mtervenes

In the treatment of avulsion fractures of
the tibial malleolus, due respect must be
given to 1ts function as a suspension hook
to the deltold igament. It 1s unwise surgery
that advocates stripping of the ligament from
the infertor border of the malleolos i pre-
paring to mtroduce & screw or @ bone graft
upward Metal pms can well be inserted

Fia 13 The fibular malleolus (A Left) Freshly cleared
putrient foramina in the fossa just above the tip of the fibul

imen showing numerous
malleolus. Note the pau
city of nutrient apertures along the inferfor border of the tiblal butress. (B Right)
Fibular malicolus with an accessory cpiphysis bipartite malleolus



Fi. 14 Vascular refations of the two main types of tiblal malleolar frac
tres, (A, Top lefr) Anteroposterior view roentgenograms of an avuluon
fracture of the nibial malleolus. (B Top right) Amteropostenor view roent
£enogram of a compresuon fracture of the tiba! malleohns, The broken frag-
ment ks larpe and hes had extemive area of medullary contact. (C, Botiom
&ft) Drawing 1o fustrate the vascular relations of avulsion fracture of the
tblal malleolny. The Hne of break falls at or below the tevel of penetration of
utrient vessels wito the bone. (D Bostom riphi) Drawang to Justrate the

Latory relation of compresslon fracturey of the tibul malleolus. Here the

of bresd bove the medial to the level of etrabon of nutnent
veseh fone passes 2 ¢ o the of pen nu
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through the malleous without deteching the
lignment, and bone grafts are best doweled
from above. Onloy grafts are not advised,
since the malleclus underlies the skin and

offers gliding grooves to the tendons Should  of the deltoid higament (Figs 12 16)

of vascular damage.

Fia 15 Avulsion fractures of the tibial malleolus with signs
(A, Top left) A 3-month-old transverse fracture of the tibial malieolus with nonunion.
Note the density of the malleolar fragment. (B Top right) A year-old transverse frac

ture of both malleol due to mde-toside sheanng in) The tiblal mafteolus s dense
kere an apparently avascular malleclar fragment has effected a unlon with the live bone
above. (C Bottom left) A year-old avulsion fracture of the tibial mallcolus with redhs-
placement The tibial malleolus shows evidences of creeping replacement (cystic dcg;rv
eration) along fts froctured side The patient was allowed to walk under the illusion that
the tibral mallealus had effected a fibrous union and this was considered to be lu:ﬂ;ldTn(
—a common misconception (Botiom right) Avulsron fracture of the tiblal malleolus
complicated by infection Note the density of the malleolar fragment.

the malleolar fragment be too small to hold
a pin or » screw, 1t 13 removed, and the
spht half of the tibiahs postenor tendon fs
ntilzed to restore the suspensory function
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At
(:'%' 16 Dowel graft for old ununited avubion fracture of the tibial malleolus.
(D BOC, Top) Wood modets illustrating various steps of dowel bone graft.
(E, BO"O’" left) A 6-month-old ununited fracturc of the tibial malleolus.
110m right) The same case 4 months after dowel bone praft
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Compound Injuries and Soft Tissue
Damage. The intcgument envelopmg the
anklo 1s tight 1t is comparatively tmmobile
and close to the articular cavity Over the
malleoli it is thin, poorly nournished and
vulnerable A durect blow will compress the
skin agemnst the bone and cause it to slough,
or tension will split tissues and expose the
underlymg jont not wfrequently the ends
of the bones are levered out through the
skin. Compound injunes of the ankle are
not uncommon.

No muscles except the vestigial fibers of
the peromeus tertius cross the ankle Smce
gas bacillus must have devitalized muscles
to thnive upon, gas gangrene is not a fre
quent complication of compound njunes of
the ankle Numerous tendons cross the
ankle and tendons like articular cartilage
are practically avascular  Wounds heal slug
gishly over exposed tendons the quickest
way to stop dranage from the ankle 15 to
resect the tendons in the pathway of pus
and to denude the articular ends of the
bones of hyalin cartilage and promote
ankylosis

Skin ulcers which result from crushing
ankle injunes are ragged m the edges, un
healthy at the base In fractures produced
by mdirect violence at times the polnt gapes
open through a transverse slit on the smde
of tension The wound thus caused Is clean
cut, as if 1t had been caused by a kmdfe
it heals favorably Often in dislocation the
skin sloughs secondanly due to pressure by
the displaced bones This is to be regarded
as necrosis of the skin caused by compres-
sion from within Healing 1s slow 1 crush
ing skin mjunes

Skin defects over the malleoli especially
the tibial malleolus heal sluggshly This 13
due chiefly to meager arterinl supply bot
venous stasis plays a role as well Super
ficial veins of the leg, the saphenac cross the

area, and venous incompetence causes dam
mmg back of blood mto the lower reaches
of the imb Scepage into the wound re
sults in maceration and retards healing” 1n
fection produces induration of the base and

the margins of the ulcer The superfion!
Iymphatics of the leg accompany the saphe
nac and when the veins arc infected the
areolar tissue around becomes matted, and
the lymphatic pathways undergo obliter
ton  Tissue fluids cannot pass proximally
In long-standing stasls the skin the fasch
and even the bone thicken There may be
cxuberant penosteal deponits and the fnter
osseous membrane between the tibi and
the fibula may undergo osscous metaplasia
Thickened, unyielding crural fascra const-
tutes a ventable barrier between the sub-
cutancous space outside and the muscular
compartments within its confines durated
deep fascia fails to transmit the beneficral
mmpulse of muscular contractions to the
veins and the lymphatics under the skin, and
stasls 1s aggravated Segmental vem ligation
and extirpation of thickened crural fascia
will encournge the healing of these ulcers

It 15 best to keep the wounds over the
malleoli dry and clean, In compound in-
juries skin loss must be replenished as soon
as possible Prelimmary to skin graft, su
perficial veins are ligated higher 1n the leg
to obviate congestion, backflow and phlebi
tis  Avascular thickened portions of the
deep fascla must be removed and spht
thickness skin graft applied as temporary
covering Thin grafts may take but they
adhere to the bone the tendons the nerves
and the arteries and cause paa and trophic
changes they break eventually due to fnc
tion from the shoes In time they need to
be replaced by cross-leg pedicled flaps bear
ing adequate padding of fat and fascia In
the aged, cross leg flaps entil considerable
difficulty and are not without hazard Com-
promise measures must be mstituted. It Is
possible to mobilize adherent scars and pad
them by bits of free fat or to underline them
by a fat-beanng fascml flap ecither frec or
pedicled (Flgs 17 18 and 19)

Sprams, Extravasation of Blood and
Angiospasm The tibial collateral or deltold
ligament is broad it 13 continuous and con
fluent with the joint capsule It Is thick and
strong It pulls the attached mallcolus off
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Fia. 9 Laters! hinges of the ankle (after
Hughes)?

accdident room at the hospital There ex
aminztron reveals a somewhat overweight,
slightly knock kneed gul, holding her pain
ful knee at approxmately 15° fiexion due
to active muscle spasm The lnternal lateral
figament ix tender to pressure The kneo 15
otherwise stable has no excess synowvial fusd
and roentgenogrrms are negative

In checking the history of the patent, it
develops that the prl has not injured her
kmee, that she can recall, but only recently
has started to wear high heels exclusively
The previous cvening had been spent in
continuous dancing while wearing the high
heeled shoes Then a dsagnosis of an acute
traumatic arthnts due to repeated mimmal
trauma can be made

Dramatic relief often results from ths use
of ethyl chlonde on the skin covenng the
miernal lateral Hgament. Placing the injured
knee between two chairs (Fig. 8) the pain-
ful tungs is sprayed with ethyl chloride for
approximately one nunute The muscle spasm
in the hamstnngs then relaxes and the knee
13 allowed to come into complete extension.
The pain lkeaves and then the patient is able
to move the knee actively Next, the knee
should be rested in a plaster walking cylinder
for 7 to 10 days after which time quadniceps

Fia. 10 The most common ankle
sprain # a tear of the anteror short hinge
occurrg In equinus and inversion

Fa 11
ankle mortise results from a tear of all
three hinges (after Hugbes)?

Maximum instability of the

exercises are given The pauent should be
cautioned concermng the advisability of ac-
quinng an adequate sense of balance when
weanng high heeled shoes.

In the ostecarthritic knees minimal aver
foads often produce an acute synovitis which,
pror to the availability of hydrocortisone way
difficult to treat.

Ankle spraims are the most common ath-
Ietic mjury They vary m seventy according
to their post-traumatc anatomy There are
3 principel lateral ligaments of the ankle-—
2 short and 1 long (Fig. 9)—of which any
combination of ene or more may be torn

The most common enkle spram is a tear
of the antenor short hunge (Fig 10) Thas
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Compound fracture-dislocation of the talus with skin slough. (A Top left)
fracture-dislocation of the talus which had been reduced by mampulation and direct
thstanding the precarlous skin over the duplaced body of the talus. This
was taken 2 months after reductson note the narrowing of subtalar joint
1Pace due 1o fection. (B Top right) Photograph showing extensive area of postreduc
Uon slun slowgh. (C Bortom lefr) After a prolonged counse of chemotherapy the surgeon
tected the ulcer and covered the arca with splut-thickness ckin graft. The latter took but
%‘:ﬂw 10 a severe burning sensatton 1n the foot The split-thickness skin graft was Lifted
Potlenor tibial artery was missing, and the nerve (hooked with a probe) was found
‘ar lng 10 1he sk g;:?; The chain of eatastrophies mught have been obviated had the
Dnmm £t the tenso skin and extracted the duplaced body of the talus. (D Boutom right)
M:“ﬁ howing the avenue of extraction of the fractured, displaced body of the talus.
59 ﬂ:m foot 1 plantarflexed posterior talofibular and tibofibular ligaments approach
of the blades of scitsors. Jo dorsiflexion the ligaments gape apart and bning the bod
W wto view This avenve 13 also the best for ing wfected mkfu, as it

t During surgery the foot should be placed in dorsifiexion
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rather than tears across its fibers When ft
nps through its own substance, It opens a
reat wmto the articular cavity and causes
bemarthrosis. The fibular collateral liga
ment 18 tnradiate ats cords are sct off the
jount capsule  Tears of the lateral collateral
liament are not accompanicd by hemarthro-

si3 but blood oozes into the subfascial space
ond causes discoloration of the webs of the
outer toes and the laterul border of the heel

The classical sprain of the ankle common
In women Involves the frontal component of
the fibular collateral ligament The antenor
talofibular cord s a weak band it connects

on seth Fracture of the bearng surface of the tibis with skin necrosn. Early reduc
fractize D{-‘Pm traction, without mampulation or surgery is imperative in comminuted
man

Qe

; ﬁ"’ ankle socket. (A, Top left) Comminnted frocture of the tibial vault 1n a
¢ll from a second story and landed on his beel (B Top right) Lateral view of

o righty Ph(C- Botiom left) Photograph of the ankle, showing largs blsters. (D Bot

010;

Tataon gy graph of the ankle 1 a reduction apparatus. The ankle u reduced by

mi-hh:b:,m

ge through the os calens pin, avording manual compression and knead-
wrenches which will further jeopardize the circulation of the skun.
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Fio 20 Segmental vasospasm. (A, Lefr) Lateral view photograph of a 16-ycar-old

girl who had undergone panastragalar arthrodesis. This was followed by extemive skin
slough. The patient suffered from deep burning mn the foot which was ascribed to
mvolvement of the musculocutanecus branch of the peroncal nerve. (B Center) The
same case after peurectomy of the musculocutaneous nerve and skin graft.
The deep burning pain in the foot persisted Because of the  SUrgeon 3 failure Lopalpua
the pulsatioas of the dorsalis pedis, the patlent was d to lumbar

(C, Right) Arteriogram foliowing hzjecuon of contrast materal mto the fcmonl mcry
1 Hunter s canal. Note that both tibial arteries are visualized. The dorsalis = thm
and threadlike This patient was relieved completely after resection of the dorsals pedis

artery which was found mbedded 1n scar tissue.

the antenor border of the fibular malleolus
with the lateral szde of the neck of the talus
As the fibular malleolus 18 narrow from front
backward and 1s placed postenorly the higa-
ment spans an appreciable gap on the an
terolateral aspect of the ankle When the
foot 13 at a nmght angle to the leg, the fibers
of the anterior talofibular hgament assume a
honzontal direction and are relaxed. The
ligpment 1s tense in plantar flexion of the
foot. Inversion, which usually accompamies
plantar flexion, tightens the ligament. In thrs
posiuon, as with women who wear high
heels a slight misstep will twist the foot
farther inward and spran the ligameat In
lantar flexion when the narrow postenor
body of the talus plides forward within the
widemng malleolar recess 1n front, there 1s
room for the talus to be swayed from side
to ade and the short tibial malleolus on the
other side allows the foot to be carmed more
medially Moreover tho anterior talofibular

hgament receives practically no suppon/

clther the tendons or the fascial bands. It is
crossed 1n front by the tendon of the per
oncus terhius which 13 weak campared with
the stout tendon of the ublalis anteror that
bruces the area in front of the tibml malleo-
lus The anteromedial corner of the ankle
receives additional protection from the upper
branch of the Y-shaped wferlor extensor
retnacolum  The stem of this retingculum
starts from the lateral aspect of the os calcss
below and just misses tho arca spanned by
the antenor talofibular ligament. Besides the
tendon of the peroneus tertus the anterior
talofibular ligament is crossed by the per
forating branch of the peroneal artery and
the musculocutancous nerve Tears of this
ligament aro accompamied by considerable
extravasation of blood and pain. Whether
the m these is due to vaso-
spasm,Pm:o nerve um or to increased
tonus of the peroneus tertius is a matter of
conjecture jt 1s rebeved by regional infilra-

of procaine  Since the deep fascia thuns
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ot i front of the fibular mallcolus and
there s lauty of tssues an this reyion,
spram of the anterior talofibular ligament
often are accompanicd by considerable
edema and puthoess  Pressure dressing in
the form of elastic bandage 15 in order Even
in complete tears of the antenor talofibular

ligament the stability of the ankle is not
affected, and prolonged immobidzaton 1
hardly warranted  To avod recurrence the
patient Is advised to wear shoes with stable
heels  In the less common tears of the nud
die cord of the fibular collaternl hgament,
the stability of the ankie is affected and in

Fia, 21
riehty Ulcermyy
Bottom, righy)

Osteochondritts. (A Top lefr) Osteochondntis dusecans. (B Top
ve chondromnlacia (C Bottom left) Osteochandnts wli (D
Lateral view of the same case.
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spram-fractures of this component the bony
piece fails to unito The ankle must be
immobilized adequately fibrous union ob-
tained by continued rest will help to stabil
ize the ankle

In all surgical procedures about the ankle
except gravitational ulcers and compound
injuries where onc has no chorce, 1t 1s wise
to place the incision along the Iongitudinal
axis of the imb and to avold undercutting,
the skin incision should cut flush through
the deep fasca, and 1f flaps have to be de-
veloped, the undermining should be done as
oear the skeletal plane as is feasible Inc
sions should not cross the arterinl trunks
because with subscquent scarring, spasm or
stenons of the artery may pive mse to m
tractable pain (Fig. 20)

Osteochondnius and  Osteocartilagr
nous Loose Bodies. The angls formed by
the supenor articular surface of the body of
the talus and its medial malleolar facet—the
point huighest and farthest away from the
outer nech where most vessels enter the
bone—constitutes the most common side of
osteochondntis dissecans involving the ankle
joint. Occauionally a cartilage-coated seed

Fic 22 Osteocarulaginous loose

possibly of synovial origin, as the trabacula

of bone will flake off from the outer border
of the trochlea tali and rarely from the tibual
surface In all these instances osteochon-
dntls dissccans appears to ongunate at or
near the junction of two articular facets, As
with the femoral head, osteochondnus some-
times affects the entire supertor beanng sur
face of the body of the talus

Completely detached loose bodies sually
are found in the anteror or the posterior
chambers of the ankls where there 15 room.
A solitary seed m the posicmior compant
ment may be confused with os trigonum ar
fractured trigonal process In
tho shadow cast by air mntroduced mto the
ankle will surround the osteocartilagmouns
body the shadow will settle above the o3
trigonum but will nesther surround nor pass
under it. In fractures of the trigonal tubercle
the ankle and the posteror talocalcaneal
jolnts communieate through the crack in the
tad of the talus, and arr wil sandwich 1tself
between the separated bones or will pass
from the talocrural mnto the postenor talo-
calcaneal joint. Rarely does an osteocart!
lagmous body appear In the small pouch
below the tibial malleolus when it does 1t

bodies 10 the anterior compartment (A Top)
Arthrogram  thowing osteocartilaginous joose bodes in the anterior chamber Theso aro

& appear to be coarsc and lack deflnite archl

cham
tectural design (B Boitom) Large osteocartilagmous loase bodles in the anterior
ber Note lh%:: (hese bodies are finely trabeculated they arose most probably from the

mother bone
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SUMMARY AND IMPLICATIONS

1 The termunal divisions of the popliteal
artery form a complete loop around the
ankle, when one arterial trunk 18 injured or
blocked the other will supply the foot
adequately

2 The proximal and the distal poles of
the great artenal loop are caught between
bones and in front of the ankle the anterior
lmb of the loop Is crossed by the long
extensor tendon of the big toe the extensor
hallucas longus tendon and its fascinl retinac
ulae bwld a hedge along the medial aspect
of the dorsalis pedis and 1 outward disloca-
tions of the foot carry the artery laterally
Thus the antenor limb may be displaced and
even compressed but it seldom s torn On
the other hand, the posterior kmb sometimes
15 torn in dislocation fractures of the talus
with the body fragment completely extruded
from the posteromedial comer of the ankle
socket the displaced bone pins the artery
agunst the unyielding flexor retmaculum

3 In transcervical fractures of the talus,
when the body fragment is distocated it usu
ally dies avascular necrosis is also certain
in fractures of the body of the talus when
the line of break cuts across two cartilage
coated facets

4 Vascular damage 15 behind nonunicn
of avulsion fractures of the tibial malleolus.

5 The sk i front of the ankle 15 poorly
nounshed. The tendons and their fascinl
retinaculse intervene between the artenal
network and the integument sizable arteries
cannot reach the skin due to frictional inter
ferenco by gliding tendons Wounds in this
area heal sluggishly Moreover the mtegu
ment above the tibjal malleolus and the
mner surfaco of the distal tibia overlies the
long saphenous vein venous backflow causex

ge and maceration of the tissues, re

gional phlebitis and skin sloughs Ve liga-

tion and extrpation of the crurl fasciz
sbould supplement orthopedic and plasic
measures

6 No muscles—except the vestigal p.r
oncus tertius—cross the ankle. Gas gan-
grene 15 not a common corplication of com
pound injuries of the ankle

7 Numerous tendons cross the ankle and
traumatized tendons—like cartilage-coated
detached bone or thickened scarred fascia—
are avascular  They should bo suspected as
the cause of protracted drunage

8 The perforating peroneal artery
over the front of the anterlor talofibular Liga
ment and arterfal spasm may be befund the
mordinate pain which often s associated
with sprains of this ligament scgmental ste
nosis of the anteror tiblal and its contmua
tion the dorsalis pedis artery may be respon-
sibls for the mtractable pam which at times
accompanies mncisional scars m front of the
ankle

9 Osteochondrius dissecans and osteo-
cartilaginous loose bodies of the ankle are
pot uncommon and here again the blood
vessels nourfshing the looscned piece must
have been blocked or severed.

10 Since the ankle 15 primarily a weight
beanng jomnt, in all surgical undertakings
stability must take precedence over move
ment there should be no hesitency to elm-
wnate pamnful joint movement by arthrodess
in cases of avascular necrosis of the broken
bony components of the ankle 23 in arthritis
due to any other cause
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Tieatment of Femotal-Neck Fractures

RicHARD P GILIBERTY, MD*

The treatment of (ractures of the femoral
neck must necessanly vary in accordance
with the conditions found associated with
exch mdividual case  An attempt will be
made m this paper to correlate the signifi-
cant factors that have to be considered and
the mfinence that they exert on the final
ontcome of the fracture

The problem of nonunion and acplic
ecroms 13 ever present. The fracture com
mittee of the Amenican Academy of Ortho-
pedic Surgeons reported that about 30 per
cent of all fresh femoral-neck fractures end
m nonumion. Of the fractures that do unite
approximately 40 per cent develop ascptic
mecrosss. This means that only 30 per cent
are aatisfactory
mThﬂ terms aseptic necroms and degenera

arthriis are sometimes used mter
w Aseptic necrosis per se has been
a3 changes m which there is x ray
‘hnd,“ﬂﬂbe of vanous densities In the femoral
with collapss of the head degencrative
udm:ehm:o{ubiwm when there 13 X Ty ¢vi
chan of jomnt space and acetabular
g, eod also wnih deaulty changes of
rod of lﬂmmimtam:csthmuapc
“g)’ f‘mﬂm}up \:se followed by a progres-
Ul'aldniwmg umon of a fracture of the fem
4mhﬂpﬂ10dof 18 months to 3 to
may elapse before clnical and x ray

\ng of aseptic necrosis will be present.

B
From
P brook HO"‘hc'Pcdk Service, Nassau and Mead-

An occurate cvaluaton of end results can
be ascertained only if at least 4 years have
clapsed since the date of the ongnal fracture

Fractures of the femoral neck occur 10
children, and unfortunately the end resulis
are not always favorable Ascpue necrosis
docsoccurnndhnsbccnmponedtobeas
high as 40 per cent.1¢

The ossifying center m the developing
head of the femur 1n nfants and in children
under 10 receives its blood supply from the
visceral capsule vesscls The ligamentum
teres vessels do mot enter the head of the
femur 1n children nor do they contnbute to
the nounshment of the growing femoral
head The anastomosis between the liga
mentum teres vessels the capsular artenes
and the nutnent artery of the shaft does not
taks place until osstfication of the head of
the femar 13 practically complete 13 Almost
nllwﬂtcnngmcthatthenackmbina
child do not penetrate the epiphyseal plate
to reach the femoral head.”

When ossification of the head of the femur
has occurred, the anastomosis between the
foveal vessels the capsular artenes and the
nutrient artery of the shaft is complete This
does not sunphfy the problem of femorat-
neck fractures m the adult The majonty
of the capsular artenes are posterior and
only a few branches are found 1 the ante-
nor portion of the capsule In an intra
capsular fracture the ensuing hemorrhage
causes marked distention of the joint cap-
When a fresh fracture is opened
through an ncision of the anterior capsule, -
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Suseam ai
TRAnsCIRVICAL

Laveis os InTRACAPSULAR FRACTUASS

TRAXSVERSE FRACTURE [0EAL FoR INTERXAL FixarIen

Cos NUTED /RACTURE  WOT AMENASLE
T0 Awr Trag or Fixarres

Caviqur FaacTums  Swiamins Foxck Tos
Gagar ron Ay Marnod or Fixarion

Fioure |

the welling-up of blood in the wound causes
the surgeon to recognize the tension to which
the capsule has been subjected It neces
sanly follows that with relicf of this tension
the pressure is taken off the capsular astencs
and in effect must improve the blood sup-
ply which had ben embarrassed This 13

1n contradistinction to the ideas of many sur
geons who hesitato to open a femoral neck
fracture feanng this would further 1mpaif
the capsular blood supply

Opening a fracture of the femoral neck
has other advantages. Besides shorteung
the operanng tme 1t enables the surgeon 1o



Fia 12 Inversion roentgenogram demon
stratmg instability of the ankle mortise,

particular tear occurs in equinus and inver
sion Vanable degrees of ankle mortise 1
stability result, depending upon the extent
of the damage When rupture of the long
hiage Is added to rupture of the short hinges
(Fig 11) maximum ankle mortise mstabil-
ity results

An unstable ankle mortiset® can be dem
onstrated by roentgen of the ankle
with the foot in inversion (Fig 12) Varying
with individual injunies anesthesia may even
be required to conduct such an examination

At first glance the present methods for
treatment of ankle sprains would seem to be
at vanznce with one another The following
treatments are practiced at the election of the
physician (1) elevation rce packs and
crutches (2) taping (3) massage active
motion and taping (athletic tramer) (4)
procaine block and active weight beanng
(Leniche) end (5) walking cast.

