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CHAPTER ONI
IMPORTANCE OF THE QUADRICEPS

HIZ action of the quadriceps extensor apparatus is the most important
factor in mamtaining the erect posture in man.

Sir Colin Mackenzie ! called attention to the fact that the term
“uadriceps extensor 7 has a different value in man able to adopt the
crect attitude and in a lower mammal unable to stand erect.

In @ study ol cases recovering from anterior poliomyelitis he noted
that o patient who was unable to stand or raise the heel from the bed with
the knee joint in the extended position was able, by lving on the sound side,
to extend the fully flexed knee with ease. Such a patient could be regarded
as performing the text-book function of the quadriceps, that is, extension of
the knee. He concluded that in the recovery from the discase was revealed
the functional stages in the evolution of muscle.

The recovery of Tunction, like the loss, follows an ancestral or evolu-
tionary sequence. To maintain knee extension for the erect posture, new
muscles have not been evolved —orthograde functions have been super-
imposcd on muscles which in other mammals perform plantigrade motion,

Although similarly placed in the anatomical sense, the action of the
quadriceps is vastly dilferent in platybus and in man. The quadriceps in
platybus responds to the anatomical test of extension ol a flexed knee,
but that is a different function from a quadriceps which will support ortho-
grade posture, The quadriceps of the ape has a more complex function than
that ol the platybns, and so, similarly, has the quadriceps of man in com-
parison with that of the anthropoid.

Mackenzie pointed out further that the anthropoids dispense with the
support of the fore limbs only with reluctance. The ape prefers the knees
slightly flexed, with the balanee afforded by one or both fore limbs. The
assumption of the orthograde posture is undoubtedly an effort.

The bracing of the knee joints by the quadriceps which has enabled man
to stand, walk and run, and the ability to dispense with the fore limbs for
support, is a late acquisition in man’s evolution and is hence unstable. It
is little wonder that this delicate mechanism, an acquisition of biologically

cent origin, is casily deranged by any injury to the knee joint of a degree
ol severity sufficient to curtail normal activity and that the loss of volume,
tone and control which derangement implies should of itself constitute a
disability,

When the knee joint is injured either by accident or nprl':tlim.n reflex
mhibition of the quadriceps takes place. This inhibition varies considerably
mdegree, but cases are frequently encountered which cannot be persuaded

o produee even a flicker of contraction and which simulate the appearance
|

=i Coling Mae Kenzie CPhe Action of Muscles.” LK Lewis & Coo Lad, London

[T R
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2 INJURIES OF THE KNEE JOINT

of flaceid paralysis. Muscle wasting is extremely rapid, and the volume is
reduced at a much greater rate than it can ever be regained by even the most
conscientious active exercise.

The disability caused by quadriceps wasting has been termed ™ quadri-
ceps insufficiency.” Itis a positive clinical entity. Loss of volume, tone
and control means that the joint is inadequately protected from the

strains and twists of normal weight-bearing. This

injury imperfect  protection  subjects the ligaments and
capsule to repeated streteching and may even permit
the synovial membrane to be traumatised. The

\ 3

Cuadraceps
wasting

gen  TCACHON of these structures to repeated injury is
! effusion. When effusion oceurs, the patient rests
\ the joint which favours resolution of the swelling,
Rexs but inevitably results in o additional  wasting  of
! muscle. A further attempt at  weight-bearing is
invariably followed by another effusion. In o this
way o vicious circle is completed  (Fig. 1) which can only be broken
by non-weight-bearing quadriceps development to a degree sufficient to
protect the joint from the normal strains of weight-bearing,

If the truth ol these statements be aceepted it is obvions that the active
treatment of anv injury of the knee joint is o matter of urgency, if the period
of disability is to be reduced to a minimum and in extreme cases permanent
impatrment of function avoided. .

(BT

The treatment consists in overcoming the initial reflex inhibition by
active non-weight-bearing exercise of a type which does not produce move-
ment of the joint and cannot therefore produce Turther aggravation of the
injury.

The passive therapeutic measures of massage and faradic stimulation
are not a substitute for active exercise.  Receptive therapy is of strictly
limited application in all orthopacedic cases. It is especially bad in injuries
of the knee joint, for it does nothing to encourage the return of voluntary
control, nor docs it secure the active co-operation of the patient in
his own treatment, which is the essential feature of the rapid recovery
of function.

Watson- Jones has stated that the instruction ** Redevelop the quadri-
ceps.  Lxercise for five minutes hourly throughout the day "' is of the
utmost importance in the treatment of every injury of the knee joint. This
instruction applics to simple strains with or without traumatic synovitis,
injuries of the menisel both as a pre-operative and post-operative measure,
sprains and rupture of ligaments, intra-articular fractures and all injuries
of the Tower imb whose freatment by skeletal traction or plaster fixation
produces sccondary effects on the knee joint mechanism. There are excep-
tions to every rule. Open wounds of the joint treated by excision and
primary suture with the expectation of healing by first intention, and injuries
complicated by haemarthrosis or acute sepsis, require an initial period of

PR Watson- Jones.  Fractures and Other Bone and Joint Injunies.” . & S. Livingstone,
Felinburgh, 1940, 524



IMPORTANCLE OQF FimE QU AXDRICEPRS 1

complete rest, but this phase of inactivity need seldom be continued for
more than three weeks.

VASTUS MEDIALIS

[t is important to appreciate that the quadriceps is not a single muscle, but
as the name indicates, consists of four parts. For practical purposes however,
the extensor apparatus may be regarded as consisting of two components, !
the rectus femoris, vastus lateralis and vastus intermedius, which extend
the knee to within 10-15 degrees of full extension, and the vastus medialis
which is selective in action and only comes into foree in producing the last
1015 degrees of extension, although it may be used throughout the whole
range in overcoming marked resistance. In spite of the apparent insignifi-
cance of an operational range of 1015 degrees, this muscle 1s by far the most
important component of the extensor apparatus, for not only are these
final few degrees of extension the most vital in the whole range, but it is the
vastus medialis which is almost entirely responsible for the stabilisation and
protection of the joint from mmjury (Figs. 164 and 165).

[f complete extension of the knee joint is an attribute common only to
man, then that component of the quadriceps which produces the last few
degrees of extension must surely possess the most recently acquired function
and should thus show the most marked susceptibility to the effects of injury.
This theoretical proposition is supported by the clinical manifestations of
discase and injury so that the vastus medialis may well be termed ™ the key
to the knee.” Tt has now been recognised that this component of the
quadriceps Is so important that it has even been suggested! that the term
“quadriceps drill 7 should be abolished, and * vastus  medialis drill ™
substituted,

QUADRICEPS EXERCISES

[t has been pointed out! that therapeutic measures taking the form of
active exercise must be :

(1] General as well as specific.—In relation to the recovery of the
injurcd knee joint specific exercises are directed to the redevelopment of
the quadriceps, concentrating especially on the vastus medialis, but in
addition the rest in bed or restricted activity necessitated by such an
injury entails deterioration of all muscles of the locomotor svstem. The
rehabilitation of patients suffering from grave knee joint injuries must
therefore include not only exercises directed towards the redevelopment of
the all-important quadriceps but general exercises designed to maintain the
tone, volume and co-ordination of the musculature of the sound limb,
trunk, thorax, neck and upper extremities in addition to the remaining
muscles of the injured limb. Only in this way can the injured limb be
icorporated into the machine so that it no longer obtrudes as an appendage
but becomes an integral part of the whole.

V1S Nicoll,  Principles of Exercise Therapy.” Bt Med, four 1943, 1, 747,
1A



+ IXNJURIES OF I'HE K EE Jol xd

(2) Regulated with regard to dosage. Active excreise will defeat
the purpose for which it is preseribed if more demands are made upon the
recovering muscle than it is capable of performing. In the early stages of
recovery no muscle should be asked to exercise against more than 20 per
cent. of the total resistance 1t is capable ol overcoming, although this
percentage may be greatly inercased as recovery advances. The unsatis-
factory results which have been reported! from the use of pulleyv-weight
exercises, which are the most useful of the advanced non-weight-bearing
exercises, are entirely due to failure o observe the dosage principle

(3) Rhythmic in Character. [Zach contraction must be followed by
i period of complete relaxation of sufficient duration to permit the tissues
to receive an adequate supply of fresh blood and in order that the fatigue-
producing waste products of contraction can be carried away. This is of
particular importance in muscle atrophy ol long standing where inevitable
interstitial fibrosis causes impairment of both afferent and efferent circu-
latory systems.,

With the knee i extension the simplest natural quendriceps exercise s

stringht leg ratsimg

(4) Progressive.  Progression is the seeret ol suceessful rehabilita-
tion. lfaradism may be used to initiate contraction in an inhibited muscle,
but must give place to active exercise immediately voluntary control has
been regained. Thercalter the muscle must be trained to contract against
gradually increasing resistance for gradnally inereasing periods of time.

(5) Variable in form. A single form ol quadriceps drill rapidly
becomes monotonons and cannot be performed with enthusiasm over pro-
longed periods. Several types of specific exercises will be deseribed ; for
example, pulley-weight exercises may be performed in the prone or the
sitting position, and change from the Tormer to the latter constitutes not
onlv i variety in form bat =atisfies the demand for progression. Furthermore,
exercises may requently be disguised with advantage in the form of snitably
chosen games and occupational therapy.

LS, A S0 Malkin YObservations on Inguries to the Semalunar Cartilages o Service
ISitients Poig, Med fone, 19430, 315



IMPORTANCE OF THE QUADRICEPS 5
THE EXERCISES

(1) The simplest natural exercise which the quadriceps can perform iz
straight leg raising (Iig. 2). It is an exercise of limited application
because the amount of work performed is small and a few degrees of {lexion
at the knee joint, intentional or unintentional, obviate much of the possible
benefit. It has the advantage, however, that the patient is merely required
to raise his own leg from the bed, and is not asked to learn anvthing strange
and new at a time when nenro-muscular co-ordination is poor. It has the
added advantage, not common to other forms of quadriceps exercise, that it

can be assisted.

Fros. 3, 4, amd 5

Method of attaching weights to foot Tor loaded stradght les raising

At a later stage in the recovery from the injury, operation or the
application of a thigh length plaster cast, the muscle may be loaded by the
addition of weights, of a series ranging from two to cight pounds, attached
to the ankle and used in sequence as the muscle shows evidence of pro-
gressive improvement.

Figs. 3, 4, and 5 illustrate the method of use of o strap designed for
ntilising standard-pattern two and four pound weights.

In the carly stages of ambulatory treatment the weight lifting exercises
are performed sitting on a chair and raising the loaded and extended leg
[ront the floor to the horizontal position.,

I
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(2) The sccond exercise of wide application is Rhythmical Quadri-
ceps Drill, and is ol the utmost value, Tt consists of three phuses :
(1) Contraction, (2) Contraction sustained, and {3) Rest. The surgeon

should not mevely deseribe the exer-

e ———— PPTr—

cise, he should demonstrate it with

{ his  own leg, ask the patient to

! perform the exercise on the sound

i \ limb, and only when  the simple

i | technique has been mastered should

! ;l“\ practice begin with  the  wasted
i My muscle.

' The maximum contraction

\ ol the vastus medialis oceurs

e only as a resnlt ol the maxi-

§ mum muscular effort, In spite

- of the Tuet that on phyvsio-

logical erounds contraction of

J i 6 T the muscle should take place

Pulley weight exercises in the prone position. slowly and deliberately, prac-

tical experience  shows  that
human frailty is such that the maximum benefit is not obtained unless the
exercise is performed with a © puneh.”

(3) The simplest and most effective system for the production of
advanced non-weight-bearing quadriceps exercises is the Pulley-weight
Apparatus, for it has the advantage not common to other methods of
specihic redevelopment, in that the resistance can be aceurately measured,
and  thus the dosage readily
controlled  to  produce  pro-
gression in power, tange, and
duration of performance.

The apparatus may be
used i two forms

(A) The patient lies in the
prone position on a gymnasium
mat placed on a firm bench, A
weight is attached to a light
rope which is carried through
two  overhead  pulleys to be
fastened to the patient’s shoe
by means of a foot harness.

An adjustable stop must be
provided in the eircuit to pre- Pullev-weighit exercises in the sitting position
vent stretehing of the muscle )
during the phase of relaxation and to avoid passive stretehing of o still
joint (g, 6).

This 1= the more elementary and more casily activated ol the two
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types of circuit, and, being assisted by the weight of the patient's own limb,
5 thus asuitable method of mtroducing weight-resisted exercises,

(13) In the circuit which is most commonly used at the present time the
exercise is performed in the sifiing posi-
tion. Used in sequence with the cirenit
deseribed  above it provides variety of
form and advancement in progression in
that the limb is raised agamst gravity
(Iig. 7).

C.S AL Instructor Thomson, APT.CL,
formerly Senior Physical Training In-
structor at Larbert Base Hospital, has
ingeniously incorporated  this type  of
circnit in a simple wooden chair, the legs
of which are lengthened by the fitting of
wooden blocks to enable the patient’s [eet
to clear the ground (Fig. 8). In this form Fra. 8
the apparatus is portable, and is thus “Ouadriceps chair.’
suitable for use in the ward or in the
patient’s own home, and has the added advantage that the ™ knee class
can be held in the open air,

Like all quadriceps exercises, pulleyv-weight exercises are performed
with a slow deliberate rhythm, which provides an adequate period of com-
plete relaxation and ensures that full extension is obtained with each pull.

An example of the practical application of these specific quadriceps
exercises, in combination with other knee and general exercises, is given
in Chapter Six.




CHAPTER TWO
TRAUMATIC SYNOVITIS AND HAEMARTHROSIS

SYNOVIAL MEMBRANE

REVIENW of the literature ' has revealed that from the second part of

the nineteenth century the theory that the svnovial membrane is a

modifiecd connective tissue devoid of specific function has been
generally accepted. This theory interpreted the marked  differences in
structure of the synovial lining in adjacent areas to be due to mechanical
factors of stress and pressure. The histological and experimental work of
Maveda, = Timbrell Fisher,* and Kling? has since demonstrated the presence
of special cells in o well defined arcas, which contain the precursors of muein.
In tissue culture the polvmorphism of svnovial lining cells and their arrange-
ment, the presence of metachromatic granules, together with the formation
of mucin, have been demonstrated by Vaubel® Tt Tollows that external
mechanical factors cannot be responsible Tor the variability in stroucture.
The polvmorphism of the svnovial lining is a specific property and the
formation of mucin is a physiological function of the synovial cell.

Kling has pointed out that in addition to the infrapatellar pad of fat,
the knee joint, in the majority of cases, shows a fat pad over the periostenm
of the anterior surface of the distal end ol the femur, whicli hie has named the
posterior suprapatellar [at pad. A variable accumulation of fat can also
be fonund bHetween the quadriceps tendon above its insertion into the patella
and the anterior wall of the suprapatellar pouchi. This he has named the
anterior suprapatellar fat pad. A Tonrth fat padis located in the popliteal
pouch and may be called the popliteal fat pad. He considers that the
svinovial membrane is a definite entity only in those arcas where the svnovial
seeretion is claborated, namely, over the fat padds, and over the loose
connective tissue and its Tolds and villi, where there s an accumulation of
<everal rows of cells among which are the seeretory svnovial cells, The
lining i= definitely distinguishable Irom the underlving fat or loose con-
nective tissue, but in other arcas, especially the Tateral aspeet of the joint,
extensions of the svonovial lining lie directly over the Fascia of the muscles.
Here the svnovial lining has taken over the role of the capsule. Ttis evident

PATuch of the theoretical material i tos chapter is biased on the scientific and hicerary
myvestigations ol Do Daved T Khng, and ancorporated e s admirable monograph,
e Synovial Membrane and the Svnovial Fhod 20 Bailbere, Tindall, and Cox, London,
1938, to which reference shiomld e made for Turther detaals

S Mavedas 7 Experimentelle lostologisehe Studie aeber die Svnovighmembran, ™
Mito ool med, Fakolt, b ko Univ, 2o Tokyvo, 1919 20, 21, 393

A GO Tinbrell Fisher CPhvsiological Principles . Underlving the Treatment ol
Injuries and Dhiseases o the Articulations"" Laawcet, 1923 11, 54

Chronie Non-tubercunlous Arthritis.” H W Lewis & Cos, Lads, London, 1929

vl 1L Khng 7 The Natore amd O ol Svoovial Fluad Aeck, Sweg 1931,
!

1L Vbl Pl o amd Function of Svnovial Cells i Dissue Coltures.” 0 By

Med,, 1933, Ixvan, Noo 1683
=~
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therefore that neither the synovial membrane nor the capsule by itself is a
closed structure. Both together, however, they form a tube which is firmly
attached to the margins of the articular surfaces, and, taken in conjunction
with these surfaces, comprise a closed sac which is capable of retaining
cither fuid or gas,

[n the development of joints
there appears to be a tendency
towards an increase of scerctory
arcas and a reduction of simple
connective  tissue  lining. The
synovial cavity of the knee joint
is the largest of all the joints,
contiains numerous lolds and villi,
and has four associated fat pads.
[t s completely closed  against
outside  structures, i contra-
distinction to such joints as the
shoulder, where the biceps tendon
crosses the joint,

The human knee joint has
thus attained a much higher de-

velopmental level than the knee
joint ol dogs and rabbits, where : £
the extensor digitornm  longus is li 3
i lree communication with the Ly 7

joint and where only the infra-
patellar pad ol fat is fully de-
veloped. A solution injected into

1. 8

IHagrammatic representation of the location

the knee Joint of one of these  of the Gt pads in the human knee joint
animals  spreads  dow the lew () Infrapatellar; (2) Anterior suprapatellar
unmals spreads  down W ACR @) pPosterior suprapatellar : 4] Popliteal
along the tendon. The signiheance witer Klig

of separation from surrounding
structures appears to be that it assures more independent function and
forms o barrier against the progress ol pathological processes from the
neighbouring regions.
Kling considers that the eriteria for the classification of the develop-
mental level of joints are :
(1) The surface arca of the synovial lining,
(2) Scparation rom other structures (e.q., tendons .
(31 Number and size of the villi
(4) Number of fat pads.
(5) LExtent of seeretory arcas.
On this basis the human knee joint ranks highest ol all joints, thus
bringing the joint proper into line with the suggestions which have been
mide with regard to the quadriceps apparatus in Chapter One.
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ORIGIN AND FUNCTION OF SYNOVIAL FLUID

Kling's conclusions regarding the origin and function of the synovial fluid
are
(1) Normal synovial fluid is claborated by special cells, It is not a
transudate nor is it a product of degeneration,
(2) Its chief function is the lubrication and protection of the joint
surfaces against acid metabolites,
(3) The physiological stimulus for its production is the normal motion
ol the joint,

(4) The chiel constituent of normal synovial fluid 15 mucin, which is
responsible for its lnbricating and protective properties and for
its high alkalinity.

(5) The liberal blood supply ol the synovial membrane assures the
prompt dissipation of heat which is destructive to the articular
surfaces. In conjunction with the lymphatics it provides for the
rapid removal of harmful metabolites and debris which accumu-
late in the course of traumatic affections,

() Any pathological condition changes the quantity and quality of the
fluid. Traumatic effusions are of a dual origin. One component
is a transudate (or an exudate) [rom the circulation and is
responsible Tor the concentration of proteids and erystalloids
which is noted in such cffusions. The second component s
mucin, which is produced as in normal synovial fluid by the
special cells of the lining membrane.

REACTION OF SYNOVIAL MEMBRANE TO INJURY

The reaction of the synovial membrane to irritation in the form ol trauma
is twolold. First, there is a general reaction in the mesenchymal tissues
which consists of changes in the cireulation, dilatation of blood vessels,
extravasation of plasma together with the migration of leucocytes and later
of macrophages from the circulation as well as from the tissues. The lym-
phatics, on the contrary, undergo obliteration, probably due to the increased
pressure of the transudate. Increased acidity due to acid metabolites leads
to the precipitation of blood colloids, especially of fibrin which forms the
husis of granulation tissue. Sceond, specific reaction in the synovial cells
is observed. The drritation provokes increased activity with the production
of Larger quantities of muein, and this hyvperactivity leads to hypertrophy
of the svnovial lining cells,

[ the injury has been severe, entailing extensive haemorrhage, noxions
metabolites are present in the disintegrating haemarthrosis in addition to
those present in the irritative exudate. Both contain fibrin and debris
which irritate the joint tissues, and explaing why cases of traumatic effusion
are oceasionally followed by chronie synovitis,
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REGENERATION OF SYNOVIAL MEMBRANE

Observations on the regeneration of synovial membrane are not conclusive,
It has been shown that [ollowing the experimental excision of large areas,
synovial membrane is reformed by metaplasia of the underlying connective
tissue.  There is apparently little tendeney for surface growth from the
edges to cover the denuded arcas such as oceur in the repair of injuries of
epithelial tissues.  Kling considers that regenceration of human syvnovial
tissue does not take place to the same extent as in the experimental animal,
explaining this phenomenon by the fact that the developmental level of the
joints of experimental animals is lower than that of humans, Observations
made on joints subjected to a sccond operation, following such a procedure
as arthoplasty, show that the synovial surface consists mainly of smooth,
dense fibrous tissue. It is certainly a common flinding that after an extensive
tranmatic pathological process the granulations which have overgrown the
syvnovial lining are not absorbed and result in the formation of dense intra-
articular adhesions.

CONSTITUENTS OF A TRAUMATIC SYNOVIAL EFFUSION
The following components are characteristic of traumatic efinsions :
(1) RED BLOOD CORPUSCLES
Although it is necessary to differentiate clearly between traumatic synovitis
and haemarthrosis, almost all traumatic synovial effusions contain red
blood corpuscles. The blood supply of the synovial membrane is so liberal
that even trivial injuries may cause some bleeding into the joint. It is for
this reason that the presence of blood is no eriterion of the severity of an
mjury.
(2) WHITE BLOOD CORPUSCLES
Both the total and differential white counts vary within wide limits, depend-
ing on local conditions. For example, the percentage of polvmorphonuclear
lencoeytes may be high in the presence of reactionary changes associated
with the absorption of a haematoma, whereas in effusions of long standing
Ivinphoevtes may predominate.

(3) BILIRUBIN
Red  blood corpuscles are broken down in the syvnovial cavity into
hacmosiderin and bilirubin.  The quantity of bilirubin increases with the
duration of the traumatic effusion, while the number of red blood corpuscles
correspondingly deercases. Kling has found on the average the icterie
index of the larger traumatic effusions to be between ten and fifteen units
one week alter the accident. After a huirther week it rises to between Afteen
and twenty-five units. The same type of result is obtained from the indirect
vin den Bergh reaction. He has pointed out that except in conditions
associated with hacmorrhage into joints, such as hacmophilia and sarcoma,
the bilirubin content of imflammatory effusions is usually under five units
and concludes that the bilirubin content iz therefore o useful test in
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differentiating between traumatic and inflammatory elfusions. The reliability
of this test has been vertfied by him in an examination of over four hundred
synovial effusions. It is evident that this is a laboratory test of strictly
limited application, but which might occasionally prove of value in chronic
effusions of “idiopathic ™ type, and in cases where the attributability to
Imjury is o matter of controversy.

(4) FAT
Although it is possible for minute quantities of fat to escape into the joint
in injuries of the capsule and synovial membrane or in rupture of the
peripheral attachment of @ meniscus, the presence of obvious fat droplets
in aspirated fluid may be taken as evidence of the existence of an intra-
articnlar fracture.
(5} MUCIN

The irritant effect of blood in the synovial cavity canses hyperseeretion
ol svnovial fluid to take place almost immediately, with consequent increase
in the total mucin in the joint. Kling considers that a large haemorrhage
may produce prolonged irritation with hypertrophy and hyperseercetion of
the synovial membrane even alter the original extravasation has disappeared.
He concludes that this may be a factor in the development of chronic
traumatic arthritis,

RATIONALE AND TECHNIQUE OF ASPIRATION
IN TRAUMATIC SYNOVITIS

The importance of carly aspiration in traumatic cffusions is not generally
recognised. It s w0 simple procedure which confers many  therapenatic
advantages without the possibility of ill effects. The argument that infection
miy be introduced into the joint has no factual basis. It is impossible il the
usual aseptic precautions arve observed, and could only occur as a vesult of
gross negligence. The lact that aspiration is followed by recurrence of
clfusion (usually i lesser degree) does not detract from its value,

The indications for carly aspiration of traumatic effusions are based on
the consideration of physiological and mechanical factors to which attention
has already been directed.  Although a small effusion may be of little
significance and requires no speecial treatment, a large accumulation ol
fluid inereases the intra-articular pressure and produces distention of the
capsule, It interferes with the circulation, both venous and lymphatic, and,
by irritating the nerve endings, produces spasm and contracture of muscles.
Movement of the knee is restricted at the limits of flexion and extension, and,
the capacity of the capsule being greatest in slight flexion, the joint is main-
tained in this position, with the result that the vastus medialis cannot b
exercised, and with the possibility of other undesirable effects to which
reference is made in later chapters. In addition, it is desirable that any
blood which may be present in the effusion should be removed, for otherwise
its absorption is protracted and it produces reactionary changes in the
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sviovial membrane. Furthermore, fibrin may be precipitated and organised,
forming the basis of adhesions or even of loose bodies.

TECHNIQUE OF ASPIRATION

The skin is washed with soap and water and painted with iodine or other
suitable antiseptic. The suprapatellar pouch is the most suitable site for
aspiration. . A point is selected on the lateral side of the pouch, above
the level of the superior pole of the patella, and a weal produced in the
skin by means of a hypodermic needle and 2 per cent. novocain. The needle
is then entered at right angles to the skin and the deeper tissues infiltrated
down to the capsule. Aspiration is performed with the aid of a wide bore
needle (g, 10) or fine trocar and cannula. At the termination of the
procedure the wound is sealed with collodion and a compression bandage
applied (page 96).

CLINICAL FEATURES OF TRAUMATIC SYNOVITIS

Iffusion is the accompaniment of almost every acute injury of the knce
joint. It is evident from the chapters which follow that a very large per-
centage of the long standing disabilities which are encountered cannot be
cured  (in the literal sense of the word). The most suceessful efforts
can - produce  marked improvement of function, but  seldom  vesult
in a perfectly normal joint. Inability to attain perfection, or the
nearest thing to it, is due, in the majority of cases, to [ailure to establish
an exact diagnosis or prescribe the correct treatment in the acile injury.
Therein lies the danger of the casual diagnosis of ** Traumatic Synovitis.”
It is a label which must be held responsible for much irreparable damage.
[tis not a diagnosis. It is asign of injury. If it must be used as a diagnosis
the term is only applicable when every possible source of internal derange-
ment has been eliminated,

The clinical features of traumatic synovitis are well known and require
no detailed elaboration. It should be a simple matter to distinguish it from
acute prepatellar bursitis or acute cellulitis— conditions with which it is
known to have been confused. The swelling of effusion outlines the horse-
shoe shape ol the suprapatellar pouch, and it 1s clearly evident that it is
within the joint from the fact that the patella is floated off the femoral
condvles. When this point is not immediately obvious, firm pressure on
the suprapatellar pouch will permit the sign of ** patella tap " to be clicited.

[t is important to differentiate o simple traumatic synovitis from
traumatic haemarthrosis, not only because of the shght difference in the
treatment to be adepted, but because of the implications which haemorrhage
into the joint entails.  The points on which the differential diagnosis is
based are :

(1) Interval. —In acute traumatic synovitis there is nsually an interval
of at least six hours between the injury and the appearance of the swelling,
whereas in acute traumatic haemarthrosis the swelling of the joint occurs
within hall an hour. It must be remembered, however, that the greater
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the percentage of haemorrhage accompanying the synovitis the shorter is
the quicscent period.

(2) Pain. The subjective phenomena associated with acule synovitis
are distension and discomfort rather than true pain, in contradistinetion
to haemarthrosis in which the patient frequently sullers acute pain.

(3) Palpation. - The contents of the suprapatellar pouch give a
considlerably greater sensation of resistance in hacmarthrosis than in
svnovitis, This difference is not easy to translate mto words, but once the
opportunity  to make the comparison has occeurred, the “feel V" of a
haemarthrosis is casily recognised i the future,

(+) Local and Systemic Reaction. Simple traumatic svnovitis is
not usually accompanied by marked local reaction

. never by systemic
reaction.  In haemarthrosis there is a rise in local temperature which may

sometimes be accompanicd by a general systemic upset.

TREATMENT

Onee it has been established by elinical and radiological examination that
there is no underlyving pathology which is likely to be responsible for a gross
internal derangement, active treatment may be initiated. I the effusion is
large it is aspirated and @ compression bandage applied (page 96) ; if it s
small, & compression bandage alone is sufficient. Weight-bearing is inadvis-
able in most cases and complete recovery is usually accelerated by rest in
bed, but frequently the ideal form of treatment may prove impossible for
domestic or cconomic reasons.  Non-weight-bearing quadriceps drill of the
tvpe outlined in Chapter One and claborated in Chapter Six must be com-
menced  immediately,  In the absence of exercise, wasting oceurs with
astonishing rapidity. A month of conscientious exercise may not make
cood the Toss of muscle volume which oceurs inoa week.

Simple fraumatic synovitis is @ common condition. It is evident that
a large proportion of cases recover, even without treatment, The exceptions
are the daily problem of every orthopaedic clinic. The stories bear a
curious similarity @ Following an injury which resulted in considerable
swelling of the joint, the patient was confined to bed for a matter of two or
three weeks, Nooexercises were practised. At the end of this time the
swelling had completely subsided, but on resuming  weight-bearing the
clfusion immediately reappeared. The mb was then encased in plaster for
a period of six weeks, No exercises were practised. At the termination of
this further period of immobilisation the swelling had again subsided, but
reappearcd within a short time of resuming weight-bearing. Many weeks
have now passed without improvement.  LEvery possible cause of effusion
has been suspected and many laboratory investigations have been performed
with negative results. The present complaint is that of swelling, weakness,
and instability.

Examination reveals effusion, with palpable thickening of the synovial
membrane ol the suprapatellar pouch, gross wasting of the quadriceps,
and Crelaxation ol all the accessory supporting structures ol the joint.”
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This 1s the picture of a chronic traumatic synovitis which at best will
tuke many months to cure ; at worst it is the initial stage of a traumatic
osteoarthritis which will inevitably progress, It was originallv nothing more
than a simple traumatic synovitis which would have returned to normal in
a matter of two weeks if the medical adviser had known a few simple facts
about the physiology of the knee joint.

TRAUMATIC HAEMARTHROSIS
REACTION OF SYNOVIAL TISSUES TO HAEMARTHROSIS

The question of whether an extravasation of blood coagulates within the
joint has for long been a matter of controversy, and although it is now
generally accepted that the synovial membrane and synovial fluid exert an
anti-coagulant effeet, the answer to this vexed question, in the case of
traumatic haemarthrosis, is that it depends entirely on the nature of the
causative injury.

In the light of experience of the series of knee joint injuries which form
the basis of this monograph, the author considers that in order to understand
the subsequent pathology it is necessary to recognise two varicties of
haemarthrosis :

(1) That in which the blood remains fluid.
(2) That in which coagulation occurs.

What is the difference between the two 7 The first, which is the common
variety, follows such injuries as sprain complicated by a tear of the synovial
membrane, rapture of the anterior cruciate ligament, and fracture of the
tibial spine. In this type, actual tissue damage 1s small and the anti-
coagulation properties of the synovial membrane and fluid are successiul
in preventing clotting.

The prognoesis in regard to [uture function, relative to the haemar-
throsis alone, is excellent in this type of case whether the joint is aspirated
or not.

The second variety is encountered following severe trauma involving
extensive soft tissue injuries which communicate with the joint.  Such
Iesions include fracture of the patella by indirect violence, in which the
capsular expansions are ruptured on both the medial and lateral sides of the
joint, but, most important of all, is that which occurs as a complication of
an intra-articular operation such as the excision of a meniscus—a procedure
in which an extensive area of sub-synovial tissue is subjected to trauma.
In these cases not only does intra-articular coagulation occur as an extension
from the peri-articular tissues, but the products of tissue damage com-
pletely overwhelm any anti-coagulant property possessed by the synovial
membrane and fluid. If the clots are not absorbed organisation takes place
and the function of the joint is seriously impaired by adhesion formation.

The irritation produced by the presence of blood provokes reactionary
vaso dilatation and hyvperactivity in the svnovial membrane. The vaso
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dilitation aids the absorption of the diffusible components of the haematoma
together with the transport of lirge numbers ol lencocytes from the eirenla-
tion into the joint cavity, while the hvperseeretion of the synovial eells
results in an increased production of mucin.

In normal conditions Ivmphatics are the chiel chiamnels for the transport
ol coarse particles, but, as already mentioned, in the presence of effusion and
conscquent increase of intra-articular pressure, these channels are obliterated
and obstructed. In these circumstances the main factor in the absorption
ol haemorrhagie effusion must be the breaking down of the blood corpuscles
into a diffusible solution of bilirubin and the phagocytosis of haemosiderin

by histiocvtes and macrophages.

Iiss. 10 and 11
Aspiration of haemuarthrosis (Fig. 10). This patient aalked mto lospatal ve davs after an
injury u||1_- b he did not consider to be severe foth the anterior cruciate and the medial
collateral hgaments were comepletely ruptured at the femorad attachment (Fie 1) and were
subjected o operative repair by the methods ilusteated in Figs, 113 and 156,

CLINICAL FEATURES OF HAEMARTHROSIS

The clinical recognition of « haemarthrosis is a matter of simplicity to the
experienced 5 to those nnfamiliar with the surgery of trauma it may be
difficult to distinguish from a simple traumatic effusion (page 13). There is
litile doubt that the serious disabilities which follow an wndiagnosed rupture of
the unterior cruciate lizament would he greatly reduced if every case of trawmatic
haewmarthrosis or even of haemorrhagie effusion was .ﬂ'n'.'f'.\‘lf'guh'r.} wilh this
possible diagnosis in vieie (Figs. 10 and 11).

A hacmarthrosis is not a characteristic feature of 4 torn meniscus
hecause the majority of tears occur in completely non-vascular arcas or in
arcas where vessels are extremely small and seanty, L for example, in a
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meniscus operation, incision of the synovial layer demonstrates the presence
ol a haemarthrosis, or deeply blood stained svnovial fluid, it is possible that
the diagnosis is correct and that the meniscus has been torn from its
peripheral vaseular attachment, but the probability is that an error of
diagnosis has occurred and that a rupture of the anterior eruciate ligament
has been missed i the examination.

TREATMENT

A large intra-articular haemorrhage 1s rarely produced by a trivial injury,
and although the treatment of the underlyving pathology, whether it is o
rupture of the anterior cruciate ligament or a fracture of the tibial table,
must always include direet treatment of the hacmatoma, haemarthrosis is
undoubtedly a condition in which the treatment is Targelv that of the canse.
On the rare occasions in which it occurs in the absence of a4 major soft tissue
or bony injury it must be aspirated immediately and a compression bandage
applicd. The joint should be immobilised in the compression bandage for
10 to 14 days until the risk of further haecmaorrhage is past before quadriceps
drill and active knee flexion exercises are presceribed.

The treatment of haemarthrosis ocenrring as a complication of operation
i considered on page 99,
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CHAPTER THRIEL

THE SURGICAL ANATOMY AND PHYSIOLOGY OF THE
MENISCI AND MECHANISM OF THEIR INJURIES

MEDIAL MENISCUS

HIZ medial meniscus or internal semilunar cartilage is, as the name

suggests, semilunar in outline, the extremities or anterior and

posterior horns being widely separated from one another, The anterior
horn is attached to the non-articulating area of the tibia in front of the
anterior horn ol the lateral meniscus and antertor cruciate ligament in one
ol several ways :

(1) Most commonly there is a single attachment of variable strength,

{*}

In addition a band, which also varies in size, and known as the

transverse ligament, may pass to the anterior margin ol the
lateral meniscus.,

3) A band may pass backwards to the attachment of the anterior

cruciate ligament.

The ])[:5[{'1'in‘.' horn is firmly attached to the posterior part of the non-
articulating arca between the tibial spine and the attachment of the posterion
cruciate ligament,

In most cases it will be noted that the
width of the meniscus, that is, from the
thick convex periphery to the thin concave
central margin, differs in the anterior and
posterior halves ; the anterior is usually
narrow, whercas the  posterior is broad
(Fig. 13).  As might be anticipated in
structure which is discoid in shape in the
full-term foetus and which gradually under-
goes central absorption, considerable varia-
tion in breadth is encountered and in some
menisci little difference in width 1s noted
between the anterior and posterior halves.
[t seems not unreasonable to suppose that
the variation of attachment of the an-

terior horn and especially of the relative i 13

breadths of the anterior and posterior seg- S R

ments may well in some measure determine B comrtesy of Brit, Jowr. Surg.)

not only the possibility of injury but the

site and type of the lesion. Examination of normal medial menisei removed

as a result of crrors of diagnosis suggests that the narrow meniscus is less
2A 4
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accident prone than the broad. This supposition is justifiable, because being
narrow it is subject to less rotatory mechanical purchase by the femoral
condyle and is thus not only less likely to be torn but also less likely to
have the peripheral capsular attachments stretehed. Further proof of this
contention is suggested by the rarity of tears of regenerated menisci which
are both narrow and firmly attached peripherally (page 75).

RELATION TO EVOLUTION OF KNEE JOINT

The susceptibility of the delicate quadriceps mechanism to injury has
been explained on a developmental basis (Chapter One). It will be recalled
that man is the only animal able to assume the completely erect posture.
The menisci of the human knee joint are relatively larger than those of the
lower vertebrates. The menisei which most closely resemble the human type
are to be found in the primates, ! but it is of interest to note that even in the
chimpanzee, an animal capable of assuming the semi-erect posture and
whose body structure bears a remarkable resemblance to the mman being,
these structures are of comparatively narrow type. It thus seems probable
that the relatively lurge breadth of the human meniscus is closely associated
with the biologically recent acquisition ol weight-bearing on the [ully
extended knee. This association with an attribute, common only to human
beings and therefore of recent evolutionary origin, may render the menisci
structurally unstable and thus determine their astonishing vulnerability
toinjury.

RELATIONSHIP OF MEDIAL MENISCUS TO
MEDIAL COLLATERAL LIGAMENT

The medial collateral ligament is a strong lat band about 10 em. long,
applied to the medial aspect of the knee joint, The ligament is wider at the
joint Iine than at the proximal and distal attachments, and thus is frequently
regarded as consisting of fwo parts
(1) The long or anterior portion, which inclines downwards and for-
wards from a point immediately below the adduoctor tubercle
to be attached to the medial surface of the shalt of the tibia
distal to the level of the tuberosity, This part is loosely attached
to the periphery of the medial meniscus,
(2) The short or posterior portion, which inclines downwards and
slightly backwards to be attached to the postero-medial aspect
ol the tibia immediately above the groove for the semimem-
branosus tendon. The deep posterior ibres are closely adherent
to the periphery of the medial meniscus (Figs. 14 and 15).
The exact relationship of the posterior deep fibres to the medial meniscus
is o subject about which there Is considerable divergence of opinion :
recently it has been asserted that although a close approximation exists,

P Maarice L Herzmark. " The Evolution of the Knee Joinl" [0 Bone and fornd Swry,
1938, xx, 77
SOtto U Brantigan and Allen 15 Voshell,  The Mechanies of the Ligaments and Menisci

of the Knee Jowt, ™ f Bowe and fornt Sure,, 1941, xxiin, 34



THIEL SURGICAL ANATOMY AND PHYSIOLOGY OF THE MENISCI |

it is not a fixed immovable fibrous attachment. Experience of a large
nmumber of operations on the medial meniscus provides convineing evidence
of the firmness of the attachment which, although it may not be a ™ fixed
immovable fibrous attachment,” requires deli-
berate division, which only the edge of o sharp
scalpel can provide, unless it has been detached
by previons trauma.

IFias. 14 and 13

The medial collateral igament in extension and flexion, showing
the long anterior and short posterior fibres, and the backward
eliding of the ligament in flexton.  (Kedracn from Brantigan ad 1 oshell)

TIBIAL ATTACHMENT OF MEDIAL COLLATERAL LIGAMENT

Although the distal extremity of the long anterior fibres of the medial
collateral ligament is situated about 7 em. distal to the articular surface
of the medial tibial condyle, the actual pomt of attachment to the tibia is
about 4:3 em. from the surface of the condyle, that is to say, the ligament
is not attached to the bone throughout its whole tibial course (IFig. 15).
This point is proved by the presence of the medial articular arteries hetween
the ligament and the bone and the frequent existence of o bursa. The
significance of the tibial attachment ol the medial collateral ligament
becomes evident in a later paragraph.

RELATIONSHIP OF THE MENISCI TO THE FEMORAL AND
TIBIAL CONDYLES

The attachments of the menisei suggest that they are accessory to the
tibia, but movements of the joint demonstrate that they alter their position
with the movements of the [emar rather than with those of the tibia.!
vidence of the truth ol this statement may be obtained [rom examination
of medial menisel removed at operation. The earliest sign of injury in the
posterior segment, in the nature of a beginning longitudinal tear, is seen on
the inferior aspect and not on the superior surface, which is frequently
intact, This confirms the existence of the most intimate contact hetween
o1 Mureay.  The Semilunar Cartilages." B, four, Saie o 1420 xxx, 407,

208
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the femoral condyle and the superior surface of the meniscus, the injury

taking place as a result of abnormal forees acting between the inferior

surface of the menisens and the tibial head.

SIGNIFICANT FEATURES OF JOINT PHYSIOLOGY

IN FLEXION AND EXTENSION

In constdering the movements of the joint in relation to the production of

meniscus injuries and with special reference to the statements made above

it seems ol importance that :

(1) In flexion

) The menisci move backwards, The medial, being relatively hixed,

moves through a small range. The Tateral, being mobile and
accessory to the lateral condvle of the femur, which normally
rolls further backwards than the medial condyle, moves throngh
a range which may even exceed T em.in full flexion,

(41 The posterior halves of the meniser are pressed between the oppos-

ing posterior arcas ol the femoral and tibial condyles.

() The medial collateral ligament glides backwards in relation to the

Liead of the tibia-—a movement made possible by the attachment
ol the ligament distal to the tibial articular surface (Fig, 15).

() N small range of abduction and adduction and varying degrees

of internal rotation are possible. These movements are controlled
by the capsule, medial collateral and cruciate ligaments. The
lateral collateral ligament is relaxed.

[f the joint is retained in internal or external rotation and the

movements of flexion and extension superimposed, not only is
the free range ol antero-posterior movement of the menisc
diminished but the elose relationship to the femoral condyles is
altered. Under these circamstances the menisci remain fixed to
the tibial condyles. This observation is of the utmost importance
in the mechanism ol injury.

(2) In extension

(er) The menisci move Torward,

i) The anterior halves of the memscei are snugly held between the

apposing femoral and tibial condyles. Any tendency to hyper-
extension subjects the anterior segments to compression. !

(c) The final movement of the medial femoral condvle before full

Pttt

extension is reached s medial rotation, This movement, the
so-called © serew home ™ movement, is due to the existence ol a
Farger area of bearing surface on the medial condyle as compared

Brantigan and Alen 190 Voshell  The Mechanies of the Ligaments and Aenisel

of the Koee Lot f o Bone aard foont Sure 18941 wxiin, ol
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with the lateral. When the whaole artienlar surface of the lateral
condyle has been used up the femur rotates round the tibial
spine until the extra area of the medial condyle has been used,
at which point the joint is " locked " in extension.

() The " serew home " movement having taken place, medial rotation
and lateral rotation, abduction and adduction, are impossible.
[t is therelore not possible for a lesion of @ meniscus to occur
in extension as an isolated injury. I an injury does ocour it
must be associated with rupturce of a collateral ligament and
possibly fracture ol the contra lateral tibial condyle.

LATERAL MENISCUS

Many of the statements which have been made regarding the medial
meniscus may be applied with cqual bearing to the lateral structure,
There are, however, noteworthy differences
in contour and attachment which are of im-
portance in relation to  the mechanism of
injury.
The contour of the lateral meniscus is
most accurately deseribed as a large segment
almost the entire circumference  of o small
circle, whereas, by comparison the medial
meniscus s aosmall segment ol a large cirele,
The periphery is thicker and the width of the
meniseus  greater and more uniform in o the
anterior and posterior halves, than the medial
structure  (Ifig, 16).  The anterior horn s
attached to the tibia immediately in front of
the intercondyloid eminence. It may have an
additional attachment to the anterior cruciate

i, 16

i G o i Normal Tateral meniscus
lgament.  The  posterior horn is attached e

between  the  spines of  the eminence.  In

addition, hbres from the convex }m.-;'u'r'tm' border augment the ]'H]_"'!('ri“]-
aspect of the posterior eruciate ligament by which these  fibres are
conducted to be attached to the femur.

RELATIONSHIP OF LATERAL MENISCUS TO
LATERAL COLLATERAL LIGAMENT

The lateral or fibular collateral ligament is a distinet rounded band attached
to the femur immediately proximal to the groove for the tendon of the
poplitens, It is attached distally to the lateral aspeet of the head of the
tibula in close association with the insertion of biceps.

It has already been stated that the fibular collateral igament is relaxed
in flexion and thus can exert no control over abduction, adduction or rotary
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movements in flexton. This statement indicates that the imtimate relation-
ship between meniscus and lignment which is characteristic of the medial
side of the joint does not exist on the lateral aspect and in point of fact the
popliteus tendon, surrounded by o svnovial sheath, separates the two
structures producing @ well-defined obligne groove at a point immediately
posterior to the mid-point of the periphery.

MOBILITY OF LATERAL MENISCUS

[t hias been recorded that the Lateral is the more mobile of the two menisci
and has, in fact, a range of movement which may be as great as | em. The
rge range of movement is explained by :

(1) The close proximity of the attachments of the anterior and posterior
lorns, The horns of the medial menisens are widely separated,
and this Teature of itself entails deercased mobility.

(2) The lack of attachment to the associated collateral ligament which
permits movement ol the menisens as o whole, It s thus subject
to less stress and strain than the medial structure, which has a
point of fixation to the medial collateral ligament.

FUNCTION OF THE MENISCI
The functions which have been aseribed to the menisel are :

(1) To spread a film ol lubricating synovial fluid over the articular
surfaces, This function is made possible by the intimate contact
which exists between the menisci and the opposing condyles,

(2) To protect the opposing articular surfaces in that they act as
shock absorbers, particularly in hyperflexion and hyperextension.
The menisci do not cushion a blow Irom above or bhelow in Tull
extension, for in this position articular contact is always present,
cspecially on the medial side !

(3) Toincrease the stability of the knee joint by deepening the articular
surfaces of the tibial platean and hilling in the dead space which
otherwise would exist at the periphery ol the condyles. This
function incidentally prevents the intrusion of the capsule and
synovial membrane between the adjacent articular surfaces.,

SUMMARY OF FACTORS WHICH MAY INFLUENCE
THE VULNERABILITY OF MENISCI

(1) EVOLUTION
Min is the only animal to assume the completely erect posture and thus to
weight-hear through the completely extended  knoe joint. Under this
heading will he noted

Voo O Brantigan and Allen 1 Noshell, 7 The Mechanios of the Ligaments and Menisci
of the Wnee Joint."" fo Bowe aard ot Sueg., 1941, xxiin, 61



THE SURGICAL ANATOMY AND PHYSIOLOGY OF THE MEXNISCI ey

«) Muscle Function. [t has been stated (Chapter One) that to main-
tain knee extension new muscles have not been evolved. Ortho
grade Tunctions have been superimposed on muscles which, in
other animals, perform plantigrade motion.  The mechanism of
this function is delicate and l’:lﬁi]}' i!r]'.‘m;;t-cl_ Loss of :[H:it]l'it‘:'px
volume, tone and control, of itsell predisposes to injury ol the
Menisci.

(4) Skeletal Structure. The condyles of the femur and the tibia
attain the greatest relative development in the human knee joint,

The medial menisci removed from a case
of bilateral genu valgum.
(Lettr Peduncolated  tag based  anteriorly,
This was oriemally o loneitudinal tear, the
central portion of which eventually Jost its
posterior attachment,

(Wiehty Complete Longitwdinal tear
sharply detined margins of the anterior ex
tremity of the lesion denotes that the extensiom
af the tear mto the anterior hall of the meniscos

15 of recent origm
Structure and Attachment of Ligaments. [he peculiaritios of
the medial and lateral collateral ligaments have been noted.
The development of the anterior and posterior cruciate ligaments
is relatively poor in man as compared with species which adopt
Hexed knee gait.

/) Menisci. The relatively great breadth of the human menisei has
been noted and taken as prool of importance of function in
weight-bearing on the extended knee. It has been recorded that
when flexion or extension is superimposed on internal or external
rotation the mobility of the menisei is redueed and they remitin
fixed to the head of the tibia
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Thiz summary merely restates the view that the hnman menisei may be
biologically weak structures in a joint whose functions are a recent biological
acquisition and therefore vulnerable.

(2) VARIATIONS IN HUMAN ANATOMY

() Variations in size and shape of the femoral condyles and especially
of the conformation of the tibial condyles is widely recognised.

() In genu valgum, of even minor degree, the medial collateral liga-
ment and capsule become stretehed. FFurthermore, the alteration
of Joint mechanics entails some loss of the intrinsic protective
qualities of the vastus medialis. In these circumstances a pre-
disposition to injury of the medial meniscus is present (g, 17).

(¢) Variations in shape and particularly in the breadth of individual
menisei may determine the possibility and even the type of
injury, examples of which are scen in the valnerability of the
congenital dise and the location ol the incomplete transverse
tear to the broad lateral structure,

() CONSTITUTIONAL FACTORS

It has been stated ! that the injury occurs with greater frequency in over-
weight, poorly muscled, or sedentary men whose pelves are broader than
normal in relation to body-weight. This may apply to those cases receiving
the injury as a result of o minor domestic accident, and particularly to
countries where association football is uncommon and the coal mines have
wide seams, but in Britain there is not the least doubt that the large propor-
tion ol cazes could only be deseribed as healthy voung athletes. The
suggestion has some bearing however even on bealthy voung athletes,
for the interesting observation has been recorded by MUNeill Love ® that
during the Mesopotamian campaign in the First World War internal
derangement of the knee was an epidemic condition especially prevalent
in the antumn.  The explanation offered  was that during the summer
months all hostilities ceased and strenuous games were in abeyanee, The
result of this forced inactivity was that the muscles, ligaments and peri-
articular tissues rapidly Tost their tone. With the onset of autumn an active
life was abruptly resumed, and as a consequence internal derangements
relative to the menisel occurred before the muscles guarding the joint
regained their tone.

This writer also suggests that o meniscus may be torn for the same
reason in the course of a simple effusion when strain is thrown on the joint
before the effusion has completely subsided (see page 70).

P ldward KL Cravener and Donald Gl MacElrov, " Injuries of the Internal Semilunar
Cartiliige,  Possible Predisposition toward ;0 Sviptoms and Treatment,”” f 1A,
IO, cxvin, 1695,

e [ APNell Love, © Prognosis alter removal of the Semilunar Cartilages,” o Med.

Joner., 1923, i, 324,
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41 STRESS AND STRAIN OF SPECIFIC TYPE SUCH AS
OCCUR IN:
(a) Association Football.
(/) Coal-mining.
MECHANISM OF INJURY

The observation has already been made that o lesion of @ meniscus cannot
ocenr as an isolated lesion in the position of extension. The movement of
abduction (or adduction) ean only take place in flexion. The production
ol abduction, althongh 1t entails the relaxation of pressure on the meniscus
from above and below, does not tend to permit the meniscus affected to slip
towards the centre of the joint, The shape of the menisei and the attachment
ol the anterior and posterior horns must tend to produce the opposite

IFios, 18 and 19

In football the memscr are subject to rotary strain becanse the tibia s
fxed to the grownd by the stwds of the football boot and 15 unable to
follow vielent rotation of the femur,

effeet. There exists, therefore, an inherent tendeney to keep the convex
aspect foreed towards the periphery, although it is obvious that the markedly
separated attachments of the extremities of the medial strueture make this
inherent force less active on the medial side. Injury to the menisci is there-
fore only possible when flexion and extension is superimposed upon internal
or external rotation or vice versa, for it is only in this combination of move-
ments that the normal accessory motion of the menisci to the femur s
restricted and the relationship to the femoral condyles altered. Tt is only
in this combmation of movements that the abnormal strains which are
liable to terminate in injury are thrown on the menisel.

The clinical conditions which produce these abnormal strains occur on
the football ficld and to a lesser extent in the mining industry. In footbali
the tibiais fixed to the ground by the studs of the Tootball boot and is thus
nnable to follow violent rotation of the femur (Figs, 18 and 19, In the
narrow scams of a coal mine, the erouched position where the tibia is fixed
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by the contact of the medial side of the Toot with the foor while the knee is
abducted and the femur internally rotated, is frequently nsed. The injury
takes place as a result of the rotation of the femur to the mid position, which
is an essential movement inoorder to regain the erect position (Fig, 22,

! 5
1

S e N 6,
e 20, 21, and 22

There is no oceupation which imposes such constant strain on the knee
joints as coal-mining,

Violent internal rotatton ol the femuor on the tibia in lexion causes
the medial meniscus to be forced towards the posterior compartment of
the joint (Fig. 23), first, by reason ol the attachment to the medial
collateral ligament which exerts traction in a posterior
dircetion, and second, by the rotary Torce of the medial
femoral condyle which forces it in o postero-central
direction. [T the peripheral attachment is stretched
or torn (g, 24), the relative fixation of the pos-
terior horn does not permit the menscus Lo escape
direetly backwards, and, the major [oree being postero-
central, the line of least resistance is towards the centre
ol the jeint, When the joint is suddenly extended,
the meniscus 15 caught in the abnormal position and

s, 23 ; 3 i 7 ;
T O I O — trapped against the head of the tibia, resulting in a
tiom in flesion forees hosterior longitudinal tear. [T the longitadinal tear
the posterior segment , ; : 2 .
Ofthe medialmeniscns— involves the posterior third only, the entire meniscus
i posterec central - eyentually springs back into the normal position and
chiredtion where 1t s - s . -
trappel on extension the joint does not Tock. I, however, the tear extends



THE SURGICAL ANATOMY AND PHYSIOLOGY OF THE MENISCI 29

forward beyond the plane of the ligaments the condyle traps the menisens
against the tibia at the extreme anterior limit of the tear, it cannot regain
its normal position, and the joint locks (Fig. 25). The pain suffered by
the patient in the former event is probably due not to the actual tearing
of the meniscus but to the injury and hacmorrhages into the peripheral
attachment which displacement towards the centre of the joint must entail
(Fig. 24).

[ividence in support ol the contention that the mechanism of injury
tends to drive the meniscus in a posterior direction may be obtained from
examination of the injured structures, when it
i scen that the central or anterior portion of
the attachment  of the posterior horn s
frequently damaged, whereas the posterior or
peripheral aspect is usually intact.

It is probable that the same mechanism
accounts for the less common transverse tear
at the junction of the anterior and middle
thirds. The same force acting on the posterior
hall of the meniscus in the posterior hall of the
joint must put a strain on the junction of
the middle and anterior thirds, The strain is
thrown on the concave edge, which [rom its
nature is unable to straighten and therelore
tears transversely (Fig, 26),

[Examination of case histories reveals that
the same mechanism s responsible for the
common lesions of the posterior segment of
the Jateral meniscus. Medial rotation

Calses

1“1, 24

the lateral condyle to drive the anterior half
of the lateral meniscus in an antero-central
direction, which tends to tear the posterior
half from its peripheral attachment. If, on
extension, the posterior half of the meniscus

The inferior surface ol o medial

memscus showing a complete
longitudinal tear of two weeks
duration, Note o the recent
haemorrhage into the synovial
memibrane at the periphery of

the posterior segment. The pos
terior  peripheral  attachment
must be stretehed or torn before
A lengitudinal tear can occur

is caught in the abnormal position, it is trapped
against the head of the tibia and a longitudinal
tear results o if it escapes, the residoal lesion
is o separation of the posterior segment from its peripheral attachment.
The less common mechanism of external of the femur in
lexion and adduction is also responsible for lesions of the lateral meniscus,
differing from the effect of medial rotation on the medial meniscus in that
the lateral meniscus is more mobile and is not subjected to traction in a
posterior direction by the fibular collateral liganment. The frequency with
which the incomplete transverse lesion in the form of the * parrot beak ™
tear (Fig. 42) is encountered suggests that the mechanism deseribed s
correet. This injury occurs more often on the lateral side, for the reason that
the lateral meniscus is a section of a smaller civele than its medial counter-
part and thus any attempt to straighten the concave margin is more likely

rotation
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to result in a transverse tear (Fig, 26). Morcover, the Tfact that the lateral
mentscus is neither attached to nor controlled by the movement ol the

Fr, 25

HEthe longitudinal tear extends bevond the plane of
the hgaments the condyle traps t e tenise s against
the hesid of the tilia ot the extreme anterwn limin
of the tear, the central portion cannot regain its
nornal position, and the joint Tocks

fibular collateral ligament means that more strain is thrown on the concave
margin,
The method by which the incomplete transverse tear ol the lateral

meniseus is produced by divect violence is deseribed on pages 41 and 42,

Any foree, whether it 1s antero-central

or prostero- entral, which attempts to

stradghten the concave margin ol a

meniscus will tend to produee o trans-

verse tear, This applies i particaln
tor the Tateral meniscus

16, 26



CHAPTER I'OUR

SURGICAL PATHOLOGY OF THE MENISCI

r l AHIE lesions of the meniset may be classified

(1) LONGITUDINAL (BUCKET-HANDLE) TEARS

(A} Of Posterior Segment.
(a) Single.
(1) }-I‘lllti]r}t.'.

(I3) Complete (involving both Posterior and Anterior
Segments).
(a) Single.
(b) Multiple.

() Of Posterior Peripheral Attachment.

(In some cases the mechanism of this lesion may differ from that of
tears of the substance of the meniscus, but Tor purposes of simplification ol
classification it may be regarded as o longitudinal tear occurring ontside
the peripheral zone,)

1) TRANSVERSE TEARS
(A} Incomplete or oblique (parrot-beak tear).
(15) Complete.
(I11) VARIOUS COMBINATIONS OF LONGITUDINAL AND TRANS-
VERSE TEARS
(IV] CYSTIC DEGENERATION
(V) CONGENITAL ANOMALIES
(V1) TEARS OF REGENERATED MENISCI

(I LONGITUDINAL TEARS

The carliest form of the longitudinal or bucket-handle tear which s
encountered is a split or deep longitudinal abrasion of the surface of the
posterior segment of the meniscus which does not penetrate the substance
of the strueture and which is almost always found on the inferior aspect
(Fig. 27). It represents the result of momentary trapping of the posterior
third between the condyles of the femur and tibia, and in cases where this
momentary trapping has taken place on several occasions, two or three or
more splits may be found on the under surface parallel to one another (Iigs.
28 and 29).
31
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(1) (A)

(a)

| S TR L)
Fhe earliest Tongitudinal
tear of the
went tiles the form ol o
splhit which does not pene

[restertor sew

teate throneh the substance

af  the meniscns It
usnally

inlerior surkbice

original leston,

incident remains or is even increased (g,

TR LES L I 11 -

fowated o the

KNEE JOIN

LONGITUDINAL TEAR OF POSTERIOR SEGMENT

The longitwdinal tear of the posterior =cgment
represents the result of o single incident in which
the meniscus has been trapped  with suele Toree
that the split has immediately penetrated the sub-
stance, or 1 oa case in which the joint has been the
subject ol several minor incidents, may represent
the end result of superimposcdanferior surface lesions
which have eventuallv penctrated the substance of
the posterior horn.

Onee a longitudinal tear of the posterior seg-
ment has occurred the subsequent pathology may
ke one of several courses

The lesion mayv continue as a single longitudinal
tear of the posterior horn giving rise to giving-way
incidents but not to mechanieal locking, or
(b) THE POSTERIOR SEGMENT MAY

BECOME SI'TE OF MULTIPLE LONGI-
TUDINAL TEARS

(1) (A)

Onee the stretehing ol the peripheral attach-
ment, which permitted the posterior segment to
slip towards the centre of the joint to sustain the

has taken place, the tendency for recurrence of the same

300, The central [mr['[rjn ol the

it
Lesions of menisci are maost
and are

Lateral

(g,

MenIsc s

28 Frei. 29

murked on the inferior surface

sometimes limited to the inferior surface.

The superior surface appears to be ondamaged

28), but the anferior aspect shows multiple longitudinal tears

which have Tailed to penctrate the substance of the structure (Fig. 29).

longitudinal tear frequently hypertrophies and this may increase its liability

to be trapped.

When several longitudinal tears have occurred, the meniscus
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between the tears hecomes  so
that cach strip can rotate on its fong axis and thus
further not only in the width,
but in the depth of the structure.  Furthermore,

as the strips become narrower, they become more

substance AT oW

Lears can  occeur,

liable to be divided transversely instead of longi-
tudinally when they are trapped.  (See (L))

One of the most characteristic features of the
menisens, the site of multiple Tongitndinal tears, is
that the injuries are more in evidence on the inferion
surfaee, which is often grossly lacerated, than on
the superior surface which may show nothing more
than the tears, the surface of the meniscus bhetween
the tears being comparatively undamaged.  This is
[urther evidence that the meniscus is accessory to
the femur and not to the tibia, and that in the
mechanism ol injury the meniscens is trapped by the
femur against the tibia and not vice versa,

As an alternative to the production of multiple
tears ol the posterior segment, the

(I) (B) (a) LESION MAY BECOME COMPLETE,
ie. EXTEND INTO ANTERIOR SEGMENT
The complete longitudinal tear is the common

imjury associated with the olassical and  widely

IFres. 31 and 32

Menisei showing recent extensions of previously
existing tears.
I hoth specimens the lesion is contined to the pevipheral zone
I'here thus evidence of o blosd supply in the opposing
marsins of the fibrocartilige at the anterior extremity of the tear,

15

2
2

o the adjacent
! of the tear have sharply
i defined  edges, and if

1 o

ME NS H

I'1, 30
FLongitudinal tear of the
posterior segment ol a
medial  meniscos ; the

sharply defined edges e
note that the lesion is o
recent  origin Note e
presence of an cld stand-
g tear of the posterior
peripheral attachment.

| recognised symptom of

locking. It mayv oceur
at the original injury,
as evidenced by imme-
diate locking, or may
oceur as an extension of
a previous longitudinal
tear ol the posterior
oment.  In the latter
event locking is usually
preceded by giving-way

(

meidents,
In the recent injury
marging

the tear has extended
into the peripheral vas-
cular zone at cither the
anterior or posterior ex-
tremities (Figs. 31 and



Orvigznal tear of  penipheral
aone ol posteror segment
follonwedd 1

wlhieh

Wi secamd tear
extended
forward

furthier
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IFiee, 37

pernmently displaced into the centre of the joint
Lhe comnpression of the ilroe

Calls

tadhinad tear of ol =t

Complete Tongitadimal tear of the peeri

b the p

KEES (] i 5t | | ¢r1 N1

LONGITUDINAL TEARS

i, 85
Original tear of peripheral zone ol Ciriginal tear ol peripheral
posterior segment Tollowed by o zone ol posterior segment
Liter tear which extended far Lo lollineed by multiple in-

witre intes the anteror segment uries
v otransverse tear has been supe
mmpased on i recent small Tong-

tradimal Lestom o the central portion

uross hvpertrophy the central

strips ol

central portion has been
dergone hyvpertrophy, Note
cat the anterior extrennty sl adjacent edges ol the tear
ssure of the Temoral condyle

where it has
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32), some blood clot may be present which may later be transformed into
fibrous tissue under favourable conditions of rest, to give the impression
ol attempted healing ; but when the tear has existed for some time, and
especially i there have been locking incidents which indicate that the
central portion has been [requently displaced into the centre of the joint,
the adjacent margins become smooth and rounded,

[t has been shown that locking is due to impaction of the femoral
condyle against the anterior extremity of the tear, while the central portion
is displaced into the centre of the joint (IFig. 25). If the displacement is
reduced, only to recur again on some unguarded rotary movement, the
central portion is subject to the same subsequent pathology as in longi-
tudinal tears of the posterior segment. If, on the other hand, the tear has
been prolonged forward into the anterior horn to an extent which will permit
full extension, while the central portion is displaced in the centre of the joint,
locking does not occur, and if this condition is maintained for longer than
a few days the displacement becomes permanent, giving rise only to vague
symptoms and to no classical signs. The displaced portion ol meniscus
frequently undergoes hypertrophy with the passage of time (IFig. 37). This
feature may be so marked that in the excised specimen it is impossible to
replace the single or multiple strips of fibrocartilage to reconstitute the
normal shape and form of a menisens,

To complete the picture it is necessary to mention one circumstance in
which it is possible for locking to take place in spite of the fact that the
original longitudinal tear of the posterior segment did not extend bevond
the plane of the collateral ligaments and has not extended as a result of a
subsequent injury. It has been recorded above that the strip of fibro-
cartilage on the concave [ree margin ol a longitudinal tear frequently
undergoes hypertrophy.  In addition, as a result of constantly recurring
minor injuries, the hypertrophied strip may become stretehed, so that a
time mav be reached when a loop is formed, the anterior end of which is
capable of passing forward bevond the plane of the liganments, thus
creating a condition o which a mechanical block to extension can
oceur (Fig. 36).

() (B) (b) MENISCUS MAY BECOME SITE OF MULTIPLE
COMPLETE LONGITUDINAL TEARS

The etiology and pathology of this type of lesion is similar to that
deseribed under (1) (A) (4), with but one important distinction, namely, the
additional lability to superimposed transverse tears,  (See (HT)) This is
due not only to the length of the strips of fibrocartilage into which the strue-
ture has been divided, but to their extension into the anterior compartment ;
they slip towards the centre of the joint in flexion and rotation and may be
divided transversely on Torced extension.

(I) (C) TEARS OF POSTERIOR PERIPHERAL ATTACHMENT

[t has been shown that for a longitudinal tear of the posterior horn
3
o)
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to occur, the posterior hall of the meniscus must be foreed either by
traction or rotary strain towards the centre ol the jomt. This entails
stretehing of the peripheral capsular attachment in the posterior hall (Iig.
24), Any gross exaggeration ol this stretehing process results in rupture
of the peripheral attachment and causes displacement ol the entive width
ol the posterior segment into the centre ol the joint, so that the meniscns
itsell becomes the counterpart of the central portion in the usual longi-
tuwdinal tear. In these cireumstances the longitudimal tear may be deseribed
as occurring outside the peripheral zone,

[t mnst be recorded, however, that this lesion is probably less common
than o cursory examination of specimens might suggest. Careful serutiny

ST

e, HY s, 34 110, A0

Inagrammatic representation of the incomplete transverse or parrat-beak " tear

of the lateral menisens showing the form taken by the horizontal cleavage which

prermits the convex anterior eml of the pn-;lm'ml" fngment to pass through the
concive posterior end of the anterior fragment,

often reveals that an extremely narrow strip ol meniscus remains on the
peripheral side of the tear. The strip s so narrow, and so frequently does
not even consist of the whole thickness of the structure, that for practical
purposes the tear may be recorded as taking place in the peripheral attach-
ment.

The structure and shape of a meniscus embodies the inherent tendency
for return to the normal I:-u:ail]'un‘ a0t is thus most unusual Tor the dis-
placement to be maintained following extension of the joint.

(I1) TRANSVERSE TEARS
(I1) (A) INCOMPLETE TRANSVERSE OR OBLIQUE TEAR

The incomplete tramsverse or oblique tear is second in importanee and
[requency of oceurrence only to the Tongitudinal tear. It is typically a lesion
of the lateral menisens where it oconrs at or about the junction of the
anterior and middle thivds, The tear beging at the concave edge and extends
backwards and Taterally in the form ol a curve to terminate in relation to
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the superior surface of the meniscus, about the junction of the peripheral
viscular with the central avascular zone.

This Tesion is so commonly associated with eyvstic degeneration that the
theories regarding the mechanism of production of the tear are deseribed
under this heading.  (See (1V).) Apart from the relationship to eystic
degeneration the most interesting feature of the lesion is the horizontal
cleavage which oceurs in the substance ol the meniscus on the anterior

margin of the tear, which mav be observed in all but the most recent injuries.
The mode of production of the horizontal cleavage is clear. The constant
motion of the meniscus causes the torn edges to impinge against cach other;

overlapping is impossible because of the downward pressure of the femoral

1. 4] IF1ii, 42

The parrot-beak tear of the lateral meniseus with complete horontal
cleavige (g, 410 Inomost cases the hortzontal cleavage s incomplet
andd does not penetrate to the periphery (g, 429,

condvle and so the convex posterior margin impinges against and insinnates
itscelf into the concave anterior margin, eventually producing a horizontal
line of cleavage which may extend across the whole breadth of the meniscus
to split even the peripheral border (IFigs. 38, 39, 40, and +41). Some-
times the posterior margin may protrude through the line of cleavage to
appuar as a swelling at the joint line, where it may be mistaken for a cyst of
the menisens (Figs. 83 and 84,

On examination of @ specimen of this lesion the resemblance to the beak
of o parrot is immediately evident. The small convex posterior margin corre-
sponds to the lower jaw, while the larger concave anterior margin corresponcds
to the upper jaw. When the marging are opposed the convex lower jaw
disappears into the concave upper jaw. The lesion has thus been named
" th }u.t]'1‘|>1-'m';l|\' tear.”

3B
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(IT) (B) COMPLETE TRANSVERSE TEAR

The complete transverse tear is a0 lesion ol extreme rarity (Figs, 43
and 440 Tt is ol academic interest because, communicating divectly with
the synovial membrane, it was previously known to heal by the imgrowth
of fibrous tissue in the experimental animal (page 49).

Only three cases were encounterced in this series, one ol which was
ohserved to have healed i the manner indicated (g, 67).

e, 43
The complete transverse tear

{ |:1|||,-|1-|1' Lrsinsverses Lears are rare when they o ocour the site of Ll
lestom 1= usually the junction of the anterior and waddle thicds
In both specimens the anterior end of the posterior fragment has hecome

stnonth and rounded as o resalt of moveme
the anterior fragment has retamed its ragged appearance, (Sewe also
I, 67}

whereas the posterior el ol

(I1T) VARIOUS COMBINATIONS OF LONGITUDINAL AXND
TRANSVERSE TEARS

In any attempt to classily the tears of the menisel there exists tinally a
pumber of lesions which cannot bhe deseribed as either longitudinal or trans-
verse. Such lesions include the pedunenlated tags of the concave margin
which may be based at the anterior or posterior horns or at the middle of
the meniscus. In most cases the original lesion was a longitudinal tear, the
H-]}l;':lI]_\‘e1i-,]:[;u'r'|l portion ol which has eventually heen ll'.‘l|r[}l'1] and divided
transversely or torn [rom its anterior or posterior attachment. DBy 1heir
mode of production or final appearance the innumerable varicties of such
lesions may be brought under a single heading as combinations of longi-
tudimal and transverse tears.,

When o pedunculated tag or flap is small, locking is impossible, and the
svmptoms produced are little more than @ vague fecling of instability which
results from the momentary trapping of the partially detached fragment.
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[T, lrowever, the flap is large and thick or has undergone the gross hyper-
trophy which is sometimes encountered, and provided it is based anterior]y
or the pedicle sufficiently long to permit invasion of the anterior compart-
ment, o definite bloek to Tull extension may oceur if it becomes wedged
between the condyles at a point anterior to the plane of the Tateral ligaments,
Oceastonally, after a long history of vague symptoms such as may be associ-
ated with this injury, the tag becomes detached at its base as a result of a
further transverse lesion. The detachment is followed by immediate velief
from the svmptoms to which the patient has grown accustomed, but sub-
sequently e suffers from recurrent locking ol the type associated with «
loose ]Jnti_\‘ [}lg 274).

(IV) CYSTS OF THE MENISCI

ETIOLOGY

Sinee the original deseription of this interesting condition by Ebner in 1804
many theories as to etiology have been propounded. Broadly speaking thesce
theories [all under three headings @ (1) Trawmatic, (2) Degenerative,
and (3) Congenital,

The evidence obtained from this series, the largest ever recorded, is
overwhelmingly in favour of the theory that the eysts are traumatic in
origin. This evidence is based on the following observations :

(1) The concition is almost entirely confined to males of athletic age.

(2) The condition is most commonly encountered in the middle third

of the lateral menisens.,

The periphery of the lateral meniscus is thicker, more exposed and less
well protected than the periphery of the medial ; it is thus more liable to
injury by direet trauma. The maximum peripheral thickness is encountered
in the congenital discoid meniscus, a condition in which cystie degeneration
IS commaon,

Rotary tranma, the most common injury-producing mechanism, pro-
duces lestons between the periphery and the capsule more frequently on the
lateral than on the medial side, where, because of the firmer peripheral
attachment, lesions take place most commonly within the substance of the
meniscis,

(3) The condition is commonly associated with lesions of the substance

ol the meniscus,

[1is generally accepted at the present time that cvsts are not associated
with meniscus lesions, Bennett ! in a recent article goes so far as to say, " it
is also o well-established fact that eysts are not associated with tearing of
the cartiluges,” This statement is not borne out by the anthor’s experience.
A large proportion of the specimens removed which showed cystic degenera-
tion also showed lesions of the substance of the meniscus. One lesion in

VGO Bennett, 0 Cwsts of Semilunar Cartilages." i Joeaer, Sprg,, 1934, xling, 312
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pirticular is associated with eyvstic degeneration, Tt is the incomplete trans-
verse or oblique tear which has been referred to and already deseribed as
the parrot-beak tear (Figs. 45 and 46), It s ;1:»55i]‘]|' that the cvst

e, 46
Fhe Jesion of the sobstince o the Biteral meniscus with which ovstic desenera
psoctated s the parrot-beak tear (Figs 43 and 461
When evsts are found in other sttuations, such o as the anterior attachment of

tion i mmost cotmonly
the medial memscos, there s usually o evidence of previons traooma (g, 47
orenrs Arst, as o result of direet traooma, and giving rise to surrounding

fibrons tissue reaction, produces a point of abnormal Nixation of the periphery
of the meniscus to the capsule and is thus responsible for the oblique tear.
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On the other hand, the oblique tear may take place first and the cystic change
oceur as aresult of traumatic degeneration at the point where the horizontal
cleavage, associated with the oblique tear, enters the periphery of the

i, 48

(ESTRIE

eneration m o congenital discord medal menisens which show ed
19, but which revenlod

Cestic de
noesign ol traunue on the superior surfiwe (g
eatdence of repeated injory of the infevior surfice (Fig, 30

meniscus (Figs, 38, 39 and 40). The difficulty here is not that of the
theory of origin <o much as of the theory of production.

There is, however, another possibility which may explain the combina-
tion of cystic degeneration with the parrot-beak tear. A number of these
ases give a definite history of a direct kick over the joint line on the lateral
side. It is not improbable that this direct kick on the convex periphery
lorees the meniscus towards the centre of the joint. In ordinary circum-
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stances, foree directed against a point on the convex periphery ol astriucture
of the shape ol a meniscus would cause it cither to ™ buckle ™ or tear, but
the lateral meniscus is tightly gripped between the femur and the tibia and
cannot fold or buckle : the concave margin therelore tears transversely.

Although it would appear that the associtation ol this lesion with evstie
degeneration has not previously been deseribed, it hias been illnstrated.
Timbrell Fisher U observed and illustrated such a meniscus in his monograph
“Internal Deringements of the Knee Joint.”  He stated, " the specimen is
ol particular interest, as the evstic condition of the meniscus is associated
with o definite fracture, of the oblique variety, situated at the junction
of the middle and posterior thirds of the semilinar cartilage.” He was
describing what is now known to be a common pathological entity.

(+) When eyvsts occur inareas other than the middle third ol the

ateral meniscus, they arve situated in positions where signs
ol trauma, as evidenced by old or recent haemorrhages, are
frequently encountered in the course of operation, namely, at the
peripheral attachment ol the anterior and - posterior horns
(Fig. 47).

Apart from four cases which ocenrred on the medial side, one of which
emerged in front, one behind, and two throngh the substance of the medial
collateral hgament, four lateral menisei were removed on account of symp-
toms of internal derangement, but without signs or svmptoms relative to
cystic degeneration, which showed cysts of the anterior or posterior horns.
The eyvsts occurred in arcas where haemorrhages are most frequently en-
countered. Two occurred in the anterior and two in the posterior horns ;
all the specimens showed evidence of trauma to the substance of the meniscus.

(5) In all cases in which eystic degeneration was found in association

with wcongenital dise menisens there was evidence of gross injury
to the substance of the abnormal strocture,

The one discoid medial menisens which wias encountered bore evidence
of repeated injury and was the subject of cystic degeneration (Figs. 48,
19, and 50). The association of cystic degeneration with trauma in the
congenital dise is stressed, lest the presence of cystic degeneration in the
discoid type of meniscus be taken as evidence of o congenital ctiological
factor,

PATHOLOGICAL ANATOMY

The cvsts are sitnated in the peripheral zone ol the middle third  or
junction of the anterior and middle thirds of the lateral meniseus. They are
rarely encountered singly but ocenr in groups, the individnal cysts varying
{'flltr-'i-dl’l'illjl_\' in dimensions, from a dinmeter of one inch to o size which is
barely recognisable to the naked eyve, The larger cysts are parameniscal in
sitnat ion, whereas the small evsts, up to adiameter of about two millimetres,
may he situated within the substanee ol the peripheral zone. A group of

Py GLT Fishier Cnternal Dersogements of Konee Joimt I K. Lewis & Co,, Ltd,,
Poondom, 1935 g 40
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small eysts may remain intracapsular, surronnded by aomass of fibrous tissue,
but the Lurger evsts dissect through the capsule of the joint to become
almost subcutancous. Two of the eysts of the medial meniscus, to which
reference has been made above, had disseeted through the substance of the
medial collateral ligament.  In many cases however the strong medial
capsule as it blends with the medial collateral ligament limits expansion in
a peripheral direction, and the growing cyst and surrounding reactionary
fibrous tissne thus exert pressure on the medial margin of the articular
cartilage so that at operation it is noted that the synovial membrane covering
the femoral condyle is deeply injected at its junction with the articular
cartilage, which shows localised change of the type associated with osteo-
arthritis of traumatic origin,

Those cysts which are sitnated outside the peripheral zone of the
meniscus have a well-defined lining membrane which is shining and trans-
parent (IFig. 45) @ they are distended with elear gelatinous material,

The interpretation of the microscopic appearances of the lining cells
has Tor long been a matter of controversy. The modern view regards the
lining of the cavities as consisting of degenerated fibrocartilage or com-
pressed fibrons tissue cells. It is probable that parameniscal cysts in which
the lining cells are undoubtedly endothelial in origin do not arvise in the
meniscus but are synovial pouches, bursae, or popliteal cysts,

CONCLUSION

Cyvsts of the menisel arise as a result of a degenerative process in an
arca of the meniscus which has been subjected to a single direct injury or
repeated rotary strains causing haemorrhage in the peripheral zone or in
the synovial or capsular attachments,

(V) CONGENITAL ANOMALIES

CONGENITAL DISCOID MENISCI

At birth the menisci cover the greater part of the opposing surfuces ol
the femur and tibia, the larger arca of direct contact between artienlar
cartilage being present on the medial side of the joint. The central area
gradually inereases its size until eventually the arcas ol direct articular
contact reach the normal adult proportions. I the normal process of
absorption of the central portion of the meniscus does not take place, the
meniscus retains its foetal discoid shape.

Although the occasional persistence of the embryonic discoid shape of
the lateral meniscus had been known to anatomists for many vears, the
first dissecting-room specimen being deseribed by Young! of Glasgow in
880 it was not until 1910 that the association of a discoid lateral meniscus
with a snapping knee joint was recorded by Kroinn of Innsbruck. When

VI Young, © Cleland, Mackay, and Yonng's Memeirs and Memoranda in Anatomy ™
Williams & Norgate, London and Fdinburgh, 1889, 174,
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Middleton P recorded his four cases in 1936, he was only able to trace 49 cases
of discoid meniscus cansing snapping knee which had been treated by
operation since 1910, and 48 of these cases had been published sinee 1928,
Timbrell Fisher* considered that the apparent rarity of the condition is
mainly attributable to the fact that it is not sulliciently often recognised.
His Toreeast has been fullilled by the recording of 20 cases in the series under
consideration.

Although the condition is considered to be assoctated with the classical
symptom ol " snapping knee,” only four ol the author’s cases exhibited
this svmptom, and these were the only cases in which the diagnosis was made
prior to operation. It appears that the condition is much more frequently
accompanied by svmptoms of a torn meniscus, or of cystic degeneration,
than by o snapping knee joint.

To the present date it has been considered that discoid menisei are only
found on the lateral side, but one case of a complete dise of the medial
menisens was encountered by the author which was complicated by inferior
surlace tears and a large eyst 3 (Figs, 48, 49, and S0,

PATHOLOGICAL ANATOMY

The dise varies in form, depending how Tar the absorption of the central
portion has proceeded. The whole meniscus may be considerably thicker
than normal (Figs. 53 and 54), tapering only slightly towards the central
portion, but in most cases only the peripheral rim is thick, the central
portion being thin and transparent (Fig. 1), M'Murray? states that a
small hole may be found some distance from the unabsorbed central margin,
but the author has not encountered this particular variety of the abnor-
mality, exeept in the presence of obvious trawma (FFigs. 55 and 56). In
some cases two notehes are seen, one immediately behind the anterior horn,
and the other immediately in front of the posterior horn, with a projection
of the thim unabsorbed central portion between the two notehes (Fig, 51,
The superior surface of the meniscus is smootl at birth, but as the result
ol weight-bearing a ridge develops, behind and in front of which are concave
facets, The condyle of the femnr lies in the anterior facet in full extension,
and in the posterior facet in [oll flexion (IFigs. 87 and 86). Occasionally
there are two ridges, one in front and one behind the facet in which the
condvle of the femur rests (Figs. 53 and 54). Although small ridges were
present on many specimens, in only four was this abnormality developed to
adegree which gave rise to a snapping knee. The remainder, although giving
rise to symptoms, cither showed no sign of injury, showed multiple longi-
tudinal tears, or were the subject of cvstic degeneration.  In some cases
although there were multiple longitudinal splits in the inferior surface, the
Phos Midddeton, © Congenital Dise-shaped Lateral Meniscus with Snapping nee.”
frond foner. Sure., 1936, xxiv, 246,
SAGUT, Fishers Bedts Med. fore. 1936, 1, 688
©Sinee this was written a second discord medial meniscius his been deseribed, T also was
tarn but wias not complicated by cystie degeneration. [0 C0 Dawyver and O Tavlor, ik

Med. fonr 194511, 287,
UL A Murray. 7 The Semilunar Cartilages.™ Jots four, Surge 20 xxx, 407
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SOME VARIETIES OF THE CONGENITAL DISCOID LATERAL MENISCUS

16, 52
Shenwing the notehes between which Hes Cystic degeneration associated with multiple
the thin unabsorbed central portion lestons of the inflerior surface

1=, 53 and 54

The strocture  is
thick amd shows
A depression lor
the femoral con-
dyle on the
superior surface
which appears
undamaged  (17ig
531, Evidence of
trauma is lmited
to the inferior sur
face (g, 34)

IFies. 35 qud
6

The superior
(1F1g. 35 andd
mlerior (1K
A6 surbices
ol a4 con-
wenital  dise
showing a
hole in the
centre of the

structure

I'16:. A6
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superior surface was undamaged, which appears to provide additional
evidence that the meniscus is accessory to the femur, rather than the tibia,
and i= injured by being twisted by the femur against the tibial head.,

The association with cvstic degeneration was fonnd to he common, and
in most of the cases a dingnosis of o cvstie lateral menisens was made and
it was not known until the joint was opened that a discoid meniscus existed.
The presence of eyvsts in a congenital dise meniscus may be claimed by some
to be evidence in favour of the congenital origin of cysts. It is noticeable,
however, that not only is the peripheral rim of a congenital discoid meniscus
thicker than normal, and therefore more liable to injury, but in every case
i which a cyst was present the menisens was also the subject of multiple
tears in the substance of the structure,

(VT) TEARS OF REGENERATED MENISCI

Lxamples of tears of regenerated menisei which have been encountered are
recorded on pages 52 and

CALCIFICATION AND OSSIFICATION OF MENISCI

Calcification of the menisci oceurs in two forms ! :

(1) Primary or non-Traumatic,
(2} Secondary or Traumatic.

These two forms are separate and distinet entities which have little in
common except the presence of caleinm,

(1) Primary Type occurs in mndividuals of 50 vears or over who are
usually the subject of hypertrophic arthritis both in the knee and in other
joints. It is thus considered to be a manifestation of degenerative change,
the result of nutritional deficiency due to arthritis and advancing age. There
are no special symptoms referable to the caleification. The symptoms, when
present, are those of hypertrophic arthritis,

The radiological appearances are characteristic and show caleinm laid
down in parallel layers in both menisei (IFig, 57).

(2) Secondary Type appears in patients of a much vounger age group
as a result of trauma. There are no special symptoms. The caleification in
the meniscus is discovered as a result of the routine radiological e xamination
of a case of internal derangement ol the knee joint with symptoms referable
to a torn meniscus. The radiograph shows an ill-defined but localised zone
of caleification usually at the posterior extremity of the meniscus (Figs. 58
and H49).

The condition is unimportant as a clinical entity and is merely regarded
is o manifestation of injury to the meniscus necessitating removal, It is
ol importance only in that the radiological picture may be confused with a
loose body,

Ossification in @ meniscus is @ condition closely allied to caleification
and may be a sequel to caleification, It is considered that primary caleifica-

Vil B st Caleibeation of the Menisci " o Boae and forat Swig., 1943, xxv, 83,
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tion rarely if ever progresses Lo ossification, but that ossification may be
found in the secondary type. [t is probable that some cases of sccondary

IF1ei. 37

I'rimary caleilication of both menisei

16, &4

Secondary caleification at the posterior attachment of the medial meniscus
i, 381 and radiograph (Mg, 399, Fvidence of trawma s present an
the form of superficial longitudinal tears. (The small transverse tear on
the concave margin is an artefact and was produced durimng the opreration. )

gssilication are true examples of heterotopic bone formation, One case
was encountered in which the ossification had occurred in the peripheral

zone ol the lateral meniscus (Fig. G0).
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HEALING OF TORN MENISCUS
BLOOD SUPPLY

Arterial injection with an opaque medinm!
has shown that the blood supply ol the
meniscus 15 lmmited to the convexs border,
In this arca a network ol vessels 15 seen
which enter the meniseus from the capsule
and  from the delicate Taver ol svnovial
membrane  which extends  inwards for a
short distance over the periphery ol the
structure on both the supertor and inferior
surlaces.  The central and concave  zones

have no blood supply and it s assumed
that  thev depend  for nutrition on o the
sviovial i,

It is upon the curious nature of the

8 T 1)
Tdiograph of o Tateral menisens nuteition that the fatlure of vepair and the
shinwing nssilicibion assucipted withy poor prognosis ol conservative treatment in
abundint eondenee ol previous . R

TrnG menisens injuries depends,

PRACTICAL APPLICATION OF EXPERIMENTAL AND CLINICAL
OBSERVATIONS ON HEALING OF THE TORN MENISCUS

[Examination of pathological material obtained from this series of meniscus
injuries confirms the observations made by Don King® regarding the healing
of experimentally produced tears of the menisei in dogs. It is therefore
proposcd that cach of King's fouwr conclusions be vecorded and compared
with the evidenee available from the human subject, and, from the compari-
son, in conjunction with relevant theoretical considerations, to draw con-
clusions ol practical value which can be applicd to the treatment of the
COMMOon mjuries,

(V) LPears which are imited o the semilunar cartilage probably never fieal ™
(IFig. 61),

[t hias been stated above that the peripheral border of the meniscus has
a blood supply. On theoretical grounds therefore, a longitudinal tear within
this peripheral zone should heal. There is pathological evidence that tears
extending into this zone do in fact attempt to heal (Fig, 65), but the obser-
vittion is of no practical importance because tears entirely limited to this
arci are seldom encountered. The common longitudinal tears of the sub-
<tance of the meniscus are situated in the avascular zone, or at the junction of
the vascular and the avascular zones, and the theory that such lesions cannot
heal is amply bhorne out by both experimental and chinical observations.

1 Pothe A Maodification of TS Radiopague Mass for the Injection of Lumina.”
[ Lab, and Clin, Med., 18934, xix, 1241,
: Don Wing, U The Healing of Semilunar Cartilages.” [0 Bone and  fod Surg., 1936,

KV, 3,
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(2) o dorn mendscus can be healed by connective lissue if the tear com-

niciicates with the svnovial membrane laterallv ™ (Fig. 62).

Theoretically such lesions should heal and healing hias been observed
experimentally, Inothe homan subject, however, transverse or oblique tears,
limited to the periphery, must be uncommon and were not encountered in
this sevies, This is readily explained by the fact that such lesions can only
oceur when the meniseus s under tension in its long axis, which, from the
shape of the structure, produces the greatest strain on the concave margin,
An attempt at healing was, however, quite frequently observed in longi-
tudinad Testons which extended into the periphery of the posterior segment

=

i, 61 171G, G2

Ieare Hinted to the substance Longitwdinal tears which enter the per

f e meniscas never heal pheral or the central attachment temd

heal by the ingrowth of ibroons tissue
This is of no |il'i|l"_ii'll| impertance

(

[, 1353 1. G
Cotngdete transverse tears will heal by the Tears of the peripheral attachnents el
1 Bbwrons Lissue Troone the per without ditheulty.

Fhits = ol no practicab importance, |

or mnto the attachment ol the |1n>~'[v1‘in1‘ lorn to the head of the tibia (17g.
66). ~uch healing only spreads forward for a short distance into the tear
and is thus of no practical importanee. ) _
3) b complete transverse or oblique tear resulls inosome .\'a‘fmh.-h‘efn_ of
the fragiments, but the intervening space fills in with connective Ussues arising
frome the svuoial membrane. This connective tissue is quite firm in three icecks,
;;,-_\-.!_\ the lensth of tine necessary for complete fixation in these cases ™

cliich Nt
(Fig. 63).

A complete transverse tear enters the synovial ll“‘ml”'i““'Il-'”‘"'“”," and
will head Dy an ingrowth of fibrous tissue from the periphery m [avourable

cireumstances (g, 67),
-+
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Complete transverse or obligue tears are uncommon by comparisen
with the incomplete transverse or oblique tear affecting the concave margin,
of the tvpe which has been termed the parrot-beak lesion. Only one healed
transverse tear wias encountered  (Fig, 67). The fragments had separated
a distance ol about one centimetre and the intervening space had Olled with
fibrous tissue with the same characteristies as the hbrous tissue ol the
regenerated meniseus. Tt will be noted that the specimen illustrated shows
a recent tear of the posterior horn o this was presumed to have occeurred
Decanse of the increased length and the Toss of normal clasticity which the

healing of the separated ragments entadled,

IF16;. BB

Vitempted hbrons repaar ol a0 long Fabrons repair ol o longitadima
tudmal  tear o the wertphierial tear which enters the nosterion
FIIE cotral attachiment

Two cases were encountered inowhich the complete transverse tear
had not healed, and it was presumed  that healing had failed to oceur
hecause the necessary conditions ol rest, which are essential if repedr s to
take place, had not been provided in the period immediately following the
mjury.

The fact that the complete transverse lesion does heal in [avourable
cirenmstances is ol little practical importance, as this particular injury
produces no characteristic symptoms and signs, but it does indicate that if
conservative treatment is to be adopted moany meniscus lesion, a period of
non-weight-bearing immobilisation ol at least three weeks s necessary in
order to provide even the possibility of success,

(4) [ the meniscus is partially torn from ils peri pheral atiachment, i
lieals D pormal anatondical position without di flicedtv ™ (1Fg. 64).

This is an observation with important clinical implications. In theory
the tearing of the vascular peripheral zone from its vasenlar synovial attach-
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ment should result in healing provided the displaced surfaces are re-opposed,
and this has been shown to be true in the experimental animal,

[t is obviously difficult to estimate how frequently this lesion oceurs in
the hman subject. Tt s possibly uncommon
in the medial meniscns, but injuries of the
peripheral attachment of the posterior segment
ol the lateral structure are known to be
common and may even ocear more [requently
than longitudinal tears of the substanee of the
meniscus, It is thus not  unreasonable  to
suggest that in ospite ol the impossibility ol
distinguishing o tear of the synovial attach-
ment from a longitudinal tear ol the posterior
segment, a proportion ol lesions of the Lateral
meniseus will react Tavourably to a period of
non-weight-bearing immobilisation of sufficient
duration to ensure re-attachment of the peri-
pherye Tt s assumed that in those cases in
which  the  postertor segment ol the Jateral
meniscus is found at operation to displace into

the intercondylar noteh with case, and in
which examination of the meniscus shows loss il

Iepanr of o complete trimnsverse
tear.  In spite of separation ol
smooth convex border, have not been immo-  one centimetre, Abrots tissue
hias groswn in from the
phery to Bl the wap b
circumstances the normal strams ol aweight- the fragments.

ol the peripheral attachment, as shown by the

bilised Tollowing the original injury,  In these

bearing, especially in the presence ol effusion,
have not permitted re-attachment to occur, or alternatively, have stretehed
the yvoung Abrous tissue in the healing arca belore union had consolidated.

REGENERATION OF THE MENISCI FOLLOWING EXCISION

The Jiterature dealing with the surgery of the knee joint contains many
conflicting opinions about the possibility of regeneration of the menisc

alter excision. Until 19447 there were only seven recorded cases2 30409

ol proved regeneration of @ meniscus in man to show that the behaviour o
the knee joint is similar in every respeet to that repeatedly observed after
extirpation of & meniscus in animals, when it is invariably found that @ new
structure grows which resembles the normal meniscus in shape and appear-

anee but s composed entirely of ibrous tissue,
Observations on the earliest stages of regeneration are not possible in
man, and it is therefore important to recall the work of Briee and Walmsley®
U his section s based on the author's article, ™ Observations on the Regeneration of the

semtlunar Cartilages in Man.™ Bt four, Savg,, T894, sxxi, 2898
<15 Mandl A0 Cher, 1929, 536, 3256 {3

S Moelier. 2Bl Chir., 1930, 57, 2790, (1) <M. EGN
VAL G, Fisher, Laacel, 1936, coxsx, 1351, (2) é@f-. 2\
1 Broce and B Walmsles, Bedt. four, Sueg, 1937, sxv, 17 11 {2

| < 19 , <
. Bruee and Ko Walmslev,  fo hwadf,, 1938, Ixxi, 260, k;K—/ »
® ;
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who noted that Tour davs alter exciston ol a meniscus m the rabbit o pPro-
liferation of hibroblasts took place heneath the surface of the svnovial mem-
brane at the level of the plane of the joint. In the Tollowing davs this pro-
lleration extended mwards between the bones in two piarts.an upper related

LESIONS OF REGENERATED MENISCI

10, Y

IF1es, B8 IR

nerated medial maem

setis, There s o lomeitadmal tear o

Lhe pesterior segment which dees

nol penctvate through the substine

ol the strocture. (Compare shiagpae
with e 180

[ 1e.. 134 Ievenerated deral men
setrs. There s
prherval attachiment wloeh livs cansed
the maddle portion to b displaced
towards thee centee ol the poant

i lesion of the per

o shapee watl g, 16,

I 1es. 700 Iegenerated anterun sey
menl ol original prsterior segment
The arrows, readimg Trome lelt o

right, refer Lo (1) L vt

posterior  segment protrading Lo

wards the centre ol the joint ; (2

lomgitudinal tear; amd (3] junetion ol

regenerated with orgmal meemsens

he dhitterence mmowidth and eolonr
is clearly seen

Hy vty nt fherl, fanr o suep

to the femur and a lower related to the 1ihia, the two parts eventually [using

at about the end ol the third week to form the new meniscus, They con-

cluded that the carly growth of the regenerating meniscus in the form of

extenstons over the articular surfaces sugeests that the primary function

ol the meniset is the distribution of svnovial Tuid over the articular surfaces
rather than weight-bearing,
One case in this series was subjected to arthrotomy six weeks alter the
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iginal operation. He had been admitted complaining of svmptoms clearly
elerable to the posterior segment of 1he medial MCNISCUS,

_ and as it was known
rom previous experience that

cases from this purticular source had only

the antertor half of the meniscus exeised, o second operation was performe

LESIONS OF REGENERATED MENISCI

e 71 Regenerated  anterion

segrnent and original posterior seg-

ment The arrow indicates the

punction. The ditterence in colonr
is clearhy seen,

s 72 Hegenerated el

meniscus showing loss ol attach-

ment ol periphery ol posterior

sepanent and oo osmall longatudinal
(TEHE

(T 73 Negeneriated melial
meniscus with longitudinal tear of
posterior segment.

By cedirtesy of Heito funr. Stg

i, 73

move the retained posterior horn. After this short interval the anterior
o wis Tound to be completely reconstituted (IF1g. 70).

FEATURES OF REGENERATION WHICH FOLLOWS TOTAL
EXCISION OF ORIGINAL MENISCUS

When the entire meniscus is excised @ new one grows in from the parietal
novinl membrane, and it hag much the same form and general appearance
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ol the normal structure. The characteristic features which distingnish the
normal medial from the normal Lateral menisens (Figs, 13 and 16) are
reproduced, and Figs. 68 and 69 illustrate the relatively broad posterior
horn of the regenerated medial meniscus compared with the more uniform
breadth of the regenerated Luteral menisens,

In spite of the evident gross similarity, detailed examination reveals
[catnres which permit the recognition ol a regenerated meniscus

wr) The attachment to the capsule is very dense and there s no obvious
line of cleavage such as normally exists between capsule and
MeNIseHs,

) The new meniscus is thinner and narrower than normal, Thus the
cross scection is approximately equilateral, in contrast with the
acute-angled triangular section of the normal meniseus ;. that
is to say, the concave margin of the regenerated meniscus pro-
jects less towards the centre of the joint.,

Both these points, fes, density ol attachment and narrowness in com-
parison with the normal, have important climeal implications, (See page 75.)

o) The fibrous tissue of which the new meniseus is composed has a
chistening surface which is much whiter than that ol normal
fibrocartilage. The concave cdge lacks the sharp definition of
the normal meniscus and is thin, wavy, and almost transparent.

d) Histological examination reveals fibrous tissue only 3 there are no

cartilage cells.

The difference in the microscopic features is most marked in comparing
ioscction of regenerated meniscus of recent origing which is composed of
voung fibrous tissue, with a section of normal ibrocartilage. The difference
i< less when the seetion examined consists ol mature fibrous tissue from a
regenerated meniscus ol long standing, except that there are no cartilage
cells.

(2) FEATURES OF REGENERATION WHICH FOLLOWS EXCISION
OF ANTERIOR HALF OR TWO THIRDS OF ORIGINAL MENISCUS

In those cases in which the surgeon had failed to remove the posterior

third or even hall of the meniscus it was found that :

a) The execized portion had been replaced by an ingrowth ol fibrous
tissne with the same characteristics as those noted in orecon-
stitution ol the complete meniscus (Figs. 70 and 71).

(h) The regenerated anterior horn is joined only to the peripheral zone
ol the original posterior iorn, e, the zone supplicd with blood
vessels, The appearance of the junction therefore depends on
whether the original meniscus was divided  transversely  or
obliquely. If it had been divided transversely the concave
aspect of the stump ol the original posterior horn projects
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towards the centre ol the _ir|i||1 H[L{ TH] 4 il 1t had been
divided obliquely the junction is more uniform (Fig, 71).
¢ There is no difheulty in distinguishing the type of meniscus found
[ollowing @ previous partial meniscectomy from the normal ;
the junction ol the regenerated anterior horn with the original
posterior horn and the difference in colonr and width are clearly
seen, even in o photograph (Figs. 70 and 71).

[hese observations afford evidenee in favour of total vather than partial
meniscectomy, no matter what lesion is encountered, for il it be accepted
tHit the meniseus performs any function, that function can best be performed
by the most perfect replica of the original. The most perfect replica possible
follows total meniscectomy.

The reaction of the knee joint to meniscectomy may be summarised :

) Total excision of a meniscus is invariably followed by replacement

by astructure consisting of fibrous tissue which is almost a replica
ol the original,

21 Partial excision of @ meniscus, provided the portion excised includes

the peripheral zone, is also followed by replacement.

[t has been recorded that joints have been explored in which no vestige
ol i meniseus could be found. In the author's experience complete absence
of these structures is only encountered in joints in the late stages of a de-
cenerative arthritis of cither the osteoarthritic or rheumatoid type.

AUTHOR'S MENISCUS STATISTICS

NUMBER OF MENISCI REMOVED 1133,

MEDIAL  727.

LATERAL  406.

BOTH REMOVED FROM SAME KNEE AT ONE OPERATION 73.

BOTH MEDIALL OR BOTH LATERAL REMOVED AT ONE
OPERATION 9.

. LONGITUDINAL TEARS 715.

A Of posterior segment 237.

I3 Complete 328.

(1 Of posterior peripheral attachment (including cases with
abnormal  laxity ol attachment with actual evidence ol
trapping) 150.

II. TRANSVERSE TEARS 5l.
A Incomplete or oblique (parrot-beak tear) 48.

I3) Complete 3.
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[T, VARIOUS COMBINATIONS OF LONGITUDINAL AND TRANS-
VERSE TEARS 94.
IV, CYSTIC DEGENERATION §88.
In combination with various lesions of the substance of
the meniscus 27.
In combination with the parrot-beak tear in particular
44,

Meniscus otherwise intact 17.

V. CONGENITAL DISCS  20.
Lateral 19.
Medial 1.
Torn 18.
Associated with cystic degeneration 8,
Intact 2.

VI, REGENERATED MENISCI  30.
With original posterior segment 19.
Totally regenerated 11
VI, SPECIMENS KNOWN TO BE TORN, BUT UNCLASSIFIED 53.

VIIE MENISCI REMOVED WITHOUT OBVIOUS PATHOLOGY
82 (7.2 per cent.)



CHAPTER FIVE

CLINICAL FEATURES OF INTERNAL DERANGEMENTS
OF THE KNEE JOINT RELATIVE TO THE MENISCI

Foc e uncertain is Lo be uncomfortable, hut to be certain is to he richiculons

Chinese Proverh,

N the vast field of surgery there are many instances of a well established

pathological entity in which the diagnosis may be established witly

case, or conversely, only with extreme difficulty following a complete
and accnrate history and meticulous clinical examination. Internal derange-
ment of the knee joint relative to an injury of the meniscus is an example
of this type of case. It may only be necessary to listen to the patient’s
story for o few moments to realise that he is suffering from a complete
longitudinal tear of the medial meniscus, but, on the other hand, a very
lirge proportion of the cases encountered present a complicated problem
which can only be solved by balancing every shred of evidence which is
avatlable.

HISTORY

I is quite impossible to overstress the importance of the history. The
seeret of success is thoroughness, and this applics both to the history and
physical examination, but to the history in particular because in so many
cases ol long standing the physical examination reveals no definite sign
npon which o diagnosis could be based. In this respect it is hardly an
exaggeration ol the position to cite a hypothetical situation in which a
sturgeon s orequired tooestablish the diagnosis, either on history or on
physical examination but not on both. There is no orthopacdic surgeon of
experience who would not agree that in such circumstances he would choose
Lo make his diagnosis from the history.

In arriving at a diagnosis in cases of internal derangement, for com-
paring the diagnostic conclusion with the operative findings, and for tlhe
purpose of keeping records in a simple form, it has been the author’s practice
lo note the details of the patient’s history on one side of a 6 b): 4 card,
entering the results of physical examination and the final t‘li:ign_nt;ls on the
other side. I the case is to be subjected to operation this card is taken to
the theatre and the operative findings compared  with the L!i;lgnust:r
conclusion. A full scale drawing together with all relevant ('lt‘t(.lll:-i "'f‘ the
juint pathology are then recorded on a second card of the same dimensions,
the final blank side of which is reserved for progress notes, ' o

I the omission of important details in the hisln:‘_\t }x to be :l\“l):ltlt‘fl it .15
eessary to investigate every case according to a definite plan. The notes

honld be recorded under the following headings :

I Date and exact mechanism of original injury.

a7
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(2) Symptoms at time of original injury.
(«) Situation ol the pain.
(h) Presence or absence of locking,
() Degree ol immediate incapacity, for example © Was he Toreed to
leave the Tootball held =
() Presence or absence ol a click, snap or tear
(e} Situation of any tenderness noted,
(f) Presence or absence ol subsequent efinsion.
(3) Treatment of original injury, and period of incapacity.
(+) History of incidents which have occurred between original
injury and present date together with symptoms incurred.
[5) Present complaint, for example: locking ©  Giving-way -
Notes on the physical examination are recorded under the following
headings
¢} Limitation of flexion or extension, for example: s the
_j:rilll locked -
(/) Effusion.
() Degree of wasting of quadriceps.
(/) Condition of anterior cruciate and medial collateral
ligaments.
(¢] Localisation of tenderness.
(/) Localisation of a click.
() Result of radiological examination.

DIAGNOSTIC CONCLUSION

LOCKING

[n this series locking oceurred at some period in 30 per cent ol cases. It
DLy OCEr

(1) At original accident.

(2) At recurrent incidents.

() At both original accident and recurrent incidents.

[t is not casy to form an accurate estimate of the percentage of cases
which lock at the original accident. The pain and excitement of the moment
together with the colourful deseriptions and varying interpretations of
subjective phenomena make the difficulties obvious, but it is quite evident
that the number of cases which experience true locking at the original
aceident s much smaldler than is generally supposed. The reason for this is
clear. In the voung adult male the menisens is normal at the time of the
first injury, that is to sav, it has not undergone the degenerative changes
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which may be noted in the Tater age groups. In these circumstances the
<hape ob the meniscus and the properties of the fibrocartilage of which it
i composed, and toowlhich veference has already been made on page 27,
cutail the inherent tendeney for it to return to its normal peripheral position
in the joint. A large proportion of longitudinal tears are undoubtedly
confined to the posterior segment i the initial stages, but even if a tear
extenids Torward bevond this segment, the central fragment will tend to
petnrn Lo the normal anatomical position. Within a short time, however,
the effeet of the tear on the librocartilage is such that the elasticity of the
central fragment is lost. When a subsequent ineident takes place not only
i= the lability for the tear to extend into the anterior segment increased
but the central portion tends to remain displaced where it constitutes a
mechanical block to extension instead of springing back into position
within a fraction of a second after the injury as occurred in the first instance.

[n the past a history ol locking has been regarded by many as the
stite qua non ol the diagnosis ol a torn meniscus. This view, for which the
medical schools must be held responsible, has been the canse of much
misery to the would-be athlete, much industrial disability, and much
nnnecessary suflering from osteoarthritis.

I.ocking has been shown fo be due to the interposition of a section of
the menisens between the femur and tibia at a point anterior to the coronal
plane of the joint (FFig. 25). This only takes place when a longitudinal
fear extends into the anterior section of the meniscus, and in a few additional
circumstances which are unimportant because of their rarity. The locking
which is produced in such circumstances is sudden and definite and the
unlocking is equally sudden and even more dramatic.

When true locking has occurred in association with a history otherwise
stggestive, it s almost pathognomonic of a torn meniscus and must be
regarded as one of the most important of the diagnostic points available.
bt it is neeessary to emphasize that not more than 50 per cent. of cases,
proved to be torn at operation, exhibit this symptom.

Il patient’s statement that the knee locked is not enough. He must
cxplain what exactly he means by locking, demonstrate the position in
whichi the knee was fixed and recall any subjective phenomena, such as the
Leeling of * something slipping back into place,” associated with the unlock-
e, The history that the knee locked and that extension gradually returned
i the conrse of a few hours or days must be aceepted with reserve. True
locking occurs at a point some fifteen to forty degrees short of full ijlt'n!’-;iﬂl‘l
but the mere inability to produce extension beyond this point is not of
Hecessity due to a torn meniscus (Fig, 74).

\part [rom the locking which follows interposition of a loose body
between the articular surfaces—a circumstance  which can usually be
distingnished from the locking of a torn meniscus both by the previous

nd <ubsequent history - loss of extension which may simulate ]‘nckmg is
cncomtered in the presence of a tense cffusion or Il;w:n;u‘lhl'nﬂs. h_\‘.p(“r—
vrophiy or haemorrhage in the retropatellar pad ol lat, fracture ol thf- llh}{ll
it and even atense popliteal eyst. These conditions should not give rise
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to conlusion, There are, however, two conditions in the anthor’s expericnee
which are a [requent source of error

(1) IF as a result of a rotation straon, a hacmorrhage has ocenrred
between the capsule and the meniscus, either behind or i front of the
collateral ligament, not only will there be effusion together with o point
ol acute tenderness at the injured area, but both flexion and extension
will be limited as a result of the musele spasm induced by the pain which
results from the pressure incurred by the haemorrhagic and oedematons area,

(2) 1 the patient reecived a knee joint injury several weeks previously,
which may or mav not have involved a tear of @ menisens but which was
followed by a tense effusion which was treated by oa rest in bed with the
knee flexed over o pillow, the subsequent contraction of the posterior
capsule which frequently resalts may lead to the erroncons conclusion that
the joint is still Toeked,

I, 74
Locked joint
L0 the lomgitoadinal tear has only extended tooa proant e bely anterior

Lo the plane ol the Dgaments the somt wall ook i some H0 ol Dexion
il has extended Tir Torwan] into the anterior segment extension miy
only bie Timated by 10

Very oceasionally the patient relates that at the time when the locking
took place a lump appeared at the jomt line and that when this Tump dis-
appearcd, often as the result of external pressure, joint movement was
restored. This uncommon oceurrence is explained either by the exclusion
of the periphery of the meniseus bevond the margin of the condyles (FFig, $2)
or by a long pedicled flap of meniseus, the result of o combination of longi-
tudinal and transverse tears, passing either over or under the main
structure to appear as i projection at the joint line (Figs. 77 and 81). In
the latter circumstance the Hapis protected from the influence of the motion
of the femoral condvle by the main body of the meniscus, and cases have
been encountered in which the presence of the Jump had been o constant
feature of the svmptoms. Such projections are linble to be confused with
cvstic degeneration (see page 71).

GIVING-WAY

When the patient complains of the conmon symptom that the joint * gives-

wayv or U lets him down U he shonld be asked, as in the case of " locking,”
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forexplain what he means by giving-wav.” While there are other causes
for this symptont, such as an old rupture of the anterior eruciate ligament,
quadriceps insuihcieney or loss of Tull extension, by far the most common
underlving pathology is a longitudinal tear of the posterior segmient of a
menisens, and unless the tear extends forward into the anterior segment,
nsceurity ol the joint amay be the only serious symptom present. [t is
possible, however, to determine from the patient’s account of the incidents
what is the most likely cause, for whereas in giving-way which is solely
chae to o rupture of the anterior eruciate ligament, quadriceps insufficieney,
or Joss ol Tull extension, the patient relates that it occurs on descending
stairs or jumping down from a height, but when giving-way is due to a
torn meniscus it takes place as o result of such movements as turning
rownd suddenly, walking on uneven ground or stepping on a small stone,
Lo addition, he may relate that the knee appears to give-way inwards or
ountwards belore it collapses under him, and that when the accident does
ocenr he has the sensation of 7 something slipping about in the joint 7 or
“two bones slipping over one another in the joint.” Such points as these
stiggest the posterior segment o a meniscus as the source of the trouble.
None ol the standard text-book signs of a torn meniscus may be forth-
coming and the diagnosis may be missed in the absence of an accurate
listory, Onee the significance of the details of the lnstory have been
appreciated,  however, the  examiner immediately  sceks too elicit  the
chiaracteristic click which will confirm both the nature and the site of the

lss o

EFFUSION

[ tsion is always present following the original accident, whether the knee
locked or not. This is due to the stretching or tearing ol the peripheral
svnovial or ligamentous attachments which must have taken place if the
menisens his been trapped and torn between the condyles. It is the dircct
result ol the lesion of the synovial membrane, capsule and ligamentous
attachment rather than of the tear of the substance of the meniscus. If the
iy was not followed by effusion the examiner’s suspicion should ]).t"
aronised that the meniscns is unaffected and that the site of the lesion ix
cxtracapsular, possibly for example, at the femoral attachment of the
medial collateral ligament,  The presence of effusion alone is, ol course,
noindication that the menisens has been injured, as it may follow anyv
mitor twist and especially direet contusion, but it is most impm‘t.an.{ to
reromber that whereas all traumatic effusions are not due to meniscus
Iinries @ meniscus is never torn in the absence of effusion at the ‘nrigin:ll
meident. Inaddition, the recurring incidents of locking or givmg-wa}}'
which [ollow the original accident are cach followed by an effusion, and in
Wi respeet it is necessary to repeat that unless the incidents are followed
& cthsion it is unlikely that the meniseus is responsible for the S_\’Illl}lrtﬂll'lﬁ-
e statement ]1(;\\'1‘\'L:I'. must be qualified. The more frequent the incidents

~maller the consequent effusion, so that a time may come when even

ng, which the patient has learnt to reduce himself, may provoke no
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reaction whatsoever.  Furthermore, in contra-distinction to the effusion
intimately associated with medial lesions, synovial effusions in conjunction
with Lateral Tesions are not only of lesser volume but cases are encountered
which show symptoms and signs which permit the diagnosis to be estab-
lished Devond doubt but which will not admit reaction subsequent to
anv incident other than the original aceident

In this scction the words “alwavs ™ and " never ™ have been used,
While tryving not to confuse the issue by apparently conflicting statements
it 1s necessary to record that there is an important exeeption to the rule,
The coal mimer who tears Iis meniseus getting up from the crouched position
(Figs. 200 21, and 22) does not streteh the peripheral attachments by
the violent rotary strain which is the usual prelude to trapping of the
substance ol the structure between the condyles o the stretehing has taken
place gradually in vears of abnormal wear and tear. 1t is Tor this reason
that cases are sometimes encountered  who produced no effusion at the
original aceident.

QUADRICEPS WASTING

Perfect muscles seldom control imperfect joints, Some degree of guadriceps
wasting is the constant accompaniment of an internal derangement ol the
knee ; but because of the rapid loss of volume which mav follow cven a
short period of complete functional inactivity the degree of wasting 1= not
of necessity any indication ol the gravity ol the underlving lesion,

CThe vastus medialis is the key to the knee ™ (Chapter 1) Thus it is
that the carliest manifestations of wasting are scen in this component of
the quadriceps apparatus. [t is Tor the same reason that a better estimation

Closs o volume and tone may be obtained by inspection and palpation
than by the use of an inch-tape. A degree of flattening which cannot be
measured can be appreciated by the eve. This is particalarly true of a
thigh which is clothed with a thick laver of subeutancous fat,

CONDITION OF ACCESSORY SUPPORTING STRUCTURES

[Examination of the state of the lignments is important, not only because it
may reveal the cause of the symptoms in such a lesion as rupture of the
anterior cruciate ligament, but in cases of long standing and which have been
sithject to constantly recurring incidents it is possible from the examination
to assess how much damage in the Torm ol residual laxity has been sustained
by the supporting structures from the recurrent locking, effusion, and
giving-wav. This information is ol value in attempting to assess the future
of the joint, becanse laxity of the supporting structures is some indication
of the condition of the articular cartilage ; when it is present a perfect
joint should not be promised following excision of the torn meniscus. In
such cases convalescence is prolonged, recovery of the volume and tone
of the quadriceps delayved, and il the patient’s occupation is of an arduous
nature he may still be liable not only to giving-way incidents but to slow
and inevitable advance of traumatic osteoarthritis,
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LOCALISATION OF TENDERNESS

Fhe presence ol tenderness over the convex margin of the meniscus is an
miportant clinieal sign and suggests the possibility of a lesion of the under-
ving structure. The tenderness may be present along the whole length of the
joint line but as a rule is most acute at one of three points : .I

(1) Anterior Peripheral Attachment. This is the arca where the
classical point of tenderness in meniscus lesions is said to besituated, but in the
anthor's experience it is neither a common nor a reliable sign when located
i this region Tor it is very frequently present in any acute injury, whether
the meniseus s injured or not, and in recurrent cases of old standing could
lirdly be expeeted to be present with regularity considering the fact that
the particular area of meniscus subjected to pressure is unlikely to be the
site ol injury or even strain,

Fhe best method of eliciting the sign is to place the thumb in the space
to the medial side of the Hgamentum patellae while the knee is flexed and
then slowly extend the joint. Pain will be experienced towards the limit
ol extension when the anterior end of the meniscus encounters the pressure
ol the thumb,

(2] Posterior Peripheral Attachment. Tenderness in this arca is
commmon for the reason that tearing or stretching of the peripheral attach-
ment ol the posterior segment must occur in order to permit the occurrence
o longitudinal tear. In recurrent cases of old standing, with symptoms

citirely relerable to the posterior segment, tenderness may be limited to
this area alone.

(3) Collateral Ligament (in reference to the medial meniscus only).

[Tie most constant and relinble region of localised tenderness in injuries
ol the medial menisens is the collateral ligament at the level of the joint
line. This elinieal finding is not well known, in fact its presence is sometimes
civen as o reason for eliminating the possibility of a meniscus lesion in
Livonr of the diagnosis of a sprain of the ligament. It does in fact in(li(";u'v.
4 sprain of the ligament, but the sprain affects the deep fibres at their
Attachment to the medial meniseus and thus points to the meniscus rather
e to the Heament as the site of the major lesion. The tenderness which
i~ Tound in sprains of the medial collateral ligament, existing as an 1solated
lesion, is Tocalised in the great majority of cases to the upper femoral
chment (page 141). ‘

o summarise the significance of localised tenderness, it 1-\ .(‘unj‘::dcrcd
that whereas most reliance may be placed on the sign when it Ih‘l:-?l_tlllltt‘d
i the middle of the medial collateral ligament, even at this point it is m.ﬂy
ol mportanee in arriving at a diagnosis when considered il:l t‘unjum?lion
with all the evidence available, It is clear that tenderness situated cither
miterior or posterior to this point may refer to injuries of ti.\‘suvs., such as a_
Laemorrhage into the capsule or synovial attachment of l}]v meniscus, other
i to the substance of the meniscus proper. Moreover, it must be remem-
bered that the severity of the lesion cannot be gauged by the degree of
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tenderness. nor is the absence of tenderness inoacase ol long stading any
indication that the meniscns is intact.

PRESENCE OF A CLICK

The statement that the patient feels o click or snap in the joint must not
be aceepted as relating to a meniscus till the other possible causes have boen
climinated.  These are s

(1) Periarticular ereaking or grating assoctated with traumatic osteo-
arthritis but which is almost a normal feature of joints subjected to con-
siderable wear and tear.

2) Associated with the patella. Minor clicks as the patella moves on
the femoral condyles are not uncommon and are of no significance. Slipping
of the patella over the Tateral condyle of the femur must be eliminated (see
Recurrent Dislocation),

(3) snapping tendon, The slipping of one ol the hamstring tendons
round the femoral condyle, the biceps tendon over the head of the fibula,
or any muscle or tendon over an exostosis may produce aowell marked snap,
These conditions may be eliminated by inspection of the joint in motion and
||_\- ]:.'1111;11'“:!1.

ELICITING THE CLICK

[t hias been indicated that from a detailed history and examination, and in
the Large [11'::5):11'“”11 ol cases from the ||i.~%lnl“\' alone, it is puﬁr&ihlt' IlJ:|i:l;{T1|)r&t'
a longitudinal tear which extends Torward into the anterior hall of the
meniscus. The tears ol the posterior hall present o different problem for
they never produce true locking but merely the sensation that " something
is catching in the joint 7 accompanicd by momentary giving-way or loss
of control but by little or no pain, To make the history even more vagne the
paticnt can seldom localise the cause of the giving-way, but may recall,
on being given a leading question, that incidents used to be followed by a
small effusion but that latterly even this svmptom has been absent.

This tvpe of case is common. The initiated immediately suspeet a
jeston of the posterior segment, but to those unfamiliar with such o history
the only positive finding is wasting of the quadriceps which leads to the
incomplete diagnosis of quadriceps insufficiency. Once the examiner realises
that he is listening to the history of a posterior segment lesion it merely
requires the click of M Murray's test to clinch the diagnosis.

TECHNIQUE OF THE TEST

The patient lies in the supine position on a firm couch and the knee is Tully
flexed until the heel approaches the buttock. While one hand steadies the
knee the other hand grasps the heel so that the forearm can be used to
produce cither internal rotation, which tests the posterior segment of the
lateral meniscus, or external rotation (Fig. 75) which tests the posterior
Ll of the medial menisens. The region of the menisens brought under
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pressure by the rotary movement depends on the degree of flexion of the
joint. When the joint is in il flexion the posterior extremity is under
review, whereas inright-angled  lexion the middle segment is tested.
e extension bevond aoright angle it is impossible to bring pressure to bear
oncacmenisens and i is evident that the method is of little value in examin-
o ol the anterior half,

When womobile segment of meniscus is caught between the articular
<urlaces during rotation, the slipping ol the femur over the loose fragment
i~ accompanicd by a click or snap which can sometimes be heard but can
always be felt. The transmission of this sensation to the examining hand
not only enables the site of the lesion to be located but some idea of the size
ol the detached portion may be judged by the movement transmitted to the
tibia and the intensity of the sound produced.

M Murray's test s undoubtedly one of the most valuable of the
aveessory methods of examination of the knee joint, but it requires system,
paticnee and practice il the best
results are to be obtamed.! One
af the most common faults in its
pertormance wonll appear to be
Lithre too prodoee the limit of
rotary movement  which  must
sometimes e accomplished  with

adegrec ol vigour which produces
discomfort almost amounting to

padne The originator suggests that

the most simple routine is to bring -

the leg from the position ol acute

Hexion to o right angle while the Fia. 73

oot 1s petained first in full internal Eliciting the click. (M*Murray’s sign.
While one hand steadies the knee the other

T : : wrasps the heel so that the forearm can be used
Avabnormality in the meniscus to produce rotation of the tibia,

and then in fall external rotation,

tructure in the arca under ex-
dmination will be discovered during the straightening of the joint.
Apart [rom failure to elicit the click due to inexperience of the method.
i only other source of error is misinterpretation of normal for pathological
chicks In children, and in some adults with lax meniscus attachments,
clicks can be produced during the manipulation ¢ven in the absence [)f_:l
fesion M Murray states that little difficulty should be experienced 1n
ditterentinting these clicks due to excessive laxity from those L‘;ms(-q by
Ioemented and loose portions of meniscus. When the click occurs with a
normel but Tax meniscns, the patient e xperiences no pain or (llr'-‘rmn[m".t‘ but
when produced by a torn meniscus, which has :11:‘1':1(}_\‘ given rise to
Viiptoms, the patient is able to state that the sensation is the same as he
cavperienced when the knee gave-way previously. _
v similar method has been devised by the author and nsrd‘\\‘nh SUCCESS
lequent oecasions when the click could not be elicited in the usual
[ M Murray 0 The Semilunar Cartilages,” Brito fowr. Surg. 1942, xxaix, 407,

3
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manner. Tt enables o greater degree of pressure to be exerted on the
surface ol the antertor end of the middle segment than is possible by any
other method, It is, anfortunately, of no service in the examination of the
extreme posterior segment,

The patient carries out the examination himsell by standing with his
full weight on the affected leg, the foot being firmly fixed to the ground, and
then rotates his body from side to side so that the rotation is transmitted to
the femur but not to the tibia, The rotary movements are carried out to the
extreme limit which is possible, lirst in extension, which brings the anterior
end of the middle seetion of the meniseus under pressure, and then in ever
increasing degrees of flexion, until the rotation is being performed with the
knee almost at a right angle. The localisation of any click may be effected by
placing the palm ol the hand lightly against the side of the joint while the
MOVement is in process,

LATERAL MENISCUS

[t was Tormerly supposed that lesions of the lateral meniscus were relatively
uncommon by comparison with those of the medial structure, the ratio
being considered to be one to seven or eight, Recent statisties suggest that
the ratio is one to three or four. In the series under consideration, in
which 406 lateral meniscl were removed as compared with 727 edial,
it is less than one to two. The marked difference in these statistics is
explained by the more aceurate diagnoses which have followed the recogni-
tion that the indefinite symptoms, which formerly did not appear to justify
a positive diagnosis warranting operation, are i fact the characteristic
feature of lesions of the lateral meniscus.

The symptoms and signs which have been enumerated apply to lesions
of cither structure but differ inregard to the lateral menisens in that no single
feature is encountered in the same positive form which may be expected from
an injury of the medial meniscus. For example :

(1) The original accident is seldom as definite as that which direets
attention to the medial side of the joint and may have been of such a trivial
nature as to be completely forgotten. An instance of this may be quoted
from the parrot-beak lesion in which the original accident may produce
nothing more than a minor oblique tear of the concave margin, an injury
which produces little effect on the function of the meniscus until antero-
posterior movement, which is the accompaniment of normal joint motion,
produces extension of the tear in both the vertical and horizontal planes.
The extension of the tear may take many months to reach a stage which
produces symptoms of instability of a degree which cause the patient to

seek advice.,

(2) Locking is less common because :
{a) Longitudinal tears tend toremain confined to the posterior segment.

(4) The inherent tendency to replacement following rupture of the
peripheral attachment of the posterior segment, or following a longitndinal
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tear of the substanee of the structure, is more marked in the lateral meniscus
the Tateral structure being a larger segment of a cirele of smaller diameter.

(3) Incidents may not  be followed by effusion. It has  been
stated previously that the production of effusion following the original
accident and subsequent incidents, is, in general, an important feature in
the train of symptoms which Iead to the diagnosis of a meniscus injury.
e exceptions which are encountered refer to the lateral structure where
the relatively minor nature of the original and recurrent incidents may not
produce synovial reaction. ven when the effusion has been present at the
first incident, the tendency for subsequent effusions to appear in ever
decreasing volume is even more marked in relation to the lateral than to the
medial meniseus,

(4) Finally there exists the curious but most important anomaly that
the symptoms of a lateral meniscus injury are often referred to the medial
side of the joint, although the converse is rarely true. This feature has been
responsible for the removal of many normal medial menisei ; it is only
when the result proves unsatisfactory that it becomes evident that the
lesion is located on the lateral side. It is thus evident that when the
svmptoms and signs of an internal derangement are not such that the lesion
15 obviously on the medial side of the jeint, and nothing more than a
suspicion as to the localisation exists, it is most important to think of the
possibility of a tear of the posterior segment of the lateral meniscus. In
this respect it is of assistance to remember that although contra lateral
subjective symptoms may exist, tenderness to pressure and  pain on
manipulation coincide with the lesion.

RECENT INJURIES

here are few more diffiendt problems of diagnosis than determining the
cxact nature of the lesion in the acute injury with no history of a previous
incident. The problem arises in the case seen for the first time at any period
varyving [rom o few hours to two or three weeks following the accident and
exhibiting little more than effusion accompanied by a vague tenderness
localised to the joint line, possibly on both the inner and outer aspects of
the knee. I the patient can recall the mechanism of the injur}', has felt
<omething tear " within the joint, and records that the accident was
ollowed by Tocking which was reduced suddenly by pulling or twisting Fhe
it with the sensation of something slipping back into place, he is giving
4 <tradght forward meniscus history and the signs elicited on (‘x;nniﬂlullun
may confirm the nature and site of the lesion, But even with such a hlst'm‘_\'
ol locking in a knee scen perhaps a week or two after the event, the p;lttvm
mayv be unable to recall which side was affected and unless the t(’micm.vsf is
definitely localised to one particular spot the examiner may ﬁml_ no ‘('lll‘l]l:ii]
ivns swhich can enable him to determine which of the two menisci Is torn.
In regard to this particular problem Sir Robert Jones! called attention
St Wobert Jones. Note 12 of the Appendix to A GO T Fisher's ** Internal Derange-
mients of the Knee-Joint.”’
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to amethod which may prove uselulin determining the location of the injury
il the knee is fully extended the site of the pain prodoced usually coincides
with the site ol the lesion.

In this common problem, where o complete elinical and radiological
investigation reveals no injury other than a potential but unproved internal
derangement relative to oo meniscus, the attitude to be adopted is one of
expectaney. The case should be regarded as a0 trammatic svnovitis and
treated as such. No attempt should be made to safegnard the reputation of
the examiner by forbidding the refurn to athletic activities.  When the
volume and tone of the quadriceps have recovered, the resumption of (oot ball
should be enconraged rather than discouraged. Tt is only in this way that
the joint can be proved to be sound or otherwise @ but the patient must he
warned that if he has any trouble  the exact nature of which need not he
suggested  he should not merely aceept as inevitable the termination of
s athletic carcer but return withont delay for larther examination which
will probably reveal the canse of his disability to be due toa condition which
can be completely cured by o minor operative procedure, This is the only
means by which many voung men can be prevented from having to spend
their Teisure hours as envions spectators rather than active participants in
the game of their choice ;) to say nothing of the benefits which carly operation
on o torn meniscus can bestow in opreventing permanent disability and
<tftering in the form of osteoarthritis which 15 the mevitable outcome of
the wear and tear of every dav life on a knee joint which contains a torn
Meniseis.

LESIONS OF BOTH MENISCI

[t 1= seldom that lesions of both menisci are produced by o single aceident.
The tearing ol the second meniscus in the same joint is usoally the sequel
to o previous internal derangement either treated or untreated. It may
oceur in the following cirenmstances

() Ancinjury of o single menisens may be associated with an injury
ol the anterior cruciate or medial collateral ligament as the result of a single
accident, I the true nature of the injury goes unrecognised and is merely
termed " traumatic synovitis 7 the patient returns to work on an unsound
and nnstable knee the site of recurrent effusions, and, as a result of the
instability caused by the ruptured crociate ligament or the torn meniscus,
tears the remaining meniscus. Thus it would appear that the wear and tear
of every day life in the presence of a torn anterior cruciate for which there
ix not adequate quadriceps compensation evitably leads to o condition
of the joint in which both menisci are torn (IFigs. 76, 77, 78, and 79).

(2) The second meniscus may be torn in a joint in which there is a
history ol an internal derangement of some years' doration with recnrrent
lockings, eftusion, ete., but in which the anterior cruciate hgament is intact.,
The tear of the second meniscus in such cases merely results from the
relaxation ol the capsule and ligaments and the quadriceps insufficiency
which is the usual sequel to the recurring incidents which follow an untreated
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longitudinal tear. The same sequel may be encountered in cases which
have suffered recurrent incidents Tollowing the Tailure of the operator to
remove the posterior horn at the original operation.

3 The remaming meniscus may be torn in the first few weeks or
months of weight-bearing following an apparently successful menscectomy
il arduous work or exercise is permitted in the presence of effusion and
wasting of the quadriceps. The inadequate protection afforded to the joint
components coupled with the softening of fibrocartilage which is associated
with effusion predisposes to the tearing of the remaining strocture.

CYSTIC DEGENERATION OF MENISCI

CLINICAL FEATURES

The patient is usually a voung adult male in the twenty to thirty age group.
In the absence of an associated internal derangement relative to the lateral
meniscus the symptoms are characteristic, The patient complains of @ dull
ache on the lateral side of the joint. The pain, although constantly present,
is not incapacitating during periods of normal activity, but s greatly
accentuated by any inerease ol exercise such as a game of football or a round
ol goll. 1T the cyst o is large the
patient will call the examiner’s atten-
tion to the presence of a swelling
(IFig, S0 if 1t is small the patient
will be unaware of its existence and
will Trequently give o history ol
having sought  medical advice on
previous occasions and received treat -
ment in the form ol physiotherapy
without alleviation of symptoms.
[oxamination reveais  the pre-
senee ol a swelling on the lateral side
of the joint whicl may vary in size,
position and consistency. The largest
cysts may attain the dimensions ol
ahien's ege and are tense and firm on

palpation. They are not of necessity

Fre. 84 found directly over the joint line,

Cwst of the lateral meniscus Ihis s the [ b5 E'.' | % [ 1]
: S Mol ¢ SR i i iF
joint from o which the meniser illustrated or being entirely pariameniscid, they
Fig, 79 were removed take the line of least resistance and

may track forward over the antero-
Lateral aspecet ol the head ol the tibia, or dissccting through the capsule,
may be situated  almost subeutaneously over the lateral aspect ol the
femoral condvle. The small evsts, which are the most common variety,
mav be no larger than a pea, and thus may only be recognised with
nlilr-'u'ull_\ in the presence ol abundant subeutancous tissue. They are
psnally sitnated on the joint line immediately in front of the lateral
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collateral ligament  and  are almost stony hard in consistency. The
characteristic feature of the swelling is that it varies in size (ll:'punh(ling on
the position of the knee, reaching the maximum dimensions in extension
and deercasing in size on flexion. This feature applies to all cysts except
perhaps the Targest varieties which have tracked away from the joint line
to become hxed to the deep structures overlying the tibia or femur. In
addition, the eysts vary in size depending on the time of examination,
being largest and most tender on pressure aflter increased athletic activity,
receding alter a period of rest in bed. Synovial effusion or marked wast-
g ol the quadriceps is seldom encountered except in those cases in
which there s an associated  lesion of the substance of the lateral
meniscus. Although there are no pathognomonic symptoms or signs in the
incomplete obligue or parrot-beak tearthe most common co-existing
mjury  the association of a cyst with this tear can be distinguished from a
cvst occurring as an isolated lesion by the history of instability or giving-way
incidents accompanied by effusion,

The symptoms relative to cystic degeneration vary between the lateral
aned medial sides of the joint. On the medial side the cyst may be extruded
nneder and eventually project behind, in front of, or through the medial
collateral ligament and  therefore in addition to the usual symptoms
associated with cystic degeneration there may be loss of flexion and of the
list few degrees of extension due to interference with the function of the
medial collateral ligament. When the cyst interferes with the function of
this ligament the symptoms produced bear some similarity to those associ-
ated with para-articular ossification of the medial collateral ligament.

DIFFERENTIAL DIAGNOSIS

The diagnosis of this condition presents no difficulty as the symptoms
are so characteristic that a conclusion can almost be reached withount
cxiunination of the knee. Some conditions, however, which produce swell-
g~ on the joint line may prove misleading :

(1) Lesions of the menisei

() A pedunculated tag of meniscus, based anteriorly (Fig. 77), or
posteriorly (IFig. 81}, may be displaced under or over the parent
structure to protrude on the joint line. The swelling produced
is firm in consistency and reaches maximum dimensions on
extension, receding on flexion of the joint.

i) The peripheral zone of @ meniscus may sometimes be displaced
over the superior margin of the tibia to produce a swv!lin;?r on the
joint line which reaches maximum dimensions i extension and
decreases in size on flexion (IFig. 82).

o1 The incomplete oblique or parrot-beak tear which is so commonly
associated with cystic degeneration, may, even in the absence
ol cystic <1vg<-nm'l;|ti|_:|1_. prudtwt a swelling on the joint line.
The 1)11151;H1(Iihg feature of this lesion is the presence of horizontal
cleavage of the substance of the meniscus in the posterior lip of the
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tear. T the horizontal cleavage extends through the peripheral
2une the anterior portion of e posterior -svg:mrnl of the
MCIIECHS Y pass through the horizontal slot 1o present on the
joint line as a firm swelling which mav alter in size on flexion
and extension (19gs. 83 and sS4,
AlF ol these errors of dingnosis have been made by the anthor - thev are
ob academic rather than practical importance for their treatment differs
fenorespect from the treatment of evstic degencration.

IF1:. 85

Ihe salt tissie swelling overlving o tranmatic exostosis
may he mistiken for aocvst of the lateral meniscus.

(21 A bursic sitnated deep to the lateral ligament or a true synovial
pontcle These conditions may give rise to some difficulty and offer a possible
caplanation in the oceasional case when no cvstic degencration is found at
operition and the meniscusis entirely normal. The traunmia of operation usually
produces fibrosis of the pouch or bursa with complete reliel of symptoms.

[3) The presence of a loose body in the lateral compartment which has
abtained o syvnovial attachment, This error is avoidable but occurred on
dne occasion as aresult of careless examination of both the paticnt and his
radingraph.

(4) The presence of an exostosis ol traumatic origin, The osteophyte
produces irritation of the periphery of the meniscus and ol the adjacent
viiovial membrane which results in a reactionary mass of fibrous tissue.
[he existence of the osteophyte in the radiograph should suggest the

riein of the soft tissne swelling (FFig. 85).
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CONGENITAL DISCOID MENISCUS

CLINICAL FEATURES

The diagnosis cannot be made with certainty except in the presence of the
classical sign of a snapping knee. The typical snap takes place at the
extremes of movement, usually oceurring at points about 20 degrees short
of full flexion and of full extension. When the snap oceurs, a momentary
check in the smooth movement of the joint is seen, and the tibia and femur
appear to separate slightly on the lateral side of the joint and then come
together again, The cheek inomovement and separation of the lateral
condyles is momentary and is accompanied by a palpable and plainly
addible <sound (Figs, 86 and 87).

M
o
1

f

F1e,, 868 It 87
Pragrammatic representation ol the way mowlich the ridge onoa
comgenital discoid meniscus causes snapping, and the relationshi
of the femoral condvle to the ridge in Hexion and  extension.