Elevation ice packs and crutches are dis
carded as being umsound economucally A
patient cannot afford 10 put up with them
Taping Is one of the worst forms of treat
ment because most physicians tape an ankle
that has been sprained as they would if the
individual were going to play football all
afternoon By this 1s meant that an extensive
occlusive circular dressing is applied The

Fra 13 Lateral wedgo of heel for coa-
valescent sprains,

ankle swells in a few hours and the tape
becomes an excruciatingly painful tourniquet.
The smart patient will tear off the tape the
ever trusting patient, axded with some code
ine, may go oa (o & serious circulatory dis-
turbance. Taping 1 not adequate to control
secondary swelling

The athletic tralner accomplishes his re
sults by devoting more tume to his patient
than physicsans are willing to give “Doc”
James O Retlly of the Kansas City Athlketrc
Club advisory coach for several Olympic
teams tells me that the tramers will work
all night with an ankle spran 1ang and m4s
saging until pain is free, keeping the ankle
moving, and then teping 1t. An ankle may be
taped two or threo times the fist mght to
keep ahead of any swelling. As a result, se
ondary swelling is combated successfully and
the sthlete 15 able to compete on the foflow
ing Saturday

The procamne jection method of Lériche®*
15 becoming increasingly popalar and at first
glance would seem to be diametnically op-
posed to the walking cast method

Successful treatment by whatever method
clected accomplishes one common objective
i e., control of sccondary swelling The skiiled
trainer controls secondary swelling by tech-
nical loving massage gentle motion and ac
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FIGURE 2

d‘”“mm:ndmme\y the type of fracture
]m: me ensure a more nearly accu

In
: child the cartilage of the femaral
ovial ;‘;Tﬂ'd its nonnshment from the syn
mﬂmbc¢ In adults 1t is dependent upon
hondral vascular network for its
%!“‘ When there 15 circulatory embar-
Wﬂlum‘:cr a prolonged penod of nme
which may follow a fracture of

the neck, the cartilage degenerntes and 15 N0
longer able to recuperte

In the older age groups other factors
which must be considered, n that they play
an umportant part m the treatment of this
fracture are the changes which result from
the process of agmg There 15 a normal
tendency for extensive DHECIOS of the cells
of 1be cortical interstitial Jamellae to occur
in older indrnduals and this process pro-
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gresstvely increases with age *° The vascular
nourishment of the head of the femuor vanes
with the physiologic development of the
dwvidual and with the extent of the voln
ton of agmg The changes resulting from
the relative anoxemla are mamfested by a
diffuse atrophy affecting all the elements of
bane structure and a focal form of atrophy
with locelzed cavitations within the trabec
ular structure ®
In the articular ends of long bones, there
normally Is present marrow which grossly
had a reddish color containing only a very
small proporton of fat In the shafts of long
bones, the marrow 1s yellow 2nd contans a
large amount of fat (96%) In the older
age proups, the head of the femur on sec
tiop ghows & vanance in that there 15 a de
cided change m appearance 1n contrast with
young adults Instead of the reddish eppear
ance found 1n the young it has a yellowish
to grayih color sigmfying the presence of
large amounts of fat. For example a fem
oral head in a 20-year-old mdividual was
removed and sectioned immediately and
macroscopically 1t was found that the lamma
system of the entrre head presented a red-
cish color up to the articular cartilage Sec
tioning of a head taken from a patent 52
years old showed a sumilier pattern—reddish
m color—but there were several small scat
tered arcas of yellowish discoloration The
arnicular cartilage was white and glistening
As heads were sectioned immediately after
removal 1n older age groups from 70 to 90
it was found that there was a marked sub-
stitution for the reddish lamuna by yellowssh
to olmost grayish discoloration  Stmilarly
the cartilage of the head showed marked loss
of the normal glstening smooth surface
found 1n younger adults Al the beads 1n
the older age groups were removed follow
g acute fractures In none of these cases
was there x ray evidence suggestive of pre
existing advanced arthnus Therefore, it may
be concluded that these changes are a result
of the normal process of aging, which may
be directly due to dimnished blood supply
Recently, Tructa’® made a similar observa-

tion of secuoned femornl heads obtained
from adult cadavers He noted that the en-
tre epiphysis was occupred by yellow mar
row except for a small area underdylng the
fovea capitis, only the metaphyseal portion
having red marrow

Interference with normal blood supply to
bone mmpairs  physiologic processes and
causes bone to degenerate Chandler* per
formed microscopye studies on femoral heads
and found marked alteration in the ceflular
clements when there has been either com-
plete or incomplete interruption of the blood
supply There was absorption of the bony
trabeculae and the marrow spaces were
filled with necrotic matertal and fibrous tis
sue  Microscopic sections were made of a
femoral neck fracture in which the proximal
portion was removed 1 week after the in-
jury The patient R K. was 55 years old
and suffered from Parkmson s discase These
sections revealed sprcules of degenerated to
necrotic bone Microscopic studies are being
made of a series of femoral heads removed
within 24 to 48 hours after fracture in the
older age group These findings will be re
ported n a subsequent paper

Vessels from the medial femoral circum-
flex artery supply four fifths of the head of
the femur 1 However they are traumatized
casily being most vulnerable m displaced
fractures If they are contused severely and

ly are torn, there will result a com-

plete shutoff of blood supply to the proxumal
fragment

Following a displaced subcapital or mud-
neck fracture of the hup n the clderly pa-
tient, the proximal portion virtnally becontes
a sequestrum  Further damage to an already
impaired blood supply s sufficlent to cause
the entire head to degenerate Although this
15 not recognized by x rmy findings bmme-
diately it becomes quite defalie afier 2
penod of time has elapsed. When the con
ditfon 15 recognized, the most that can be
expected with prolonged treatment, which
involves the use of bone grafts ctc s what
is described by Phemuster'? as the gradual
replacement by ereeping substitution for the
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desd 1rabeculac and by the ingrowing of
vessels which bring with themn embryonic
fhroblasts which are capable of new bone
formation. This may heal the {racture well
o certam cases, but the pre-cxisting cond:
toas that have resulted from the prolonged
penod of impaired blood supply will not be
altered,

Oceastonally n fracture occurs 1 which
te proximal fragment actually is impacted
m the dutal portion this 15 the so-cafled
vlgus ot abduction type of fracture  There
resuhts an interlocking of the lamina of the
intermal weight bearing system s described
by Farkas et al® This system has o rich
tadosteal lining and together with the nb-
wnce of motion at the fracture site causes
&¢ fracture actually to go on to a ropid
booy union even 1n the older age groups
There 15 less tearing and contusion of the
capsular vessels in this type of injury The
force I5 spent telescoping the 2 bone frag-
ments rather than abutting on edjacent soft
e

Intrecapsular fractures are classified as to
the Jovel of the fracture and also as 1o the
P The level 15 designated as to whether
te fracture e extends through the sub-
Sptal reglon, ie., at the junction of the
:‘“d and the neck, through the mid-portion

the neck or through the base of the neck
the type s to whether it i comminuted
fRasvene or oblique ¥

1 most be remembered that the muscles
2bout the hip exert considerable force and,
thcupou the type of fracturc sus

component of this force may be
ﬁ?mcﬁqnlordnﬂmmml With a trana
com acture the vector of force acts to
Bugfmtthlragmcun when the fracture
Blluuttlg: to the neck or when there 1 com
fores of the vector 15 a sheanng force The
ol compression 1 favorabls 1n that 1t
Provides for ‘eavier fixation and may even
ture lh.emgemu In the oblique frac
thearing force 15 so great that re
S"und}‘ﬂ of the attempted method of fixation
onty of them open up and go on to
DOTmmon,

Taking sl of these factors into consmidera
tion, our group has been instituting the
following methods in the definitive treatment
of femoral neck fractures

In children our expenence has been im
ited by the rather infrequent occurrence of
this fracture  However, because of the poor
results that have been obtmned wath con
ventional treatment, a primary osteotomy s
the method of choice m all fractures where
Pawles angle 15 greater than 50° as advo-
cated by Allende and Lazama !

In adults, base-nech fractures which are
not comminuted or obhique are treated by
internal fixation using a Smith Petersen nad
with a plate Jewett or McLaughlin type
This method has been satisfactory with this
specific type of fracture

Transverse fractures through the mud por
tion of the neck in which there 15 no com
minution are fixed with Smith-Petersen nalls
under direct vision by operung the fracture
this ensures proper placement of the nail
and also an accumte reduction. Impacted
valgus fractures are treated mmilarly

When the fracture 18 found to be com
minuted or oblique an tumediate osteotomy
is performed rather than attempting to re
duce the fracture and use some method of
mternal fixaton. This will ensure a good
result 1n @ greater percentage of patients pr-
matily If in the event that the articular
cartilage degenerates as mentioned previ
ously or the fracture site fails to umte the
osteotomy itself will mmimize the disability
The loss of function resulting from a pnmary
osteotomy does not approach that lost from
a second procedure  Anker et al * reported
32 femoral neck. fractures treated by primasy
osteotomy 1n which only 9 3 per cent devel
oped a chnical degree of aseptic necrosis

Qur group prefers & high McMurmy type
osteotomy Best results are obtained when
weight bearing is restrnicted untl sohd bony
union of the osteotomy site has occurred
Motion at the osteotomy site Is evaluated by
takung roentgenograms with the extremity in
extreme abducton and adduction. If this
procedure i painkss and both fragments
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move m unison, 1t may be concluded that
umon is complete In some cases the origt
nal fracture does not heal by bony union,
but this does not alter the functional result,
which 15 upusually good In one patient,
J H the osteotomy ute united but not the
fracture of the femoral neck. A McMurray
type of osteotomy was performed 1n 1939
for this ununited femoral neck fracture of 1
year s duration The followmng year be was
able to return to hus former occupation as o
roofer He continued to perform arduous
work for 2 peniod of 10 years without any
difficulty Function of his hip was excellent,
and he did not experience any pain

Using thus classification 147 femoral neck
fractures were treated st Nassau Hospital
(these included all types described above)
between 1939 and 1947 Of these 113 or
76 8 per cent were considered 2 good end-
result 5 or 3 4 per cent, a fair result ond
29 or 19 7 per cent were {ajlures

In a subcapital fracture of an elderly pa
tient who Is 1n fairly good state of health
and can be rehabilitated, rather than per
forming an osteotomy many surgeons are
exasing the head and replacing it with a
prosthesis  When the patient s general health
precludes any posmbility of rehabilitation
ie he 1s physically incapaatated or partially
paralized, Hudson® advocates excision of the
head atone In so doing, the patient no
longer has to be subjected to the constant
agony of pain from the fracture but instead
to the relanvely mmor discomfort of a
wound. This procedure defimtely shoriens
the persod of hospitalization and simplfies
nurng care

SUMMARY

1 The blood supply to the femoral head
\a children apd 1n adults is vulnerable and
becomes mnadequate in many instances fol
Jowing fracture of the femoral neck

7 Qpenng e fumoral neck fracture does
not pmmore further tmparrment of arcula

on and cosures & more nearly securate re-
duction and evaluation of the fractures

3 In the elderly patient, the prefractaral
status of the femoral head precludes bony
umon when there hay been farther impair
ment of the blood supply meident to the
trauma

4 Fractures of the femoral reck should
be classified both as to the level—subcapytal,
transcervical or base of peck—and s to
type——transverse, oblique or comnunuted

5 Primary osteotomy is the treatment of
cholce in oblique and comminuted frectures,
Nonunion of the fracture but sold naion of
the osteotomy site does not necessarily pro-
duce a failure. A good functional and pain
less hip can be expected In most tnstances
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curate support The walking cast controls
swelling by arcumferential pressurc and ac
tive motion Procaine ingection thernpy of
Lériche eliminates pain so that active motion
continues to regulate the circulatory mecha
nism of the extremity and stasis docs not
develop All three methods are then compat
fble In skilled hands, and the cholee of the
method to use depends upon the skill and
the traiming of the operator

There are minor vanations in the use of
procaine tnjection The classical method is
to aspirate the hematoma and to mject it
with 5 to 10 cc of 1 per cent procaine The
simultancous mjection of 500 units of hyalu
ronidase 15 considered to mcrease control of
swelling. Multiple injections may be needed
if both the antenior and the postenior short
hinges are torn ® Multple injections can be
avoided by blocking the sural nerve three
finger breadths above the tip of the lateral
malleolus anesthesin of the fifth toe Is an
indication of a successful block * All three
methods—local procaine hyaluromdase and

sural nerve block-——can be combined in a
shotgun treatment Of course 1t fs mandatory
that the relicf obtaincd by the procaine m
jection be adequate for the patient to put on
his shoes and to walk freely Falure of the
patent to do so indicates an Inadequate
block Return of the stiffncss and the pan
at any time in the following 72 hours may
require a second procaine block

Convalescent sprmins should have the lat
erel border of the heel wedged 3/16 inch
(Flg 13) Shoe repair men call this an outer
“Dutchman ™ Thus not only gives the patient
rehief from discomfort but also affords him
o sensc of secunity Such a wedge should be
worn at least 3 months to prevent recurrence
of the trouble Finally the patient should be
instructed In heel-cord exercises for after all
a short heel cord 1s why he sprained his ankle

Applying the knowledge of ankle sprains
heremn discussed the routine presented in the
chart at the bottom of the following page is
suggested as ideal sn the handling of ankle
injunes 9 10

Fia 14 Roentgenogram of an ankle showi
ng extensive ost
4 months following a self-treated Enklc sprain. Foporos
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step-cuy fusion With medullary fixation
145 15y

L‘uercportx, 145 150
Bistory of fechnic 145

oper.&vau:c

procamcm}ccuoa for

xprnlncdnnkje 16, 17

BCetabuly, ransvers, 99

fibular Alatomy 119 193

Cabucoﬂavlcula: anatomy 119 196
faterng), 1

Capsuja, ofankle}omt.muzomy 99 114

112, 193

Collatery; See Co”nem.l ligarncnu
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Ligament(s) (Continued)
cruciate See Cruciate ligament(s)
deltod, of ankle anatomy 185 186 193
196 200 203
tear m fracture of fibular malleotus,
202
thiofemoral anatomy 99 101 103
extension of hip joint, 101
trauma, in dislocation of hup yount, 106
mterotseous of ankle joint, anatorny 109
110 112
al. See Ischiof w1
kpee See hnee, ligaments
lateral. See Lateral ligament
Law of Sir Arthur Keith 27
medial of knes avulsion, 27
mjunes, treatment,27
patellar transplantation for umple disloca
tion of pateila 62, 63
pubofemoral, anatomy 99 100
strain, from wide abduction of hip jownt,
102
traume 1n diskocation of hip jomt 106
talocalcaneal, internal, anatomy 110
interosseous, anatomy 110
postertor anatomy 111 112
talofibular antenor 110 185 186
posterfor 185
talonavicular anatomy 110-111
tiblofibular antero-inferior anatomy 110
postenior anatomy 110
posteroinferior anatomy 112
transverse of ankle joint anatomy 40 109-
110

lechnfi

EAr

See also individual names
Ligamentum teres, anatomy 110
trauma, in duslocation of hip jomnt, 106
Limp of unknown origin, in children, 102
Lipoma, knee jout, region dlagnosis ddferen
tal from cysts of semilunar
cartilages 33
Lepp RK gations and conclu
sions, bicipital tenosynowvitis, 70
Loose bodies, osteocartilagiow ankle jomt,
206207
Lymph nodes cervical, tuberculoss, early dif
ferential diagnosis from torticollis,
12

Lymphattcs, ankle joint, 183 185

McLaren J S surgical technic for recurrent
dulocaton of patelia, 4

McLaughhn nail, fractures, femur neck, 213

McLaughlin operation transscromial approach,
partial rupture of rotator cuif of
thoulder 94

McMurray osteotomy fractures femur neck
213214

Malleolus, external anatomy 112
internal, anatomy 112
avulsion surgleal treatment, 117 118
Massage injuries, of knee, 25
restoration of impaired circulation, distoca
tlon or spram of hip jomnt, 104
spran, ankle, 16-18
back 14
Mauch H P technic for recurrent dislocation
of patelia, §
Medial ligament of knee avulmon, 27
mjunes, treatment, 27
Medullary nazimg, closed of Colles fracture,
152 162
anatomuc resulty, 158
dynamic factors 158-160
hustory of technic, 152 153
indications, 153
reconstruction, 155 158
removing pin, 161 162
return to function, 161
stabllity of fixation, 158
hnical errors and pl
161
mechanical irntation at bead of pin
not inserted sufficiently 160
overcorrection in Cotton Loder posi-
tlon, 161
of distal fragment in ulpa deviation,
158 160
sllver fork defarmity 161
time of operation, 154-155
with stepcut fusion of knee, 145 151
case reports, 145 150
Charcot knee 145 147
complications, possible 150-151
fracture of nail at knee 151
at site of msertion of nail 150-151
of tibia below pin 151
operatrve techase, 146-151 -
septic kpee and osteomyelitss of compound
fracture of upper end of tibia, 145
146
tuberculous knee 148-150
Membrane synovial hip joint, 100
Menpcectomy medlal bucket handle tear 42
45

1003, 158-

Mentscus(l) cyst, 30 31
diagnoms, differential from parameniscal
cyst, 32
injuries with collateral ligament sprain, 25
lateral, attachment, lesion of 40
lesions, traumatic incidence 39
jenons noptraumatic 43
rotation strain 43
tear or derangement, diagnons, procaine
infiiation 23
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Menlscus(1) (Continued)
lestons (Continued)
traumatic, 39-46
anatomy 39 40
complicationy, 39 46
duagnosts 40-42
ton of effuslon 4}
differential 43
palpation 41
procaine Inpection 41
tests, 4142
pathology 39-40
bucket-handle tears, 39
prognosis, 45-46
lymptomamﬂwlogy and physica) findings,

treatment, conservative 43-44
aspiration of joint, 44
hydrocortsone instiilation 44
plaster cast, 44
pressure dressing and ice bags, 44
quadnceps exercises, 44

postoperative 45

surgical 44-45
approaches, 44
associated lesiong, 45
bydrocortisons instillation mto

knee 45
meitlons, 44
menmcectomy 42, 45
medial, mpurey, 48-53 Y42
diagnoals, 49 50
hittory from patient 49
physical findinga, 49

Licbolt, 49-50
McMurray 49 50
48

“lockmg” of knee See Knee “locked™
‘gmm& 48-49
Meper, JPE 48 49 =
palating of
" foint. 113 g of skin, sprun ankle
Mepep 2k Brtt, fracture 10
ngi?;:jﬂgnmm' anomalies of
M groove, 76
"erehy lignofim dugnotis of fracture of
Muscle ) i 10
adductor Se,
Mh& lo1 lmeAdductnrmuxc}c
Ghy
Ty g = CHEUs Muscle
flexion of b
plomt 101
h}‘:;t':lrumm of hip joint, 101
See Obturator muscle
Petoens, 10
pird, ot bip jomnt, 101
% anatomy 101 107

Muscle(s) (Continued)
poplitcus tendon 40
psoas, 100
quadratus femors 101 107
rectus femoris, anatomy 100 108
flexlon of hup jolnt 101
sartorlus, anatomy {08
flexion of hip joint, 101
Musculocutancous nerve neurectomy 204
Musculotendinous cuff of shoulder See Rotator
cuff of shoulder
Mutter ploneer work in surgical treatment of
knee, 4

Myeloma. See Giant-cell tumor of bone
Myosiths ossificans, with sprain ankle (8

Nall, Jewett, fractures, femur neck, 213
McLaughlio fractures, femur neck, 213
Smith Petensen, fractures, femur neck, 213

Navxeular bone, fracture 10

Neck, inflammation deep-seated, differential

dingnosts from torticolfis, 12
sprain, 12 13
dlagnosls, differential, 12
treatment, 12 13
cthyl chloride spray 12
Thomas collar 12
traction 1ntermuttent or continuous, 12
13
whiplash injunes, 12
wry See Torticoliis
Necrosiy, aseptic, in dislocation of bip trau
matic 105 106
definition, 209
fractures, femur neck, 209
avascular m dislocations and fractures of
talug, 185 190
attachments, 185 186
behavior of broken bones 186-190
extent of articular coating 185
fulcra and grooves, 185
growth pattern, 185
putrient foraminae 186
proximity of vascular networks and
laxity of mtervening tusues, 186

Nerve musculocutaneous, neurectomy 204
obturator See Obturator nerve
to quadratus femoris muscle, 100 107

branches. trauma, 10 dislocation of hip
106 108
to rectus femoris muscle 100
saphenous, mfrapateilar branch, 41 44
Lcrl.hc anatomy 100 107
trauma in posterior dislocation of hip
jolnt, 105
sural, block, for spran, ankle, 17
to vastus medialis muscle 108
Neurectomy musculotaneous nerve, 204
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Nutrous axide, with thiwopental sodmm, anes-
thesua for 1 treatment, me-
nisey, traumatic lesions, 44
Nutnent artery fibular shaft, 150

Ober operation for simple dislocation of patella,
62 63
Obturator artery 100
Obturator muscle externus, anatomy 100 107
flexon of hip jomt, 101
laceration in dislocation of hip jolat, 106
Internus, anatomy 101 103 107
trauma in dislocation of hip joint, 106
Obturator nerve, 100
anterior anatomy 103
branches, trauma n dsslocation of up joint
106 108
articular branch, anstomy 103 107
postenior anatomy 103 107
Osgood-Schlatter disease, diagnosus, dufferential
from meniscl, traumatic lesions, 43
high patella in boys after 56-57
Osteochondritls, ankle joint, 205 207
dussecans, 205
duagnosts, differential from menuscl, trau
matic letions, 43
mli, 205
Osteoch

drc diag differential,
from meascl, fraumaiic lesions, 43
Osteoclastoma, See Giant-cell tumor of bone
Osteomy elitis, of compound fracture of upper
end of tibla with septic knee, 145
146
bemotthagic, nonsuppurative, chromc, See
Giant-cell tumor of bone
Osteoporosis, from maltreatment of sprains of
ankls joint, 119
with sprain, ankle, 17 18
Osteotomy of femur lower end, with correc
tion of genu valgum, for recurrent
dislocation of patella, 58
in knee operations, use by carly American
surgeons, 4
valgus of knee 62 64

Paralysss, ischemic, Volkmana s, with spram,
8

anklke, 1

muscles, below knee from trauma to sclatc
nerve in dislocation of hip jolnt,

105
thigh, pesterior from truuma to sclatc
nerve in duslocation of hip joint,

108
Pasteur F hnvestig and tasions, bt-
cipital tenosynovitis, 69 70
Patclla, chondromalacia, diagnosis, differential,
from menisct, traumatic lesfons, 43

Pateila (Continued)
n complications, 61
congenutal. See Patella, dislocation,
recurrent
diagnosns differeatial from menlscr, trau-
matic lesions 43

ctwology 55-56
anatomsc developmental abnormali-
ey, 56
high position after Osgood-Schiatter
disease 56-57
vastus nternus, undeveloped, 56
postoperative care, 6
surgical treatment, 3-7 57-60
Campbell technics, 6
camplications, 6
by early American surgeons, 3-4
Goldthwait technic, 5
Haguser technic, 5-6
ncnion on outer nde and “reefing”
on faner 4
“knee cape” brace of Pearson, 4
Krogius technie 5
McLaren technic, 4
Mauck technlc §
osteotomy of lower end of femur with
correction of genu valgum 58

patelloplasty after patellectomy 7

Perkins technic, 4

pin fixation through femur and tibn,
6

Pollard technic 4
ts, 3

Soutter technie, §

Steandler technic 6

transposttion, of insertion of pateilar
tendon, 58
of tiblal tuberele, 58-59

umple, treatment, conservative 61-62
aspiration of hemarthrosis or efic
sion 61

unmobilzation 61

surgical, 62-65
Albee technic, 62, 64
Campbell technic, 62, 63
criteria, 62
Gallio technie, 62, 63
Goldihwait, 62, 63
Hauses technic, 62, 63

Teal technic 62, 64 65
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Sarcoma, myeloid. See Glant-cell tumor of bone
Sartorius muscle anatomy 108
flexion of hip joint 101
Saunders wnvestigations and conclusions, bi-
cipital tenosynowvitis, 70
Schrager V L., investigations and conclusiom
breiputal tenosynovitis, 70
Scistic nerve apatomy 100 107
trauma In fg;:cdordislocadon of hip joint,

Sex as factor incidence, grant-cell tumor of
134

Shoulder joint, acromioclavicular jolnt. See
Acromioclavicular yoint
distocation recurrent anterior 86-90
analyus of results, 90
ncrdence, 86
pathologic anatomy B6-87
postoperative treatment, 90
surgical treatment, 87 90
Magnuson technic (moddled) 88
90
types of arrangement of synoval re
cesses 36 87
rupture of rotator cuff after 96
with fracture of greater tuberosity 96-
97
frozen dengenerative and inflammatory

Sprain(s) (Coniinued)
classification 9
deflnition, 8-9
flnger 9
incidence, Blue Shield statlstcy, 8
knee, 14

clasnfication 24
ligaments, See individual ligaments
muscular 9
neck. See Neck, sprain
shoulder 10-12
thumb 10

Stelndler A, technke for recurrent distocation
of patella, 6

Stocking, elastic, for postoperative protection
and sypport of knee 10 dulocaticn
of patella, inadequacy of 3

Strain, as medical term, 8

Strapping with adhearve tape, sprain, ankjs
jolnt, 113 114

Sudeck, atrophy of. Ses Atrophy Sudeck's

Supraspinatus tendon rupture, 92

partial, 94
Sural nerve, block, for spraig, ankle, 17
Sustenacutum tal, 111
chmn& in jomt Inury from hemorrhage 9

Symp for Sudeck

changes in soft tissue comp
of scapulochumeral articulation
n7n

pain and stffness from bicipital tenasynovis,
69

rotator cuff See Rotator cuff of thoulder
sprain, 10-12
Skin, graft, efter neurectomy of musculocutane
ousnerve 204
Dectosn, in dislocations and fractures of talus
See Necrosis, avascular in disloca
tions and fractures of talus
d fracture-do} of
us 201
ulgers, from crushing ankle injuries, 200 202
Smith S Alwyn, technic for reconstruction of
crucsate ligaments of knee 5
Smith Petersen cup arthroplasty for dislocation
of hip with aseptic necross of head
of femur 106
incusion dmlocation of hip foint, anterior 106
nafl, with plate fractures, femur peck, 213
Soutter technie for recurrent disiocation of

slough

patclla, 5
Spine, tuberculosss, early diagnosts, differential,
from torticollls, 12
Spram(s) 8 19
ankie Sce Ankle, sprain
articular 9
back, low See Back low sprawn
claims against isurance companics, 8

120
Synovialms, plica, u{mﬂm with chondroma
Iacia of patella, 57
Synovioma knee, diagnosis, differential from
menisci, traumatic keslons, 43
Synovitis, acute, in knees, osteoarthritic, 15
chronic, of knee, 149
diagnosus, differental, from menusci, trau-
matic lenons, 43

Talocakaneal ligament internal anatomy 110
wnterosseous, anatomy 11012
Wr anatomy 111 1
Taloflbular igament, anterior anatomy 110
185 186
postenor anatomy 185
Talonavicular ligament, anatomy 110 111
Talus, dislocation, with avascular necrosis, 189
without avascular pecross, 188
foramense nutrient, 186, 193
fracture compound, and dislocation, reduc
190

reduction 188 190
without dislocation, conservative treat
ment, 188
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Talus (Continued)
inclination and ahgnment during growth 187
osufication, 186
osteochoadntus, 205
structure and mechanism, 109 185 187
Taping, “Duke Simpson " knee injuries, 24 25
as treatment i spraun, ankle, condemned 16
Tarsy J M., mvestigations and conclusions,
bicipual tenosynovitis 70
Teal operation for dulocation of patella re
current, 6-7
umple, 62, 64 65
Tendon(s) ankle, 192 193
biceps brachil. See Biceps brachu tendon
hamstrmg, avulson from ischial tuberosity
66-68

case report, 66-68
mcldence, 66
obturator internus muscle interposition be
tween neck of femur and acetabu
lum in dulocation of hip joint, 106
patellar transpoartion, for recurrent disloca
tion of patella, 58
“Teno-buruite,” term of Pasteur for new syn-
drome 69
Tenosynovrtn, bicipital 69-85
analysls of cases reviewed, 81-85

clinical features, 77 79
after age of 30 years, 78-79
1n young, 77 78
caology 73-74
anatomic and functonal factors, 73-74
incidence, 70
pathology 70-73
postoperative management, 81
shoulder joint patn and stiffness from, 69
investigations and concluslons, 69 70
treatment, conservative 79
surgical, 79-81
stenosng, chroni, 9
Thigh, posterior muscles, paralysls, from