Piter 40 S, M nddleton

Cases which demonstrate the classical snap may come under observation
in carlyv childhiood because of the presence of the nnusual sound, but as a
rule the disability is insignificant and the patient, becoming accustomed
to the notse, is not disturbed by it

Only five cases in this series demonstrated the classical sign, but the
author has seen two other cases previously, one of which was a case
recorded by Middleton, The cases in this series came to operation as the
result of insceurity, momentary locking and recurrent effusions symptoms
nsually associated with a longitudinal tear of the posterior horn, and/or
with the clhinical features of cystic degeneration,
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RETAINED POSTERIOR SEGMENT
CLINICAL FEATURES

A patient is occasionally encountered who complains that in spite of «
meniseus operation which certainly cured him of his previous symptoms of
locking, the knee still Tets him down. He will refer to the posterior aspect
of the side of the operation as the site of the trouble, stating that the
knee gives-way unexpectedly on walking over rough ground, often with
the sensation of something slipping about in the joint. Although all the
common causes of giving-way such as a torn anterior cruciate ligament,
loss of full extension, and quadriceps wasting, are worthy of consideration,
with a history of this nature, which obviously refers to the posterior segment
of a meniscus, the possibility of a retained posterior horn must be kept in
mind. (See also Lesions of Regenerated Menisci) and the confirmatory
click of M 'Murray's sign sought. Such cases arise as a result of inability
on the part of the surgeon to excise the entire meniscus or failure to appreciate
that the ctiology and pathology of meniscus injuries is such that excision
ol the anterior segment only, or of the centrally displaced portion of a
longitudinal tear, is likely to terminate in failure to produce complete
alleviation of symptoms in a high proportion of cases (Fig. 78).

The obvious difficulties of diagnosis in this condition are frequently
mereased by the fact that the patient is introduced with the statement
“that he still complains of symptoms i spite of meniscectomy,” and with
the added suggestion that the complaints are ™ functional ™ in origin or that

he is w malingerer.

LESIONS OF REGENERATED MENISCI

[T excision of a torn meniscus is a common operation, and it is performed
most {requently in young athletic males who are likely to be subjected to
further injury which will produce strains ; the operation cannot be expected
Lo decrease the susceptibility to injury of the most vulnerable of all joints.
In spite ol this, lesions of regenerated menisci are apparently rare, even
allowing for the fact that a certain number of cases may be missed,
especially by those unaware of the possibility of regeneration.

It is cvident that the most significant features of a regenerated meniscus
are the density of the attachment to the capsule, from which it follows
that mobility is reduced < and the small transverse section and decreased
Drojection towards the centre of the joint, which make the liability to
Wiy in an otherwise sound joint extremely unlikely. The phrase ™ other-
wise sound 7 requires elaboration. In all the cases ol lesions of n-:.:vln'r;|lt_‘:1
dienisci which were encountered, examples of which are illustrated
Fivs, 65 69 720 and 73, it was found that cither the anterior cruciate
ament was torn or all the accessory supporting structures of the joint
were extremely lax. Tt would thus appear that injury to a regenerated
mieniscus s possible only in the  presence of factors producimg gross
stiability ol the joint,
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CLINICAL FEATURES

Fhee clinteal Teatures are similar to those deseribed under Retained Postertor
Segment above, but, whereas the svmptoms produced by aretained posterior

frorn become evident within o shiort time of the resumption of weight-
bearing, ina leston of o regenerated meniscus there s usuallv an interval of
months= or yvears before the onset of fresh localising svmptoms,

RADIOLOGICAL EXAMINATION

Athough radiological examination in imternal derangements ol the knee
joint relative to the mentser without the nse ol contrast media can neither
confirm nor refute the clinteal diagnosis, it is necessary to obtain antero-
postertor and lateral radiographs in every case The apparent waste of time
e material s completely justified by the oceasional discovery ol some
nnsuspected condition suclh as osteochondritis dissecans or the presence o
loose bodv. Ttis Tor this reason that plates which are mere shadows of the
termoral and tibial condyles are nseless 0 the radiography must he of o
quality which reveals the details of bone trabecnlation.

AIR ARTHROGRAPHY

Fhe principle ol using contrast radiography in the diagnosis ol internal

derangements of the knee is well known,  The irritant properties of si
Huid media as the iodised oils and nroselectan group make their use unjustis-

ablein the knee joint, quite apart from the abliteration ol detal by i
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fensity of the shadows cast, and in the present stage ol development the
only safe medinm is atmospheric air. The sphere of usefulness of air arthro-
L.:'T'EI-EI]I_\' is unfortunately Bmited, for although the major lesions, such as
a complete longitudinal tear, which are most casily detected by clhinical
cxamination are readily demonstrated, the minor or atypical tears which
mav be responsible for obscure svinptoms and in which some ancillary
method ol examination would prove of most value, are not demonstrated
with o degree of consisteney to make the method of practical importance.

Technique. The skin and capsule are infiltrated with novocain and
the suprapatellar pouch punctured hall an inch above and lateral to the
patclla. I an efiusion is present it is aspirated and therealter filtered air
is injected with @ twenty el syringe attached to the needle by a three-
wiv adaptor. The amount ol air used varies from seventy c.c.s, to one
Bundred and ity coescin different cases, Injection is continued until the
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potient feels his knee definitely tght and there is sufficient tension to exert
Backward pressure on the piston of the svringe. The needle is then with-
driown and the puncture sealed.

I order to ensure that the air in the knee joint is under pressure o
o bandage is applicd from above downwards to the suprapatellar pouch.!
Fre. ssillustrates the projections which are necessary in order to secure

the wreatest chanee of detecting the lesion,

ERRORS OF DIAGNOSIS
L tvpes of menisens removed at operation fall into three groups

I} Those in which the diagnosis is proved to be correct by the
presence of an obvious tear.

2} Those in which the pathology is not immediately evident.
Whiat constitutes o meniscns lesion will remain a matter of controversy,
bitt this group includes those cases in which the peripheral attachment is
stretehied but not torn and in which the meniscus may sometimes show
superficial evidence of having been trapped in the form of erosions or splits
on the inferior surfaee whiclh do not penetrate the substance completely,
or inowhich the strueture shows evidence of degeneration as shown by
vellow discoloration punctuated by white patches.

This is the group which includes the type of case in which it is necessary
Looexamine the specimen carefully in order to explain the symptoms but
which does reveal some pathology which does not overtax the imagination.

3} Those cases in which the meniscus is apparently completely
normal in every respect. This last group of cases exists within the
experienee of every surgeon. The percentage of errors varies with the
jdgment and diagnostic skill of individuals but depends principally upon
the thoroughness with which the history is taken and the care and time
expended upon examination. A small number of frank errors in diagnosis
i~ inevitable, in even the most experienced hands, in any condition which
i~ ~o dependent upon an accurate account of preceeding incidents which
miist of necessity entail not only the patient’s interpretation of subjective
plienomena but his prowess as a witness and the veracity of the statements
made. The surgeon who states that he has never excised a normal meniscus

vither departing from the truth or is missing more diagnoses than he
miikes,

Internal derangements of the knee relative to a meniscus are so frequent
that the common symptoms are well known and thus the history lvn.(l.-c
el to those who desire to simulate a disability for personal gain, financial

otherwise,  Deliberate attempts to mislead are rare in normal ll‘il'i'll!ﬂ-
fenees and they are only encountered in relation to compensation lor
dleged mjury ; iln-_\- are of little importance becanse operation is not
L i}ll-lll':'.{l':llt'_\' and the treatment of doubtful cases may be deferred

FL Collen and G. O, Chanee. * Air Arthrography in Lesions of - the Semnlunar

rtthges, Bt fou Sure., 1943, xxx, 241-245,
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until the accuracy or inaccuracy of the statements can be proved by the
passage of time. In wartime, however, deliberate attempts to deceive are
unfortunately relatively common, and of the normal menisci removed by
the anthor six patients confessed later that they permitted themselves to be
subjected to what they considered to be an innocuous operation in the
knowledge that the knee joint  was normal. A further patient  was
encountered who persuaded different surgeons to remove all four meniset ;
all were recorded as normal ! (The anthor was the second of the surgeons
deceived. ) This man was seen o vear later when he had parted with all his
menisel, and there was no doubt at that time that he had succeeded in
sustaining a permanent disability !

Ialse meniscns histories were found to be favoured by men serving on
undesirably isolated islands such as Teeland, Lewis and Tiree 1 but with
the knowledge that deceptions were being perpetrated, the  examiners
became more wary and the condition came to be known as * Teclandic 7 or
* Hebridean Kneel”



CHAPTER SIN

TREATMENT, AFTER-TREATMENT, AND
COMPLICATIONS OF INJURIES OF MENISCI

REDUCTION OF LOCKED JOINT

HIZ optimum time to secure reduction of a locked joint is as soon—

within twenty-four hours ol the accident—as circumstances will

permit. After this period the inherent tendency for the displaced
central portion of the longitudinal tear to spring back into its original
position is rapidly lost, for the presence of effusion produces softening and
swelling ol the fibrocartilage with consequent loss of elasticity. Further-
more, weight-bearing on the locked joint, or unsuccessful attempts by the
patient to secure full extension, produces compression of the rapidly soften-
ing tissue at the anterior extremity of the tear ; the tissue becomes thinned
and the anatomy  distorted, making subsequent replacement impossible
(Fig. 37). Itis for the same reason that * false reduction,” that is to say,
the production of extension without the centrally displaced portion of the
meniscus returning to its normal position, is of common occurrence if man-
ipulation is deferred for even a few days.  Vigorous attempts to secure
reduction, instead of causing the displaced central portion to retrace its
steps towards the periphery, produces extension of the longitudinal tear in
i Torward direction through the soft, synovial fluid-soaked tissue at the
anterior extremity of the lesion ; full extension may be obtained, but the
concave portion of the longitudinal tear remains permanently displaced in
the centre of the joint,

TECHNIQUE OF MANIPULATION

Without Anaesthesia. («) The patient sits on a heavy chair, which is
preferably fitted with arm rests, or reclines on a low plinth.  The surgeon
<tinuds f;;l'ing him and grasps the foot of the affected side firmly between
his knees ; the upper third of the tibia is held between the hands.  While
e patient holds on to the chair and attempts to relax the limb the man-
ipulator leans backwards to exert traction on the joint and at the same time
rocks the knee from side 1o side by means of his grip on the head of the tibia,
combining this movement with a rotatory action (Iig. 89).

(h) Sir Robert Jones recommended the following method ': The knee
s Hexed and the patient told that he will be given the order, " one, two,
three kick ! The patient extends the limb as suddenly as he can and at
e same time the surgeon rotates the foot inwards and pulls.

With or without anaesthesia. The patient lies on his back on a firm
\ G Timbrell Fisher. © Internal Derangements of the Knee-Jomt,” I Iv. Lewis &
Fad,, Londaon, 1933,
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couch, The surgeon stands on the outer side of the affected b and grasps
the foot with one hand while he steadies the knee with the other. The joint
is fullv flexed to relax the pressure of the femoral condyle on the anterior
extremity ol the Tongitudinal
tear and the  tibia gently
rotated  Trom side to side.
When tull medial or lateral
rotation has been obtained,

- / —“‘\-..“_‘- 4 # oy . -
o A depending on whether it s
o N— the medial orlateral meniscns

which i affected, the jomnt is

suddenly extended (Fig. vo).
1 the  procedure has
been  carried  out  withont

anaesthesta, the success o
Figs, B Failure of the manipulation is

Reducti f locked joint :
ponction ol Jocked ] seldom (ilHI]II. but  under

Pl combaned baoed aml knee greipe nsed i the rockimg ; : ;
i ad anaesthesia,  especiallyin

view of the facts which have
been recorded above, 1t may sometimes be dificalt 1o be certain that
reduction has been accomplished. A false reduction is characterised by an
increase ol extension beyond the point at which the joint had previously
locked, but without achieving complete extension. The check to the last
few degrees is accompanied by the sensation ol elastic resistance.  The
further forward the tear extends the more difhicult it is to achieve replace-
ment, and thus even it the production of a false redoction is detected the
chianees of sneeess by larther
manipulation  are greatly re-
duced,  In these circnmstances o
it is in the patient’s interests to Fies 4o

['l‘l‘l'”lnll'ﬂll {IIH'I'H“IJI] = =0l
as the skin preparation is com-
plete rather than persevere with
conservative treatment or per- [ o=

mit a return to weight-bearing Pl
on o joint in owhich extension / TT ' \lll-_‘

i incomplete, s e L‘L_:

FURTHER TREATMENT e J ¢
A r Y TG 1. 80
OF TORN MENISCUS Reduction of locked joint

The 'l”l";]i”“ ol the further  WWhen the maximum degree of medial jor lateral)
o . rotation in full Hexion has been obtained the joint
treatment of the torn meniscus i windileniyv extended

following the reduction of the
locked joint alfords the opportunity of reviewing the whole subjeet ol

the treatment of internal derangements relative to the menisci. In the
past much confusion of thought and action has existed and it s evident
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tronn the attitude ol expectaney which is frequently adopted that the methods
i common use bear little relation to the known facts regarding the nature
of the lesions or the physiology of repair. 1t has been shown (Chapter IV,
thet the only tears inowhich there exists the slightest chance of natural cure
ave those confined to the peripheral syvnovial attachment or which enter the
convex vascular zone, and even these lesions only heal under optimum
conditions which include immobilisation for a period of at least three
weeks. The tears which [all into these categories are of such comparative
rartty that the possibility of healing is of little practical importance in the
chioice of treatment once there is positive cevidenee that either meniscus
I torn.,

[njuries of the menisel are most commonly encountered in one of three
forms :

(1} The joint is locked. In these cireumstances the diagnosis is
scldom open to question whether the locking has occurred at the original
acerdent oris the culmination ol a previous history suggestive of a meniscus
inqury. There is unanimity of opinion with regard to the immediate treat-
ment. The locked joint must be reduced. What attitude should be adopted
towirds the after-treatment ol the case > Upon this point depends the
rational treatment of meniscus injuries,

In the past it has been the usual practice to apply some form of com-
pression bandage, with or without rigid splinting, following reduction. In
<umie instances rest in bed was preseribed, but frequently the patient was
permitted to continue with weight-bearing on the extended knee.  When
the effusion disappeared and the muscle tone improved as a result of natural
processes Tor the massage which was commonly employed has little effect
an cither the synovitis or the quadriceps — the patient returned to his em-
ploviment in the pit or resumed his athletic activities. The joint never com-
pletely recovered, and inevitably, whether it was within a day, week, month
or vear, the knee locked again. Soon he learned to unlock the knee himsell
ded was thus enabled to continue with his work ; but after a few trials he
restgned himsell to the fact that his football days were over. Finally, as a
result of altered circumstances, such as a change of employment or the
wrduous conditions of military training, he was forced to seek further
medieal advice @ the diagnosis was established and the meniscus removed.

Patients with such a history are the common experience of every
orthopaedic surgeon.  The tragedy is that these cases never obtain a perfect
pesnlt. The recurring incidents have produced permanent changes in the
juint, the most serious of which is stretching of the accessory supporting
drnctures combined with chronic wasting of the quadriceps which may
never completely recover in spite of the most conscientious exercise, These
are the cases which are responsible for any evil reputation which t‘ht‘ opera-
Hon of meniscectomy may have obtained. These are the cases which are n
purt responsible for statisties' which suggest that only 50 per cent. of cases

Biain o result which will permit retention in a military category of AL
Pledley Whyte guoted by Philip H. Mitchener. “ Thoughts on Four Years of War

~urgery,” Heit, Med, four,, 1944, 11, 37.
1
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[t is not the operation which is at fault ; it s the fatlure of surgeons to
appreciate the nature of the pathology at the original aceident. The opera-
tion is not performed too often, it s performed too little, too late.

The moral of this pitiful tale is clear. Once there is convineing evidence
that o meniscus is torn it should be excised, The attitude of expectancy
between the original lesion and the time when the patient is driven to
desperation should be abandoned,  Nothing could be more convineing of
the truth of these statements than the examination of a group of cases
subjected to meniscectomy six months previouslv and who have been treated
in the same conditions ol surgery and rehabilitation. The soundest joimnts,
both subjectively and objectively, are those which received the carliest
n|u'|‘;1tinn,

The question then arises @ i carly operation is desirable should it be
performed immediately alter the original accident in which the meniscus
was torn 2 It has been accepted by many surgeons that carly operation
predisposes to persistent post-operative synovial effusion. The author has
not found this to be the case in oo few cases in which special circumstances
demanded that operation should be performed within o day or two of the
locking., There are, however, reasons why the procedure should be deferred
lor one to three weeks, At the original aceident more structures are damaged
than the meniscus. These tissues should be given an opportunity of returning
to normal before being subjected to further trauma. Furthermore, in the
presence of an effusion of even a few dayvs” duration the meniscus hecomes
swollen and soft and thus casily torn by traction in the course of operation.

In these circumstances the mode of action to be adopted following
reduction of a locked joint or in the presence of other indisputable evidence
of 4 torn meniscus 1s :

() The application of @ compression bandage, with or without aspira-

tion, depending on the volume of effusion.

() Rest in bed,

f¢) The immediate institution of quadriceps drill,

() Removal of the compression bandage several times daily for knee

ilexion exercises,

(e) Operation in one to three weeks, depending on the incidental

damage to the joint and the progress of pre-operative treatment.

(2) It is an acute injury, presenting difficulties of diagnosis
which have already been stressed (page 67), and in which a
meniscus lesion is suspected but cannot be proved. In this common
<ituation the only possible course is one of expectancy. The case should be
regarded as o traumatic synovitis and treated as such (page 14). The
problem involved together with the methods which should be adopted to
ensure adequate carly treatment if the joint proves to be unsound have
already been deseribed (page 68),

() There is a history of recurrent incidents and conclusive
evidence on clinical examination of the presence of a torn meniscus
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of long standing. This is the form in which most internal derangements
relative to the meniset are encountered. In the absence of any outstanding
contri-indication the treatment is excision of the torn structure,

I extraordinary how many patients are encountered  who have
endured meniscus svmptoms for ten or filteen vears or more and who gave
np Toothall, most unwillingly in the large majority of cases, together with
all other athletic activities at an age less than twenty as a result of advice
received Trom their Family doctor. In answer to the question, ™ Didn't vou
ever think ol having it operated upon # 7 they replied, ** My doctor advised
me against operation as it might leave me with a stiff knee,” or, "' I have
scen i lot of chaps who never plaved football again after a cartilage
operation.”

s difficnlt to explain the reason for the advice which forms the basis
ol the first reply. It is certainly unjustifiable in the light of our present
knowledge, but a possible explanation is that the older school of practitioners
<till harbonr o fear of complicating sepsis which is distorting to judgment
and tends to an irrational degree of conservatism.

[T second reply is explained by incomplete excisions of menisei which
miy hive stopped the locking but did not succeed in curing the giving-way,
bt by far the most common explanation is the failure to recognise the
prsence of a rupture of the anterior cruciate ligament,

TREATMENT OF DOUBLE INJURIES

What Torm ol treatment should be adopted in the joint with symptoms
apparently referable to both menisci 7 1f there is no shadow of doubt that
both menisei are torn then both should be removed at a single operative
<ession, but if the diagnosis of a double injury is open to question it is advis-
able to exercise caution rather than remove one torn and one intact meniscus.
Ioxperience has shown that joints in which this error has occurred make
<low progress Lo recovery.,
This problem arises, first, because of the vague nature of the symptoms
i certain lateral meniscus tears and the fact that symptoms may be referred
o the medial side of the joint, and second, the frequency with which jnim‘s
are o encountered inowhich it is obvious that the internal (ll;'!’;lng(’.mt’l.ltl is
referable to a meniscus, but in which there is complete absence of localising
<iuns pointing to one or other structure. The removal of one normal meniscus
< notaserions erime and leads to no serious ill effects or delay in recovery
provided a normal medial meniscus has not been removed when in reality
iteral menisens is torn or vice versa, [t is hardly necessary to say
Uit the exeision of a normal meniscus from a joint, the subject of some
more general pathological process, 1s most undesirable. The best plan to
dopt, where asingle lesion cannot be localised with precision or in doubtiul
Lonhle lesions, is to weigh the evidence carefully and make a decision as
oowhich mieniseus is most likely to be at fault ; this meniscus should be
noved and if it is found to be torn and there is no sign of a further !vam_n
woseenin the incomplete mspection of the opposite sidde which 1s
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possible, the joint should be elosed. Recovery is likely to be I‘:lllitl and time
and nsage will prove the presence or absence of o lesion of the other
meniscus. L however, the meniscus exposed proves on removal to be
normal. there is no alternative bt to proceed to the excision ol the
remaining structure and aceept the delay in recovery which usually follows,

RELATIONSHIP OF OSTEOARTHRITIS TO LESIONS
OF MENISCI

The relationship between osteoarthritis and trauma s well established,
Bilateral osteoarthritis of the knee joint is usually evidenee of the arduous
nature ol an occupation such as coal-mining, where it may accurately be
deseribed as o over-use arthritis, " but it is clearly evident from the experience
gamed in the examination of some 4000 cases that it 1s not generally
appreciated that one of the common causes of unilateral osteoarthritis is an
undiagnosed or untreated internal derangement of long standing.

It has been suggested as an argument against operation that the
excision of o meniscus s followed by arthritis in later life. There is no
evidence in support ol this contention, but even should it be true there can
be no doubt whatever that the advance of arthritic change in a knee joint
in which there is a torn meniscus is very much more rapid than any degenera-
tion which might possibly follow the removal of o meniscus, Further-
more, some surgeons hold the view that a meniscus should not be excised
in the presence of arthritic change. There can be little doubt that this view
i= correct in the presence of radiographic changes of extreme degree, but,
in mild or moderate degrees of the disease, this attitude is unjustifiable,

The pointed shape of the tibial spine at the inferior attachment of
the anterior cruciate ligament and the spike at the inferior pole of the
patella are traction lesions which merely indicate hard usage,  These
minor radiographic abnormalities frequently form the basis of a diagnosis
of osteoarthritis and are held to explain apparently obsgcure symptoms
which the taking ol a careful history coupled with a meticulous clinical
examination might well show to be due to a torn meniscus.  In many of
these cases where the symptoms are of considerable duration, the meniscus
lesion is not only the source of the symptoms but the cause of the radio-
graphic evidence of arthritis,

[t 1s not denied, however, that there may [requently be considerable
dithiculty in forming an accurate estimate of the relative importance of the
many causes which may be responsible for the symptoms. A complaint ol
sudden giving-way, which may be associated with a meniscus injury, is also
encountered in ostecarthritis where it may be due to a variety of reasons,
which include alteration in the shape of the weight-bearing surfaces, the
presence  of osteophytic outgrowths and intra-articular  adhesions, in
addition to the stretching of ligaments and the nipping of tags of hyper-
trophic synovial membrane which are the direct result of the loss of pro-
tection which follows gross wasting of the quadriceps.

The removal of an unoffending meniscus {rom an arthritic joint has
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more serious consequences than occur in normal cireumstances © it is there-
fore essential that the greatest care be taken to arrive at an aceurate
diagnosis.

To summarise the position it may be stated that where the cause of the
arthritis 15 an internal derangement of long standing relative to a torn
meniscus, the damaged structure should be excised, provided the process
ol degeneration has not advanced beyond hope of future improvement,
[he operation is carried out not because it offers any hope of cure of the
arthritis, but because removal of the cause retards the progress of degenera-
tion and permits the redevelopment of the quadriceps, which is the only
assurance of improved function, The chronic wasting of muscle which is
present in these cases means that convaleseence is of necessity protracted
and aomuch longer period o carefully  graduated non-weight-bearing
exercise is necessary before ambulatory treatment can be resumed.

Where the diagnosis can be established to be due to osteoarthritis,
withont any underlying internal derangement which is amenable to surgery,
or to gross arthritis in which operative interference may be contra-
indicated, experience of the rehabilitation of coal miners well past middle
life, has shown that the only treatment of value, apart from the palliative
efieet of radiant heat, is redevelopment of the extensor apparatus until it
t< capable of providing adequate protection for the damaged joint.

HOW MUCH OF A TORN MENISCUS SHOULD BE
EXCISED ¢

In the past opinions have differed as to the operative procedure to be
adopted in meniscus injuries.  Some surgeons consider that only the dis-
placed portion of a longitudinal tear need be removed, leaving the peri-
phieral rim untouched ; some, by choice or necessity, remove only the
iterior hall ; the majority now hold the view that the meniscus should
be removed inits entirety.

When an internal derangement has been localised to one or other
meniscus, exploration throngh the normal small anterior Incision cannot
confirme or refute the diagnosis. Once the diagnosis has been made the
eatire structure should be removed. Complete excision is necessary for the
lollowing reasons

(1) 1t is not uncommon to find a second or third or even five or more

bucket-handle tears in a medial meniscus ; only one handle
may be displaced towards the centre of the joint and ('Xt'iii()}l
ol this portion will not relieve the symptoms (Figs. 33, 34, 35,
and TN,

2) lixeision of the anterior half of a meniscus is quite unjustifiable,

for it is only after mobilisation of the posterior segment that the
presence of a longitudinal tear can be disclosed (Fig. 30).

I an error of diagnosis has been made and there is no lesion in the

asterior horn, as long as the posterior hall of the structure has not been
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mobilised no serious disability will result from excision of the anterior hall
only ; but even if the meniscus is intact, mobilisation of the posterior half,
without excision, will certainly result in serious svmptoms at o later date.
(3) Lxcision of the centrally displaced portion ol o longitudinal tear
is ot foilowed by regeneration. The function of the remaining
peripheral rim must be imperfect.
(+) It is only alter complete excision that regeneration takes the form
ol the most perfeet replica of the original menisens.

PRE-OPERATIVE TREATMENT
QUADRICEPS EXERCISES

On admission to hospital the patient is tanght the basic quadriceps exercises,
stradght leg raising and rhythmical quadriceps drill (pages 5 and 6). The
relationship between muscular development and rapidity of recovery {rom
operation is explained and the need Tor conscientions exercise stressed. [
is difficnlt to teach exercises to o patient who has recently suffered an
operation on the knee joint. 1t is therefore essential that the exereises be
mastered prior to operation. Quadriceps drill s practised under supervision
for five minutes per hour during the fortv-cight hour skin preparation.

SKIN PREPARATION
The presence of infection of hair follicles or other skin alfection (except
psoriasis) i the area ol the proposed incision s a contra-indication to
operation which should be  deferred. The aceeptance of risks in knee-
joint operations is unjustifinble,
Any rational method of skin preparation may be emploved, provided,
it i< completed with thoronglmess and care.

(1) At forty-eight hours

) Wash and shave the leg thoroughly from the inguinal ligament
to the toes, using soap and water and a solt nail brush,

(h) Apply spirit or methylated ether to the whaole area,

(¢} lnelose the imb in a stertle square and bandages or a sterile hag,

(2] At twenty-four hours

(«0) Wash the limb again,

(h)y Apply spirit or methvlated ether Tollowed by weak tineture ol
ir::“[lr.

(¢} Enclose the limb in sterile dressing,

(31 Immediate.  During the hnal stages ol the mduction ol the
anacsthetie the Hmb s draoned of venous blood by means of a4 rubber
bandage applied from the toes to the point selected for the application of
the tourniquet high up on the thigh. The rubber bandage is applied over
the surface of the dressing which has been used to protect the prepared
<kin o the tonrniquet is applied over a small sterile towel which encireles
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the thigh, When the tourniquet has been seeured, the rubber bandage and
Ja]'iill‘l'li\'l’ dressings are removed and the skin reprepared from the toes to
e tourntquet withe spirit Tollowed by iodine.

several methods of draping the operating table and mb are in common
vse. The author prefers to drape the table and sand-bag, over which the
knee will eventually be flexed, while the limb is held in the extended position
by the foot. The leg is then dropped into acsterile square held by the surgeon
and his assistant and securely fixed round the foot and upper end of the
tihize by means of towel clips. Others prefer the more extravagant method
ol enelosing the entire imb in stockinette rolled on from the toes.
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Thee meniscus knives of author's design.  (Alusteation by courtesy aof Doaa Bros,

The final position of the knee on the operating table should permit
flexion to a degree slightly greater than a right angle, so that the plane of
the tibial table is horizontal.

INSTRUMENTS
Il suceess of the procedure to be described in securing complete exeision
{1 he entire meniseus with minimal difficulty through a single small anterior
meision depends entirely on the use of three knives of the anthor's design
ies, Ol 92, and 93).

I'he straight l‘]lir-:.l'l—t_\-'])t' knife (IFig. 91) is based on the pattern evolved
L Walter Mereer.2 but differs from his design in that the type of hand grip
el does not obscure the vision., This knife is used to mobilise the middle
thind of the meniscus (Fig. 98). The curved knives (Figs. 92 and 93)
consist of o C=shaped blade bounded by blunt beaks to prevent injury to the
articnlar cartilage of the opposing surfaces of the femur or tibia. The beaks
we of different lengths and the curve of the knife is so wrranged that {]].U
seer benk alwavs rests on the tibial table. Thus the same knife which 1s

et divide the peripheral attachments of the medial meniscus is also

VEofiead Avinnned, 18944, 381, B - . ) 3
der Mercer, A New lnile for the leemoval of the Memiscus, S, one wid foint

1949 %1, 474,
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used to divide the central attachment of the posterior horn ol the Taterat
mentscus, and the knife which is used to divide the peripheral attachments
ol the posterior horn of the Lateral meniscus is also used to divide the central
attachment of the posterior horn ol the medial menisens, Figs. 980 0940,
and 100 illustrate the method in which these curved knives are emploved.

Neenness of edge, the essential feature of efficient service in all cutting
instruments, applies in even greater degree to this design of meniscus knife
any ditfienlties which may be enconntered in the course of use can alnost
alwavs be traced to Tailure to maintain the cutting edge at maximnm
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INnee jomt retractors

cticiency. The rounded edge of an Arkansas needle hone is used to sharpen
the curved blades ; the flat surfuce for the chisel-type knife. The autho
makes a point ol having the menisens knives resharpened between each
pperating session,

The retractors normally employed are simple single-ended instruments
of orthodox pattern, designed in an effort to produce the maximum exposure
with the minimum ol tranma to the capsule and synovial membrane
(Fig. 94). In addition, the retractors illustrated in Figs, 95 and 96, and
which are based on Burrow's modification ol Nystrom’s instruments, are
oceasionally used. That with the broad fat blade (FFig. 95) is used for
retracting the lgamentum mucosum when it is particularly bulky and
cansing obstruction to direet vision of the attachment of the posterior horn
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and 1= particnlarly uselul for mspection of the condvle and meniscus opposite
to that divectly exposed. The retractor with the narrower curved blade
(g, 96) is inserted between the collateral ligament and the femoral
condyle and is thus uselul in the inspection of the periphery of the joint,
Both these retractors have o greater sphere of uselulness in the intra-
articular manipulations o repair of the anterior cruciate ligament  or
replacement ol the tibial spine than in excision of @ meniscus.

TECHNIQUE

[t s proposed that the technique of the operation be deseribed in such a
manner that the essential points of the procedure are not lost in a mass of
detail, and therealter, under a separate heading, to enumerate the common
difficulties which may be encountered.

MEDIAL MENISCUS

[he incision, which is made throngh muslin soaked in spirit, begins close to
the infra-medial aspect of the patella and extends downwards and slightly
biuckwards to a point about hall an inch below the
joint line (g, 97). The scalpel used for making
the incision s discarded and the skin flaps dissected
up for ashort distance, using a fresh scalpel. The
muslin is now clipped to the skin edges by means
of fine Alliss” tissue forceps or Michel clips in such
a manner that the skin edges are completely
covered. The incision in the capsule is in the line
of the skin inecision and extends down on to the
Bead of the tibia, Retractors (IFig. 94) are placed
m position and the extra synovial fat exposed. The
s drawn forward towards the operator by means

ol toothed dissecting foreeps and incised, cutting

97

divectly backwards towards the medial condyle of _ s
the femur and not towards the centre of the joint. Iy MII':;-'}|:;.‘r[,,t‘i.lll,;_:.",l_]mIm]
[his ensures that vision is not obscured at the
more difficult phases of the operation by an excess ol extra svnovial 1111_.
e anterior third of the meniscus is mobilised by passing the pont
ol the sealpel between the head of the tibia and the under surface of the
meture, The central attachment of the anterior horn is then divided
tmler direet wviston and the [ree end f_:t":ppt'(l _-;m‘nrvt_\' with  Martn's
meniscns lorceps.,

e anterior hall of the meniscus may now be completely []'l't'{'lh'l!lﬂ
tovial attachments by visnal scalpel dissection. The portion imml‘(hzl‘h'i}'
al 1o the medial collateral ligament is mobilised, using the straight
feltype knife (IFig, 98). The attachment of the posterior third to lhr'
ila divided by means of the curved knife, with the convexity ol
curve directed towards the middle of the joint and the ]“n;_:'t']_' I_}L_‘Hk

on the npper medial edge ol the tibial table (Fig. 99). Division
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of the attachment is facilitated i the traction on the anterior horn s
directed somewhat towards the middle of the joint. This is the most
difficult part of the operation and paticnce spent in maobilising the pos-
terior third is amply rewarded

[t should now be possible to dislocate the entire structure into the
centre of the joint. The central attachment of the posterior horn is usually
visible and is divided, nsing the second of the curved knives, the convexity
of which faces towards the medial collateral ligament, while the longer
beak rests on the articular cartilage of the tibial table.  The long beak is
thrust beneath the posterior horn and the knife pushed directly backwards
under direct vision (Fig. 100). Before the incision is closed any free frag-
ments of fibrocartilage, synovial membrane or articular cartilage should be

| T 1. 99 Foue, 1o

Drserarnmantoe representation ol the method of nse ol the author's meni=cus knives

removed and the femoral condyles, eruciate ligaments and opposite meniscns
examined for evidence of injury. Suture of the incision is facilitated if the
joint is extended by placing the patient’s heel on the operator’s thigh. It is
unnecessary Lo stiteh the synovial membrane and capsole separately. Both
lavers of tissue arc closed with a single line of interrupted sutures inserted
in such w manner that the catgut is buried bencath the synovial layer and
docs not penetrate to appear within the joint cavity.  Interrupted silk
worm gut sutures are used in the skin.

LATERAL MENISCUS

The incision is made from a point close to the infralateral aspect of the
patella and sloped downwards and slightly backwards to eross the head of
the tibia and terminate about three-quarters of an inch below the joint line,
alittle anterior and above the head of the fibula (FFig. 97). The capsule is
incised in the line of the skin incision through the weak arca which is
situated between the patellar tendon and the strong band which forms the
medial margin of the termination of the iliotibial tract. Tt will be found that
the depth of extra synovial fat to be traversed is greater on the lateral
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tein on the medial side and the attachment of the anterior horn situated
further posteriorly than that of the medial meniscus. 1t should only he divided
nnder direet vision, l

Omee the antertor hall hias been mobilised the remainder of the operation
will be found to prove considerably less diffienlt than on the medial side
because of the absence ol attachment to the lateral collateral ligament and
the presence ol the tendon ol popliteus between the meniscus and the
caps=ule. Apart from these points the operation differs little from that
described Tor the excision ol the medial structure,

DIFFICULTIES ENCOUNTERED IN REMOVAL OF A
MENISCUS

(1) INADEQUATE OR MISPLACED INCISIONS

Many incisions have been deseribed for the excision of the menisci. They
mav be vertical, oblique, U-shaped, or transverse, and cach has advantages
and disadvantages. The shightly oblique incision described is anatomical
i that it splits the capsule in the line of the fibres and thus does not weaken
the structure, provides adequate exposure, and, not being subjected to
traction at right angles toits long axis, heals with a narrow scar, The only
disadvantage is the possible division of the infrapatellar branch of the
siphenons nerve, which may oceur if the incision is prolonged down on to
the hewd of the tibia @ the importance of this possible fault appears to have
been exaggerated (page 103). It is important, however, that the incision
<hiould be accurately placed, for only then is the maximum access provided.

It is extraordinary how many patients are encountered, who wre alleged
to live had o medial meniscus removed but still complain of symptoms,
who demonstrate a scar through which it is obvious that the most skilled
operator could not excise more than the anterior segment without
experieneing the greatest difficulty,

(2) BADLY APPLIED TOURNIQUET

\ ey operative field can only be obtained if the limb is drained by means of
trubber bandage applied prior to the application of the tourniquet, }f the
Linh i< not drained there is a continunous venous ooze which necessitates
swabbing, The forcing of dry swabs into the joint  cavity should be
nnnecessary, and by producing tranma of the delicate synovial layer, causes
reactionary a‘\'nuv-i:nl effusion,  When swabbing is necessitated by the
presence of excessive synovial fluid, the gauze swab should be moistened
witl sterile water or normal saline before it is placed in the joint.

(3) LOSS OF ORIENTATION
I <perience obtained in teaching the technique of this operation to junior
members of the stadf shows that loss of orientation is the major nhlflt‘ult)'
confronting the inexperienced. This difficulty arises under several cirenm-

T L
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{t) Defining the Anterior Third. There ix o tendeney to divide 1l
retropatellar pad of Tat and syonovial membrane too close to the
centre of the joint. This means that not only must a consider-
able depth of tissue be traversed belore reaching the svnovial
laver, but when the joint cavity has been entered and the
retractors inserted, the operative field s obscured by the muss
of synovial and extra svnovial tissue on the medial side where
the maximum definition is required in the carly stages of the
procedure. The synovial membrane should be divided vertically
over the middle of the condvle where the svnovial laver 1= thin
and the bulk of the tissue retracted towards the centre of the
joint. The ineision should be carmed downwards until the edge
of the knife encounters the superior aspect of the mentscus,
which is then raised from the tibial head by means of toothed
dissecting forceps which grip the svnovial membrane adhering
to the anterior margin of the periphery. In this way the anterior
third may be defined and mobilised by the scalpel blade passed
horizontally between the meniscus and the tibia with due care
not to damage the articular cartilage,

(i) Defining the Middle Third. Considerable difficulty apprars to
be encountered by the beginner in inding the line of demarcation
between the periphery of the middle third and the capsule. The
difficulty is accentuated by the fear, which is justifiable in the
imexperienced, of cutting the medial collateral ligament, and the
cantion exercised causes the dissection to proceed in a direction
too close to the centre of the joint. This requently produces
Laceration ol the strong peripheral zone of the meniscus and
weakens the structure so that it may rupture with even moderate
traction,

The most simple and certain method of defining the line of
cleavage 15 to remove the medial retractor so that the capsnale
1= no longer under tension and the normal anatomy restored,
and then to pass the scalpel blade in the direetion of the curve
ol the medial tuberosity of the tibia immediately inside the
capsule. If i doubt at any time as to the relation of the knife
to the peripheral zone, the operator should look at the inferior
surface of the meniscus rather than the superior surface which is
obscured by synovial membrane, Once this segment has been
maobilised the straight clusel-type knife may be passed directly
backwiards  between the medial collateral hgament and  the
meniscus, leaving only the posterior thivd to be mobilised.

4) FAILURE TO MOBILISE POSTERIOR THIRD

In certain cases, especially where an error of diagnosis has occurred and the
meni=cus found to be normal, mobilisation of the posterior third is difficult
as aoresult of the firm attachment to the posterior capsule. The curved
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e cannot be expeeted to reach the extreme limit of the attachment to
the postenior capsale. “This is of no significance in the large majority of cases
and does not prevent dislocation into the intercondylar fossa ; the problem
onlvoarises when the dislocation proves to be impossible. In these circum-
~tnees the central bony attachment of the posterior horn should be divided
foostowhen it will be found that the meniseus can be pulled forward and the
attachment to the posterior capsule brought within easy range of the
curved knifes This simple act of reversing the order of the final steps in th-
excision of @ meniscus will be found to be worthy of the attention of the
o=t experienced surgeon,

(3) RUPTURE OF MENISCUS AT MID-POINT

it should be noted that a meniscus 15 removed by dissection and not by
traction. A certain amount of traction is necessary to keep the tissnes
it to be ent under tension, but this traction should be applied towards
il mid-lne of the joint and not directly forward towards the operator. [t
1= ubvious that strong antero-posterior traction applied to an are which is
particnlarly weak strocturally on its concave margin will tend to produce
wirinsverse tear.,

[ the meniscus ruptures transversely as a result ol excessive traction,
or the foreeps slip off the anterior horn, the attached portion is liable to
recoll suddenly into the back of the joint because of the tension on the
posterior horn. This latter accident is most liable to occur in a meniscus
which is still firmly fixed at the periphery of the posterior third when it is
dislocated into the intercondylar notch by strong traction in order that the
central attachment of the posterior horn may be divided. If the greater
part of the menisens is displaced into this inaccessible position it is some-
times possible to draw it forward again by means of a single hook passed
hetween the condyles into the posterior compartment, but if only the
posterior segment is involved, it will be impossible to obtain a hold with a
Lok It s therefore much better to make a second incision of the same
tvpe as that used for removal of the posterior horn rather than subject the
jomt to unnecessary trauma. When exposure of the posterior compartment
L been obtained it will usually be found that the meniscus is lying behind
e tibial head , thus explaining the difficulty of drawing it forward by means

o instrument passed backwards between the condyles.

¢ DIVISION OF MEDIAL COLLATERAL, LATERAL COLLATERAL
OR CRUCGIATE LIGAMENTS

Frivision of any of these lHgaments can hardly be termed an accident it
e to extreme carelessness or inexperience.  The medial collateral liga-
nont s the most vulnerable structure and has been divided on two UFC&SIOI'&S
the anthor’s experience of teaching the technique of the operation as a
Uresailt of the insertion of a knife horizontally instead 0.[ vertically.

f hoth occasions the injury was detected and the opposing surfaces
proximated and sutured without difficulty. The joints were thereafter
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immobilised Tor i@ period ol six weeks and neither joint xhibited any und ue
laxity four months later. The prognosis of open division of the medial
collateral ligament is better than in closed accidental division by abduction
becanse the anterior eruciate Hgament and other stabilising structures are
not injured.

It is only possible to conceive division ol the anterior or posterior
cruciate ligament by an operator devoid of knowledge of the gross anatomy
of the joint and who failed to locate the position of the attachment of the
posterior horn of the meniscus by direct vision.

REMOVAL OF POSTERIOR SEGMENT THROUGH AN
ADDITIONAL INCISION

INDICATIONS
(1) Aecidental rapture of the meniscus during operation through  the
antertor mesion,
(2) ailure to mobilise the posterior third throngh the anterior incision.
(3) Removal of a0 posterior segment not excised at o previons operation

(4) Removal of a regenerated meniscus,

TECHNIQUE
(1) and (2) Medial Meniscus. [ it is found necessary to make a
secondincision over the posterior segment during the normal medial meniscus
operation, the exact point of incision is found by passing o pair of straight
mosquito forceps through the joint on the
S : central side of the medial collateral hgament
and cutting down on the foreeps towards
the posterior aspect of the head of  the
tibia. The skin incision is vertical and need
be little more than |inch i length (Fig.
I01). The saphenous vein is recognised and
retracted and a small incision made in the
line ol the fibres of the capsule, which at
this point run downwards and forwards, on
to the point of the Toreeps. The retraction

provided by small single ook or double
hook retractors provides adequate exposnre

IF1. 101 3
Exposure of the posterior segment of 'l]!t-' |.mr-.1{-1lnl hhorn. . _
o the medial meniscus through an Using one or other of the curved knives
i tiomal ncision. A similar in- . 2 .
.!:1‘1'1.].;1“1« el T remmone 1 loose by 1 attachment to the posterior capsule may
from the posterior compartment. he severed with case and the remnant of the

menisens mobilised and displaced into the
intercondylar notch by traction throngh the anterior incision. If only the
posterior horn remains, its anterior end is pulled out through the posterior
imcision and the central attachment divided cither through the anterior or
the posterior incision,



PRENTMENT AP TER-TRENEMENT, AND COMPLICATIONS OF INJURIES OF MENISCL 05

(3) In operating Tor the removal of @ posterior segment which has not
heen exeised ot a previous operation it is not sufficient to make a posterior
incision only, The anterior segment will have regenerated in the interval
between the original operation and the second procedure. This entails the
existence of an imperfect junetion between the original and the regenerated
segment (Figs, 70 and 71).0 It is thus necessary to make an anterior
meision, mobilise the regenerated anterior segment as far as the junction
with the original posterior segment, and then make a second incision in order
to mobilise the original posterior scgment. [t is seldom that the junction
hetween the two halves is sulficient]ly strong to permit dislocation of the
complete strocture into the intercondylar notch without the danger of
rupture.

(4) The sume method of attack is necessary in removing a regenerated
meniseus which is considered to be torn. A damaged regenerated meniscus
is extremely fragile, and even after it has been mobilised as far posteriorly
as possible there is always the danger of fracture in attempting dislocation
into the intercondyviar noteh. This complication may be anticipated by
mobilising the anterior hall of the structure through the normal anterior
incision and then mobilising the posterior hall through an additional incision.
e meniscus may then be displaced into the intercondylar noteh with ease
and the attachment of the posterior horn divided.

Lateral Meniscus.— The technique used for the removal of the
posterior segment of the lateral meniscus differs little from that described
above, exeept that the tendon of popliteus is situated immediately under the
capsule and is seen in the upper portion of the incision. It is recognised and
guarded from injury before proceeding with mobilisation.

CYSTS OF LATERAL MENISCUS

e treatment of eystic degeneration of the lateral meniscus consists of
excision of the entire structure. Physiotherapeutic measures, injection of
selerosing fluid, or local excision of the cyst under the impression that it is a
“ranglion of the knee,” are followed by recurrence of both the symptoms
ind the swelling.
e operative technique to be adopted depends on the size of the cyst,
I it is smaldl, no modification of the normal technique need be employed,
the presence of the eyst is ignored. If it is large, the remo al of the meniscus
done may leave a residual swelling, composed principally of fibrous tissue,
which, although it may not give rise to symptoms, is undesirable on psyeho-
togieal grounds. '
he anterior segment is mobilised as far backwards as the anterior
limit of the eystic mass. The skin flap is then retracted and a second incision
wiide in the capsule overlying the swelling if the swelling is located ff:.r back
on the joint line, a second skin incision may be necessary. The cystic mass
mav now be dissected out, taking particular care not to damage the lateral
Iateral ligament or the tendon of popliteus, and the posterior segment
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maobilised. The central attachment is then divided and the meniscus drawn
out of the joint through the posterior incision.

AFTER-TREATMENT OF MENISCUS OPERATIONS

IMMEDIATE AFTER-TREATMENT

At the termination of any operation on the knee joint involving the use of @
tourniquet o compression bandage must be applied (Fig. 102) This con:
sists of three thick lavers ol sheet wool, which completely surround  the
b, and interposed between cach Laver is two lavers of a0 wide domette
handage applicd with firm even tension,

_ leaving o Iringe of wool above and
/_@ below to avoid constriction. No splint -
N ing is necessary. The tourniquet is not
removed until the compression bandage
has been applied. It should be re-
membered  that failure to remove o
tourniquet  at  the termination ol
meniscus operation is an aceident which
is not unknown. It is a possibility
which should always be kept in mind ;
faillure to remove the constriction re-
sults in loss of the limb. It has been
suggested that such a possible tragedy
can be obviated if the tournigquet s
always tied to the operating table by
means of a length of tape.

REHABILITATION

IFpes, 102
The surgeon should be responsible for the  The injuries of the menisci are the most
apphcition of the compression bandage. J s T il s i
it is accomplished  single-landed in the  ©0MINON derangements of the knee joint
manner indicated mechanism which we are called upon

to treat. It is therelore proposed that
the normal routine ol re-cducation and redevelopment of the quadriceps
in relation to such cases be chosen as the example of the practical applica-
tion of the methods which have been outlined in Chapter . The routine
can be modified and adjusted to suit any knee joint injury, just as it must
be modified to suit the individual requirements of cach case in which a
meniscus has been excised,

On the second or third day following operation the regime of hourly
exercise in the form of straight leg raising and rhythmical quadriceps drill
is renewed. I progress s satisfactory loaded straight leg raising may be
commenced, beginning with a small weight of about two pounds and pro-
gressing to lour or six pounds, depending on the physique and general
muscular development of the patient. Tt is a mistake to overload the muscele
or produce fatigue by prolonged exercise,
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It s usually advisable to vetain the compression bandage and dressing
pntil the tenth day when the stitches are removed, but knee flexion through
aosmall range may be practised within the confines of the bandage. TFull
knee Hexion returns with such rapidity alter the tenth day that there is no
red=on why any risk ol hacmarthrosis or contamination of the wound should
he run by removing the bandage and dressings belore this time in order to
pricctise unnecessary fexion exercises,

veoor about the tenth day the stitehes are removed and knee flexion
exercises added  to the progressive loading of straight leg raising and
quiadriceps drill.

[t has been the practice in the past to permit the patient to begin
weight-bearing at this time. Tt seems doubtful if this is in the best interests
ol the rapid retwrn of normal function, because it is unlikely that the
revencrated meniscus is fully developed until at deast three weeks have
clapsed (page 52) and it is unreasonable to subject the developing structure
Lo the strain of carly weight-bearing. The decision to permit weight-bearing
shionld depend on the presence or absence of effusion and the stage of
redevelopment of the quadriceps and especially of the vastus medialis.
oy weight-bearing on a joint which is nnprotected by the extensor
apparatus retards rather than aceelerates recovery.

In the third week the patient may proceed to the gyvmnasium wearing
4 compression bandage. The bandage is removed while he performs non-
weight-hearing exercises in the sitting position, such as leg swinging, leg
tuising, and rhyvthmical contraction of the quadriceps, together with exercises
ving on the mat such as straight leg raising and cveling.”

Within a few days he begins pulley-weight exercises, beginning in the
prone position (Fig. 6) and raising a weight of about eight pounds, fifteen
Pimes with the unsound limb, fifteen times with the sound limb, and finally
4 Turther fifteen times with the unsound limb. It is usually found that the
=t two days of pulley-weight exercises increase the effusion, but on the
third or Tourth day the effusion should begin to subside. If the cfiusion does
nat <ubside it is an indication that the work performed is cexcessive and
the weight must be reduced.,

Progression is the most important feature of snceessful rehabilitation ;
this the work performed is increased each day by prescribing a greater
mnber of pulls and a gradual increase in the weight pulled. In general, an
erease in the number of pulls with a light weight is much to be preferred to

miall number of pulls with a heavy weight. The onset or increase of
fision is taken to indicate that the joint is being subjected to excessive
roin and necessitates o step backwards in the regime of p]‘ng}'ossio‘n,

The eriterion of preparedness for further progression in the form of
veiehi-bearing remedial exercises, physical training and games, 18 the
beenee of effusion together with a steady increase in the volume and tone

e quadriceps. The time at which such exercises can be t‘nmmencv.d

vics considerably in individual cases and depends on many factors, but is
cilly possible about the fifth or sixth week. _ _ )

Foxperience has shown that recovery to a degree of physical fitness
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Justilving an army category ol AL is rarely possible in less than twelve
weeks of organised rehabilitation. This applies in equal degree to those
engaged in the manual occupations of heavy industry, Observations on the
rate ol recovery of coal-miners receiving continuity ol treatment in bhoth
Hospital and  Rehabilitation Centre show that the musculature of the
injured  joint only reaches a stage of development comparable with the
normal in approximately the same period.

COMPLICATIONS OF MENISCUS OPERATIONS
(1) PAIN

Post-operative pain is not a prominent feature of the menisens operation.
It is unusual {for patients to sulfer more than slight discom{ort except when
considerable trauma, prolonged compression ol retractors and stretching
ol the capsule have oceurred at operation, or the tourniquet has remained
in position for an unduly long period. Transient pain localised to the site
of operation is to be expected on commencing stradght leg raising and
quadriceps drill, and vesults from drag on the incision produced by the
contracting muscle. Persistent severe pain s usually due to some local couse
and warrants investigation.

Slight reactionary swelling ol the hmb mayv follow theischaemia caused
by the tourniquet or from the minor degree of constriction which the use
ol o firmly applicd compression bandage entails, This swelling may be
controlled by raising the Toot of the bed on blocks. 1 the swelling does not
subside and s accompaniced by pain in the knee, it s probable that the
bundage is too tight and should be split, over the posterior aspect of the
b, with Bohler scissors and a further domette handage applicd over the
split bandage without delay. This would appear to be an extravagant
method of loosening wdressing, but it s less dangerous than the imwinding
of the bandage and the release of elastic pressare during the two davs
following operation  ameasure which entails o serions visk of hacmarthrosis,

2) HAEMARTHROSIS
Thisz aceident oecurs :
(ar) As aresult of hacmorrhage Trom a large artery divided at operation,
but unnoted because of the presence of the tourniguet.
Post-operative haemorrhage resulting from the division of o vessel
oceurs most frequently after the removal of a lateral meniscus. This s
explained by the greater thickness of the peripheral rim of the lateral
structure and consequent greater width of attachment to the capsule, and
also by the proximity of the inferior lateral geniculate artery, which may be
divided in separating the periphery from the capsule (g, 103),
() When the dressing has not been applied firmly enough, producing
inadequate clastic compression on the joint.
() As aresult of too carlv removal of the bandage and movement of the
j!lilﬂ.
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[ two cases in the series an over-enthusiastic masseuse removed the
compression bandage on the second day and began aetive flexion. The
patient on cach occasion sulfered sudden acute pain in the joint, which
nnmediately Glled with blood.

There s no donbt that  hacmarthrosis which
oceurs as o complication ol operation is @ more
serions condition than that which results from simple

tranmae and is more Hable to be Tollowed by a pro-
tracted  convalescence due to adhesions, residual A
\_J\_J

p—
synovial thickening, and persistent  effusion.  The it
marked difference in the gravity of the two appa-

rently similar conditions is probably explained by

the presence ol the large area of raw synovial “‘"‘—-"":E',-,'::,,;
membrane, from  which the meniscus has  been :

dissected, together with the products of recent e, 103
tranma within the joint cavity. These factors result  The location of the inferior

in rapid coagulation so that the blood is not readily — 8emuate arteries in rela-
absorbed. Furthermore, the enforced prolongation (After Lee MGregor.|
of the period of rest, which may be the immediate
result of the complication, by permitting the organisation of adhesions,
contributes further to the delay in the return to normal. (See also Chapter 11.)
Diagnosis. There is wide variation in the reaction of individual
patients to the presence of post-operative haemarthrosis. In some cases the
condition may pass unnoticed, but in others there is severe pain, swelling,
and inerease of local temperature. The presence of the local symptoms and
signs inassociation with systemic reaction may make the differential
diagnosis from septic arthritis a matter of some difficulty. If any doubt
exists its Lo the cause of the complication investigations must be instituted
immediately lest an infective arthritis be missed in the carly stages.
Treatment. When this accident occurs the joint is aspirated and a
i compression bandage applied immediately, If the blood is not e vacuated,
tie convaleseence and rehabilitation of the patient is considerably delayed
by sviovial and capsular thickening and by adhesions which develop Iin the
opposing surfaces of the suprapatellar ponch. When the vessel is considered
Lo be sealed off and the possibility of further haemorrhage passed, recovery
nay be factlitated by the injection of air into the joint until the synovial
Wity is distended. H this treatment produces no undesirable reaction it
nay be repeated on alternate days with the idea of preventing the formation
ol s hiestons from retarding the return of full flexion.

(3) SEPSIS

Liis il.«.nlut whiclh is usually the result of faulty asceptic technique, but
iy be the unfortunate sequel ol some untreated focus of infection else-
where, should he o rare occurrence. :

e symptoms are pain and swelling of the jomt, accompanied by a
meing temperature and general constitutional upset.
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[T sepsis i suspected the joint should be aspirated immediately and an
attempt made to classify the organism concerned. Following the initial
aspiration a<oluble <olution of a suitable drug of the Sulpha group is injected
into the joint and the patient placed on a [ull conrse by month. No oppor-
tunity to test the efficacy of Penicillin in such @ case has arisen, but it is
probable that this substance, nsed both locally and systemically in o similar
manner, would prove even more cffective.

e, T

The patehy decaletlication of the patell noted in persistent

el u=ion tolloneimg meniscectomy

Skin traction is applied to the limb below the knee with an extension of
two to three pounds. The aspiration and injection of the chiemo-therapeutic

agent Is carried out once or twice daily as long as necessary.

This method of treatment should be tried as the first ine of attack in
every case, No eifort should be spared which might avoid the necessity for
open drainage.,

In this series one case showed obvious signs ol sepsis on the second
day Tollowing operation.  He had a large scar over the patella and gave a
history of @ wound opening into the joint as aresult of an accident sustained
some Tour vears previously in India, He was treated in the manner deseribed,
but the organisms were not isolated as sulphonamide iad been administered
prior toaspiration of the joint. 1t was considered at one period that drainage
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of thie toint would almost eertainly be necessary, but perseverance with the

method eventually overcame the infection, and after a somewhat prolonged

period of convalescence and rehabili-
tatton Tadl funetion of the joint was
pest ored

Under this heading is recorded o
niber ol post-operative cases which
woere referred Trom o Rehabifitation
Centre at about the twellth week
hecans=e ol Tatllnre 1o make the pro-
LTSS 1'\]::'1'“'[[. Al ol these cases
vave o history ol @ wound  which
[ not healed Tor three or Tour
weeks and ol astormy convaleseenee.,
Ioxamination revealed marked SVIO-
vial thickening and effusion and o
sear owhich could not have resalted
from healing by first intention, A
|':||!iu.ur':||-|| <howed relative decalei
fication of  the  knee  joint, most
nerked o the subchondral regions
and in the patella. Three of the
cases examined had been subjected
Locoperation at a source where con-
dittons were known to be unsatis-
Laetory, Ttis difficult to differentiate
the canse of this complication [rom

1716, 103

Area of anaesthesia Tollowing dis ision of the

mfrapatellar branch of the saphenous nerve,

This incision was used to excise the medial
meniseus !

those described under (4) (¢) below, but 1t was considered that the most
|

wobable explanation was contammation of the joint at operation i a
| ]

degree unrecognisable as true sepsis.

(4) PERSISTENT EFFUSION

(o1 Trauma at Operation. There is no doubt that cases in which the

el an inexperienced assistant is taught the technique of exciston ol a

operation is performed only with difficulty and in which the medial
collateral ligament and capsule are subjected to prolonged stretch-
ing by forcible retraction and the synovial membrane exposed to
prolonged pressure by retractors and artery forceps, frequently
suffer [rom persistent synovitis in spite of conscientious post-
operitive exercise. A radiograph taken in the hope of discovering
some cause Tor the intractability of the effusion demonstrates
patehy decaleification of the patella (Fig. 104).  If quadriceps
exercises are continued and weight-bearing activity restricted, the
sviovitis gradually subsides, but will be found to persist in some
degree until the !';ﬁ[ingr:nphit‘ appearance of the patella has returned

to normal.

Sdence of the truth of these statements may be obtained from cases
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menizenus, The operative tme is ol necessity greatly inervased and as a
result the soft tissues are subjected to prolonged and Toreeful retraction.
Such cases show a more marked and sostained reaction than is nsually
cncountered.

Persistent synovitis is common following wide exposure of the joint
through a long incision. A single ineision which permits both menisei to be
examined is unjustifiable (Fig., 105). The expericnced surgeon can remove
the entire meniscus through a single two-ineh incision with the minimum ol
trauma to the soflt tissues.

In closing the svnovial laver the sutures shonld be buried so that no
portion of the stitch projects into the joint on the inner aspect ol the
svnovial membrane to produce irritation and protfracted cffusion.

The heading ™ Trauma at Operation ™ recalls to memory three post-
operative cases from the same source which were referred because ol per-
sistent effusion and chronie synovial thickening. No obvious cause could be
discovered on clinical examination, but it transpired later that the surgeon
who had performed the operations made a practice of washing out knee
joints with o 7 weak " solution of carbolic as a saleguard against possible
sepsis and the formation of loose bodies. History relates that the solution
nsed had a strength of 1in 20!

(/) Recent Injuries.— More clfusion is sometimes noted in joints
subjected to operation within a short time of the original lesion
than in old cases which have locked on many oceasions.  In
recent injuries the joint is “tight " and the difficaltics of the
operation add to the damage sustained by the solt tissues. In
old standing lesions the joint has become " accnstomed ™ to
trauma and the operative proceduore is simplified by the relaxation
of the capsule and the Taxity of the ligaments.

(c) Over-exercise. The importance of quadriceps drill has been
stressed, but it is recognised that it is possible to make undue
exercise demand on a recovering joint which results in inecrease
rather than diminution of effusion.  (See Chapter 1)

() Quadriceps Insufficiency. [t is noticeable that cases in whom
there is gross quadriceps wasting and who have made little active
cffort to incrcase the volume and tone of the muscles often
have recurrent effusion with excessive weight-bearing activity.
These effusions are the result of quadriceps insufliciency and
incomplete control of the joint on walking, with resultant
trawmi and eftusion.  Ambulatory activity must be restricted
until quadriceps development reaches a degree sufficient to
protect the joint from the normal strains of weight-bearing,

() Abnormal gait. [t is o mistake to permit a patient to walk with
w stifl knee, with the Timb externally rotated, or to adopt a
“Hexed knee gait,” Tollowing operation. Walking on the toes
with the knee fixed in slight tlexion produces abnormal strains
on the joint and resalts inoarritation and effusion,



FREATMENT, AFTER-TREATMENT, AND COMPLICATHOINS OF INJURLIES 0F MENISCL 103

1 Traumatic osteoarthritis. Patients who have a history of an
internal derangement of many vears” duration with established
traumatic arthritic changes present in the joint frequently suffer
from persistent effusion.  The synovitis should be regarded as a
symptom of chronic quadriceps wasting rather than of arthritis,
and, provided the degenerative change is not far advanced,
gradual improvement is to be expected with curtailment ot
weight-bearing until the quadriceps is redeveloped.

¢) Malingering. —Iiffusion of unexplained origin has been produced
by methods such as * patella tapping.”

11 Errors of Diagnosis.

5 NEUROMA OF INFRAPATELLAR BRANCH OF SAPHENOUS
NERVE : ANAESTHESIA IN DISTRIBUTION OF NERVE

e saphenous nerve pierces the deep lascia on the medial side of the
knee between the tendons of sartorins and gracilis. Before penetrating the
deep Taseiac it gives off the infrapatellar branch which passes forward, about
i finger’s breadth below the head of the tibia, to form the patellar plexus in
association with branches of the lateral, medial, and intermediate cutaneons
ITH RN

In spite of the very large number of meniscl removed and in spite of
the continued use ol incisions which must of necessity divide the nerve, a
nenromia of the infrapatellar branch of the saphenous nerve is a rare sequel
ol |:|1t'|‘.‘1lh]ll.

Naughton Dunn' deseribed twelve cases in 1934 and advised a straight
oblique incision inclining downwards, forwards, and laterally, to avoid
possible division of the nerve ; Timbrell Fisher? advises a similar but curved
incision with the same complication in view. Examination of a large selection
ol post-operative cases from different sources suggests that neither of these
incisions are in common nse, nor can the formation of a painful neuroma be a
common sequel to division of the nerve.

he incisions used in the surgery of other areas frequently divide
iperficial sensory nerves.  Neuromata are encountered, but seldom give
Vise to severe symptoms. All medial knee joint incisions divide branches
ol the infrapatellar nerve and many divide the main nerve (Fig. 105). The
pevroma which may possibly result causes symptoms in this particular
ceeion heeause the scar to which it is attached is situated in an area of skin
Vel moves with every step and is subject to constant friction from the
overlving elothing,

I the diagnosis of aneuroma is established, the scar should be excised,

Lo nenroma dsolated and the nerve traced in a proximal direction and
lvieled] withy a 3-,]1;||'I; ;-'.|';1|l)(‘] (FFig. 106). This measure at least ensures that a
Gt her nenroma is not adherent to the cutaneous incision.

Canalilon Dunn. O Observitions on some Injuries of the Koee  Joint,” Laneet, 1934,

ps o

I'_'-mll:uluru-ll Fisher, © loternal Derangements of the Koee-Joint YOHO KN

Fad London, 18933

Lewis &



104

A small zone of tempor:

INJURIES OF THE KNEE JOINT

anaesthesia frequently arises Tollowing o

medial inciston (Fg, 1037, The size of the arca depends on whetlier o
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branch or branches or the main nerve has been divided, The
infrapatellar nerve varies greatly i size, and when the neryve
i Lirge o correspondingly greater area may be allected. The
presence of the patellar plexos imphes that sensory overlap s
well developed in this region, and it is thus unnsual for an
aren of diminished cutaneons sensation to remain permanently,

While 1t 1= not anreasonable to state that o zone of
anaesthesia or even o neuromi i not ol serions consequence
in the average case, demanding lictle more than explanation
and  reassurance, cither complication may constitute a severe
disability in o coal miner whose oceupation entails constant
kneeling,

PROGNOSIS

The many factors which influence the rapidity of recovery and
proginosis ol meniscus mjuries have been mentioned on <o many
necasions in this chapter that it scems hardly necessary to refer
to the subject again in detail ander the specilic heading of
Prognosis, especially in the absence of o complete follow-up
of the 1050 cases which were subjected to operation. It s
necessary, however, to attempt to explain some recent stat TR
which appear to be at wide varianee with those which have
been generally aceepted in the past.

Fxamples ol end results recorded as 7 good ™ or " excellent ™ belore
the sccond World War :
Philip H. Mitchener ! - T cases between 1912219210 76-7 per cent.
IR, J. M Neill Love ® .o ol cases, 70 per cent,
Melvin S0 Henderson ®0 0 L 288 cases, 77 per cent.
W Russell MacAusland * 0 287 cases, SO per cent,
Ao GoTimbrell Fisher® 00 00 61 cases, 96 per cent.
Lorenz Bohler® 0 0 0 Ist series, T cases, 84 per cent.,

Ul H

1

2ndd series, 3l cases, 92 per cent,

Sred series, 59 cases, 75 per cent,

Examples of endd results in Serviee cases recorded sinee the beginning

of the sccond Waorld War ¢

SO S Malkin 7 oo AT eases, 77 per cent, graded AL

Mitchener, fledt fonr. Swvg., 1922 23 5 2737

o) MENeill Love, fieit, Med, foar,, 1923, 17, 324

EAxelvin 50 Henderson, Surgery Covnaecology and Ohstetres, 1930 s, 720
W Russell MacAushond, clapeds of Surveev, 1931, sciin, G449
Ao G Toelwell Fisher, ' Ioternal Dierangements of the nee- Joant " BB Lewis &t

Led | Foonadon, 14033
“lairenz Bobler, Waiener khnisclie \Woe biensc i, 1938, 19 Tlss

TS Alan S Malkin, freid Med foare, T3 16



PREATAENT AFTER-TREATMENT, AND COMPLICATIONS OF INJURIES OF MENISCT 1035

oL Meteallet 0 0 0 100 cases
CA) 715 per cent., (13) 2005 per cent.,
() 7 per cent., () 1 per cent.
Wl R, Pristow® . . L L 1048 cases operated on in Army and LS,
hospitals in 1943
(A) 51 percent.,  (13) 35 per cent.,
(') 9 percent,, (I2) 3 per cent,
[ M wrray quoted by
FLOACTT Fairbank® 00 206 cases inoa convalescent depot receiving
from o number of hospitals 1 36 per cent.
good or farly good,” 21-% per cent.
“definitely bad.”
1. 1. K. Duthic and |, .
Macleodt 0 o0 o 0 TED cases discharged  from convalescent
depot AL 73 per cent. ALl six to twelve
months Later.

Iis evident from the figures which have been quoted that there 15 an
ipparent disparity between war and pre-war results of operation. What is
the explanation 2 Most observers have noted that cases which required
down-grading demonstrated laxity ol the accessory supporting structures
ol the joint, as shown by abnormal antero-posterior mobility, or even
complete rupture of the anterior eruciate ligament? which had passed
nnnoticed, The cause of the relaxation of the capsule and ligaments has
alveady been explained ; it is due to failure to appreciate the importanee
ol aeeurate dingnosis and carly operation.

This observation is not original. In 186 cases investigated by Duthie
and MaclLeod,® 60 per eent. attributed the initial injury to football and
Spereent. admitted  a o previous  period  of  hospitalisation  before
meniscectomy was performed. The average duration of symptoms before
aperition was two vears and nine months © their article was corcluded with
4 plea for the carlier recognition of meniscus injurics,

e arduons conditions of modern military training in association with
auefficient Medical Serviee make it evident that diagnosis and treatment
= likely to take place at an earlier stage than oceurs in normal circumstances,
is thus elear that o post-operative result which may stand up to {{Il.lht'
demands of normal eivilian life —with the possible exception ol serious
Lot hadl may not withstand the hazards of military training.