Thiopental sodfum  with nitrous oxide anes-
thesia for surgical treatment, me
nuscl, traumatic lesions, 44
Thomas coflar for support In neck sprain 12
Thumb extensor tendon sheath, constriction
chronic 9
ran, 10
Tibla, dislocation, from avulsion of knee liga-
ments, 25-27
fracture, below pin in medullary nailing with
step-cut knes fusion, 151
comnunll;tgd. of bearing plate, treatment,

with tranmatic lesions of mennci, 39

Tibia (Continued)
glant-cell tumor of bone 135 136
malleolus, anatomy and development, 195
196

fracture, avulsion 194-196
noaunion 196
dowel graft, 196 198 199
treatment, surgical, 196 198 199
vascular damage 198
vascular relations, 197
compression 194
vascular relations, 197
spurs from articular surfaces, dlagnosus, dif
ferential, from menisci, traumatic
lesions, 43
synovia or articular surfaces, loose bodies,
diagnosis, differential from me
nisci, traumatic lesions, 43
tubercle transposition for recurrent dusloca
tion of patells, 58
Tibial artery anterior 180
dusplacement, 191
posterior 180
tear 191
Tibwofibular ligament, antero-inferior anatomy
110
posterior anatomy 110
posterc-infertor anatomy 112
Toe, spran, treatment, 9
Tortlcollss, 12
Traction, Buck s, “locked” knee 44
duslocation, hip jolnt, 105
Transverse ligament of ankle joint, anatomy
40 109 110
Tubadil See d Tubocuranne
d Tubocurarme (Tubadil) mtroduction into
modern medicine and expenmental
use, 172
uso In acute back strain, 172 175
case reports, 173 175
contraindications, 173
dosage, 172
overdosage 173
side reactions, neostigmine as corrective,
173

Tumeur @ myéloplaxes See Glant-cell tumor of
bone
Tumor(s) gunt<cell benign See Giant<cell
tumor of bone
of bone. See Giant-ceil tumor of bone
koee. See knee tumors

Ulcers, skin from crushing ankle injuries, 200
202

Ulna, glant-cell tumor of booe, 135
relationship to radius, 156
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Vasospaun segmental after panastragalar
arthrodesis, 204
Vastus muscie lateraily anatomy 108
medials, anatomy 108
Vein(s) anklejoint, 183 185
foot, direction of flow 183
saphenous long, 183 184
short 183

‘Wnast, fracture, navicular bone, 10
sprain, fracture of navrcular 10
sweliing, treatment, 11

treatment, hydrocortisone, 9 10

Xanthoma, knee diagnoss, differential from
meniscl, traumatic lesfons, 43

Zona orbiculans, anatomy 99









18 Sprains

Fauure to treat jomt injuries properly 15
to invite some rather serious complications
such as

1 Reflex dystrophy ostcoporasis and al
lied conditions (Fig 14)

2 Volkmann s ischemic paralysis

3 Gangrene

4 Traumatic arthritis

5 Myositis osmificans

The greatest single error 1n treatment 1s
failure to handle the local situation ade
quately so that the mjured part has the nec
essary emount of support, plus a reasonable
amount of active function Fingers are made
to be used and feet are made to be walked
upon neither function well m bed. Patn and
secondary swelling 1n untreated cases which

will keep a hand immobilized unul the fin-
gers aro stiff must bo eliminated On the
other hand 1nexpertly applied, bulky or in-
adequate supporting bandages splmnts or
casts are ong of the most viczous factors in
producing complications far worse than the
onginal Injury if left untreated Forcible ma

nipulation of a pamnful jomnt by a therapist
will do further irreparable damage The safe
axrom is that vigorous massage and forciblo
passive motlon are extremely detnmental in
all fresh and most old mjuries The Rale

exercises must never cause pain It also fol-
lows that injunes which result m jomt insta

bility 1f left untreated will gradually wear
out that joint as surely as a misaligned axle
does a bearing

Ankle injuries
seen in
first 12 hours

Cases with immediate
swelling have hermorrhage

Cases without swellmg,
block with procaine and make

and need circumferential another roentgenogram with foot in
pressure jnversion
A B
1f ankle If ankie
mortise 15 mortise s
unstable stable
Ambulatory with
Walking cast for or without elastic
support and wedged
101021 days bccpro

Physiotherapy and
heel-cord stretching
wedged heel

-







Reforances 19

CONCLUSION

A sprained ankle 15 the most common
athletc injury Unfortunately often these
conditions are considered as minor and arc
slf treated Proper treatment can reduce ma
teriaily the perlod of temporary disabllity and
prevent more sernous complications, which
cause permanent partial disabilitics
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Injuries to the Ligamants of the Knee 2|

fimtive method of distinguishing between
fracture and sprain In addion to the usual
anteropasterior and lateral views, the so-
called tunnel view taken with the knec flexed
to show the intercondylar notch n sharp re-
lief always should be included Also when
tenderness 18 marked at the uibial plateau
oblique views frequently will disclose frac

turc hines not visible 11 other projections
When the injured knee 1s secn wathin mo-
ments of the accdent, usually it is possible
to sort out complete avulsions from less se
vere sprains In a sercs nmow totaling 12
complete avulsions of collateral ligaments,
2 simple chimeal signs were found to be of
great help * The first of these 1s the presence

Fio 1 Basic steps in exammation of the knee, The sub
ect 13 supine and com
pletely relaxed. A?’:tcp: are first carried out o rm'edJ 3 Inspec
tion and determination of extension. (B) ge(:xl:nit?;m oy A

follows a com

0 of active flexion with the

twon of pasuve flexion This

unin, I
beyond the point of pam. (C) Palpation for flux Jured Leg ond is not carmed

pouch

pal
The

small quantities of ftuid downward.
nbouth:o mpn:u the anterolateral aspect of
pable ¢ thumbs and the left hand terminas
curcumference of the thighy s mumrg)aDc el (B TocaerophY
tion of cruciate ligament laxity The knee1s
presses firmly against the lower tibia while

d. Pressure on the suprapatellar

The nght index finger 15 shown
the jomt, producing a fluid wave

t the same level. (E) Determina
fiexed at 90 The examiner s forearm

both hands

the
knee and mampulate it m the sagittal plane. (F) Dct"mmg““Pa leg just below the

ment laxity  One of the examin
femonal condyles. The other
m the caronal plane. (Quigley T

tion of collateral higa

er ¢ hands rests on the table and firm! the
grasps the ankle and manipulates the cxi);npd—:ilnknre
B Swrg, Gynec. & Obst. 87 569)
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of sufficient relaxation to pernut 15° or more
of abduction ar adduction of the fully ex
tended tibia on the femur as compared with
the opposite uninjured knee This sign s based
on the chmeal and experimental work of
Paimer ¢ Brantigan and Voshell,* and Abbott
and his co-workers.® It can be considered
as absolute evidence of complete avulsion of
the wnvolved collateral ligament, and either
avulsion or severe stretching of the antenor
cruciate ligament. The other ugn, which s
present less often but constitutes valuable
evidence when 1t is encountered, consists of
a diffuse doughy subcutancous edema of the
anterior  the medial and lateral aspects
of the joint. This 15 scen only occasionally
immediately after injury and 15 encountered
much more often hours or days later It 1s
caused by rupture of the joint capsule accom

panying the igament avulsion. Fliud formng
1n the jomt 1n response to the ijury escapes
through this rent and dissermates m the
same manner as a subcutancous hypodermo-
clysis When cither or both of these signs
are ence ed and prel} y Toentg
grams bave shown no evidence of bone m-
jury prompt examunation under anesthesia
15 Indicated. If mantpulation 10 abduction or
adduction under anesthena confirms the pre
anesthetc impression suitable exposure and
prompt surgical repair are indicated

The diagnosis of less severe sprawns can-
not be established accurately on the day of
mnyury It 15 sufficient on that day to rule out
fracture complete hgament avulsion, or -
ternal derangement of such degree as firmly
to Tock the joant, and to determine the side
of the joint involved in the sprawn, Four car

Fic 2 The effect of compression on a ty
(Quiglecy T B Mod. Med.

) ligament sprain.
150)
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dinal principles of immediate treatment based
o the natural hustory of the ligament 1njury
can be implemented. These are

1 Cold 10 constrict the arteriolar bed and
dimimish hematoma formation

2 Compression ulso to check  actuve
bleeding m the njured tssucs and to dis
seminate hematoma already formed The ab-
sorpuion of a hematoma 15 a function of its
surface area 1f a single hematoma is dis
scminated through tssue planes through
compression and converted into X hema-
tomata the surface area of the mass will be
increased by more than X2 Also the result
g scar will be thin and phable rather than
massive (Fig 2)

3 Elevaton of the mjured part will de-
creass edema formation by sunple hydro-
statcs

4 Rest cither 1n bed or on crutches It
1s obvious that the more a receat mjury is
aggravated the greater will be disability both
m tme and degree After a few hours cold
15 of little value, but compression rest and
elevation are useful for several days Procaine
has no place n the treatment of knee liga
ment mnjunes It does not promote the natural
process of healing, and with pain abolished
a minor spramn can casily become major
Rarely the pain imposed by a medial iga
ment spram will fix the jont so firmly
flexion as to raise the question of concomitant
mechanical block from a torn and deranged
memscus The diagnoms can be settled by
procame infiltration of the injured ligament.
Both cold and compression must be used with
care 1If at all in the aged and in patients
with penpheral vascular disease of any de
scniption. Foam robber cut to a Ley hole
shape is an effective means of achieving com
pression (Fig, 3) Fluid in the knee can
distend the joumnt only antenorly therefore
compression need be exerted only against the
suprapatellar pouch and along the mdes of
the patella and the Infrapatellar tendon, One
layer of sheet wadding is placed between the
skin and the rubber since a few patents are
sensiive to chemicals in the rubber If foam

Fia 3 Sponge rub-
ber and elastic cotton
compression bandage
for unmediate treat
ment of knee mju
ries (Quigley T B
Surg., Gynec. & Obst.
87 569)

rubber 1 1nch thick of the “tan-open-cell”
typo 18 compressed to one half its thickness
a force between 40 and 60 Gm per cm 18
exerted. Empurically this has been found to
be sufficient to increase the ntra-articular
pressure to & point above the filtration pres-
sure of the synovia. If such a compression
dressing 15 apphed befare effusion has oc

curred and 13 kept mn place for several days

cffusion usually does not occur 7 From 24
to 48 hours after the wnjury and after institu

tion of immediate therapy an accurate deter

mmation of the lignment mvolved, together
with the degree of its involvement, can be
made Tenderness now 1s localized and can
be clicited eather by direct pressure or by
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mamupulatton produang stress on the lign
ment With a lttle expenience sprains can
thus be classified as Grades I to IV Grade
I 1s the least degree of spramn that can con-
scientiously be called a sprain. Grade IV 15
complete avulsion of the lgament. Such
classification is useful n prognoms For ex
ample 1t has been well established that a
college varsity football player sustamng a

Fic 4 The “Duke Simpson™ protect
su

Grade IT sprain of the tibial attachment of
the medial collateral ligament will be suffi-
ciently recovered to resume football 3 weeks
after mjury provided that ummediate and
subsequent treatment has been carried out
carefully

Also from 24 to 48 hours after mjury heat
rather than cold can be employed, since the
danger of further bleeding is past. Any sort

ive knee taping. (A) Detuls of the

cr

P

(B 2nd C) Appli of the cruciate-

g 8
supporting P (D) A

ligamcnt components, 3 on each side (E) Rernf

1 of medial and ateral collagenal

of cruciate-lig:

ly above
supporting component  Two strips of tape are applicd crosung anteriorly
and below the point. (F) Applicauon of curcular anchonng tapes. Thesc are

snug but not comtricung  {
Surg Gynee A Obst 87 569)

and H) The completo taping. (Quigley T B
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of wet heat 1s satisfactory, dinthermy is con
tramdicated Recently injured jomts treated
by diathermy almost mvarably develop fur~
ther effusion Exercise up to but not beyond
the pomnt of pun iy insututed, first 1 the
form of quadnceps setung and as soon a3
possible as progressive resistance excreise ®
Gentle centripedal massage is of great value
if done shillfully 1n relaung the spasm of
apprehension and 1nitiating active motion
Clumsy and heavy-handed massage 1s worse
than useless If effuslon occurs to the point
of lifting the patclla aspuration should be
carried out Thus 1 not a casual office proce-
dure The antiblotics have not decreased the
sensitveness of the knee to infection An as-
piration Is really the same as an arthrotomy
and the same safeguards and precautions
should be observed. The needle should be
of large caliber (8 or 10) and should be in
troduced from the mde at the level of the
patella into the suprapatellar pouch never
through the quadriceps The author’s experi
ence with hynluronidase!® mn facilitating the
resorption of bloody cffusion 15 too Lmited
to justify cntical comment. However it scems
to be a safe and reasonable adjuvant to treat
ment but not a substitute for aspiration.
Immobilization m plaster has httle place
in treatment 1n most ligament 1njones Atro-
phy of the quadniceps particularly of the
vastus medialis occurs very rapidly and can
bo overcome only by prolonged and tedious
progressive resistance exercise  Atrophy 1s
much better avorded than overcome Weight
bearing should be permitted only when nor
mal walking can be accomplished without
pamn or mp In athletes it must be remem
bered that the spraned ligament heals with
scar and scar 1 always less resbient than
the tissue 1t replaces Accordingly protection
must be mven the injured ligament when the
athlete resumes activity For more than 50
years varnious methods of protection of the
mjured knee have been subjected to crtical
apprasal in the Medical Department of the
Harvard Athletic Association Vanous knee
cages have been tned at various umes but
all share the underlying defect of being a

siiplo hinge  Unfortunately, the knce is far
from a simple hinge A toggle joint in the
steels on the medial and the lateral aspects
of a plastic or leather knee cage would ap-
proximate the natural meton of the knee
but no toggle joint has yet been devised which
can stand the stresses of contact sport. Ad
hesive taping has been very satisfactory The
“Duke Sumpson taping® (Fig. 4) provides,
1n effect, an extra set of cojlateral and cruciate
llgaments outside the skin which give cffcc-
uve protection for a full aftenoon of vigorous
sport. Eventually, the scar in the sprained
ligament becomes replaced with elastic col-
Ingen fibers and becomes normal hgament.
It 13 not known how long this process takes
and at Harvard the rule has long been estab-
lished that once a Grade 1T III or IV sprun
is sustained the player wears tape at every
practice session or game 1n every contact
sport for the rest of hus college carcer There
135 no doubt whatever that thus program
although at times tedious to the player and
certunly expensive 1n terms of man hours
of tramer s ttme has almost completely chim
tnated recurrence of hnee igament mnjury

It is reasonable to assume that some de
gree of injury to the menlscus or to its periph-
eral attachments occurs with every collateral
ligament sprain of the knee Only a very few
of thesc are so severe at the ume of injury
as to present the classic appearance of a
locked knee requiring prompt surgery The
great majanty come mto clnical focus only
after the ligament injury has healed and the
symptoms of “giving way " recurrent Jocking,
and the signs of recurrent effusion tenderness
and atrophy appear In general, the diagnoss
of internal derangement 18 one which grows
on both the patient and the surgeon as such
cases aro followed Operation should be car-
ried out when the disability has reached the
point of becoming a nuisance incompatible
with the patient’s normal acuvities and the
surgeon 13 convinced that the knee is weanng
out faster than the patient

Fortunately avulsion of enough ligaments
to permit complete dislocation of the tibia
on the femur is rare The possibility of {njury



26 Injurles to the Ligaments of the Knes

to the pophteal artery demands /mmediate
reduction without waiting for roentgenograms
or even anesthema, If restoration of arterial
supply does not follow reduction exploration
of the pophteal space mspection of the dam
oged segment of artery and if necessary
excsion and vein or artery graft should be
carned out at once followed by lumbar
sympathectomy and hepannizatton The ex

penienco of World Wars I and II with regard
to injuries to popliteal arterles Is discourag-
ng, ' %13 and only by such vigorous meas-
ures can gungrene be averted When arterial
supply 1s intact after reduction early explora-
tion and reparr of damaged ligaments 15 the
treatment of cholce.

The management of complete avulson of
collateral ligaments is still not established,

Fic 5 Reconstruction of old avulsion of medial collateral ligament after the

manner of Mauck  (A) Diagram of roentgen ap|

of abducted fully ex

pearance
tended knce under anesthesia (1) The Inchion A flap of skin and subcutancous

tissue is tuned «n (2) The medual ligament, to
wrned proximally The gracilis is retracted The menkscus u
) The block of bone 1s replaced as far distally as necessary a3

tiblal inseruon
being removed

showninB and  d with ascrew

er with a block of bone at its
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although considerable expenence has ac
cumulated n the lHtcrature in the past two
decades in favor of prompt surgical explora
tion and repair In no case in the authors
experience has exploration of a joint present-
ing charnctenstic signs of complete hgament
avulsion been found to be unnecessary, and
1n no case has the eventual disability after
operation been amything but tnvial  The
operative approach 1n recent injuries con
usts of a curved incsion, convex posteriorly
and the upward dissection of a flap of skin
and subcutaneous tissue The whole anterior
and medial (or lateral) aspect of the
jont 1s thus exposed to view Invanably
the damage revealed is more severe than
the surgeon anticipates At times the avulsed
Ligament has been sucked nto the joint itself
Almost always the meniscus 1s displaced or
torn and requires removal The authors
policy with regard to the anterior cructate
Ligament has been that of Darrach,1® who be
lieved that formal restoration of this lignment
was not necessary The knee can be consid-
ered as a physiologic umt. The loss of one
of its components 18 not serious and if this
compoaent 1s the anterior cruciate ligament
it is even insigmficant, provided that the
musculature of the knee 15 normal. This 1s
merely a restatement of Sir Arthur Keiths
Law of Ligament.! The ruptured anterlor
cruciate ligament 15 cither reapproximated or
if this 15 inconvenient, completely excised.
The object of either procedure 18 aimply to
remove danghng ends which may become a
source of future internal derangement. If the
avulsion includes a portion of a tibial spine,
reapproxuumation can be accomplished by a
long mattress suture carned through drill
holes n the tibia, from its anteromedial sur-
face to the fracture face at the base of the
ubial gpine as described by O Donoghue 13
Most avulsions of the medial and the collat
eral ligaments occur at their distal ends and
present Hutle difficulty in technical recomsntu
tion A few avulse at the femoral attachment
but these also are not difficult to reattach.
Fommatcly a very few rupture at their mid
portions for these a fasclal graft or trans

plantation of the sartorius tendon'® may be
nccessary

Pauents presenting themselves months af
ter severe collateral hgament mjuries will
often descnibe instability and unstcadiness
particularly in twisting or running motions
and a sensc of “gving way” which 15 more
severe than the “giving way” associated with
the damaged meniscus The demonstration
of laxity in the igament may be difficult be-
cause of firm musculature which snaps into
contraction at the first attempt to manipulate
the extended jount. In these mampulation
under anesthesia will solve the problem If
gross laxity of the medial ligament is encoun
tered, exposure of the ligament and reattach-
ment of its tiblal end at a more distal pomt
after the manner of Mauck!? 1s very satisfac
tory (Fig. 5) Chromc relaxation of the lat
eral collateral ligament Is rare and 1s handled
in the same general fashion

SUMMARY

I The natural history and the dingnosis
of sprains and avulsions of higaments of the
knee are discussed

2 A plan of treatment based on the
pathology of the injury 1s presented

3 The mdications for and techmeal as-
pects of operative intervention are described.
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Cysts of the Semilunar Caitlages of the Knee

Louis W Breck, MD *

INTRODUCTION

A very interesung lesion, cysts of the
memsci was regarded 1n the past as very
rare and since 1t 18 a bemgn lesion 1t wos
considered as bewng of little importance
However m the last 15 years a considerable
number of good papers have been written
on this subject, and 1t has tumed out that
the lesion 15 much more common than was
supposed previously Since 1t 1s associated
50 commonly with trauma, industrial sur
geons and mulitary surgeons have learned to
be on the lookoat for this lesion In World
War I there was a large amount of
routine military training engaged n by sol
diers whose knees were constantly subjected
to trauma. This produced a relatively ugh
mcidence of knee cartilags cysts which in
turn was responsible for diagnostic acumen
1 regard to them.

The credit 13 generally given to Ebner for
reporting (1904) the first cyst of a semr
lunar cartilage Up to about 1930 the lesion
was considered as a great ranty and n the
minds of many there was confusion as to
the differentiation between this lesion and
other cystic leslons fn thus area

Any tumor 1n the region of the knee is po-
tenunlly dangerous and should be removed.
It 18 not always possible to be reasonably
confident that a tumor m the region of the
lateral or medal memscus 15 not a malig-
bant tumor entirely unrelated to the me-
niscus  Beside the possibility of 1ts bewg
2 malignant neoplasm two considerations

*El Paso, Texas

make 1t important to recognize this lesion
(1) the fact that the condition practically
never corrects itself spontancously and will
contlnue to disable the patient untl 1t 13 re
moved (2) the surgical treatment of a cyst
of the meniscus is quite satisfactory, and for
this reason it should be undertahen

INCIDENCE AND LOCATION

A cyst of the meniscus 15 a rare lesion to
encounter However this remark should be
qualified, because a falr percentage of torn
external semilunar cartilages which are re-
moved will be found upon close inspection
to contain one or more very small cystic le
sions which are really cysts of the memiscus
Even so 1t remains true that the large chin
lcally recogmzable lesions are rare Theso
cysts will be encountered 1 a large ortho-
paedic practice from time to hme, however
if the surgeon keeps on the alert for them

Cysts of the memscr are most frequently
encountered in young men between 18 to
28 years of age The lesion 13 found about
10 tunes more commonly 1n the Iateral me
niscus than m the medml. Statisties vary
and authors quote a difference of somewhere
between 5 to 1 and 10 to 1 The kesion is
approxumately 10 tumes more common m
men than 1 women (These observations
support trauma as the responsible etiologic
factor- this premuse 18 held by the author)

In 1928 Bnstowd: collected all the cases
n the world s literature and found that the
total number did not exceed 30 cases. At
this ume be reported a senes of 11 cases
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Fio 1
mass to peniphery of the menucus. (Right) Same speci
owing cystic degeneration m the substance of the menuscus.

Ten ycars later (1938) Klemberg® re
ported that only 163 cases had been en-
countered in the world s literature up to that
date He also stated that few surgeons ever
had treated more than one or two cases of
this condiion  More recently a great many
cases have been seen and operated upon
Smullie™ reported a series of 136 personal
cases However some of them were small
leslons identified after the removal of the
cartilage  Pisau’ reported a series of 30
personal cases McMurray 13 a senes of 28
The author 1s reporting a series of 18 cases
with an interesting clinical cunosity of a
photograph of 4 of these under treatment
at the same time A cursory search through
the lterature at thus time by the author re
veals that 1,210 cases have been reported,
wcluding the 18 cases 10 his own senes It
13 possible that some cases m the ltersture
may have been overlooked.

(Left) A menuscal cyst drawn from an actual

imen showing relation of
en sectioned longitudmally

It 13 of wnterest to note that Smillie s cases
were in workers engaged in heavy industres
and that Pisami s and the author s are m so-
diers another occupation requiring vigorous
physical activity and frequent exposure to
trauma. These scnes alons strongly support
the theory that trauma plays a large part i
the production of this lesion

ETIOLOGY

The ctiology 1s unsettled at the present
time. Numerous surgeons and pathologists
feel that the lesion 18 congenital but some
competent surgeons feel very strongly that
these lesions are traumatc in origin

Smillie 20 a British authonty on knce sur
gery who hes reported by far the largest
personal series, feels quite strongly that the
lesion is traumatic for the following rea
sons (1) It is common in young adult
males this is the socrological group which
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13 exposcd most to trauma (2) It is much
more common in coal nuncrs than in the
average pepulation. (3) It 1s usually present
n the middle thurd of the cartilage, where
most of the trauma to the cartifage occurs.
Zadek and Jaffe24 believe that this lesion
18 a true cyst and that it is probably con
geutal in origin  They have wntten much
on the subject supporting this premise
Ghormley® belicves that the lesion 15 de-
generative and not neoplastic He does fecl
that 1t 1s not a true tumor but rcpresents
a degencration 1 an area in the semilunar

Some workers belleve that theso lesions
are due to multiple minor traumata, super-
imposed on an inherent tendency wn the
patient to develop this lesion,

In connection with trauma as an etiologic
factor often it Is possible to obtun the hus
tory of one relatively severe injury and of
repeated munor traumata, In view of this
perhaps either type of trnuma may be the
causative factor n an mdividual case The
author adheres to this belicf, especially since
his entire senes was found in infantry sol-
diers engaged 1 vigorous physical trawming
at a large Army post.

PATHOLOGY

Upon removing the discased tissue and
cxamumng 1t grossly 1t 1s found to be a
fibrous mass containing one or more cysts
filled with gelatinous matenal There may be
only one gelatinous cyst there may be cither
one large and numerous amafl ones or many
small ones. The gelatinous matenal which
fills the cyst 1s for all practical purposes the
samo as that found m a ganghon cyst. It
does not have any regular strocture The
cyst is attached to the meniscus (Fig 1)

The pathology of the cyst is somewhat
like that of a ganghon. It has been referred
o m the past as a ganghion of the outer or
wmner nde of the jownt.

These cysts are usually multilocular but
occasionally only one specific area 1s casily
seen grossly and the other small areas may

be overlooked Howcever, sonictimes the en
tire mass consists of numerous small cysts of
approximately the same size

The size of the tumor vancs from 1 to
4 cm i diameter in the cases where it 1s
detectable clinlcally that is 1n a typical case
of o cyst of the meniscus which is scen as
a tumor mass on the outer side of the knee
As stated previously, some of these lesions
are identficd postoperatively in the meniscus
and appear as tny cystic areas  In the clin
ically detectable ones they may be pmn
point in size and arc barely detectable or
they may be the size of a walnut or even
larger

As far as the actual pathogenesis 13 con-
cerned it Is well established that these cysts
are degenerative and not neoplastic There
Is no endothelial lining present on micro-
SCOpIC examination

A cyst of the meniscus 13 located usually
in the midportion of the semilunar cartilage
and presents chinically antenor to the liga-
ment. Characteristically then, a memscal
cyst will be scen as a tumor mass on the
outer side of the knee jomnt opposite the
jount and just in front of the collateral
ligament

There 13 a considerable difference of opmn-
1on as to what percentage of these are asso-
ciated with tears of the corresponding me
mscus Smillie feels that this leston 15 almost
always associated with a tear of the cartilage
Part of this difference of opmion 3 doe to
the fact that he takes out an external me
niscus on the diagnosis of memsscus pathol
ogy and with a tear in mind. When he
removes the cartilage and finds the tear he
then looks carefully for a cyst often one or
more tiny ones are encountered On the
other hand, Amencan authors find that an
axsocmtsdtca.roftholcmﬂtmnrcam.lu.gcu
not a common accompamment of a memuscal
cyst They operate on a patient with a
chinical diagnosis of a cyst of the meniscus
and usually find little or no evidence of
serous trauma to the meniscus

There has been much discussion about
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1

Fla. 2. The koee, showing usual site of
the tumor mass in relation fo the fibular
collateral Ligament.

the relative 1mportance of differentiating be-
twccnapumml:nuw.lundamcmsmlcyﬁ.
Some authors feel quite strongly that there
5 a difference but Smullie and the au
thor of this paper fesl that they are the
same and 1t 15 simply 0 matter of location
At operation 1t 13 frequently found that a
cyst will connect direetly with a degenerated
area 1 the memscus near
and that the cyst
mate from this area

associated with the
distinct from 1t and located 1n a

meniscal area would seem to the author of
no great significance since he feels that all
of these cysts must have the same ongln in

the memscus itself, Itbsaldthatthehrgn
Cysts of the memisei are parameniscal anc
that the smaller ones are usually withm the
meniscus 'thumcnllal}ymm,a:ala.rgc
cyst could hardly remain in the memsers
without completely disturbing the jolat func
ton. However the author would like to
stress agam that the differentiation between
meniscal and parameniscal cysts is ooe of
dufferentiaung the location and not the et
ology and the pathology of the two Iesiom.

SYMPTOMS

The charactenstic symptom of this con
dition 15 the complaint of the presence of a
mass over the outer or inner uds of the knee
opposite the jont and at the level of the
meniscus (Fig 2) The mass usually pre-
sents just 1 front of the coliateral lgament,
Thcpmcnccofummuu.sunﬂytheini
tial chief complaint The presence of the
tumor 15 of concern to lum and brings him
to the doctor As all surgeons know be
cause of the educational program in regard
to the early recognition of cancer people
are more tumor conscious than formerly
and the mero presencs of & sweiling brings
many of them to a doctor’s office

Pain 1n a varying degree 15 another symp-
tom present m this condition. Pam vanes
from & mild discomfort to a relatively se
vere ache  The discomfort or pain is worse
after use It is also worse on strang flexion
or full extension. Characteristically the pa-
tient s knes is most comfortable i a position
of about 75 of flexion. Occasionally a
pmching sensation 18 noted m the knee 10
the area where the mass 15 located.

Sometimes a feeling of giving way of
the knee is present but this is not character
isucally a symptom of a cyst of the mentscus.

Weakness and easy fatiguing of the knce
with this condition sometimes spreading to
the entire leg is a complant usually present.
The patient often has trouble In locatng the
place where the fatigue 15 worst and simply
says that hus leg fecls weak

A history of injury 15 usually given. The
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injury may be one definute cpisode which the
patent can recall casily, or a history of re
peated minor traumata may be encountered
One or the other or both of these is found
i the great majonty of cases The history
of one definite mjury is present 1n about one
half of the cases of cysts of the menisci.

A characterdstic negative consideration 1n
the hustory 15 the absence of a story of lock
ing or blocking of the knee  This serves to
rule out a bucket handle tear of the memis-
cus which 1s of importance in both the diag
nosis and the treatment of the lesion.

PHYSICAL EXAMINATION

A characterstic finding 1 the phymical
examination 18 a tumor It is located exactly
opposite the knee jomnt and at the level of
the sermlunar cartilage usually i the region
of the external semulunar cartilage but on
rare occasions 1n the region of the med:al
memiscus The cyst usually presents itself in
front of the fibular collateral ligament or the
tibial collateral hgament, depending upon
whether the cyst 1s located laterally or meds
ally The sz of the tumor may vary from
that of a pea to a hens egg The tumor 15
firm, moderately tense and often has a
rubbery feel There 1s httle difficulty i bemng
reasonably sure that 1t 1s a cystic lesion.

Ono of the most charactenstic physical
findings 1n these cases and one which, when
present, is considered as pathognomonic by
Pisani'® 13 the fact that the cyst tends to dis
appear or decrease greatly in size when the
knee 15 placed mn full flemon. He hay called
ths the “disappearing sign.”

Tenderness on deep pressure is a charac
tenstic physical finding There 13 no redness
or heat present, however Occasionally there
1s a mild effusion in the knee jomnt, although
this 15 usually conndered to be due to asso-
ciated pathology A valuable negative ngn
15 the presence of a normal roentgenogram
n these cases

There is often atrophy of the quadnceps
muscle and the calf group the atrophy s not
pronounced 1n most instances

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of cysts of the
menisel 1s usually casy because of the char-
acteristic location, the disappeanng sign”
(the decrease in size of the tumor when the
knec 13 flexed), and because the tumor has
the characteristic feel on palpation.

A Baler s cyst must be considered 1n the
differential dingnosis In rare instances a
cyst of the meniscus may project backward
toward the poplteal space and in this way
pose a difficult differential diagnostic prob-
lem. However the charactenstic location
and feel of a Baker’s cyst or bursal cyst usu
ally makes the true dingnosis possible

Synovial pouches may offer some confo-
sion In the differential diagnosis, but charnc-
teristically they are focated postenorly m
stead of laterally they extend away from
the joint and are not adherent to the semi-
[unar cartilage

A differential diagnosis of a memscal cyst
from tumors 1n the region of the knee joint
15 not always easy A subcutancous tumor
such as a lipoma or a fibroma, may be
puzzling in differentiating 1t from a memscal
cyst. Its lack of adherence to the cartilage
is a most helpful differential pomnt. Ordi
narily tumors of the knee joint proper do
not extend laterally from the jomnt and thus
m only the rarest instances do they offer a
differentinl diagnostic problem.

TREATMENT AFTER-CARE AND
PROGNOSIS

The surgical excision of the cyst, together
with the assoclated meniscuy, is the proper
treatment 1n these cases  Formerly it was
common practice to excue the cyst only bat
the prognous for a satsfactory outcome 1s
not nearly as good as when the entire carti-
lage is also removed. In the past there has
becn some difference of opmnlon as to
whether or ot 1t is necessary to excuse the
entre cartilage or simply the portion from
which the cyst originated. It is now well
agreed that the entire cartilage should be re
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moved. The exact technic may vary some

what with the mdividual operator It is 1m-
portant to make an wemon directly over the
cyst for the purposc of freemng it and re

moving 1t. The cyst may be removed after
tdentification of aif of 1ts parts and its attach

ments to the undetlying carulage Then the
semdunar cartilage may be removed in the
operator’s usual way following the removal
of the cyst. A somewhat better way to re

move both the cyst and the meniscus 1s
by first freeing the cyst by means of an
nciston made directly over it and then re

moving the cartilage from before backward
through an additional anterior mcision. The
anterior part of the cartilage is removed back
to the region of the cyst, and thea the pos

tenior part of the cartilage 15 removed from
the cyst backward the remalning distance.
It 13 olten necessary and n fact routinely
advised by many authors to make a posterior
Henderson incision for removing the back
part of the cartilage and making sure that
the entire carhiage 18 excised.

During the removal of the cyst and ths
cartilage great caution should be exercised
not to cut the collateral ligament. If it 1s cut
and not noticed a serfons disability results
If 1t 13 cut and repaired a Jonger penod of
convalescence 1s reqaured than that usually
needed following an uncomplicated arthrot
omy and at times a certamn degree of per
manent disabdity results

Recurrence of the tumor is quite rare and
the prognosus for a satlsfactory result 15 good

However the author would like to call
attention to the oft repeated statement that
the cure 1s complete and permanent 1n his
opmnion that 15 not qute true With com
plete removal of the Iateral memscus a
hypertrophic arthntis develops at the outer
side of the jomt in a fair percentage of cases
Although the degree of hypertrophic arthn
us 15 usually slight and the amount of dis-
ability not great it does produce some dis
ability This disability usually develops late
rather than unmedzately following the opera

tion and progresses as hypertrophic arthnitls
develops These remarks are not to be con-
strued as implymng that the memscus shoutd
not be removed, as this 1s necessary to cffect
a cure It 1s well to caution aganst telling
the patient that the prognous s extremely
good because of the frequent occurrence of
hypertrophsc arthnts Iater on

The after-care of these patieats should be
the same as that in any other case of re
moval of a semulunar cartilage from a knee
The after-care varies somewhat with differ
ent surgeons although certam thungs are
generally considered desirable A period of
2 or 3 weeks complete rest s usually ad-
vised, Care should be taken to avoid a
flexion contracture following the operation.
Az soon as the immediate postoperative pan
has subsided the pateat is started on quad-
ficeps strengthening exercises, and m addi-
tion to this 13 given regular physical therapy
Whero 1t 15 practicable a formal course of
rehabilitation 13 advisable

As far as the degree of permanent disa-
bulsty is concerned, foflowing the complete ¢
moval of the menscus, the average disability
n working men 1s approximately 10 per ceat
of the knee jomt. The same permanent dis-
ability ratng will be antcrpated In cases
following removal of a cyst and its accom
panying semilunar cartilage. Occassonally
there are cases scen which make a complete
recovery and often the dusbiity will be
shightly more or shightly less than the 10 pe*
cent figure  Because of this permanent ds-
ability the association of trauma with the
onset may be of considerable tmportance in
industrial cases Since trauma 13 not consid-
ered by cveryone to be the pnmary causs of
cysts of the memscr there 15 room for argy
mwtmdmrcgardnswthcuusco!lbccyﬂ
in mdustrial cases The presence of an asso-
ciated meniscal tear at operation may sette
the tssue of the traumatic cause of the pa-
tient's condinon Since such tears are not
found charactenstically the controversial is
suc may not be scitled even after operation-
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REPORT OF A SERIES OF 18 CASES
OF CYSTS OF THE MENISCI

The author, while i the Army durng
World War 1J, was Chicf of an Orthopacdic
Section at a large regional hospital which
was the orthopacdic center for approxi
mately 250 000 troops 1n trauning  Most of
these were infantry soldiers  Injuries to the
knee were relatively common and the au-
thor kept a careful count of 400 consecutive
arthrotomies of the knee  In thus series there
were 18 cases of meniscal cyst all were op~
crated upon, and all obtaned a satisfactory
result. There was slight disabulity present at
the conclusion of most of these cases Of
the 18 cases 3 had associated memscal tears
An additional 6 had shight semilunar cartt
lage damage but not a defimte tear

In the authors I8 cases the majority
showed one principal cyst, although in a few
mulbple cysts were present. An exact tabu-
lation of thess was not kept. Most of these
cases were apparcntly paramemiscal so far
as thewr exact lo.ation was concerned, but

m the same cases the cysts appeared to ong-
wnate from the semilunar cartilages and for

all practical purposes were attached to the
mcniscus and were an integral part of it in
cach nstance

The accompanying dlustrations (Figs 3
and 4) arc of considerable interest, since
the photographs show 4 soldicrs under treat
ment at the same time for the same cond:
ton These 4 cascs were donc withim a
perlod of 3 weeks They represent various
periods of convalescence of from 5 to 8
weeks after their operations  This particular
group of cascs was from a somewhat larger
group that occurred 1n a penod of intensive
training 1 an mnfantry divisson  All 18 of
the cases n the scnes were engaged in vig-
orous military traiming at the tme that their
cysts developed Inall a history of repeated
minor trauma or traumata could be illicated
In most of these one specific mjury which
was worse than the others could be recalled
by the soldier

Concerning the operation done n these
cases, 1 cach instance the entire carulage
was removed as well as the cyst. In the
cases with the larger cysts the cyst was
removed separately and then the
was removed as a umt usunfly through 3
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Fio 3 Four patlents, recently o
cysts of the lateral menisci, mﬁnm‘;f;'

from 5 to 8 weeks after their operations.

0, within a penod of 3 weeks for
flexion. They represent periods of
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maisions  These Inclsions were located one
over the cyst, the second antenorly in the
parapatellar location and the thurd poste
norly (Henderson 1ncision) for the pur-
pose of getung out the back portion of the
cartilage

As stated above consutently good results
were obtamed 1n these cases although slight
residual disability was usually encountered.
Rehabilitation of these patients was stressed,
and the photographs shown were made at a
convalescent rehabibitatton center  This re-
habilitaton program speeded up convales-
cence and reduced the permanent disabilsty

DISCUSSION

A review of the hiterature pertmmng to the
subject of cysts of the memscl fogether with
reflection on the author s senes of cases re
veals a few pomts which are worthy of
reiteration and comment.

Although thus lesion 15 rare 1t 15 of suffl
cient frequency to require accurate recogm
tion by the climcal orthopaedst 1t Is essen-
ual that an accurate diagnosis be made and
adequate treatment be instituted before these

lesions can be readdy eradicated and the
paticnis rehieved of thear symptoms

Although pathologically it may not be
possible to establish the causal relaton be
tween trauma and the lesron, nevertheless
1t 15 chimically apparent that such a relaton-
shup exists The authors who have reported
the largest series of cases have found their
patents to be in groups of mdividuals whote
knees arc subjected (o trauma,

CHART 1. STATISTICAL ANALYSIS OF A SLRIES
or 18 MEeN1scaL CYsTs ENCOUNTERED IN
400 CoNSECUTIVE, KNEE ARTHROTOMIES

Number of cases 18
Number of cases operated upon 18
Good result 18
Poor result 0

Average residual disability 10%
Average time before return to work 10 weeks
Number of cases with assoctated

meniscal tears 3
Number of cases with hutory of
preceding trauma 18

Number of cases 1z which the me
nuscus was removed &y well as tie
cyst 18

Fra. 4 The same four paucnts as jn Figure 3 but here showlng the range of
extension, which s complete  Strong quadriceps power s preseat.



Roferences 37

The charactenstic thing about cysts of the  which had a sausfactory cnd result These

mensct 1s that they usually occur in young
vigorous malcs between the ages of 18 and
28 and they do not occur with any degree
of frequency in other classes of people This
will further substantiatc the theory that
trauma 1 causative

The author s senes of cases 1s typleal in
most respects and shows that a group of
healthy young adulis who arc engaged in
vigorous physical training will show a rcla
uvely high incidence of cysts of the menisci

SUMMARY

1 Cysts of the memisci, although rare
occur with sufficent frequency to warrant
serous consideration by the orthopaedic

n.

2 All phases of the object are revicwed
and discussed, including etiology pathology
diagnows and treatment.

3 The typical patient with a cyst of a
memscns 18 a young adult male with an
occupation mvolving considerable physical
activity who subjects his knee to repeated
minor traumatn,

4 Cysts of the menisci anse much more
commonly from the external meniscus

5 These cysts occur charactensteally in
the central portion of ths lateral meniscus
and present themselves clinically in front of
the fibular collateral higament.

6 Treatment should be by excision of the
cyst and the entire semilunar cartilage asso-
ciated with 1t.

7 Ths treatment glves consistently good
resolts  although shight disability may be
anticipated.  Recurrences are  practically
unknown

8 Orthopaedic surgeons i gencral con-
sider these cysts to be of traumatic origh.
Some pathologssts think that they are of con
gemtal ongin. They are generally considered
to be depeneratrive and not neoplastic

9 The author has presented a serles of

ISmmofcysuofth:mcnlsdoccunmgm
400 consecutive arthrotomues of the knee all
of which were operated uvpon and all of

cases occurred in troops in training 1n World
War Il
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Traumatc Lesions of Menisci

R A Murray, MD*

Traumatic lesions of menisct have been
and treated under the general

term “mternal derangement of the knee”
since the eighteenth century when Wilkiam
Hay' described this condition  Although
there has been much improvement n meth
ods of diagnosis and surgical techme differ-
ences of oplmon still exist regarding the
proper care of the patient with a mechani
cally mmperfect knee ®* There 11 general
uniformty of opimon regarding the desir
ability of removing u chronscally defective
memscus  however many condiions can
mumc the “torm carulage ™ and a careful
nvestgation 1s necessary to make a defimte
clinical diagnosis A high percentage of
exploratory operations with a surgically lac
crated menuscus as the only pathologic speci
men may be compared with the spme op-
eration with removal of a nonpathologic
Lignment or carnlage Both are frequenty
rewarded by the persistence of complants

ANATOMY AND PATHOLOGY

Menisci are functioning parts of a me
chanical, movable joint and naturally are
subjecied to stress and strain that may tear
dislocate or relax any portion of them. Sit
uated at the margin of the jomt, they £l an
otherwise dead space between the periphery
of the condyles of the tibia and the femur
Leepmg the capsule and the synowin from

*Department of Orthopedic Surgery of the Scott
and White Clinic, Temple, Texas,

becoming pinched between the joint sur-
faces  Functionally, they cushion hyper-
fleon and hyperextension of the knec
compensate for mequalities of the joint sur-
faces dimmish fricton and participate
all knee motions 4 (Figs 1and 2)

It has been estimated that traumatic le-
sions of the medial meniscus occur with 8
to 10 umes the frequency of lateral mems-
cus wjunes Primarily this 1s attributed to
the more frequent use of the medial pivot
mechanism that produces the medial menis-
cus mjury and to 1ts more firm attachment
to the capsule Bucket handle tears arc the
mast frequent wjunies giving the classic
symptoms and findings however antenor or
postenior homn lacerations or any combma
tion of teas may be found (Figs 3 and
4)

Memscus injuries are often assooiated
with other traumatic lesions of the knee
Cruciate or collateral ligament strains or
ruptures are frequently accompamed by me
niscus tears Fractures of the articulating
ends of the femur and the tibia may also
fraumatize the memset  The tbual plateau
fracture 15 associated most commonly with
meniscus ruptures and when open reduc
tion of this fracture 15 undertaken, the me
niscy, if disorganized, should be excised. We
believe however that, if normal it is im
portant not to lacerats the memscuy surgi
cally so that removal is necessary but ta
attempt to preserve the structure for its
cushioning effect m partially leveling a po-
tentially uregular joint surface
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Jack?® has called attention to a lesion of
the attachment of the lateral memscus The
penpheral attachment of the lateral menuscus
differs from the medial i that 1t 13 inter
rupted by the passage of the femoral tendon
of the pophteus muscle The lesion is a tear
of the synovial reflection and the corenary
hgaments backward from this tunnel so that
the posterior half of the carilage loses its
attachment penpherally and slips forward
mto the jomnt. The onset usually follows a
peniod of relaxation with the knees com
pletely flexed, as nfter squatting on the heels
The symptoms are locking and postero-
lateral knee pains with the lock occurnng
1n more than normal flexion often 90° and
can bo released casily by straight traction.
Removal of these menisci is simplified be
cause of the posterior detachment.

King s* 19 experimental work on dogs and
reported cases on humansi® demonstrate
that the excised menscus is replaced by a
new functioning mensscuslike fibrous struc
ture that may be injured again Articular
hyaline cartilage degeneration occurs over
the jomnt surfaces proportionate to the ex
cused segment after meniscectomy These
degenerative changes nre mimmal, however

LAT MENISCUS

when compared with the traumauc arthnus
that develops 1f a locked or torn cartilage 15
allowed to remamn in a functioning joint.

SYMPTOMATOLOGY AND
PHYSICAL FINDINGS

The clasucal signs and symptoms of an
jured meniscus are not pathognomonic, as
they may be reproduced by a host of other
lesions of the knee Adequate hustory phys-
1cal findings and routine anteropostenor lat
eral and intercondylar potch roentgenograms
must all be evaluated to differentiate these
Iesions Typically a history is given of an
njury sustuined to the flexed, weight bearmg
knee when 1t is twisted as by a prvot (-
ternal rotation of the femur on the tiba)
The memscus, which 1s fixed between the
tibial and the femornl condyles, iears 23
excessive rotation occurs  Acute pam r©
sults, followed by sweling secondary to
hemarthrosis or synovial fiud ¢fuson. The
knee may lock immediately so that complete
extension or flexion is impossible or activity
may be continued without marked discom
fort until a period of rest, Limited knee
motion may occur secondary to interposi
tion of the torn cartilage or jomt distentos,

[

Fia. 1 Aruculanng tibil surface with memusc: and ligaments (Redrawn from Grant s
Atlas of Anatonty)



the joint capsule 15 the most relaxed at
) 10 30° of flcxion  Extension is hmited
a tear of the anterior horn or bucket-
* die tear while a posterior hom tear usu
5 results in limtation of flexion  Pamn and
egs are prosent over the cartilage
wey and may be so acute that adequate
on 1s impossible Occastonally,
-~ first symptoms of damage arc Tess dra
and 1t is usual for the “repeaters 10
we considerably less acute findings. True
' ng is considered pathognomonic 1f no
v~ body or other rocntgenographic ab-
ty is visible It is of the utmost im
wance to establish the mechamsm of m
ury—what the patent smeans by locking,
thuds 1nstabilty getting out of
\oint, et
Careful exapunation of the knee should
Include palpation of the cntire jont area,
including the popliteal surface the supra
patellar pouch, the joint me the patella and
the patellar tendon wsertion. Stability of the
cruciate and the collateral ligaments should
bo tested. Tendemess over the cartilage is
an important sign when correlated with hus-
tory and other findings
Adequate cxamination Is especially 1m
portant when discomfort 13 acute following
a fresh injury for collaternl and crucinte
ligament damage must be considercd. Aspl
ration and procame njection will usually
allow a relatively pamless examnation to
determine if a ligament has been torn If
there is stll question, we think that 1t 13
best to anesthetize the patient and be pre
pared to repair the injured lgament surg
cally if Instability is found. Although we
may procrastmate and treat an injured me
mscus conservatively a severely torn higa
ment deserves an carly adequate surgical
repair ¥ Lato repairs of damaged hgaments
are not usually satisfactory while meniscec
tomy may be delayed, if there is o question
as to the diagnoms, without increasing the
dificulty or jeopardizing the success of the
surgical procedure
Mamipulation of the knee to reproduce
the pain and, if possible a click or palpable

Symptomatology and Physical Findings 4]
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Fia. 2 Infrapatellar branch of saphenous
nerve

Fio 3 Medial menucectomy surgical

specimen—old transverse and margmal
tear

sensation over the cartilage 13 of help There
are several tests all usmg the ponciple of
reproduction of the mechanism of nfury
(external or mnternal rotation of the tibia on
the femur) which vary in whether the ex

tremity Is weight bearmg or is being carned
through a range of motlon The physician
should become famihiar with these and use
all of them or his favonts of thoss de

scribed by Apley * McMurray 11 P

nan Hospital group * etc They all depend
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Jack? has called attention to a lesion of
the attachment of the lateral memscus. The
penpheral attachment of the lateral meniscus
differs from the medial 1n that 1t 13 mnter
rupted by the passage of the femoral tendon
of the pophitcus muscle The lesion 1s a tear
of the synovial reflection and the coronary
liyaments backward from this tunncl so that
the postenor half of the cartilage loses its
attachment penpherally and shps forward
into the joint  The onset usually follows a
perrod of relaxation with the knees com-
pletely fluned. ax after squatting on the heels,
The symptoms are Jocking and postero-
lateral hnee pams with the lock occurnng
1 more than normal flexion often 90° and
can be reliasd casdy by straight traction
Removal ot these meniscl 15 simplified be
cause of the posterior detachment

hangs*? uiperinwntal work on dogs and
reported cases on humans!® demonstrate
that the aeised memscus 1 replaced by a
new {unctioning mensscushle fibrous struc
ture that may be injured again  Articular
hyaline cartilage degencration occurs over
the joint surfaces proportionate to the ex
cised segment after memscectomy  These
degencrative changes are minimal however

FIBLAR
COLLATERAL
KLIG‘ANENT
TENDON of.
POPLITEUS z
MUSCLE

when compared with the traumauc arthnis
that develops 1f a Jocked or torn cartilage i
allowed to remain 1n a funcuoning jomt.

SYMPTOMATOLOGY AND
PHYSICAL FINDINGS

The classical signs and symptoms of an
myured meruscus are not pathognomone, 35
they may be reproduced by a host of other
lesions of the knee  Adequate history phys-
ical findings and routine anteropostenor lat
cral and intercondy lar notch ro¢ntgenograms
must all be evaluated to differentiate these
lesions Typically a history is gnen of an
njury sustaned to the flexed, wuight beanng
Anee when 1t 13 twisted as by a pivot (-
ternal rotation of the femur on the tibm)
The memscus, which is fixed between the
tibial and the femoral condyles, tears s
excessive rotatlon occurs, Acute pun e
sults followed by swelling sccondary 10
hemarthrosis or synovial flud effusion. The
\nee may lock immedintely 5o that compkte
eatension or flexion 1s unposublc or activity
may be continued without marked discom-
fort unul a pened of rest. Limited knee
motion may occur sccondary to Interpost
uon of the torn cartilage or Joint distenticd,

COLLATERAL

LIGAMENT

ERIOR CRUCIATE
ERSE LIGAMENT

Fia, 1 Articulating ubwl surface with menisel and lizaments (Redrawn from Grants
Atlasof tnar i
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for the joint capsule 15 the most relaxed at
20 to 30 of flexion Extension 18 hmited
by a tear of the anteror horn or bucket-
handls tear, while a posterior hom tear usu
ally results in limutation of flexion. Pain and
tenderness arc present over the cartilage
area and may be so acute that adequate
exammation 15 1mpossible  Occasionally
the first symptoms of damage arc less dra
matie and it 15 usunl for the “repeaters” to
have considerably less acute findings. True
locking 13 considered pathognomonic if no
loose body or other roentgenographic ab-
normahty 15 wvisible It is of the utmost 1m
portance to establish the mechamsm of 1n
jury—what the patient means by locking,
chicking, thuds, instability getting out of
jont, etc.