W Metealte, Larer, 1944, 1, 723,
WO st foeaneed, 1944, 0, 7
N, Fairbanbk, Leaeecd, 1944, 00, 131,
[0 1 Dothie and ot Macleods Laneet, 189441, 183,
Pl s, et Med, foare., 189430, 83,
Pl i Didhie and ], G Maclead, Laneet. 19435, 197

-
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CHAPTIER: SEVEX
INJURIES OF LIGAMENTS

HIZ importance ol muscle tone and control in maintaining the
integrity of the knee joint has been stressed. Sccond only in im-
portance to muscular control in protecting the joint from injury
are the capsular, anterior eruciate, posterior cruciate, and the medial and
lateral collateral ligaments, The infrequency with which the ligaments are
injured in comparison, for example, with the meniset s indicative ol their
inherent structural strength,. Complete solution of  continuity is only
enconntered as a result o extreme violenee, although minor injuries may
oceur when strain is thrown upon a ligament when the muscles are canght

momentarilv " ol guard

ANTERIOR CRUCIATE LIGAMENT

The anterior cructate ligament as attached to the anterior aspect ol the
tibial spine and passes upwards, backwards and Laterally to the posterior
part of the medial surface of the lateral condvle of the femur. Tt is varionsly
stated in anatomical text-books to be tense in extension or in full fexion,
but 1t seems evident from the fact that the fong axis of the anterior cruciate
ligiment passes throngh the axis of rotation of the joint that the ligament is
tense throughout the range and limits of Hexion and extension of the joint,
Viewed through the meniscus incision, with the joint in right-angled flexion,
it is noted that il an attempt is made to pull the tibia forward on the femur
it immediately becomes taut,

The tunetions of the capsule, medial collateral, Tateral collateral and
anterior and posterior cruciate ligaments are so closely interrelated in
maintaining the integrity and stability of the joint that it s difficult to
assochitte o spectfic flunction or functions to any particular ligament.,

The observations of Brantigan and Voshell, ' to which reference has
been made previonsly, suggest that the following functions may be attributed
to the anterior eraciate lgament

(1) The control of forward gliding of the tibia on the femur, This

function is aceepted by all aathorities and forms the basis of
the weil-known test for continuity of the ligament. Even in this
apparently clear-cut function the interrelationship of the liga-
mentous components of the knee joint is seen, for it is noted that
in rupture of the anterior eruciate ligament forward gliding is
most obvious in flexion, when there is some degree of relaxation
of the collateral lgaments. In ol extension forward gliding
should theoretically be possible, but is prevented by the tense
medial and Lateral collateral ligaments,

P O Brantigan and Alen o Noshell The Mechanies of the Ligaments and Menison

of the Wnee Joant 0 f0 Pvae qud fort Sure, 190D sxiii, 44,
1005
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210 The control of lateral mobility in extension, in association witl,
the capsule, both collateral ligaanents, and the posterior cruciate
lment,

S0 The control ol Tateral mobility in flexion, in association with the
capsule, medial collateral ligament and posterior cruciate liga-
ment. (The Tateral collateral ligament is relaxed.)

41 The control of rotation in extension, in association with the same
structures as in (2),

) The control of rotation in flexion, in association with the same
structures as in (3.

51 The control of hyperflexion, in association with the posterior
cruciate ligament aided by the architecture of the femoral and
tibial condyles and the cushioning effect of the menisei, the
femoral attachment of the posterior aspect of the capsule and
the femoral attachiment of both heads of the gastrocnemius.

“1 The control of hyperextension, in association with the posterior
cruciate  ligament, both  collateral ligaments, the posterior
capsule and oblique popliteal ligament and aided by the archi-
tecture of the femoral condyles and the cushioning effect of the

menisei,

I e anterior eruciate ligament may therefore be stretehed or ruptured :

[} By hvperextension,

21 By aforce driving the femur backwards when the knee is in flexion
with the tibia fixed.

31 By violent rotation.

£ By abduction, in which case the lesion must be accompanied by
rupture of medial collateral ligament and sometimes, in addition,
by o depressed [racture of the lateral condyle of the tibia. A
similar but less common mechanism is by adduction, in which
case the converse associated injuries may be expected.

a1 By dislocation of the knee,

[l cnumeration of the functions of the ligament and the complicated
mterreiationship of joint components together with the mechanisms of
Hifney makes it elearly evident that rupture of the anterior eruciate ligament

tcompletely isolated lesion must be rare. In practice, all the nn'c.lunlistlns,
al cspectdly the common mechanisms such as (3) and (4), may in addition
woduee lesions of the menisei. The frequent association with a medial

olliteral ligament injury is widely recognised.
CLASSIFICATION
Hle injaries ol the eruciate ligaments are classified '

I Total rupture with preserved internal ligamentous structure.
i is the classical lesion at the inferior insertion, and in the case of the

U Padmer's moditication of Jirasek's classiication
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anterior Hgament, takes the form of o lracture of the tibial spine (Fig, 107,
See FRACTURES oF THE T, SPiNe,

2. Total rupture with ligamentous destruction. This i~ the
characteristie lesion at or near the superior insertion (g, 10s),

3. Partial rupture with more or less extensive ligamentous
damage. In o mechanism s which abdnetion is the most important
clement, rupture of the Hgament takes place from belore backwards and
Fterallv, I these cireamstances ioremnant may remain which passes from
the posterior part of the tibial insertion to the postero-lateral part of the
femoral insertion (g, 1o9) In other cases shitting of the antero-medial
and postero-lateral fibres inorelation to one another may take place
(Fig, 110), and, as it is possible Tor this to luppen within the synovial sheath,
to external appearances there may be no apparent solution ol continuity,
These two examples serve to illustrate the carly pathology of cases i which
the Hgament in the healed stage s said to be 7 overstretched ™ ar
Cattennated.”

DIAGNOSIS OF RECENT INJURY

Lesions ol the anterior cruciate igament have been considered in the past
to occur with relative infrequeney, The ardoous conditions of modern
military training have shown this view to be crroncous. The injury ranks
sccond only in importance to tears ol the meniscl as a cause of sertous dis-
ability in the knee joint,

Although the svmptoms and signs of an old rupture of the liganent are
nnmistakable and the dingnosis o matter of simplicity, it is obvious from
the number of cases of old standing which are encountered and which give
no history of rational treatment, that the diagnosis is sceldom established at
the time of the original injury. This is not surprising in view of the fact that
the violenee of the foree necessary to produce solution of continuity in a
lgament also produces widespread damage to other components ol the joint
and the resnlting reaction tends to mask the underlying and potentially
disubling rapture of the anterior erneiate ligament,

Many writers have expressed astonishment at the surprisingly good
results obtained from complete dislocation of the knee. This gross but
nncommon injury must mvolve some or all of the ligamentous components
of the joint in complete rupture, or at least severe stretehing, In apparent
contradiction is the accepted fact that rupture of the anterior crociate
ligament and or the medial coliateral ligament s a serious injury likely to
result in permanent disability, What is the explanation 2 A dislocation of
the knee joint is alwavs recognised, reduced with apprehension, and accorded
the respect whicl the severity of the injury undonbtedly merits. The joint
is subjected to prolonged immobilisation in a close fitting plaster case and
due attention paid to the development of the quadriceps.  In contra-
distinction, acute injurics of the anterior cruciate ligament are frequently
missed, complacently dingnosed  as tranmatic syvnovitis and  grudgingly
conceded three weeks of complete bhed-rest to comblete the havoe by per-
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DIAGRAMMATIC

REPRESENTATION OF TYPES OF INJURY

OF ANTERIOR CRUCGIATE LIGAMENT.
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mitting the quadriceps to waste, It is littde wonder that so many old
injuries are encountered and that such severe disability results,

The possibility of rupture of the anterior cruciate lgament shonld be
constdered from ;

(1) History of Injury. The varions tvpes of mechanism liave been
enumeriated and the violence of the trauma stressed, but it s noted that
althongh apparently minor aceidents which may tear a meniscus are
mlikely to rupture the anterior eruciate lgament, o very large percentage
ol all old cases seen received the injury to which they attribute their symptoms
on the Toothall field. Althongh the possibility of a eruciate lignment injury
may be considered following @ severe knee injury sastained in o motor
cvele accident, there is undoubtediv a tendeney to disregard the possibility
i the evervday Tootball aceident,

(2} Presence of Haemarthrosis. Trimmatic hacmarthrosis ocenrs ¢
() Inorapture of vessels in the svnovial membrane.
() When aomenisens is torn from its vasenlar peripheral attaelogent,
(¢) I rupture of the eraciate lgaments.
() In Iracture of the tibial spine or tibial table.

Al cases of tranmatic haemarthrosis should therefore e specitically
examined with the possibility of o torn anterior cruciate ligament in view.

(3) Examination. The aceurate dingnosis of the acute knee 1s ot all
times difficult except perhaps i the presence ol a locked meniscus, It s
especially difticult in the presence of a rupture of the anterior ernciate
Hgament because of the associated mjnry to other structures. The freguent
combination with a torn medial meniscus or a spradned or ruptoared medial
collateral lgnment causes the more important lesion to be missed, the
examiner being satisfied with the more obvious but often less important half
ol an incomplete diagnosis. 1t s considered that the combination of i locked
medial meniseus and woruptured anterior craciate lignment must be unnsual,
The abnormal mobility made possible by the ruptured ligament makes
spontancous reduction, or reduction by the patient or his fellow plevers,
more likelv than would be the case inoan isolated menisens injury.,

The elinical picture in which a torn anterior eruciate ligament shonld be
suspected s o trwmmatic haemarthrosis inoa slightly fexed knee, usuaily not
Jocked, but with a possible history of momentary locking at the time of the
injury. Pain is marked, o tranmatic haemarthrosis being characteristically
more painful than a traumatic synovitis. The whole joint is tender to touch,
the medial and lateral joint lines being especially sensitive. In the recent
case the sensitivity of the joint and the presence of the haemarthrosis will
rarely permit the joint to be flexed inoorder that the test for forward gliding
of the tibia may be performed (Fig, 111) or the state of the medial eoliateral
ligament established. In the acute phase these tests can only be carried out
after aspiration of the joint and the injection of local anaesthetic or the
administration of a general anaesthetic,
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Aspiration is useful as o therapentic as well as a dingnostic measure, as it
rednces pain, produces indisputable prool of the presence or absence of
blood, and reduces the possibility of systemic reaction, The presence ol fat
globules in the aspirated fluid may be due to injury of the svnovial membrane
but nsually confirms the diagnosis of rupture of the ligament in the form of
avnlsion of the tibial spine, or suggests o fracture of the tibial table,

A firm compression bandage should be applied immediately the aspira-
tion and forward gliding test have been performed.

Fhe radiograph is negative, except when the injury takes the form of
[racture of the tibial spine.

TREATMENT OF RECENT INJURY

Fhe ditticultios of diagnosis in the acute knee joint injury have already been
admitted. In practice, accuracy is less casy to accomplish in the recent case

'
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Metlil of testing the anterior cruciate hHgament @ The © drawer
stgn T drwer forwards,

Hwhich o lesion of a meniscus is suspeeted, than in an injury involving the
liviments. Failure to reach a conclusion is of relative unimportance in the
recent meniscus injury (page 68); it is of the first importance in the
izamentons injury. .

e diagnosis of an old standing rupture of a ligament is a simple
matler : no treatment known can restore perfection of function.

The dingnosis of a recent rupture cannot be made at a glance. It may
necessitate the administration of an anaesthetic and certainly demands
poinstaking patience, but it is seldom that a conclusion cannot be reached.
i tronble is worth while @ it is only in a recent case that treatment offers
lope of recovery of function which will bear comparison with the normal

i,
It is o curious reflexion on modern diagnostic illi‘i]illit'.‘i that whereas
wesare prepared to immobilise or even subject to operation a rupture of the
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anterior cruciate lgament at the infertor attachment which takes the form
ol a fracture of the tibial spine a lesion we can see in o radiograph  we
frequently Tail to diagnose, or to treat vationally when we do make the
diagnosis, the same injury at the superior attachment  a lesion we cannot
see ina radiograph, This paradox reveals the depths of our degradation ;
we can only hope for rapid advances in the ficld of contrast arthrography !

[t is unfortunate that recent injuries of ligaments, ke recent injuries
ol the menisel, are seldom seen in an orthopaedic hospital in the acute state.,
The present ignorance of knee joint pathology is such that cases are only
referred to hospital months or vears later when the possibility of restoration
ol the normal anatomy has long since passed. In these circnmstances, there
are: but few surgeons with sulficient experience ol recent injuries who can
speak with authority on the long term results of treatment, either conserva-
Live or operative,

It has been the custom in this country, and to o lesser extent on the
Continent, to adopt a conservative attitude towards all lesions of the liga-
ments of the knee joint. It seems evident from a study of the ruptures of
the anterior erueiate lgament represented by Figs, 107 to THo and from those
of the medial collateral ligament represented by Figs, 147 to 152 that all
lesions cannot heal by immobilisation alone. The concentrated clinieal
experience of five years of war surely confirms this suggestion,

Recently, Tvar Palmer, ' whose experience of the treatment of injuries
of the ligaments of the knee is rivalled by few, has advised operation in all
cases inwhich the elinical picture is clearly one of total rupture. The author
cannot vet claim suflicient experience of operative action in recent complete
injuries to confirm this recommendation without reserve, but has certainly
placed on record more regrets for having adopted a conservative attitude in
i known total rapture than in the few cases which have been subjected to
operation. It is possible, however, to forecast that with increasing knowledge
of the pathology of ligamentous injuries, and of operative technique on the
knee joint through non-destructive incisions, the prospeets of better results
in the future lie in the restoration of normal anatomy by operation in the
many cases inowhicl this is undoubtedly possible, than in treatment by
immobilisation alone,

Before treatment of a recent rupture of the anterior eruciate ligament
is instituted it is necessary to establish whether,

L. J1is an isolaled lesion, or,

2. Whether it is a combined injury,

{a) with a rupture of the medial collateral Tigament and or

(h) o tear of the medial meniscus,
The policy adopted towards these lesions by the author is as follows :

. If the rupture is an isolated injury the treatment is conservative
and consists ol immobilisation alone.

ivar Palmer.  On the Injuries to the Ligaments of the knee Joint.”" eta Chir. Scan-
dinarea, 19358, Ixxxd, Supplementure Tiin, Stockholm,
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2000 the rupture is assoctated witl) complete solution of continuity of

the medial collateral ligament the treatment is aperative ; the
exact procedure varies but at least entails repair of the collateral
ligament,

.1

S0 the rapture is assoctated with o tear of the medial meniscus the
treatment is operative and consists of excision of the meniscus,
retaining the anterior attacliment, and repair of the ligament
using the meniscus, if necessary, to reinforee the repalr,

TECHNIQUE OF TREATMENT
CONSERVATIVE

[l jommt is aspirated and o compression bandage, with the addition of
i padded posterior splint of Cramer wire or an aluminium gntter splint,
applicd. Quadriceps drill, which forms an essential part of the treatment
liter, is not advised in the presence ol haemarthrosis or until plaster
mnunobilisation has been secured. In about ten days’ time, when the
swelling of the joint has subsided, a skin tight walking plaster cast of the
fvpe used by Boller,! and which permits of ankle and oot movement,
i~ applied (g, 112).

[t has been the custom in the past to immobilise injuries of the cruciate
amd collateral ligaments in varying degrees of flexion. If it is accepted that
the eruetate ligaments are taut throughout the range of movement ol the
point, and that some Abres of the medial collateral ligament are tant even in
flexion, this practice would appear to be irrational. It is also undesirable

]'I'{'.H]\.{' ¥
@1 The patient cannot and should not walk on a flexed knee.

) The return of full extension after a long period of immobilisation in

flexion is both prolonged and difficult to attain.

¢l It does not permit vastus medialis exercises, the most important

part of the treatment, to be performed.
e knee joint should therefore be immobilised in extension but not
1 '\'iH'[l'Xl!'ll?i'[.H]!.

e type of skin-tight walking plaster cast which permits ilIlkl("H‘I]li
Gut movement is of the utmost service in many injuries of the knee jont
wwill therefore be deseribed in detail.

\ flexible supporting bandage is applied from the roots nf'lln' toes to
tibinl tuberele. The most suitable material is zine gelatine (Unna's
¢owhich is inexpensive, durable and least liable to the (‘1:111|ﬂi(‘;11i::n
L irritation provided the ingredients (zine oxide 3 ozs., ,{___{vl;llmv 3 ozs.,
Cotine 7 ozs., distilled water 7 fluid ozs.) are of high quality. A double

1 an elastic adhesive bandage or a proprictary zine gelatine bandage
Sl nsed s aless satisfactory alternative.
Bohler.  The Treatment of Fractures” fohn Wright and Sons Lul, Bristed,

Ha i
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Application of zine gelatine paste.  The zine gelatine is melted inoa
water bath and painted on the limb from the toes to the knee, A short strip
of S-inch open mesh bandage is apphed to the tendo-achillis, heel and sole
ol the Toot, from above downwards ol in
the Tong axis ol the limb and thereafter
turns ol the same type ol bandage are
:!|1i1]iml to the foot and ankle. N brooder
bandage of open mesh, © 6 inchies wide, is
used Tor the leg and applicd evenly avoid-
ing lolds and reverse turns, 1 is essential
that throngliont the whole procedure the
foot be mamntained o maximum dorsi-
Hexton and in the mid position of inversion
and eversion, Tor if the bandage is applicd
in plantar flexion, walking produces creases
over the dorsion and Lateral side of the
foot which cot into the skin, When three
alternating Tavers ol paste and - bandage
have Deen applicd o final coat of  paste
completes the support which may then be
rendered non=adhesive by gently dabibing
the drving surlface with o handful of cotton

wonl,

Application of plaster cast.  1he
nnpadded  plaster case extends from the
ischial tuberosity and hase ol the reater
trochanter to o point two inches above

thee base of the medial malleolus. The skin

I'laster cast o wlach mmmedalises  the . . . . -
knce poant bt permits weight-bearing ”\"']'!_\‘[“,L: the ischial “lll['l'li‘*”_\' aned the

amecdale foot ol andsle
I he Ui = paiste extends Trore the ) ) ) .
fonit= o the toes Lo e knee s steip strip of Telt 4 mehes wide ]lilh'.‘-d'li arotind

! the thigh so that it lies ander the ischial

AL greater trochanter is protected by o Tong

ol telt survvonmeds the lew sl e e
ankle where the plister overbips the

Ui panste tuberosity, Tollows the line ol the el

fold, the two enils |Ill‘l']ili§.{ over the mreater
trochanter. Alternatively, o long narrow roll of wool covered by 2 inch
stockinette makes aomost satislactory protective padding. The erest of
the tibia ot the lower extremity ol the plaster is protected by o strip of
felt 3 inches wide passed ronnd the leg above the base of the medial
malleolus and seenred with strapping.

The application of the plaster is delayved untl the zine gelatine i< dry,
The plaster case, which consists of foll length anterior and posterior stabs
supplemented by eireular handages, is carclully: monlded to the contours
of the knee joint and to the padding at the proximal and distal extremities

(g, 112),

After-treatment.  Ouadriceps drill is carried out hourly throughont
the dayv, beginning with straight leg radsing and progressively loading the
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muscle with 2, 4, 6, and S or more pounds as tone and volume increase. In

the Tater stages pulleyv-weight exercises may be used, and, with the knee
point held vigid inoa skin-tight plaster, they differ in no essential from the
baste exercises, except that performed in the prone and supine positions
they help to break the monotony of Toaded straight leg raising, Weight -
bewring may be resumed after o few dayvs of quadriceps dyill,

When the plaster is removed at the end of twelve weeks, active knee
flesion exervises e commenced and  progressive increase of  quadriceps
exereise continued Tor three to six months, There 13 no injury of the knee
joint in which the development of the quadriceps is of more importance, for
it is upon the volume and tone of the extensor apparatus that the joint must
depend Tor complete stability in the event of some permanent residual laxity
ol the lgaments,

OPERATIVE

When the injury s assoctated with complete solution of continuity of the
medinl collateral liganment this strueture alone may be repaired. (See
OPERATIVE TREANTMENT oF RECEXT INJUuriis oF Mepian COLLATERAL
Focanext. ) When the medial menisens is torn or in other circumstances
mowhich it is decided to attempt restoration of the normal anatomy,
thee anethod o attack varies to soit the pathology encountered  and
the technical difficulties to be overcome.  Inoall cases  operation s
deferved Tor o few dayvs to permit the swelling to subside © it shonld not
b unduly delaved lest absorption and shortening of the distal section
render approximation impossible.

I'he technique varies little from that deseribed in detail under OpegaTioN

OF RECONSTRUCTION OF THE ANTERIOR CRUCIATE LicaseEsT Usixa
Prtenerarn Hay or tme Mepran Mesiscrs, The medial menisens
i< mobilised by the method already deseribed, but leaving the anterior
ttachiment intact, Several procedures are then available depending on the
assessment of the state of the ligament made possible by the aceess which
results from mobilisation of the meniscus,

() The torn ligament can be reattached to its superior insertion. This
is only possible when the original rupture has taken place at,
ar very close to, the femur and in the absence of gross frag-
mentation or loss of tissue, Two strong silk sutures are attached
to the proximal end of the distal section ol the divided Ii;;';nn:-nll
using a small fistula needle and adopting the same method of
suture as that deseribed in the replacement of the ligament by
the medial meniseus. Two parallel holes are bored from withont
inwards through the femur, using the deill aligner (Fig. 124), 50
that the points of exit emerge accurately in the !:nlm'l;ll \\'ul_l of
the intercondylar noteh at the normal attachment of the liga-
ment. The sutures are threaded through the holes and tied
tightly over the intervening bone (FFlg. 113).

() 1 the torn ligament cannot be reattached to its su;:vrinr‘in_wrli._:n,
ix grossly fragmented o divided inits body at a position whicl
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makes suture impossible, the operation proceeds i exactly
the same manner as in replacement using the peripheral hall of
the meniseus, with the additional feature that the new ligament
isreinforeed by suturing the distal stump ol the original strecture
to it with fine silk sutures,

After-treatment.  The post operative and ambulant treatment is
the =ame as that deseribed onder RECONSTRUCTION  OF  THE ANTERIOR
CRUCIATE LIGAMENT,

FRACTURE OF TIBIAL SPINE

Although o fracture of the tibial spine may take place at any age, it is pre
dominantly the injury of vouth which corresponds to rupture of the anterior
cruciate ligament in the adult. Tt may therefore occur as an isolated lesion
by anv ol the mechanisms which produce rapture of the anterior eruciate
ligament, the most common of which, in the adolescent patient, is considered
to be adirect injury to the anterior aspect of the flexed knee which drives
the Temur backwards on the fixed tibia, Tt s for this reason, and also
possibly hecanse the injury oceurs most frequently o voutiiful patients
whose lgaments are relatively resilient, that it differs from rupture ol the
cruciate lignment in adults by seldom being acecompanied by any gross
lesion of the medial eollateral lignment.

Like rupture of the anterior cruciate ligament it s an injury which is
frequently missed, having been diagnosed
as svnovitis U following a foothall acei-
dent. Aduolt patients are repeatedly
encountered with symptoms ol an internal
derangement relative to a recently torn
menisens who demonstrate the abnormal
antero-posterior mobility associated with
aruptured or stretehed anterior cruciate
leament, but who, on rvadiographic ex-
amination, demonstrate an old nnreduced
[racture of the tibial spine sustained in
carly vouth,

CLINICAL FEATURES

The injury is seldom seen for several

Fre 113 hours or days after the aceident when
Distgrmnatic representation af the it is noted that the joint is swollen as @
method of re-attachimg the superior . o< e 4 =
O i s result of an effusion. The knee is held in
lgament  to bone by means  of slight flexion and an attempt to produce
sutures  passed  throngh a double s i e AT i S e P .
sl it e wiisle of i pissIve eXt nr\.rr:n iy encounter a Imn_\

femmur.  (After Palmer.) biock. Palpation of the contents of the

suprapatellar pouch and the increase of
Tocal temperature suggest the possibility of hacmarthrosis and il the con-
tents of the svoovial cavity are aspirated hefore radiographs have been
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obtatned, the presence of Tat globules in the haemorrhagic effusion will Tave
confirmed the possibility o an intra-articnlar fracture. The generalised
padiand tenderness which frequently aceom-
pany hacmarthrosis will usially preciode the
demonstration ol abnormal antero-posterior
mability. In some cases there may be a
ceneral svstemie reaction,

The Tmal dingnosis depends on the radio-
graphs which show that a bragment of bone
has been avulsed Trom the centre of the
tibial table (Figs, Vband 115), The fragment
varics in botly size and displacement ¢ il it is
Frge and Hat it will be seen to e tilted so
thiat the anterior and medial margins are
riised to oo higher level than the posterior
and Tateral, that s, the displacement is in
the direction of the course ol the anterior

crucie ligament,

TREATMENT

Fra. 114

Fhe pdeal treatment s replacement ol the ;

. h Avulsion of the tilial <pane oo
displaced  fragment by closed  methods child,

followed by immoebilisation imtil nnion s

completes Unfortunate

v this ideal cannot always be attained, Tor, althongh
there is no doubt that sound union can be secured by immoebilisation alone,
tnless the fragment is completely replaced, the anterior eruciate Hgament
i= lengthened with consequent instability of the joint and the tendeney 1o
i tnrther internal derangement relative to the menisci, For this reason
mere immobilisation inoa non-padded plaster must not be aceepted as
providing adeqguate treatment in this condition. The short term result may
dppear satistactory, but the optimum long term result ds onlv secured
following perfect reduction of the displicement. In practice this means that
nnless closed manipulation results in reduction of the Tracture, the gquestion
aloperative replacement wirrants serions consideration,

TECHNIQUE OF TREATMENT
CONSERVATIVE

sein which complete replacement is most hikely is one in

(I v ol e
which the arca of the superior surface of the fragment is large. that is to
dv, the case ino which the fragment tends to extend under the femora!
mdvles so that it iy subjected to compression when the joint is extended.
<l fragments lie between the condyles and are thus not subjected to
prossiure onextension and are therefore diflicult to replace by elosed
'll"’-llfn1=,
UCtider o general anaesthetic the joint is completely evacuated of blood
A dspiration, This s necessary in order to obtain full extension and to
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prevent the formation of avoidable adiesions. The knee is then hivper
extended in order to foree the fragment back into the normal position
thereatter o laterval radiograph is taken with the joint in foll extension, but
not in hvperextension. Horeduction bas not been obtained at the first
attempt hurther manipnlaion may secure the destred position. When
reduction is considered 1o be satisfactory o non-padded plaster - case,
extending from the toes to the base of the greater trochanter, is applicd,

After-treatment. In two to tour weeks” time when the plaster has
become Toose, it is changed in favour of o weight - bearing plaster of the type
which permits ankle movement : immobilisation s maintained for o total
period of cight to ten weeks.,

The age ol patients sulfering from this injury usually lies between ten
and vwenty and thus no diffienttye s encommtered i obtaining a rapid return
of full flexion.

OPERATIVE

Operation is indicated when the fragment constitutes a0 bony block to
extension which cannot be reduced by manipulation, and also incertain
cises where the tragment s small and cannot therefore: be replaced by
extension or is tlted to aodegree kel to resalt i lengthening of the anterior
cruchate Hgament,

Replacement of the fragment in the erater in the tibial head can he
aceomplished without ditficnlty through o small non-destructive incision,
but when the necessity Tor internal fixatton, inaddition to replacement,

arises, the procedure cannot be carried out with case oxeept throngh a large
patelli=displacing incision which provides complete exposure but entails
restdual disabilitey which mayv ontweigh the advantages of complete reduction.
FFor this reason the operation ol replacement combined  with  internal
fixation should only be performed by an operator who has experienee of the
intra-articular surgery of the knee joint through Timited incisions which do
not entidl mjury to the interrelated stroctures which maintain the integrity
and <tability of the joint.

i) Replacement.  An incision of the same tvpe as that ased for
exposure of the medial menisens is nsed and enlarged slightlyv in order to
provide better aceess, The capsule and svnovial membrane are incised
closer to the midline of the joint than in the meniscus exposure and wide
bladed retractors (IFigs. 95 and 96) inserted <o that the extra synovial fat
does not obseure the operative fekd, In the recent case the lesion ean be
seen without diffienlty and the fragment can be pressed back into the bed
from which it was avulsed. Tnothe majority ol cases the reduction is stable
and no internal hxation is required,

The atter-treatment Tallows the lines suegested ander conservative
treatment,

i Replacement and Internal Fixation. In recent cases in owhich
the reduction is unstable, o oeases in which an interval of some weeks has
clapsed since the injury, or in old injuries inowhich there is @ bony block to
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extension, internal fination s orequired to supplement reduction, The
inciston 1= stmilar to that deseribed above, but is extended down on to the
anteroemedial aspect ol the tbia for acdistanee of one 1o two inehes, Access
which will permit intra-articular manipulation is - gained by dividing tle
antertor attachments ol the mediad memseus close to the centre of the joint
or by exeising the structure completely, 1 the injury is of some weeks'
duration the Tragment may prove difficnlt to find and may only be defined
alter cutting s synovial covering. The straight chisel-type menisens knife
will e found to be useful at this stage, I the fracture is three or four weeks
ol the depressed erater will still be present to receive the fragment but in
oldler cases it will have filled with callus and must be reconstituted by meins
ol e menisens kotle or o small gouge,

[o seenre lixation, a point on the antero-medial surface of the tibia
i~ ~clected at whicli the suture will eventually be tied. At this point o small
bone gralt, one inch by o quarter of an inch, is cut in a line horizontal to the
lonte axi= ol the limb, In the centre of the defeet a three sixteenth inch drill

aligned so that the point of exit will eoineide with base of the erater. Twao
st Teoles are then made in the fragment by means of o straight cutting
necdle or o e diamond pointed drill, taking care not to split the hone.
Fhe suatnre i entered from without inwards by means of an eved probe,
prisscd through the lioles in the fragment so that it is buried in the cruciate
Hgiment, and brought to the exterior again to be seeurely tied over the
Bone craft (Figs, 15, L6, aned 11T )0 1 the fragment does not bed down
<o that the anterior erueciate ligament is taut, the erater may be enlarged in
an anterior direction and deepened.

(e suture material used by the author up to the present has been
Bricded <ilk and so farno trouble has been experienced, but itis probible that
e <tainless steel wire is not only a safer material to use but wonld L
theadded advantage that it could be passed through the small holes in the
agmient with greater case and without the necessity Tor using a small
Pnllv-eneved needle which is difficult to manipulate within the joint.

1 the termination of the operation a compression bandage ol wool and
domette is applied, in the onter Tayers of which a plaster slab or a padded
cramer wire splint s incorporated.  The nse of a tourniquet precludes
the application of plaster which doces not provide the necessary clastie
RS A F

At the end of two weeks a non-padded plaster cast ol the type which
permits ankle movement is o applicd and :]liiull‘in'x']:r‘ drill t'ulnml‘_m‘t'lll,
Weight-bearing is permitted after a further two weeks. Immobilisation 1<
pantaned Tor o total period ol clght weeks.

O1I.D RUPTURES OF ANTERIOR CRUCIATE LIGAMENT

Pl s Mew surgeons who have not noted during the routine examination
i =!.-- interior of the knee joint at the termination of @ me nisens operation
thoat the anterior erueciate ligament s Iuptmui roentirely absent. They

it svmptoms in the history or obvious stens on examination suggestive
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of the presence of the injury, and the convalescence and final result ditiering
little from the normal case, the patient is eventually dismissed as acuriosity,

It would appear therefore that knee joint foncetion within normal
limits is possible in the presence of an old rupture of the anterior creiate
lgiment. On the other hand it is well recognised that this inury may be

Fracture of the tibial spine
ol eght weeks" durition

| 1 18 €

Fhe wmethesd o mternn!] hisatian
tracture ol the tdval spone

o disastrons to knee joint fueetion as to constitute o major problem of
orthopacdic surgery. The answer to the question ol these apparently
contradictory phenomena is to be Tound in the detadl of @ careful nstory of
imdividual cases and in the condition of those structures of the knee joint
which have been enumerated as working in close association with the
anterior cruciate ligament in maintaining the stability of the knee joint,
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Fhe case, noted at the vemoval of a0 torn medial menisens to have an
old rupture ol the eruciate ligament but without symptoms referable to
this mmpury, will be Tound 1o possess gquadriceps extensor apparatus of good
tone and volme, there s no laxity ol the medial collateral liganment nor
relaxation of the capsule, and, what is perhaps most important of all, gives
no history ol recurrent incidents of a serious nature over a considerable
number of months or years. He may have suffered symptoms which made

i, 117

Vhie reduetion achieved by operation and mternal Bxation
thie case illostrated in g 118

e reeagnition of oomeniscus injury o matto ol simplicity, but the natore ol
L= oecnpation has not made major incidents a matter of common occurrence.
e complete antithesis of this statement s the fact that in CVErY Case
iowhich both menisei were diagnosed as torn, and removed at o single
Cperiation, the anterior ernciate ligament was ruptured. [How is the com-
totion of these three lesions to be explained 2
L That both medial and lateral menisei and the anterior cructate
ligament were torn at the original aceldent.
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Thes explination is possible but unlikelyv, especially in the light of the
histories, which, following the original accident, point to o lesion of the
medial menisens and months or perhaps vears Later, Tollowing one ol the
recurrent incidents, points to a leston ol the Tateral menisens,

20 That rupture of the eruciate hgiment alone or o assoctation witl

an injury of the medial collateral lgament and i the absence
ob adequate quadriceps compensation leads eventually, as a
result of the deterioration of the other stabilising structures, to
tearing ol one and eventually of both meniser,

Sufficient evidenee exists toomake this explanation aceeptable,

e That the presence ol o torn medial meniscus predisposes tooa
rupture ol the anterior ernciate ligament .,

This expliunation mnst also be accepted, for it is obvious that ina joint,
which is hable to sudden collapse on rotary movement in flexion, the anterior
cruciate may casily be ruptured.

isee also sections on Lestoxs orF Dorir Mexiscr axnp LESIONS oF
Receserevten MENiscr |

CLINICAL FEATURES IN OLD CASES OF RUPTURE OF
ANTERIOR CRUCIATE LIGAMENT

Ouaddriceps extensor apparatus, of good volume, tone and control in the
abzence ol laxity of the medial collateral ligament and of the other interrelated
structures concerned inomaintaining the stability of the knee joint, may
compensate to such a degree that no serious svmptoms may arise which are
directly referable to o torn or lax anterior eruciate dgament. Ino these
cirenmstanees the patient is usually able to pursne an ardnons manual
necapation although the knee joint cannot therefore be assumed to be
capable ol withstanding the sudden strains demanded by such vigorons
athletie aetivity as associntion foot hall.

The grave disability associated with this injury is the resalt of the lToss
ol stability which quadriceps  msulliciency entails and  the subsequent
divmage to ligaments, capsule and menisci which results from constantly
recnrring incidents. Ttwill be deduced from the preceding seetion, however,
that in many cases it s quite impossible to identily canse from effect,

History. [t is usually possible to elicit o history of an original
accident, most commonly snstained on the Toothall ficld, which has been
[ollowed by recurring incidents, which may include momentary locking,
resulting ineflnsions which have necessitaied periods ol bed rest. The
intervals of freedom from trouble lave become shorter and the instability
or insecurity of the joint, which is the principal complaint, has hecome
progressively worse,  The knee is constantly giving-way, especially in
descending stairs, and there is frequently fear of stepping o jumping down
from o height Test the joint collapse. Attempts to resnme athletic pursuits
were discontinned some time ago and the possibility of pliving foothall 1s

now regarded as hopeless,
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Examination <hows :
1 Wasting ol the quidriceps musele of widely variable deeree,

Fhe charaeteristic sign ol excessive forward mobility of the tibia

on the femur s present,

Fhee test is performed swith the patient in the stipine position and with
b knee Hlexed, A maodification ol the test, which eliminates the possibility
ol vrror due to involuntary contraction of the hamstrings or to o tay of

"
ay

I, 119

Bupture o Che anterior praciate Reament Tk movement " mowlich
Barmad forward wliding of the tibia on the femuor is demonstrated by the
it b condenction of the gastroenemins. Note olld medial menisens

LI b1

irom slipping forward on the Temur,

RIREIRTE p]‘t'\'t']Hill;.: the tibi
L carried oult by fixing the pitient’s Toot to the examination coucly
then gripping the head of the tibia with both hands, one thumb being
wed o on cach femoral condyle on either side ol the pateilas AWith the
vimbs pressing the femur backwards and the fingers pulling the tibiy
rwairds the maximum range ol movement may be ganged and any sounds
vitsting from the joint more casily localised (Fig. 111).
11 ~hromld he ;[.])]q'ri‘i;”:'q]. lienwvever, that execessive  lorward .;:]].ll!l.]ll‘.:
¢ tihin on the femur, by comparison with the sound side, does not
<arilv mean that there is solution of continuity of the ligament. Tt has
been recorded that Taxifar of all the accessory supporting struettres
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of the joint, including the anterior crociate ligament, is the comion
accompaniment of meniscus cases with a long history of incidents prior to
. operation.  Ttis thus necessary to attempt to dis-
i tinguish such mobility from that associated  with
complete rupture of the lgament, When Torward
ghiding of the tibia reaches extreme Hmits, or in
the presence of the 7 rick movement ™ mentioned
helow, the dingnosis i< no Tonger open to question
but with lesser degrees of maobility some ditfienlty
may arise inoeven the most experieneed hands.
Some cases volunteer the information that ey
can make the tibia slip forward on the femur, This
trick movement, which s demonstrated sitting on
a chair with the knee flexed to oo right angle and
with the foat on the floor, s produced by the con-
traction of the gastrocnomios, which, in shortening
the distance bevween the femr and the Gbia, and in
the absenee ol anointact ereiate Hgament cutises
the tibial head to slip forward on the femoral con-
dvles (Figs, 118 and TR When the eall musicles
are placed at aomechanteal disadvimtage by passive

i, 120
The ormentte Lhiganents : . :
L i el nthorang plantar Nexion of the 1”.”1 [|I_i.'-'~ movement miy T‘H]i
thus constitute s check be produaced by contraction of the quadriceps, which,
toc b rotatiem ol the ' -

biist o the e Svpen toreing the patelln against the inferior surface of

the anterior ercite g the femoral condvles, canses the head of the tibia to

teent b= ruptured, medid li Sl )

votation of the tibin on P forwirds.

the  temur s i reased Inthe [u'l‘:'l']]t'i' ol Tesions of o or (FIRIRT meti=ci
#ooarind

foeifvats e proely et

the trick movement deseribed mayv be accompanied
by pain and o clearly audible click

fc) There s excessive rotatory movement of the tihia on the femar

with the joint m flexion.

The inerease ol medial rotation 1s die 1o the Toss of the contral of
medial rotation normally exerted by the eruciate ligaments which wind npon
cach other in this movement (Fig, 120) The increase ol Literal rotation,
which s less marked, is not direetly due to the rupture of the anterior
cruciate igament which normallv anwinds from the posterior cruciate ligie
ment in this movement, but to laxity ol the capsule and collateral igaments.

(f ) Tt may be possible to elicit signs indicative of a lesion of the medial

or lateral or hoth meniser.

() There are no characteristic radiological changes except when the
origial injury hias taken the Torm ol a fracture of the tibial spine,
bt in cases where the instability has existed for many months or
vears and  whose histories are punctuated  with recurrent
incidents, the changes characteristic ol tronmatic osteoarthritis
may beowell marked, and areas of sub-chondral degeneration
miay be seen in the femoral condyles,
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TREATMENT
CONSERVATIVE

Ithe statements which have been made in the preceding sections be
aceepted, it Tollows that the only conservative measure likely to prove of
vitlue i improving the stability of the joint is redevelopment of the quadri-
cops musele to s degree suflicient to control the instability and inevitable
deceneration ol other joint components which follows the rupture of the
heament.,

e theoretical explanation of muscular control compensating for the
rapture ol o ligiment may exist in the observation that the eruciate liga-
ments are ol relatively small size inoman as compared, for example, with
tree=climbing animals, and thus are considered to play a less important role
in orthograde than in plantigrade motion,

Freatment, which consists ol re-education and re-development of the
mi=cles must be conscientiously and vigorously pursued over a period of at
least three months and follows the lines of the progressive  quadriceps
cxcrcises which have been previonsly stressed.

Conservative treatment is indicated :
1) In cases in owhich it is certain that the injury is uncomplicated by
concurrent injury of the menisci,
29 Do certain cases in which the existence of an associated meniscus
injury is indefinite or alternatively cannot be Tocalised.
~uch cases should undergo a period of quadriceps training and a careful
subrective and objective examination made at regnlar intervals, when 1t may
e ossible to contirm or reject the possibility of meniscus injury.
31 In cases in which the medial meniscus has already been removed
andd i which the lateral meniscus is considered to be intact,
e nse of the knee cage inany of its many forms as a method of con-
Irosing an unstable joint is to be condemned except m the aged or the
otherwise infirm. A knee cage has vet to be designed which will effectively
cuired d unstable joint to permit any useful reedom ol activity and
Hivs an mnjustifiable recommendation in a youthful patient. [ts use is lln-_
vty antithesis of the quadriceps development, which is the onlyv hope ol
miproved Tunetion by conservative means, and it does nothing to pre vent
veotrama of uncontrolled weight-bearing from causing further mjury to
caments, capsule and menisci which eventually leads to irreparable
conerative arthiritis,

OPERATIVE

Shvsical demands of modern military training call attention to many
clecis of the locomotor system which are of little importance in civil life,
fooree of instability of the knee which makes strenuous athletic pursuits

—<ible may produce little or no disability cven in the occupations ol
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Beavy andustry. Fairbank has recorded ™ I civilians, provided their
muscles are ingood condition, eruciate damage may cause little if any
disability, and in my expericree serions instability is quite exceptional

The erux ol the matter les in the phrase ™ provided their muoseles are
- good condition,” but, in addition, the complete statement sums ip the
sttuation i regard to operation. Patients exhibiting gross instability of the
knee joint relative to the crociate ligaments are unusual @ circumstanees
which demand operation are rare.

At the present time most of the procedmres emploved for the repair of
the anterior eruciate ligament are modifications of the original technique
described Dy Hey Groves, 2 who lest deseribed an operation for the replace-
ment of the eruciate ligaments by strips of Tascia latacin 10170 In spite of
the freguent incidence of rupture of the ligament these operations are not
i common nse principally: because they are complicated operative pro-
cedures, requiring o high degree of techmical skill and experienee, and which
procduce end results ol widely varving degrees of snceess and Tailure, Thia
the results should vary between success and Tadlore 08 not siprising
this injury presents and in view of
the commueon association with injnry ol the medial collateral ligament and

considering the complex problem whieh

menigei, the complication of quadriceps wasting ol long standing, and the
deterioration of the interrelated structures which maintain the integrity
of the joint which inevitably Tollows,

[n the past i would appear that the filuee of intra-acticular vepliee-
ment ol the anterior ernciate ligament by o steip ol Taseia lata or o tendon
s resulted from s

(1) Faulty selection of cases,

(2) The wide operative exposures which most ol the procedires
necessitate,

£3) Failure to appreciate that sach an operation cannot ol itselt cure
instability of the knee joint but is merely o preliminary inendent
to the rehabilivation of the quadriceps,

The question of operative treatment s considered in patients in whom
voutle and ocenpation demands an opportunity of improved tunetion. In
Uwse cirenmstances operation is indicated in cases

(1) AWhere the medial meniscus or hoth memsen are torn,

(2) Which Tail to respond to conservative treatment, especially that
group to which reference is made under INDICATIONS Fok CON-
SERVATIVE Trearyest (2) above, which in spite of redevelop-
ment of the quidriceps sull complain ol additional svmptoms
which point 1o a lesion of the medial meniscus,

[iese inedications are bhased on three observations :
) The removal of @ torn medial meniseus from a joint in which the
anterior cruciate ligonent is torn results in improvement of
linetion,

VR X TP AR ehababitation ol the Tojureed i this MWoar aned the Last 0 Lot
T, w13

S1OONY Hew Gironves Lanced, 1917, 11, 674655,



INJURIES OF LIGAMENTS 125

I'Tis observation wias made belore the technique ol using the periphery
ol the torm menisens to replace the anterior eruciate lgament wis evolved
i the hope ol securing the optimum rather than o mere improvement of
tnction. That improvement of Tunetion should follow meniscectomy alone
=oredily understandable, Tor by oexeision ol o menisens the site of o«
fongrtndimal tear, the " trigger ™ which initiates collapse of the joint s
removed, and, provided adequate compensatory quadriceps development is
scenred, tmprovement of joint stability which will perit o considerable
mercase ol frecdom of activity will result,

(20 With but few exceptions all cases of proved lesions of both menises
show aorupture of the anterior cruciate ligament. (See LEstoxs
OF BOTIH MENISCL)

b Inall eases which were selected Tor operation by the anthor’s
method the medial meniscus was proved to be the subjeet of
single or multiple longitudinal tears,

Crperative treatment is contra indicated

(1) In cases where treatment has been deferred unul the strzetures
as<ociated inomaintaining the stability of the joint are grossly
lax, wasting ol the quadriceps of such long standing  that
redevelopment to the normal volume and tone is impossible, and
i the presence of co-existing arthritis,

(2) A= a means to the plaving of serious foothall only.

It will be appreciated that an operation which aims at reconstruction

ol the anterior cruciate liganment alone is doomed to failure il both anterior
cructate and medial eollateral ligaments are ruptured (see below).

OPERATION OF RECONSTRUCTION OF ANTERIOR
CRUCIATE LIGAMENT USING PERIPHERAL HALF OF
MEDIAL MENISCUS

e operation ta be deseribed ntilises the peripheral hall of Ehl'.!lh'iﬁlll

meniseus to replace o ruptured ernciate ligament. The meniscus 1s com-

pletely detached exeept at the anterior horn which remiins .s'{-ﬂ_m-l_\' .'i_Tl:It'lll‘ll

it the head of the tibia, The concave aspeet of the meniseus is excised and

e remaining peripheral portion threaded throngh a drill Tole in lln‘- laterad

aidvle of the femur so that the position ol the I‘t‘t'nnstl'urt_vd E]j._f:lmll‘nl

corresponds approximately to the normal anatomical position of the antertor

Ficiate lignnment,

e theoretical advantages of the method to be deseribed are

) The trauma inflicted on the knee joint by the operation is !il!h-

more than is caused by the average meniscus operation. [t is an

operation which is neither extensive nor (ll’filll'llt‘fi\"(" ;_m:l canno!

of itselfl be productive of residual disability.  This pomt 1=

considered to be ol importance in relation to all knee o

SUTEETY.
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(2) The material ased for the reconstruction has its normal habitat
in the knee joint,

(31 The periphery of aomeniscus has o blood supply. This blood supply
is in part preserved by retaining the normal anterior attachment,
and a turther blood supply may e expected to be attained [rom
the Lateral femoral condyle where the reconstructed ligament s
attached to bone.

The theoretical disadvantages would appear to be

() The operation should only be attempted by o surgeon who s
satisfied that he can remove the entire meniscus without division
of the attachment of the anterior horn and without damage to
the periphery.

(21 The material of which the new ligament s to he constructed is not
designed for longitudinal strain. It s argued, however, that
mjury to the medinl mentscus usually takes the Torm of o«
longitudinal rather than a transverse tear, which suggests that
the peripheral fibres may be capable of withstanding strain in
the lomg axis.

tomight be Tound that frequent ieidents have so diinaged the
medial menisens that the material which remains does not per-
mit the reconstruction to be performed. Tt has, however, been
possible to obtain an intact peripheral rim in all but one of the
cases subjected to operation to the present date. In the event
ol gross fragmentation ol the medial meniscus making recon-
steaction im[nr&:&il:]v, the Tateral might he used, but it is pointed
out that the position of attachment of the anterior horn not
only makes the operation more difficnlt technically hut the final
result mnst be less efficient mechamicallv, Tt has been stated
clsewhere that lesions ol both menisel are common  accom-
paniments of rupture of the anterior eruciate lgaoment. In
this event the Lateral meniscus wonld require to be removed,

Technique. A tourniquet is applicd and the knee lexed over the end
of the operating table in exactly the same position as nsed for removal of @
IMCNISCus,

The incision begins at the inframedial aspeet of the patella and extends
downwards and backwards to hinish rather less than a finger’s breadih below
the superior margin of the tibia, The incision is the sine as that used for
removal ol the medial menisens, but as shghtly greater aceess is advisable
it is rather longer.

The capsule = opened and o vertical incision made in the synovial
membrine above the memsens rather closer to the mid-line of the joint
than has been deseribed in the simple meniscus operation. Care is taken
not to cut into the superior surlace of the anterior segment in incising
the svnovial membrance, The anterior hall of the meniscus is now dissected
completely Tree of synovial membrane without dividing the central attach-
ment of the anterior horn.
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I e ll}!l'f'.’llillll procecds as Tor removal ol the meniscus, bot s
paturadly more dithienlt beeanse the anterior orn has not been detaclied.
Great vare must be taken not to cut into the substance of the periphery,
which is the portion which will be used for the repair of the ligament.
Mirtin's meniscus forceps must not be used to obtain traction, A\ single
hook, passed over the superior surface and hooked against the concave
aspect, s the only method of obtaining gentle traction which is permissible.

[nomost cases it will be foind, especially if the division of the ligament
1< ol long standing, that the meniscus is damaged — a longitudinal tear heing
the lesion most commonly encountered. As the joint is especially lax in
these cases, less difhienlty will e found in removing the entire meniscus,
including the intact peripheral rim, than might at first be expected.

When the posterior attachment has been divided the meniscus is pulled
ont ol the joint leaving the anterior horn still attached. The central concave
sone, usually the centrally displaced portion of a longitudinal tear, is now
removed, preserving the largest and broadest attachment of the anterior
i possible.

Two stout silk threads (No. 3 gauge) are then attached to the posterior
free end of the preserved peripheral tim. In order that a seeure hold may be
abtained the needle is passed backwards and forwards through the posterior
hall inch, <o that eventually four long tails of silk suture protrude at the tip
ol the meniscus (g, 121).

iefore proceeding to the final stage of the operation the interior of the
joint is inspected in order to estimate the possibility of using the tibial
<tump ol the ruptured ligament to reinforee the replaced ligament. It is
onlv on rare oceasions that the remaining section is of sufficient length to
pernit this manceuvre to be carried out ; it should be avoided, as it is «
tinie consuming procedure, if the stump is short and inaccessible.

A vertical incision 1) ins. to 2 ins. long is made immediately above
the Lateral condyle of the femur 1in. in front of the palpable posterior edge
ol the iliotibial tract. The fascia is divided in the long axis of the limb and
the npper aspeet of the condyle exposed. A small bone graft 1 in. long by
Ui wide is ent from the cortex of the femur in the long axis of the Timb at
the point where the drill is to be passed towards the intercondvlar fossa
The point of o g, to 8 in. drill is then placed in the distal end of the gutter
andd the drill aligned almost horizontally and driven towards the inter-
comdvlir fossa so that its point of exit corresponds as near as possible to
e normal attachment of the ligament (Figs, 124, 125). A moist swab 1
phced between the condyles before the drill 15 used to catch any fragments
or hone dust which otherwise might be left in the joint, A flexible eyed-
srobe s now passed from withont inwards into the joint, the silk sutures

readed throngh the eve, and pulled back through the hole. By pulling .
<k threads the posterior end of the meniscus is made to enter the drill
Pl (e 1227 and the four silk threads are tied securely over the bone
Colwhich is replaced at right angles to the gutter (Fig, 123). Care musl
e tasee that the peripheral vim ol the meniscus does an.‘tun]‘l'\' enter

I hale and that when the silk threads have been tied the new ligament
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i in fact preventing the flexed tibia from slipping forward on the lemur.
The silk threads are not divided after tving over the bone graft, but
additional fixation is obtained by using them in the form ol two interrupted
sutures to close the longitudinal incision in the iliotibial tract. The skin
incisions are then closed,

I, 122

s, 1201, 122, andd 123 Keconstroe
tion ol the anterior cructte Bgament
The meniscns has been dissected ot
preserving the anterior bony attach-

mient oo the concive zone has been ex-
vistdd . The sutures have heen attacled
and the hole bored throngh the Tateral
condyle of the femar (g 1200 The

new lgament has heen threaded throogh

the tunnel i the teral condyle (Fig

1220 I'he hgament is sccured by bving

the sutures over o =mall bone gralt
(g, 1931,

—_—

k ‘\II
\.

i, 123

A compression bandage is applicd, in the onter layers ol which is incor-
porated a plaster slab or padded alumininm gutter splint to prevent undue
flexion of the joint,

It should be remembered that the operative time permissible on a
b constricted by a tourniquet is limited. The operation can be completed
in 35 to 30 minutes, depending on experience of the procedure and the
minor difficnlties encountered,
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After-treatment. The  patient practises  quadriceps  exercises in
St Lorme ol stradght leg raising from the second or thind dayv and on the
centh diy the compression: handage s released and the stitches removed
F the presence ol a drill hole throngh cancellons bone, which is not .-;11111¢-|-1.

1116, 123
Adjustable drill aligner hased on Padmer’s design
(g, 124), showing the method of use inrecon-
strmetion of the anterior eruciate lignment (Fig 1254

Ccompression, the possibility of a haemarthrosis is kept in mind and
spiration and reapplication of the compression bandage may be required.
Sercadter an Unna's paste bandage is applied from the toes to the knee and
tonnpadded plaster case, of the type already deseribed, added (Fig. 112).
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The patient conscientionsly practises  quadriceps  deill thronghout  the
period of immebilisation, which sts from six to cight weeks rom the date
ol operation. When the plaster is removed active knee Qexing and pulley-
welght quadriceps exercises are commenced.,

Results of Operation.  Aithough this operation has been described
and discussed in considerable detail, it s not intended to convey the impres-
ston that the anthor considers that it provides a solution to this difficnlt
problem. Tt has been deseribed as o procedure whicl is worthy of trial in
the hands of surgeons with considerabie experience of knee joint surgery and
who appreciate that such an operation is but an important ineident in the
re-education and redevelopment of the extensor apparatuos.

Many cases have been encountered in the past five vears sullering
from old standing raptures of the anterior cruciate ligament whose knee
joints, although recognised by the patients to be relatively unsound, did
not give rise to severe disability even in manual oceupations in civil life,
but which broke down completely under the physical stress of military
service, Inosuch patients there is noindication for operation, least of all an
operation which cannot produce quick results from the Service viewpoint,

Only 17 patients, in whom r\|n't'i.‘|] circumstances existed, were sub-
jected to operation. In none of these has a follow-up been possible which
would qustily a claim ol sneeessiul Tong term results. Nor s it likely that o
fair assessment of the vadue of a procedure, the criterion of success of which
is entirely subjective, could be obtained in oo period of national emergencey,
even il a follow-up were possible, Two cases were considered to be failures ;
one secured improvement in stability at the expense of Toss of flexion, which
wis limited tooa right angle, the other, who suffered from i post-operative
hacmarthrosis, had only regained sixty degrees of flexion when last examined.
Two cases were involved in further accidents ; one sustained a complete
rupture of the medial collateral ligament before he was considered to be
fully reliabilitated o the second  ruptured the reconstitnted  ligament  in
an accident involving gross violence but he stated that his disability was
much redoced doring the interval of two vears which elapsed between the
operation and the aceident.,

One case returned to hospital of his own accord cighteen meonths later
while on leave in o distant town,  He sadd he had come back to see if the
joint could be made perfect b He was satistied with the result but did not
think it was quite as good as the normal knee,

The remaining cases, none of which were seen later than six months
alter operation, are thought to have benefited. One man, who had been
regraded AL, was returned to hospital as a fatlure because his knee had
given way on one occasion on an assault course ! The patient, however,
was satisfied that the hinetion of the joint was improved. Another patient
wrote to say that he was now able to venture on a dance floor for the first
time lor hve vears !

In none ol these patients can it be claimed that anteroposterior
mobility ol the tibia on the femur was climinated, for although it was
frequently considerably redueed by comparison with the original condition,
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~ome faxity persisted. The impression was gained, however, that a the
it of mobility there existed o definite cheek to Tarther movement.,

EXTRA-ARTICULAR STABILISING OPERATION FOR
RUPTURE OF ANTERIOR CRUCIATE LIGAMENT

OF the many extra-articular stabilising operations involving the use of
fasehi latic which Tave been deseribed, the procedure advoeated by Blair?
appears to olter the greatest prospeet of improved function. Blair states that
lils Il[l"]'il[i!l[l 1= based on Testut's? observation
that the axis of rotation of the knee joint s
sitated i the posterior portion of the femoral
condvles (Fig, 126)0 He concluded that a strip
of fascin which crosses this fixed point should
remain theoretically at the same degree of tension
at all positions within the range of the joint.
This operation may prove to have @ wide licld
ol application :
(1) When the medial meniseus has already
been removed thereby excluding the
possibility of reconstruction by the

method deseribed. Fri. 126

(21 As an adjuvant to the intra-articular The axis of rotation of the
knee  jomt s situated
. 3 tlhie [‘ll:-'.il‘l’in]' prortie ol the
marked laxity of the medial collateral — femaoral condyles. e s

reconstruction ino the  presence  of

ligament.  The operation may  be

limited to the medial side of the joint except in cases of long
standing  with gross laxity of all the associated  stabilising
structures,

(30 As aomethod of treatment of old injuries of the medial collateral

ligiment .,

Technique. .\ strip of faseia lata 12 ins. Jong by 1 . |ll'lJ;l.|ﬁ 1s
remeved, divided into four picees 6 ins, in length by ) in. wide, and fixed
Lo Geallie needles.,

A el ineision is made over the lateral side of the joint and the
st <trip of fascia secured in the insertion of the biceps to the head o l‘I-.v
ihila by suturing it through itsell. The free end of the strip is carriced
--iuiiiim'i{' Torward to a ])l).‘-‘-ilil]l'l near the inferior pole ol the Pilll‘nil- |1"1-“?"‘~"1
dreepinto the lateral expansion and then back on itsell to be held securely
i position with interrupted catgut sutures.

The second strip is attached to the deep fascia on the anterolateral
aitbace of the tibia and is then carried obliquely backwards to Cross the
=t strip and be attached to the fibres and overlying I-LLSH_‘i.&i‘Ulh lll.t" hlﬁ‘i‘J)-"
mnscles These two strips eross at the axis of rotation of the joint (IFig. 127).
Harry €0 Blair, 0 A Simpde Operation for Stabilization of the IKnee Joint. Swi

fece gndd O 1942 luxiy, 835834,

\ Pnpse soin and Sons, Paris, 1911,
Vol Testat, U et s tomie hunine, ook 10 Doin and Sens, Paris, 1911
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A stmilar G-inch inciston 1= made on the medial aspeet of the joint.
The third Lseial strip is attached to the fibres and over-lving Tascia of
semimembranosis, semitendinosis and gracilis at the postero-medial border
of the tibia at about the level of the head ol the ibula, The free end s then
carricd obliquely forwards and upwards to be securely attached medial
to the superior pole of the patellas The Tourth and Tast strip s attached to
the anteromedial border of the tibia and then carried obliquely apwards and
buckwards to cross the third strip and be attached to the substance and
overlving  laseiic ol the semimembranosis, semitendinosts and - gractlis,
These two strips also cross at the axis of rotation in the posterior part of the
moedial condvle (e, 1250 No sutures are used other than the interrupted

£ {07 by Fu, 128

iline™s ot ion Lateral view showimg arder, prostaen el nrethioad ol
attachient of el strps (g 207,

Mealin] e shioswng the prosttion of the thard aned fourth steaps (Fig 20

catgut sutures which secure the extremities of the {ascial strips. The skin
incisions are closed and o compression bandage applicd.

After-treatment.  Dlair recommends  that a0 skin-tight  walking
plaster bhe applicd Tor a period of two weeks alter removal of the skin sutures.
Therealter the patient s htted with o long knee cage  with  12-inch
leather thigh and leg culls. The cage allows 10 degs, of flexion in the initial
stages, but the permitted range is gradually inereased over a two Lo three
month period. The brace is retained nntil the volume of the quadriceps
muscle has been regained.

Bladr has carvied ont this operation on ten oceasions with known
satisfactory results in five cases. He states that from evidence obtained
from Meckison it wonld appear that hypertrophy ol the fascial strips takes
place and concludes that Tascial strips applied in the manner deseribed have
ionormal physiological action.

The anthor has only used this procedure on live occasions, twice to
supplement the intrisarticular operation in the presence of marked laxity
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of the medial collateral Hgament, and three times in relation to the medial
collatera! ligament alone. Experience of the method is thus limited, but so
[ the results obtained have been sufliciently encouraging to merit a more
extensive trial.

[n none ol the author’s cases was a knee cage employed in the after-
treatment ©oin the crociate cases the after-treatment detailed on page 131
wis used ;oin the medial collateral ligament cases the period of plaster
immobilisation Tollowing the removal ol the stitches was reduced to four

Wit ks,

POSTERIOR CRUCIATE LIGAMENT

[lie posterior eruciate lgament is attached distally to the posterior part ol
the depressed surface behind the tibial spine and close to the popliteal
notch.  Its fibres pass obliquely upwards, forwards, and
medially behind the anterior cruciate ligament, to be
inserted into the anterior portion of the lateral surface
of the medial condvle of the femur.

Fae. 129 Fic. 130 BT RY
Foe 129 o extension the attachnient of the posterior cruciate lgament oo the femur is
horizontal, the greatest stress 5 on the posterior libres
Fig 1500 I semi-flexion the tension gradually changes to the anterior fibres,
O 1 full Mesion the attachment to the femur s vertical | the
the anterior hbres,  (Kedrason from Braatigaw and Poshell.

greatest stress 15 on

It is said to be taut when the knee is flexed, preventing instability of
the tibis on the femur in this position, but as it passes through the ilX‘iﬁ‘ ol
rotation of the joint it cannot be accurately deseribed as lax in any Ipu:-ill'lnll
Al cither flexion or extension. It has been pointed out that this ligament
tssists i preventing hyperextension and hyperflexion.  In extension the
dtachment to the femur is horizontal, which entails the greate
e posterior fibres (Fig, 129). In semi-flexion the tension gradually changes
Cthe anterior fibres (Fig. 130) until full lexion has been reached when the
dtchment to the femur is vertical, entailing maximum stress on the
nterior fibres (Fig, 131). The assertion that the posterior eruetate 1s only

stostress on
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taut in fHexion, and merely prevents backward gliding of the tibia on the
v, arises becanse such foree 15 divected i the e of the two attachments
ol the Hgament.,

PATHOLOGICAL ANATOMY

Injuries of the knee joint inowhich the predominant feature is rupture of
the posterior cructate lgament are rare. The lesion s encountered with
greatest frequeney as part of the gencral destruction of the ligaments which
follows dislocation of the joint.

[t follows from the anatomy and funetion of the lgament that rapture
is lable to take place when the head of the tbiais dreiven backwards on the
[emur while the knee is in Hexion, circimstances which may ocenr from a
kick ina foothall game (twao such cases were encountered ) or in automobile
dccidents Trom contact awith the dashiboard.

Total rupture is encountered moone ol Two Torms

(1) At Inferior Insertion.
Evpe as the corresponding njury ol the anterior ligament and produces

At this site the rupture is of the same

avnlsion of o fraement of hone from the tibial head (Fies, 133 and 134,
- = .

12) At Superior Insertion, [n this position, as i the corresponding
mipury ol the anterior structure, the rupture takes place at or near the
attachment to bone, but, imlike the antertor lesion, produces less extensive
dimage to the internal strocture ol the ligament and less fragmentation of
the free end.,

DIAGNOSIS

The elinical features e similar to those ol rapture of the anterior cruciate
Ngament. The diagnosis s based on the history of the mechanism and the
piathognomonic sign of excessive backwardmobility of the tibia on the femur

the " drawer sign, " in the case ol the posterior ernciate ligament, " drawer
(Vg 132). I the
; lesion i ot the inferior attach-

baclkwirds ™

ment, the position of the avilsion
ol the fragment ol bhone may be

//; . ’f‘ ih’ll'liil”\' extra-capsular and Lhis
/ . i . P -
[ vpod ] A | may produce elffusion ol blood and
Sliye.d £ ’ 1|.»:-.|; tenderness in the popliteal
S— ——" € = 1 ;L v s i
= N R - i :
ffy—=—"—————f A i space,  The same circumstances
/’/ / ('J / will produce positive radiographic
/ — — - X . T
/ — 0 8 =, lndings.
| e
fl [ i 1 P < A e T
\ i I'REATMEN’I
Iaea, 132

Method of festing the posterior ceancite L ent

Ll " drwer sign Sl T kwireds !

sutisfactory resnlt

Il the lesion is situated at the
inlerior msertion, but withont dis-
placement  of the  fragment, a

may be anticipated from immobilisation alone, 11

there s displacement or 00 there is no radiological lesion, from  which
itis reasonable to assume that the rupture s located at the superior



i, 133
Avulsion ol o barge fragiment of bone at e nlerior aftach
ment of the posterior ernviate lgament

Buptire of fhe posterior eruciate Jigament i the inlerior

tsertion. The friagoment of bone with the Hgament attached

les B conmtersonk into the tibin and nxed with o staim-
less steel serew
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insertion, the only form of treatment which offers prospects of o return to
normal function is restoration of the normal anatomy by operation. It is
possible to recommend operative action with o greater degree ol confidence
in recent injuries of the posterior eructate lgament than in lesions ol the
anterior structure because the records which are available suggest that the
body of the ligament s rarely the subject of gross destroction. In these
circimstances no msurmountable technical difficulty will He enconntered.

M=t ol a0 small i ot beme ot the anberar attachonen

ol the posterior crocite ligoment Tl case, which was scen eizlit

weeks alter the amgury, lodd svmptoms of instability and showed o
markedl merense of posterier mvedality o the Db ome the ey

TECHNIQUE OF OPERATION

Inferior Insertion. The incision and exposure are similar to those
used Tor removal of o loose body from the posterior compartiment by the
popliteal approach (Chapter N The crater in the postero-superior margin
of the tibia may be visible before opening the joint or a defect may be
present in the capsoles I the fragment is large it can be replaced in the
crater ; reduction s maintained by stitehes passed throngh the capsule!

Vi aroled G L Svdsion of the Tibinad Attacinents of the Cracial Liganents g How
il Lot Spere. 1937, xia, 463
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or by meims ol o staindess steel serew (Fig, 14, [F the fragment is small
i, 135) o is comminuted 10 may be necessary to drill a small hole from
the normal point ol insertion of the ligament to the antero-medial aspecet of
the tibia and seeure fixation by strong silk sutures tied over a small bone
oradt oo manner similar to that deseribed Tor fractures of the tibial spine
(Fig. 136).

Superior Insertion. The approach to the superior attachment ol
the postertor eruciate gament is the same as that deseribed for either the
inferior or superior insertions of the anterior ligament.  The procedure,
however, presents Tewer technical difficulties as a0 result of better access
fo the site of injury and the fact that the detached section of the ligament
s tnlikely to be grossly hragmented ;

Ot e

fixation is sccurced through  holes
bored in the medial femoral condyle.

OLD RUPTURES OF POS-
TERIOR CRUCIATE LIGA-
MENT

Fhe faet that instabality of the knee
joit, direetly referable to an old
rupture of the posterior cruciate liga-
ment, is o oseldom encountered s
explained by the t'xr:-plimlill rarity
ol the injury rather than its failure
Lo give rise Lo seriots symptoms when
it does oceur. Aol the cight cases
which were examined, and in which L

an old rupture of  the  ligament e, 136

Operative  redoction and mternal  fixatiom

; . Z of the mferior attachment of the posterio

|’|-l!rl<'ll ol instability deseribed  as cruciate ligament by means of sutures threaded

) through o tunnel in the tibia and tied over o
small hone graft

existedd s oan isolated  leston, coms-

moderate to severe.

Iprovement in function in such
Cases, as ina large proportion of all cases suffermg from instability :11|t-_1n
fuptured  ligaments, ean be obtained from redevelopment of the thigh
mitscles. Tt is possible, however, that in selected cases where the injury is
located at the inferior insertion and in which a fragment ol bone has
becn avilsed, restoration of the normal anatomy might be accomplished
withont undne technical difficulty by the method deseribed above.