Careful examination of the knee should
include palpation of the entire jomt area,
includmg the popliteal surfaco the supra
patellar pouch, the jomt Lne the patella and
the patellar tendon msertion, Stability of the
crucaate and the collaternl ligaments should
be tested. Tendemness over the cartilage 18
an unportant sign when correlated with hus-
tory and other findings

Adequate examination is especially im
portant when discomfort 18 acute following
a fresh injury for collateral and cruciate
ligament damage must be considered. Aspr-
ration and procans jection will usually
allow a relatively pawmless examunation to
determine if a bgament has been torn, If
there is still question, we think that it is
banonncuhcuzcthcpatJmtmdbcpm
pared to repair the injured hgament surge-
cally if immblhty 18 found Although we
may procrastinate and treat an injured me
niscus conservatively a severely torn Liga-
ment deserves an carly ndequate surgical
repair 13 Lats repairs of damaged ligaments

are not usvally satisfactory while menncec
tomy may be delayed, if there is o question
s o the dagnosis, without ncreasing the
difficulty or jeopardinng the success of the
surgical procedure,

Manipulation of the knee to reproduce
the pain and, if possible, a chick or palpable

Fio 2 Infrap

Fio 3 Medial meniscectamy surgical
specimen—old transverse and marginal
tear

sensation over the cartilage 15 of help There
are several tests all using the pnnciple of
reproduction of the mechanism of injury
(external or internal rotation of the tiba on
the femur) which vary m whether the ex-
tremity is welght beanng or 15 bewng carried
through a range of motion The physician
should become familiar with these and use
all of them, or his favonte of thoze de-
scribed by Apley 2 McMumy" Presbyte-
nan Hospital group 3 etc. They all depend
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Jack® has called attenuon to a lesion of
the attachment of the Iateral memscus. The
penpheral attachment of the lateral meniscus
differs from the medial 1n that it 1s 1nter
rupted by the passage of the femoral tendon
of the popliteus muscle The lesion 15 a tear
of the synovial reflection and the coronary
hgaments backward from this tunnel so that
the postenor half of the cartilage loses 1ts
attschment penpherally and ships forward
mto the yont. The onset usually follows a
penvd of rfaxation with the kuees com
pleteh fie «d u after squatting on the heels

The ¢ lolmg and postero-
later ) ~ n with the lock occurnn
m nn = vuf fleuon. often 90° and

can ¢ rilu w e ih by straight traction
Removas ot these menusa 1s ssmplified be-
cause ot tac posterior detachment,

hangs  eapenmental work on dogs and
reported cases on humans'~ demonstrate
that the excised memscus 15 replaced by a
new functionmg memscushile fibrous struc
re that may be mjured agun  Arucular
Iyaline cantilage degeneration occurs over
the jomt surfaces proporionate to the ex-
cised segment after meniscectomy  These
degenerative changes are nummal however

FIBULAR

Kcoum:ﬁu
LIGAMENT
TENDON of.

POPUTEUS "\ ¢

NUSCLE

_ LAT wmewmiscus

when compared with the traumanc arthms
that develops 1f a locked or tom cartilige 5

allowed to reman 1n a fonctonmg yomt.

SYMPTOMATOLOGY AND
PHYSICAL FINDINGS

The classical signs and symptoms of 2
mjured meniscus are not pathognomoox, 1
they may be reproduced by a host of other
Iesions of the knee. Adequate hrstory pins-
rcal findings and routine anteropostenor k-
eral and intercondylar notch rocotgenograms
must all be evaluated to differennate the
lesions Typically a lustory 15 given oo
injury sustaned to the flexed, weight-beanng
koee when 1t 1s twisted as by a prot (=
ternal rotation of the femur oa the tix)
The memscus which 15 fixed between te
ubial and the femoral condyles, teans ®
excessive rotation occurs. Acuit pam I
sults, followed by swelling secooduy ©
hemarthrosis or synovial flud cffuson. T
knee may Jock 1mmediately so that compk®
extension or flexion 1s impossible of 2T
may be contnued without marked tﬁ&g
fort unul a penod of rest Lumted
motion may occur secondary 10 mterpos®
tion of the torn cartilage or jomt disteat®

3
Fia. 1 Articulating tibal surface wih men sci and ligaments (Redrawn from Groot

aor e .
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for the jowmt capsule is the most relaxed at
20 to 30° of flexion. Extcnsion Is limited
by a tear of the anterlor horn or bucket
handle tear while a postenior horn tear usu
ally results 1n lunitation of flexion Pamn and
tendemess are present over the cartilage
area and may be so acute that adequate
exammation 1 impossible Occasionally,
the first symptoms of damage are less dra
matic and 1t 15 usual for the “rcpeaters to
have conniderably less acute findings True
locking is cons:dered pathognomomnic if no
loose body or other roentgenographic ab-
normality 1s visible It 1s of the utmost 1m
portance to establish the mechamsm of 1~
jury—what the patient means by locking,
chickmg, thuds, instability getung out of
jount, etc,

Careful examination of the knee should
include palpation of the entire jomnt area,
inchuding the popliteal surface the supra
patellar pouch the jomt hine the patella and
the patellar tendon msertion. Stability of the
croclate and the collateral ligaments should
be tested. Tenderness over the cartilage 13
an important sign when correlated with hus-
tory and other findings

Adequate exammation is especially im
portant when discomfort 1 acute following
a fresh mjury for collateral and cruciate
ligament damage must be considered. Aspi
raton and procame mpection will usually
allow o relatively painless exarmnation to
determimne if a hgnment has been tom. If
there 1 still question, wo think that 1t 1t
best to anesthetize the patient snd be pre
pared to repar the injured hgament surgl
cally if instability is found. Although we
may procrastinate and treat an injured me
ruscus conservatively a severely torn liga
ment deserves an early adequate surgical
repair 1? Late repairs of damaged lignments
are not usually satisfactory while meniscec
tomy may be delayed 1f there 13 a question

as to the diagnosis without increasing the
difficulty or jeopardizing the success of the
surgical procedure,

Mampulation of the kneo to reproduce
the pain and, 1f possible a chick or palpable

Fio 2. Infrapatellar branch of saphenous
nerve.

Fio 3 Medial meniscectomy surgical
specimen—old transverie and marginal
tear

sensation over the cartilage 1s of help There
are several tests all using the principle of
reproduction of the mechanism of injury
(external or internal rotation of the tibia on
the femur) which vary in whether the ex

tremity 15 weight beanng or is being carned
through a range of motion The physician
should become familiar with these and use
all of them or his favonte of those de

scribed by Apley 3 McMurray 1 Presbyte

rian Hospital group ? etc  They all depend
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upon the production of a click, a palpable
thud, or pain over the menisct a1 a positive
test. Apley? recommends examination with
the patient lying prone The foot is grasped
and rotated extemnally while the knee 13
flexed completely The foot 13 then ro-
tated internslly and the knee 15 extended
noting the range of moton and the arc of
pawnful rotation. Next, the examlner's knec
Is placed on the panents thugh to fix the
upper leg to the table while distraction by
a pull on the foot and external rotation of
the knee are carned out to demonstrate
rotation stran. Lastly the surgeon leans on
the foot for compression of the knee while
1t is rotated Apley states that if this part
of the maneuver 15 painful it indicates a
positive grinding test and memscus damage

The late findings are recurrent locking,
clicking, or a thud felt over the meniscus
area on knee motion, pain and local tender
ness recurrent or permstent cffusion, a feel
g of imsecurtty, quadriceps atrophy and
limitation of extension of a few degrees At
umes very few of these fndings will be
present. 1f roentgenograms are negative and
dscomfort 18 Jocallzed to the meniscus area,
the kneo must be explored because 1t is the
cause of persistent disability

Recently Smith and Blur'® have called
atiention to those patients who have the
symptoms and the findings of 2 medial liga

ment strain. Pain and tenderness are present
on weight beanng, especnlly with the knee
flexed and with sudden external rotation of
the tibia on the femur Trauma, locking, or
swelling may not be assoctated with the
symptoms. Conservative treatment, without
relief, should certainly precede any surgical
exploration and removal of the memscus
However m thus type of patient, persistent
disability m spite of adequate treatment,
Justiffies operative exploration. If caution
and judgment are exercised, excellent ro-
sults can be anticipated,

We do not belleve that pneumoroent
genograms are of sufficient diagnostic help
to justfy therr routine use however, rocat
genograms  1ncluding  anteropostenor, lat
eral and intercondylar notch views, should
be used rontinely Occasonally thero will
be slight joint narrowing on the effected
side The diagnosis of o torn meniscus par
tially depends on normal roentgenographic
findings however 1t 13 possible to have a
lesion visible 1in the rosntgenogram asso-
ciated with en abnormal meniscus Symp-
toms localized to this grea should pot be
ignored in the treatment of the roentgeno-
graphically visible lesion. At umes, both
menisc1 will be torn and should be removed.
Occasionally 1t may be diffi ult to deter
mine preoperatively which cartilage is pro-
duaing symptoms

-old bucket handie rcar

Medual
Surgical specimen

Fio. 4 (Lefr)
Fio 5 (Riglt)

surgical
of péucﬂor porl:on of medial meniscus, giving symp-
toms following previous incompleto removal
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DIFFERENTIAL DIAGNOSIS

Differential diagnosis includes most le-
sons of the knee

A. Nontraumatic Lesions of Menise

1 Discoid caritlage—usual lateral more
frequent 1 females, symptoms of
snapping or popping on cxtension
may cause pain, lock etc

2 Cysts—usual lateral cartilage more
frequent in females symptoms as dis
coid, but mass may be felt orfginating
from the meniscus

3 Calcified cartilage—rocntgenographic

dingnosls only, may produce no

symptoms unless injurcd

Hypertrophied or  mobile — same

symptoms and findings as a tomn

meniscus

-

B Common Lesions with Stmlar Symp-
toms

1 Rotation strain—Apley s test, absence
of locking clicling or thud

2. Osteockondritis dissecans — wistble
roentgenographically

3 Patellar chondromaiacia — patella
femoral pressure causing grating and
discomfort

4 Osteochondromatosis—vinible roent

grenographically and often palpable

Collateral higament bursitis—tender

Dets over bursa area, lack of lock or

cliek

6 Collateral or cruciate ligament strain
rupture or calcification—instability
on examination, visible rocntgeno-
graphically on strain

T Hypertrophied or pedunculated fat

pads—mdistnguishable

S)novzti.s——hmory and findmgs

o Traumatic

b Inflammatory

Hvpertrophic or traumanc arthnas

with spurs from the articular surfaces

of the tbia or the femur—visible

roentgenographically

v

oo

-3

10 Loose bodies from patella synovia
or articular surfaces of femur or tibia
—palpable or visible roentgenograph
1cally

11 Cruciate igament Injuries with stumps
projecting into jormt—examination

12 Foreign bodies — wvisible roentgeno-
graphically, plus history

13 Snapping hnee—no disabulity or post
tive physical findings

C. Unusual Lesions Produang Knee
Symptoms That Rarely Should Be
Conlused
1 Xanth / 18 synovio-

mas or other nunors of the synovium
2 Tumors of the distal fernur or prox
wunal tibia

D Lesions About the Knee That Should
Not Be Confused
1 Baker s cyst and other bursa mvolve

ments about the knee
2 Osgood-Schlatter disease
3 Arthriudes such as gout low-grade
rheumatoid arthritis etc
Tubercular or gonorrheal arthritls
Charcot knee

Internuttent hydrops
Duslocation of the patella—acute or
chronic

RNV IS

CONSERVATIVE TREATMENT

Conservative treatment of memscus in-
jurtes should be considered only for the
acute first episode or when the diagnosis
is questionable Tears through the memsa
proper cannot heal due to avasculanty
while those at the periphery where connec
tive tissue and blood sopply are present,
heal by fibrous rather than cartilaginous
union.’ When the diagnosis s defimuto with
typical findings, immediate removal of the
torn menisci, even with the first injury has
much in 1ts favor Continued use of a locked
knee produces severe cartilaginous jomnt sur
face change that can Iead only to an irrepa
rable, traumatic arthntis,
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The first step 1n the conservanve treat
ment of the acute epusode is aspiration of
the jomt, for hemarthrous or effusion lead
to chronic synovis quadnceps atrophy and
jomt relaxation. Routine surgical skin prep-
aration is warranted to prevent infection
Local procawne anesthesia will allow the
pamless insertion of a large bore needle
either medral or lateral to the mud-point of
the patella with the pomt directed under the
superior patella Pressure on the supra
patellar pouch and the popliteal space al-
lows more pearly complete removal of the
fuid ¥ there 13 no question of infecuon
the istiflation of hydrocortisone 1 cc pre
vents further effusion or synovial reaction
and gives moro neardy complete rellef of
discomfort. We have experienced no com
plications locally or systemucally with ts
use in this condiuon and believe that, clm
fcally 1t has been of great help

If the knee is locked and aspiration has
pot restored free motion an attempt may
be made to reduce the displaced memscus
by manipulation. While in the supme posi-
tion the patients hip and knee are flexed
The lower leg 18 abducted on the femur and
suddenly extended while being held inter
nally rotated. This should be attempted with
the extremity relaxed but, if unsuccessful,
the patient may help while sitting erect, by
actively kicking dunng the mancuver If
reduction does not occur Buck s traction
may be attempted Reduction under ancs
thesia has been rex ded b if

be stressed that exerciung the quadriceps 1
the only way the patent can sctvely belp
mn lug own care This constant exercismg
preserves the muscle strength and nze Fre
quently it may be extremely difficult for the
patient to learn to contract the muscle. Set
ting of the quadnceps of both extremuties,
¢lectneal stimulabion and patience should
be employed, if necessary until active con
traction 13 possible  The patient 13 advised
to contract the muscle at Jeast 5 to 10
minutes out of each hour while awake The
plaster cast 15 worn for 3 to 6 wecky duning
which time the patient 15 ambulatory Faol
lowng its removal, quadriceps resistant ex
ercises are stressed  If symptoms recur the
surgrcal removal of the meniscl 1s advised.

SURGICAL TREATMENT

Removal of a memscus may be accom-
plished 1n any number of ways. There i3
such variaton in the different technics that
have been recommended that all they have
m common 18 the removal of some meniscus
tissue through an wmcision. The usual 48
hour orthopedic preparation may be used.
We prefer a 10-minute soap or hexachloro-
phene soap-and water scrub followed by
ether alcohol, ether and antiseptic immedi-
ately before operation we never have had a
postoperative infection 1n a knee  We prefer
a pneumatic tourniquet to securc a bloodless
field but have no argument with thosc pot
favoring 1ts use. Our anesthctic choke
is thiopental sodum and mutrous oxde

an anesthetic 18 to be grven, it would scem
to be more reasonable to remove the me
niscus at that time

Following aspiration and reduction, a
well-padded pressure dressing and 1co bags
for 24 hours, are followed by the applica-
ton of an ankle to-gromn plaster cast. To
prevent the cast from riding on the ankle
adhesive tape strops the length of the leg
and turned back and wncorporated in the
cast, suspend the cast from the enure Jeg.

Quadriceps cxercises are a most impor
tant factor m rehabilitation of any sympto-
matic knee and for best results they should
be begun prior to cast applicatron. It should

or spmal anesthesin and our posiion of
choice 18 wath the knee beat and draped s0
the stenle foot rests on the opcralor'l lap
(the operator 1n sitting position) Abbott's’
description of surgicol approaches to the
Lnee should be consulted by those desinng
choice of mcisions and exposures. The
short median or lateral prepatellar incision
has the advantage that 1t may be extended
castty for adequate exposure if an unex
pected leslon 13 encountered. With any €x
posure care should be exercised to avoud
mpxrytoﬂwi.nfmpaulla.rbmnchofﬂw
heflous nerve or excessive trauma to the
synovium (Fig. 2) Following incislon of
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the synovium  the micniscus 1s nspected to
venfy the diagnosis (a postenor tear will
not be vistble) A routine niethod of examt
mnon of the jont should be cmployed to
avold overlooking other lesions (C R
Murray!? has stated that in his expericnce
70 per cent of knces opened for torn me
nlscl had associated pathology ) This rou
tme should include palpation or direct vision
of the postenor patcila, the suprapatellar
pouch, the fat pad, the cruciate ligaments
the jomt surface and if possible, a limited
view of the other meniscus  If the meniscus
appears to be normal, or if other lesions are
found, the nciston should be lengthened to
allow more adequate cxposure and treat
meat. Severance of the higamentum mu
¢osum and removal of a portion of the fat
pad allow more adequate examunation If
Yymptoms and findings indicate that the
menscus 8 torn and 1f no other lesion 1s
found, the meniscus should be removed for
the lesion probably will be 1 the invisible
posternior homn. To remove the meniscus
the anterior horn is severed from the ante-
nor transverse hgament and grasped with
Kocher s forceps. A knife cartilage scissors
Of special memscus kufe (Smillie ** Lowe
Breck, etc.) then may be used to dissect
the memuscus from the coronary ligament.
Omﬂﬂlly the cartilage may be pulled
through the intercondylar notch and the
Postenior attachment severed to allow com-
Pte removal through the one anterior 1n

awmon. It may be imposuble to remove the

COAre meniscus 1n this manner without ex

cessive trauma to the jomnt surfaces In our

Ipemence it 13 important to remove the

cntire meniscus and, therefore a second

or posteromedial ncision 13

"4 10 allow complete removal with direst

;’::“bem& 5) The collateral ligaments

We a Pprotected throughout the procedure

ot believe that excismg only the free

margn of a bucket handle tear 1s sufficzent,

1sc the remaming portion may contun

the teans and may be more unstable than

Iamﬁh‘m tssue that wall regenerate and

Placo it Following carulage removal, the
et may be deflated to allow com

plete hemostasts  We usually tic all visible
bleeders duning the procedure, then close
the wound m laycrs apply a volumuous
pressure dressing from toes to gromn and
a postenor plaster splint before tourmquet
removal  After closure of the synovium
hydrocortisone [ cc. is mstilled mto the
knce  We believe that this one pownt mn
technic has done more to accomplish o
smooth postoperative course than any other
that we employ There is less postoperative
discomfort, and cffusion sufficient to justify
aspiration 15 mnfrequent. Apparently due to
lack of pain, quadriceps strength 15 regained
more quickly We have used this drug post
operutively on two patients who previously
had tom menisca removed from the opposite
knec and these patents inquired why the
second procedure was 5o much less panful
than the first. We have not used hyaluroni-
dase 1n this manner as hydrocortrsone has
been satisfactory Postoperatively penicillin
is given parenterally but not into the knee
at the time of surgery

Postoperative treatment vanes with the
patient s caurse of recovery It 18 amportant
to start quadnceps exercises as soon as
sible following surgery The leg 15 elevated
for 24 hours, and then the patent 15 allowed
to positon the extremuty as destred. The
pressure dressmg 18 removed on the third
day and if quadriceps muscle power 1s e
turning, crutch walking 1s allowed when the
patent demres It 15 recommended that
crutches not be discarded until quadnceps
muscle strength 1s approaching normal. If
postoperative effusion does develop after the
third day aspiration is performed with m-
jection of hydrocortisone into the knee  Thus
rarely need be repeated. The most impor-
tant part of the postoperative routine 15 the
rebuilding of the quadnceps muscle Re
sistant exercises must be practiced until
atrophy and weakness have disappeared

PROGNOSIS AND COMPLICATIONS

All surgical procedures are hiable to a per-
centage of umsatsfactory results This may
be due to improper selection of patents or
madequate surgical judgment and technle.
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It 15 our obligation to keep this percentage
at a mmmum When treating a benign con
dition, such as a torn memscus wo should
give a patient a reasonably sccurate prog-
nowus and make every attempt to accomplish
a result better than that anticipated. Al
though we may dispel the patients fear of
a suff knee following surgery other factors
must be recognized Those conditions muti
gatng aganst an excellent result (although
at times still not contralndicating the pro-
cedure) are

A. Late Removal of a Torn Meniscus

After Jomnt Changes Have Already
Occurred

B Assocated Pathology That Cannot
Be Completely Remedied
1 Tom or relaxed cruciate or collateral
ligaments
2 Associated chondromalacia
3 Traumatic or degencrative arthrits
and chronic synovius
4 Inadequate personality — compensa
tomtis
5 A patlent over 40 years of age
6 Flexion contracture of the knee joint
C. Complications of Imperfect Surgery
or Uncontrolled Factors
1 Rough surgery with mmjury to joint
surfaces ligaments or soft tissue
2 Secverance of infrapatellar nerve
3 Postoperntive aneurysm of the infe
nor lateral geniculate artery®
Popliteal artery njury**
Infection
Incomplete removal — usually the
postenor hom
7 Tourmgquet paralysis—nonpncumati
tourniquet over areas of nerve vul-
netability

[ NV

D Inadequate Quadnceps Exerates
and Follow Up With Resulung Flex
1on  Contracture and Quadniceps
Atrophy

E. Diagnostic Error

F Postoperauve Phlebius

SUMMARY

Traumatic lesons of menusci are fre
quently the cause of knce joint disability
Differentnl diagnosis mcludes most patho-
logic lemons of the knee Canservative
treatment s indicated only with the first
symptomatic episode or when diagnosis 1s
questionable  Surgical removal of the eatire
cartilage 15 indicated with recurrence of
symptoms Quadriceps exercises are of great
importance as with all other knee jowt
pathology, 1n conservative and operanve
treatment of mensct mjunes. Inpection of
hydrocortisone 15 the only magor wuprove-
ment 1n recent years for conservative of
surgical treatment of menuscus leswons
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Injuries of the Medial Meniscus

FRreEpeRICK LEE LieBoLt, M D *

Injuries to the medial memscus occur 10
various ways for which many explanations
are given, All authors agree that the most
common force 15 the temporary fixation of
the foot at the ume that the knee is driven
inward, but most reports state that the me-
nlscus 13 trapped and crushed between the
condyles However the author believes
that, as the femur rotates nternally the
femoral attachment of the tibial collateral
ligament olso 15 rotated internally and pos-
terorly, which in turn, because the memscus
1s attached to the higament, fikes end wm-
mobilizes the meniscus  Then if the tiba 13
in external rotation, undue stress 13 placed
on the anterior attachment of the meniscus
if 1n internal rotation, undue stress is placed
on the postenor attachment and if in neu
tral position, undue stress 1s placed on the
peripheral attachment. Such forces initiate
the mjury but the degree of violence de
termmes the type a lesser force loosens
stretches or tears the attachments, while a
greater force splits the menscus longitud:
nally or jerks it in two transversely

The injunies may be of many types and
not pecessarily longitudinal, as commonly
thought. Although longitudmal ruptures are
the most common, there may be tears, which
are transverse oblique, honzontal or incom
plete tabs frnnges crushung or fragmenta
tion stretching or teanng of the attach-

'W of Su (Orthopedics) of the
New York Hospital—Cornoll Medical Center New
York. This stndy wa afded by a grant from a
charitable trosL.
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ments as well as combinations of the above
(Figs 1 to 3) In the authors fist 111
consecutive cases the above types of njuncs
were present 1n 18 different positions, with
longitudinal tears takmg precedence over the
pext most common, transverse tears, 1n the
ratlo of 8 7to 1

The medial menuscus is injured more fre
quently than the lateral meniscus because,
bewng attached to the tibial coflateral liga-
ment, it cannot rotats with the tibia as freely
as the lateral menscus which 15 unattached
to the fibular collateral hgament. The au
thors statistics reveal tears of the medial
meniscus to be 6 ttmes more common than
tears of the [ateral meniscus  Other reports
vary between 17 to 1 (Smillic?) 26to 1
(Dunn?) 37 to | (Dickson®) 51 to 1
(Bristow*®) and 37 to 1 (McMurray®)

The sensation of weakness, slipping, 1n
stabulity or the actual gving way of the
jomnt 15 the most common symptom of 2
torn menscus and is much more common
than lockmg It 15 due to the torn portiont
of the cartilage moving under the pressure
of the femorzl condyle on the tblal condyle
Such knees are more prone to wmjury and
each time the kneeg-lvcswnyorloch,pﬂl;-,
swelling and temporary disability occu
Each addtional mjg makes the kneo more
susceptible to further mjury snd produces
minimal trauma which Is accumulatve :md
over a2 od of years produces osteo~
arthritic g:nga within the joint. Persons
with torn memsct do not like to walk over
rough terraun or down steps and are fearful
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phenomenon that the meniscr are pressed
between the femoral and the tibml
condyles only upon hyperextension and
hyperflexion. The next 4 differentiate be-
tween mjunes of the memisci and the col-
lateral ligaments The 7 migns are (1) the
passive snapping of the knee into hyper
extension by the examuner which produces
pain localized to the medial jomnt line for
mjuries to the medial memscus, or to the
lateral jomnt line for Mjuries to the lateral
memscus  (2) the passive forcing of the
knee into hyperflexion, which produces pain
localired to the affected memscus (3) the
active snapping of the knes into hyper
extension by the pauent, which produces
protectrive limitation of motion of the af
fected knee (4) the forceful abduction of
the knee, which produces pmn referred to
the tibial collateral ligament and indicates
a lgamentous rather than a cartilaginous
mjury, (5) the foreeful adduction of the
knee which produces pan referred to the
fibular collateral hgament and indicates a
ligamentous wjury (6) the sharp internal
rotation of the ubia by a quick twast of the
ankle which produces sudden pain localzed
to the medial joint line as the tibial col-
lateral higament tugs on the mjured mems-
cus and (7) the sharp external rotation of
the tibia, which often produces sudden pun
referred to the Jateral jolnt line This last
sign is less specific because the fibular col
lateral ligament is oot attached to and does
not tug on the loteral memscus  Should the
last two signs produce pan at either of the
collateral ligaments nstead of the jornt lines
a ligamentous injury must be considered
The examuner should be cautioned to be
ready to interpret the rotation signs at the
time they are performed because they pro-
duce exquite pamn and the patient will not
allow them to be repeated

The ecighth sign is that of McMurmy *
It consists of an auditory or palpable click
n the knee joint when the leg is rotated
back and forth, while the knec 1s held 0
maxumum flexion (heel to thigh) and again
1n 90° flexion (right angle) According to

McMurray this sign is useful only for -
Junes from the muddle to tho postenor at
tachment of either cartilage and “is of httle
value when the lewon Is anterjor to the mid-
Line of the joint.”