[ this serics one patient, inowhom the rupture was located ill‘lhl'
perior attachment, was subjected to operation by the method deseribed
below. The procedure, Ilil\'iﬂg-hl't’ll nsed in one case only, is recorded merely

Cinatter ol technical interest,

REPAIR OF POSTERIOR CRUCIATE LIGAMENT :
AUTHOR’'S METHOD

¢oposterior eruciate ligament may be repaired by i method similar to
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that deseribed under repair of the anterior erueiate ligaoment, The Laeral
menisens omobilised and distocated o the intereondylar noteh, leaving the
posterior attachment ntact. The anterior hall of the meniscus 1= then
threaded through o deil] hole in the medial condyle of the femur so that it
replaces the torn ligiment

Technique. The lateral meniscus s mobilised as Tar as the attachment
al the posterior horn, through the normal incision enlarged shightlsy 1o
provide for greater aceess. The meniscus is dislocated into the inter-
condvlar noteh and the central or concave third of the breaduh excised.

Two strong =ilk sutures are attached to the anterior extremity ol the
<trip ol fibrocartilage in the manner deseribed ander repair of the anterior
crietate gament,

A 2hin.ineision s omade oo the skin in the line ol the fong axis of the
limb immediately over the medial condyle of the femur on the medial
aspect, the distal end ol the ineision bheing situated st above the juretion
ol the articular cartiluge with bone. The periosteum is erased from the
medial condyle and o small bone gralt about 1Y in by )i ew in the
short axis of the limb by means ol o fine sharp osteotome, When the
gralt has been removed rom its bhed o J-ine drill s passed throngh the
medial condyle  so that its point emerges at the normal attachment
of the posterior cruciate ligament. A wire loop is passed through the
drill hole towards  the inter-condvlar Tossa and  the Tour silk threads
attached  to the wire loop and thereafter drawn throngh the drll hole,
Fraction oo the silk threads will canse the antertor end of the meniscus
to enter the drill hole, The gralt is then replaced inoits bed and the Tour
silk threads ted tightly over it o that o new taut posterior ernciate
Heament 1= formed.

After-treatment. The after-treatment is the siome as that described
nnder repair of the antevior eruciate liganment.

Althongle the operation is simple and causes the minimm of tranma
to the joint, the anterior position ol the posterior end of the reconstructed
Heament means that the new lhgament is shorter and more vertical than the
normal posterior cruciate lgament ; it s thus not a perfect mechanical
or physiological reproduction of the original,  In spite ol the theoretical
criticisim that the procedure may not bhe hased on sound mechanics, the one
case treated in this manner resulted inomarked improvement of funetion,

MEDIAL COLLATERAL LIGAMENT
Injuries ol the medial collateral lgoment are encountered in two forms

I. PARTIAL RUPTURE OR SPRAIN WHICH MOST COMMONLY
AFFECTS THE FEMORAIL ATTACHMENT.

II. COMPLETE SOLUTION OF CONTINUITY.
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L. Sprain or partial avulsion of the long anterior parallel fibres of the
incdid eollateral Tigament at their attachment to the femur is one of the
most commaon injuries of the knee joint. It ranks third in importance, in
relationship to - lrequeney ol occurrence, to the minor injuries producing
trinmatic synovitls, the exact etiology of which may be undefined, and
mternal devamgements relative to the menisci. The importance of the injury
lies not only in the frequency of occurrence but in the fact that it is so
repeatediy misdingnosed. I the recent injury goes unrecognised, the common
compheation of the formation of heterotopic bone at the femoral attachment
of the hgament which gives rise to the * medial collateral ligament syn-
drome,” commonly misealled Pelligrini Stieda’s disease, is not anticipated
and the symptoms which follow are responsible for severe and prolonged
disability,

MECHANISM

The mechanism of sprain or partial avulsion of the upper attachment of the
Howment most frequently takes the form of a relatively minor rotary strain
with the joint in slight flexion. It does not commonly occur as a result of
abduetion strain in extension, as in this position, especially with the
quacdriceps braced, the knee is strong and stable. If an abduction strain
does take place in this position which cannot be withstood by the muscles
and ligaments —an injury which may be sustained in a football game as the
outcome of one plaver Talling against the outstretched and extended leg of
another  complete rather than partial rupture is the result.

The rotary mechanism is of frequent occurrence in minor ski-ing
aceidents, which are particularly Lable to produce internal or external
rotation strains transmitted to the femoral attachment of the ligament.

CLINICAL FEATURES

[ patient nsually gives a history of a twisting injury, frequently sustained
in i loothall game, and consisting of a mechanism such as external rotation
i <light fexion, possibly combined with abduction. The injury caused
~evere pain on the medial aspect of the joint. _
[lie mechanism and site of pain are thus similar to that of a meniscus
njnry, but ditferin that the joint does not lock and the patient is frequently
capable of continuing the game with difficulty, a feat which is scldom
pos<ible when the meniscus is torn, only to find himself severely incapaci-
ited <ome hours later, The mechanism being similar to that which produces
Cinenisens injury, exceptions to this history exist when hufh the meniscis
aned the medial collateral lignment are injured at the same time s such cases
sive rise to considerable difficulty in diagnosis.
O examination there is a :;;\'z-lling over the medial aspect of the medial
moral condvle and vague tenderness in the line of the collateral ligament
vith e ]m[.nl of maximum tenderness definitely localised to the femoral

dtachment of the long anterior fibres. .
Fhe injury s distinguished from complete rupture h_\: p|111:1n:4.tlu-
Hement on the streteh in ;11[:~111ptin;.: to abduct the joint m extension
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pain will be produced at the upper femoral attachment, but the stability of
the joint is animpaired.

In the presence of these features and in the absence of synovial effusion
no crror of diagnosis can arise, but if effusion is present in combination with
tenderness of the ligament at the joint line, snggesting the possibility of
meniscus tear, it s obvious that in certain cases an absolute dingnosis iy
prove impossible. In the absence of these complicating features, however,
the point of most importance is the aceurate localisation of the point of
maxinuim tenderness combined with the fact that rotation (usually external)
produces pain localised to the same spol. - .

The radiographs show no abnormality,

TREATMENT

It a5 evident that from the point of view ol treatment fwo types
of case are encountered  first, that in which the diagnosis is clear cut with
swelling and tenderness localised to the medial femoral condyle (occasion-
ally the medial condyle of the tibia) and the absence of complicating
features <ugeesting an additional internal derangement  and second, that
i which there s o marked clfusion or other feature rendering absolute
dingnosis impossible.

In the first type the treatment of choice s injection of the site of
maximum tenderness with a few cubie centimetres of local anaesthetic after
the manner of Leriche. Therealter o 2-inch square of thick sterile ortho-
pacdic felt is placed over the area and a diverging spica of elastic adhegive
bandage applied to the joint with the purpose of promoting rapid absorption
of the products of injury by clastic pressure. This simple treatment may
provide driomatic reliel of pain and permit immediate resumption of weight-
bearing activity and allow quadriceps exercises to bhe commenced.  If
relapse takes place the bandage may be removed and reapplied to permit
the infiltration to be repeated every second or thivd day,

Asan alternative to the infiltration technique, the area may be sprayved
with ethyl chiloride until the skin freezes, permitted to thaw, and the process
repeated three times in quick succession prior to the application of the
pressure pad and elastic bandage,

[n the second type the same injection or [reezing treatment may be
carrvicd out, but weight-bearing is not permitted, and the effusion treated by
the application of a liberal compression bandage of wool and domette and
quadriceps exercises instituted without delay.

The attitude to be adopted towards this incompletely diagnosed injury
must be expectant. Weight-bearing is permitted when the effusion has
subsided, and an increase of activity allowed  when the muscles have
regained the normal volime and tone by conscientions quadriceps drill.
the meniscus hias been injured at the original accident, the presence of the
lesion will be revealed sooner or later following the resumption of athletic
activity,  The patient is therefore instructed to report for re-examination if
the joint proves incapable of withstanding the strain imposed by Tootball.
[t is oniy in this way that the diagnosis can be finally established and the
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patient sived Trome the consequences of the recurring ineidents whicl
follow o undreated mternal derangement.

Ihe great majority of simple sprains of the medial collateral igament,
with the exeeption of the type of case veferred to above and in which the
complete diagnosis is open to doubt, present no difficulty in treatment and
make a rapid and uneventind recovery, Ina certain proportion of apparently
simiple cases, however, the symptoms ol pain and restriction of movement,
instead ol making the rapid progress expected, become more accentuated
with the passage ol time, and the more strenuous the physiotherapeutic
elorts made to accelerate recovery the worse the symptoms become. These
patients are nsually Tound to be suffering from ossification of the haematoma
at the site ol the avalsion of the lhgament from the femoral condvle — the
condition commonly deseribed as Pelligring Stieda’s diseasc.

POST-TRAUMATIC PARA-ARTICULAR OSSIFICATION
OF KNEE JOINT

Post-trammatic para-articular ossification is not a susceptibility common
onlv to the knee. It is encountered in other regions in association with
joints, the Hgaments of which are particnlarly liable to sprains. It is thus
seenin the medial collateral ligament of the ankle joint, at both the malleolar
and talar attachments, and in the medial collateral ligament of the elbow
joint at the humeral attachment. It is less frequently recognised at these
sites principally because once it is established that there is no bony injury
and the diagnosis of sprain confirmed, the further course of the case 18
nsually uneventful and does not necessitate a further radiograph. In contra
distinction, the condition is widely recognised in its grosser forms, when it
mav involve all the ligaments, as a complication of the major dislocations
ol the elbow, hip and knee joints,

The importance of the lesion in the isolated form in relation to the
medial femoral condvle, by comparison with the elbow or ankle joint, is
dne to interference with the free action of the medial collateral ligament
whose integrity, complex structure and function bear closer n-latit)ns‘h?]u
to normal Hexion and extension than dees the medial collateral ligament m
relation to cither the elbow or ankle joint.

I'is interference with the function of the ligament occurs not only
i the active s<tages of the condition, when the possibility can bc. readily
tppreciated, but is perpetuated into the final and quicscent stage in those
dses i which the calcification or ossification is not absorbed and a bony
protuberanee remains fused to the femoral condyle. The gross limita.tion .Uf
Hexion which may be encountered even at this stage is due to adhesions In
the medial l‘:!|):-¥1-1|l.‘ and in the region of the femoral fxtt:u'!nm-'m of the
loament, the nature of which is illustrated by the following case @

e patient, aged 36, gave a history of trouble with his knee Flm'lng the
past fifteen vears following a twist sustained playing football which caused

cknee tolock. The knee had locked on numerous occasions sinee, as a n‘*s!zlt
minor football injuries, but he had always managed to unlock the joint
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limsell with the sensation ol o click on the medial side, until o vear ago
when, Tollowing o tarther Tootbhall injury, he found he was unable to unlock
the joint and was nnsueeesstully manipulated nnder anaesthesia, A surgeon
thereupon removed the medinl menisens, but sinee then his knee had never
Hexed more than 40 degrees. Nine months prior to admission, an unsuceess-
ful manipulation was carvied out at another hospital in the hope of inereasing
the range of movement,

On admission he had only 0 degrees of flexion, and a visual and palpable
mitss of heterotopic bone was noted in the Temoral attachment of the medial
collateral hgament, The clinical and radiological appearances  suggested
that the condition was entively quicseent and a deciston wias made to excise
the bony protuberance and manipulate the joint,

When the patient had been anaesthetised the joint was flexed inorder
to compare the range ol passive movement nnder anaesthesia with that
recorded at the initial examination, The range of movement was found to
be exactly the same, and on attempting a little forced flexion an adhesion
gave way and 1t was decided to carry out o fall manipulation before proceed-
ing with the operation ;o the knee flexed to the fullest extent with the
breaking of numerons adhesions on the inner aspect of the joint. When the
femoral attachment ol the ligaoment was exposed it was found that the
protuberanee hid been fractured by the manipulation and the outer shell of
bone detached. Apparently the adhesions to that part of the ligament which
should have been capable of moving were stronger than the bone. The
fragments attached to the higament and the remainder of the bony pro-
tuberance were excised. Farly active movements were instituted  and
although some new bone reformed in the area the patient made a complete
recovery with a full range of flexion.

This experience is ol interest not only from the point of view of the
pathology of the late case but provides further conerete evidenee against
the manipulation of such cases in the carly stages and explains why
additional new bone s ladd down if manipulation or passive movement is
performed.  (See page 147.)

ETIOLOGY

The theories which have been propounded regarding the etiology of this
common and interesting condition vary in both complexity and ingenuity,
but the clinieal conrse and radiological appearance make it probable that in
the large majority of cases the simple explanation of caleification and
ossithication of & medinm ol hacmatoma or ocdema, occurring at a particu-
Larly opportune site Tor the development of sucli i pathological process,
s correct,

Although sprain of the upper femoral attachment of the ligament can
only be produced indireetly by a rotary strain, or by rotation in combination
with abduction, the production of heterotopic bone in the attachment may
be produced by any tyvpe of trauma which produees a suitable medium for
ossification, and thus may follow a localised blow at the attachment of the
ligament, in addition o indirect strain,
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It has been stated ! that the clinical symptoms which call attention
to the possihility or eventoality ol the condition are not pathognomonic
but e common toomost injuries of the knee joint. This statement is not
correct, Lor althoungh only o small percentage ol sprains progress to the
production ol heterotopic hone, all sprains or direet contusions localised to
the femoral attachment are potential forerunners of the condition @ it s
merely oo matter o achieving an acenrate diagnosis in the recent injury,
Nords it true that the symptoms and signs of the established lesion are
nirecognisable as such ;o they are clear cut and unmistakable in the large
majority ol cases, only Teading to difficulty in the presence of a concomitant
msternal derangement.,

CLINICAL FEATURES

Fhe clinieal Teatures may be summarised as those of a simple sprain of the
femoral attachment of the medial collateral heament, exhibiting all the
svimptoms and signs which have
.|||'|‘:|||_\ been  desertbed,  buat
which Failed to make the rapid
progress Loy ]'t’l'n\‘:'['l\' \\']Ii('|] Wils
cxpected, and which, after a
[.:-1'i|-|‘. ol three or four weeks,
s become worse rather than
better. There is now severe pain,
wenkness aed gross mitation ol
lexion in the joint,

Foxamination at this stage

"il“\\“ |l‘]1|’l'|"|lt':-'-.‘-'- Lo [1|'l’.‘-'\5'|1|'l.'

localised to the femoral condyle
Fig, 137) and vague thickening i, 157

Post-tranmatic para-artic ular ossilication of the
e . knee joint. The location of the point of tender
i RITE presence ol clinston 15 ness on the medial femoral condyle 5 the marked
limitation of flexion,

ol the deep tissues in the same

not characteristic, but may be
noted 1l the priginal trauma was
cvere and associated with injury of the peripheral attachment ol the
meniseus. The most constant and characteristic feature is the loss ol
Hexion (Fig. 137), and it is not uncommon to find that the total range
omovement is less than 40 degrees.  Any attempt to produce passive
movement beyvond this point is met by elastic resistance and muscle
noaccompanied by severe pain localised to the upper attachment

the ligament .,

\t o later date, from three months to a year or cighteen '““”tlh'“' alter
original injury, the symptoms may be similar, ;|llhnt1.;.:11‘ r[nl,-;l(k-r;ilf!_\'
cesacute innature, They consist principally of vague pain in the medial
woral condyle, weakness of the joint and loss ol flexion. '
- examination a prominence of bony consistency is palpable and
Bolonwski CPost-tranmatic Pareacticular Ossification of the Knee Joint.”" ey,
Vil o) Rocatgenology, 1942, <Ivii, No, 3, 392,
[t
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(requently visible in the region of the medial condyle. Tt is nsaally firmly
fixed to bone, but may oceasionally be mobile throngh o small vange ; it s
not adherent to the overlving solt tssues. The quadriceps are wasted and
the range of movement himited to abont 45 degrees,

RADIOLOGICAL FINDINGS

Although the clinical features enumerated above are almost pathognomonic,
the ultimate diagnosis depends on the result of radiological examinations
(FFigs. 138 to 45). The changes which appear in the thivd or fourth week
following the injury take the Torm of o thin clongated shadow parallel to
the medial aspect of the femoral condvle, or at the ]mi}]l where the shalt
merges with the condyle, bt characteristically separated from the bone by
i clear space (Fige 138)0 0 Therealter serial radiographs taken at weekly
imtervidls <how that the caleitfication Gnd later ossilication) takes one of
two forms !

(1) The Stable tvpe in which the shadow vetains its original thin
clongated shape with clear cut margins, becoming increasingly dense up to
atime when it may begin to undergo slow absorption (FFigs. 139 and 110).

2) In the Evolative type the shadow becomes Targe and bulky, giving
the appearance ol activity by its hazy and ill-defined ontline (Fig, 143).
This is the form which = requently seen following direct triamma, gross
injuries of the attachment ol the ligament sueh as ocene in complete disloca-
tion, and particularly in those cases which have been subjected to constantly
repeated well-meaning but il-advised tramma i the Torm of massage and
1|;|_-_~'i\‘|- movement, or early manipulation,

In the fater stages either type may undergo partial, o on rare
nccasions complete, absorption or may become fused to the femur (1Fig. 141
or attached by o pedicle often situated at its proximal extremity, so that
i pointed or beak-like protuberance may project distally from the condyle.
The shape ol the bony projection which is [requently encountered  may
possibly: be explained by the mechanism of the injury and the anatomy of
the ligaament. The torsion strain which separates the fibres of the hgament
from the bhone is applicd Trom below vpwirds and therelore canses greatest
separation at the lowest level (Fig, 140), In addition, it has been shown
that o space exists between the lgament and medial aspect of the femoral
condyle below the actual point of attachment. The existence of this space,
in combination with the natural motion of the llgament, means that any
new bone laid down is likely to be moulded so that it is least wide at its
npper limit,

TREATMENT
The most important form ol treatment in this condition is [11't_'\'t'uli:!|l,
and while it is impossible to be certain whether the complication is entirely
avoidable, there is abundant evidence that o very large proportion of the
ciases which exhibit a crippling disability over a prolonged period can be

U Kulowskio o Post-trammatic Para-artienlar Osstication of the Konee Joint lmer.
feernal of Roeateenofogy, 1942 <, N, 3, 3492,
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elimiated by the inimediate dingnosis and rational treatment of the common
spradn b the femoral attachiment of the medial eollateral ligament which
i< responsible for at Jeast 75 per cenl. ol the cases encountered.,

Treatment may be divided into three phases

(L) Prevention. Preventative treatment may be sumimarised as

) Neeurate dingnosis and recognition of the potentialities of sprain
ol the Temoral attachment of the ligament.,

(hy Injection of the aftected arca with local anaesthetic and  the
application ol clastic compression. (The author has not vet
cncountered aocase treated in this manner which has procecded
to the tvpical syndrome. )

() Recognition that massage and passive movement in any {orm are
potentially productive ol heterotopie bone,

(/) Recognition ol the svmptoms and signs of the complication at the
third or fourth weelk, and therealter resistance to the temptation
to inerease the restricted range of flexion by passive movement
or manipulation under anacesthesia,

(20 When the diagnosis s been established it should be recognised
that the lesion is to a large extent self-limiting, and, provided the popular
Lorms of ageravating the condition are avoided and the policy of masterly
inactivity adopted, recovery will slowly but surely take place, The therapy
ol masterly inactivity " must be qualified ; the patient is permitted to
practisc rhythmical quadriceps drill and gentle active knee flexing exercises
which stop short of the limit imposed by pain. The more vigorous form of
quadriceps exercises and all other types of physiotherapy are forbidden.
Manipulation under anaesthesia at any time throughout the active phase,
whith may last from nine months to a vear, results in further production of
new bone and further deerease of flexion. Surgical interference, in the form
ol excision of the fragment, performed within the same period, results in
recurrence ol the bony mass in even more voluminous form than the original
and with consequent inerease of symptoms.

(3) A small number of cases, an example of which is quoted on page 143,
a final and completely quiescent state after a period of nine months
or avear with aresidual disability due to loss of flexion, the result of inter-
ierenee with the free movement of the medial collateral ligament by the
hony mass and fibrous adhesions in the associated capsular expansion.

In these cases, and provided there is reasonable assurance that the
provess s static and the tissues no longer sensitized to the production of
new bone, the mass should be exposed through a small vertical incision,
separated from the ligament by sharp dissection and detached h"fml the
ondyvie by a fine sharp osteotome. The joint is then fully flexed in m':‘ivr
Lo rupture any additional adhesions, the wound closed and a compression
|--!HI1-.I,L:1- ii}Jl]li;’ll. Active knee flexion exercises are commenced on the third

ar Tonrth day.
e resnlts of operation are most satisfactory m spite of the fact that
cirrenee of new bone formation in minor degree can usually be observed,



POST-TRAUMATIC PARA-ARTICULAR
OSSIFICATION OF THE KNEEFE JOINT

| CETI Bt
The chmges whh appear i the thaed or Toorth week
take the form ofa thin elongated slidow parallel to the
comedvle and claracteristically separated Trom the hone
by o el space

i, 139

A later stage of the stable type, A erescent-shaped mass
ol hone - not ised to the lllllll_\'ll'.
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I, 140

At this site the anatomy and physiology of the higa-

ment fregquently canse the new bone to be moulded so
Uit it is least wide at its upper limit,

I, 141

The miass of bone 1s fused to the condyle
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T,

I 144
Post-trmmatic para=artivular assification s nt
necessarthy contined  to the medial femoral con-
divles Hleterotopre hone in the tibial attachoment
of the medial collateral lgnment

Airsmtyes s b T, oigtially ol 1l
Coalutive type, bt noss i e ik ent st
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COMPLETE RUPTURE OF MEDIAL COLLATERAL
LIGAMENT

IL. Coneplete rupture ol the medial collateral ligament is o serions, but
fortunately relatively infrequent, injury which ocenrs as o result of a violent
abduction strain, such as mav be cansed Dy heavy weight falling against
the unprotected Tnteral aspect of the joint. Like most of the injuries of the
stabilising structures it seldom exists as anisolated lesion, but is associated
with spradn or rapture of the anterior cruciate lgament, tear or detachment
ol the medial menisens, or fracture of the Leral condyle of the tibia, Tt
appears to oceur more frequently in association with the Tast lesion than as
an injuey invelving <olt tissaes only.,

DIAGNOSIS

Fhe dingnosis s made from the history, which is frequently that of a fellow
foothall plaver Talling against the ontstretehed leg, Tollowed by severe pain
and the sensation ol something tearing.” The severity of the lesion com-
pels the patient to leave the feld and the joint may have swelled o the
present dimensions within the
course of the next hall hour
i eliusion of blood has taken
place.

On examination the joint
is swollen, usually as o resnolt
ol hacmarthrosis, and il an
interval has clapsed sinee the
aceident, ceclivmosis is most
evident on the medial aspect
ol the joint. The maximum
swelling and tenderness is in
the line of the ligament, where
it may even be possible Lo
palpate @ gap in the capsnle
(Figs, 148-151).

The final diagnosis must
not be assumed until the pre-
sence of abduction in extension
has been demonstrated  (Fig.
L4610 pain and  muscle
spiasm o prevent  the  foreible

i, 146 manual  abduction  which s
Complete rupture of the mediad collateral igamen necessary to demonstrate this
Fhere b= oo radiological evidence ol injury unless 2 ¥ =
the fitme s taken with the knee joint e abefuction cardinal feature, the Joint and

capsule should be infiltrated
with novocain under morphine and hyoscine narcosis, or a general
anacsthetic administered, Advantage should be taken of the opportunity
to sceure painless aspiration of the contents of the synovial cavity.
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In doubtul ciases some form ol anaesthesia enables the degree of injury
fo the anterior eraciate lgament to be established, the demonstration of
abnormal antero-posterior mobility being rarely possible otherwise,

TREATMENT OF RECENT INJURY

[is accepted that the damage incwrred by a ligament, sucl as the medial
colliteral Heament, inowhich the attachiments of the anterior  fibres
are widely separated, s much more extensive and involves more frag-
mentation and separation of the divided surfaces inoa traction lesion,
than ocenrs inan meised lesion inwhich the cut surfaces can usnally be
opposed and sutured without undue difficulty. In the traction lesion the
gap which exists between the ruptured surfaces heals by ibrous tissue, so
that it is inevitable, even with prolonged immobilisation, that the lgament
should heal with some degree of lengthening. I this lengthening is not
cxecessive, and provided  the tone and volume of the quadriceps is main-
tiined, the final resnlt is satisfactory in the large majority of cases.

On the other hand, in spite of the fact that operative interference in
recent lignmentous injuries has but [ew advocates at the present time, a
cond case can be made out Tor operative action in the injuries involving
complete solution of continuity of the types illustrated in Figs, 147, 148,
F30, e 1510 T is elear that immobilisation alone cannot ensure a stable
joint in these cases az opposed to those represented in Figs. 150 and 152
i which healing, with or without lengthening, can be confidently anticipated
by conservative means. The  possible association with an injury of the
anterior cruciate ligament is no argument against operation, [T operative
action results inoa normal medial collateral ligament, the ture stability
ol the joint will be mueh better than will be the case if both ligaments are
medunly Ty or remain unhealed,

[ an attempt to formulate some ruling with regard to indications for
treatment it is only possible to say that when examination of the joint,
under anaesthesia il necessary, demonstrates bevond shadow of doubt the
existence of complete solution of continuity, an attempt should be made to
locate the exaet r-u]ll' of the lesion, that is, whether it is represented by Figs,
LIS, T, 150, 1431, or 152, 1T the Imssihiii:_\' arises that the lesion is
tmcomplete, or if the technical difficulties of repair appear insurmounntable,
there is a0 strong indication for prolonged immobilisation rather than
aperation.

TECHNIQUE OF TREATMENT
CONSERVATIVE

Lreatment and after-treatment differ in norespeet from that deseribed under
Prrstaest oF RECENT INJURIES OF ANTERIOR CRUCIATE LIGAMENT.

OPERATIVE
Onee the decision has been made to undertake operative repair, the pro-
dire may, with advantage, be deferred for a few days to permit the acute
clling 1o subside it should not be unduly delaved lest contrac tion of the
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tissues concerned and difhenlties o ortentation [II"HIIII'i' additional teehmical
problems,
Following the application of o tourniquet o straight incision s made in

DIAGRAMMATIC REPRESENTATION OF THE GROSS
LESTONS OF THE MEDIAL COLLATERAL LIGAMENT

g, 147 Complete rapdure

vl uprper femoral adtachonent

witie avuiston of Tragment ol
Lo

P, s Complete rupture

of npper femoral attachiment

whitelr liis been tarn away
Trcn the Lo

Fre, 149 Complete ruptarne
of wpper femoral attachment
The free eod of the hgment
anl capende have been driown
ke Ll Jodnd. (W atsoen Jaies

Flie possibifify of vy bt
fodt posterio Jrbves wedveed i
ebtere e o e liicaiisetts e
beenr apelteated tnocach of Hi
vy

| ETT  4

the line of the lHgament o il the lesion can be accurately localised, as in
Fig, 147 o short ineision (Fig, 154) will provide adegnate aceess, but
otherwise the whole length of the structuie must be exposed.
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[ fragment ol bone has heen avalsed at the superior attaclhiment
Fico D7) I s o0 stmple matter to replace it in the erater, maintaining the
vecdietion with o coarse-threaded stainless steel sevew (Figs, 153 and 155,

DIAGRAMDMATIC REPRESENTATION OF THE GROSS
LESIONS OF THIE MEDIAL COLLATERAL LIGAMENT

[ \

4

’J"

P 150

Fig 130 Ceanpeete ruplure
clise 1o lower tibial attach-
menl

I, 151 Camplete rapture
Josie Lo doseer tibial attach

1l e e el ol the
Desoment Tis been diown bt
thie point Tl e
17pee; 152 Pl lgoment s

overstreteled . There is o
solution of contannty

shd ity o) ey Lot
visterror fibies wlied are

Hf

dtached oo the menisens has
Levir taedieated ta paeht of He
digticiiigs

It cither the superior or inferior insertions are detached from bone they
veplaced and sutured in position with silk or fine stainless steel wire
il throngh the periosteum and surrounding soft tissues o il this proves
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impossible an Lto @ inch hole s bored through the bone to the opposite

side andd o strong silk sature ticd over aosmall hone gradt in the manner
Hlustrated o Fige 116, or two smaller holes dreilled and the satore tied  over
the intervening bone alter the manner of Palmer ! (Fige 156). In ruptores
at other levels with shilting ol the sections i reelation to o one another
FFig, 1a0) it is usually possible to approximate the divided ends, reinforcing
the sutnre Tine 00 necessary with a strip of fascia lata.

After-treatment. A compression bandage, incorporating o light
metal splint or o plaster slab,is applicd and retained Tor ten to fourteen
davs o thereatter the limb is placed inoan unpadded plaster cast (Fig, 112,
Wetght-bearing s resumed at the end of the Tourth week and more vigorons
duadriceps dreill proactised. The tmmobihsation s discarded  abont the
ciehith weelk,

OLD RUPTURES OF MEDIAL COLLATERAL LIGAMENT

Fhe disability whicl results frome o raptore of the medial collateral ligament
of long standing differs in few respects from that associated with an old
rupture of the anterior eruciate ligoment. The intimate relationship between
the two struetures has already been stressed. The mam difference in the
clinical features is that, in the former, the more prominent feature is laxity
ol the medial collateral Bgament, whereas in the Tatter, antero-posterior
mohility of the tibiac on the Temur overshadows any Taxity of the medial
collateral liganment awhich may he present.,
Residual disability is dne to:

(1) Failure to establish the dingnosis at the original imjury and the
permitting ol carly weight-hearing,

12y Treating  the  recent  ingury by carly massage  and - passive
maobilisation,

) Treating the injury by prolonged tmmaobilisation in plaster without
regular quadriceps drill. No traction leston ol an accessory
supporting structure ol the knee joint awhich heals by the inter-
position of fibrous tissue can be expected to withstand the stress
and strain of weight-bearing in the absence ol the protective
role of a fully developed quadriceps,

TREATMENT
CONSERVATIVE

Fhe muscles are the first line of defence of the joint ;) the ligaments are the
sccond.? The treatment of choice in lateral instability is a period of three

Plvar Pabmer. " On the Injuries to the Lagaments of the Koee Joint, A Clhimead Hlud_\'."
Lot Chive Scapedinaicioa, T3S, Ixxxa, Supplementum hin, Stockholm,
S Watson- Jones Fractures and Joint Injuries.” 12 amd S Livingstone, Fdinburgh,

1944, T8
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# Fig. 133 Complete raptur
of the upper Temoral attach
ment of the medial colliteral
hgament with avulsion ol &
fragment ol bone and asso
ciated with a fracture of the
Lteral tuberosity of the tibn

1. 133

Fre 154 The detached ligament is held e the dissecting Jorceps
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motths devoted to the redevelopment of the :[1|.‘l:h'iu-p.~a, when 1 will
frequently be Tonnd that the function of the joint has nnproved to o degree
which renders further measures HINeCessary,

Before the maxionon benefit can be derived (o improvement of the
volume and tone ol the quendeiceps Itois necessary Lo ascertam that no
additional internal deranecment,
relative to the medial menisens in
particular, has taken place i the
mterval during which the patient
s sultered from instability and
giving-way - ineidents conscquent
to the Tax Bgaments or the wasted
quidriceps. T is not infreguently
lound  that the degeneration of
the normal protective apparatus,
especially in this particular case
where the peripheral attachment
ol the medial meniscus is altected,
results in the prodoction of o«
longitudinal  tear, 0 the torn
meniscus Is not excised prior to
the prolonged course of mnscular
development the vesalts will prove
disappointing,

The use ol o knee cage 08
unjnstifiable. The most acenrately
fitting apparatus is no substitute
Tor normal quadriceps control. Tt
can support ligamentous control
only at the expense of the muoscles

155 (see also page 125),

Phe case llustrated o Figs, 133 awd 154 was

et b aperative I'I'jI];ll e, frsab o ol the (_)PRRJ\,[‘I\' |':
tragment with o stainless steel serew, and open . - .
reduction of the fracture ol the tibie through No l‘ll)t']';{ll\'i‘ reconstriaction ol

iosepETa e incision

the medial collateral igament can
he o expected to prove effective in the absence  of normal  quadriceps
control. No operative measure should be considered  until non-weight-
bearing exercises have been practised for a period ol three months. If
incapacity persists, in spite ol the certainty that there is no underlving
menizcus lesion to account for the instability, there is a reasonable prospect
ol securing some improvement ino function by reconstruction of  the
ligament, with the proviso that the operator realises that the new ligament
i< merely an adjunet to the protection provided by the quadriceps,

OPERATIVE PROCEDURES :

(1) Transplantation of the tibial attachment of the medial
collateral ligament.
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Manek ! contends that in o large proportion of cases the original
mjury tikes the Torm ol avualsion of the Hgament from the tibial head,
vather than solution ol continuity of the strocture between the limits
ob attachment, and points out that instability is due to laxity of the
<tructure rather than actual weakness, He considers that if weakness
does exist it is that part of the lignment adjucent to the tibial head,
~enothat portion which has healed by fibrons tissue. Mauck conclides
tHat the rational operative procedure shonld shorten the relaxed ligament
aned eliminate the weakened part which is composed ol sear tissue.

Technique. An incision, which extends
from the adductor tnberele to o point 4 ins.

helow the articular surface of the tibia, is { \
mide over the medial aspeet of the joint (g, [
157, The skin and fascia are dissected so /

that the whole inner side of the capsule and of
the medial condyle of the tibia are exposed,
A triangnlar flap of bone, 2 ins. long and about
Loinch thick at its base, is removed [rom the
medial aspect ol the tibial condyle hy means
ol o browd fine osteotome. The capsule is split
vertically to a distance of about Iinch at the
anterior and posterior margins, permitting the
hone flap to be reflected upwards on a broad
base ol capsule and ligament (FFig. 158). The
meniscus, o large section ol which is now ex-
posed, is excised,

e Hgament is shortened by drawing the
bone fhap strongly downwards and mortising it
into the side of the tibia at a lower level in i 156

snch o manner that it is Jocked in position  Diagrammatic representation of
(1 1er | R i o ' lieeg. method of re-attaching the upper
g, I,hl_ﬁ_ ‘]!!. this way that I_mtl n'l the liga imsertyon. of £l madia eollatcal
ment which is formed by scar tissue s brought  ligament to bone by means of o
i A, (e e T . ; ) . snture passed through a donble
it mtimate contact \.\”h I|I‘I_ denuded bome: e i (oiiter Pt}
ol the tibial condyle immediately above the

biase of the ap.

A compression bandage incorporating a padded gutter splint is applied
and retained for two weeks : thereafter a walking plaster (IFig, 112) s used
and graduated quadriceps exercises commenced. The plaster case may be
lecarded in o Turther two to four weeks' time.

(2} Reconstruction of the ligament using the tendon of semi-
tendinosis. ?

The joint is fexed at an angle of 30 degrees and the medial collateral

T Manek. A New Operative Procedure Tor Instability of the Knee" [, Bone and
Jovit Swve,, 1936, svill, 984, ) A
Lo A Murray, 7 Operative ‘Treatment of  Internal Lateral Ligament  of  hanee,

[oner, Spre., 1918, vio 377, and 1920, vill, 267,



LGO INJURIES OF THE KNEEF JOINI

MAUCK'S OPERATION

s, 137
[l =kin aneision together with the
st e of the hone p and the upaward

extensions throneh the vapsule

151 134

bt B Ihe transplanted fap in position,

The Bone laap with the ligooment and showing the locking and the denuded

capsule attached @ the new bed to portion of the capsule approximated
recerve the bone tlap to the raw home above the Hap
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licament defined through o vertical incision, The tendon of semitendinosis
i~ piobilised and carvicd forward so that it lies in the line of the ligament,
which is split longitudinally thoughout its entire length. Deep grooves are
cut i both the temur and the tibia in the line of the ligament at the points
of original attachment. The tendon is then stitched into the substiance
of the split igament and buried and secured by deep sutures into the bony
L0 BT G o

The limb s immobilised in plaster for a period of four weeks, during
which non-weight-bearing quadriceps exereises are continued.

1) Reinforcement of the ligament by strips of fascia.

The anthor has no personal experience of the procedures outlined above,
hut has used Blair's operation (page 133), which was designed [or the repair
ol e anterior eruciate higament,
with satisfactory results,

[n three cases in which opera-
tion wias indicated, the anterior
eruciate lgament was lax but not
tart This simple operation was
chiosen becanse it offered prospects
ol achieving a donble purpose by
a ~ingle u[u't‘:lli\‘t' procedure,
Athongh o satislactory improve-
ment ol funetion was  obtained,
further expericnee is necessary in
order to estimate the prospeets ol
more general application to this
particalar injury.

LATERAL LIGAMENT

Le~tons ol the lateral collateral
tnnent are relatively imeommon.

5 = G il
Lo comtrast to the medial eollateral _ 6. 16 o
111 S ¥y v = = Old rupture of the lateral collateral ligament
wameat it is g rounded band of N tun it €8 Titoral poplitealiteres
relative unimportance in stabilis- wits present.
ine the joint, and, being relaxed

m flexion, is not subject to rotation strains, It is reinforced by the presence
of the iliotibial band and the biceps tendon and is protected from illldl.lt‘tlllll
“riins by the opposite limb. It is thus only liable to injury in accidents
mvelving gross violence,

Rupture of the lignment occurs when the joint is exposed to sllrltlttll and
powertul adduction of the leg on the thigh and in partial or complete dislocit-
ans. The injury which results is of importance because Ftll?‘]""}‘-‘ rupture

‘e ligament seldom oceurs as an isolated injury, but is associated ‘.“t]]
cveistretehing or complete solution of continuity of the lateral popliteal
crve (g, 160), )

e ligamentous-peroncal nerve " syndrome was first described by

11
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Platt," who, by 1940, had recorded nine cases, and  further imformation
concerning the peripheral nerve injury has been contributed by Highet and
Holmes, 2 who have deseribed cight additional eases.

The features of the lesions are

KNEE JOINT

1) Rupture of the Tateral capsule elose to the margin ol the tibia, produe-
ing a large hintus on the outer side of the joint,

(2) Avulsion of the stvloid process of the Gbula, carrving with it the
insertion ol the Literal colliateral Hgament.,

(3) Avulsion ol the biceps tendon from its Bhular attachment,
(4) The iliotibial tract may be ruptured or avulsed,

(30 The eruciate lignments may be damaged.

NERVE
Fhie nerve Tesions Fall into two gronps

() Overstretehing. I these civemmstances although macroscopie con-
Hnuity may appear to be preserved, pathological changes in the
nerve extend far above the site of mjpary in the form of Qe
degeneration, intrancural iibrosis, and vascular abnormality.

(2] Complete rupture,

PROGNOSIS AND TREATMENT
Fowonld appenr that the prognosis with regard to joint Tunction is excellent,
as o might be expected inoa lesion of a0 relatively animportant stabilising
ligament, but the results of both conservative and operative treatment of
the peripheral nerve lesion are poor. Traction lesions are characterised by
mueh more extensive dimage to the nevve-trunk than s found after injury
by ineision, Leeration, or gun-<hot wound.  In most of the cases which have
been deseribed there has been i delay ol several months hefore exploration
and suture could be performed, and although such a delay is not normally of
primary importance, il as has been suggested, the fibrotic and vascular
pathological changes which have been mentioned are progressive, it s
evident that carly exploration and suture  offer the greatest chance of
recovery. Ttis interesting to note that in the two cases of complete recovery
which have been recorded by Platt, the interval between the aceident and
operation was sixteen davs in one case and six weeks in the other, It would
thus appear that the procedure ol choice in complete rupture of the lateral
collateral ligament, accompanied by o traction lesion of the lateral popliteal
nerve, is carly exploration, which will not only enable suture of the nerve
to be accomplished with the minimum dithienlty and with the maximum

Vlitarry Pt 0 Bowe aid Joont Serec 9280 s, A030 Proc I Soes Med ., 1937, xxx, 883,
fathicet, T940 01, 12
SAWL Bremner Thghet and AW Hlolmes. " “Traction Injuries to the Lateral Popliteal Nerve

and Traction Tajnries to Peripheral Nerves afier Suture. ™ Bl foor, Swre., 1943, xxx, 212,
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chinee of recovery, but will afford the opportunity to repair the ligament
il the associated capsalar Tesion at the same time,

AVULSION OF ILIOTIBIAL TRACT FROM LATERAL
CONDYLE OF TIBIA
IAVULSION FRACTURE OF LATERAL TIBIAL CONDYLE)

[tis evident from the normal operative exposures of the menisei that
whereas the capsnle on the medial side of the joint is of uniform texture
and consisteney, the lateral meniscus is approached through a weak area
which lies between the liganmentum patella and a strong thickened band of
tissne running down to the head ol the tibia, This strong band is the
hotibial tract or colliateral paellar lignment, which is inserted into the
anterior aspeet of the region of the lateral condyle, on the posterior aspeet
ol which is sitnated the articular facet for the head of the fibula. The exact
point ol insertion is an eminence situated on the upper border of the tuber-
nsityat the unction of its anterior and lateral surfaces,

The experimental work of Segond, ' referred to by Milel,? has shown
that this strong librous reinforcement of the capsule, which s the termina-
tion of the ithotibial tract, is subject to a marked degree of tension thronghout
the movement of internal rotation, and he suceceded in producing avalsion
of it insertion i seventeen of his thirtv-cight experiments,

CLINICAL FEATURES
Uhe injury s produced by foreible internal rotation in flexion and exists
cither as an isolated lesion or in association with grave injuries of the medial
collateral and anterior erneiate lignments, The lesion fades into insignifi-
cance in the latter cirenmstances, and thus only the features of the isolated
injury will be deseribe.

In adddition to the essential mec
leatires e pain and tenderness aceurately loealised to the lateral Inl'wru.slil_\'
al the tibia. If the synovial membrane has been torn, or the bony lesion
communicates with the joint, @ blood stained synovial effusion or even
Hiacmarthrosis may be present. The most characteristic feature of all is the
radiograph which shows the detachment of a flake of bone from the lateral
tiberosity of the tibia (Fig. 161),

anism ol production, the typical

TREATMENT
L resitment depends on the severity ol the symptoms. [n some cises '|E|_v
cpeated injection of a few cubic centimetres of local anaesthetic is all '{]Illl\ 15
Hecessary, Inothers, repeated aspiration, supplemented by the use ol 2
smpression bandage, may require to be followed by im.mnlnllrautmn in i
Lin-tight thigh length plaster case of the type which permits freedom of the

il Segond, 7 Recherches climques ot L-.\}-:'-_1_'ir11|-|ll.-|h-.~a sur la~_.-_n'~|\anrlu-m;nln saliguins
i genon par entorse,” Progeds Md. 1878, il 297, A9, 340, 374, .uln_. 18

Flenry Milel, * Cortical Avalsion Fracture of the Lateral Iibial Comdyle
Cspee, THBG, xviii, 159,

| e and
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ankle and foot. The plaster cast should be retained lor a pertod ol three to

four weeks.

DISLOCATION OF KNEE JOINT

Complete diglocation of the koee joint s o vave injury. The anthor has
onlv seen two recent cases, the first ol which is illustrated in Fig, 162, but
his had the opportunity of examining eight others which were alleged to
have sustained such ancinjury some weeks or months previously,

ETIOLOGY
This injury can only oceur as a resnlt of the most extreme direet violence
applicd to the lower end of the femnr when the upper end of the tibia is
firmlyv fixed, or to the apper end of the tibia when the femur is fixed 5 the
dircetion of the blow determines the type of dislocation produced. On very
rire oceasions it s known to have taken place by rotary violencee.

SURGICAL PATHOLOGY
The dislocations are classiticd according to the relationship of the upper end
of the tibia to the lower end of the femur, and thas (1) anterior, (2) posterior,
(3) lateral, (4) medial, and (5)
rotary dislocations are possible.
All tvpes involve partial or com-
plete rupture of the collateral and
cruciate ligaments and injury ol
the popliteus, gastrocnemius and
vastus medialis muscles, The pos-
terior dislocation incurs consider-
able risk of injury to the popliteal
artery, and the medial variety is
very liable to damage the lateral
popliteal nerve. Dohler U ostates
that the tendons ol semimem-
brimosus,  semitendinosus,  sar-
torins and gracilis may slip into
the intercondvlar notel in the
Lateral dislocation. The type of
[orce involved and the magnitude
ol the deformity may  produce
division or rupture ol the skin

Fiez. 161 and underlving soft tissues and
Vottl=tom of the itliotibial tract Trom the lateral i il _' 3 : | of the
comadvle of  the tibia, The characteristi IS SIELaLl B Gatn. WellRL ¢
radiograph i[!illl.

The following operative find-
ings, which reler 1o the sceond  case  encountered, are vecorded to
illustrate the extent of the destriection produced by dislocation :

D arenz Boblers " The “Treatment of Fractores”" [ohin Wreight and Sons L, Diristod,
140343, N2,
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Phe case amedial dislocation was subjected to operation four davs after
clased reduetion for two reasons s first, becanse clinical examination indieated
that the Tateral capsule had been drawn into the joint in the manner illus-
trated o Figo 1490 and second, there was a complete lateral popliteal nerve
paralvsis,

A straight incision cight inches long was made over the lateral aspect of the
jomt. - TEwas immediately evident that the capsule was grossly lacerated.  The
anterior portion had been torn from the lower end of the femur and was displaced

Fie, 162

Ihislocation of the knee joint.

tite the joint over the superior surface of the meniscus, ‘H_I\’ posterior portion,
mehuding the Tateral ligament, had been torn at the inferior .'|It;u_‘h‘I|1vnt and
dspliced upwards, The iliotibial tract had been avulsed from the tibia and tln:
biceps tendon from the head of the ibula; the head of the fibuli was thns
Nposed and devoid of tissue attachments. ) . . _
On looking into the joint both the anterior and posterior cruciate lgaments
Were seen to be torn, the former at its superior attachment and the ].'|‘itn'|‘. together
vith the adjacent capsule, from the tibia. Tt was pn.\::\'_ihlv to pass ! 1111}_1{-‘1' ]mfl -II.“|.
pliteal space and palpate the popliteal arterv, The meniscus —a congenita
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disc laud been torn from its posterior and postero-lateral attachments and was
displaced forwards,

The Tateral pophiteal nerve was Iving corled apin the wound, having suflered
a traction lesion some cight inches above the Tevel of the joint lne. Two nerve
fibres which add been avalsed at an even higher level were seen to protrde from
the sheath,

Noattempt wis made 1o expose the site of rupture of the Tateral popliteal
nerve, for it was quite obvious that the prospects of recovery, even if repair
could have been effected, were hopeless. In these circnmstances, all that was
done was to exeise the meniscus and repair the Tteral capsule, attaching the
ligament to the head of the fibula with sutures passed through o deill hole. The
anterior cruciate hgmment was not repaired as the superior attachment L in the
normal anatomical position when the dislocation wis redueed,

DIAGNOSIS

A cursory examination of the gross deformity makes the diagnosis evident,
but before procecding with the reduction, which is a matter of urgeney, the
condition of the circulation should be ascertained and evidence of injury to
the Tateral popliteal nerve, as shown by loss ol sensation and paralysis of
the antevior group of tibial muscles, sought. Antero-posterior and lateral
radiographs should  be seenred inoorder to climinate the possibility ol
accompanying fractores,

TREATMENT

Reduction is accomplished at the carliest possible moment, under general
anaesthesia, by means of traction and mannal pressure on the tibia in the
appropriate direetion. The so-called irreducible dislocation, in which the
Lamestring muscles become trapped in the intercondylar noteh and to which
reference has been made above, is reduced by flexing the joint to a right
angle before exerting pressure on the medial aspect of the tibial head.

It the popliteal artery is ruptured or thrombosed, in cither the closed
or componnd dislocation, amputation  through  the thigh is necessary.
Primary sutuee of a rupture of the lateral popliteal nerve may be carried out
i an open dislocation, 11 conditions are lavourable, or deferred, as in the

cise of o closed disloeation, to o later date.

AFTER-TREATMENT

When reduction has been accamplished a0 compression bandage, with the
addition of a padded Cramer wire backsplint, is applied. The circulation of
the toes is observed at frequent intervals during the first forty-cight hours,
and when the blood supply is no longer in doubt, the effusion of blood should
he aspirated and the compression bandage re-applicd. At the end of a week
an unpadded plaster case ol the tyvpe which permits free action of the ankle
joint (Fig. 112 is applicd and quadriceps exercises commenced.  After an
interval of three to fonr weeks the original plaster will be no longer skin-
tight and must be changed to permit a return to weight-hearing. The second
plaster is retained for a further period of eight weeks, during which the
quadriceps musele is conscientionsly developed.
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[ continuity ol immobilisation is maintained for three months, and
cvery cllort made to redevelop the extensor apparatus, the results of treat-
ment e surprisingly good. The rapture of the ligaments, capsule and
muscle, results in the Living down of fibrous tissue and the lormation of
heterotopic: bone which may be seen in relationship to the medial femoral
condvle, medial aspeet of the head of the tibia and in the region of the tibial
spines T these eirenmstances full return of flexion is not to be expected
and is undesirable in that it may be assoctated with a flail joint. The
eptivnim result is a stable joint and the capsular and extracapsular ibrosis
assist in the stabilisation, but only at the expense ol a varving degree of loss
ol flexion.



CHAPTER EIGHT
INJURIES OF EXTENSOR APPARATUS

HE injuries of the extensor apparatus may be classified
(1) Injuries, usually by indirect violence, which result in partial
or complete solution of continuity,
(\) Rupture of the muscle,
(13) Avulsion of the quadriceps musele from the patella.
(C) Transverse [racture of the patella,
(D) Avulsion of the ligamentum patellae from the patelli.
(12) Fracture of the tibial tuberele or M'pil]';tlf::ll of the epiphysis ol
the tibial tuberele.
(2) Injuries of the patella by direct violenee,

(3) Dislocation of the patella.

(1) (A} RUPTURE OF MUSCLE

RECTUS FEMORIS

The rupture of s few libres of the quadriceps, usnally of the rectus femoris,
i< of common ocearrence in athletes, Tt ois |:|‘|>lr.||l|{'. however, that niny
o called ™ pulled muoseles ™ are really nothing more than a small intra-
muscular hacmorrhage rom o ruptured vein. The rupture ol a group of
fibres which can casily be recognised as such may take place rom muscular
violence alone, when it s nsoally the result of aomiss-kick, or may be pro-
duced by some hard object, such as o boot or a head, coming in violent
contact with the contracting quadiiceps during a4 game of foothall. The
gross injuries ocenr when o heavy weight, such as o beawm or girder, pins the
limb against the ground and divides the musele against the shaft of the
femur,

Clinical Features. In the minor injories the patient complains of
disabling pain on contracting the musele, which is o serious handicap to his
athletic pursuits @ examination reveals o small arca of deep tenderness.
In the Targer ruptures it may be possible to palpate a gap in the fibres which
may be associated with discoloration of the skin, - Cases are more frequently
cncountered at o late stage when they exhibit a swelling on the mid-line of
the middle third of the thigh, helow which is @ shallow depression, The
swelling, which consists of retracted muscle fibres, becomes larger and
firmer on contracting the musele and the depression more pronounced
(IFig. 163). such local ruptures of the rectus femoris do not affect the strength
of the quadriceps and seldom cause any real phvsical disability.  Many
paticnts are anxious about the significance of the Tump and complain of the
swelling on aesthetie grounds.

1655
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Treatment. In recent cases, complete reliel ol svmptoms whicli may
permit immediate resumption of athletic activities may be obtained by
mijection of a few coeas of local ' -
anaesthetic into the area and
repeating the treatiment at daily
mtervals if required.

In r.l]r] Cilses, Ulru'!':lﬂlllll is
only likely to be NCCCSsary on
cosmetic grounds. Repair of the
rupture is technically diffienlt
and likely to prove  unsatis-
factory Tor it produces no cffect
o function, and il there is iany
recurrence ol the swelling the
pitient will be disappointed. In
these circumstances reseet 1on ol
the retracted fibres may produce

the most satislactory solution.,

VASTUS MEDIALIS

Small Tocal ruptures which pro-

duee no Al effects on [unetion

e unknown in this component,

1. 163

[he injuries which are encoun-

he common rupture o the rectus femaoris e

tered are ol a oross nature and phvsical disability s insignificant and  the injory
cenr I':;Elli'!' s !'t'.‘-]]!l f.!|. 1]"' i':lr'l'l_\' wirriants vperative mterlerence,

b being trapped, inwhich

case division of muscle fibres takes place (FFig. 164), or in an acute traumatic
dislocation ol the patella, when the rupture occurs close to the attachment
to that bone. Tt is unfortunate that in neither case is the severity of the
lesion nor its effect on the future function of the joint commonly recognised
i the time of the aceident (Figs. 164 and 165),

Treatment. In traumatic dislocation of the patella, which is the
more common source of disability, the author considers that a large propor-
Hon ol cases should be subjected  to immediate operative repair (sce
Recurrent Dislocation). When the injury is localised to the mu.wi:-l fibres
lone immediate operative repair is probably inadvisable, [t entails the
nture of friable musele, and should thus be deferred for several weeks or
v months when the firm sear tissue can be excised and the muscle

vred with strips of Tascra lata.

VASTUS INTERMEDIUS
s component is most frequently damaged by hacmorrhage which takes
ollowing a kick sustained during a game of football. The patient s
dom disabled at the time of the accident and completes the game. -”‘"\'f"'f”
ater lie becomes aware that his thigh is enormously swollen, and in

me cases may be unable to flex the knee becanse of the tension.,
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Treatment. Thix condition 15 treated with rest in bed, clastic
compression to promate absorption, and later, by progressive active Hexing
exercises, The painfol deep massage and passive knee movements which are
sometimes employved are contra-indicated and are frequently responsible
for the onset of myositis ossificans tranmatica (Fig, 166). 10 this complication
docs oceur, operative interference is absolutely contra-indicated ; the bone
tends to undergo spontiancous absorption provided pissive movements are
avolded. T the mass of bone is stll responsible Tor restriction of Hexion
after an interval of many months, or when a completely quicseent stage
has been reached, it should be excised through a lateral incision,

i, 164 160, 163
Two cases of rupture of the vastus medinhis caused by trapping of the imboan o vaad ace ident.
In g 1685 an unsuceessiul attempt b been maede Lo repanr the defect Joth these eases
Hlnstrate the importance of the vastus medialis fromm cach @ torn medial memiscus was

excrsed e the absence of a previons lustory ol ey

VASTUS LATERALIS
This component is seldom the subject of injury and appears to be protected
by the powerful iliotibial tract. Muscle herniae, which may follow the
removal of strips ol fascia [rom this tract, do not appear to give rise to any

disability.

(1) (B AVULSION OF QUADRICEPS MUSCLE
FROM PATELLA

This is an injury of overweight patients, past middle age, who avulse the
muscle from the patella in circumstances which, in younger age groups, result
in o transverse racture or avolsion of the ligamentum patellae. The injury
is sustained as the result of a stumble, frequently in descending stalrs ;
the whole bodv-weight is transmitted through the flexing knee, and the
pitient, in attempting to avert a fall, contracts the quadriceps violently and
thereby tears the muscle from its attachment to the stperior pole.

Like all subcutancous ruptures of tendons the diagnosis is frequently
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mis~coh Even when the possibility of a fracture is suspected the absence
i f.il‘illliill_:lll'ill confirmation canses the r]i.‘l;:l][l.‘-'ui.‘-u to be overlooked., When o
second radiograph is taken one month Tater as o result of the patient's
ailure toorecover, aomass ol ossifving
hiematomic is noted above the superior
pole and - provides o hint as to the

original injury,

CLINICAL FEATURES
[lic diangnosis is established from the
Listory which consists of o stumble,
at attempt too recover, immediately
[odlonved by o sharp pain just above the
knee which cansed the patient to fall.
On examination it is found that the
patient is unable to prodoce active
extenston ol the joint and there is
tenderness, discoloration, and a palp-
able cap immediately above the patella,

TREATMENT
IV the injury is incomplete, involving
the rectus femorts and  vastus  inter-
medins, but leaving the principal inser-
tions of the vastus medialis and vastus
Fteralis 1o the medial and  lateral
borders of the patella intact, treatment
i the torm ol splinting will produce
satisictory result ; but if the complete
lesion s neglected or treated conserva-

tiveiv, althongh the mass of new bone

which torms in the haematoma event-
1

h-l-'n;. 1656

allv Tises with both the muscle and VMavositis Ossificans Traumatici
with the patella, the unton is unsatis- '

Fctory and entails lengthening ol the quadriceps apparatus, with consequent
o=~ of power and instability of the joint.  The results of operation in
erent o cases are excellent,

Technique of Operation. The rupture is exposed through a mid-

ne o parapatellar ineision and the blood clot removed, I‘L‘\'t‘zlling_ the
posterior wall of the suprapatellar pouch and permitting dehfnition of the
e e extent of the injury. It may be found that attached to the

imtertor surface of the [1111:-1"!(- is a tongue ol periosteum torn from the
mterior aspect of the patella, In addition, a tag of ligamentous tissue I'rl_m]
Coposterior surface of the tendon may be attached to the postero-superior

niaee of the patella ; these tags are preserved for use mn strengthening the

v dline. Two parallel drill holes are made in the long axis of the bone,
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beginning on the superior aspect and drilling downwards and forwards so
that the exits appear on the anterior surface. A mattress suture of kangaroo
tendon, stout chromic catgnt or stainless steel wire is passed through the
muscle and the ends threaded through the drill holes and tied over the
anterior aspect of the patellas 10 there is a large tag of tissue attached to
the bone it is utilised to strengthen the suture line by burying it in a hort-
zomtal slot in the muscle substance by means of sutures tied on the medial
and Iateral sides ; this procedure is carried out belore the Targe mattress
suture s mnmserted. The torn expansions of the vastus lateralis and vastus
medialis are sutured with interrupted chromie catgut sutures, Finally the
tag of periostenm [rom the anterior surface of the patellaois sutured back in
position, the wound is cloged, and @ compresston bandage, with the addition
ol a padded back splint, applied.

After-treatment. At the end of ten 1o fourteen davs, when the
sutires are removed, o plaster back splint or o skin-tight plaster case is
applicd. Onadriceps drill or straight Jeg raising in the plaster case is not
permitted until the end of Tourteen davs, when assisted straight leg raising
miy be commenced. AL external splinting is discarded at the end of four
to six weeks and more vigorous quiadriceps exercises and knee flexing
exercises instituted.  Weight-bearing with the aid ol erntehes may begin
about the same time,

FRACTURES OF PATELLA

In the classification of the injurics of  the extensor apparatus  the
transverse fractire of the patella, the fracture by indirect violenee, has been
put under a different heading from comminuted fracture, the fracture by
direct violence, The Tormer injury s regarded as o rupture of the extensor
apparatus, whereas the lntter does not entail complete solution of continuity.
FFor the purposes of treatment, however, both injuries are considered under
the same heading.

(1) {G) TRANSVERSE FRACTURE OF PATELLA

In the middle-age group rapture ol the quadriceps apparatns usually takes
the Torm ol @ transverse fracture of the patella. The eircumstances and
mechanism are similar to those deseribed under Avulsion of the Quadrieeps
Muscle from the Patella.

CLINICAL FEATURES
The joint is distended by effusion and haemorrhage. The skin is undamaged
il the injury occurred as a result of muscalar violence alone, but oecasionally
the subsequent fall causes abrasions of the overlying soft tissues. As the
bone is subeutancons, the fragments together with the intervening gap are
palpable o the upper fragment is drawn upwards by contraction of the
muscle, whereas the lower fragment is tilted so that the fractured surface
looks Torward (Fig, 180).  The gap between the fragments varies in breadth,
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depending on how Lo laterally the rapture of the expansions extends on
cither side ol the patella. I the medial and lateral expansions are torn,
as evidenced by a gap between the fragments, active extension of the
joint is impossible, but, curious as it may scem, the joint is less swollen
in these circnmstances than in the less severe injury consisting of «
transverse crack in the bone. This phenomenon is principally due to the
escape and dispersal of the hacmorrhagic effusion into the superficial soft
ti=sues which takes place through the wide rents in the capsule,

The clinical diagnosis is a matter of simplicity and should rarely be
misscd, N\ radiograph is taken as a routine measure to determine the number,
shape and size of the [ragments.,

RATIONALE OF TREATMENT

[n view of the multiplicity of the methods and the apparent contradictory
nature of the aims of treatment, it is necessary to review the merits and
Hittations of the various procedures in use at the present time.

These may be classified

‘1) Methods which aim at restoration of normal anatomy.

12} Total excision.

3} Repair of quadriceps apparatus, retaining one large

fragment.

I} Methods which aim at restoration of normal anatomy.

Il methods of freatment  which aim at restoration ol the normal
anatomy of the bone are probably still the commonest in use. They aim at
eassembly ol the two or more fragments ;. with retention of reduction
by means of sutures of silk, chromic catgut, kangaroo tendon, stainless steel
wire or fascia lata passed through or around the fragments ; with autogenous
bone wralts, plates or fixed skeletal traction, to mention but a few of the
methods in vogue,

I some cases these procedures, performed with the necessary lll';_{l'l'!l.' of
techmieal skill, attain the ideal in the restoration of both form and hinction,
it infortinately in the large majority there are serious objections to the
tse ol any of these methods in both the short and long term restoration of

ton. These objections are

o Non-union is common.

Fhe patella has been shown to be an infegral part of the n|1'1:|:11‘il'vp.-'
miscle, not part of the bony skeleton. It is probable that for tllnr'. reason
it bone reparative properties are low.  In addition, the fracture line nf_ this
prrticular transverse fracture is subject to distraction by the ‘l‘“‘d"’l‘“l‘p”
Fies. 167 and 168) rather than compression, which is the usual force
worted by musele tone on a perfectly reduced transverse fracture at other
e~ The faet that the vertical fracture produced in the I};lTl'”u-:\'lllilllllll.‘_f
pproach nsed by Robert Jones, and in which the fracture line is subjeet to

Cinpression rather than distraction, always results in bony union may be
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further evidence that tension and distraction at the racture line may be
responsible in some degree Tor the frequent oceurrence ol fibrous union,

() The necessity Tor o period of immobilisation ol cight to twelve
weeks inoorder to secure problematical bony union is a serious disadvantage
to the return of the fuill range of movement i oa joint which has been <ub-
jected to sertous injury, hacmarthrosis, and an operation involving the
repair of the medial and lateral expansions. Adhesions are inevitable,

e 167 I100 1S

Non-uman as comnon (e 1670 Note the Tevel of the patelli by comparisan with the normal
poand g TGS (the degree of desaon dillers =0 that the |-|.'|h-:~ are nob qiite r..m].:‘l'.z': e

(¢) No matter how accurate the apposition of the ragments, some
degree ol roughening of the articular surface, especially in comminnted
trictures, is mevitable, Although the immediate result in sueh o case may
be considered to be good, the ereation of the ridge or uneven arcas on the
articular cartilage eventually Teads to local osteoarthritis in the putello-

femoral compartment and an unsatisfactory long term vesult (Fig. 1697,

(2) Excision. -Althongh it had long been known that excision of the
patella was compatible with good knee joint function, it was not until 1937
when Brooke, ' in advoeating exeision ol the patellic in the treatment
of Tractures, made the astonishing statement, which was supported by no

PR Hrooke, " The Treatment of Fractured Patella by Fxcision, A Stody of Morphology
ed Function ™ Heit fowers Seec 1937, sxiv, 783
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fes< an authority than Hey Groves, ' that not only did excision of the patella
pe=nlt i no Toss of funetion but was even followed by an increase in the power
ol the joint. Sinee then excision ol the patellichas been widely practised for
Al manner ol Tractures, to obtain drainage in suppurative arthritis, as an
sternative Lo displacement of the patella in major arthrotomies, and as a
method of treatment ol recurrent dislocation and osteoarthritis,

G, 168
Ol fracture of the patella treated initially by wiring. The range
ol movement in the joint was almost complete, The patient
comaphiined of marked symptoms relative to the iIiiil'”l:-fl‘t.nul'.n[.
compartment. Note the presence of steps on the articuin
surfiee of the patella and the local degenerative chinges

e suthor is of the opinion that total excision of the |)1.l1.l'”:l is a radical
peration which holds an important and well defined place in the tl‘lt‘iitmi‘ﬂl
clhingnries of the guadriceps apparatus, but cannot support the \'l(‘\\'.t?liil

Cpaitelli has no functional significance in the mechanics of the Ifnw; joint,
nor snbseribe to the opinion that the power of quadriceps action is actually
crensed by the operation,
Fiest W Hey Groves, A Note on the Extension Apparatus of the Knee- Joint.”
o Joaer . Sure., 1937, xxiv, 747,
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In this series many cases ol exeision ol the patelli emanating from
vitrions sources were examined. Some of the results obtained were considered
to be excellent considering the nature of the original injury, but no case
was seen inowhich the funetion, range of movement and power bore com-
parison, cither subjectively or objectively, with the sound joint.

The case against indiseriminate execision of the patellin may be sum-
miari=ed

() There is frequently o residual Toss of the final 5 to 15 degrees of
extenston,

[t has been pointed out previously (page 3} that loss of the last 15
degrees of extension constitutes o grave disability and entails loss of the

e, 130 g 1E]
The patellic varries the teondan soway frome the femoral condyles and thos
ereises the Teverige action ol the quadreiceps and Tessens the eiort
requirted to produce extension. Removal of the patella decreases the
Teserige action amd oreater eltort s necessary tooextend the leg, The

provciple ol patelle actiom s speilar to the lessened ellort exerteld

when o bcket of water is deiown up over a polles rather than draggeld

vover Lhe edwe ol the well, @ Rednascar frone Dl pooe. o8 M Swre. Covinaeee . aind
Eesttonin,)

vital action of the vastus medialis, with consequent loss of power and
imsecnrity of the joimt. Loss of volume in the vastus medialis was o salient
feature of all the cases examined. Friberg, ! reporting o series of thirty-two
cases of complete removal of the patella, records an average wasting of the
thigh muscles of 10 centimetres ; all his patients had complete extension.
Thirteen cases are stated to have excellent results, bot it is significant that
fourteen, althongh free from symptoms in ordinary activity, had inadequate
strength nnder exacting conditions, and insceurity in walking on uneven
oronnd.

There are two reasons for loss of power and of full extension :

(i) This large sesamoid bone has an important function both in flexion
and in extension, for it carries the extensor tendon away from
the centre of rotation of the knee joint in all positions in the
range of movement, and is thus an important factor in increasing
the power of the quadriceps (Figs. 170 and 171,

bsten Friberg.  Cher Totalestirpationen der Patelli”™ et olir, Seandinae., 1941,
lxxxv, 861
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(i lxtirpation ol the patella and suture of the tendon to the quadriceps
muscle results in lengthening of the extensor apparatus, This
may be avoided by shortening the tendon and overlapping the
Lteral expansions,

'rool o these two points may be readily obtained during removal
ol the intact patella through o verveal rather than a horizontal incision in
the nmediate coverings, When the vertical incision is closed it is quite
abvions that the tendon is
lax o thus the tendon has
been lengthened  without
solution — of  continuity,
whicl surely proves that
the patella carries the ex-
tensor tendon away from
the centre ol rotation of
the joint.

FZarly in 1938 Tippett!
observed this phenomenon
withont realising its signi-
ficanee, T have  Tound
for some reason yet to be
explained, those cases in
which the incision is made
transverselv do better than
when it is made n a longi-
tudinal direction ; though
the Tatter would appear
Lo canse less strain on the
sttured  aponeurosis,  as
when the quadriceps con-
tracts, it will tend to pull
the edge of the gap lo-
cether. My best results,
lowever, have  all been
Tty the use ol the trans-

11, 172

verse meision.”’ .
Complete excision of the patella. The patient. who was
seen in 191, gave a history of excision of the patella eight
. vears previously following a fracture. He was unable to
s the tmportant func- produce full extension : flexion was limited to ;1];'1}.{1;|
fon o oleetd e laree angle, e had no complaints except of ditficulty in kneel-
= PECteELing the las 8¢ im?llnrlnln:a.-:nl' I'h'xinlg. Note: f:HE!Il'ilt‘;{l'l]l'l‘:lii\'l'l']l:l.ll_ul'.‘&
cxposed femoral *‘“"(I‘\"h'-‘; in the femoral condyles, () there is no trace of regeneration,

wanst o future aceident
anel aainst the trauma of everyday wear and tear. Bruce and Walmsley's
cxperimental observitions on the rabbit suggest that osteoarthritic changes

(f) The patella pos-

a

O Tinpete,  Treatment of Fractured Patella by Excision,” Brit, Med. fowr., 1935,
B R
Broce and Kobert Walmsley, " Exeision of the I‘:ltrll;i_. Some Experimental and
donmeal Observations,” . Bone and Joinl Surg., 1942, xxiv, 311,
12
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are to be anticipated following the removal of the bone. They consider
that the probable cause of damage to the femoral surlace s friction by the
quitdriceps tendon, although
they  also think  that  the
patella protects the artienlar
surlace Irom more direct ex-
ternal tranma (Fig. 1729,

(¢) There is a restdual
asvimmetry ol the knee joint
which 15 not unimportant,

31 Repair of quadri-
ceps apparatus retaining
one superior or inferior
fragment. John Thomson,!
who o fiest advocated  this
method of treatment i lrac-
tires o the patelli in 1935,
considers that the principle

Contodrr ol the lesed knees folloae g excsion of g patelln ol |l'|1|l|'.'i|1lL; all |'['.'l.|:;]]1l'll‘.5
except one pole and hirmly
nniting it to the opposing tendon surtace offers the most satislactory
<olution to the problem becanse
(1) It vestores the lanetional integrity of the bone.,
(2) Ityestores the protective mechanism necessary to the normal knee.
(3 1t does not depend Tor restoration of continuity on the union ol
bony fragments with poor osteogenic properties hat upon healing
i whicl only solt tissue is involved,
() The symmetry of the knee joints s maintained.
(5) The period of incapacity is reduced to the minimuom,
() The residual dhisability s minimal.,
Thomson has produced convineing evidence of the eificaey of his method
i i recent study? ol 5534 cases treated by 33 surgeons, 433 cases were
examined  with regard to the residual disability, 350 cases reported no
disability whatever, and of the remaining 83 cases with disability 61 had
complicating injuries, leaving only 22 patients with fractures of the patella
withont complication who had any disability,

INDICATIONS AND TREATMENT IN FRACTURES OF
THE PATELLA
(1) CONSERVATIVE TREATMENT IS INDICATED IN :
() PFractures by indiveet violence inowhich the injury takes the form
VN Thomesen, fo B e foipt Sieve s T35 xvin, 431
| . M Thomson Friacture of the Patella Treated Ty Removal of the Loose Frag-

mient=and Phistic lepam ol the Tendon. N Sty of 334 cases. " Suig, Gened and Ohstetrics,
1942 Ixxiv, 8BH
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of nothing more than a transverse fissure 5 there is no displace-
ment of the fragments and no njury to the capsular expansions
(Figs, 174 and 175).

Figs 174 amd 175 Trians-
verse fracture withont dis-
placement ;. the lateral
CXPENsions are intact o eon-

servative treatment.

IFii. 175

U0y dnjuries by direct violence in whicl: the fracture takes the form of
radiating fissures but without displacement, overriding or step
formation (19ig. 178),

Cases in which  there are contra-indications to anacsthesia or

operal ion,
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Technique of Treatment. [ there is cltusion of blood into the
joint it is evacuated through o wide bore needle under loeal anaesthesia,
Therealter o compression: bandage 15 applicd, to which s added a padded
Cramer wire or alumininm gutter splint.,

When the swelling has subsided and the normal contour of the joint
restored iwalking plaster of the tvpe which does not immobilise the ankle

175, Stellate fri
ture. Hthere s nodisplacement, over

Iaes. 176, 177,

riching ar step formation, the treatment
s Conserviative, It dhsplacement s
present (Figs. 176 and 177), the wleal
treatment consists of [II‘I'Ht‘I'\':!lillll ol o
Large (ragiment to which the opposing
tendon can beanchored. T this s impos-
sible the entive Bone should e exeised

. 178

joint is applied (page 113). It is important to sccure the maximum im-
mobilisation of the patella by moulding the plaster round the superior and
medial and lateral margins. When the plasteris dry the patient may begin
active assisted straight leg raising and within a few days may begin weight-
bearing. The plaster must be changed if muscle wasting or further subsidence
of swelling results in impairment of skin-tight immobilisation.

The plaster case is retained for eight weeks and thereafter more vigorous
quadriceps exeretses and knee Hexing exercizes are commenced.
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2 REPAIR OF QUADRICEPS APPARATUS, RETAINING
ONE LARGE FRAGMENT

Repair of the torm expansions with excision of all fragments except one
pole either the superior or the inferior whichever is the larger and more

[T

Figs 179 and 180, Fracture
of  the  inferior ;--llv with
Aisplacement ;. the lower
fragment should he excised

s, 180

Sitihle, and suture of the selected fragment to the opposing tendon surface

nelieated
) Transverse [ractures with displacement (Figs. 179, 181, and F84).
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(H)y stellate fractures inowhich there is o suitable fragment to which the
opposing tendon can be anchored (Figs, 176 and 177),

(¢) Suitable compound fractures (g, 186),

(/) Certain ununited  transverse fractures in the absence ol gross
trammatic osteoarthritic change in the patello-femoral compart-
ment.

Fue, 182

s, TSLL 182, amd IR3 Pl v
et tramsserse fonctare with s
placement (g 181 Pl Towe
tragment should be exvised . Mg, 182

<hows the linal result et the

relationsiup of the patella o the

votdvles of the Tetnn

Technique of Operation. The patella is exposed through o para-
patellar ineision and the fragments inspected. As conditions permitting the
retention of the superior pole are the more nsual, the :]pi_‘]'nlinn llti]ir-'.illg this
fracment will be deseribed.

The inferior fragment or fragments are removed Irom the tendon by
means of sharp disseetion and the superior surface of the tendon trimmed so
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that the Targest possible area of solt tissue may be brouglit in contact with
the ractured surface of the superior pole. The edges of the ractured surface
ol the superior Iragment are made smooth and uniform, and thereafter

parallel deill holes are made whieh
fractured  surlace
nmediately i ront ol the
articular cartilage, the points of

enter on the

exil appearimg  oon the antero-
superior aspect ol the bone, A
nadtress  suture ol kangaroo
tenedon, strong chromie catgut or
stamnless steel wire is o used Lo
secure the tendon o accurate
contact with the fractured surface
(Fig. 187). The final step con-
<ist= ol the careful suture of the
capstlar expansions on either side
ol the bone with  interrupted
chromic catgut sutures (FFig, 188),

The modilications of
[hom=on's original technique ad-
vocited by both Prince and Stern
(Figs 189 and 190) are worthy
of attention, for not only do they
bring o larger arca of tendon in
contact with both bone and soft
tissue but they have the added
advantage of bringing the remain-
ing patellar fragment farther down
ot Lo the condyles of the femur,
Hivs preserving the funetion which
i~ ~oessential to the strength of
gquadriceps action,

Fhe fibro-tendinous laver is
raised rom the anterior surface
ob the superior pole in the form
ob o endt and thereafter holes are
bored obliquely from above down-
wards to appear immediately in
front ol the articular  cartilage.
Pl weleeted suture material s
pas=cd throngh the patellar tendon

thort 1 el below the upper end,

I, 184
Fig, 184 Obd fracture of
the superior pole of the
patella with complete loss
of extension.  Note  the
abnormal relationship of
the mam mass of the bone
to the femoral condyles

This case lhad been sob
jected to operative re p.lll
but without excision of the
.-|:|;l1l:l ],mlt_ O resum -
tion of weight-hearing the
fragments parted.

Fig, 183 - Fracture of the
superior pole with dis-
plicement s the upper frag-
I, 183 ment should be excised

<o that when the sutures are tied,

bringing the tendon in contact with the fractured surface, there remains i

riten ol tendon which ma iy be turned over the anterior surface of the

vperior fragment and packed under the cuff of the fibro-tendinous laver to

[t 0= sutuared,
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At the termination of the operation o compression: handage is appliced
to which is added a light padded back splint. The compression bandage and
splint or a plaster back <hell are retained for three weeks. Quadriceps
exercises are commenced at the end of two weeks and graduated weight-

I, 186

Comnponnd commmuted tracture of patella with o rge lragment displaced into
thie it Note the air in the suprapatellar potich The Toose frggments were
excised and the expansion, toowhich the Tirge loose Tragment hidd originally

Bisen st e D], repuired Fall thesion was attained in eight weeks,

bearing with knee flexing exercises institnted between the thivd and fourth
weelk.
31 EXCISION OF PATELLA IS INDICATED IN :

(er) Grossly comminuted Tractures inowhich there s no suitable Trag-
ment to which the opposing tendon can be anchored.

(h) Certain compomnd fractures,
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i
I, 187 1. 188
Fhomson's Operation. g 187 The loswer fragment has been excised. holes
drilled through the npper fragment. and o mattress suture inserted
185 Fhe matiress suture has been tied ol the torn expansions repaired

I, 184 1, 1490
. 3 . i \ i
vt s ol Thomson s original technigque advo ated by Prince and Stern, w |,h_.|
Py secure o larger area of contact between tendon and  the home and soft
Preste, bt bring the fragment farther down on to the votdyles of the femur,
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() Ol ununited fractures complicated by traumatic osteoarthritis
or old malinited fractures complicated by marked  loss ol
flexion and or traumatic osteoarthritis in the patello-lemoral
compeirtiment.

It might be considered that this indication is o comtradiction of
the statement that excision ol the patella may be Tollowed by arthritis
resulting from the loss of the protection ol the femoral condvles aflorded
by the patellia. The disability which results from tranmatic osteoarthritis
complicating an old comminuted ractore of the patellia, however, is much
greater than the disability produced by the arthritis which may follow

execision of the patelli.

Technigue of Operation. Throngh o vertical,  parapatellar or
trimsverse skin incision, the fracture and tear of the expansions are exposed
and the blood elot removed from the joint. The idea, possibly arising [rom
Brooke’s original deseription, that the patella can be shelled out ol its
aponeurotic covering s erroncous ;- the fragments can only be excised by
scalpel dissection, when it s advisable 1o keep as close to the bone as
possible o ovder to preserve the maximim volume of solt tissue, Nor is it
sulbicient to seenre end to end apposition of the npper and lower aps ; this
results i lengthening of the tendon and some loss of extension, which is, at
least in part, avoidable. The opposing tendon ends and  the  medial
and Tateral capsular expansions must be overlapped by means ol sutures of
strong chromic catgut or strips of fascin lata, so that the tendon is as short
as possible but without undue tension.

For the same reason the temptation to exeise the complete bone through
wovertical ineision which does not break the continuity of the tendon, in,
for example, an old malunited fractore with arthritis or loss of flexion,
should be avoided. The bone must be removed through a transverse incision
and the tendon ends overlapped.

At the termination of the operation o compression bandage of wool
and domette is applicd and retained until the stitehes ave removed. During
this time, gentle active flexion and extension exercises are practised within
the confines ol the bandage and therealter the scope ol the exercises is
gradually increased. Weight-bearing may be resumed about the end of the
third weelk and more vigorous exercises instituted. 1tis especially important
to concentrate on the development of the vastus medialis, and for this
reason twenty to thirty minutes of Taradie stimulation may be a useful
adjunct to quadriceps drill doring the carly stages of recovery.

(1) (D) AVULSION OF LIGAMENTUM PATELLAE
FROM PATELLA
Rupture ol the higamentum patellae is an injury ol carly youth, oceurring
as o result of sudden contraction of the quadriceps against resistance, The
rupture is usually complete and involves not only those fibres which are
attached to the inferior pole of the patella hut extends into the t'Np:lIlHiUﬂfi
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onceither sides The ligament frequently avulses o small fragment of bone
rom the Tower pole.

CLINICAL FEATURES

[ike all subcutancous ruptures of tendons the diagnosis is frequently missed ;
a lracture of the patella is suspected, and the bone being found to be intact,
the true nature of the injury remains obscure till the Tailure of return of
funetion canses a further radiograph to be taken when the mass of new bone
which has Lormed in the hacmatoma makes the diagnosis clear,

[oxamination of a recent case shows complete loss of active extension,
the patella being displaced npwards as a result of retraction of the quadriceps
mscle. Teis noted that contraction of the quadriceps does not canse the
tendon to beeome tant and o palpable gap may be felt below the inferior
poles A radiograph may reveal a fragment of cortical bone avulsed from the
patella and sitnated some distance below the inferior pole.

TREATMENT

[lie rupture is repaired by operative suture as soon as preparation of the
<kin permits. The injury is exposed through a parapatellar incision and the
tragment of bone adhering to the tendon excised. The ligament is sutured
back to the inferior pole by means ol a mattress suture passed through diill
holes in the patella in exactly the same manner as that deseribed under
\wnlsion of the Quadriceps Musele from the Patella. The lateral expansions
die repadred by interrupted chromic catgnt sutures.

When the operation has been completed the joint is splinted by means
ul o compression bandage, with  the addition of a padded metal gutter
splint © this is retained until the stitches are removed when a skin-tight
laster case, well moulded round the superior pole of the patella, is applied.
As no diffienlty is encountered in securing a rapid return of full flexion of
e knee joint in vouthinl patients, the immobilisation is maint ained for a

barther eight weeks.

(1) (E) FRACTURE OF TIBIAL TUBERCLE AND
SEPARATION OF EPIPHYSIS OF TIBIAL TUBERCLE

FRACTURE OF TIBIAL TUBERCLE

Fhe attachment of the ligamentum patellae to the tibial tubercle is merely
the central portion of a broad insertion which spreads medially and ]illl'l'{lll‘_\'
vir the tibial tuberositics. Avulsion or fracture of the tibial tubercle is
theretore aorare injury. ;
e elimeal features are similar to those of avulsion of the higamentum
i s [rom  the [l:ll(’”ii l'Xt'l‘Pt that loss ol ]l{;\\lt‘r ('Nll‘ll:‘i{lﬂ Il‘lil‘\t
e complete, The recognition of the detachment of a large tragment ol
s iy be possible, especially if the knee joint is flexed.
Treatment. After asuitable interval for the preparation of the :-'?{ill.
tberele is teplaced by "}}“,1.””“11 through a short parapatellar incision.
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[0 is nsually possible to secure frme hixation: by means ol chromie catgul
sutires throngh the surrounding solt tissne and periostenm, but il this
proves to bhe impossible, Gixation may be secured through deill holes in the
crest of the tibia, by autogenons bone pegs (see below), or by o stainless
steel seresw (Fres, 191 and 192,

At the termination ol the |||u'i'.'1li||11 | :':1111}:|'1'.-.‘éin|| bandaee and back
splint arve applicd whicl arve replaced by o skin-tight plaster case at the end
of two to three weeks, Weight-bearing may then be resumed, provided the

1. 191 Ia, 142
Complete aval=ion o the thaal taberole (Fig 190 treated by apen reduction P Tt
ab o long, coarse-threanded stindess steel serew (e 192

plister case is very carelully: moulded round the superior pole of the patella.
Immaobilisation is maintained Tor a total of cight weeks,

SEPARATION OF EPIPHYSIS OF TIBIAL TUBERCLE
Separation of the epiphysis of the tibial tuberele ocenrs in two forms :
(1} Complete avulsion, which is a relatively uncommon injury.,
(2] Partial separation, which is a common and tmportant injury.

{1t COMPLETE AVULSION
The superior hall of the tibial tuberele develops in two forms
(o) As o tongune shaped protrusion of the upper  tibial epiphysis
which projects downwards and forwards on to the shalt of the
tibia and which fuses with the shalt at the age of 18
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() As acseparate centre ol ossification which fuses with the epiphysis
ol the head of the tUbia at 16, which in turn fuses with the shaft
ol the tibia at the age of 18,

Complete avalsion ol the epiphvsis takes place as a result of violent
contraction ol the quadriceps against resistance, [ the cpiphysis takes the
torm ol the more common tongue-shaped protrusion it is either pulled away
from the anterior aspect of the tibia (Fig. 193) or may be fractured at its
bise (g, 194) Tt has developed as a separate centre, the cartilaginous
junction with the npper tibial epiphysis is weak and the epiphysis may be
completely avulsed (Fig, 195).

Treatment. [T the tongue-shaped epiphysis has been pulled away
[rom the anterior aspect ol the shalt ol the tibia, but without fracture,
it may be foreed back into the normal position under anacsthesia by
mantal compression or by a blow from a sand-bag. A skin-tight plaster is

retained Tor about cight weeks. 11, however, a [racture throngh the base
"

//_\\
i ;

1_
T

:- /
i ]
Fre. 193 71, 194 16, 1495

Thie three types ul avnlsion Tracture of the upper tilial l']1ll}1h_\':\lh_ ( Wadsonsis Junes.)

ol the upper tibial epiphysis has occurred, or il a separate centre ‘n[
ossihication hias been completely avulsed, closed reduction is usually 1II.15-i£lT]:H'i
Fictory, and it is necessary to resort to open operation with retention ol
reduction by means of chromic catgut sutures or small autogenous bone pegs.
[ cither case immobilisation in full extension is maintained for cight weeks.

2} PARTIAL SEPARATION OF EPIPHYSIS OF TIBIAL TUBERCLE

Until the age of 18 when the superior half of the epiphysis of the tibial
fuberele, in either of its two [orms, fuses with the shalt of the tibia, I}‘u'
mitial strain produced by contraction of the most powerful muscle group in
the body is transmitted to the epiphysis of the tibial tllhl’l'{‘ll"‘ ("Ulmpli’h'_
wulsion of the upiphysis is uncommon because of the broad insertions ol
Ui medial and lateral expansions into the tibial tubvrnsitiv:&,.lmt the attach-
ment ol the tibial epiphysis is nevertheless a weak point in the extensor
mechiimism at which minor strains are common as a result of the wear and

ol everyday adolescent existence (Ig. 196).
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Ihe manifestations of these strains have in the past been called Osgood-
schlatter’s discase. No acceptable evidenee has ever been produced that the
st s the
result ol o single injury  or re-
peated minor trianmata,

condition s a discase

Clinical Features. The
patient, usually a boy, complains
ol pain and  tenderness localised
to the tibial tuberele.  Pain is
imcreased by active  extension
against resistance. Examination
of the tibial tubercle usually
reveals some enlargement in com-
parison with the normal side. A
limp may be present and slight
woeitkness of extension recorded.,

The condition, although pri-
marily an injury ol adolescence,
does not ol necessity undergo
spontancons cure with the passing
ol the age for closuwre of the
cpiphyseal line, but may be per-
petuated into adult life. Patients
are frequently encountered in the
20 to 40 age gronp who complain
of pain, tenderness and  swelling
in the region of the tibial tubercle,
the pain being particularly marked
oncattempting to kneell Inquiry
will nsually elicit the information
that  the svmptoms  have  been
present prior to the age at which
hestind sepeerskimod Phe el of e sbial fusion ol the epiphysis might be

tubercle s epiphvseal sprim expected, and a radiograph reveals

irregular enlargement of the region

ol the tibial tuberele and the presence of one or more islands of hone which
Have Ladled to Tnse o with the shalt of the tibia (Figs, 197 and 198).

P 196

TREATMENT
(1) Conservative.
In adolescent patients, where the condition is of recent origin, immo-
hilisation of the limb in o thigh-length skin-tight plaster case for a period of

Hree months will effect o enre inaovery large proportion ol cases.
(2) Operative.
Operative treatment is indicated

) Inadolescent patients, when the condition is ol long standing.
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by I adoleseent cases whicl are resistant to conservative treatment.

) Incall adult patients,

I'Tiree ]II'IH'l'IIHIi'h are ol vidoe

() lidegeons bope peegine? is indicated i adolescent cases whiere
the epiphvsis is tongue-shaped and appears to be 7 sprung ™ away from the
St of the tibia or where failure ol healing as taken place and one or more
pnattached Tragments are present in the ligamentum patellae.

The area is exposed through an incision which skirts the ligamentum
patellae and is continued down on to the antero-medial aspect of the shaft
of the tibia, Two small peg=shaped grafts are cut from the shalt of the tibia

e 197 i, 19
e svmptoms of partial separation of the epiphysis of the tibial tubercle may be
prerpetiated intooadult life. Note the islands of bone which have failed Lo fuse with
the tilia.

ad driven through drill holes accurately placed, one above the other, in
e tongne=shaped epiphysis or separated fragments. It is important to
drive the hone pegs flush with the surface ol the bone so that the ends do not
protrude, to be responsible for enlargement and deep tenderness in the
aven it a bater date,

Bosworth considers that, as the extensor apparatus has merely been
proveed and not divided, prolonged fmmobilisation is unnecessary. Weight-
bearing can be resumed at the end of three weeks.

2y Madti ple drilling is indicated in adults or adolescents in which there
soenbirgement and irregularity of the tubercle, but no separation of the
Lengne=shiaped epiphysis or separate ossicles.

A Posworth, * Lesions of the Tibial Tubercle and their Treatment, s o Surgs
4389, xdiid, 326,
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The tuberele is exposed throngh o short vertical incision placed o one
side ol the mid-line. With the aid of a motor=driven drill the tuberele and
surronnding area of bone is perforated with muitiple e drill Tioles,

Weight-bearing may be resumed at the end of three weeks,

(3) Excision of winited fracments s indicated inadults swhere there are
one or more separate ossicles which Tave Goled to unite with the shaft of
the tibia and are susceptible to strain. The procedure may be considered
Lo be preferable to autogenons bone peggeing, which may be difficult unless
the Tragments are large,

Il extensive interference with the attachment ol the ligamentum
patellae 15 necessary in order to excise the fragments, the limb should be
tmmaobilised in o plaster cast for o period of sixoweeks before weight-bearing
Is resumed,

INJURIES OF PATELLA RESULTING FROM
DIRECT VIOLENCE ARE:
(2) (A) STELLATE FRACTURE.
(D) MARGINAL FRACTURE.
(C) FRACTURE OF THE ARTICULAR SURFACE, INCLUD-
ING OSTEOCHONDRITIS DISSECANS.
(D) TRAUMATIC DEGENERATIVE FIBRILLATION.

(2) (A) STELLATE FRACTURE
This ix the classical Iracture of dircet violence and results [rom erushing
ol the patella against the femoral condyles. Complete solution of continuity
of the quadriceps apparatus does not ocenr as the injury does not extend into
the Tateral expansions ; active extension ol the knee joint is therefore still
present.

[n addition to cffusion of blood into the joint and parictal soft tissnes,
there is frequently an injury of the overlying skin which varies from a
contusion or abrasion toa wound communicating throngh the fracture with
the knee joint (1Fg. 186).

TREATMENT
In the classification of injuries of the extensor apparatus, the transverse
fracture of the patella has been placed under o different heading from the
stellate or comminuted fracture, the Tormer injury being regarded as a
rupture of the extensor apparatus, whereas the latter does not entail com-
plete solution of continuity. For the purposes of treatment, however, both
injuries are considered under the same heading (see Treatment of Fractures
ol the Patella,

page 178).

2} (B MARGINAL FRACTURE
Dircet violence, which happens to strike the periphery rather than the
centre of the bone, produces o marginal fracture (Fig. 199).  The fracture
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Jine b= usually o vertical and as it runs into the attachment of the capsular
expansion and fibro tendinons covering ol the anterior surface, the frag-
ments are seenrely splinted and there
i no appreciable displacement.,

In this, as in all other conditions
alfecting the articular surface of the
patella and  giving  rise 1o retro-
patellar svmptoms, an axial Neray
projection (I1g, 200) is essential,  In
iare revealed many abnormalities
whiclh cannot be detected in the usual
antero-posterior and lateral views.

The  radiological  appearances

mav be confused with the develop-

oo 198 U
: ' . mental anomaly known as congenital

Ay proqection showing  recent  marginal . . s 2
fractnre bipartite patella, the characteristios

ol which are ;
trl The supernumerary bone is usually situated at the supra-lateral

angle (g, 201),

L The line of demarcation between the fragments runs downwards
and laterally (IFig, 201,

The opposing margins are smooth and dense (Fig, 201,
£ Oceasionally there are two supernumerary ossicles (g, 202),

The condition is Trequently bilateral,

TREATMENT OF RECENT CASE

Il generally been aceepted that

this [ractore is Innocuous, requiring = rh
neither operation nor immoDbilisation. \{N )
Socomany cases, however, are encoun- oo \ ;
tered months or vears later, who 7 R,
complaim ol severe 1'1'11'n—]'::ll:']];1t' | _i;\_
svimptoms that it 15 evident that oo e AN
1] VICW IS CTTOneous, R e —. i
2 pp—
Observations  on both  recent {_"-f—_—'___%___.:
nlookd cases suggest that in spite L;_-_—#—-

cit tissue attachments, the blood
ippiv of o lateral marginal fragment s, 91K

msatisfactory, Method of  producing anaxial  projection

of the patella. Inoat are reveiled  many

It has been stated  that the  abnormalities which cannat liu]- 1i|'n-l|:|-|l in

: s nsual antero-posterior aml Bterad views

clure ],;-[“h“-“l in the _|!JIN':-¥ the usual antero-posts

-splitting approach s known

heal (page 173). The conditions of blood supply are not the same at

areins as at the mid-line of the bone where there are thick tendinous

]
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attachments ; nor, Tor the same reason, is the fracture line subject to the
same degree of Lateral compression,

It is not the presence of the ununited fracture which is the souree of
the Tate symptoms so much as the canse, namely, Toss of blood supply to the

g, 201 e, 202

e, 200

Fags, 207202 gund 2008 showing congenital hipartite pateila,

fragment with consequent degenerative changes in the articular cartilage,
The suggestion that failure of nutrition and consequent non-union may
he explained by Tack of adequate immobilisation is not borne out by
expericnce. Fige 204 illustrates a typical case in which an attempt was
made to sceure unton by the usual period of plaster immobilisation, Tt is
Tor these reasons that the anthor has abandoned the previously accepted
policy towards this Tracture in favour of immediate exeision of the fragment.
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Fhe operation (see below ), awhich s little more than o minor procedure,

[(RRD
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e P AR

[

produces no solution ol continnity ol the quadriceps apparatus and thus
prrmits aoreturn Lo oweight-bearing within two to three weeks.

CLINICAL FEATURES IN OLD CASES

[he complaint is ol pain in the retro-patellar region, especially during

periods ol nereased activity | examination reveals the presence of grating

arcompanicd by pain on
passive movement ol the
patella in either the hori-
sontal or o wvertical plane.
e patient indicates that
I ]-;lill Ir]'lullll't't_! |J_\' [Ore-
g the bone against the
condvles of the femur pro-
duees the same pain ol

An

shows

which he complains,
axial
an old marginal fracture

riacdiograph

with patehy lecaletfication

ol the  fragment  and
irregularity of the artienlar
surface  (Figs. 205, 206,
;"IIT:._

TREATMENT
Lhe Tragment s excised

through o short vertical

mcision centred  over the
cilge ol the patella. The
capsule and hibro-tendinous
covering ol the anterior
rbiee are erased by sharp
the

e loeated, and the |‘I'iij.1'-

dissection, fracture

et removed by means
i1l

Hon

toline, shaep osteotome,

[tecent

arginal

e results of u}u']':ninn are excellent.

I, 204
fracture, Tollowing o period
Note the density of the fragment.

SYMPTOMS ARISING FROM SUPERNUMERARY OSSICLE OF
A CONGENITAL BIPARTITE PATELLA

congenital bipartite patella is considered to be completely innocuons,
the author has encountered two cases in which the symptoms deseribed
A snpermumnerary acsicle which an axial

were Tomed to o arise

from

il

[t is usually found that the fragment is
dtached to the main mass of the patelia by areas of botlt bony and fibrous
the articular cartilage shows arcas ol erosion.
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radiograph showed to project bevond the

the main mass ol the bone ”lL 2008,

Fre 206

I s, 207

il maranal fractures |-1ru’.||-||-.-.; retroe gt el
SV

In N 1k Jol XN

plane of the articular surlace of
I both cases the anomaly was
bilateral,  but  with  symptoms
related to one side only. Complete
relicl Tollowed  removal ol the

|1"-.il'll‘_

(2) (C) FRACTURE OF

ARTICULAR SURFACE,

INCLUDING OSTEOCHON-
DRITIS DISSECANS

Dyirect violence ol a lesser degree
than that which canses a stellate
racture may result in o localised
injury ol the articular surlace by
impingement against the femoral
condyles. Unlike the  marginal
lracture  this  fracture 1s not
splinted by solt tissue attach-
ments, nor is the blood supply
preserved. The fragment is there-
fore  displaced into the  joint
immediately, or alternatively,
undergoing avascular necrosis, is
cast into the joint at a later date
1o be termed  osteochondritis

(IFig. 209),

tlissccans |

Meckison'  first deseribed
this Tracture in 1937 when he
l'l'])lll'“'i] three  cases In which
fracture oceurred at the fra-
medial aspeet ol the articular
surface and the separated frag-
ment  located  in the  lateral
pouch. He considered that the
injury arose as oo result ol a
violent  glancing blow on  the
lnz-[]inlsinin-ul'I||L-[;.‘Ill’||.'|,:l[‘i\'ing

the infra-medial aspeet ol the bone against the lateral femoral condyle.

The anthor has encountercd one case which conformed to Meckison's

description, except that the separated fragment was situated in the inter-

condvlar noteh, The Toose body was discovered during an operation for

Vi M Mevkison A Htherto Undescribee Fractuore of the Patella ™" Heet, four. N,

197, sxy, G
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removial of the medial menisens and o scarch Tor the source of the Iragment
revealed the defect in the patella. The defect was later demonstrated inoan
axtal radiograph.

CLINICAL FEATURES
e climeal features are not charae-
teristic and may be associated with
the original blow sustained by the
]r;||i'||.‘!, a concurrent imternal de-
rangemoent, or the presence ol the
loose body in the lateral pouch.
When the condition is suspected

the radiographs should be care-

IFiei, 208

llly inspected Tor the presence ol
; Congenital bBipartite patella, The supernumerary
- pesicle projects hevond the main mass of the
tion of the !):I|l'“i| sectred. bone. Note sub-chondral degenerative changes

i loose body and an axial projec-

TREATMENT
Freatment consists of localisation of the fragment and removal through the
stllest possible incision.

(2) (D} TRAUMATIC DEGENERATIVE FIBRILLATION
OF PATELLA

Frinmmatic degenerative hbrillation of the patella takes the form ol fissuring
and erosion of the articular surface with tags of cartilage or fbrous tissue
avising [rom the marging of the lissures. The cartilaginous tags may attain
irge dimensions, undergoing hypertrophy, such as occurs in pedunculated
tags of meniscus, or may be cast
mto the jl]i!ll as loose bodies
(IFigs. 210 and 211),

The condition may  alfeer
a small cireumseribed  arca or
may be present throughont the
Sll}s('l'i:al' two - thirds ol the
articular surface. The svnovial
membrane ol the posterior wall
of the suprapatellar pouch ix
markedly congested in advanced

cases and occasionally an appos-

e, 208
tire ol thearticular surface at themra-medial il'IIL.f arca on the femoral l_'H]Iil\\']l'.‘%

e to impingement against the Tateral shows changes similar to those
ol the Temuor. The fragment hied not 3 : L y ]
vated mmediately but would ave heen cast seen in the [mlll““' The SO
we ot oat g |'.i'-.!.'|' -.|.|'l‘.-, oo T termed ‘Ilpll’l.:‘”-;”w{. ol the comnditton 1=
csteachondritis dissecins. R : 1 T
similar to that commonly observed
e inferior surfaces of the femoral condyle as a result of injury from &
miaged menisens or as a manifestation of traumatic osteoarthritis,
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CLINICAL FEATURES

The chmeal features are

(1A history ol ey of the
nature ol o direer blow on
the patellic some months or

k vears previously,

i | "

) (2) Pain situated  directly beliind
the patella,  espeetally
marked  during  and  alter

,‘\ o period ol inereased
activity,

() Pain on pressing the patells

“ against  the Temoral con-

1]_\'||‘ Al o some lmilﬂ m the
ringe ol movement ; pain,
together  with the  sensa-
tion ol grating, on rubbing
the  patelln against  the

o 910 femoral condyles either in
Trauniatie degenerative nbrillation ol the a horizontal  or vertical

patelln pedunculited tag ol

projecting back into direction while at the same

joint time  exerting  gentle

]li'l':-Q.“-]]I"‘.

(H The absence ol convineing radio
logical change even in the axial
projection which is taken to
chiminate  Iractnre,  osteochon
dritis dissceans, or other abnos

mality,  although  oceastonally
the  presence ol sub-chondrial
ahsorption may be detected in

advaneed cases

TREATMENT

[ the sviptoms are persistent and severe
aned the dhingmosis can be estabhshed with a

reason bile :;t'l‘__"]'l'l' ( ||'1'[:|i]]1_\', the treat

ment is o operative,  asoneither rest no

physiotherapeutic measures  give  any i, 211

measure ol }JI'I'I!].'IH"E[[ relicel. P stall Taose Bodies and twa lar
Tar % s 2 b T pedunculated tags of articular ¢
I ec hl]l(ll.li.! Uf ()DOI ation. ) | ]H Figes bromm i ase ol tranmatic degenera-

patella is exposed through o short para- tive fibrillation of the patell,

pitellar incision and the bone rotated in its _
long axis until the articular surface can be clearly seen. The area ol
fibrillation is Tocalised and the eartilage <haved off antil only o transparent
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il covers the bone. A similar procedure s carried out il there is any
abnormality of the contignous arca of the femoral condvle.  The incision
i~ therealter closed and a0 compression bandage applicd, Ouadriceps
duill s commenced within i few days of operation.

The vesults of operation are satisfactory in all but the most advanced
cosesinwhieh there appears to be no satistactory alternative treatment to
excistan ol the entire bone,

(3) DISLOCATION OF PATELLA
e stability of the patella depends on
[ The integrity of the vastus medialis, from which follows
21 Absenee of undue laxity of the capsular expansion on the medial
side.,

31 The height ol the lateral femoral condyle, fe., the depth of the

groove hetween the medial and lateral femoral condyles,

[nomany knee joints which fall within the limits of normality, an increase
of Lateral mobility of the patella: may exist as a result of minor abnor-
malities of these stabilising factors, In snch joints, relatively slight pressure
i~ sufhcient to displace the patella over the margin of the lateral femoral
condyle, and a minor direet injury sustained while the quadriceps is relaxed
iy cinese complete dislocation, In the athletic male in whom all stabilising
Erctors are Tully developed, traumatic dislocation of the patella is relatively
nocommaon and occurs only as a result of violence directed against the
medial aspeet of the patella, such as a kick in a football game or a
motor evele aceident.

Complete dislocation of the patella in the normal knee joint invariably
cutails rupture of the medial capsule and the attachment of the vastus
medindis o the patella.

[ rare instances the bone may be dislocated medially, or rotated on its
long avis <o that the lateral border lies between the femoral condyles and
s cven been known to rotate completely on its long axis so that the anterior
Sirbaee lies against the femoral condyles.

Fhie dhislocation is encountered in two lorms

I Incomplete, in which the patella lies on the lateral border ol the
lateral condyvle,

21 Complete, in which the patella rotates through B0 degrees and the
articular surface lies in contact with the lateral side of the lateral
femoral condyle.

Fither dislocation may reduce spontancously, or may be reduced by

e patient or by the onlookers of the accident, so that the initial vxamin;ln-
AN reveal nothing more than a traumatic synovitis or haemarthrosis
Htenderness along the supra-medial border of the bone. In the L‘m_“}"l"“'
focation, either in the unreduced or reduced state, it may be pnsslbh‘ .t“
e the tear i the medial capsule and attachment of the vastus medialis.
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[n the incomplete Tesion, oceurring inoa foothall matel and seen only alier
the subluxation has been reduced, o cursory history and examination may
casily lead to an erroncous diagnosis of the more common meniscus injury,
When dislocation is still present at the initial examination, the knee is semi-
flexed and the abnormal position of the patella makes the diagnosis
unmistakable.
TREA'TMENT OF ACUTE DISLOCATION

I displacement is still present the dislocation s immediately reduced,
frequently without anaesthesia, by extending the joint and foreing the
patellic by direet pressure over the edge of the lateral condyle ol the
femur into the normal position. Before undertaking further treatment, and
especially incases where the dislocation has already been reduced prior to
the initial examination, it is necessary Lo establish

(1) Whether the dislocation has oceurred previously,

(2) Whether the dislocation was complete or incomplete.

(3) 10 the dislocation was complete, what is the nature and extent of
the injury to the insertion of the vastus medialis and the medial
capsule.

FURTHER TREATMENT

(1) 10 the dislocation has ocenrred previously the case is regarded as a
recirrent dislocation and investigation ol the ctiology initiated  before
further treatment is contemplated.  (See Recurrent Dislocation,)

(2) 11 the dislocation was incomplete it is unlikely that any serious
damage to the capsule or attachment of the vastus medialis has occurred.

The reactionary effusion is aspirated nnder local anaesthesia and a
compression bandage of wool and domette applicd. Therealter treatment is
directed to the development of the vastus medialis which should receive
Faradie stimulation for twenty to thirty minates cach day in addition to
lrourly quadriceps exercises,

(3) In the complete dislocation, injury to the medial capsule and
attachment of the vastous medialis, in varving degree, 1s inevitable, and a
vertical rent in the medial capsule may be palpable while the joint is still
distended with blood or elfusion.

I the injury is considered to be of mimor degree, the fhiud or blood is
evacuated by aspiration and a compression bandage applied.  When the
joint hias reached normal proportions, a skin-tight plaster case, permitting
movement of the ankle joint, is applicd and retained for six to cight weeks,
during which time quadriceps exercises are practised ; weight-bearing may
be resumed alter Tour weeks. When the plaster is discarded, more vigorous
quadriceps drill and knee flexing exercises are commenced, attention being
especially directed towards the development of the vastus medialis which,
in addition to remedial exercises, may receive twenty to thirty minutes of
Faradic stimulation cach day.

[ the past the tendeney has been to disregard the rupture of the medial
capsule and the injury to the attachment of the vastus medialis, the disloca-
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Son being treated on the lines onthned above, The anthor considers that
the lailire to recognise the importance of this injury is the most fruitiul
<o of recurrent dislocation. Itois sarely illogical 1o recognise that
madequate suture and after-treatment of the medial parapatellar incision
sequent v leads to recarrent dislocation, and at the same time fail to treat
Csimilar hut more extensive lesion produced by aceidental trauma. 1 the
sresence ol arent is established, the
imjury should be exposed through o
medial parapatellar incision, after a
<unitable interval forskin IJI'('IJ&[I'{!“UI],
aned the tear repaired in layvers by
mterrupted chromic catgut sutnres,
Fhe alter-treatment follows the lines
aid down above, plaster immaobilisa-
tion being maintained for cight weeks
froan the date of operation,

RECURRENT DISLOCATION
OF PATELLA

Witson - Jones!  has  pointed  out

that  the axes ol the quadriceps v
mscle and the ligamentum patellae

lo not lorm one straight line, but !
meet at an angle in the patella, [, 214 Fie 20
entraction of the rectus femoris, 4 opn Phe axes of the quadriceps sl

vistits intermedius, and  ovastus oand the lgamentum patellae do not forne a
' - 3 straight line hut meet at anangle i the patella.
dteralis would  tend o dislocate TR i I ! oy
e RAETIUN || DT - S s 1 PFig. 213 -—Transplantatim ol the  tibia
“ [mtl e il it were not for the tubercle corrects the angle between the axes

~tnultancons  contraction  of - the Gfter Walson- foiis:]
powerful vastus medialis (Fig. 212),
It is therefore on the integrity of the medial capsular expansion  and
dtachment of the vastus medialis to the patella together with the volume
el tone of the muscle that the normal function of the apparatus depends,
Necurrent dislocation may oceur in :

1) Genn valgum,

2) Failure of development of the Jateral condyle of the femur,
Ixternal rotation deformity of the tibia beginning above the tibial

tuberele.

Congenital mal-attachment of the iliotibial tract,?

3 Tranma alone, in the absence of other abnormality.

i) Inadequate suture and after-treatment of the medial parapatellar

meision,
Witson- Jones,  Fractures and Joint Injuries” 1 and 5, Livingstone, Edinburgh,
A T35, 736

1 Oher, © Recrrent Dislocation of the Patella.” Ao . Surg., 1933, xlin, 497,
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Consideration  of  the  major acquired and - congenital  deformities
assoctated with recurrent dislocation ol the patella s bevond the scope ol
the present work, but o st of etiological Tactors
is necessary inoorder too make it clear that g
minor abnormality of the tepe already ontlined
may be encountered inoa knee jomt where o
single injury is considered to be responsible lor
the onset ol the condition,

CLINICAL FEATURES
Fhie syiptoms vary with the degree of subluxa-
tion, o mild cases, inowhich the patella slips
momentarily over the edge of the lateral con-
dvle, the complaint s that ol insceurity or
Ceiving-way ol the joint followed by recurrent
attacks of svnovitis, and many years may clapse

hefore o l'llll!1!ll‘[l' dislocation oceurs, This is the
Fre 21 tvpe of case inowhich the symptoms are difficult
Kecurrent hishcation of the 1o distinguish from those produced by torn

patelli, I flesom the patella
ships Lteradlyv o baliimee an the

Brteral femoral condyle place, the disability s severe and the diagnosis

meniseus, Where complete dislocation takes

tnmistakable ;. the knee joint callapses without

warning and the patient is thrown to the ground,
On examination, the quatdriceps, and especially the vastus medialis,
15 wasted, and the patellar tendon and the medial capsule lax ;

mobiiity
of the patell inoa Tateral divection is inereased in comparison with the
normal Joint. Where the lateral condyle is underdeveloped, flexion ol the
juint causes the patella to displace laterally (g, 214), and in some cases
el pressare on the medial aspect of the bone produces complete
dislocation,  Congenital or acquired deformities, inoa mimor degree and of
the type wehicated above, mav be noted.

The trauma ol repeated  dislocation may prodoce changes in the
articular cartilage and opposing femoral condyles of the type deseribed
under Traumatic Fibrillation, and in cases of long standing, trawmatic
osteoarthritis may be o present in the patello-femoral  compartment or
generalised throughout the joint,

Radiological examination may show the patella to be placed more
Fiterally and at o lgher level than the normal bone, and in addition may
reveal mderlyving congenital or acquired abnormalities.

TREATMENT
(1) Prevention,

Primary treatment of both the complete and incomplete Torms of
acnte dislocation on the lines snggested, and careful suture and after-
treatment ol medial parapatellar incisions will prevent many cases
ol reenrrent dislocation,
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(21 Non-operative.

Conservative treatment is indicated in cases of minor degree in
which the underlving Tactor is considered to be loss ol the protective
lnetion ol the vastus medialis as aoresult of wasting and lack of tone,
Freatment Tollows the usnal lines of quidriceps redevelopment and
consists ol hourly quadriceps drill with the addition of faradic stimula-
tion ol the vastus medialis Tor twenty to thirty minutes cach day,

3 Operative.

OF the conntless procedures which have been deseribed Tor the
relich ol recurrent dislocation, the operation ol transplantation of the
tibtal tuberele together with the attached patellar tendon is recom-
mended as simple, physiological, and applicable to the large majority
ol cases (Figs. 212 and 213). The results are entirely satisfactory,

Fhe major acquired or congenital deformities associated with habitual
distocation, such as genu valgum, may demand osteotomy of the femur or

tibia oo are considered to be beyvond the scope ol the present work,

TRANSPLANTATION OF TIBIAIL TUBERCLE TO MEDIAL
ASPECT OF HEAD OF TIBIA

Technique of Operation. A curved incision is
made on the medial aspeet of the knee joint, the
lower extremity of which crosses the mid-line
<hort distunce below the tibial tuberele (199g. 215).
When the skin flaps have been dissected, exposing
thie tibial tuberele and the patella tendon, an
imcision is made in the periosteum on the head
ol the tibia immediately medial to the tendon
and contimmed downwards 1o cross the crest at a
potnt below the tuberele ; the periosteum is then
raised o the form of o lap based on the medial
e ol the head of the tibia. .\ thick block

bone, ¢ inch square, and which includes the
drachment of the tendon, is outlined and care-
Hillv cnt ont with o sharp osteotome. When the
dock ol hone has been detached 1t 18 necessary
divide the structures on either side of the
ndon nnl the extra-synovial Tat is exposed 1n
der todisplace the tendon to the medial side
ot tension, The capsule s divided by means

issors passed up under the skin on the lateral

e ol the patella. Tt will now be found possibie

The ineision  used by the
wr for transplantation of

ull the block of hone down to a point lower

previous insertion, and at this point, a the tibial tuberele
e slighithv smaller than the block and inclined

few degrees from the horizontal, is outlined on the denuded medial
of the bone, so that the tendon is nnder increased but not undue
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tenston (g, 216 and 217). Bone is removed by means ol o fine bladed
steotome until the defect s of such a size as to permit the block of
bone with attached  patella tendon ta be driven
inso that it is held secnrely, The ap ol periosteum
i then veplaced  over the  countersunk  tibial
tuberele and patellar tendon and sutured in position
with e interrupted stitehes, while at the same
time any unduoe Taxity of the capsule on the medial
side is overcome by plication. The skin incision is
therealter closed.

[F o tourniquet has been used, @ compression
bundage is applicd with the addition of a padded
hack-sphnt. I no tourniguet has been nsed, a thigh
length plaster case may be applied at the termination

of the operation,

After-treatment.  Provided the sccurity ol
the displaced tuberele is bevond guestion, quadri-

Fre. 216 ceps exercises may be commenced immediately. At
Pransplantation — of the  the end ol three weeks the stitehes are removed
tibial tubercle for recarrent . R . . g e .
el Bt il €6 et and nI\‘n:—Hg.Ill I!ugh lengtl ]}].1hlt‘I case is applied
Fhe Dlock of bone has been aned retained Tor o Turther four to six weeks. When
tetached, the Literal cap- £l plaster Gt 18 Feraved S sETEe s
it ke gl o bt o e plaster case s removed, more advanced quadri-
bad preparcdon themedial — ceps drill is practised, concentrating especially on
ispecl el the headd ol the °

tihi

the development of the vastus medialis,
AUTHOR'S MODIFICATION TO SECURE MECHANICAL LOCKING
OF NEW ATTACHMENT OF TIBIAL TUBERCLE

Although the results of the operation deseribed above are entirely sitis-
factory the procedonre hias the disadvantage that the sceurity of the trans-
planted tuberele depends in the initial stages on o " driving Gt into the
cavity in the tibial head, and in the Toer stages upon the fusion of the bony
block with the surronnding tibia, 11 mechanical locking of the tubercle to
its new attachment can be produced, not only is the risk of displacement
abolished but weight-bearing and knee flexion can be resumed at an carly date.

This modification, which has been nsed with complete satisfaction in
the last 15 eases, is effeeted in the Tollowing manner

Instead ol detaching the  patella tendon together with a §-inch
cube of bone, the tendon s removed  attached  to a rectangle, 1}
ins. by Loinch, consisting ol cortical bone only, the long axis of the
rectangle being in the vertical plane. Tf it is Tound necessary to erase the
tendon from the superficial aspect of the upper portion of the rectangle for a
distance ol oquarter ol an inch or so (Fig, 219), care is taken to retain
suthicient solt tissue attachment lest the tendon pull away from the bone.

A rectangular defect, ol the =ame size as the area ol cortical bone
renoved, s now made on the antero-medial aspeet of the head of the tibia.
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e position s tmportant ;5 the long axis is inclined at an angle of about

g cdeerees to the vertical plane (Fig. 218). Cancellous bone is now excavated
froan ander the cortical hone at the -.|I|n vior and inferior extremities of the
covity, producing the efteet of overhanging margins. The tibial tuberele 1

:l.nwl in the defect, driven through the cortex into the underlving

1. 217
Fransplantation of the tibial tubercle for recurrent ihislovation
of the patella

Coeilons tissue, and rotated so that its long axis lies in the axis of the
frovlriceps. This means that the rectangle of cortical bone is In_('_kvd under
o overhanging margins of the defect (IFigs. 218 and 2145, The vacant
nraemedial and infra-lateral corners of the defect (Fig, 218) are then
Cved with fragmients of bone as an added safeguard against displacement.

\fter-treatment. At the termination of the operation, i compression
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Dandage together with a padded alumminium gutter splint is applicd. This
i= retained for two weeks when o weight bearing <skin-tight knee plaster,

Ifea: 218 1590 L
The author’s mucthod o obtaimmge mweclamieal Tocking
of the new attachment ol the tibial tuberele, The
rectingle of bone wals the tendor attached is driven
thronrel the detect and then rotated so that 1t s boeked
nndder the cortex,

permitting movement at the ankle joint, is applicd (page 113 Tor o farther
two weeks, AL splinting may then be discarded and more adyvanced
quadriceps and knee flexing exervises commenced



CHAPTER NINE

FRACTURES OF TIBIA AND FEMUR
INVOLVING THE KNEE JOINT

FRACTURES OF TIBIAL TABLE

HI tibial table is the most frequent site ol intra-articular fractures

of the knee joint, The expanded cancellous proximal end of the adult

tibiac overhangs the shaft on cither side and is inadequately supported
trom below by thin cortical bone. The tibial condyles are thus structurally
weak i comparison with the femoral condyles which, although subjected
to the sime injurv-producing mechanisms, wree sceldom fractured because of
their sound architecture and adequate support from above by thick cortical
Lo,

The principal mechanisms of injury are :

(1) Foree applicd to the tibial table from above as inoa fall from a

height,

(2] Force applied to the outer or inner side of the limb producing

abduction or adduction at the knee jomt.

Many injuries are caused by a combination of these two forees. In
addition, the fracture may take place as a result of direct violence applicd
torthe upper end ol the tibia in combination with an abducting force such as
piy he produced by a blow from the bumper of an automobile.

FRACTURES OF LATERAL TUBEROSITY

I s been noted previously that injuries of the medial collateral ligament
dreomore common than those of the lateral.  This is explained by the fact
Hit the joint is protected from forces tending to produce a varus deformity
I the opposite limb, - The lateral aspeet of the joint is exposed to injury
nlreceives no o protection from the opposite limb. The contra lateral
npry, which is associated with valgus strains producing rupture ol the
medial collateral ligament, is fracture of the lateral tuberosity of the tibia
wloexplains the frequency with which this injury is encountered in
oparison with fractures ol the medial tuberosity.

(1) FRACTURE BY COMPRESSION

his been stated above that, in general, fractures of the tibial table wre
roduced by foree applied from above combined with an abduction strain.
this vpe of fracture (Figs, 220, 221, and 222) the force applied from lih().\'t'
nich the more important element in the total foree producing the striin.

20y
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[F1e;. 200
Figs; 220293,

Fractures of the lateral tuberosity of the tibia.

[ the compression-abduction fracture, in which compressi
s tne magor foree, the lgaments may escape serions injury
Al there is no gross camminution of the articular surface
reduction therefore presents no dittienlties and the prognosis

P ol
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[he Lateral tuberosity is thus subjected to a Toree evenly distributed over
its whole surface and is therefore driven almost directly downwiards, or, if
the element of abduction i= a little greater, may be tilted ontwards so that
the neck of the fibula is fractured (Fige 22000 Apart from being driven
downwards as o whole, or tlted and impacted into the tibial shaft, the
articular surficce as o rule escapes serious comminntion, The medial collateral
Hgament is strained, or if there is gross tilting of the fragment may possibly

he ruptured, but the anterior eruciate and other Hgaments escape dinmage,
] g o

(21 FRACTURE BY ABDUCTION
[nothis tvpe, which is the more sertons injury of the two (Fig. 223), abdnction
i~ the more important element in the total foree mvolved, or :l[l:'I'Il-Lli\'t'h',

acts prior to the downward thrust of the Temure Thus the medial colliateral
Dgament ruptures st and permits the

ateral femoral condyle to slip
mwirds towards the medial <ide <o that when the downward thrust takes
plice the Tateral femoral condyle, instead ol driving the tibial condyle
downwirds as o owhole impinges at o point close to the tibial spine and thus
drives only the central portion ol the tibial tuberosity downwards, This
contral portion, foreed into the tibial head by the femoral condyle, splits
ott the Tateral portion ol the tibial tuberosity and wedges it outwards, The
gravity ol the desion hies not only in the difficulty of reduction, which is
obstructed by the comminuted central portion of the tibial condyle which
fas been impacted into the tibial head (Figs. 223, 224 and 225), but by the
mevitable damage to the medial collateral and anterior eructate lgaments
Fig, 223 see also 133, 225, and 229).  In addition, the meniscus s
torn and possibly displaced into the erater in the tibial head and the articular
<urface so badly fragmented that anatomical reduction ¢ven by operation
i~ practically impossible (Figs, 223 and 224).

CLINICAL FEATURES
Fhe joint is usually grossly swollen both by reason of the efiusion of blood
md serum into the soflt tissues overlving the apper end of the tibia and
medial collateral ligament, and as a0 result of the hacmarthrosis 3 but in
cases which have ocourred Tollowing o relatively trivial injury, such as
stepping down suddenly from a high kerb, the elinical signs may not be
marked and the true nature of the injury is only revealed Tollowing radio-
craphic examination. When the tuberosity is depressed, deformity in the
form ol genu valgum may be present, but is often masked by the solt tissne
swielling.

TREATMENT
(1) FRACTURE BY COMPRESSION

The injury varies between a vertical fissure in the tuberosity without
displacement which may not appear radiographically to extend into the
peripheral cortical bone, and one which involves the downward displace-
ment or tilting, with or without impaction into the tibial shaft, of the
whole Interal tuberosity (Figs, 220, 221 and 222,
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v

Faei. 223

i, 224
Fracture of the lateral tuberosity of the tibia.

I the compression-abduction fracture, in which abduction s the

maor foree, both medial collateral and anterior eruciate lgaments

mayv be raptured (Figo 2233 there is gross comminution of the

arttenlar surbace, Reduoction is therefore difticnlt and the prognosis
lisss wonnl] | 4.
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[he treatment varies with the severity of the injury

ey In the case ol the vertical  Bssure without  displacement,
hacmarthrosis may be present, bat the lgaments are undamaged  and
thus immobilisation 1 a plaster case is bhoth unnecessary and undesirable
and merelv results in the Tormation of adhesions, TE the joint s distended
with blood it iz aspirated and o compression bandage applicd. Ner an
mterval of two to three weeks the bandage may be discarded and active
knee flexion exercises and rhivthmieal quadriceps detll commenced ; Toaded
<tradght Teg raising should be avorded. The patient may then be permitted

. 225

Ihliterad teacture o0 Che Gibad tabide sostaoned o o cvash ol

to restume ambulition with the aid of crutehes and with a patten on the
~onnd leg. Noweight-bearing on the injured limb is permitted for a period
ol ten to twelve weeks, by the end ol which time the quadriceps should be
developed and Tall return of knee flexion abtained,

(b I the fragment has been driven downwards or tilted lTaterallv the
aptinnum result is only obtained following anatomical replacement, provided
dattainment and maintenance of reduction does not involve factors, such as
prolonged innmobilisation in extension, likely to prove prejudicial to the
return ol Tall exion,

The methods of treatment in use differ within wide limits. The unsatis-
factory results obtained from rigid immobilisation suggested the so-called
“hanctional T otreatment which consists of immediate massage and move-
ment, no reduction being attempted. The purpose ol this treatment 15 not
falfilled in the long term result, which consists of a valgus deformity, in-
stabilitv and o rapidly progressive trammatic arthritis.
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In contra distinetion, the opposite extreme is practised by those who
recommend operative replacement with internal fixation by such devices
as o holt passed through the tibial head to the opposite condyle or by wire
passed cirenmiberentially round the bone. It is generally accepted, however,
that in this particular fracture, as opposed to the injury referred to as the
Fracture by Abduction, a satisfactory reduction can usually be obtained by
closed methods, the reduction being maintained by means of a close-fitting
plaster case. The author concurs with the view that the reduction of this
[racture presents no serious difficulties, but does not agree that immobilisa-
tion in plaster at or near full extension is a certain method of maintaining
reduction or that it is conducive to an carly return of full knee flexion. This
view is based on the observation that even after a perfect anatomical
reduction by traction combined with manual or clamp compression, there is
i tendeney for the downward pressure of the femoral condyle to redisplace
the fragment 1f the jomt is extended and the traction released. This tendency
cannot be overcome by the application of a skin-tight plaster closely moulded
to the tibial condyles. It is not possible to maintain direct pressure on the
condyle of o degree sufficient to maintain reduction in the presence of the
imtervening solt tissue swelling which is always present and whichis likely to be
cggravated further by the trauma imposed by the use of a clamp or Thomas
wrencli, The method used by the author is an attempt to adopt a moderate
conrse which will not only permit the original reduction to be maintained,
bt overcomes the serious problem of residual stiffness of the joint, which is
the usual penalty imposed by plaster immobilisation in this injury.

Technique of Reduction. -A stainless steel Steinmann pin of three or
lour tmillimetres diameter is passed through the tibial shaft at a pnint well
below the Towest point affected by the fracture, selecting a site where the
skin is undamaged (Fig. 226). A diamond pointed pin should be used and
drilled through the tibia or, if only the standard variety of pin is available,
A twist deill of similar diameter should be passed throngh the bone before
Hserting the pin. It is not possible to drive a pin through the brittle cortical
hone of this arca in the usual manner without serious risk of local fracture
or ol a fissure running up into the original fracture. When the pin is in
pusition and the skin punctures sealed, two collars with set-screws are f'l.\'t-“d
to cither side (Fig. 227), so that extension cords may be attached to pullin
e line of the tibial shaft without risk of slipping (Figs. 227 and 228). The
paticnt is then returned to the bed in which he is to undergo his further
treatment, the limb lying comfortably on the modified Braun splint. Power-
[l manual traction is now applied by an assistant who grasps the limb above
e malleoli, while at the same time the depressed condyle is replaced
by manual compression, or if this proves impossible, by means of K

rew-clamp, Careful study of the radiographs of individual cases will
mdicate the method of attack to be adopted, i.e., whether compression only
required or whether the fragment must first be disimpacted. Tf (Hﬁi!l“lpilc—
moproves impossible, Boliler has recommended ! that a Steinmann pin be

etz Boliler,  The Treatment of Fractures,”  John Wright and Soms, Ltd., Bristol.
R

T4A
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inserted subentincously at right angles to the fracture site and used both to
disimpact and elevate the fragment. This mode of reduction is ess stmple
than it might fiest appear, especially as fragments are often more comminuted
fhan the radiographs suggest, nor is insertion of a pin through a devitalised
arca ol skin and underlying soft tissue a procedure entirely devoid of risk.

Wihen the vadiographs indicate that the reduction is satislactory a firm
compression bandage is applicd and the manual traction changed to weight
extension ol from four to ten pounds, the weight selected depending on the
loree absorbed by the pulleys or other points of resistance. The minimum
amotnt of traction should be used which will separate the joint surfaces and
prevent any downward pressure rom the femoral condyle.

After-treatment. At the end of Tour weeks, when the reaction has
completely subsided, gentle active exercises throngh a small range ol tlexion
and extension are commenced, maintaining the traction throughout the
period of aetivity, Ater a further two weeks the pinis removed, the traction
discontinued, and complete freedom of movement allowed. Weight-bearing
i~ not permitted until twelve weeks have elapsed, but the patient may be
allowed 1o get up using a patten and crutches. A full range of movement
combined with good quadriceps development is usuaily attained by the
He weight-bearing is permitted (Figs, 229, 230, 251, 2532 and 233).

This method of treatment may seem contradictory to some of the
principles laid down in previous sections, particularly in regard to the
Fractnre by Abduction (see below).  For example, continuous traction
Lollowed |J_\“ movement at the end of four weeks contrasts with the twelve

weeks of rigid immobilisation advised in complete rupture of the medial
collateral ligament, and might appear liable to result in an unstable joint.
I practice this has not been found to be the case. The medial collateral
livsment heals with some slight lengthening, no matter what form of con:
servative treatment is instituted, and gentle traction with the knee in flexion
L= not been found to inerease this lengthening. This is probably explained
by the faet that on theoretical grounds the long parallel anterior fibres ol
Ui lieament should be relaxed in flexion. In addition, gentle traction will
only separate the joint surfaces to the distance permitted by the Tateral
collatera] lignment, iliotibial band and capsule, and provided the traction

not sulficiently powerful to streteh these structures, no multl‘t' separation

i apposed edges of the torn medial collateral ligament ?:-'-J!T('l(llli‘t':l.
Furthermore, examination of radiographs of cases in which the mjury of the
mtevior eruciate ligament has taken the form ol a [racture _uf the tibial
pine withont  displacement, in addition to the fracture ”.I lhn_" lateral
tubierosity, no separation of the fragment attached to the cruciate ligament

resulted from gentle traction in flexion.

(2) FRACTURE BY ABDUCTION
heen stated in the carly part of this section that the fracture by

IS NE
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abduction 15 o more serious problem than the fracture by compression by
reason ol the comminution ol the articular surface, which may include a
Lirge portion from the central zone driven down into the tibial head (Fig. 225)
il the almost certain rupture of the medial collateral and possible damage
to the anterior eruciate ligament with which the fracture is associated.
Examination ol the vadiograph in this type of racture will show that cleva-
tion of the fragment, or comminuted fragments, which have been driven
down into the tibial head is obviously impossible by elosed methods, and, in
addition, any large Iragment which has been wedged between the main mass
o bone and the peripheral fragment constitutes @ block to reduction, It is
lor these reasons that operative replacement may be considered to offer the
hest prospect ol a satistactory result, On the other hand, it must be remem-

Ciross fracture of the tibial table

Q) e

|1
treated by the method described showmg the
reducetion and the range of lexon which resulted,

i
t

el that any reconstruction which invelves the fitting together of imnumer-
e Tragments is no trivial procedure and should not be attempted except
those thoronghly versed in the intricacies of knee joint surgery. Nor
the accurate Irv]:l.n'n-nu-l‘.l of the fragments assure the final result
s iy ol []Il"[l'li_ﬁ.fli‘.l'l'!f.‘-'-, and the attached articular eartilage, are
e more than free gralts after replacement, and may undergo aseplic
sis [see techmique of npl't':ll_inn]_ .
e tvpe of closed or conservative treatment used by the anuthor .iilllt'll'\
worespects from the treatment adopted in fractures by compression, m
of the damage to the lignments which is inevitabiy present @ the results
ned have been most gratifying.  The decision must be made belore
borking on any treatment, whether closed or o wrative reduction 1s I“.}"'
[t is a mistake to attemypt closed reduction, using :ikf.'h‘lill traction
powerful compression, decide that the reduction is unsatisfactory, and

<01t Lo open operation. Not only does the presence ol the Steinmann
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pin mercase the risk ol sepsis, hut the serew clamp, nsed 1o the limit of soft
tissue toleranee, canses devitalisation of the skin and underlving tissnes in the
arca of the incision and greatly inercases the ditheulty and hazards of any
fnture operative procedure, -

Manipulative Reduction. The technigue of manipulative reduction
differs little from that deseribed mnder Fractures by Compression. The large
central fragment which has heen deiven down into the tibial head cannot be
elevated by closed methods or by the subeutancous introduction of a pin,
Rednetion must therefore beoeffected by the powerlul compression ol a
serew-clamp, suech as Bohler's redresseur fAitted with speeial jaws designed
to it the tibial taberosities, which cause the marginal [ragment to crush the
depressed articulr fragment into the soft cancellous tissue ol the tibial
head. When redoction has been aceomplished the after-treatment follows
the lines sngeested in Fractures by Compression,

Operative Reduction.  The carly stages ol the operation differ in no
respect from the technigue nsed in excision of the Tateral meniscus exeept
in the incision which is carricd down on to the head of the tibia, The joint
cavity is entered between the patellor tendon and the iliotibial band, the
blood evacnated, and the Tateral menisens, which is usually torn or driven
into the erater an the tibial head, excised, The depressed Tragments are
clevated by means of the straight meniscus knile and htted together or
discarded, depending on their size and the condition of the attached articular
cartilage. The marginal Tragment is veplaced in the normal anatomical
position with the minimum disturbance ol the capsule and soft tissues on
which it depends for its Dlood supply. No internal fixation is necessary,
but it will usually be noticed that there is o tendency to redisplacement if
the joint 18 extended, whicl is not present provided the Qexed position 15
maintained. The author therefore prefers to insert o Steimmann pin well
below the site of Tracture at the termination ol operation, apply a com-
pression bandage, and therealter treat the patient on the same lines as
suggested nnder Fractures by Compression,

The operation is performed with least difficulty by the use of a tourni-
quet, butcare must be taken that no undue delay is incurred lest a tourniquet
paralyvsis or even more serions complication belalls,

FRACTURE OF BOTH TUBEROSITIES

Fracture of botl tibial taberosities, the so-called Y7 shaped  fracture,
oceurs second in frequency to racture of the lateral tuberosity. The injury
wstadly takes place as aoresalt of a fall from a hieight and both condyles are
driven downwiards ; but as there is frequently no clement of abduction or
adduction in the mechanism cach condyle may be depressed to an equal
degree, the Tragments are not impacted into the tibial shaft and there is no
gross lignmentous damage. The reduction therelore presents no difficulty
andd the prognosis is good provided anatomical replacement of the fragments

has been accomplished.
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TREATMENT
[T the joint is distended with blood and there is a gross soft tissue swelling
at the upper end ol the tibia it s advisable to carry out aspiration, :«'upphr—
mented by compression for o period of seven to ten days, to permit the
swelling to subside hefore undertaking reduction,

[he teehnigque of skeletal traction combined with manual compression
is the same as that deseribed under the Fracture by Compression, and the
alter-treatment follows similar lines, although it may be advisable to defer
weight-bearing for longer than twelve weeks if it is considered that there is
anv risk ol redisplacement.

FRACTURE OF MEDIAL TUBEROSITY

Fractures ol the medial tuberosity are uncommon and the treatment does
ot differ in any respect from that of the lateral tuberosity. Gross injuries
are the result ol extreme and unusual types of violence and may entail the
rupture ol both the lateral collateral ligament and lateral popliteal nerve
{see Lateral Collateral Ligament).

OLD FRACTURES OF TIBIAL TABLE

[T the presence of a fracture 1s only established some weeks or months after
the injury, the treatment to be adopted depends npon the degree of displace-
ment. 1 the displacement is minimal, active non-weight-bearing exercises,
concentrating especially on the quadriceps, is the treatment of choice, but
il there is any marked displacement likely to result in deformity, instability,
mid arthritis, operation is advisable provided the surgical conditions are
suttable and the age of the patient merits the opportunity of a more favour-
able prognosis,

The operation follows the lines suggested in the Operative Reduction of
e Fracture by Abduction. The meniscus is excised not only because it 1s
probably torn, but to inercase the visual access and space available for
clevation and alignment of the fragment. The increased space between the
lernoral and tibial condyles simplifies the mobilisation and excision of the
MCNISens,

e large marginal fragment is mobilised by means ol the straight
chiseltvpe meniscus knife, with as little disturbance of the attached soft
Haaties s possible, and nsing the greatest care not to split or crush the soft
Uihle hone, When elevation and alignment have been secured st thilisation

abtaimed by two or three long, thin cortical grafts obtained from the shaft
of e tibia, carelully inserted through the fragment at varying angles to
vl other and driven down into the cancellous bone of the tibial head
Pios 234 and 235, and 236 to 240),
e use of a tourniquet is of great advantage, but it mav have to be
moved, or loosened and reapplied, during the course of the operation.
.|n.-‘|:||l<f_\, a completely bloodless field is only neecessary in the carly

<ol the procedure,
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The hxation and stability of the fragment 13 not such that there is no
fear of further displacement in plaster, and therefore the author prefers
to insert a Steinmann pin through the lower end of the tibia at the termina-
tion of the operation, apply a compression bandage, and thercalter treat the
patient on the modified Braun splint with a few pounds of traction and in
the same manner as deseribed under Closed Reduction of the Fracture by
Compression.