The above signs are helpful but rarely
are all of them present in the same pauent,
and in some mnstances of proved meniscus
njury none 1s postive  Therefore, although
useful, they are not to be depended upon
entuirely for the disgnosis

The term “locking” needs to be defined,
since some reports state that locking occurs
in practically every case of mjury to the
medial memscus, while other reports state
with equal emphasis that locking 13 rare
The difference rests upon the defimtion of
the term It 1s true that a 25° flexion de
fornuty with mability to reach complete
extension docs exust m all acute mjunes of
the memsci, but such failure of extension Is
functional rather thap mechanical and 18
due to pain spasm and effusion True Jock
ing i3 a mechamcal defect, m which the
inner portion of a Iongitudinally torn cart-
lage shifts cither to the nud-line of the con-
dyles or beyond to the intercondylar fossa
or a transversely torn cartilage is caught be-
tween the condyles anterorly or 2 loose
body 1 trapped between the condyles Thus
n such instances as the jomnt is closed 10
extension, the offending structure mechan
1cally prevents the rolling together of the
condyles much the same as a stick prevents
the rolling together of the hinges upon clos-
ing a door

Locking of the jomnt does not always o
cur m fact, there are mare tom cartilages
which do not lock the knee joint than there
are that do  Although locking may occur at
the time of the ongmal injury generally it
becomes much more frequent long after
ward when the mner fragment becomes
more hypermobile and sbips back and forth
with ease across the nibial condyle Over a
period of time some patients leamn to un-
lock the knee but in a fist mjury and in
displacement of a longitudmal fragr ¢ be
yond the mid-line of the jomt 1t s
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Fio 4 Authors technk for unlocking the
hnee joint (A) First maneuver demonstrated
by front and side views, 10 which the calf s
forced firmly agauwnst the thigh.

(B) Second maneuver democastrated by front
and smde views, 1n which the femur is firmly
rotated internally and the tibia i firmly rotated
externally

(C) Thud maneuver demonstrated by front
and side views, in which the knee Is extended
slowly while the femur is held in internal rota
t100 and the tibia 1n external rotation

—
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necessary for the physician to employ reduc
tion measures  The methods used vary with
different surgeons and consist of manipula
ton under anesthesia traction to the leg,
snapping of the knes kicking of the Jeg,
shaking and rocking of the jount, abduc
tion and adduction of the tibia, and open
operation

The author’s technic for unlocking the
knee jount has been reported previously?
(Fig 4) Bnefly, it Is performed  without
anesthesia by placing the patient in a supine
position and forcing the calf of the leg
agamst the thigh Then, with the femur held
mnternally rotated and the tibla markedly
rotated externally the knee 1s slowly ex
tended. Should the manipulation be unsuc
cessful as demonstrated by the Jones sign
in which the leg fails to extend to 180
surgery by open operation is indicated,
rather than further manipulation under
anesthesia,

In 1909 Sir Robert Jones® established a
conservative surgical viewpoint, which has
been maintained to date when he stated, “I
refuse 10 operate in any case I see carly
the subject of a first derangement. In order
to follow the previous advice and to give
the patient the benefit of the doubt mn the
hope that the first injury may not be a tear
of the menlscus or if so that it may heal
as some believe the patient is treated by
aspiration a roller elastic bandage rce packs
and rest, followed after 48 hours by heat,
massoge and ambulation The author does
not subscribe to the use of plaster casts be
cause they arc cumbersome incapacitating,
produce limitation of motion and have no
beaning on the healing of 2 tom cartilage
to date no sausfactory evidence has been
offered that torn cartlages heal satufac
tonly even penpherally at the site of their
blood supply

All patients will recover from the first in-
jury whether or not the menuscus s torn.
However when instability slipping giving
way lockmng and recurrent injuries occur
arthrotomy for removal of the medial me
niscus 1s indicated  The procedure should

be performed under tourniquet control for
visibility and for the prevention of added
trauma by constant sponging

For acute injunes, there is no need at any
tme to make long meislons or to expose
the knee jount widely Normal apatomuc
findings preclude the use of long incislons
because the ubial condyle the medial joint
Loe and the infrapatellar branch of the
saphenous nerve prevent the use of on na
sion below the joint line and the belly of
the vastus medialis muscle lumts the proxi-
mal extent of the incision McMurray has
reported two cases In which long nasions
produced recurrent duslocation of the pa
tella. Only in other conditions, such as knee
fusion or synovectomy are large wcisions
indicated or necessary

Adequate exposure is guned by a well-
placed Jongitudinal anteromedial incision ex
tending proxumally from the jomnt Line for
not more than 6 to 8 cm  Through such an
iciston the entire joint can be visualzed
except for the suprapatellar pouch, which
is best mnvestigated by the palpating finger
It 13 the only time however that it 1s nec
essary or proper to place a flager i the
jomnt. Should physical findings or explora-
tion reveal the necessity of approaching the
lateral aspect of the joint, a similar incusion
is mado anterolaterally 1t must be remem
bered that one of the greatest factors in
successful koee joint surgery 1s to prevent,
and to keep to a mimmum surgical trayma
to the joint, Bruming of the articular cartd
lages by knife cuts, instruments excessive
sponging and retractors 1s unforglvable The
inclsion, of course should be adequate but
such additional trauma 28 wcung pormal
muscle tssue cuttng sensory perves dis-
sectng the capsule from its normal attach-
ments_incision into the suprapatellar pouch,
sectioning ligaments and duplacing the pa-
tella for exposure are all unnecessary and
are to be condemned with emphasls

After detailed cxploration of the folat, the
medial memscus should be dstached ante
norly excised from the coronary and the
tblal collateral lignments and removed a3
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far posteriorly as possible through one in
cuon. Forty years ago Sir Robert Jones
advocated the removal only of the torn por
uon of the cartilage, but today this 15 con
sidered to be an unsound surgical procedure
In three patients operated upon recently by
the author complete rehief of symptoms was
obtained by removing penpherad portions of
normal, not regencrated, memsel Ieft behind
by other surgcons. Howeser, this statement
should not be interpreted to mean that 1t 1s
meessary (o remove the postenor porton of
the memscus as advocated by Bosworth®
and others, because theru is adequate evi
dence on record that the proper removal of
3 cartilage antenorly does not produce addi
bonal symptoms furthermore the author 1s
acquainted with one case performed by an
other surgeon 1n which the popliteal artery
s injured, requiring amputation of the leg
of a purse

Pasuive motion is started on the day after
Operation and acuve motion on the third
day The pauent 15 allowed up the scventh
Or the eighth day after operation, weanng a
4nch roller allcotton elastsc bandage and
5 diucharged from the hospital without
cruiches or cane  The sutures are removed
the tenth day after operntion The author s
Postoperative regumen for memiscectomy of
the knee jomt hos been given 10 detail 1
ml’“bhmdon.m A plaster cast after
@ 15 not necessary and is definitel
contramdicated because of the stiffness oyf
tnhhe \;«Mch follows Casts plus the pro-
on of u trauma at operation

bave boen the cae of the frm forimg and

stand by laymen, as well as

’k‘f;y Plhysicians, that operation upon g
mﬁmmbMUm not be performed be
by great danger of stifiness and
Mach confusion exusts as to the prognosis
removal of menisca. Physicians,

:‘T"’v athletes compensation courts, ath
the directors and army chiefs, frown upon
of ‘P’°°°d“-m Almost every person knows
Cse that has not turned out well. The
Beeral fecling iy that once the knee 15 op-

crated upon the joint never again will be
the same  There 1s adequate reason for this
belief  Improper dingnosis inadequate sur
gery, poor operattve techme wnfection and
immobilization are the causes of poor results

With the abave factors climunated how
cver, there sull remains the fact that many
paticnts cannot return to full actvity Upon
this question hunges the great difference of
opinton However the answer s sumple
The error 1s made in grouping together all
cases of menscus injury without scparating
the pure meniscus 1njunes from those com
plicated by other injuries to the knee joint.
For example 1f a tom antedor crucate
hgament exists in conmjunction with a tom
meniscus  obviously the removal of the me
niscus will not return the joint to normal. It
1s patently unfair to blame the disability
from a torn ligament on the fact that the
memscus 1s removed or that the knee s
operated upon  Without any of the above
complications, the removal of a tomn carts
lage can be likened to the removal of a
discased appendix. The operation 1s as
cleancat, the convalescence 15 the same and
the results as good that 15 a normal pa
tient who can return to full activity
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Recunient Dislocation of the Patella

Duncan C McKeLver MD

Recurrent dislocaion of the patelia n
dlodes only cases n which the patella is
nommal positon at birth and continues to
occupy a fady normal position throughout
He. Becausc of developmental or congeni
tal anatonue vanauons which alter the func
tonal mechanies of the knee joint such
patellae may dislocate momentanly or for
longer peniods under certun circumstances
Under extreme conditions, usually after sev
enal recurrences the dislocation may become
fixed. Ths defimuon cxcludes those com
Paratively rare cases tn which the patella 1s
muplaced at birth and never occuples a
normnal postion unless placed in this pesiion
Egluﬂy The defimtion does not exclude
" traumatic dislocations, which may under

e conditions become recurrent. Trauma
mmﬂw dislocation of the patella i any

::: spontancous recurrent dislocation
ensue i normal knees
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m“)'u]: mechamcal problem When it
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e slocation 18 ble
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of the case of recurrent medial dislocation

pollo patella has been reported, following
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ﬁmdmtlai'-‘locﬂuon of the patella 18 con

mmpktcml duslocations Dislocation may

e

Oor m an-

el derangement of the knacty]omt and re
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turns to normal position spontancously and
»0 quickly as to be difficult to recognize and
diagnoso correctly

Dislocation of the patella can occur only
when the medial line of transmussion of the
contructle force applied by the quadriceps
and projected through the patella to the
tibial tubercle 1s not a straight lLine but is
angled medially with the apex of the angle
at the center of the patella  Without thus
one factor dislocation cannot occur and this
fact 13 the ey to the successful treatment
of the condition Since the greatest strength
of Ligament and tendon 1s attached to the
patella, the patella will tend to be displaced
so that the force is transmutted in a struught
line when a pull is applied to 1t by the
muscle just as any curved bent or twisted
object fastened at onc end will tend to os-
sume a straight line if tension is applied to
the other end. The deviation of the patella
from this straight hne between the center
of quadneep pull and the tibial tubercle
may be accentuated when the knee is sightly
flexed and more particularly 1f thers 18 ex
ternal rotaton of the knee 1 the flexed
poution. Therefore 1t 13 more probable that
spontancous dislocation will occur mm ths
position, and probably 1t is impossible for
1t to occur if the knee 15 1 complete exten
sion except mn the presence of extreme
anatomic variation. Subluxation may occur
in this position

Several secondary foctors contribute to
the mechanics of recurrent dislocation. A

poorly developed vastus internus, @ hgh
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Recurient Dislocation of the Patella

Duncan C McKEeever, MD

Recurrent dislocation of the patella
cludes only cases in which the patella is in
normal position at birth and continues to
occupy a fairly normal position throughout
hfe. Because of developmental or congent
tal anatomic variations which alter the fune
tional mechames of the knee joint such
patellae may dislocate momentanly or for
longer perniods under certain circumstances
Under extreme conditions, usually after sev
cral recurrences, the dislocation may become
fixed. Thus defiution excludes those com-
paratively rare cases m which the patella s
mnplaced at birth and never occupies a
normal posiion unless placed m this positon
surgically The definiton does not exclude
all traumanc dislocations which may under
tome conditions become recurrent. Trauma
may canse dislocation of the patella m any
knee but spontaneous recurrent dislocation
does not ensue 1n normal knees

Recurrent dislocation of the patella 1s es-
sentially a mechamical problem. When it
occurs the quadriceps muscle supphes the
dulocaung force  Disiocation s possible
only when this force 15 applied in an ab-
normal direction because of developmental
anatomic vanations and faulty co-ordination

One case of recurrent medial dislozation
of the patella has been reported, following
poliomyelitis, but for all practical purposes
fecurrent dislocation of the patella {s con
fined to lateral dislocations  Dislocation may
be complete or merely a subluxation which
produces momentary instability or mechan
kcal derangement of the knee jomt and re

turns to normal position spontancously and
30 quickly as to be dufficult to recognize and
diagnose correctly

Dislocation of the patella can occur only
when the medial line of transmussion of the
contractile force applied by the quadnceps
and projected through the patella to the
tibial tubercle 18 not a straight Line but 15
angled medually with the apex of the angle
at the center of the patella Without this
one factor dislocation cannot occur and this
fact 13 the key to the successful treatment
of the condition Since the greatest strength
of ligament and tendon is attached to the
patella, the patella will tend to be displaced
50 that the force Is transmutted 1n a straight
line when a pull is appled to 1t by the
muscle just as any curved bent ar twisted
object fastened at one end will tend to ns-
sume a straight line 1f tension 18 applied to
the other end. The deviation of the patella
from this straight line between the center
of quadnceps pull and the tibial tubercle
may be accentuated when the knee 13 shightly
flexed and more particulary 1if there 15 ex
ternal rotation of the knee in the flexed
posinon  Therefore 1t 1s more probable that
spontaneous dislocation will occur 1 this
position, and probably 1t 15 impossible for
1t to occur if the knee 15 1 complete exten-
sion, except in the presence of extreme
anatomic variation  Subluxation may occur
1n this positon

Several secondary factors contnbute to
the mechanics of recurrent duslocation A
poorly developed vostus internus, a

5
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placement of the patella, or a poody de-
veloped lateral copdyle may singularly or
m combrnation, be definits factors 1n recur
rent dislocation of the patelln  Usually all
three are present. These anatomic abpar
malities as entities cannot be congemital
they are developmental end results of the
cffect of altered function on the rate and
the direction of growth, or the effects of
physiologic vanation on the quality of grow
ing issue  No one of them acting alone can
cause recurrent dislocation of the patella

If the vastus internus never plays a nor
mal part 1n extenston of the knee 1t never
develops to 1ts proper volume and strength,
Thus 15 a functional Jack of development and
18 the corollary of functional hypertrophy
which occurs when a muscle is called upon
to do more than its normal share of work.
Each 15 a physiologic response and neither
13 ndicative of a defect in the musclo itself

In normal anatomic positon the lower

pole of the patella 13 geperally considered
to be level with the knec jount, and an ab-
normally high patella 1s an essential ana-
tomic variation in recurrent distocation (Fig,
1) If the patellar tendon is of normal
dislocation of the patella 1s imposa
ble, except 1n case of complete or partial
traumatic avulsion of the insertion of the
tendon. On the other hand, there are many
patients 1n whom the patella may be I inch
or even 1% inches above the normal posi-
tion who never develop dulocation of the
patelln because the dirsction of pull of the
quadniceps, projected through the patelia to
the tibial tubercle 1s a straight lne
The patella 1s mnvanably at a higher pon-
tion than pormal in boys who have had
Osgood-Schlatter discase  This condition
must alter the quality of the tissue in the
growing tendon at its inserion The faulty
matunty rate of newly formed bone in the
cpiphysis at the tubercle must bo associated

Fia. 1 High patella—an esscatial factor in recurreat dislocation.
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with a faulty maturity rate in the connective
tissuc of the growing tendon or an abnor
mal relative amount of clastic fiber in the
tendon
Very high placement of the patefla is
wual m cases of chondromalacia of the pa
tella of nontraumatic origin and assoclated
with this, an cxtenmve plica synovalis or
perhaps a completely closed suprapatellar
pouch is a common finding This is a clin-
wcal observation and the relation of these
cotties has not been studled It may be a
hereditary vamant, or the two conditions
may be comncrdental but not directly related.
It seems reasonable to assume that the pa
tellar cartilage, forming and functiomng in
this abnormally elevated position without
constant contact with an opposed cartilagi-
nous surface 15 of inferior quahity and not
nommally resistant to the trauma jncident
to passing over the articular margn of the
femur fato the intercondylar groove
The relative sizo of the medial and the
lateral copdyles of the femur in the adult
is determined by the effects of functlon on
growth. The greatest growth occurs at the
point of greatest function. The chief func-
tion of the lower end of the femur is to
transmit stress 1n weight beanng. If this
stress line starts with the normal contact of
a normal foot on the ground 1t will pass
through the physiologic centers of the lower
tibwal, mpper tibral and lower femoral epiph-
yses in both planes Constantly mam-
tamed normal direction of growth will result
N a straight leg 1n the adult and normal
relatrve stze m the femoral condyles If the
foot Is pot normal anatomically or if the
stress lines are displaced otherwise devia
ton w the position of these stress Lines with
relation to the phymologic center of the
growmng epiphyses will produce an alteration
m the direction and the relative rate of
growth. Developmental abnormalres will
Occur in proportion to the degree of the de-
focts in tho feet, modificd by the static and
dynamic resistance to these defects. The cf
fects of these forces have been discussed
Clsewhere  In the applicaton to the prob-

lem of the dislocation of the patella, if the
weight bearing stress lines pass medial and
posterior to the physiologic center of the
lower femoral cpiphysis growth in the me
dial condyle 1s accelerated, and growth la
the lateral condyle 1s retarded, consequently
this condyle never gets to be as large as it
would be if it fuactioned normally The
over all deformity 1n the leg resulung from
medial and postenor displacement of the
welght-beanng stress lines at the knee 1 2
genu valgum with external torsion of the
tibia, a condition found i almost every case
of recurrent dislocation of the patella If i
such a case the patella 15 also hugh, the ab-
sence of a normal amount of pressure by the
patella agninst the antenor surface of the
lateral condyle will result 1n 2 lessened
growth rate in this area also  The antenor
projection of the lateral condyle will be
lessened, and the ntercondylar groove will
be much more shallow than 1t would grow
to be m the presence of a normally pon
tioned and normally functioning patella
Given then (1) a knee m which the pa-
tella 1s placed so high that under tension,
with the knee 1n extension it does not rest
within the mtercondylar groove but must
enter into it when flexion takes place (2)
o small lateral condyle to ather ude of
which the patella may pass wath almost equal
facility (3) a knee in which there is medial
angulation of the line of force transmitted
by the quadriceps through the patella to the
tibial tubercle dislocation becomes o posa
bility In direct proportion to the degree of
these various defects and a certainty if the
defects are of sufficient magnitude and the
parts played by each factor are activated

concurrently

TREATMENT

There 13 one anatomic condition without
which no spontancous dislocation of the pa
tella can occur  This 13 the medral angula
tiont ia the line of force wrammitted by the
quadriceps through the patefla to the ‘ubial
wbercle It follows therefore that if thus
angulation 13 removed and the force fs trans-
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mitted through the patella to the tibial w
bercle in a straight hne dislocaton cannot
occur  There are two methods by which
thrs can be brought about

1 Osteotomy of the lower end of the

femur with correction of the genu valgum
will straighten out this Ime of force and stop
recurrent dislocation but may produce an
undesirable alteration 1n the functional axis
and piane of knee-joint motion. Osteotomy
entals a rather long disability It does not
lower the level of the patella with relation
to the knee jownt but may even increass this
defect. Such elevation, if uncorrected, will
in almost cvery case regardless of cause,
eventually lead to chondromalacia of the
patella and chronic synovitis On the basis
of long-range results osteotomy is not the
best procedure

2 The other method of brnglng the hine
of force from the quadnceps through the
patella to the tibual tubercle wnto a straight
Line 18 to move the insertion of the patellar
tendon Transposition of half of the tendon
medially may be sufficient to prevent duslo-
catlon 1 mild cases but it does not signifi-
cantly Jower the patelln, and the partal
medial displacement of the {functional center
of the tendon Insertion 13 not sufficient 1n a
great many cases to prevent dulocation.
Sumple medial displacement of the tibial tu
bercle will prevent dislocation but 1t does
not lower the level of the patella and there
fore is not the most satisfactory operation
to be carned out,

The best functional result 15 obtained
when medial transposion of the tibal tu
bercle is combined with distal transposition
sufficent to lower the patella to normal
position. Vanations of transplantation of the
tibial tubercle have been descnbed by a
number of authors being mentioned by
Mouchet and Durand m 1921 and by others
later *45 Chief variations in these operntions
seem to Lie 1 whether or not the tibial tu-
bercle was advanced distally as well as me
dially and in the method of holdmng it in
place after 1ts transposiion  Vanous means
employing screws and plates, or screws and

plates combined wath counterunking, have
beep described, and both Smillie and the
author have described methods of trans-
plantmg the tibial tubercle 1n such a man-
ner that 1t becomes self locking without the
use of a screw or a plate 4F Either of these
methods will fix the transplanted tibial tu
bercle securely i place and permut very
early resumption of unprotected funcuon.
The authors operation is carried out as
follows

Through 2 median parapatellar mcsion
extended well below the tibial tubercle and
just above the patella, the patellar tendon s
exposed down to 1ts msertion. The lateral
expansions of the extensor mechanum are
incised 1 o lmear direction along the edge
of the patellar tendon and the patefla, to o
pownt near the upper border of the patelia,
The tibial tubercle 1s cut out 1n a block
about 36 by 7 inches the pronmal end of
which 15 vertical, the distal end of whuch 13
undercut obliquely at an angle of 45 o
that the block can be removed only by ele
vating the proxmal end and slippmg the
distal ead out from beneath the ovechang-
mng edge of the ttbia Then traction 15 made
on the tendon until the lower pole of the
patelln 13 level with the knee joint. Thbe
tiblal tbercle is carried medially until the
patella lies directly over the intercondylar
groove This postion is marked, the ped-
osteum is removed, and a block of bone 18
cut out, with the distal edge umdercut in
similar fashion to leave a hole the exact size
and shape of the tibial tubercle blo k. The
ubial tubercke with the attached pateliar
tendon 1s then umerted into this new site
by slippiag the distal end 1n first, then push-
ing or dnving m the proximal ead. No
amount of traction i the duwection of pull
of the quadnceps muscle can displace it
The block of bope removed from the new
insertion is put mnto the site of the old mser
tion in order to fill this defect in part. The
capsule and the [ateral expansions of the
quadriceps mecharusm are closed as well o8
posuble This is ordinanly quite casy on
the medial side and difficult, or perhaps im
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possible, on the lateral side, but 1f a defect
persssts at this point it docs not affect the
ed result  After closure, a pressure dress-
mg Is the only immobthzation necessary
Thes dressing can be removed 10 4 or 5 days
o begm active motlon It 15 posmble to
start full weight bearing wathin a week and
90° of flexion should be acquired within 3
to 6 weeks, A full range of motion should
by attamed cventually (Fig, 2)

This operation docs not solve the prob-
lem of recurrent dislocation before cpiphys-
el closure If ubial tubercle transplant 1s
done before cpiphyscal closure  defornuty
will result n proportion to the remamning
growth potenual in this epiphysis. If recur
reat dislocation 15 a problem dunng the
growng peniod, cfforts should be made to
treat the condition comservatively  Altera
tons of welght beanng alignment may be
wed in young children to restore direct

q

quadriceps pull through the correcuve cffect
of normal functon on the direction of
growth  Operative procedure on the soft
parts such as transfer of part of the tendon
to a pont medial to the ubial tubercle may
be used Ligamentous slings may be em
ployed as a temporary measure Tenotomy
and lengthening of the vastus lateralis com
ponent of the quadnceps might be effective
i some cases  All these procedures might
be temporary expedients until the definitive
and permanent procedure descnibed above
could be carried out unless correction of
alignment is possible by the conservative
alteration of direction of growth by altered
function or by stapling This would con
stitute the only exception

Patellectomy as a solution to the prob-
lem of recurrent dislocation of the patella
1s mentloned only to be condemned. Obvi-
ously if the patella has been removed 1t

Level of patella before and after
operation
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cannot dslocate, but the tendon can and
1t may become chronically dislocated. Patel
lectomy leaves the lower end of the femur
without protection mn kneeling and in falls
Calcification wathin the tendon 1s 2 common
and very disabling late end result. If chon
dromalacia of the patella is so far advanced
that & painful jomt, with further traumatic
arthntic changes in the condylar articular
surfaces Is to be anticipated, further distal
displacement of the patelia, so that 1t hes
over the fat pad or replacement of the pa
tellar articular surface with 2 prosthesis
produces a much more satisfactory result
than patellectomy

SUMMARY

Recurrent dislocation of the patella 15 a
mechameal problem brought on by a com

binatlon of developmental vanations in
functional anatomy of tho knee jownt. The
operation of choice 15 medial and distal
transposition of the tibial tubercle
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Tieatment of Dislocation of the Patella

FriTz TEAL,MD*

Dislocatton of the patella may be cither
smple or chromic and recurrent It occurs
twice as frequently m females as in males
and tends to be familial

ETIOLOGY

The ctiologic or causative factors are
varied and wnclude

1 Congemtal (including agenesis of the
patella)

2 Valgus of the knee (including the nat
ural valgus of the female knee)

3 Relaxation of intemnal laterul hgament
of knee

4 Deformity of the outer femoral con-
dyle either congenutal or from partial arrest
of the lower femoral condyle outer portion

5 Traumatic 1¢ exteral violence as in
football m this case the mternal collateral
ligament may be damaged.

MECHANISM OF DISLOCATION
OF PATELLA

The mechanism of dislocaton of the pa
tella 1y mumilar 1n all etologic groups The
L“I:ilpanmuyﬂu:d the lower leg and

foot are rotated externally and abducted
below the knee  This is true of all cases m-
cluding those in which external violence or
trauma is a factor as i football mjuries
Elcrdor: attention is called here to the fact

t many injured knees have been operated
upon for smternal derangement where the
rue pathalogy is patellar dislocation.

* Lincoln, Neb.

COMPLICATIONS

Complications of disiocation of the pa
tella are mainly chondromalacia of the pa
tella and eventual degeneranve knce jomt
changes Quadnceps atrophy also occurs
and 1s a factor in recurrent dislocation.

TREATMENT OF SIMPLE PATELLAR
DISLOCATION

The treatment of simpls or fit dusloca
tion 18 mmportant mn the prevention of recur
mnm.uxtummmofshoulderdmloca
ton In most nstances there 18 an early
hemarthroas or joint effusion which should
be relieved by aspirtion  Ico packs relieve
pamn and reduce subsequent hemorrhage and
further effusion. The most umportant factor
n preventing recurrences s immobilization
of the knee jomt. This s accomplished best
by the usc of a circular cast applied over
moleskin strap turned back at the bottor
or over stockinet which has been liberally
coaked with Ace adherent. The koee should
be 1 full extenzon so that quadriceps set-
ung can be started immediately ond weight-
bcan.ﬂgallowcdussoouusthcknccu

free

After removal of the cast1n 6 weeks phys-
jcal therapy 1s essential to aid 1n restonng
jomt motion and the quadniceps mechanism
The latter s unportant jn preventing recur.
rences. A convalescent support (Knee cage
brace which limuts flexion to 90°) 13 usec
for at least 6 weeks In addition the natura
vn!gmn.mmoftheknccupanmllyel.[m
inated by clevation of the mner side of the
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heel and the use of a scaphoud pad. However,
if patellar dislocation recurs m spite of the
aforementioned treatient, surgery must be
considered.

SURGICAL TREATMENT

Surgical treatment of recurrent dislocation
of the patella should have the followmg
critena as its goal

1 Prevention of recurrences

2 Prevention or alleviation of complicat
Ing chondromalacia of patella, thus indirectly
militaing agamnst general chronic jownt de
generative changes

3 Restoration of quadniceps mechanism
without loss of knee stability or mobility

4 All of the above without producmg
panful joint.

The surgical treatment of recurrent duslo-
cauon of the patella 13 almost as varied as
that for bumons Many of the operations
are modifications of the Goldthwmt opera
tion which T reported on 20 yeams ago
These operations all tend to check lat
cral displacement of the patella by trans
plantation of the outer ono half of either the
patellar ligament or the quadnceps tendon
to the medial side of the jownt (Fig. 2) AsDr
H W Orr pomts out n a recent history of
surgical procedures for patellar dislocation,
Dr Joel Goldthwait also transplanted the
entire patellar mserton medially 1 1900
thus preceding by many years the modern
cxponents of this method.

Surgical procedures for the treatment of
recurrent  dislocation of the patella fall
roughly nto 4 categones

1 Incision of the lateral capsule and either
mcsion and plication of the medial capsule
or excision of an elliphcal portion of the
medial capsuke with displacement of the
patella medially for example the hrogus
operauon (Fig. 1)

2 Fasaal transplant, with or without me
dial capsular excision or shortenmng, for
example Ober Campbell, Gallie (Fig 4)

3 Transplantation of all or part of the
patellar ligament or its insertion medially
sometimes combined with medual capsular

excision or plication for example Gold-
thwait and Hauser (Fig. 3)

4 Bope procedures such as osteotomy
for the correction of valgus of the knee or
clevation of the outer condyle of the femur
by bone graft operation to decpen the nter
condylar groove forexample Albee (Fig, 5)

Expenence has shown that the Krogus
operation alone does not correct recurrent
dulocation unless 1t 15 combined with some
other procedurs such as transplantation of
the onter half of the patellar ligament or
better still, transposition of the insertion of
the patellar ligament medially The fascial
transplant, such as the Campbell, Ober Gal-
Le or Soutter operations do not alone seem
to be effective and are very apt to interfere
with the q mechamsm  Elevation
of the outer femoral condyle by bone grft
or other types of procedures alone as shown
by expenience secms to be mndequate. If
this procedure 1s combined with transposi-
tion of the patellar mnsertion, good results
may be obtained Up to the present tume,
best results scemed to have been obtamned
with a combmation of the Krogins proce
dore, with medial displscement of tho pa-
tella and transposition of the patellar attach
ment medially The blg crticlam lies m the
fact that none of these operations can be
effective or efficient if chondromalacia of the
patella has already occurred. These opert-
tions or combinations of operations if done
before the Inferor surface of the patella 18
damaged, can give very excellent results.
Unfortunately many of these patients scek
medical aid after there has been a welk
established degenerative diseaso of the artic
ular surface of the patella. To this group
of patients which forms the largest single
group of recurrent dislocation of the patella,
I have advised patellectomy

AUTHOR S METHOD
Several ago excuion of the pateila
was tned for recurrent dislocation of tho pa-
tella with surprising success. By thus method
both chondromalacia and recurrent duloca
tion were climinated, quadniceps mechamsm



Fio. | (Left) Transplantation of elliptical piece of medial capsule to outer
parapaicllar inemion Closure of gap displaces patella medially (Krogius®)

Fia, 2 (Right) Shifting outer one half of patellar ligament medially
(Goldthwaitt)
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T/

Fro 5 (Lefr) Elevation of bow outer condyls by bone wedge (Albeel) (Center)
Stapling medial condyle to correct valgus (Blount) (Right) Ostcotomy of femur to
correct valgus

Fro. 6 (Left) Splitting patella for its excisfon (Right) Plcation of
patellar igament and {ts expansions (Author)
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was fully restored the knee moved through
a normal range without pamn Since then 37
cases have been operated upon with excellent
results, mcluding 3 cases of bilateral recur-
rent disfocaton  In 2 cases postoperauve
snapping of the outer portion of the quadri-
ceps expansion occurred  After excision of
an osteoarthnuic ndge from the outer con
dyle the snapping ceased

In this senes best results have been ob-
tamed by splitung the patella and plicating
the quadnceps ligament and its expansions
after removal of the patella (Fig 6) Fixabon
1n a walking circular cost for 3 weeks 1s fol
lowed by an active physical therapy program
In ons case mampulation of the knee was nec
essary because of difficulty 1n obtaining knee
flexion. Thus patient had marked joint de
generanve changes

Expencence has shown that excision of the
patella for recurrent dislocation approaches
fulfillment of the surgical critena more than
any other method. If the operation can be

done before gross joint degenerative changes

have occurred the result is almost normal
function. Excision of the patella does not
destroy the quadniceps mechanism buot does
cure recurrent dislocation of the patella
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Avulsion of the Hamstring Tendons from the
Ischial Tuberosity Report of Case

Lewis M OverToN M D * and
RoBERT ENGLAND, MD *

The pathology the mechanism and the
frequency of ruptures of the muscles and
the tendons have been described or enu-
merated by a number of authors Gilereest!
enumerated the factors predisposing muscle
and tendon rupture Bnckner and Milch?
were the first to list all conditions under
which such ruptures may occur basing these
on the observations made by Madyl.?

Certain muscles and tendons are mors
susceptible to rupture than others Conwell
and Alldredge* have listed the order of fre
quency as follows (1) muscles of the calf
(2) extensors of the thigh, (3) biceps bra
chu (4) Achilles tendon, (5) long exten-
sors of the thumb (6) supraspmatus (7)
rectus abdominalis (8) extensors of the
finger (9) adductor of the thigh and (10)

brachu, They did not mention rup-
ture of the hamstrings

The rarity of the rupture of the hamstring
muscles or tendons 1s wdicated by only 5
caso rts being found in the Lterature
Janson® 1n 1813 reported a case that had
been seen by Roerder This was a young
girt who had drowned and at autopsy was
found to have a rupture of all of the ham
strings In 1817 Sedillot* reported & rup-
ture of both biceps femon No other cases
were reported uatil 1903 when Riedinger®

Section of Orth i Surgery Lovelace Clink
Albuquerque, New Meuco

published a case of rupture of the biceps
femons from its attachment to the fibula.
Edwards® 1n 1932 presented a case in which
the belly of the semumembranosus had been
ruptured 1n 2 24-year-old man while playing
rugby football. Gilcreest® reported a case of
partial rupture of the belly of the semuten-
dinosus mn a 59 year-old man who recerved
a direct blow over the muscle The case we
wish to report 15 that of a complete avulsion
of all tendons of the hamstrings from their
attachment to the uchual tuberosity

CASE REPORT

A 55-year-old white man was admitted to
the clinic on May 17 1952, with a com-
plamnt of being unable to run because of
discomfort and insecunty of the nght lower
extremuty

On February 25 1952, the patient slipped
and fell while playing tenmis forcibly flexing
the nght hip with the knes extended Tho
fall was accompanied by a sudden momen-
tary pain and a sound ke n putol shot in
the right buttock area. This was followed
by soreness, swelling and ecchymosis 1n the
back of the upper right thigh The patient
was able to walk with very Iittle discomfort
after one week The extremity remaiped
msecure though 1t did not collapee, and he
had been unable to rum at all  This gave
him considerable concern because he always
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had been extremely active and played tennis
several times weekly

On examination ot the ime of admission
there was o round, firm mass, the size of a
lemon, about 5 inches below the aypht isctual

tuberosity This lay bencath the deep fascia
was only shightly tender and was not fixed
to surrounding ussues It did move dustally
on active flexion of the knee but did not
change position on hip mation

Sem by,
tendon.

Ruptured Bueeps fom.
and Semitandifosug Y,
¢

Fro. 1 Detached tendons and contracted muscle mass of the biceps
femorts and the semiten

b tendon and r h

Fio 2 1

glhening of the semi
of all of the bamstrings to the ichial tuberosity
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A tentauve diagnoss of a rupture of the
hamstring tendons was made however unce
the patent was i the fifth decade of life
and could walk without difficulty we advised
conscrvative treatment. This conssted of
daily exercises This was continued for ap-
proximately 2% months Dunng this penod
the patent felt that there had been very
little 1mprovement. He had not regained
cither co-ordination or mereass 1 strength
He wanted to become more active and re
turn to playing tenms For this reason sur
gery was advised and performed At opera
ton both the common tendon of the long
head of the biceps femoris and semitendi
nosus and the tendon of the semimembra
nosus were completely detached from the
uschial tuberosity They were displaced dis-
tally for approxumately 8 cm the upper
ends were doubled on themselves and were
adherent to the sciatic nmerve as it
anteniorty (Fig 1) The loose ends of the
tendons and the adjacent muscles were dis-
sected free from the surrounding tussues The
tendons of the biceps femors and the semi-
tendinosus could then be approximated to
the 1schial tuberosity without difficulty The
semimembranosus was contracted markedly
‘This made 1t necessary to lengthen the upper
tendinous portion of this muscle (Fig 2)
Tho ischial tuberosity was then deauded of
all soft tissues and roughened. A drill
was passed about 34 inch from jts tip Then
the tendons were reattached to the bone by
heavy silk sutures These were reinforced
by sutenng the periosteum to the tendons
The senumembranosus was further rein-
forced by suturmg it to the tendon of the
adductor magnus at 1ts attachment to the
sschium

The wound was closed without drainage
and a long leg plaster-of Paris cast was ap-
plied wath the knes in $0° of fiexlon The
patient was allowed up on crutches after 2
weeks The cast was worn for 4 weeks. Mild

active contraction of the muscles was begun
at this tme  The active use of the muscles
gradually returned. After 2 months there
was good power but the patient had not
completely regained co-ordmnation of the leg,
He retumned to playmg tennis 6 months afier
surgery with practically the same agility that
he had before the injury

COMMENT

Rupture of the hamstring muscles and
tendons follows the pattern of ruptures in-
volving other muscles and tendons, as re
vealed by a review of the literaturs and the
one case report, The ranty of rupture 1nvolv
mg this group emphasizes that sudden forc
ible streiching of 2 muscle while it 15 10 a
state of acuve contraction s a most im
portant etfologic factor A survey of body
mechanics will reveal that this can occur in
the hamstrings only when the entire extrem-
ity is in exteasion with the torso beng thrust
forward forcibly Sach a condrion 1 ex
tremely rare It 13 our behef that this ex
plains the ranty of rupture mn the hamstring
group of muscles
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Bicipital Tenosynovits

ANTHONY F DEPALMA, M.D, AND

GeRALD E CALLERY, M D

It 1s most gratifying to the authors that
an ever-ncreasing number of orthopacdic
surgeons are beconung cogmzant of bicipital
tenosypovitis as a causative agent of pun
and stiffness in the shoulder joint Never-
theless, many workers still are reluctant to
recogmze the entity and to give 1t the place
of importance that 1t deserves Cntcal
analyus of several hundred cases of painful
shoulders encountered by the senior author
m the past 7 years leads lum to believe that
tenosynovitis of the long head of the biceps
bractul muscle 18 the most common ante
cedent of panful and suff shoulders This
Is true dunng both the younger and the
older age penods of hfe That impleation
of the biceps tendon may produce a painful
shonlder 15 not & recent observation this
conclusion was recorded by many workers
yttthcirtwchmgshnve not taken root, and
the lesson remained to be relearned. Even
Codman  who wathout a doubt contributed
more to the comprehension of shoulder le
sons than any worker 1n the past or the
present, was of the opinion that the biceps
tendon and 1ts sheath played only a minor
role if any m the production of shoulder
fymptoms He wrote “Personally I believe
Lhatlheshw!.hoft.hebmepstzndonislm
apt to be involved than are the other struc
tares Y have never proved its mvolvement
1 a single case T think that the substance
of the tendon of the supraspmatus is the
most often involved ”
Certamly Meyer must have recognized the
significance of the biceps tendon n shoulder

lesions when he repeatedly recorded the al-
terations of this structure which he noted
the shoulders of cadavers (1921 1926 1928
and 1930) He masterfully described the de-
generative and attntional abnormalities which
he observed these compnsed fraying, shred
ding fasaiculations and teanng of the fibers
of the biceps tendon. Some of hus specimens
exhibited partial or complete dislocation of
the tendon out of the bicipital groove m
several shoulder joints the mtracapsular por-
tion of the tendon was absent, while the
proximal end of the extracapsular portion
had attained a bony anchor m the region
of the lesser tuberosity He proposed that
the aforementoned alterations were the re
sults of umng the arm n a posuon of ab-
duction and external rotation. Unfortunately
this work was done on cadavers hence the
clinical significance of these findings could
not be appraised conclasively The anthors
have confirmed the work of Meyer both 1n
cadavers and in living subjects and have
recorded the findings and their clinical
sgnificance

Sumulated by the work of Meyer in 1932
Pasteur attempted to link the alterations
the biceps tendon, as described by Meyer
with the clinical picture charactenzed by
pan and stuffness n the shoulder joint. He
coined the term “teno-bursite” to designate
a pew chmcal syndrome i which 1nvolve
ment of the biceps tendon was believed to
be the responsible etiologic element in peri-
arthralgias and ankylosis of the shoulder
point  He was the first to wncrimunate the
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Fio. 4 Marked hypcrtrorhy of all the

cuff of this specimen.

FiG. 5 A specimen with complete avulsion of the cuff,
and hypertrophy of the biceps tendon. (DePalma, A. F Surgery
ipp )

degenerative changes
Phil

of the Should delphia, L

generative changes which occur consistently
mn the biceps tendon after the third decade
of ife What man or woman past 30 years
of age has not at sometme or other com-
plained of pamn m the anteromedial aspect
of the arm after a bout of excessive usage?
Yet roentgenograms of the reglon fail to dis-
close any abnormaliies. Once the process
1s precipitated all movements that requre
long excursions of the head of the humerus
on the biceps tendon accentuate the pawn.
The movements most Lkely to elicit sharp
twanges of pam are abduction and external
rotation as well as internal and backward
flexion of the arm. Some observers are of
the opion that m all cases of bicipital
tenosynovitls  degenerative abnormalities 1n
the tendon are the responsible factors for
the pathologrc process  This 15 an erroneous

structures except the labrum
mn the region of the comma’s bead akso advanced fraylng, shredding and hypertrophy
of the biceps tendon. Note the advanced degenerative lesions 1n the musculotendinous

1 4 4 q

concept of this entity It has been recorded
previously that the entity has been eacoun-
tered in individuals 1n the second decade
of life (3 patents were 16 and 2 were
20 years of age) a penod when de-
generative alterations are absent or only
minimal in severty However 1t must be
admitted that the Increase in frequency of
the lesion, dunng the decades of Lfe when
degenerative changes are known to cxist
In moderate and severe gradients 1ndicates
that such alterations enhance the precipl
tation of the inflammatory process and
render the tendon-tendon sheath mechanism
vulnerable to even nunor traumas In the
younger age group anomalies of the bicipl
tal groove, together with repeated  trauma
are the major factors in initating the
syndrome



FiG. 6 (Left) Note defect m frayed biceps tendon and spur in the
floor of the bictpital groave. (Right) When the tendon 15 1n its normal
position the defect In its substance fits snugly around the bony spur
(DePalms A F  Surgery of the Shoulder Philadelphia Lippincott)

Fio.7 (Left) Well-formed bony excrescences over both tuberosities.
The intertubular sulcus 13 narrowed, and the head of the humerus
proximal to the sulcus 1 flattened and cburnated. The biceps tendon of
this specumen was thickened, frayed and shredded. (Right) Note com-
pleto atrophy and recession of tuberosries, oblteration of intertuber
cular sulcus, excrescences in bicipital groove, and eburnation of the
head of the humerus, anterior superior and posterior to the blciprtal
groove. The bl tendon was thinned, frayed and shredded.
(DePalma A. F Surpery of the Shoulder Phuladelphu, Lippl )

13
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ANOMALIES OF THE BICIPITAL
GROOVE

Meyer was the first to point out develop-
mental varlations m the bicpital groove
He descnibed a supratubercular prominence
which Is a ndge of bone conttnuous with
the medial wall of the groove, extending
proxumally toward the articular head of the
humerus  Its sze and configuration vary
and the type and the degrees of vanations
noted m a study of humeri, were recorded
by Hitchcock and Bechtol The semor au
thor studied 100 humeri and noted that the
angle of the medial wall of the bicipatal
groove was 90° in 239 per cent, 75° in
27 09 per cent, 60° in 21 7 per cent 45°
i 173 per cent, 30° m 7.3 per cent and
15 1 21 per cent (Fig 3) It was noted
further that the supratubercular ndge was
a pronounced structure m 23 8 per cent,
moderately developed m 31.5 per cent and
absent m 43 4 per cent. In addition, 1t was
observed that the base of the supratubercular
ridge was a factor in dimimshmg the depth

of the groove This abnormality was noted
in 9 per cent of the humen with a supra

tubercular ndge In these specimens the
base of the ndge was unusually broad, con-
tinuing across the floor of the groove toward
the lateral wall, In the light of these obser

vations 1t 13 reasonable to conclude that such
alterations force the tendon to function at a
definite mechanical disadvantage Ths 1s
especially true of the shallow grooves and
in cases with a supratubercular ndge Both
of these changes tend to force the tendon
out of the groove ageinst the transverse
humerl ligament and are responsible for
inflicting repeated traumas to the tendon and
its ghding mechanism dunng movements of
the arm. Under these cucumstances the
tendon and its sheath become even more
valnerable when severe strenuous exertions
are supenimposed on normal joint function,
such as occurs in bascball tennis or labon

ous occupations. Also these abnormalities
are agents 10 producing scvere degenerauve
changes 1 ths biceps tendon encountered
after the fourth decennfum.

Fic 8

tuberosity and new bone formation on the post
of the humerus below the level of the neck

(Left) Posterior aspect. Complete atrophy of tho greater

enor aspect of the shaft
(Right) Anterior aspect.

tion In
Biciputal groove is completely obliterated by new bone forma o In
this specimen po intracapsular portson of the biceps tendoa was foun,
mpmxnm]cndofﬂuexmapmluponmuwmbudedhnhcm
tnsue obliteratlng the groove (Do Palma, A. F Surgery of the

Sboulder Phuladelphia Lippincoit)
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DEGENERATIVE PROCESSES

Physiologic wear and tear together with

the aforementioned factors are responsible
for degenerntive changes in the tendon and
alterations 1n the bicipital groove which m-
crease m seventy dunng each successive
decade The alterations comprise fraying,
shredding and fasciculations of the tendon
together with the formation of bony excres-
cences within the groove (Figs 4 5 6) In
a previously recorded study it was interest
ing to note the seventy of the lesions of the
breipital grooves and the tuberosities after
the fifth decade Irregular new bone forma
tion in varying degrees over the tips of the
tubcrosities was an outstanding pathologic
ulteration (Fig 7) These altered the con
figuration of the bicipital sulcus rendering
1t narrow and 1n some instances obhiteratmg
the sulcus Frequently bony spurs were en-
countered on the imner and the outer sur-
faces of the sulcus and within the floor of
the groove In the face of such changes 1t
becomes obvious that they constitute a sert-
ous umpediment to the normal excursion of
the head of the humerus on the biceps ten
don Spur formatlons render the tendon
vulnerable to repeated trauma and attntional
alterations  These facts are supported by
tho severity of the degenerauve changes
noted i the biceps tendon.

After the fifth decade many humeral
heads disclosed marked atrophy and reces-
sion of the tubcrosities, and occagionally
the 1ntertubercular portion of the bicipital
sulcus 15 worn away completely (Fig 8)
In such instances the biceps tendon 13 no
longer securely seated wathin the sulcus or
groove but slips out of 1ts normal anatomic
site and occupies a pontion on the inner
aspect of the remans of the lesser tuber
oslty it 13 prevented from further displace
ment postenorly by a sling formed by the
tendon of the subscapsulans tendon. In 10
specimens the authors poted that the intra
capsular portion of the tendon was absent,
and the extracapsular portion had attamed o
bony anchorage on the shalt of the humerus
unmediately below the lesser tuberosity

CLINICAL FEATURES

A distinction must be made between bt
cipital tenosynovitls encountered in the sec
ond and the third decades of Iife and that
encountered after the ape of 30 years

BICIPITAL TENOSYNOVITIS IN THE YOUNG
In this group the basic underlying cause
1s some congenital abnormality in the bicipr-
tal sulcus or groove The presence of a
supratubercular ndge or a marked obhquity
of the medial wall of the ntertubercular
sulcus favors subluxation or even dislocation
of the tendon out of the biciprtal groove
The author has encountered 7 cases In which
palpation disclosed that the tendon shpped
mn and out of the groove when the arm was
abducted and externally rotated, actively or
passively
Generally the syndrome 1s imtiated by an
insidious onset, at tumes it is precipitated by
a bout of strenuous activity such as tennis,
piiching baseball or shoveling snow and in
rare mstances jt 15 observed following 8 frac
ture of the upper end of the humerns which
crosses the biapital groove At first the pain
18 localized over the anterior and med:al
aspect of the shoulder Frequently it radi
ates to the belly of the biceps muscle and
even to the flexor surface of the forearm
Occasionally 1t is projected to the insertion
of the deltoid muscle the inferior angle of
the scapula and even to the bass of the neck
Not nfrequently attention 18 first focused on
the disorder when the patient attempts to
touch the postertor surface of the head or
the trunk. These movements force the hu
meral head to ghde on the tendon for a
greater distance than durmg other move-
ments of the arm  In the beginning the pain
is relieved by rest but Is accentuated by ac
tvity later the pain 1s more or less constant
and imterferes with sleep At this ume the
dmsorder 15 commonly and erroneously diag-
nosed as a bursitts or neuntis The pertinent
physcal finding 13 exquusite tenderness over
the intertubercular sulcus Invanably the
examuner can clicit this sign when firm pres-
sure 13 made over the sulcus  Also rolling
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the biceps tendon under the examner's
thumb will produce excruaating pain n all
mstances  As one would anficzpate roent-
genologic studies provide no mnformation rel
ative to the nature of the malady

The clinical course that the disorder pur
sues depends on the basic underlying factors
and the nature of the precipitating sgent.
In young wndividusls without a history of
trauma, the diseass 13 charactenzed by re-
current attacks of pain the symptoms are
rarely of sufficient seventy to causs senous
dysfunction Rest and voluntary elmination
of the painful arcs of motion effect a cure
n most instances However if the erm is
used excessively recurrent episodes are pranc
to occur Only occasionally does the dis-
order become protracted, increasmg steadily
mn inteauty This 18 especially true in the
small number of cases i which abduction
and external rotation of the arm force the
tendon out of the intertubercular sulcus or
when severo vialence is the responsible fac
tor for displacement of the tendop. It has
been the author’s experenco that m this
small group of cases conservative measures
were of no avail in cach instance it was
necessary to obliterats the tendon-tendon
sheath mechanism by anchonng the tendon
to the shaft of the humerus or to the com
cold process in order to effect a cure It
s significant that & frozen shoulder did not
develop in any case in the younger age
group

Biciprrar TENOSYNOVITIS AFTER THE

Age oF 30 YEARS

The onsct of the syndromo in this age
group does not differ from that described
for the patients in the younger age penod
However as a rule 1t 15 more protracted
and more secvere not infrequently both
shoulders are affected. In this study there
were 14 cases of bilateral involvement. As
recorded previously the authors are of the
opimion that the degenerative alterations in
the biceps teadon, usually present during
this period of life are responsible for the
severity of the symptoms and the protracted

course of the malady The pertnent and
distingmshmg feature between the two groups
1s the development of a frozen shoulder in
a large number of cases 1n the older age
penod 38 8 per cent of the cases m this
scries disclosed varying degrees of frozen
shoulder In these wstances a study of the
histonies revealed that 1n 80 per cent of the
cases bicipital tenosynovitis was the imitiat
ing factor which first produced pain, together
with varying degrees of restriction of motion
of the glenohumeral jont. The arcs of pain-
less motion decreased progressively until the
classic chimcal picture of frozen shoulder
evolved. At this pormt the authors wish again
to pownt out that any factor which produces
muscular ngctivity m the regon of the
shoulder may precpltate the pathologic
processes which culminate in a frozen shoal
der Biapital tenosynovitis Is only ons of
the many causative agents However once
a frozen shoulder has developed, implication
of the biceps tendon by the diffuse inflam
matory process involviag all the soft tissues
about the glenohumeral joint 13 a constant
finding