ARTHRODESIS OF KNEE JOINT

Certain cases of gross injury to the tbial table and ligaments, whether

PRI g

e, 234
Fight weeks old fracture of the Titeral taberosity of the tibia treated by operative reduction
aned internal hxation with bone gralts,

i, 233

reduced or unreduced, develop a rapidly progressive degenerative arthritis
causing svmptoms of the utmost severity, This condition is most likely to
develop in the fracture of the lateral tuberosity caused by abduction in
which the articular surface is grossly comminuted and in which the joint is
unstable, not only by reason of laxity of the medial collateral and anterior
cruciate ligaments, but becanse of wasting of the quadriceps, and especially
the vastus medialis, which is unable to protect the arthritic joint from the
twists and strains of evervday use.  In these cases arthrodesis of the knee
will provide a stable painless joint, but as a stfl knee constitutes a severe
handicap and is a final step which cannot be undone, it is necessary to
analyse the symptoms of cach individual patient and attempt to correlate
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i, 241

Mlpstable twae Dlded saw Based ome o standard hack -saow Traome amd blindes

242

The =i cuts are comnpleted with an osteotome, (vt )

I, 243
Thie wrstts are et drame the erest amd antero-medial aspect of the tibia, (Hrittain.)
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the symptoms with the findings of elinical and radiological examinations
belore the ease is finally elassilicd as traumatic osteoarthritis and dismissed
as inenrable exeept by arthrodesis. For exiomple, the possibility that the
svinptoms are referable to a torn meniscus should be considered in the light
ol the knowledge that this stracture s frequently injured at the original

i, 244

The cranked osteotones

The vsteotomes in position

coident s the anthor has encountered three such cases whose symptoms
rerelieved by a relatively minor operative procedure. 1, ]m\\'v\'v.l‘. there
only a Tew iit'g{rm-n’ ol p&‘lillflll movement present the decision to fuse ll.u’
mt immediately is not unreasonable, but il on the other hand a useful
nue ol nm\'t-nu-ﬁl still remains, redevelopment of the quadriceps toa ill'.l‘ll'{'l'
bowill aftord the joint adequate ]n‘nlm'liun may nflt‘Tll render the patient
viely free of symptoms and may defer arthrodesis Tor many years.
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TECHNIQUE OF OPERATION

An anterior mid-line incision is made extending from the upper himits of the
suprapatellar pouch to o point about cight inches down the tibial shafr,
The quadriceps tendon s sphit in the siome line, beginning at the upper
extremity of the pouch and continuing down over the patella to end at the
tibial tuberele. The capsule is erased from the medial and Tateral tibial
tuberosities, the suprapatellar pouch dissected out completely, and  the
patellac execised and discarded. (1T it remains attached to the guadriceps
it s frequenthy drawn upwards at o later date and its poor osteogenic quali-
tics makes it ool little valoe inoassisting to promote arthrodesis.) The
articular surfaces of the Temur and tibia are removed by means of a twin-
blicded saw, alter the manner ol Calveé and Galland" permitting  two
parallel cuts to be made which remove hoth articalar surfaces at the same
time, thus ensuring the most perfect apposition ol the greatest possible area
ol raw bone (Fig. 241). The proximity of solt tissues does not |n'|‘mil' the
whaole depth ol the bhone to be traversed by the saw, which can merely be
nsed to about hall the depth, and the remainder of the cat is completed with
an osteotome (Fiee 24200 The raw bone of the tibia and lemur s broken
up by driving in o small osteotome at numerous points and partially levering
out arcas ol canecellons tissue inoorder to imercase both the arca and the
roughness ol the opposing surfaces,

Stabilisation is obtained by means of two bone grafts driven up through
the tibial table to cross the joint in the form of an X after the manner of
Brittain® The grafts are cut from the crest and antero-medial aspeet of
the tibia beginning at o point about two inches below the upper limit of the
shatt and extending distally Tor about five inches (Fig. 243). A eranked
osteotome, of about hadl an ineh dinmeter (Fig, 244, is introdoaced  throogh
the npper part of the bed in the tibia from which the bone grafts were taken
and lelt g site so that the second osteotome, which is inserted from the
medinl aspect of the tibial head, does not encounter it in passing (Figs. 245
and 2461 (Osteotomes of this destgn, by keeping the shalt elear of the bone
and solt tissues, are not only casy to insert but can easily be withdrawn by
striking the blide side of the erank with o mallet.) One osteotome 1s then
removed and the graft driven into position, and then the second osteotome
withdrawn and replaced by the sceond graft. Care is taken to secure the
closest possible contact of the opposing surfaces before the wound is finally

closed (g, 247,

AFTER-TREATMENT

The emplovment of a towrniquet precludes the immediate use of a plaster
case, which does not provide clastic pressure, It is therefore the anthor’s
practice to apply a compression bandage incorporating long, thick, plaster
slabs, which reach from the groin to the ankle joint, as a temporary form of

Liwd * KL AL Brittain Architectuml Principlesan Arthrdesis Foand S0 Livingstone,
Ealinbuareh, 1942, 46-32
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splintage. The only satistuctory method ol immaobilisation for an arthrodesis
ol the knee is that provided by a plaster spica which includes both hip and
ankle joints ;s the initinl dressing should not be retained for longer than «

116, 247

Arthrodesis of the knee using N gralts after the method
rittain,

e days, for it rapidly becomes loose and may permit a hyperextension
detormity to oceur.
I cight to sixteen weeks, depending on the rapidity of fusion, the spica
lscarded in favour of a thigh-length walking plaster of the type which
i< ankle movement, and this splint is retained until the arthrodesis is

clv consolidated.,
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PREMATURE FUSION OF THE ¢
EPIPHYSIS RESUI

NTERIOR PORTION OF THE UPPER TIBIAL
FING IN GENU RECURVATUM

e 248 1. 244

I 248 1'he mormad Vi,

Poage, 244 The anlerior an
vl of thee artwealar
surlace which resalved from
premature fusion ol the
epiplivais,

i 2300 The adeformity,
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GENU RECURVATUM, VARUM, OR VALGUM, DUE TO
FRACTURES OR OLD INJURIES OF UPPER TIBIAL
EPIPHYSIS
Lhe closer o fractnre to o weight-bearing joint the more important s
avenrate anatomdeal reduction,  Fractures within the upper third of the
tibin tend to the characteristic displacement of forward angulation of the
lower Tragment. The small size and lecation ol the upper fragment makes

Fi, 251 . 252
Fheanterior i limation Yas been corrected by linear b final result,
toiny ol the insertion o wedge-shaped
wralt= taken from the thum

¢ oiractire both diffienlt to reduce and to control following reduction, so
ot s residuad deformity in the form of genu recurvatum 15 1OL Uneommon.
I carlyv vouth, in]'ln'iv; ol the tibial vpipl.-_\'sis may result in lhr-. same
lelormity or in ;;{‘1.111 virrum or vilgum,  Inoaddition, cases are occasionally
ountered inowhich a portion of the epiphysis Ilﬂtil‘i'gl__)lt':'; premature
fon for reasons which may have no simple explanation. l'l:.iﬁ': 248 1o 252
tustrate such o case. 'i'i|a' paticnt sulfered a mmpnm_ul fracture ::l.
lower end of the tibia in an air raid.  There was considerable ]“.‘ﬁ ol
<ol tissue and bone necessitating @ pedicle skin gralt and an inlay

134
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bone gralt at later dates. When her treatment was almost completed, she
sustained a high supracondyvlar fracture of the femuor in o further accident.
Anatomical reduction was obtained in both these injuries, but a year later
she wis noted to have acquired o marked genu recurvatum velerable to the
upper tibial epiphysis (Fig. 250), the anterior portion of which had appar-
ently undergone premature closure (Fige 249)0 Tt was presumed that the
prolonged immaobilisation necessitated by the two fractures had produced
abnormal stresses which had cansed the anterior portion of the epiphysis to
fuse. !
TREATMENT

The deformity 1= corrected by linear osteotomy above or below the tibial
tubercle, depending on the requirements ol individual cases. Alignment is
maintained with wedge-shaped bone gralts. On first impression an operation
carried out below the tuberele wonld appear to be the less formidable pro-
cedure, but in the author’s experience this is not the case, Tor the reason that
in this region the cortex s thin and brittle and the sides of the shalt tapered
rather than parallel ; stability and maintenance of correction is thus difhcult
to achieve.  Above the tibial tuberele the osteotomy is performed through
tissue of large section with parallel sides, and, the bone being less brittle, the
deformity can be corrected without Iracture ol the posterior cortex. More-
over, at this site stability is maintained by the collateral ligaments of the
joint as division of the bone is aflected above the level of their inferior
attachments.

Both tibial condvles mav be approached through a small transverse
curved incision which begins on the lateral side of the patella, crosses the
mid-line over the patellar tendon, and is continued down the antero-medial
aspeet of the tibia for a short distance. There is no necessity to detach the
tibial tubercele and patellar tendon. When the skin flaps have been dissected
incisions are made on cither side ol the tendon and both condvles exposed
intracapsularly and subperiosteallv. A tramsverse lincar osteotomy, parallel
and about one centimetre distal to the articular surface, i< carried out with
a broad fine osteotome, the cortex being lelt intact posteriorlv. Two levers,
one on each side ol the patellar tendon, are inserted into the gap and the
anterior aspect of the upper Iragment elevated until the articular surface is
at right angles to the tibial shaft. Wedge-shaped gralts are then inserted to
maintain the correetion. The anthor does not favour cortical gralts taken
from the shalt of the tibia, but prefers to use bone taken from the ilium and
cut in such oo manner that hoth tables reecive the compression loree, The
spaces aronnd the wedges are flled with bone chips (IFig. 251,

AFTER-TREATMENT
At the termination of the operation o padded plaster cast is applied from the
toes to the groin, maintaining the joint in a few degrees of flexion. The

U lPremiature clesure of hoth lower femoral and upper tibial epiphyses in children sub-
coted to prolonged pmmalili=ation m the course of treatment for tuberculosis of the hip
ot has been receorded by Gerald G Gall fo Bose and food Sure., 1944, xxvi 273-2815,
who vonsuders that tramma supermmiposed on sxtreme decalcification s the probable cause.
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stitches are removed i two to three weeks” time, when the plaster is changed
- Lavour of an unpadded cast, which is retained for a further six to eight
weeks, Weight-hearing can usually be permitted at the end of twelve weeks

In the correction of the deformities of the tibial head it should be
remembered that any operation which consists of lengthening one side of the
tHbia produces secondary effects on the tendo achillis, and steps should be
tuken to prevent or correct the equinas position of the foot which may result.

CONDYLAR AND SUPRACONDYLAR FRACTURES
OF FEMUR

SUPRACONDYLAR FRACTURE
The  supracondyvlar region  of the femur is structurally  strong  and
[ractures oeeur only as a vesult of the most extreme direct violence, In
spite of the relative infrequency of the injury by comparison with fractures

I7iei. 253 1. 254
The supracondylar fracture of the femur

Ui ey o conl miner injured by afall of roof. showing the lateral side (g 233)
whih was struck by the stone and the medial side (Fige 2540 which was trapped
The synovial etfusion, which later distended the joint, s

acrinst the groand.
process of development.

ol the tibial table, it is a common fracture in coal-miners who reccive the
ey as the result of a Tall of rool on the outstretehed leg (g, 22).
The importance of the injury may be summarised :

I} The fracture is not only difficult to reduce but to maintain in reduction.
This is due to the fact that the gastroenemius, which is the oniy
muscle attached to the small distal fragment, causes displacement
in the form of flexion so that the upper end of the distal [ragment is
tilted towards the popliteal space and its small size makes 1t
ditficult to control (IFig. 235},

2 The fracture may have serious effects on the Tuture function of the
knee joint bhecanse

() The close proximity of the joint to the fracture entails imevitable
strain of the supporting structures at the time of the injury,

jESH
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() The suprapatellar pouch is opened at the Tracture site or penetrated
by the distalend of the upper fragment (Fig, 255).
fe) I the quadriceps muscle is traumatised (1I7g. 257) treatment in
any marked degree of flexton produces loss ol active extension
due to adheston ol the muscle to the lower end of the femur!
(3) There is the possibility of other serious complications. T the lower
end ol the upper fragment is displaced backwards it mayv perforate
the popliteal artery (IFig, 256),

TREATMENT
The method ol treatment to be deseribed is based on Bohler's original
technique in which skeletal traction through the upper end of the tibia was
combined with the use ol the Braun
splint.? the angle of which was placed
at the racture site rather than behind
the knee joint, Watson- Jones, * in whose
experience this ractore s rare, denies
the efficacy ol Bohler's method, The
author does not conenr with this view.
The fracture I1s not rare in a mining
community. In the past five  years
32 cases were treated in the manner
deseribed below,  In no case did the
method [l to seeure anatomical
reduction.

The function of both traction and
splend s to maintain a reduction oblained
Iy el fraction, connlter Lraction, and
mani pulation, f fraction on a  Braun
splint s ex pecled to produce the reduction
the method will fail.

TECHNIQUE OF REDUCTION

The upper end of the distal Tragiment ol o
bt ,“\'\h,LT i llfllf;_',‘]it“',:!ll:;:“:,'".::1,”-”']:, The patient is anaesthetised and a Im.n'
wastrocnemins (Hatvon- fours millimetre stainless steel Steinmann pin
driven through the tibia in the region
ol the tubercle, and fitted with o rotating stirrup. The patient is then
transferred to a bed ftted with fracture boards and o divided mattress,
and the mb placed on the author’s modification of the Braun splint,* the
advantage ol which, in this particular instanee, is firm fAxation to the foot
ol the bed,

PR Watson- Jones. U Fractures and ot Injuries.’ 1L and 50 Livingstone, Fdinburgh,
1944, G494

*laorenz Bohlers ™ The Treatment ol Fractures.” John Wright and Sons, Ltd., 3ristol,
19356, 335

R Watson- Jones Clractures and  Joint Injuries” el 30 KL and 5, Livingstone,

lidinburgh, 1943, 689
PR Smille. U Simple System of Splinting for Lower Limb)" Laacet, 1941, 10 304,
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The Tracture is reduced by means of strong traction appliecd manually
to the imb by one assistant, while a second assistant presses backwards
on the iliae crests to fix the pelvis. When the limb has been pulled out to
the fulllength the manual traction is transferred to the rotating stivrup while
the surgeon grips the lower fragment and lifts it forward so that it is brought
mto line with the upper fragment (Fig, 238). A hvge roll of soft wool is then

[Fres. 236 aned 2537

Stpracondyvlr fracture of the femuar with gross displacement and rnnmlinuh_u_rn_ 'J'I.n-

popditenl artery is endangered by the lower end ol the upper fragment (Mg, 2365,

Vhhoneh the alignment of the rgments is perfect following reduction by the |m-llul-1]

lescribed in the test, there is a spike of bone projecting into the quandriceps which will
prejudice the return of full flexion (Fig. 257).

pliced behind the lower fragment (Fig. 259) and the limb adjusted s0 IFmI
the amgle of the splint lies behind the fracture site and not at llu"km'v joint,
vhiele is the more usual position. The accuracy ol the 1‘1'(]11{"111111 can In-_
catimated by palpation of the Iracture site through the anterior aspect ol
i quadriceps ; it is usually possible to feel the lower end of the upper
Sment prior to reduction, and the existence of a palpable depression hf"““’

point indicates that the upper end of the lower fragment is still tilted

I 51
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backwards (Fig, 261) and that further manipulation is necessary. When it
1= constdered that the best }m:-'..‘-'-ihil' reduction has been obtained I':i:iiu{aﬂ‘n])ils
are taken to determine the exact position of the fragment, and further
adjustments and final radio-
graphs taken belore the patient
is returned to the ward, where
the Toot of the hed is radsed on
blocks (Fig, 259).

The suceess of the method
depends on securing accurate

N 7 stable reduction by traction
| and manipulation and main-

= tuining the position of the

Ii lower fragment by means of
the large pad of wool and

[ 238 about ten pounds of traction.

When the limb has heen pudled out to full length The exact direction of the trac-
i ma trtoon e surgen s U Vst o foree may be adjusted by
into hne with the shaft of the femur ridsing or lowering the trans-

verse bar to which the pulley

is secured to the splint rest (Figo 259). The method  will fail il the

application of traction alone is expected to produce reduction,

Sometimes in o short muscular thigh it is found that it is impossible to
exert sufficient manual traction to disengage the fragments and that in spite
of all efforts the upper end of the lower fragment remains tilted towards
the popliteal space. In these cirenmstances no pad is placed under the lower
fragment, but heavy traction of twenty to twenty-five pounds is applied
for twenty-four to fortyv-cight hours. At the end of this time the femur is of
fll length, possibly even over distracted. The patient is then given o second

Iy 25Y 1 260
Sunricondvlar racture of  the lennom The sicme case immediantely after transier to
treated on the auther's modhineaton o a Thomnas sphint at the sisth week, The
the Braun spling Lnee texion s gradually reduced.,

anaesthetic, when it will be Tound that manipulative reduction presents no
difficulty, Traction is then redoeed to about ten potmns,
Prolonged immobilisation in the flesed knee position is prejudicial to the
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rapid return of quadriceps function ; the vastus medialis cannot be exercised
and wastes rapidly. It is especially important in a fracture which invariably
involves injury to the extensor apparatus that the position of flexion should
not be continued any longer than is necessary to ensure the maintenance of
reduction. The progress of union in frac-
tures occurring in this region of the femur
is relatively rapid in spite ol the wide
vartation i the number and form ol the
fragments. The flexed-knee splint is there-
fore discarded in favour of a Thomas splint,
in which vastus medialis exercises can be
practised and guarded knee flexion exer-
cises commenced, as soon as a degree of
consolidation has been reached which can
overcome the inherent tendency to back-
wiard angulation.  This stage, which is
judged on clinical as well as radiological
evidenee, s reached between the lourth
and cighth weeks ;o the skeletal traction is
discarded and replaced by skin extension
and the imb placed ina Thomas splint
with the fracture site supported by a
padded sling, the joint being maintained
in o few degrees of flexion.

With the exception of those cases in

which the quadriceps s gravely involved,
and provided the rules for the preservation
ol knee joint function, which apply to all
ractures ol the femur, have not been
Pransgressed (see Chapter NI, no difh-
culty should be encountered in securing a
rapid retwrn of flexion (Figs, 262, 2463,

200, 263, and 2646),

_I"tl,. 261

AFTER-TREATMENT ) »

The closer a fracture tooa weight
[l author has never haled to secuare bearing joint the mm:u mmportant i
- . avcnrate anatemical reduction, The
matomical reduction by the  method normal anterior cnrve of the lower end
deseribed nor has any  great difficulty of the femur has not been repriduced

) . : o8 resulting in o moderate degree of genu
been encountered in maintaining  reduoc- |

o It ds admitted, however, that cach
o requires daily supervision until consolidation has advarced to o degree
il will permit the flexed-knee splinting to be dizearded.

Atention must be directed to the following points :

(1) There is o constant tendeney to backward angulation at  the
winre site. This must be overcome by adjusting the splint and pad ol
Ionee daily, Control radiographs should  De taken twice weekly
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e, 262 Fie. 263

I, 265
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as long as there is any suspicion that the tendency to displace remains,
Malunton with backward angulation causes an unsightly deformity and
disability in the Torm ol genn recorvatum (Fig. 261).

(2) The pad of wool must not be permitted to exert pressure of
degree which will cause necrosis ol the skin ol the popliteal space or paralysis
I the Tateral popliteal nerve which becomes superficial and thus liable to
mjnry when the knee is in the flexed position. It should thus be changed

when it becomes compressed and hard.,

e, 266

s, 262 266
High supracondylar Tracture ol
the femur showing the displace
ment (Figs, 262 and 263, the
reduction and  position of the
angle of the splint (Figs. 264
amd 2630, and the final result
(11, 266).

(3) No difficulty is usually encountered in maintaining reduction in the
mtero-posterior view, but il angulation does oceur it usually takes the form
ol vidgus deformity. This is due to the obliquity ol the pelvis which results
rom traction on the limb and to the pull of the adductors. The angulation

1 usually be corrected by the use ol a screw controlled pressure pad
pplied against the medial aspect of the distal end ol the upper fragment.
e longitudinal traction exerted on the distal fragment exerts leverage

3 -ityar (1 DT

wainst the pressure pad and corrects the deformity (Iig. 267).

(4) No dressings are used on the entrance or exit wound of the pin
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track, and 10 the stirrup s rotating freely on the Steimmann pin and 1s not
ciausing movement ol the pin within the bone, suppuration s uneommon.
[t s nsually possible to retain the pin for pertods exceeding six weeks,

1710, 267
Porredoce a0 persistent valens deformity o the Tracture site o
serew-comtrolled pressure padd s applied to Cthe medial aspeey
ol the distal end of the apper trngment. The traction exerts
leverige agiinst the prressare pand aod corvects the anguolation

<hiould this he necessary, I infection supervenes the pin is remaoved im-

mediately ; if extension s stll required it should take the form of skin
traction apphied to both the thigh and the leg (Fig, 2068)

I, 268

I there is any snggestion of mlection of the pin-track skeletal
e ol skin trawtion appliced 1o both
thiteh o ey

tractiom as chiscarded e Ty

SEPARATION OF LOWER EPIPHYSIS OF FEMUR

separation ol the lower lemoral epiphysis differs from the supracondylar
fracture in that the mechanism of production is hyperextension or torsion
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rather than direct violence. The displicement is similar 3 the small distal
fragment Ties in front of the femoral shalt and is tilted by the gastrocnemius
(Fig. 2685 The posterior edge ol the metaphysis projects into the popliteal
[ossiwhere the vessels or nerves may be endangered. On the rare occasions
when the epiphysis is knocked oft by direct violenee it mav be displaced in
any direection.
' TREATMENT

Reduction of the displacement is frequently a matter of urgency and should
not be deferred it seldom presents any difficulties. When the concave
epiphvsis has been replaced on the convex metaphyvsis the reduction s
stable provided the knee is splinted in flexion.

TECHNIQUE OF REDUCTION

When the joint has been aspirated the patient is placed in the supine position
and the pelvis fixed to the table by an assistant who exerts backward
pressure on the iliae erests. With one hand gripping the ankle and the other
behind the upper third of the tibia strong traction is applied to the partially
flexed knee. The reduction is completed by flexing the knee to a right angle
while direet pressure is exerted over the anterior aspect of the epiphysis by a
second assistant. If any difficulty is encountered the patient should be
transferred to an orthopaedic table where more powerful traction can be
applied by means of a canvas sling passed behind the upper third of the
tibin while the knee is maintained in flexion by a manual hold on the ankle.

The joint is immobilised in 90 degrees of flexion by a plaster slab
maottlded over the front and sides of the limb and secured in position by a
domette handage. Occasionally an even greater degree of flexion is necessary
Lo maintain reduction, but the degree of flexion used must be governed by
the swelling which is present and full consideration given to the state of
the circulation (Fig. 272). The plaster is changed in three to four weeks’
time when the flexion is reduced to about 45 degrees. The second plaster is
retiined Tor a further four weeks.

In contra distinetion to the supracondylar fracture of adults this
Wjnry is not associated with damage to the quadriceps. .\ rapid return of
Il movement may thus be anticipated within a few weeks by active

cxercise alone.

INTERCONDYLAR FRACTURES OF FEMUR
Vthoneh the femoral condyles are subjected to the same strain as those ol
the tibin in the l'tiII‘II.JI'{':-i:-‘inIl-:!]MIli‘tintl and  compression-adduction
mechanisims which produce the common fractures of the tibial table, the
emoral condyles are rarely injured.  In the past five yvears only three recent
P or Y 7 shaped fracture (gunshot wounds excepted) and only ten
fractures of a single condyle were encountered.

TREATMENT

[ ol intraearticnlar fractures of weight-bearing joints extreme accuracy
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ol reduction is of first importance. These injuries are accompanicd by a
marked hacmarthrosis and no attempt is made to seeure replacement of the
ragments until the joint has been aspirated,

In the 1T 7 or X 7 shaped fracture reduction of the displacement is
accomplished by traction assisted by Tateral compression of the fragments,
produced manually or with the aid of o serew-clamp ol the Bohler redresseur
tvpe. The technique differs in no essential feature from that deseribed
forsupracondylar fractures, except that both Braunand Thomas splints should
be available at the original reduction ;o in some cases replacement is most
acenrate in Qexion, whercas in others the position ol extension is preferable,

FRACTURE OF A SINGLE CONDYLE

Fractures ol o single condyle ol the

f{ [cor oceur in two Torms

(1) The fracture is roughly vertical
aned in the sagittal pline o the
ragment is displaced upwinds,

(2} The Tracture line is o overtieal and
in the coronal plane (g, 273),
fen the prominent  posterior
portion ol the condyle is split
off. (In this form the injury
miay be missed inoa cursory

e, 24

examination of the radiographs).

[Fiee. 270

Fias, 268 aoul 270
Backward displacement of lower femoral epiphysis
Fhe deformty s wross and redoction g mstter of UrEeney
TREATMENT
The Tracture is redueed in the same manner as the supracondylar fracture.
skin extension is nsed in preference to skeletal traction, which is not only
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e, 271

K. 272

Backwurd displacement of lower femoral
epiphysis

Figs, 271 and 2720 Reduction is secoved by traction aond
mianipulation in Aexion and maintained e oo plaster cist
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nnnecessary but undesirable in that its use may prechide the open operation
aned internal xation which is essential 1F closed methods Tail to produce
anatomical accuracy. N traction fails to overcome the upward displacement
of the condvle due to the valgus or varus position ol the lower leg, depending
on whether it is the Liferal or medial condvle which is Tractured, counter
pressure applied to the lower thivd of the femur on the opposite side by

s, 273

Fracture ol the promiment posterior portion of the medial
femornl candyle
means ol o serew controlled pad (Fig. 267) provides a Tulerum which enables
the deformity to be corrected.

11 the desired acenracy is not obtained by these methods the fragment
is exposed  throngh a longitudinal  postero-lateral  (or postero-medial)
incision, repliced, and fixed in position by two or three long, coarse-threaded,
stainless steel serews inserted at varying angles to one another. At the
termination ol the operation, skin extension is reapplicd and the patient
immobilised on @ Thomas or Braun type splint, the traction being reduced
to two or three ponnds,



CHAPTER TEN

LOOSE BODIES OF TRAUMATIC ORIGIN :
FOREIGN BODIES

OONE bodies oceurring in knee joints which are otherwise apparently
normal are derived [rom either the articular surfaces or the menisel.
A loose body arising rom the articular surface is
(1 Displaced into the joint immediately Tollowing a direct injury and
sty tikes the form of o single fragment ol articular cartilage or articular
cartilage and bone, or
2) Dhsplaced into the joint alter an interval of months or years from
the duate of injury. This is the condition known as osteochondritis
dissecans, and is the most important
ciatise ol the presence ol o loose body in
anotherwise normal joint. The ragment
onsl=t= of artienlar cartilage or articular
curtilige and bone and is usually single,
bt two or three fragments emanating
rom the same defeet are not uncommon
IFie~. 292 and 293).
[Loose bodies derived from the meni-
e t=nally arise from the central portion
of o longitudinal tear which is the subject
of superimposed transverse lesions so that
eventually a hiypertrophied tag loses its
mterior or posterior attachment and s
displaced into the  joint  (Fig. 274).

5,

NSumerons  small Oakes ol fibrocartilage

: : . : Lomgitudinal  tear of  the nwedial
e scanetimes found when @ meniscus has i s denrilnorinm e

“tthyected to ]'1‘}::'.’11:'1! i!l]"lll'it'_\' OVOer i lis been subjected to -|1.‘!u-r|1n||.--|-||
| : 4 ¥ Lransyerse tears resulting i two loose
pertocd ol vears and s severely lacerated. indiea o Aibrocais e
e diagnosis and treatment of loose
derived from this source will not be discussed here as they difter m

1 from that of the torn meniscus,

ETIOLOGY OF OSTEOCHONDRITIS DISSECANS

Vithoneh the etiology of loose bodies consisting of articular cartilage and

appearing in the joint cavity immediately following a direct mjury s
clevr the etiology of the condition to which Komg! gave the name ' osteo-

lritis (issecans,” in which a fragment of articular cartilage and

] Lo Pt} - 1 ‘_“
ving cancellons tissue slowly separates from the parent bone and 1
Ay cast into the joint, has Jong been a matter ol controversy

L Romie.  Drae Tuberenlose der Knocken n Gelenke, " 1884, 34-36
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There are few modern writers who do not aceept the trammatic theory,
but many seek an additional and clusive factor.  Konig did not (lun_\f‘a
travmatic origin in certain cases, but considered that the majority were
detached by a spontancous disseeting osteochondritis, which, without any
injury to the joint, led to detachment ol areas of articnlar cartilage. He was
nnable to determine the nature of the underlving pathology in any of the
cases examined microscopically, The additional elusive factor has been
considered to be cither thrombaosis of an end artery or a low grade inflamma-
tory process, but it is most unlikely that cither of these two processes could
produce such an effect on articular cartilage. Watson-Jones! considers the
piathology to be that of avascular necrosis, but in quoting a case in which
both knee joints and both elbow joints were affected in the same patient,
also secks an additional Tactor which he considers to be constitutional,

[t will be shown that there s an undoubted constitutional factor in
those cases in which the condition ocenrs in the classical situation,

Although the defect may be found in varving situations, the classical
site is the inferior aspeet of the medial condvle of the femur in the
neighbourhiood ol the attachment of  the  posterior cruciate lgament
(Figs. 275 and 276). The theory that the partial detachment of an arca of
cartilage and bone arises as o result of dmpact against the tibial spine is
widely held, but there are many who will not accept it on the grounds that
such impact is not possible in the normal joint.

xamination ol any unselected series of knee joint radiographs demon-
strates that with the exeeption of the lumbo-sacral region there are few
areas in the human skeleton which show such widely varyving conformations
s the head of the tibias Inosome cases the table is fTat, as the name suggests,
with the spine hardly pereeptible (Fig, 277), while in others the spine s
Lurge and prominent (Fig, 278) 1 in addition to a study of a number of
normal radiographs, o series from cases sullering from  osteochondritis
dissecans ocenrring in the typical situation are mspected, the examiner will
he struck by one point ol similarity - the prominence of the tibial spines.
FFrom this observation, and from other evidence to be put forward, the
anthor is convineed of the traumatic theory, and in regard to the condition
situated in the classical position, of o single or repeated impingement of the
tibial spine against the medial condvle of the femur as the etiological factor.

While there is little doubt that in the normal joint a single injury of
the condyle of o degree of violence which might result in a fracture 13 most
unlikely to pass unnoticed by the patient, such is not the case when the
anterior eruciate and medial collateral hgaments are lax ; the combination
of lax accessory supporting structures with a prominent tibial spine entails
an inereased risk ol o lesion in the classical situation.

The Tact that the condition may alfeet both knee jomts has been put
lorward as evidence that the etiology is other than tranmatic. It would
seem, however, that the assertion that it may be bilateral is merely added
cvidence in Fivour of the traumatic theory, for the high central zone of the

R MWatsan Jones. 7 Fracotnres and - Joint Injuries. T Foand S Livingstone, Edinburgh,
1943 107
L O 5 i
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IFice 275 i, 276
Osteochondritis dissecans. Lateral view showing the position of the defect amd the loose
I Iving npside down outside the cavity (g 2750 The antera-posterior view ol the sine
jonwing the relitionship of the tibial spine to the defect in the medial condyle s the Toose

Brenly has heen removed (g, 276

% e L e
i 2y [Fia, 278

nleriation of Uhe head of the tibia varieswithin wide lmits. The possibility o ‘:“i"
inst the miedial femoral condvle seems remote in Fig, 277, but mught oceur

Eod phie <pime oy
in g, 278
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i, 279 11, 280

Bilateral osteochondritis dissecuns.

i, 282

iratedd one the left side and s
e trament has not vet separvated on the right side.

Il Towises Ll v i
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nbial table and prominent spine is also bilateral, and in all the five bilateral
vases seen by the author the area of the medial condyle affected has been
approximately the same in cach case (Figs, 279, 280, 281, and 252), More-
over, the relative constaney ol the site in relation to trauma is borne out
in both the ankle and elbow joints, where the location of the lesion conforms
to the arca most likely to be injured by the mechanisms which are <o
repeantedly deseribed (g, 283), -

More diveet evidence was obtained from a case which had been subjected
to o twisting injury in a fadl down some steps. A\ diagnosis of a torn medial
menisens was made and the joint opened after an interval of a week. The
dingnosis was fonnd to be wrong, but a fresh fracture, in the nsual area
allected by osteochondritis dissecans,
wits noted. There was unmistakable
cvidence ol trauma to the medial
side ol the tibial spine, and it was
clear that impingement ol the spine
against the femur was responsible
tor the fracture. The fragment of
articnlar cartilage and bone was not
displiaced and the fracture was only
detected by the presence ol a hair-
line erack in the articular cartilage.
When the straight chisel-type knife
wits inserted into the crack the Irag-
ment wis found to have no attach-
ment other than a small hinge of
mtact cartilage and a few strands ol

the posterior eruciate ligament., A >
hirther haematoma was noted on the 5
Fiteral side of the fragment where it ﬂ
bad heen struck by the tibial spine. i, 283

Reoxamimation of the m'i;{in;ll radio- Crsteochondrtis dissecans of the talus s due

i i tocimpincement agmonst the tibiag
craphs alter the operation, and with P

the knowledge of the exact site of
e tracture, did not reveal any sign of the lesion (see below).

F'wo further observations concerning the pathology of this condition
dre ol interest, one of which tends to confirm the evidence obtained from the
cise recorded above,  First, it was noted in several cases subjected to
operation before the fragment had separated that whercas the :l]'llil‘llliﬂ'
Artilage overlying the bony fragment was frequently intact and continuous
witly the wm'rnhn(lin;_: articular cartilage on the medial side — that 15, Irl\I\':n‘tih
L centre of the condyle- -it was usually separated from its cartilaginous
el bony Hlll’]'f!ll]ltlil‘lgﬁh()I] the lateral aspect. This surely suggests that the

which eaused the lesion was appliced to the lateral side. _

e second concerns the attachment of the posterior eruciate lignlllt'i_ll,

res o which must frequently be divided to complete the separation of 2
cent. It ds probable that although the location of the femoral attuch-
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Osteochondritis dissecans.  The lirgest defect 1 the lat
| medial condvle wineh was encountercd (1Fig, 284
vl the n 0 | . I'he
= ool T + the
ol the artwealar cartilage I

rctate bgament was ruptured

ti= Tromt the =an

= joaned by ibrous tissue

=uria
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1, 286

Osteochondritis dissecans. “The lesion is in the nddie of the

condyle amd the position corresponded to the compressed anterior

extremity ol a longitudinal tear of the meniscus when the joimt
wis extended (Fig, 286 1 see also Fig, 25)

171, 287 115, 288 F1:. 288

yostrface of whieh consisted of mainute
e cells were proliferating (g 288
Iy (Fig. 289)

Phe Joose body (g, 287), the deey
raciments of hone over which carti
and the ridiog
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ment of this gament, and the blood supply which its presence entails, is
responsible for the healing of the lesion which has been observed in voung
subjects (see below), healing can only take place if the joint is put at com-
plete rest. In the cases where the fesion s sitnated at the nsual site, it is not
unlikely that one of the factors which prevents healing is the constant
movement to which the fragment must be subjected as a direct vesult of its
position at the attachment of an hmportant ligament concerned in the
stabilisation of the joint throughout the entive range ol motion,

The origin ol the trauma producing o loose body arising rom the centre
ol the articular cartilage ol cither the Tateral or medial femoral condyle
cannot be explained by impingement ol the tibial spine against the condyle
(FFige 286)  In these cases 1t is almost invariably Tound that the meniscus
15 torn, the tear being one of two types

(er) N longitudinal tear with the central portion displaced towards the
centre of the joint.,

(4} The combination of a longitudimal with o transverse tear resulting
i a hyvpertrophicd tag of meniseus, based anteriorly, and projecting towards
the centre of the 11»1]”,

On opening the joint where there is o complete longitudinal tear, it
i< seen that the defeet in the condyle lies between the peripheral and central
portions ol the tear (Figo 286)0 The injury i the middle of the articular
cartilage of the femoral condyle is thus explained by the impingement of the
condyle against the anterior extremity of the longitndinal tear on every
attempt to produce Tull extenson of the joint (g, 25). The hbrocartilage
ol the meniseus is seen to be extremely thin and attenuated at the anterior
extremity of the longitudimal tear as o result of repeated impact between
the condyle of the Temur and the head of the tibia,

Where the menisens injury takes the Torm of o pedunculated tag, based
anteriorly, the position of the defect in the femoral condyle is more variable.
The hypertrophicd tag tronmatises the femoral condyle either by being
trapped between the condyle and the tibial head or between the condyle and
the peripheral portion of the meniscus. Thus the defeet mayv oceur at any point
1 the breadth of the femoral condyle,

The Toose body produced by this type of trauma differs from that
which results from o single injury in that it congists principally of articular
cartilage, with only small flakes of bone at the line of cleavage from the
femoral condyle (g, 287), as opposed to the Targe flake of bone which is
letached i loose bodies whicli arise from a single deiined incident (Fig, 285).

The location of the lesions produced by direct injury, which nsnally takes
the form of a kick sustained in a game of football, is the same as the fractures
which result in immediate separation of a fragment of bone into the joint.
The arcas affected are those which are least well protected and therefore
most vulnerable to direct injury, 7.e., the peripheral margins of the femoral
condyies, the anterior edge ol the tibial table (Fig. 290), and the patella.

FFurther evidence of the relationship between intra-articular fractures
and osteochondritis dissecans, and incidentally to the production of hetero-
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topee bone, was obtained from a patient who gave a history of a direct kick
on the fateral side ol the joint during a game of football three vears previ-
ouslve Fighteen months later he noticed 2 lmp on the lateral side of the
joint which reappeared at intervals, but not always in the same place.
Oceastonally the joint had * jammed ™ and extension had been limited
momentarily. The radiograph showed a single lToose body which appeared
to lave arisen [rom the tibial table and the presence of heterotopic bone
lorntion in the patellar tendon (Figs. 290 and 291,

1. 2490

201

<171

Loose Dody an the knee joint emanating rom o defect i the articular
surface of the Fteral tuberosity of the tibia and heterotopie bone in the
patellar tendon following o smgle divect injury three vears previously
(Fig, 2900, The foose body and the mass of heterotopie hone (Fig, 291

At operation fibrosis was noted in the extra svnovial Tat, indicating
Hhe <ite ol o previous haematoma. A localised clongated mass of bone was
dissected without dithenlty from the substance of the postero-lateral aspect
ol the patellar tendon. A horizontal incision was then made between the
Literal condyle of the tibia and the anterior horn of the lateral meniscus,
e underncath the meniseus was found a loose body lving in a defect in
the articular surface. The loose body had a similar appearance to that
beerved in osteochondritis dissceans, having a smooth articular surface

il o rough cancellous surface over which cartilage cells had grown (Fig.
1) It was evident from the position of the two lesions that the loose

body had arisen as a result of a fracture sustained at the same time as the
demorrhage in the posterior aspect of the patellar tendon which gave

“Lothe heterotopie bone,
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SEQUELAE OF SEPARATION OF FRAGMENT

When the fragment is displaced into the joint cavity at the time of the injury
or alter an interval of months or vears, as s osteochondritis dissecans,
itomay

(1] Attain a new attachment to the syvnovial membrane.

This advent is more common in the fragment displaced immediately
into the joint than after o considerable interval, because in the former
circumstance the joint is the sabject of haemarthrosis which provides a
suitable medium of attachment to the rongh cancellous surface and at the
same time the joint is usually rested long enough to enable the anchorage
to hecome consolidated,

The position in which wdhesion s obtained varies, but lor mechanical
reasons the most common sitnations are the lateral compartments, The
adbesion takes the form of o pedicle, which frequently becomes clongated
as o result of joint motion and thus permits the loose body a limited range
ol movement, or the fragment is completely encapsulated by synovial
membranc, nwhich case the permitted range of movement is more restrieted.

(2) Remain a freelv mobile loose body, giving rise to the classical
symptoms ol momentary locking when it beecomes trapped between the
articular surfaces (g, 275).

(3) Increase in size. Muny single loose bodies, although not adherent
to synovial membrane, gradually inerease in size as a result of proliferation
ol cartilage cells and eventually become firmly wedged in the intercondylar
noteh in front ol the point where the ernciate ligaments cross or are conflined
to the posterior compartment by the posterior capsule (Figs. 297 and
205,

CLINICAL FEATURES OF OSTEOCHONDRITIS DISSECANS
BEFORE AND AFTER SEPARATION OF FRAGMENT

The condition, being ol travmatic origin, s more common in males than in
females and oceurs in vouth and carly adult Tife. Many, but not all, cases
will give o history of o definite injury cither of the nature of o twist or a
direct blow months or vears previously, and state that the joint has never
been completely sonnd since the aceident.

The svmptomatology is indehinite, There 1s often a complaint of vague
pain, made worse by exercise, and an ache in the joint at rest. There are
frequent recurrent effusions bronght on by exercise, but which rapidly
subside with rest. About half the cases have locking, instability and other
symptoms, and signs ol a torn meniscus which tend to confuse the issue.
The locking may be due to:

(1) Torn meniscus. It is known that o large proportion of cases
have a torn meniscus possibly sustained at the same time as the injury to
the femoral condyvle, or possiblyv the direct cause of the injury to the femoral
condyle (FFigs. 284 and 285),
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2} Partial mobility of the fragment while it is still in situ. At
operation the fragment is often noted to be free within the defect except for
vhinge ol articulie cartilage whicly will permit a limited range of mobility
st sullicient to allow it to get canght between the meniscus and femoral
condvle (Figs, 292 and 293),

4) Presence of a completely free loose body. Such locking is
usually ol w momentary nature and patients who suffer from it are frequently

aware of the canse,

Figs. 292 and 293 Osteochon-
dritis dissecuns. Two Iragments
ol articalar cartilage and bone are
proesent, the larger of which was
attached by a lunge of ihrous Lissie
tor the defeet in the femoral condyle

(1. 2892)

T loose bodies showing the hinge
of fibrons tissue (Fig 283,

|'E|- I‘}"'

Continued locking due to a loose body in the absence of @ meniscus
lear was noted on three occasions. The loose body had been driven between
o anterior seement of the medial meniscus and the tibial table, and by
lsing the level of the meniscus, constituted a permanent block to extension.

xamination of a case in the early stages may reveal no constant sign
veept wasting of the quadriceps, which 1s always present and merely
iicates that there is ** something wrong with the joint,” and it is possibly
{ this stage that the examiner realises that he is not dealing with a straight
forward meniscus injury and thinks of the possibility of osteochondritis
Hasecans,
Careful deep palpation of the femoral condyle with the knee in rather
re than right-angled flexion, but not full flexion, reveals well marked
seadised tenderness over the lesion in the articular cartilage, and if the
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fragment has already separated into the joint, the defeet in the condyle
may be readily palpable i ic is situated inoan accessible arca, )

The dingnosis nsually presents no dithenlty 0 the fragment has
separated, Tor most patients are aware ol the existence ol a freely mobile
loose body and will frequently mdicate the site of one which s adherent
to synovial membrane. Nor does any difhiculty arise when the condition
has been present for many months or vears, even without separation of the
fragment, for in these cases the characteristic features of the radiograph are
unmistakable. The problem of diagnosis s, hlowever, extremely diffienlt in
the carly case as the presence ol apparently normal antero-posterior and
lateral radiographs does not rale ont the possibility: ol osteochondritis
dissecans hecause

(1) The loose fragment may be composed of articular cartilage
alone.

(2) The space between the femoral condyle and the separating
bone fragment may be so narrow that it does not show in the film.
Langton!' has pointed out that such cirenmstances oceur and lead to errors
ob diagnosisin fractures of the carpal scaphoid. Lachmann ® has shown e xperi-
mentally that o space of at least one millimetre between the ragments ol a
racture in the knee joint s necessary belore the line of separation can be
identified radiologically,

(3] With the exception of gross displacement, even one milli-
metre of separation will not show unless the rays are tangential to
the femoral condyle at the point of the lesion.

A considerable number of tangential views of the femoral condyle are
therefore necessary in o snspected case before the possibility of a0 radio-
logical abnormality can be eliminated.

The question naturally arises @ What interval of time must clapse
between the original injury and the presence ol recognisable radiological
changes 7 Aternatively : How long does the ocdematous Gbrous tissue
whiclh s found in the base of the defeet in the condyle take to attain a
thickness of one millimetre 2 The answer to these gquestions was not revealed
in this series, Langton, however, quotes a ecase inowhich the lesion was
visible, in the kteral projection only, in six months, but it is quite probable
that the interval, in the average case, is considerably greater. It must
therefore be admitted that in the present stage of the development of
radiographic technique the diagnosis of many suspected cases must depend
on clinical and radiological examinations repeated at monthly intervals.
Operative exploration of the suspected joint is obviously unjustifiable,
although some advance may be possible in the future with the further
development of the arthroscope,

TREATMENT
No difference of opinion exists in regard to the treatment of a loose body in
O Lamgton. C Some Poants in the Diagnosis of Osteochondritis of the Koee, " Pioe,

o, Socs Med o 1942, sxxv, 206,
D lachmann,  Madiodogy, TH38 xxx1, 521 moted by Langton.)
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the knee joint whether it is displaced into the joint immediately after the
mjury or after an interval of months or vears. The presence of a Toose body
brings about sceondary changes of an osteoarthritic nature, and as a rule the
fonger the fragment has been in the joint and the more incidents it has
cansed the greater the advancement of the arthritie change. The loose body
or bodies should therefore be removed at operation as soon as the (Iiilgll”ﬁi.ﬁ
i~ estublished. Some difference of opinion does exist, however, as to whether
the Tragment ol osteochondritis disseeans should be removed when it is still
within the cavity in the femur or whether operation should be deferred until
it his been cast into the joint. There is little doubt that the joint structures,
including the quadriceps, hgaments, capsule and articular surfaces undergo
degeneration throughout the period when the [ragment is separating, the
rite of degeneration depending on a number of factors such as occupation,
degree ol wasting ol the quadriceps, and the severity of the symptoms.
FFor this reason, and with the exception of certain youthful patients who
may be selected Tor conservative treatment, the author prefers to remove
the fragment from its cavity at an carly date in the hope that the progress
ol osteoarthritic degeneration may be interrupted or deferred. There is
little doubt, however, that the progress of degenerative change is by no
means always interrupted by the removal of a fragment from its cavity or
ol i Iree loose body from within the joint, and this is probably why some
anthorities take such a pessimistic view of the prognosis and only recom-
mend the removal of the loose body after it has sceparated. From the
prognostic viewpoint it secems obvious that a joint such as that illustrated
in i, 254 can never return to normal, and that for mechanical reasons
alone osteoarthritie change is bound to progress, .

The long term follow-up of Service patients has not proved possible,
aned although the short term results in most cases were considered to be
sutisfactory, years must pass before the final results can be assessed.

One point ol interest in the consideration of treatment was noted in
cises which had sulfered from osteochondritis dissecans some years pre-
vionshvand from whom a loose body had already been removed. Three such
AR 'n-prn'tv:l with symptoms arising from a second loose body, which,
from the history, had separated recently. It was evident from the shape of
the fragment, in comparison with the crater from which it came, that the
aricinal area of the condyle had been of the same type as that illustrated in
Figs, 202 and 293, and that two loose bodies had been discharged from
tie defeet at different times. This experience suggests that if the loose body
removed does not appear to coincide with the radiological appearance ol
the defect, exposure of the area ol the femoral condyle affected may be
=tifinble in order to make certain that no further fragments are likely to
~Cparate.

CONSERVATIVE TREATMENT
I'Ti- hest possible result which could be expected from a case of osteochon-

ritis dissecans would follow the interruption of the process of separation
i <ound union between the fragment and  the parent bone.  Spon-
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tancous healing has been reported by Axhansen, ' Kappis, ® and Moveau,
but it is probable that, in the present state of our knowledge, few adult
cases are diagnosed before a barrier of fibrous tissue makes healing impossible.
In ecarly youth the more liberal blood supply of the growing bone, and of
the fragment by way of the posterior cruciate ligament, alfords the possi-
bility ol attaining the ideal result by conservative means, Such oa case is
ilustrated in Figs, 204 and 295 by the courtesy ol Mr James Patriek of
Glasgow Roval Infirmary.

Fraeo, 294 Iig, 295

Odstenn honed ritis dhissecans in oo hoy awed 12 e 29400 A0 e Tonr meanths btolali=ation i
prlavster Che Teagroend Taod wnted to the conedyle (g 295, P Lavtes Pateic ks cise

A skin-tight plaster cast is applicd from the toes to the groin and
weight-bearing prevented by the use of o patten and crutehes or bed-rest,
Immobilisation s maintained for three months, when the plaster is removed
to permit a radiograph to bhe taken. 1T any signs of Tiealing are present, the
plaster case is reapplied for o further period of three months,

OPERATIVE TECHNIQUE
i1) The fragment is lying in the cavity in the femoral condyle
or free in the intercondylar notch anterior to the cruciate ligaments.
In these circomstances an enlarged meniscus incision provides an
b Ashisen Loche £ Klvw. Char., 1914, viv, 381,

¢ s Dicatte e Ztscte . e 19200 ¢lvi, 214,
Y CRTRET I Peod, prattco-bedovs oo ¢ hie 1923, sxvi, 131,
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adeqguate exposure which will permit excision of the meniscus and access to
the most commonly affected arcas of the femoral condyles. I the lesion is in
the classical situation the meniseus may not be injured, but if the defect is
in the centre ol one or other condyle it is not unlikely that a complete
fongitudinal tear is present. When the meniscus has been excised the
ragment 15 most casily removed from the cavity by means of the straight
chiscl-type meniscus knife, and therealter the crater is inspected to make
certain that there are no other areas of unhealthy cartilage or bone which
are likely to separate at some future date.

No difficulty is encountered in removing a single loose body from the
intercondvlar notel, provided suitable instruments are used to retract the
svnovial fat.

(2) The fragment has gained a secondary attachment to the
synovial membrane.

The arcas affected are cither lateral compartment or the suprapatellar
ponch. Removal is accomplished with the greatest of ease through @ one-
meh exposure provided the loose body is localised and held steady with the
foretimger and thumb of the left hand while the incision is made.

(3) A single or several loose bodies are freely mobile within
the joint cavity.

There is a reason why such loose bodies are termed ™ joint mice ™
they are most elusive. This is why some surgeons, rather than exert the
necessary patience or run the risk of failure to locate the Joose body
a single sitting, explore the joint through a wide parapatellar incision.
Complete exposure of the interior of the joint can hardly fail to succeed
i removal of the loose body is the sole wim of treatment, but if the object
i~ 1o secure the maximum unctional vesult in the shortest possible time
with the minimum residual disability, it is the wrong incision. Very fre-
quently an opportune moment can be chosen for removal through a small
cision by waiting until the patient has located the position of the loose
body, or il this procedure is impracticable, localisation can be elfected by
radiographs, taken with a portable machine, immediately before or even
during the operation, should the necessity arise, It is preferable to make
two or three small non-destructive incisions or even to defer the removal
of the second of two loose bodies to a later date than to explore the joint
through a large patella=displacing  exposure  without adequate  reason.
The medial parapatellar incision is seldom required in the surgery of the knee
it associated with trauma and should be reserved for cases of multiple
foose bodies such as are found in chondromatosis and in which synovectomy
= indicated,

Medial Parapatellar Exposure. The incision begins in the mid-lne
i the upper limit of the suprapatellar pouch and extends distallyv to a point
Lall an inel above the patella, skirts the patella, and returns towards the
mid-line to terminate below and to the medial side of the tibial tuberele.
When the [ascia has been divided and retracted, the capsule is incised a
quarter of an inch from and parallel to the patella and the incision carried



254 INJURIFS OF THE KNEE JoINT
npwards, between the vastus medialis and the quadriceps tendon, avoiding
the muscular Gbres of the vastus medialis, and downwards 1o the head of
the tibia along the medial border of the lgamentum patellae. The synovial
membrane is divided in the <ame lines When the patella has been retracted
towards the lateral side, flexion of the jomt will canse dislocation and
provide complete exposure of the anterior compartment and the suprapatellar
In:lll']l.

The most important step in this radical exposure is the closure of the
meiston which divides the medial capsular expansion and the vital attach-

- 4
o
17, 286
Multiple Tocse bodies e the knes joint
ment ob the vastus medialis. Two lavers of sutures should be nsed ;) the

svnovial membrane and the deepest Tayer of the tendinons portion of the
vastus medialis expansion are closed with fine interrupted chromic catgut
stitehies which e inserted so that they do not penetrate into the interior
ol the joint, and therealter a second lver of in'lvl‘l'tll}l:'d stitches are used
to oppose the intervening and superheial Luyers,

FFatlure to sccure sound short fibrous union at the suture line in this
finctionally important arca, or neglect to develop the vastus medialis when
heading has been obtained, may be a direet eanse of recurrent dislocation
ol the patella. .
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After-treatment. —The joint should remain at rest, splinted by the
compression baundage, for three weeks @ neither knee flexion exercises nor
quandriceps drill are practised  during this period.  Both exercises, but
espectally contraction of the quadriceps, produce strain at right angles to
the suture line and are thus unreasonable procedures at this stage of recovery.,
At the end of three weeks graduated exercises are commenced, concentrating
espectally on the vastus medialis which may also be treated with twenty
minute periods of Taradic stimulation once or twice daily in the initial
stages. Remedial exercises should be continued for three to four months
following this particular incision if some permanent impairment of function
i= 1o be avoided.

1750, 287 1. 2938

cnse bodv in the posterior compartment of the knee joint. Removed throngh the postero-
- medial incision

LOOSE BODIES IN POSTERIOR COMPARTMENT
(IFigs. 207 and 298)
Iliree methods of approach are available for the removal of loose bodies
rom the posterior compartment of the knee joint

1) The postero-medial, (2) The postero-lateral, and (3) The
posterior mid-line.

The postero-medial or postero-lateral incision provides a small non-
destructive approach which is adequate for the removal of a single large
loose body and [ollows the rule that the less extensive the incision the more
rapid and complete the subsequent Tecovery. The posterior incision pro-

17
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vides more direet aceess, but entails aomore extensive operative procedure
which is, unfortunately, frequently Tollowed by oo disability as o result of
keloid formeation in the sear ol the skin ineision,

(1 POSTERO-MEDIAL APPROACH

[his 1= the exposure favoured by the aathor,

Following the application of @ tourniquet the joint is flexed over the
end of the operating table in the same manner as for the removal of a
menizcus, The incision s similar to that nsed for the removal of the posterior
horn (Fig. 161), except that it may with advantage be extended to a length
of three inches. The saphenous vein is recognised in the postero-inferior
region of the wound and retracted posteriorly. A vertical incision is made in
the capsule and carried downwards on to the head of the tibia and upwards
on to the medial femoral condyle. When retractors have been inserted it
i= possible to pass a pair of Alliss” tissue foreeps along the space, above the
attachment of the meniscus to the posterior capsule, towards the posterior
compartment ol the joint.

21 POSTERO-LATERAL APPROACH

With the knee in the same position o three-inch vertical ineision, similar
to that nsed for removal of the posterior horn ol the lateral meniscus, is
nivde, centred over the joint line and placed immediately in front of the
head of the fibulas The common peroneal nerve Iving under the postero-
medial border ol the biceps tendon should not be endangered by the
approach. N overtical incision is made in the capsule and carried downwards
on to the head of the tibia and npwards on to the Tateral femoral condyle
the tendon of poplitens s recognised and avoided. When retractors have
been inserted, adeguate exposure which will permit the localisation and
removal ol the loose body is provided,

(3 POSTERIOR APPROACH

\ six-inel mciston, centred over the joint line, s made o Bttle to the inner
<tde of the mid-Tine of the popliteal space, remembering the general tendency
whicl exists in all posterior mid-line exposures to place the incision at too
bigh a level The two heads ol the gastroenemins muscle are seen in the
npper part of the imcizion and retracted s the position of the lateral popliteal
nerve, which lies parallel with the biceps muscle, should be remembered in
retraeting the Tateral head. Al the motor hranches of the medial popliteal
nerve, except the branch to the medial head of the gastrocnemins, pass to
the lateral side, and thus hoth vessels and nerves shonld be retracted to that
<tile andd the medial branch wdentihed  and protected (IFig., 299).  The
posterior capsule can then bhe exposed by blunt dissection through the fat
ol the popliteal space. When the capsule has been eleared the loose body
should be Tocalised by palpation before the incision s made. lxtension of
the joint. by increasing the tension on the capsule, frequently canses the
Toose hody to be extrded spontanconsly.
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FOREIGN BODIES IN KNEE JOIN'T

The Toreign bodies which are enconntered in the knee joint gain entrance
in one ol two wavs

(1) Through an accidental puncture wound. lorcign  bodies
introduced in this manner include fragments ol metal from missiles or sharp
spicules of metal of the tvpe produced when o lathe is inaction, sewing
necedles (Fige 300, sharp fragments ol glass, stone (road aceidents), or
quartz (South Afican gold mines ).

Fie. 300 16, 301

i 5000 Fragments ol a broken necdle m the knee joint, The mvsternions ssanploms prodoced were

cahy esplanned by oo radiograph s the Cme and mode of entey were anknown

Mthoneh o previons exploratory aperation hadd Giled, the fragiments were removed withoot difficalty
through two small non-destractive incisions, following aecurate radiographic localisation.

P 3000 Dristal halt of o detachable scalpel blade in the knee joint

Disregarding the problem of a reeent penetrating wound of the joint,
which is considered elsewhere, many of these objects may be introduced
without the knowledge of the patient, and by producing symptoms in the
form of exerueiating pain and locking, may give rise to a problem of diagnosis
which may only be solved by radiographic examination.

(2) At operation. In the present series four cases were encountered
in which the foreign body had been introduced at operation. In no case was
the dingnosis made prior to radiographic examination. The foreign bodies
consisted of a small fully curved needle, which was assumed to have been
left in the joint without the knowledge of the surgeon, the blade of a
tenotomy knife, which had apparently been nsed to divide the attachment



Loy = Bersiind B 0yl TRMGUDMATLE ORTTGL X 251

ol the posterior horn ol the medial menizeus, and the distal hall of a detach-
able scalpel blade on two oceasions (g, 301).

[he existence ol the broken knile biades within the joint cavity
cmpliasises the need Tor cantion - the use of knives in the interior of the
knee joint inomeniscus aperations, Neither tenotomy knives nor detachable
scilpel blades, which have a weak area where they are attached to the
lindle, are capable ol withstanding the torsion strains to which they are
lable to he subjected in astruggle to exeise a difficult meniscus. The author
recommends the use ol the knives illustrated on page 87 as being immune
from such aceidents,

TREATMENT

Ihe removal of o foreign body, like the removal of a loose body, should not
be undertaken light-heartedly and without due consideration as to exact
localisation.  Wide incisions which permit the whole joint cavity to be
explored  are both unnecessary and  undesivable, for with radiographic
control it should be possible to remove almost any foreign body through one
or possibly two, small, well-placed incisions. Antero-posterior and lateral
radiographs should be taken after the imb has been drained by the rubber
bandage and the tourniquet applied, and therealter the joint maintained in
the same position. When the plates have been developed, a few minutes ol
carclul study before the incision is made will be amply repaid. IT the object
is not found within @ reasonable time, and the joint has been subjected to
considerable manipulation, further radiographs should be obtained before
more radical incision is contemplated.

4



CHAPTER FELEVEN

WOUNDS OF KNEE JOINT AND SURROUNDING
TISSUES

HE unparalleled experience of the injuries of warkare during the past

five vears, coupled with the discovery of powerfal chemotherapeutic

agents aflecting the most dangerous invading organisms, has pro-
duced w0 measure of agreement regarding the principles underlying the
treatment of wonnds hitherto unknown in the history of medicine. The
detail of the technigue to be adopted in any given wound at any specified
interval from the time ol injury has no place in the present work 5 it will be
found in one of the many recent volumes devoted to the subject. This
measure ol agreement concerning wounds in general can hardly be said to
apply with equal Toree to articular wounds, and especially to those of the
knee joint inowhich there is still very considerable diversity of opinion
among surgeons on points which muost be considered to be more than mere
details of techmigue. 1t s proposed, therefore, to refer to the means by which
modern methods can be applied to wounds of the knee joint and surround-
ing tissues and venture to diseuss some of the more important subjects
about which so much controversy exists,

DEFENSIVE POWER OF ARTICULAR TISSUES
AND SYNOVIAL FLUID

[t Las been the custom to teach that a particularly high standard of aseptic
technique is essential in the surgery of the knee joint hecause of the danger
of contaminating tissnes lacking powers ol resistance to infection. While it
< undoubtedly important to insist on the observance of sernpulous asepsis
i regard to ajoint, the subject ol o repetitive standard operation caleulated
to-brecd some measare ol contempt, and especially where the sequelae of
sepsis are so serious  for the danger to lile from infection is greater than in
anv other joint and an ankvlosis s a tragedy of the utmost gravity it is
not true to say that the joint is defenceless. On the contrary there is
abundant  evidence, both experimental and clinical, that the innermost
components of joints  the synovial membrane, synovial fluid and articular
cartilage have considerable powers of resistance against invading organisms,
and it is not unreasonable to sngeest that the knee joint as the largest and
most - highly developed in
relative resistance,

he body (Chapter TI) has also the greatest

I'his resistance to infection depends on

(1 STRUCTURE OF THE JOINT
[t hias been pointed out (Chapter 1T that the capsule and synovial mem-

brime form o closed <ac which excludes infection from the neighbouring

ged il
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regions (¢ft shoulder joint). The capsule has no intimate relationship with
tendons, as 1t has in the wrist, ankle and interphalangeal joints, which are
requently involved in the pathological processes affecting tendon sheaths.

(21 ACTIVE BACTERICIDAL PROPERTIES OF SYNOVIAL
MEMBRANE AND FLUID

Relerence has been made (Chapter 11) 1o the reaction of the synovial
membrane to injury. The changes in the mesenchymal tissues consist of
dilatation ol blood vessels and  extravasation ol plasma together with
migration of lencoevtes and later of macrophages from the eirculation as
well as from the tissues.

[t is interesting to note that cultures of synovial flnid are frequently
formnd to be negative in the presence of organisms in the synovial membrane. !
[t hias also been shown that cultures from lymph glands may be positive
twice as often as enltures from synovial effusions in infective arthritis, ?
[hese dacts can only be explained by ingestion of bacteria by macrophages
and disintegration of the organisms by proteolvtic ferments and antibodies. ®
In addition, they appear to indicate that certain cells of the synovial
membrane have a phagoevtic capacity and contribute to the defence against
mlection,

The autpouring of plasma in trauma and infection, to which reference
i been made above, and the capacity of the synovial membrane to
transport molecular solutions to the joint cavity, is of particular importance
<ince the introduction of drugs of the Sulpha group ; the concentration
ol Sulphathiazole in the synovial fluid, for example, is roughly the same as
that of the blood.? lnhntundul_\, not every diffusible substance reaches
the joint cavity with equal facility. It appears that the synovial membrane
i< relatively impermeable to penicillin,® ?

(3) PASSIVE DEFENCE OF ARTICULAR CARTILAGE
Hyaline articular cartilage is completely avascular and its metabolism is
very low, Nutritional requirements are minimal and can be supplied from

the svnovial fuid.
Articular cartilage is highly resistant to infection and many days ol

per<istent and intense infection are required to damage it seriously.®
Pirry M. Margolis and Anna HL B Dorsey, 7 Chronic Arthritis Bacteriology of Aftected
Vissaes,"" cdech, Tutevn, Med,, 1930, xIvi, 121, ) ) o
Clinde Fllis Forkner, Alfred R, Shands, and Mary A Poston. * Synovial Fheid
Chronic Artheitis o Bacteriology and Cvtology, deel. Datern, Med., 1928, x1i, 675

Chacid HL Kling,  The Synovial Membrane and the Svaovial Fluid,” Bailliere, Tindall
and Cox, London, 1938, SR

|1 Hevl,  Proc. i Sor, Med., 1941, xxxiv, 782, ) o

U Rammelkamp and €8 Keefer. * The Absorption, Excretion and Distribution of
Pemcillin,™ . Clin, Tuvest,, 1943, xxii, 4235, N : ;

| Trocta. *The Prineiples and Practice of War Surgery,”” Hamish amilton Medical
Pooks=, London, 1943, 277.

Since this aas written some evidence has been produced that penicillin administered
sestemieally can reach the synovial cavity at an adequate bacter jostatic level in traumatic
v itis and septic arthritis (1. \\ % MeAdam, § N 25 Droguid, S0W. Challiner, A MeCall

Penicillin Treatment of Serous” Cavity Infections,” Lancef, 143, i, 8448.)
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4 LOWER RATE OF ABSORPTION FROM JOINT CAVITY BY
COMPARISON WITH SURROUNDING CELLULAR TISSUE
Ihe whole sarface ol the synovial membrane is concerned in absorption
from the joint cavity, but, ke the prodoction of svnovial fhad (Chapter 1),
the process s most active in the arcas overlving the at pads (g, 9).
Absorption from the knee joint is particalarly sapid on acconnt of the large
surlace ol svnovial membrane concerned, w0 faet which accounts for the
svstemie reaction which sometimes Tollows o traumatic hacmarthrosis,
In spite ol the known rapidity: ol absorption from the knee joint, the
process bears no comparison whatever with the rate of absorption which
takes place in the cellular tissoes which lie between the skin and the synovial
membrane, In addition, it is important to record from the point of view of
treatiment, that Just as movement provides the physiological stimulus to the
production ol synovial fuid (Chapter T, <o movement also inereases the
rapidity of absorption rom the joint.' This inercase, however, is of little
moment by comparison with the lirmilul effect which movement produces
i cinsing spreid ol infection throngh the extra-articnlar cellnlar spaces,

DIFFERENCE BETWEEN CIVIL AND WAR WOUNDS

e penctrating wounds of the knee joint encountered incivil practice and
subjected to operation within a few hours of the aceident produced satis-
Factory results without residual loss of Tunetion long before the advent of
cither sulphonamide or penicilling The thorough cleansing of the wound
and surronnding skin with soap and water Tollowed by exeision and suture,
atded by the natural defences ol the joint, resulted in healing by first
mtention inaovery lirge majority ol cises, provided the |}!'i11t‘i|r]t'.~' ol rest,
clevation and non-interference were observed (FFigs, 302 and 3035,

There s, however, o vast difference between civil injuries, inowhich an
mtra=articnlar fracture is rarely present (with the exeeption of compound
fractures ol the patella), and those ol modern swarfare, inowhich there is so
recuuent v o componnd Fracture entering the joint and with the additional
menace ol a forcign body lodged inoone of the femoral condyles (IFigs. 304
and 305)0 The extreme danger ol sepsisin the war wound hes in the com-
ponnd intra-articular fracture which permits the entry ol organisms into
the defenceless cancellons tissne of the metaphysis together with the obvious
difficulty ol controlling hacmorrhage into the joint. Even inideal eireum-
stances when operation is available within a few hours of the imjury the
removal ol the missile and the complete exploration and  toilet of  the
hony fissures is a most formidable indertaking.

CONTROVERSIAL ISSUES IN TREATMENT OF
WAR WOUNDS
B civil practice there s little difference of opinion regarding the treatment
CAL L Adlens  Penetrating Wounds of the Kneeo 1 The Production of  Experimental

Arthritise 1L The Escape of Particulate and Fluid Material frome the Knee Joint." South
e, foMed. Sei; 18935 0, 31
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I, 3 1515, 305

L penetrating wouwmlds of civil practice are el compheated by mtra-artwular froctures

e 802y both svoovial membrane and skin may usually be closed (Figo 3030 Such

pouries are not to be compared i potential o Areatment or prognesis with the wrave
vsteo-articule inguries of wi A il 30,
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ol penetrating wound which can be subjected to operation within cight
hours or so of the accident. Where differences do exist they are upon points
ol detail which do not appear to be ol importance considering the excellent
results which have been reported in large series of cases from widely varying
sources. " # It is in the treatment of cases where operation is delayed and
in war wounnds where conditions are favourable to the onset of sepsis and in
which, in ficld conditions, operation is delayved until long after the infliction
ol the injury that widely varving opinions are held on points of major
importance. Before procecding to the treatment of the various types of
gunshot wound it is proposed to refer briefly to some ol the principal points
at Issue.
SUTURE OF SYNOVIAL MEMBRANE

Bohler® held the view that in articular wounds only the skin should be
sutured. Althougle this procedure may prove satisfactory in civil practice
it has not met with general aceeptance and most surgeons prefer to close
the svnovial membrane provided the use of foreign bodies in the form of
absorbable suture material s not excessive. Inowar wonnds the method is
to be condemned on the grounds that it requently entails the burying of
extra-articular cellular tissue, with hittle resistance against infection, the
toilet of which may inevitably full short of perfection. it s agreed that
the skin should not be closed over unsutured synovial membrane then the
question immediately arises as to whether it is desirable to close even the
svonovial membrane. In this matter there are two schools of thought. The
first,* * holds the view that if o satisfactory joint toilet is possible it s
advisable to close the synovial Tayer at all times up to some twenty-four
liours from the infliction of the wound, basing the procedure on the known
defensive power of both synovial membrane and fnid by comparison with
the extracapsular tissues, which shonld be left open and lightly packed with
gunze, The second® holds that even when it is possible, closure of the
svnovial membrane is olten dangerons bheecanse the synovial flind, which
distends the joint as o result of tranma and infection, although originally
bactericidal, quickly deteriorates and becomes o good medium for the
growth ol organisms. [t is put forward that the bactericidal property of
synovial Huid only perdists if the old fluid is removed and fresh new fluid
allowed to take it place, a measure which can only be achieved by leaving
the joint widely open. In reply to the argument that such a joint is liable
tosceondaryinfection, it isstated that thisis not the case provided conditions
of complete immobilisation under a permanent dressing are maintained.