Pam i the shouder and limitanon of mo-
ton of the scapulohumeral joint 13 not un
commonly noted after fractures and fracture
dislocations of the upper ¢nd of the humerus
Many observers are of the opimion that the
symptoms and the dysfunction aro the result
of a tendinins implicanng the rotator cuff
partial tears of the cuff or a bursits. That
the aforementroned factors may be the re-
sponsible causes in some cases cannot be
denied, However the most frequent cause
18 biapital tenosynovitis In fractures or
fracture dislocations of the upper end of the
humerus the normal configurations of the
bicipltal groove may be altered serlously or
even obliterated. If during the healing proc
ess the biceps tendon achioves a bony an
chorage on the shaft of the humerus no pamn
will cnsue  On tho other hand, 1f bony an
chomg:cfzhetcndonfnﬂslooomrnndlf
the pormal architecture of the groove is sufft
acently altered to disturb the normal glding
mechanism of the tendon within the groove
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then the frictional farces, acting on the ten
doa by the altered mechanics in this region,
will Invariably produce ap infammatory
pmwssc(d\chmptcndan,wﬂchg(vﬂ
tise to the pamful syndrome Although 5o
cases of fracture or {racture dhlocation of
the humerus are mcluded in this senes, the
authors have encountered a suificient num-
ber of cases of biciphtal tenosynowitis snd
frozen shaulders following the above injuries
1o justify the formulation of » definitve plan
treatment far such lesions 1n the event that
surgical intervention Is employed in the treat-
meat of these traumatic leswons, the bucipital
groove and the tendon are inspected care-
fully If the tendon is found to be laccrated
or dispiaced from 1ts nomal anatomic posi
nop, or if the fracturs line traverses the
buapital groove, the tendon it anchored to
the shaft of the humerus. By 3o dolng, the
gliding mechamsm of the tendon 1 obliter
ated this ensures agunst the developraent of
bicipital tenosynowtis after healing of the
fracture has been schieved, Moreover the
absence of pain permity early mobilizanon
of the shoulder Ttis sigmficant that in mdr-
viduals under the age of 30 no instance of
bucipital ynovits was compheated by
frozen shoulder repardiess of the sevemty
of the disruption of the upper end of the
humerus  This is in striking constrast with
the high incidence of frozen shoulders which
{s cocountered past 40 years with or with-
out trauma, particalarly between the years
of 45 and 55 This observation agaln cm
phasizes the prenuse that in the older patient
some “A” factor must be present which
predusposes lum to the development of a
frozen shoulder  As pointed out previcusly,
this X" factor is the degenerative alteration
f:"m’ﬂﬂs from physiologe wear tear nnd
1

TREATMENT
Essennally the treaiment of biapital teno-
synovits {s conservative regardiess of the
stage and the causaline agent responsible for
the disorder  This also mcludes those cases
which exhitut 3 frozen shoulder wn varying

Fu. 9 Roeny,
ple 1 pouton following fixation of the
biceps tendon.

showing a sta

stages of development. Rest of the part and
restnctron of motions within painless arcs
will relieve paw and terminate the syndrome
in most nstances  Irradiahon and cortisone
given by mouth have been tried with no
poticeable effect on the discase However
hydrocortisone (1 cc ) injected durectly into
the tendon undec the transverse humernf
ligament has been a valuabls adjunct to con

servative therapy  Within the past 10 or 12
manths hydrocortisons has been employed m
18 cases In 10 of these cases the medica-
don produced an immediate beneficial re

sponse and definitely shortened the course
of the disease The most dramate results
were noted in those cases which disclosed
0o evidence of a frozen shoulder When the
Latter complication was present the effective

nest of hydrocortisone was less marked and
in 4 cases dud not alter the progress of the
discase  As a rule, 3 or 4 injections of
L cc. of the solution placed directly ito
the tendon under the transverse humernl
bgament at weekly intervals will produce the
deslred results By the end of this period
the effectiveness of the medication can be
determinad

Surgical intervention was employed an ~

—
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shoulders. This comprises obhteration of the
tendon-gliding apparatus by anchormg the
tendon to the coracold process or to the
shaft of the humerus the results obtamed
are shown in Table 2 In most of the cases
in this series treated surgically the biceps
tendon was reattached to the coracoid proc

ess recently this procedure has been modi-
fied. Now the tendon 15 stapled to the shaft
of the humerus employing a 3-pronged sta-
ple (Fig. 9) This method prowvides firm
fixation of the tendon chimmates much dis-
scction on the antenor aspect of the jout

necessary to expose the coracord process

Fia. 10 Steps in the procedure designed to cxplore the brceps tendon and to anchor it

in the bicipital
splitting inclslon (top right)
noid bnm and withdrawn from
is roughe!

sutures.

ned (bottom [left) the biceps tendon is sta
(botiom right) the edges of the musculotendinous cu

iceps deltold
Top left) Thob tendon is exposed through aa anterior

et thn biceps tendon Is scvered at its wnsertion on the supragle
the joint cavity the proximal end of the bicipital groovoe

kcd to the shaft of the humerus
Sarc approximated by interrupted
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and converts the procedure from a tech
meally difficult task to @ simple operation

QOPERATIVE PROCEDURES

The antenor aspect of the shoulder is
exposed by a lazy-S skin mncislon from 3%
to 4 wches long, as deseribed by Hitchcock
and Bechtol After splhtung the antenor
fibers of the deltoid muscle the biceps tendon
and the transverse humeral ligament are
1dentified, The Iatter is ncised longitudinaily
thereby exposing the extracapsular portion
of the biceps tendon. This wcson {s con
tinued proxumally through the fibers of the
coracohumeral ligament for a distance of 1
to 2 mnches Now adequats visualization of
the mude of the glenchumeral jomnt is pos-
sible By pulling downward on the arm the
biceps tendon is seen as far as its attach
ment to the apex of the glenoid cavity At
this pount the tendon is divided and with-
drawn from the Jownt cavity Neat, the floor
of the brapital groove immediately below
the tuberomities 1s scarified for ¥4 to 3 inch
the tendon is brought into contact with the
raw area and stapled to the humerus by a
staple with 3 sharp prongs. This firmly fixes
the tendon to nts new bed. excess
proxuumal portion of the tendon 18 cut off
and discarded. The wound 1s closed in the
usual manner

POSTOPERATIVE MANAGEMENT

After operntion po fixation of the arm
other than a shng 15 employed. Usually thus
1 discarded at the end of 5 to 7 days. Mo-
tion of the arm below the hortzontal (pen-
dulum motion) 1s started the siext day and
is performed a preseribed number of umes
cvery hour on the hour by the cdlock. The
range of mowon increases progressively but
alsrays 1t 1s mantained within the papent s
tolerance  In uncomplicated cases of teno-
synovitls opumum restoration of function
was achieved 1n 6 to 12 weeks 1 cases
complicated by frozen shoulder the pened
of recovery was longer In the latter group
it must be emphaszed that oblitetation of

the gliding mechamism of the biceps tendon
does not increase the range of motion, but
it does relicve the pain  When pan 15 alle-
viated or dimunished markedly active move-
ments of the arm arc possible Thus restored
muscular activity cventually reverses the
pathologic processes producing the diffuse
inflammatory disorder characterisic of a
frozen shoulder

ANALYSIS OF CASES REVIEWED

A survey of the cases of bicipital teno-
synovis  encountered  between  January
1948 to June 1953 has been made, This
ncludes all cases of uncomplicated tenosyn-
ovitis and those associated with a frozen
shoulder Cases of calcareous tendimns were
not included 1n this study also cases result
mg from fracture or fracture dislocation of
the upper end of the humerus were elim-
inated. There were 77 males and 98 females
the nght arm was implicated 1n 110 and
the left m 79 The youngest patient was 16
and the oldest was 69 years of age The
highest incident was between 45 and 55
years (46 per cent) nclusive, Both shoul
ders were mvolved in 14 cases both shoul-
ders were operuted on in 5 cases Of 175
cascs (189 shoulders) 1n 86 the biceps was
transferred eather to the coracoid process or
to the shaft of the humerus These cases
were subjected to because conserva
tive therapy had failed to alleviate pain and
to restore function and in the minds of the
authors further continuance of these meas-
ures was regarded as futile

Of the 86 cases operated on 59 provided
information pertment to this study the pe
nod following operation was from 5 to 60
months, with an average of 27 months The
duraton of symptoms pror to operation
ranged from 2 to 48 months the avernge
beuig 15 months  Of the 59 cases, 23 were
cowplicated by a frozen shoulder varying in
scventy the age of the patents with this
complication ranged from 36 to 69 years
only 3 cases were under 45 years and 7
cases were under 50 years. Seven palients
{n tus group had involvement of both biceps
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RESRARRIRATE I9]Jone7593sk  ARRIRZS NGO SuRnANANE SR T2

|

+ o+ ++ + +

+ o+ + +

++ + + o+ o+ o+ + + ¥

+
+

o R e e e e

Joaoo |eosce |oo (oo

No Reliel
Neo Hellal
Palntu

ot i g

o nl o wieng - -

+oototoocoototocooh +o +o+o + +

o+ttt 4o | | H bt b o

g?_ ++ooo+t+io+t + ++oo+o+ +oo+ot + +roteoteo
d
] o
gé Arnpegasgnsragreaceg ATy LRt Ll et Niihi ] Ehit: B
H+ o+ o+ N I Ik = e o o

]

R IR I Sk e s e = nnn o d + o+ + ++ o+ A+

o Cn e e e e i o B e B i 5 i o e B K B e 3 e eI TneaATITIAZIXITL

g q30a83 15283 IIISLTIRILBRNSIRY 1332983
LEt = Bz AR E UL CFAA AN g, iy deE
3 igiz:SEigS:gi:a;gg;ﬁjjj::ﬁ:gzg:o.gnizﬂvcl-“-l.ixnfzi-.nf.'n.;-z-.;ﬁ:ﬂ

Aomalims. tBesctull plichar  Unable te explaln the fafars. Private Inducied bute Army Puln retorned whas

W,
208 Lachnier blovpe act 2 &

with

it oo b bl iy



AmAme peenal TOMIR], TO[ITO{RAS [WITI 7% L Deefary, “Towead OTed expeseirecod iM CPeesow] Fiq 0o)0j{e TUTISIE BOpRS) P PY)

- - Q sz X + leuln | o
; Pl e e | LB
wooH ¢ oope T
2 Tels ] AR
b =N 6 + da | T AR 4
1 = oW 1 + || 1| 2d
o o ZT | oer aN
oy - sl ey
| IR e HERR
+ ooy 9
galel { weroop 21 T Tla| s | 8
ol T 4] < | LH
J..!inao” W T =Juop( 01 + A w 14
i + o v |+ 4| s T
o € 00K $T -8 N
* P + mmom st |+ Ilm)oan
.M T R e 1 Do tlilw di
H b R sl B4 . “ “.“ “L
.JH. + J!.,Po w de..!nunm m ,_qw ,.K
Lo i RN A E
ooy ¥ A €| e HI
k ° dﬂ! ¥ =001 01 + W e 0y
m ~u ﬁ o e + 4 ot 28
00 L TIDXH _—TrLNong aron | Loy
popuves], | czivert | awnna | g, TVESYD VIVl rerrouf g | oy | aee
v 40 dorx ang | *ON ™ I ) uead
ATIALLVAMASNGD TLLVTY]—SLLIAONASONIL TYIINF € ATV.L
iavu.uaonvﬁtllnq‘:.l-!mo m-l»ﬁt.z
¢ T mtamiy oy 00 sTseryed pe semny
iﬂ._q.au wuerTed jo qumpy 9 el
! vorfeAs Jo popiad el
o T o s oo
P yosomd sty ny
= T L9y —mwe poot)y
T o B e L e o o
o u~ ar I.Bt_u.ﬂ_.?:.q].
wopen jo noypemne TR g ] _-!.._l_..-.i.
a1 Jo 20w » T mowEg ymcusaposss (00}
TovAIOAA [T o Rorry e
yOINA [OAT] TEMTHL Jeprote terasy Y1 pITE
sapoga ooy A foecs] oo ¢ O3 § e o gonem(
ﬂ.uo%-.. -y ..i“! Ll
[y wegriie
c &« ) J0 Jeeenit (VL
serv0 0 FEMT [VIAL "

[£:<3)



84  Blelpital Tenosynavitu

tendons  but both tendons were transferred
n only 5 cases A specific history of mjury
to the shoulder girdle could be elicited
only 19 patients in the remainder the onset
wns inmdious In 5 pauents the affected
teadon could be subluxated out of the sulcus
by external rotation of the arm (Table 2)

Chmucal evatuation of the 59 cases dis
closed that an excellent result was achieved
n 38 (or 644 per ceat) a good result in
10 (or 164 per cent) a fair result n §
or 8- per cent) and a poor result in 6
(or 104- per cent) It was interesting to
note that 804 per cent of the patients at
tained an excellent or good result. All 6
patients who were rated as poor results were
not sausfied with the operative procedure
all others expressed satisfaction,

ANALYSIS OF POOR RESULTS

Analyss of the poor results in this group
(59 cases) revealed the followmng informa
tion (Table 2) In case A R. female 52
years of age re-examnation of the patient
dusclosed that a wrong diagnosis had been
made. In spite of the operation she still
complamed of severe pamn in the shoulder
arca which was assocuated with advanced
osteoarthntis of the cervical spine It be
comes apparent that lesions of this cervical
reglon must be eliminated before a final dir
agnosis of bicipital tenosynovitis is made
Brachalgias may be distressing concomitant
lesions of the cervical spime  In case C K.
female age 53 years old, severe pain and
limtanon of motion was demonstrable 1m-
medately after the operation and persisted
for 52 months Careful exanunation of this
patient revealed a serious error in the sur
gical techme  The biceps tendon stretched
from the upper end of the humerus to the
coracoid process like o bowstring aganst
which the head of the humerus impmged on
external and internal rotation of the arm It
became apparent that the operator had fafled
to tack the proxumal 3 or 4 inches of the
tendon of the long head of the biceps brachu
muscle to the short head. In two other cases
we are unable to determuno the cause of

faflure In the ffth case the patient was
operated on at the age of 16 He had no
complats up to the tume of thus survey
26 months after operation he wus {nducted
mnto the Army He was able to do hn
work, but he did complamn (by letter) that
he had severe pain in the operntive area. The
last case G R, male aged 60 still com
plained butterly of pain 15 months after op-
cration, Exammation revealed that the pa-
tient had developed causalgra of the affected
extremity The hand was stiff, painful, glossy
and of no functional value In additron, he
had severe pain 1n the cervical spine and
over the affected shoulder Here agom ad-
vanced osteoarthrits of the cervical spine
was noted. However jt was dufficalt to de-
cide whether the causolgia was assoclated
with the cervical spimal pathology or was
imitinted by the operative procedure

Table 3 reveals tho data on the cases
treated by conservative measures, This grovp
also mcludes some patents who fated to
respond to these methods and were proffered
surgical Interventon, but as yet surgery bad
not been executed. In this group there were
49 patients ronging m ages from 21 to 64
years of these 31 cases were reviewed for
this study The remander faled to anywer
our mquines Twelve of the 31 cases were
camplicated by a frozen shoulder- 5 cascs
hod bilateral mvolvement there were 8
males and 23 females. Subluzation of the
tendon was noted 1n one case

Evaluation of this method duclosed that
even many months after cessation of theropy
most individuals still hed discomfort which
varded in degree In 7 the pain was severe,
and the patents were offercd surgical relief
Thcpcrlodofucdvcmtmcntwm[mml
to 38 manths the average bemg 7 months
The period of tine between the Institution
of the treatment and the making of this sur
v:yw-a:4t062monlhx,thcnmragcbdug
25 months Excellent results were attained
m 29+ per cent good in 45+ per cent

farr m 94 per cent, and poor 1n 164 per
cent. Nevertheless all but 5 of these pa
ticnts wese satsfied with the relref obtalned.
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Contact was made with 11 of the 45 pa
uents seen for one examnation and advised
to accept surgical intervention, These were
continued on conservative therapy It was
interesting to note that 2 of these were com
pletely free of pamn. The penods of time
required to achieve these results were 18
and 33 months. Ope 1n this group of 11
cases, Is reconsidermg surgery the others (8
cases) arc not improved but still refusc any
surgical procedures. The average time since
transference of the tendon was first recom-
mended 1n these 8 cases is 28 months rang-
ing from 4 to 47 months.

CONCLUSIONS

1 Biciputal tenosynovitls is 2 common le-
s1on causng pain and stiffness in the shoul
der yount.

2 The predisposing factors compnse ana-
tomic peculiarities of the region, abnormal
functonal demands, anomalies of the bicip-
ital groove and degenerative alterations 1nc-
dent to wear tear and aging.

3 The lesion 15 not assoclated with a
frozen shoulder In patients under 30 years
of age

4 Many cases respond to conservative
measures

5 Surgical mtervennon is indicated m re
sistant cases Thu consists of obliteration
of the tendon-tendon sheath mechanism

6 A new method of anchonng the biceps
tendon hos been described,
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Recurrent Anterior Dislocation of the
Shoulder Jomt

JoHN J GARTLAND M D ,* anp
JoaN J DowLinG MD *

Dunng recent years some of the confu
sion surrounding the problem of the recur-
rent dulocating shoulder has been unraveled
by the recorded observatrons of many com-
petent workers  Thinkng had been mfla
enced for years by the teaching of Benkart
that ordwnary traumatic dislocation and re
current dislocation of the shoulder were two
enurely different ennties each with its own
peculiar mode of production and pathologic
change In an impressive study Adams' has
shown that any type of injury which is
known to cause an ordmary traumatc dis-
lecation may also cause recurrent disloca
pon. The incidence rate of the different
mechanisms of myury wers shown to be
about the same m recurrent and nonrecur
rent cases

Along the same lines McLaughlin,* 1n a
study of 101 consecutive primary anterior
dulocations reveals a total recurrence rate
of aboat 50 per cent of all lesions wathout
fracture mcreasmg to 90 per cent mn all
patients under 20 years of age He feels
that treatment of the primary epusode 13 of
litle importance but that the site and the
nature of the primary pathologic disorder
is of foremost importance mn determuning
whether or not recurrences would occur
Therefore present-day thinking refuses to
set the shoulder jownt apart from the other

. of Orthopacdic Surgery Jeflerson
Mm Philadelphia

joints of the body and ascribe to its recur
rent dislocations a particular modo of pro-
duction Rather it 1s united 1n the concept
that 1t 1s the pathologic change within the
jomt occurring at the time of wjury that sets
the stage for recurrences

If attention 1s directed to the pathologic
anatomy of recurrent dislocatrons a number
of changes aro described, each with 1ts own
champion. Banknrt mamtains that detach
ment of the glenold labium, capsule and
penosteum from the lip of the glenold 1
present m every case of recurrent dislocation
and 13 the modus operandi for the repeated
dislocations However evidence 1s accomu
lating, which suggests that while thus is a
frequent abnormal finding 1t 15 by no means
the sole cause ¢ Many years ago Hybbin-
ctte® described the underlying pathologie
process as a capsular injury with the forma-
tion of an antenor falso jowt cavity Sincs
thep DePalma¢ has shown that ths so-called
folse pocket 1 1o reality the subscapulars
recess and 1ts related enatomec variants (Fig
1) Most workers agree as to the presencs
of a posterior humeral head defect, but
Palmert goes a step farther and momtaing
that 1t 15 the primary lesion and that the
soft tissue changes are of secondary impor
tance It is interesting to noto that well over
100 years ago Sir Astley Cooper” described
the pathologic lesion of recurrent dislocation
as a ruptare of the subscapulans tendon He
had the opportunity of dissecting two fresh
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cases of dislocation and found m both that
the dislocating head had ruptured the sub-
scapulans tendon m 1t anterior passage
When onc contemplates the vanety of
pathologic changes deseribed as the primary
lesion of recurrent dislocation 1t becomes
evident that no single constant feature exists
Each of such changes may operate wnde-
pendently to produce a recurrent dislocation
McLaughlm? aptly states the modemn con-
cept “the essential pathological condition
predisposing to recurrence following trau
matic dislocation consists of damage to the
antero-infenor supports of the jount, auded
and abetted at tmes by posterior compres-
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sion of the humeral head.” To thus concept
DePalma® adds the theory of neuromuscular
imbalance of the short rotator muscles to
explam the umique tendency of shoulder joint
dislocations to become recurrent dislocations

TREATMENT

Of the many operative repairs described
for thus Iesion, those that have stood up
under the entical evaluation of tume and
adequats follow up studies have added a
buttress to the jomnt antenordy or have
limited external rotaton effectively The
Bankart, the Potn Platt, the antenor bone-
block and the Magnuson repairs are all

149
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Six types of arrangement of
Charnctenzed by one xy'novulgr:eu of the synowial recesses )
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associnied with 2 high degreo of success
DePalma® has demonstrated that normally
the ability 1o rotate decreases with
increasmg age (Fig. 2) This fact expluns
the spontancous cures that occur with aging
and 13 the rationale for those procedures de

signed to hmit external rotatton The Mag-
nuson (modified) repair 1s performed eauly
and 13 associated with a comparable degree
of success regardiess of the underlying path-
ologic change It is as logical to advocate
one type of shoulder repar if it mests the
criterta for success as it is to utllize a spinal
fusion as defimtive treatment of a vanety of
underlying pathologic changes in the spine

It 15 the purpose of the wnters of this report
to record the end-results of a senes of Mag-
nuson (modified) repairs for recurrent dis

locating shoulder jounts

OPERATIVE PROCEDURE

As performed 1 this imstitution * the re
par descnbed by Magnuson® has been mod:
fied shightly by transfernng the subscapulars
tendon not only laterally but olso distally on
the shaft (Fig. 3) As described by De
Palma,® the operation is peformed through
an S-shaped 1ncuion on the antertor aspect
of the shoulder joint, beginning at the 1n-
ferior margn of the acromioclavicular joint.
The mterval between the deltold and the
pectoralis major muscles Is developed, taking
care not to mjure the cephalic veln, which
is retracted mediafly with the pectorahs ma
jor By externally rotating the shaft of
the humerus the subscapulans tendon, as
1t mserts into the lesser tuberomity comes

* Jeflerson Medrcal College Philadelphu
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of the Shoulder Philadelphia, Lippincott)
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Now site of bwerion /
for Subacopulons M.

INTERNAL
ROTATION

Fie 3 Magnuson operation (modified) for recurrent dnlocation. The end of the
subscapularis tendon fs transferred to a bony trough below the greater tuberosity and
flel to the posterior ip of the bicipital groove (DePalma, A. F Surgery of the

oulder Phuladelphia, Lippincott)

into view A blunt dissector is passed under
the subscapularis tendon 1n order to deter-
mine more clearly its upper and lower bor
ders. An incision is made m the interval
between the supraspinatus and the sub-
scapulans muscles, beginnmg proximally to
the blending of the subscapulars tendon with
the fibrous capsule The incuton 1 con
tnued to the anterior Lip of the bicapital
sulcus A second incisson the same length
as the first, 15 made along the lower border
of the subscapularis muscle to the tendon
between the two mawons, which 1 then
freed from the anienor lip of the biapital
groove by sharp dissecton. Medul retrac
ton of the tendon and the capsule affords
a clear view of the humeral head, the ante
nor glenoidal margin and the antenor por
tion of the synovial capsule wath 1ts gleno-
humeral bgaments and bursal recesses.

The greater tuberosity 15 visualzed by
rotating the arm mtermally The subscapu-
lans 5 then pulled across the blaptal
groove by means of a suture through its
substance to a pomt below the greater tuber
osity where its site of reattachment 13 deter
mmed The tendon should be anchored to
the humeral shaft below the level of its
onginal wnsertion under moderate but not
severe tension. With a thin osteotome a slot,
¥4 inch wide and as long as the width of
the subscapulans tendon 15 made parallel
with the posterior lip of the biczpital groove
below the greater tuberosity Three or four
drill holes arc then made in the postenor lip
of the newly formed slot, and the end of the
tendon is buned 1 the beny trough with
silk mottress sutures The upper border of
the subscapulans muscle 15 approximated to
the supraspinatus muscle by side-to-side su
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tures  while 1ts lower border 18 sutured to
the capsular nssues under the head of the
humerus Considerable restriction of exter
nal rotation 15 demonstrable at the comple
tion of the procedure The subscapularis
muscle and the tendon fibers can also be
seen formung a sling under the head on ab-
ducting the arm i ternal and external
rotation The procedurs 15 completed by
wound closure m layers with mterrupted
sutures

Postoperatively the arm 15 fixed to the
side with the forearm across the chest by
means of a plaster Velpeau dressing  This
dressing 13 kept on for a total of 6 weeks
Following removal of the cast gradual re
sumption of activities and all motions is
allowed. As a rule abduction 1s restricted
a few degrees and external rotation may be
restricted as much as 50 per cent. This
usually produces no functional disebility and
1s assurance against redislocation

ANALYSIS OF RESULTS

In 1950 DePalma reported the results of
23 recurrent disfocating shoulders treated by
the moddfied Magnuson operation during the

period May 1945, to August, 1948 * The
recurrence mate of dislocation 1 this senes
was 8 7 per cent,

Complete records are available on 20
additional cases operated on during the pe-
riod Japuary, 1949 to Aprl, 1953 The
end results of these cases form the baus of
this report (Table 1) Complets follow-up
data are avalable 1n 19 of thess 20 cases
One paticat moved to a distant city and was
lost to follow-up This group comprised 15
males and 5 females, rangmg 1n age from
15 to 37 years The follow up perlod
ranged from 8 months to 5 years and aver
aged 2% yean The recurrence rats of dis-
location in this group was 105 per cent.
Thus the known recurrenco rate in the 43
cases available for study between 1945 and
1953 is 9 6 per cent.

SUMMARY

1 It is no longer tenable to set the shoul-
der jomt apart from the other joints of the
body and ascnibe to its recarrent disloca-
tions a particular mode of production.

2 Damage to the antero-inferior supports
of the joint, alded and obetted ot tmes by
posterior compression of the humeral head,
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DATE oF Nustsex of
NaMmE SEx Agm OreratioN Pam SATIFTED
AF F 2 7 30-51 0 Yes Ya
cCM M 37 7 24-51 0 No Yes
P W M 22 9- 550 [} No Yes
P W M 22 11751 o No tea
CF M 27 120-53 0 No Yes
wB M 19 3-17 50 3 Yes No
D L. M 17 12349 [} No Yes
I M M 16 7 2849 0 No Yes
PG F 26 7 25-50 No FolLrowur
FC M 35 8- 630 [ Yes Yes
Jc M 19 8-25-49 8 Occu!ool! No' .
R M F 25 7125 0 O Not o
AM M 24 713-30 0 Yoz YCS
Al M 24 42253 0 No Y:
1S M 23 7 14-52 0 No e
1w M 24 120-53 0 No R
G A F 17 12251 0 Yes e
AC M 15 514-52 0 Occasional e
K. L F 3 10-31 51 [1] No e
PH M 18 7 30-51 0 No