The essential difference between these opposing views would appear to

VI Fergoson and Lo 10 Dangerheld. © Wounds Penctrating the Koeeo Joint,"™ Bt
Med, four. 19400339 (151 cases treated in four vears )

= WWalter Ehaht (Bohler Clinic) gquoted by Kling. (93 cases without  infection of the
joint. |

" Loreny Bialiler CThe Treatment of Fractuves John Wright and Sons, Ll [iristol,
180363, 880,

I Watson- Jones, U Fractures and Joint Tnjuries,” 1 and S0 Livingstone, Edinburgh,
19434, 221

o Treuetas C The Principles and Practice of War Surgery.” Flamish Hamilton Medical

Pooks, London, 19435, 280,
SHL Froehad COWounds of Jomnts" Lapeet, 1944, 00, 235
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b that the tormer fails to ensure the constant Hushing of the articnlar
space with fresh synovial fluid. Tt is necessary to point out, however, that
the exponents of closure of the synovial membrane have usually suggested
aspiration ol the joint every two days, or daily if necessary.  FFurthermore,
with the universal use of bacteriostatic chemicals it seems unlikely that even
stade synovial fluid is any longer a suitable medium for the growth of
dangerous organisms.,

In an attempt to strike a balance between the opposing views it would
scem that with the use of Tocal and systemic penicilling reinforced by sul-
phonamide drugs which are seereted into the synovial fluid, it is likely that
the practice of suture of the synovial layver will tend to inerease rather than
diminish, especially in view of the fact that even greater developments in
chemotherapy are to be expected. On the other hand, in the many cases in
which destruction of tissue necessitates leaving the joint widely open, it is
reassuring to know that secondary infection is far from inevitable, and that
there remains a good chance of regaining a uscelhul range of movement.

IMMOBILISATION

In the Tast war, and for a considerable period thereafter, it was taught that
carlv mobilisation of the infected, or potentially infected, joint was advan-
tageous in that it ensured the maximum degree of mobility in the final
result. This practice has been relegated to the past ; movement is accepted
to be responsible not only for the rvapid dissemination of infection in the
extra-articular cellular tissue and throughout the joint cavity, but also for an
increase in toxic absorption from the infected tissues,  All surgeons now
believe in the prineiples of rest, elevation and non-interference.

No matter what operation is performed, whether it is suture with the
prospect of healing by first intention, or radical drainage of a suppurative
arthritis, complete immobilisation forms a most important part of the after-
treatment. Perfect immobilisation of a joint can be secured only il the joints
above and below are also immobilised. In the case of the knee joint this
entails the use of a plaster spica which embraces the ankle, knee, hip and
pelvis. I primary suture has been carried out, a window is cut in the
plaster over the anterior aspect ol the joint to prevent intra-articular
tension and permit aspiration and the local injection of chemotherapeutic
agents to be performed.

The attainment of perfection in immobilisation is not always possible
and is oceasionally undesirable. In these circumstances skin traction
[homas splint, supplemented by a plaster back-shell, forma uselul
dternative.

[ vest is of such importance in the carly stages of treatment, when I
the right time to begin mobilisation 7 In the most favourable case, of whicl
the through and through wound produced by a high veloeity missile such
i< a rifle bullet is an example, movements should rarely be commenced
mder three weeks,  Contraction of the quadriceps should, of course, be
cneouraged inall wounds as soon as the active phase has passed. Inother
ases, in which more extensive bony damage has been incurred but which
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have responded to treatment, active fexton can begin abont the sixth
week.

[t is not an casy matter to decide when weight-bearing should be
permitted, but except in the most straightforsward case it is varely advisable
before the twellth weels.

ARTICULAR WOUNDS WITH FRACTURES

In the treatment of the osteo-articular wound opinion is sharply divided.
The Freneh school, and more recently the Russians, following the teaching
ol Ollier ol Lyvon, practise Tormal reseetion of the joint as a primary measure,
It is Fruchand’s opinion that il the swound is seen within twenty-fonr hours
ol injury o conservative operation should be performed if the bone damage
is limited, but o formal reseetion is advisable ibit s extensive, Alter twenty-
four hours formal rescection s necessary in every intra-articular fracture
except those of aominor nature,

This apparently radical method of treatment is based on the difhiculty
ol exeeuting o satisfactory wound totlet and the risk of infection which is
common to all articular wonnds with fractures, ITnoaddition, it s well known
that even it inlection s avoided the range of movement which is preserved
i gross osteo-articular injuries, especiadly those involving the femoral
condvles, is [requently Timited to o few degrees and s thus lictle better than
an ankyvlosis. In further justiheation ol the procedure Frochaud suggests
that many cases treated conservatively at the start require to be submitted
to amputation six, ten or twenty davs later beeause of sepsis. He thinks
that 1t s better to produce ankvlosis i good funetional position * than to
amputate five osteo-articuln wounds ont ol ten, and allow the other five
to acquire osteomyelitis.”

The British attitade in sach matters is traditionally cantions, a view
which appears to be justificd in Buxton’s review of 273 gunshot wounds of
the knee joint sustained during the Second and Thivd Libvan battles o

Secomd Labvan Third Libvan Totul

Battle. Battle., e

Patients ; : 2 : an 154 250
hnees allected . . . [ (1S I35 LR
Non-suppurative arthritis 3N 120 178
Suppurative arthritis : ] 45 05
Amputations ] . 7 o e

‘ Deaths 2 i % . 2 7 D

I the series ol 273 cases reaching base hiospitals, suppurative arthritis
developed in 95 (348 per cent. ). The amputation rate, in relation to sup-
purative arthritis alone, wis 12+6 per cent. 1t was only 44 per cent. for the
whole series ol 273 knees.

The following case is o typical example of the type of resnlt which can
be expeeted Trom conserviative treatment in an osteo-articular wound with

St by Bustons 7 Gunshat Waonnds of the Knec Joint,” Laseet, 1944, 0, G52
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a displaced fracture of the medial femoral condvle and a forcign body
lodged in the bone (Figs. 304 and 305),

Fhe patient was wounded by shell splinter in the invasion of Normandy,
Fhe cntranee wonnd received a superficial torlet the same dav when it was recorded
“that there was no o perforation of the capsule of the joint.” Systemic penicillin
and sulphathiazole were administered. '

Fhree davs later, at a base hospital in this country, the wound was  re-
excised L The fracture Tine was explored and loose fragments of bone together
with the metallic fragment removed through an incision in the lateral capsule.
Ihe joint was irvigated with saline to wash out blood ¢lot and debris @ the wound
was completelv elosed. 10,0000 units of penicillin were injected into the synovial
covity and the svstemic administration of penicillin and sulphathiazole continued.
Fhe Timby was immaobilised inoa plaster back-shell only : traction was not applicd.
Asparation was performed two davs later,

One adimission to an orthopacdie hospital ten davs Later it was evident that
the Joint was not infected and the wound was practically: healed.  Ounadriceps
exercises began at the end of the third week and active lexion in the sisth week.
Flexion inereased rapidlv until o range of 60 degrees had heen obtained and
thereafter made little progress. Weight-bearing began in the tenth week.

e patient now has a sound, stable, painless knee and when last scen liad
70 degrees of Aexion. The range of flexion wias not expected to inercase further,
wit = certainly preferable 1o an ankvlosed knee,

THE INFECTED JOINT

[esoninfected joint there are three phases — the hopeful, the doubtiul, and
Vol the conservative attitude towards infection which is generally
adopted in this country cach of these phases makes different demands. In
the first or hopelul stage, all that s called for is carly and frequent aspira-
tion combined with local and systemic chemotherapy,  Tf immobilisation is-
compiete and if no dead or devitalised tissues remain in the joint following
operation, the prospeets of arceturn to perfeet function are good. The Tollow

e s an example of the course and result of such a case :

the lost.,

Ihe patient sustained a gunshot wound of the upper end of the tibia which
prochiced gross conmminution of the tibial table and displacement at the exit side
on the antero-medial aspeet ;o the fractures communicated with the knee joint

e 306), He was treated the same day by exeision of the wounds, aspiration of
Hhe haemarthrosis, and injection of 20,000 units of penicillin into the joint. The
lih was immobilised in a plaster case extending [rom the toes to the groin. He
wirs given svstemic penieilling and sulphathiazole by mouth. He was admitted to a
bise hospital in this country six days later where the svstemic administration of
penicillin: and sulphathiazole was continued and the infected entrance and exit
wornds treated with cusol dressings.

He was admitted to an orthopacdic hospital after an interval of ten days,
mid two days later, under anaesthesin, the wounds were dressed, dusted with
alphathiazole and covered with jelonet. The haemarthrosis was aspirated u‘n(l
repliced with 30 c.eso of 10 per cent. soluseptasine.  Skin traction was applicd
to the leg, and the limb placed on a Braun splint. The blood from the knee
joint showed, on direct examination, a moderate number of pus cells, m‘:_‘:l:élllmal|
dam-positive cocel and gram-negative bacilli. Acrobic culture .'~shm\'v(1 very slight
cowth of enterococet and 13, coli. Anaerobic culture was negative.

On the following day the aspiration was repeated and the fluid nntfwll to be
Do scerous in character. A further 10 ces. of soluseptasine was injected.

U Lancet Bditorial, 194400, 247,
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I B0

Figs 306G, 307, o A8 Gun
shot womined ol the knee joimd
producing gross conuminution ol
the tibinl condyles (g 306).
I spite of imfection, reduction

ST and
I there was

wis accomplished

when he left hospot

every prospect ol o return ol full
Nexion (17g. 308

P, 308
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P, 310
o« estruction of soft tissoe and bone by o shell fragment which
serd throngh the joint - the main vessels and nerves were uninjured
A defective ankylosis muost e anticipated

[
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Bacteriological examination of the aspirated fuid showed occasional polymorphs,
but no organisms were scen on direct examination, Direet acrobie culture was
sterile after twentv-four hours. Aerobic culture and PLABL broth culture after
fortv-cight hours' incubation showed penicilling sensitive staphvlococeus aureus
in pure culture. Anacrobic culture was negative,

Two days later, as the infection appeared to be subsiding, the grossly dis-
placed fragments of the tibial table were reduced by a blow from o sandbag under
veneral anacsthesin (Fig. 30705 Traction was confinued,

Lyei. 311 16, 412

Osteo-nrticular wonnd which involved the complete destruction of the patella and anterior
capsule (Fig 3110 When the infection inally subsided the joint was arthrodesed. Stainless
steel pins were nsed toomaintain accurate apposition antil the nnpaddded plaster SpHca wias
apphied (i 31200 The risk of recrndescence ol sepsis precludes the use of bone gralts in
=l

HETH

Noreaction was prodoced by the reduction and the patient made rapid pro-
wress | three weeks later both entrance and exit wonnds were completely healed.

Active knee flexion exercises were commenced cight weeks from the date of
injury and at the end ol a further four weeks the range of movement was 90 degrees.
Weight-bearing was permitted at the end of the twelfth week, The range of
movement when he left hospital is seen in Fig, 310, and there was every prospect
of further mmprovement.,
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IFigs. 304, 314, amd 315, In-
fevted wound of the knee joint
fallowing o shot-gun aceident
(Figs, 313 and 3140 and result-
g in ankyvlosis. Healing of the
cavity i the tibial head was
chtained by sancerisation
skin wralting (g 313)
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In the second phase the synovial fluid has become purnlent and free
drainage is required. This can seldom be accomplished through the original
wound, but necessitates long incisions on either side of the patella extending
from the upper limits ol the suprapatellar pouch above to a position 1m-
mediately in front of the ligaments below ; neither packs nor drains are
necessary or desirable. The skin traction and immaobilisation are retained
and chemotherapy continued,

I the final stage is reached all hope of preserving the joint as such has
gone and only more radical drainage such as is provided by exeision of the
patella may prevent the infection from spreading into the intermuscuolar
planes of the thigh. The nse of o close-fitting posterior plaster shell may
prevent pus tracking into the cellular tissue of the popliteal Tossa. Although
immobilization is maintained, the traction must be discarded for the most
satistactory end-result which can be expected s ankylosis,

The French School secks to avold the dangers and disasters of sepsis
by formal resection of the joint at the carliest opportunity in all infected
cases with intra-articular fractures. Frochand ' admits, however, that the
operation, carried out inoa septic hield, is not without risks. He states, 7t
15 sometimes Tollowed by o severe reaction and occasionally by a general
<eptic spread, though sulphonamides taken before and afterwards, orally or
mtravenously, give some protection. The risk is far less when the secondary
resection s performed carly after two, three or four days  rather than
Liter. But whatever the danger resection is better than expectant treat-
ment, which leads inevitably to general infection or severe osteomyvelitis |
i left most of these limbs will develop a defective ankvlosis with suppurating
sinuses."" Primary reseetion ol the gross osteo-articular wound in the absence
of infection bears the hallimark of Gallie logic ; resection of the infected joint
is heroie surgery, Few British surgeons care to expose large arcas of can-
cellons tissne in the presence of infection. We preler the patient to acquire
osteomyelitis by errors of omission rather than commission.

CLASSIFICATION AND TREATMENT OF GUNSHOT
WOUNDS OF KNEE JOINT

In the toregoing sections some of the most ontstanding of the controversial
issues in treatment have been discussed and the outline of the plan of attack
which 1s most generally aceepted has been indicated.  Finally, it is ']ll‘:rprssw.l
to recapitulate, classifying the varions tvpes of wound and indicating the
dne ol treatment which should he adopted towards cacl,

It o= }lflresiln[l- 10 irlt'111il)' three Lvpes ol sunshot wound of the knee
Joint 1=

I} The through and through wound produced by a high velocity
missile such as a rifle bullet,
Treatment. The edges of the wound are cleansed and 10 necessary
I Froueliod U = ol Jeants " Laeet, 1944 00 2868

< ] Trueta Fhe Principdes aond Practices of Wie Surgery " Haoosh Flannlton Medu al
Prowades, Loandon, 1843, #4531
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trimnned. The limb is completely immobilised in plaster, or o Thomas
splint with sk extension, and o full course of one of the sulphonamide
compotnds administered by mouth, Aspiration s carried ont il the Joint
becomes distended,  with possible replacement by o <oluble solution o
~'|][-f:|rr|;|!!|f{lt‘ 01 }}_\' ]J!'l]il'i”'m.

Under this regime the case usnally
ollows an entirely favourable course and
Clull return of flexion can be confidently
mticipated within three months inoa very
livre [H‘r:]mllir:il 0l [1:ili('T1L:-i (Figs. 316,
a7 and 318,

21 The wound is produced by a shell
or bomb splinter which enters
the joint and lodges in the bone.

Treatment. This is the potentially
dangerous  osteo-articular wound  which
mi=t on no account be treated l-.\'pt-t‘l;lnll_\‘
bt subjected to a thorough exploratory
arthrotomy aimed at the elimination  of

Al dlebrig, foreign bodies and devitalised

soft tissue, In those cases in which treat- T

ment is possible within twenty-four hours

1. 317 Fua, 318

. { |
el produced Ty Sten-gun bullet which passed through the patella, scored both femaoral
tibial vondvles and divided the posterior tibial artery and nerve (Fig, 8161, Althongh

iation ot the site of election  was eventually necessary 71, the full range of

movement was retained in the knee joint (g

e injury, the synovial membrane may be sutured ; the skin \\u-n.ml
Lionld generally be left open. If infection is already present, or il <h->:li'11lx‘11|=r|
<ol tissues does not permit suture of the synovial membrane, the joint s
widely open, with or without a loose pack ol vaseline gauze.  Tmmo-
~ation and chemotherapy follow the lines indicated in (1),
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FEthe case follows a ivonrable course the final range ol movement
fepends on the degree of hone damage. The prognosis i this respect is
mere favourable in lestons ol the tibial table (Fies, 306, 307, and 308)
han m lractures ol the lemoral t‘nm!_\-](-, (IFies. 30 and 305).

Fhe attitude to be adopted il mfection progresses to frank suppuration
fas heen indicated on page 274

51 The injury has produced gross destruction of the joint com-
ponents with extensive loss of skin, muscle and bone, and
with possible damuage of the vessels (IFigs. 309 and 3107,

o B

Fpas ST el 320
Plape wonmed exposimg bat oot pencivating the sapragatellae poneh
g, A9 Mthowgh hadt of the e had heen destroved o
relasdition mestan coalded the swonmed o T closed (e 420
Treatment. I there 1= anv Lope of abtaining a satislactory weight-
bearing ankvlosis, treatment tollows the lines suggested in (2). 1 not,
mputation may be required ) particnliarly when there is grave injury of the

T vesse]s,

A the sureleal Dreabinent is vood | the resalt woill be good. 1f the sureical
deatnent s bad, weither sol phonamide wor penicillin will atone for the ereor.”!

WOUNDS OF SURROUNDING TISSUES
It Las been indicated in the u|:--nin; ]::1[':!;;1':1|\]|s ol the :‘Imlnlt'r that it is not
mtended to embark on oo detailed consideration of the treatment of the
wonnds ol <olt tissnes, [t s -.]1]_\' HECessary Lo recall some ol the methods
which are in common nse in all <oft tissue injuries, but which are of particular

Fruetn War suruery o ilee Fstremities in thie Livht ol Fecent I-'_wp.-rll-rlq't'.”
foetstoer, 1444 1, BAT,
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tnportance norelation to the knee joint, beeanse, unlike the hip or shoulder
joint<, it is poorly clothed with museles and the svnovial cavity is largely
superfeial, Teis Tor this reason that wounds overlving the suprapatellar
pottch o fateral compartments, even i they do not penetrate the joint,
produce deleterious effects on Tuture unetion il immediate steps are not
tiken to seenre the most rapid healing possible and with the minimnm
]ul'mhlt'li{:ll ol scar tissue [I-‘i;.{s_ 319 and 3200, Reference s made clse
where to the Toss ol Hexion which follows fibrosis in the region of the femoral

T

FFroes, @21 and 822

Wonnd of the quadriceps treated by wide excision of the skin edges

inon French C.C8, (June 194070 Note large slnu;;hc:r the tendon ol
rectus femoris (g 321 Inospite of the loss of tissue seconidary
<utare wis carried out with soccess [ollowing excision ol the slough
(Fig. #4221, The patient left hospital with o full range ol move

ment at the knee joint amd negligible disability

dtaclament of the medial eollateral ligament (Chapter V1) and adhesion
T he vastus intermedius to the femur or fibrous replacement of the more
Siperticial components of the quadriceps in the region immediately above
the qoint (Chapter LI, o .
For the purposes of the subjeet under consideration it is essential to recog-
Hiee the clear distinetion which exists between wounds due to the gaping 0l
Heiscd skin and wounds due to the actual destruction ol skin. The il]!.ltlt'tli.'llv
Stment of the two types, whether the injury is due to a 1'0'.11:1 accident or
Lell splinter, differs, althongh there is one feature of operative technique
INA
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which is comumon to both, No matter how much devitalised or contaummated
subcutancons tissue and lascia must e excised in the cowrse of the wound
toilet, the skin itsell must be conserved. The wide exeision ol skin edges
which was practised o the carly davs of the war (Fig. 321) is now con-
sidered to be unnecessary ; only in exceptional circumstances need strip
more than two millimetres wide be removed, Tor skin s a0 valuable com-
modity for which epithelised sear tissue is a0 poor substitute, espectally in
relation to a superficial joint in which mobility of the parictes is so important,

I civil practice, where there is no tissue loss, the wound can be closed
with excellent prospects of healing by fiest intention, provided the patient
i= bronght to operation within six to cight hours of the injury and provided
the wound toilet is adequate, In battle casualties it s generally agreed Chat
primary suture is undesirable and closure must be delerred, to be undertaken
at w later date under the titles of delaved primary or secondary suture,
procedures which are greatly facilitated by the use ol sulphonamide and
penicillin.

The sccond tyvpe, inowhich actual tissue loss has been sustained, s
perhaps more common in the knee region than elsewhere because ol the
exposed cnd valnerable position of the joint in road accidents, [0 the
detect s i an important arcac it can be closed with the aid of o relaxation
ineision in i less important area (Figse 319 and 320). 1 this is impossible
the fmmediate application of an intermediate skin graft is the method ol
chiolee. ™ The best dressing Tor an excised wound is skin, and il skin has been
destroved the ideal time Tor its replacement is the time of the primary
n|n'|’il!ilr!1.”|

I battle casnalties secondary suture is to be preferred to skin grafting
and iy be possible inocertain areas, provided skin loss is not excessive
(lrgs 32 and 32200 Inoother cases, and in situations suel as the popliteal
fossi, late skin gralting is necessary and should be undertaken at the carliest
ru]:]:nrhmil\’.

P Watson- fones Fractures soul Jomt Toguries, 1 oand S0 Livingstone, Fdimmbuorgh,
149423, 247



CHAPTER TWELVE
CERTAIN OTHER INJURIES

TRAUMATIC AFFECTIONS OF BURSAE

HE function of bursac is to facilitate movement. They are found
where tendons pass over bony surfaces or where the skin and super
ficial faseia, usually in relationship to a joint, cover a bony pro-

minence.  Adventitions bursae occur at sites where the skin and sub
cutaneous tssue are exposed to abnormal [riction or pressure.,

PREPATELLAR BURSITIS
e most important of the various anterior bursac which have been deseribed
1 B e
(1) Between the skin and the inferior half of the patella and the superior
hall of the ligamentum patellae-—the so-called prepatellar bursa.

(2) Between the skin and the inferior aspect of the tibial tubercle-

the subculancous tibial bursa.

[t 13 unusual to differentiate between these two bursae, and although
neither of them is sitnated in front of the patella, 1t has been the custom to
refer to them collectively as  the
Cprepatellar 7 bursa,

Prepatellar bursitis oceurs  in
three forms :

(1) ACUTE

Following a period ol unaceustomed
work involving kneeling or a single
mjury in the form ol a dircet blow,
an cifusion of serous flaid into the
bursic may occur which is charae-
terised by local swelling accompanied
by acute tenderness which rapidly
<ubsides swith rest in bed, the appli-
cation o heat, and elastic pressure.

i2) CHRONIC

1
: 1 2 Chironie distension of the bursa situated  over

whose oecupations entail long pertods dlit bl b

ol kneeling frequently sulter Irom _

clironie distension of the bursa usually the bursa sitnated over the tibial

tuberele (Fig, 323). The walls become thickened and irregular adhesions

or septa may develop in the interior | oceasionally loose bodies ol the

Coal miners and domestic workers

[SH 279
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melon-sced variery may be found,  Acute infection may frequently be
superimposcd.
TREATMENT

The first line of treatment in this condition is prophylaxis,  Workers in
industries inowhich the condition s prevalent should wear sponge rubber
knee pads to protect the area from constant friction and recurring minor
injurics, I othe patient has suffered from several acute attacks or if the
distension fails to subside the bursic should be exeised. The operation is
performed in the bloodless held provided by o tourniquet.  An- incision
<hould be sclected, whicl, if iomust cross the mid-line, should do so at a
point below the tuberele of the tibiao where the scar will not be subject to
pressure, The Usshaped incision should be avoided, as the blood supply at
the apex ol the flap is poor and it heals
with o broad sear. The author uses a curved
nciston stmilar to that  deseribed ino the
operation for recurrent dislocation ol the
patella (Fig, 2130 which may with advantage
be placed on the lateral side to avoid the
infrapatellar branch of the saphenous nerve,
The bursa usnally strips with case from the
patella and the patellar tendon, but is often
denselv adherent to the skin from which it
must be separated with care by sharp dis-

scetion if button-holing is to be avoided.

(3) INFECTIVE

In the miner who works at the coal face the

i

f

skin overlving the lgamentum patellae s

= requent iy markedly thickened, and has deep

Fio. 32 transverse ssures ingrained with coal dust

o thee eoaad e the skin overlving |]|‘_1 RN Keaioai ],t_\‘;““ ol a Illill(l]' illj'lll'\',
the patelbar tendon aned tibd fabere e / d : L B
= thckened il decply lissored ll“l']]}-’l“ll“_ Or sometimnes, lor no .']|1|)1H'l‘1”_

reason, the bursa becomes infeeted from the
fissured <kin, resulting in the condition known in the mining industry as
heat knee Ttomavy also Tollow Tocal wounds, abrasions, or arise as a
sequel to sepsis i the Toot or toes — an eventuality which may be explained
by the structural relationship of superficial bursae to the lvmphatic system.
IF the infection progresses the walls of the bursa become greatly
thickened, the lining membrane is destroyved and the cavity filled with pus.
The resulting abscess may burst throngh the skin, or what is more common,
spread into the subeutancons tissues to produce cellulitis,

TREATMENT
I the carly stages rest in bed combined with the time-honoured remedy of @
0 per centichithyvol in glyeerine soak may produce reliel of pain and sub-
sidence of the infection. I suppuration oceurs drainage is necessary and 18
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cieeted through o medial or lateral incision or by means of a strip of dental-
rubber passed between these two meisions, The mid-line incision, which 1s
~tll encountered, should be avoided even i the abseess tends to point in
this arei.

The nse of sulphonamides and penicillin is ol the utmost value in the
presence of susceptible organisms.

BURSA BETWEEN LIGAMENTUM PATELLAE AND TIBIA
(DEEP INFRAPATELLAR BURSA)

e only other anterior bursa of any significance is that which lies between
the lignmentum patellae and the tibia immediately above the attachment
of the ligament, This small bursa is rarely affected i)\ discase or injury, but
miny become the subject of effusion as a result of a direct blow over the
ligment, when diftficulty may arise in dilferentiating the condition from
liemorrhage into the retropatellar pad of fat. In both cases there is pain
and tenderness over the ligament combined with inability to obtain full
flexion or extension, The swelling which appears on either side of the liga-
ment s fluctuant in bursitis and is usually situated at a lower level, hut
spiration is frequently necessary in order to confirm the diagnosis.

The condition nsually subsides rapidly with rest and firm elastie com-
pl'l‘ﬁr\inll_

POPLITEAL CYST (BAKER'S CYST,
SEMIMEMBRANOSUS BURSA

Fhere are six primary bursae associated with the museles and tendons of
the postero-medial aspect of the knee joint. They are sitnated between :
(1) The tendons of sartorius, gracilis, semitendinosus and the medial
collateral hgament,
(2) The medial collateral ligament and tendon of the semimembranosuos,

The tendon of semimenibranosus and the medial condyie of the
bl
(4) The medial head of gastroenemius and capsule overlying the
medial condyle of the femur.
(5) The superficial surface of the medial head of gastrocnemins and the
overlving semimembranosus,
(6) The semimembranosus and the semitendinosus, occasionally.

The variation in the deseriptions of these bursae by different authorities
i~ readily explained by the inconsistency with which some ol them are
cneomntered and the frequeney with which adjacent bursac communicate
with one another or coalesce to form a larger sac. Lor l\nnplv the two
bursae surrounding the tendon of semimembranosus (2 and 3) might fre-
dquently be deseribed as one when they freely communicate, Furthermore,
e two bursae which are considered to be of greatest clinical significance,

that sitnated deep to the medial head of gastrocnemins (4) and that
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I rees, 325 and 326,

Saparation ol aente traumate haemorrhagie effusion
tromm gastrocnemio-seninmembranosus bursa existing
asoan soelated lesion and una ted with an
cllusion inte the joint  (Fig. oo NI injected
mitor the bursa shows that there s no connection
with the jomnt (Fig 32600 This tvpe ol case does
ot reguire cperation, ot will subside with aspirition
Al compression.
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iving between gastroenemins and the semimembranosns (5) also requently

fse to form the Targest and most important bursa of the popliteal space,
and which commumicates with tl

e knee joint in 50 per cent. of cases, It s
hittle wonder, considering the confusion ol deseription which is likely to
arise, that there are so many and varving accounts ol the t_'li(!l(l;.'{\-'.ll'l“llt
pathology of the eystic swelling of the popliteal fossa known as Baker's

Cost or Semimembranosas Borsia,

MELMAL pok s

MERVE MBI AL T
VEIN -
ABTERY SEMITENDINOSUS
PLAMTARL
PHAL VAL OH A i

SEMIMEMBR AP

o GRACILS
e,
M SARTORIUS
.R%:?;.'\\r‘ )
o R
i

o

il s PE——

e, 327

o, 328

dhistended wastrocnemio-semimembranosus . borsa Fig, 427

fateral side ol semimembranosns. (Redrawn from Wilson,

w328 shows the evst emerging on the medial side of semi
membranosuos,

CLINICAL FEATURES

he swelling may appear in childhood, when it is sometimes bilateral and
vinmetrical, or in adult life, and is frequently unassociated with any other
Lnce joint pathology, although in the elderly patient it may be associated
with osteoarthritic change.,

e swelling may not be pereeptible when the deep fasciais relaxed by
Jight flexion of the joint, but when the knee is in extension it takes the
orm ol o firm, tense cyvstic mass situated to the medial side ol the mid-iine
i, 325) or well to the medial side of the fossa, depending on whether

cmerges beneath the deep fascin to the lateral or the medial side of the
cmimembranosus (IFigs, 327 and 328).

The symptoms are vague and may consist of nothing more than a
smplaint of the presence of o swelling, but in some cases there 1= pain
celerred to the posterior aspect of the joint, weakness, which may be
vplained by interference with muscle action, and giving-way, which is
ometimes present when the size of the swelling is preventing full extension
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ol the joint. Inoelderly patients there may be coexisting syvmptoms of
osteoarthritis,

[n one of the anthor’s cases the evst was so large that the venous
circuliation was obstrocted, cansing gross swelling ol the leg, In two cases
the evst was Billed with Toose bodies in the absenee of any loose bodies m the
' jomt, and as no communication existed between
the cvst and the knee joint at the time of
operation the etiology of the condition gave rise
Lo mueh speculation (Figs, 330 and 331).

[F there s an opening in the posterior
ciapsule, manual pressure may cause the con-
tents 1o be expressed into the joint, only to
return following firm pressure on the anterior
aspect ol the knees This phenomenon does not
alwavs occnr even in the presence of a com-
munication, and it is assumed that this is due
to some valveslike action at the point ol com-
munication.

It lias been stated that the condition is
ravely associated with other knee joint pathology,

but it has been noted on several occasions by

Fres, 599 the anthor in association with an acute synovial
Dhistended st e clinsion cansedd by o meniscus injury. In no
semimem i nosus hur case was the swelling present to the patient’s
knowledge prior to the internal derangement.
Noodirect action was taken inoregard to the evst, which disappeared
spontanconsly Tollowing exeision of the torn meniscns,

ETIOLOGY AND PATHOLOGY
Observation in the course ol operation on popliteal cysts confirms the con-
clusion ol A\Vilson, Fyre-Brook, and Francis' that the so-called  Baker's
cystoand semimembranosns bursa are one and the siome condition, namely,
chronic distension of the composite hursa associated with the gastrocnemius
and semimembranosus mnscles and relerved to by them as the gastroenemio-
semimembranosus bursa, although it is ]ms.-\ilaln'-lh;ll lividrops ol one of the
other bursae enumerated might give rise to o stmilar condition,
This conclusion is bascd on

(1) The location of the swelling, which is invariably the |>t:r~tt'|‘(:-:n{'tii:ll
aspect ol the popliteal Tossa.

(2) The constant finding ol an intimate attachment to the tendinous
portion of the gastrocneming and sembmembranosus maseles,

(3) The constant finding that when the cyst does communicate with the
joint, the position of the opening corresponds to the point of communication

L Wilsen, A L Evre-Brook, and oDy Franes, A Caneal and Anatomical Study
the Semumembivanens Borsiom Relation to Popliteal Cvst ™ f 0 Bone aond fornt Swurg., 1938,

NN MRS NS
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whicl s present in abont 50 per cent. of normal knee joints between the
gastrocnemio-semimembranosus bursa and capsnle, e, beneath the medial
head ol the gastroenemins musele close to s origin,

These three points make it evident that there is little basis for the
theory that the eyvst is o hernial protrosion ol the synovial membrane of the
joint. Such o theory must sureiy postulate an inerease ol intra-articular
pressure ol long standing. The fivst appearance of o swelling is frequently
known to coineide with an acnte synovial effusion ol trawmatic origin,
which s hardly likely to be responsible for sudden herniation, The more
simple and obyions explanation is the presence of o natural communication
between the svnovial cavity and o bursa in the popliteal space.

TREATMENT

The ctiology of the distension of the bursa muost be explained in two circum-

stanees
(11 When the bursa communicates with the joint.
21 When there is no communication with the joint.

In the hrst, the distension is secondary to a pathological condition of
the joint causing an clflusion, and thus distension of the bursa is most
commonly encountered in association with @ synovial effusion of traumatic
origin and in osteoarthritis, In these circnmstances the condition is not a
separate pathological entity and the treatment is merely that of the cause.

In the sccond, 1t 1s considered that the etiological Tactor is trauma in
the Torm of o direct injury or of the tearing of the wall of the bursa by a
sudden violent movement, or, what is probably the most frequent explana-
tion, constant irritation ol the wall of the bursa from the contraction of
the adjaeent mnseles. Moderate distension of a bursa located in this position
will tend to inerease rather than diminish the irritation which initiated the
eliusion, and thus it is not unlikely that with continued activity any effusion
tends to be perpetuated rather than absorbed.

I some mstances distension ol the gastroenemio-semimembranosus
bursa, arising as an isolated lesion, canses no symptoms other than the
presence ol aswelling, and as such does not merit surgical interference, but
in the cases inowhich the swelling is producing svmptoms the only treatment
which iz likely to result in complete and permanent reliel is excision,

TECHNIQUE OF OPERATION

The limbis drained by means of a rubber bandage, a high tourniquet applied,
and the patient placed in the prone position on the operating table with a
small <and bag nnder the tibia so that the knee joint is maintained in slight
fexion. I the swelling is presenting towards the centre of the popliteal
space avertical mid-line incision may be indicated, but il it is situated on
the medial side a curved incision convex medially has the possible advantage
that it avoids the slow healing and tendencey to keloid formation charac-
teristic ol vertical mid-line incisions on the Qexor aspect of the knee joint.



CERTAIN OTHER [XJURIES 257

Fhe deep fascia is incised longitudinally and immediately reveals the
cyvst Irequently covered with fatty fibrous tissue, Nodifheulty is encountered
tracing the limits of the bursa between the medial head of gastrocnemius
and  the muscular belly of  semimembranosus (g, 327), although
pccasionally the swelling may present between  semimembranosus and
<emitendinosns Taterally and sartorios and gracilis medially (Fig, 328),

No line of cleavage will be Tound between the wall and the semi-
membranosus and gastroenemius, and it may therefore be neecessary to
reseet the tendinous superficial Layer of these structures together with the
cvst il rupture of the wall is to be avoided. 1T the evst communicates with
the joint it will be found to be adherent to the capsule on the deep surface
of the medial head of the gastroenemius, 1t s unnecessary to attempt to
<uture the opening in the posterior capsule through which it communicates
with the joint,

The dissection takes place on the medial aspeet of the medial head of
sastroenemius and thus the popliteal vessels and nerve are protected through-
ont the procedure by retraction of the muscle in a lateral direction,

The wound is closed by suture of the deep faseia and skin, A com-
pression bandage is applicd and the tourniquet removed.

INJURIES OF INFRAPATELLAR FAT PAD AND
SYNOVIAL FRINGES

In the pyramidal space formed behind and above by the condyles of the
tfemur, below by the tibia, and in front by the patellar tendon, is situated
the infrapatellar pad of fat. This pad is extrasynovial but intracapsular and
clianges in shape with every movement of the joint. The synovial layer,
which is reflected over the fat pad, sends a triangular {old called the liga-
mentum mucosum, upwards and backwards to be attached to the inter-
condylar noteh. The free edges of the ligamentum musocum diverge to
include the lateral margins of the fat pad and are called the alar ligaments.
When the knee joint is extended the patella is elevated by the con-
traction of the quadriceps, the fat pad becomes flattened inan antero-
posterior direction and the alar ligaments are drawn away from the joint
surfaees. 1 the fat pad is abnormally large, or in the presence of loss of
volume, tone and co-ordination in the quadriceps apparatus, the alar
liaments or other synovial fringes may be nipped between the condvles on
cxtension of the joint. Injury to the fat pad or synovial fringes, cither by
nipping or by direct trauma, results in laemorrhages, hypertrophy and
Hhrosis, While the conditions of * hypertrophy of the infrapatellar fat
pad T and of © nipped synovial fringe " undoubtedly do oceur—lor example,
ihe Latter injury may be seen in the arthritie joint, the subject of pn-:‘iplu-r;tl
lipping, hypertrophic synovial membrane, and - marked \\';l:eli_n‘laﬁr of .Iht'
padriceps— they are of rare occurrence in the otherwise normal joint. Such
hels are similar to the diagnosis ol * traumatic synovitis 7 they frequently
over the failure to assess the nature of the underlying pathology which

lser investigation may reveal to be alesion of @ meniscus,
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[n the acute form, injury to the fat pad s characterised by retropatellar

or retropatellar tendon pain, with Tocal pain on Toreible extension which

exerts pressure on the pads There is o swelling and tenderness to pressure
on both sides ol the tendon.

In the chronic varieties the svmptoms are not characteristic, and may
consist ol vague retropatellas pain on exertion, occasional sadden stabbing
pain which may cause the knee to give way, and even mild effusions ;
localised tenderness is rarely present. The condition may thus be difficult
to distinguish from tibrillition ol the patella, and, indeed, in the only two
cases of proved nipping of svoovial fringes which the author has encountered
in healthy voung adults, fibrillation ol the patella was the erroncouns pre-
operative dingnosis. Inoeach case the articnlar surface of the patella was
normal, but «a l]_\'prrll'n|rl|i:‘:1 tag ol synovial membrane, the subject of
both recent and old hacmorrhages, projected backwards at the inferior
pole and had apparently been repeatedly compressed against the femoral
condvles. loxeision of the tag resulted in complete reliel of svmploms,

TREATMENT
[is evident both from the pathology and symptomatology of the traumatic
altections of the infrapatellar fat pad and the svnovial fringes that these
two conditions are closely related and requently indistinguishable exeept
perhiaps in the acute lorm.

Sir Robert Jones™ pointed out that as pain only occurs when the joint
i~ [ully extended, the addition ol hall an inch to the heel of the shoe will
frequently effect recovery,  Inousing this form of treatment, however, it
must be remembered that walking on o partially flexed knee is not only
prejudicial to the recovery ol an incflicient extensor apparatus which may
possibly be responsible for the onset of symptoms, but may result in per-
manent loss of full extension. Tt is thus most important that this simple
measure be supplemented with regnlar r]n:uh‘im-lm':Iri]].

IT conservative methods Tail to produce o cure within a reasonable
period, the anterior compartment ol the joint should be explored through a
medial incision extensive cnongh to permit the articular cartilage of the
patellic to be examined, any hypertrophicd tags ol .-;_\'Im\'i:tl membrane
exeised, and, i necessary, an execessively large fat pad reduced in size.

NEURITIS OF A BRANCH OF PATELLAR PLEXUS

The condition to which the above name has been attached is charac-
terised by the complaint of an 7 electric shoek ™ when a small well-defined
arca ol <kin overlving the patella, or the immediately adjacent regions, is
subjected to the hghtest tonch, the patient stating that even contact with
the material ol the trouser |
he s tll}i]“lg.f.

(i

g ocanses him to panse abruptly in whatever

The etiologyis obscure. Tis merely assumed to be due toaominor direct
injury which produces anirritative lesion of o minute sensory nerve,

Fswe Wobwert Jones o obert A Lowent St hopaedhie Surgery . Oxlord Umiversity I'resss.
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On examination the 7 trigger area ™ can usnally be Tound, adjacent
to whicliis a small arca of hivperaesthesia in the region of the patellar plexus
The patient often exenses himself for having complained of such a trivial
matter, but has become apprehensive about the unexpected suddenness ol
the <hocks and of the nature of the condition. He may be reassured tha
although the condition may remain for a few weeks, it is self-limiting and
will disappear as suddenly as it came,



CHAPTER THIRTIEEEN

THE STIFF KNEE'

LOSS OF FLEXION

OsS of flexion at the knee jeint constitutes one ol the most serious
problems arising direetly as a result of the major injuries of the joint,
and indirectly as the result of fractures thronghout the entire length of

the femur, For this reason the methods whicl have been deseribed for the
treatment ol fractures of the tibial platean, femoral condyles and the supra-
condvlar region have been sclected with the specific purpose of avolding
loss of joint motion, The detailed treatment of the various [ractures of the
femoral shadt has no place in the present work, but it is necessary to consider
the secondary effect on the knee joint of some of the methods in common
nse inoorder that the prevention of avoidable residual stifiness may be
discussed,

The knee joint is particularly susceptible to the effect of fibrous tissue
reaction because of the complex nature of its structure and mechanics.
FFor example, the axis of rotation, although situated in the posterior aspect
of the femoral condyles, 15 not a fixed point, but moves forward in flexion
and backwards in extension as a resnlt of the gliding movement which is
superimposed upon the hinge action 5 in flexion, not only must the medial
collateral ligament glide freely on the femoral and tibial condyles, but the
patella must move throngh a distance which may be as great as three
inches. To permit such free excursion of the interrelated components, the
joint s surrounded by the Targest and most extensive synovial membrane
and capsule in the bodyv, Adhesions in orelation to any portion of the
svinovial cavity or capsule must restrict the free movement of this complex
iniT]I.

Adhesions whicl produce Timitation of movement may be situated

(1) Within the joint cavity ; the areas most frequently atfected are the
suprapatellar pouch and the medial and Tateral joint compartments.

(2) In the capsular and extracapsular tissues ; the areas most fre-
quently affected are the Tteral and medial expansions.

(3) In the quadriceps, as the result of fibrous replacement of tissue
loss Tollowing an open womnd or adhesion of the musele to the
lemoral shaflt,

(4} In the skin and subcutaneous tissue, as the result of fibrous
replacement of tissue loss Tollowing an open wound.

et ol this chapter is based onca Honvman Gillespie Tectore = Fhe Problem of the Stiff
nee Joant in Fracture of the Shadt of the Femuar® delivered b the author in the “”_"“"
Intirmary ol Falinborgly, 1ch Apnl 145 Falin. Mo, four 19005 1, 81T Bos

20
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PREVENTION
I. IN INJURIES OF THE JOINT

The methods of treatment of the individual knee joint injuries which have
been desenibed in the preceding chapters have been selected with the purpose
ol retaiming the maximum range of movement in the joint.,

IT. FRACTURES OF SHAFT OF FEMUR

O those who seek aid in the months or vears following a fracture of the
shalt ol the femur, the majority suffer from loss of flexion in the knee joint
or shortening ol the limb of a degree sufficient to cause an unsightly limp
and disability with consequent loss of earning power in the labour market.
o the working man, and especially the miner, the more important of these
disabilities is loss of Oexion, and there can be little doubt in the mind of a
miner that an inch of shortening is preferable to a stiff knee. Observation
ol the arduous conditions under whicli miners work makes it only too
evident that o loss of even twenty degrees of flexion constitutes a grave
handicap. No surgeon who undertakes the treatment of fractures of the
[emur has completed his training until he has worked a shift at the coal-face.
There are few whose respect for the integrity of the knee joint would not
beinereased.

FACTORS CONCERNED IN LOSS OF RANGE OF FLEXION
IN KNEE JOINT FOLLOWING FRACTURE OF SHAFT
OF FEMUR

(1) THE VIOLENCE WHICH PRODUCES THE FRACTURE
ALSO INJURES THE JOINT

Fractures of the femur occur most frequently as the result of direet violence.
L requires no streteh of the imagination to appreciate that force applied to
the lateral aspeet of the thigh, of sufficient magnitude to produce a fracture
ol the shaft of the femur, produces considerable strain on the knee joint
prior to the occurrence of the Tracture. Critical observation of a series of
dises will show that a large proportion of fractures demonstrate the presence
of synovial effusion or even haemarthrosis convineing evidence that the
joint Las also been snbjected to trauwma. I the fracture of the femur had
not ocenrred, the condition of the joint wonld have warranted investigation
moorder fo establish an exact diagnosis and institute the appropriate
measures, but the magnitude of the major fracture overshadows the knee
joint injury which is disregarded in both the selection and exeention of
treatment. The treatment adopted, be it skin extension, plaster immobilisa-
Lion or even traction transmitted by a Steinmann pin to the fracture site
it the injured joint, may produce complete reduction and eventually
ound union, but ignores the effect which such methods may produce on the
inetion of the all-important knee joint,
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(2 METHODS OF TREATMENT

No matter which of the many available methods s chosen, union of
soundness which will permit weight-bearing is seldom established in less
than three months. An uninjured joint is little affected by such a period
ol tmmobilisation, as shown by the rapid return of Tull flexion which follows
the removal of the thigh length plaster cast used in the fracture of the shalt
of the tibia, There must therefore e other factors unfavourable to the rapid
return of full Hexion moaddition to the effect of immobilisation alone,
Unfortunately these Tactors, of which far the most important is powerful
traction, are often in foree Tor peviods much greater than three months, and
it 15 not uncommon lor union to be delaved as long as nine to twelve months
in an apparently nneomplicated case.

(3 METHODS OF TREATMENT PREJUDICIAL TO
WELFARE OF THE KNEE JOINT

() SUPRACONDYLAR SKELETAL TRACTION

A method i common use which affects the knee joint unlavourably is the
use ol condylar or supracondylar skeletal traction. Infection of the pin
track is frequently unavoidable with consequent inflammatory reaction in
the nearby suprapatellar pouch. In two cases which came to operation as a
result of persistent stiffness, the anthor encountered  walled-ofl abscesses
containing sterile pus in the suprapatellar pouch ; in neither case was there
any evidence ol gross infection of the pm tract, Even in the absence of
recognisable infection the prolonged association ol metallic foreign body
with this Large area ol svnovial membrane sets up an aseptic inflammatory
reaction, the outcome of which is the complete obliteration of the pouch.
I this respect it would seem that Kirschner wire, in spite ol ifs narrow
gange, produces more reaction than o Steinmann pine The former is drilled
throngh the bone and therelore of less diameter than the hole through which
it passes, and, being firmly clamped to the accompanying stirrup, is subject
to transmitted rotary movement @ the latter is driven through the bone and
therefore Tor some considerable time o perfectly tight lit; it is not snbject
to transmitted rotary movement from the Bohler type ol stirrup. It is not
unreasonable to sugeest that, il for mechanical reasons, skeletal traction
through the lower end ol the femur is considered essential, the method of
choice is o Steinmann pin and Bohler stirrup which must be changed in
fvour of some other method of maintaining reduction within the space of
three weeks i the integrity of the suprapatellar pouch is to be respected.

(h) ILL-CONCEIVED OPERATIONS

When the decision is made to resort to open reduction and internal fixation,
it is cssential to adopt a technique caleulated to secure sound union in the
minimum time with the maximum regard for the uture function of the
extensor apparatus and the integrity of the knee joint,
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[£pes. 332 G, 33

An Ill-conceived operation
Fhe operation hid been performed throogh ananterior mid-lne incision which extended down
tocthe superior pole of the patellie There s a zone of rarefaction round each metal band two
Uowliteh have broken ; angulation has occurved and there is three inches of shorteming. The
menbition can be corrected by oo Iurther operation, but neither oumipulation nor operation
can cure the permanent obrous ankylosis of the knee jomt
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e, 4 I, 335
Froctore of the mviddlee third of the shadt of e Temnre showing the progress of union at the end
ol three manths, The reason s distraction, uneorrected angulation showing i wide gap at the
convex aspect of the sl the possilile miterposition ol soft tissue, The decision to resort
ta operative reduction and internal Dsation in sucla case should be made within a few days |
Hshold not be delaved for three months,
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(1) Anterior Mid-line Incision. The use of an incision which respect
neither the anatomy nor the physiology of the quadriceps musele s inde-
tensible. Patients are still encountered in Physiotherapy Departments and
Rehabilitation Centres, struggling to seenre a0 few degrees of  fexion
against the overwhelming odds produced by adhesion of the rectus femoris
and vastus intermeding to the bone and the complete obliteration of the
stuprapatellar pouch (Figs, 3320 333, 342 and 343,

(1) Misuse of Methods of Internal Fixation and Bone Grafting.

When foreign bodies of the nature of plates and serews are used for the
purpose ol internal fixation, only non-toxic, non-irritative material sueh s
non-toxic stainless steel or vitallimm should be nsed and the serews must he
ol the same material as the plate (Figs, 336 and 337).  The use of metal
plates and serews without these essential qualities, especially in the lower
third ol the femur, leads to undesirable effects on the knee joint from
clectrolytic action between plate and serews, fibrosis and even sepsis,

Bone gralting operations are usually undertaken when the knee joint
las already heen subjected to prolonged traction and immobilisation, The
temptation to use the technically simple intramedullary bone peg must be
resisted. This method of bone grafting is physiologically unsound and is
frequently followed by non-union, or in the most fortunate circumstances, by
delayved union. The massive onlay gralt, secured by vitallium serews, offers
the hest prospects ol union in the shortest possible time.,

(4] ERRORS IN COURSE OF TREATMENT
(a) SELECTION OF METHOD

In selecting the method of treatment suitable to a particular fracture,
it is essential to wim at the ideal of securing sound union in the shortest
possible time.  In order to attain this ideal it is frequently necessary to
reconsider the original deeision and change the procedure within the first
week i the reduction and stabilisation of the fragments is not of a sufficiently
high standard,

I, Tor example, in a [racture in the middle third of the shaft, skin
extension in @ Thomas splint is the method of treatment adopted, the
prospects of rapid union should be assessed when it is considered that the
best possible reduction has been obtained. I there is uncorrected angulation
stll present, with or without distraction at the fracture site, union will at
hest be delayed (FFigs, 334 and 335).  [tis thus better to make the voluntary
decision 1o .l':II'I'_\' out accurate operative reduction and the insertion of a
vitallimm plate  than wait for six to twelve months for consolidation to
aceur, or be foreed to insert an onlay gralt after a delay of six months in
order to secure union. Such prolongation of immobilisation inevitably
canses some permanent loss of flexion at the knee joint.

The methods used by the author at the present time with the purpose of
preserving knee joint function by the reduction of the period of immobilisa-
Hion Lo o minimum are :

(i) Fractures in Distal Third. The method nsed has been deseribed
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in detal under Fractures of the Tibin and Femur involving the Koee
Joint,  Reduction  and  mantenanee ol reduction are simple in o this
arca ;s the fractures unite rapidly and present no serions problem in the
return ol knee flexion, except i those cases mowhich the quadriceps has
sustained serions damage at the initial injury and has beeome adherent to
the Temur,

1., 336 s, 337

{it) Fractures in Middle Third. The Thomas splint with skin
extension and hxed or weight traction is the method advocated in this
region, I reduction is imperfeet, especially in the Torm of uncorrected
angulation which leaves a wide gap at the open aspect of the angle, possible
interposition ol solt tissue, distraction or other factor caleulated to produce
serions delay in union (Figs. 334 and 333), open operation s pl-l‘fm'im‘d
and o vitallinm plate inserted,
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(i) Fractures in Upper Third of Shaft.  Open operation witl the
mmsertion ol o vitalliom plate is the method of choice (Figs, 336, 337, 338
aned 330

(h) PROLONGED POWERFUL TRACTION

here Tias always been a potentially harmiul factor inlierent in the
method ol weight-and-pulley traction ; but mueh actual harm has been
done sinee <keletal traction has made it possible to use heavier weights and
to leave them at work for longer periods ™ (Girdlestone). !

RN TR S i, 339

PFigs. 336 339 Fracture of the femur at the junction of the apper and

midhdle thirds in o Paratrooper of magnificent stature, Treated Dby

operative reduoction and the insertion of a vitallinom plate. In Jour months

union s soumd, knee flexion full and the development of botl thigh
and call muscles has almost returned to normal

Prolonged powerful traction is often prolonged merely because it is
powerful, and thus in addition to delaving the progress of union produces
most damaging effeet on the joint both by reason of its power and the
length of time during which it continues to act. The capsular and extra-
capsular adhesions which follow are due to direct irritation of the supporting
tructures, whereas the intra-articular adhesions in the suprapatellar pouch
i in the medial and Tateral joint compartments may possibly result from

L KL Gurdlestone Orthopaedic Influence on the Treatment ol Fractures.”"  Laneed,
1943, 11, 393
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inhibition of the production ol svoovial fnid. Who has ever seen o stiff
kuee joint with a svonovial ellusion 2

[ contradistinetion, the use ol continnous mild traction ol live to seven
potnds is consistent with rapid return of function. Traction should not
be expected to reduce the fracture, but merely to maintain the
accurate reduction secured by the surgeon.

() IMMOBILISATION IN A POSITION OF STRAIN

In addition to the irritation and reactionary Gbrosis produced by both
the ™ power ™ and the ™ prolongation ™ of prolonged powerlul traction, strain
mayv be produced by immabilisation in hyperextension.

IE vou fall asleep sitting inoa chair with your feet on the mantelpieee,
vou wiake, not because vou are rested, but becanse ol |1:|in in the ]Jrlplit.t'al
fossa, The pain is due to stretehing of the capsule and postervior ligaments,
A knee joint immobilised inoa Thomas bed-splint without o pad directly
supported by acsling hehind the popliteal space soon hecomes l1_\"|n-|'vxlvmh-<l
as oo result of traction or even ol gravity, The same is true ol a plaster spica
carclesslv applied with the knee in [ull extension ; wasting of musele and
subrutancons  tissue soon permits hvperextension to ocenr unless the
popliteal space is adeguately supported. The pain produced in the carly
stages of hvperextension is the signal that stretehing of ligaments is taking
place  the pain soon disappears, but the stretehing continues with injurious
effects on the Tuture function of the joint.

() FAILURE TO BEGIN REHABILITATION DURING PERIOD
OF IMMOBILISATION

The intracapsular fracture of the femoral neck, one time ** cinderella ™
of the surgical ward, has, since the introduction of the Smith Peterson nail,
been eleviated to the status of o highly desirable admission. Fractures ol
the femoral shaft now hold the unenviable vacated position, The lack of
enthusiosm with which these  fractures arve receved s doe partly to the
lengthy and undramatic nature of the treatment required and partly to the
necessity for the large amount of care and attention which is seldom lavished
npon thenn Teis only in an atmosphere of enthusiasm that the wasting of
muscle and mind, which has such an evil elfeet on the final result of this
potentially erippling injury, can be avoided.

The rehabilitation of a fracture of the shalt of the femur bhegins as soon
as the reduction s adjudged to be satisfactory and the position of the
ragments stabilised. Early direet knee flexion exercises are only possible
by the use of such methods as fixed extension in a Thomas splint incorporat-
ing i knee flexion picee, or following the insertion of a vitallium plate, but
there is no method of immobilisation in common use which will not permit
the tone and volume of the extensor apparatus and the anterior and posterior
groups ol tibial muscles to be maintained,  Knee flexion returns most
rapidlyin the imb in which the maximum muscle volume and tone has been
preserved. Inoaddition, the normal mobility of the patella, on which the
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return of flexion so largely depends, may be retained not only by quadriceps
drill but by passive movement inoa superior, inferior, Tateral and medial
divection, practised by the patient himsell at hourly intervals throughout
the dav.

[11. FRACTURES OF NECK OF FEMUR AND
ARTHRODESIS OF HIP JOINT

In fractures of the neck of the Temur no difliculty arises in those cases
which are suitable Tor the insertion ol a Smith Peterson nail, but in the
extracapsular fracture whicl requires traction to maintain reduction, and
in those intracapsular fractures in which a M \Murray osteotomy is indicated,
the return ol flexion presents the same problems as in the Iracture of the
<halt, with the added difficulty that the patients are elderly and frequently
suller from degenerative or tranmatic arthritic change.

The results of arthrodesis of the hip joint are most satisfactory in the
Firge majority of cases and the residual disability surprisingly  small -
mucle smaller than in arthrodesis of the knee. Arthrodesis of the hip is,
however, notoriously difficult to accomplish and the time involved is
frequently protracted. It is most important that the future function of the
b as a whele should be considered during this long period of immobilisa-
tion, for although the disability resulting from arthrodesis of the hip may be
<small, the plight of a patient with the combination of a stiff hip and a stifl
knee on the same side is unenviable,

[n clderly patients, with [ractures of the neck of the fenunr which -
require prolonged immobilisation in a plaster spica, and in arthrodesis of the
hip joint, the return of knee joint function may be accelerated :

(1) By maintaining the mobility of the patella by regular quadriceps
excreise within the confines of the plaster case,

(2) By bivalving and making detachable the posterior hall of the plaster
case from the toes to a point six inches above the knee at about the
tenth week. During the remaining period of immobilisation the
patient is turned on to his face several times per day and the
IHIHI{'I'iHI‘ shell removed for Nexion exercises (Fig, 340),

TREATMENT OF TEMPORARY STIFFNESS

lemporary stiffness of a joint follows any period ol enforced rest of a
luration greater than a few days. Such stifiness {ollows the trauma and
tmmobilisation imposed by meniscectomy ; it is of no significance, recovering
within hours or days of initiating active flexion. In the more serious injuries
ol the knee joint or femur the period of immobilisation is of necessity pro-
longed and the temporary stifiness liable to be protracted. Tt has been
indicated in this and the preceding chapters that the most important remedy
Al our disposal is anticipation of disability by prevention, not nnl}‘ ‘I)_\_'
tinking of treatment in terms of knee joint movement, but by maintaining
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neuro-muscular co-ordination and muscle tone thronghout the period of
vnloreed rest.

When immobilisation has been completed, recovery ol movement i
produced by regular active exercise performed  conscientiously for five
minutes every hour thronghout the waking dav. The only other physio-
therapeatic measure which is permitted s radiant heat for ten to twenty
minutes once or twice daily provided it is clearly understood by the patient,
andd by the supervising physiotherapist also, that radiant heat has no curative
vitlue without subsequent exereise,

U is especially important to realise that in the carly stages of recovery
no treatment is productive of more damage than vigorons passive exercises
m the hands ol an over-enthosiastic massense or carly manipulation of the

P S0

Bilateral subteochantern steotomy A abont the tenth week the plaster is
Pvalvesh i the obistal hall somd the patient taeoned on to hier Bee several times
iy Towr Knee lexion exercises

joint under anaesthesia, T is better to forbid any  laving on of hands "
than risk the permanent disability which may follow ™ pump handling * of
the joint, The knee, like the elhow joint, registers profest to such treatment
by progressive inerease ol stifiness,

Passive stretehing may also be emploved nnwittingly in a pulley-weight
system unless the stop is adjusted so that the position of relaxation falls
just short ol the range of active flexion which has been acquired, Passive
movement produced by gravity or momentum in such exercises as *leg
swinging " while sitting on o table, or 7 eyeling ™ lving on the gymnasium
floor, is of less importance because the movements are within the patient’s
control and any excessive ardour which might damage the joint is damped by
the production of pain.

TREATMENT OF PERSISTENT STIFFNESS
MANIPULATION

.\E;mipul:lriun under anaesthesia is the most satislictory method available
o the treatment of established loss of range of flexion in the knee joint
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due to capsular and extracapsular adhesions resulting direetly or indirectly
from trawma, The procedure is only indicated when the range of movement
i the joint is no longer increasing by the patient’s own active exercise,

The snecess of manipulation depends entirely upon the meticulous care
with which the patients are selected. Somueh harm may follow manipulation
of the unsuitable case, or the suitable case at the wrong time, that it is
proposced to enumerate the contra-indications rather than the indications

Manipulation is contra-indicated :
{1} In the presence of any active pathological process.

(2) In the early stages of recovery. The procedure should not be
contemplated until the maximum ringe of movement has been obtained by
regular active exercise, that s to say, until improvement, accurately
measured by anglemeter, has been stationary for a period of at least six
weeks,

1 (R}

(3) In a ‘“ hot joint.” Swelling and increase of local temperature in
the periarticnlar tissues indicate the presence of a reactionary exudate which
will be further inereased by the trauma of manipulation.

(4) In the presence of decalcification of the tibial and femoral
condyles or patella. [ manipulation is performed in the presence ol
osteoporosis, not only is additional visk ol injury to the patella incurred, but
crush fractures of the tibial condyles may take place as a result of the
weatkness of the trabeculae supporting the articular cartilage. In the presence
ol any marked degree of decaleification manipulation should be deferred
until weight-bearing and non-weight-bearing activity produces radiographic -
evidenee of inerease in the caleium content of the bone,

(5) In the presence of unsound union in a fracture of the shaft
of the femur.

It is usnally possible to assess what suecess is likely to follow manipula-
tion from the clinical examination of the joint. If the patella is reasonably
mobile in all directions and there is no obyvious dense fibrosis in the quadriceps
orin the suprapatellar pouch and the block at the limit of the range ol
passive flexion is elastic, the prospects of success are good. If, on the other
hand, the patellais tightly bound down by adhesions in the lateral expansions
and in the suprapatellar pouch, and palpation of the pouch reveals deep
filrosis, the block at the limit of flexion is usually solid. In these circum-
tances the prospects of obtaining any inerease of flexion without the use ol
loree of o degree likely to cause rupture of the extensor apparatus are poor,
and plans should be made for open division of the adhesions before foreible

nimipulation is attempted.

TECHNIQUE OF MANIPULATION
THE AUTHOR'S METHOD
e patient lies in the supine position on i firm table or plinth. A\ general
maesthetie is administered until complete muscular relaxation is obtained.
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To manipulate the right knee the surgeon grasps the patient’s thigh
immediately above the patella with his left hand. This action protects the
femur and guards the patella against possible fracture. The right arm is
passed under the patient’s leg <o that the back of the wrist rests against the
posterior aspect of the upper end ol the tibia while he grips his own left
wrist with his right hand. The medial aspeet of the surgeon's right upper
arm is now in contact with the front of the patient’s tbia, permitting power-
ful but guarded pressure to
be exerted by adduction of
the shoulder (Fig, 341). The
only help whicl should be
sought from an assistant s
fixation of the patient’s pelvis
to the table by backward
pressure on the tliae crests,
He should not hold the imb
or take any active part in
the manipulation, as it s
impossible for the  surgeon
Lo assess  what  power his
assistant is exerting, 16 the
application of pressure at the

Ihe siuther s method of mampubatng the knee joint limit ol flexion causes the

adhestons in the lateral ex-

pansions to break with an audible snap the operator may proceed carclully
to Ml flexion, but il pressure only produces the gradnal tearing of diffuse
fibrosis great care should he observed Test the reaction produced aggravates
rather than relieves the stiffnesss Inothese cirenmstances it is preferable to
carry ont several gentle manipulations at intervals of one to two months
than to produce o violent  periarticulo reaction which preclodes the
possibility of active exercise and discourages the patient from the full

I'ra-|:|n'l'-'|tilrll which is the essential ol siceess,

FRACTURE OF PATELLA DURING MANIPULATION
This accident should not ocenr with careful sclection of cases and the
exertion of cantion in the excention of the procedure. I it does oceur,
Watson- Jones has recommended that the manipulation be completed and
tollowed by immediate excision of the patella and rvepair of the extensor
apparatis, !
Exercise ol the joint may be resumed on the Tollowing day.,

AFTER-TREATMENT
Manipulation is but an incident in the treatment ol persistent stifiness

and 1 ol Hle value unless the range of movement obtained is maintained by

Pl Watsan Jomes. 7 Fractores and Joint Injores. " 150 amd S Livingstone, Fdinburgh,
1944, 377
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active exercises instituted at the carliest possible moment. It is for this
reason that the selection of cases is important, Manipulation of the knee
joint of a patient who is disinterested in his own recovery or who lacks the
moral and physical courage to persevere with exercises in spite of discomfort
or actual pain s a waste of effort and will only lead to disappointment,

IT flexion has been limited by localised fibrous bands which have been
snapped by manipulation, no gross reaction need be anticipated and active
movement of the joint should begin as soon as the patient has fully recovered
from the anacsthetic ;. but il the range of movement has only been inereased
with difficulty and by the tearing of more generalised adhiesions, it is some-
times advisable to apply a plaster front-shell with the knee in a position of
Hexion just short of the maximum range obtained. The joint should then be
rested for three or four days to allow the reaction partially to subside, and
the initial active movements preceded by fen to twenty minutes of radiant
heat, In such cases the total inerease in the range of movement at the end
ol several weeks usually falls short of that obtained at manipulation, so that
It s necessary to repeat the process of manipulation followed by further
active exercise when the accurate weekly measurements of flexion indicate
that improvement is again stationary.

OPERATION

When the patella is bound down to the femoral condyles by fibrous tissue in
the lateral expansions and suprapatellar pouch of a density which excludes
manipulation, increase in the range of flexion is only possible if the adhesions
lmiting movement are first divided by open operation.

[t is necessary to stress once again that the recovery of a useful range
ol motion in such circumstances is a long and painful process and treatment
~hiould only be considered in patients who are fully aware that the operation
i~ merely the prelude to a regime which requires both patience and deter-
mination. The physical contra-indications to operation are similar to those
deseribed under © Manipulation.”

AUTHOR'S METHOD

\ high tourniquet is applied and the Imb draped in a manner which will
permit manipulation on the operating table without danger to aseptic
technique,  The knee is then flexed to the limit of passive movement, the
drength of the adhesions tested and the presence of fibrous bands sought by
palpation. When the gloves have been changed two incisions, about one and

ha!l inches long, are made on either side of the superior pole of the patella.
[lie capsule is divided a quarter of an inch from the bone and the gloved
lorefinger passed  through cach inecision in turn and the fibrous bands
finming down to the femur and head ol the tibia localised and broken or
divided by seissors, Intra-articular palpation is not a recognised orthopacdic
custom, but s safe provided the operator realises what he is ni:_rin;{ a.mt.l
observes serupulous asepsis. A further attempt is now made to llex the jomt,
when it will usually be Tound that the adhesions in the suprapatellar pouch
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are }11'0\'('[1“11"4 any considerable merease in the range ol Hexion from E}t’iug
obtained.  These adhesions are broken down by inserting the Torefinger
into the pouch, or, il the fibrons tissue is too dense, by means ol seissors,
When all the vestricting fibrons tissue has been severed it s usually
possible to flex the joint through ninety degrees or more, the manipulation

Fags, 342, 343, and 344
Isinge of  movement  an
the knee joint (Fig, 3425
tellon ing fracture of fennn
subjected  to an itial
wperation throngh an an
terior med line ancision
e 343 and subse
gpuently o bone gralting
by the Jateral appraacd
[ SSTRITIE of movernend
!--|||-\\|1|_'_: el on the
knec doint by M MWalter
Meroer, nsing the author’s
techomgoe (g 34

I, 344

being accompanicd by the breaking ol turther minor adhesions in the
capsule.

The incisions are then closed and o compression bandage applied with
the imb i o position of fexion jost short of the maximum range obtained,
A thick plaster slab is applicd to the flexor surface of the compression
bandage to splint the joint in the required position. The tourniquet is then
removed,
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AFTER-TREATMENT
e alter-treatment is conducted on similar lines to those suggested under
Manipulation, but in addition it may be advisable to apply a splint,
i the Torm ol a skin-tight anterior shell which can be removed for exercises,
i order to counteract the tendeney to relapse. This splint is constructed
when the extra-articnlar veaction has subsided and the danger of hacmar-
throsis past, making the use of a compression bandage UINECCSSATY.

The inerease in the range of movement obtained by this method varies
widely between ten and ninety degrees, depending upon the nature of the
local pathology and the fortitude and determination of the patient (Figs.
342, 343, and 3449, When o progress becomes  stationary, alter an
encouwraging improvement in Hexion of, sav, thirty to forty degrees has been
achicved, the whole process may be repeated if necessary with the assurance
that o Turther gain will be effected,

USE OF CELLOPHANE AS A MECHANICAL BARRIER TO
THE FORMATION OF FURTHER ADHESIONS IN THE
SUPRAPATELLAR POUCH

[tis clear that the painful and protracted process which follows operation
could be maodificd and curtailed by the interposition of some substance
hetween the walls of the suprapatellar pouch and between the lateral
expiansions and  the femoral condvles which would prevent the inevitable
formation of further adhesions. The application of this conception is not
new. The author had the opportunity of secing this principle emploved
when he assisted Mr Walter Mercer, who used cellophane to prevent the
formation of adbesions between the plewra and the parietes during the
interval between the stages of thoracoplasty. The possibilities in the utilisation
ol such o substanee within a joint appeared most attractive at that time,
but the risk of sepsis or other undesirable cffect which might be produced
by the introduction of a large forcign body into the knee joint seemed to
outweigh the obvious advantages. M Keever! has sinee deseribed the use of
cellophiane in the  suprapatellar pouch to limit  adhesions  [ollowing
sviovectomy. Stiffness of the knee joint following a [racture of the shaft
ol the femur is unlortunately more common than pathological conditions of
the joint necessitating synovectomy, and thus if the encouraging results
can b confirmed by Turther experience, the use of cellophane as an inter-
position membrane will prove to have a greater sphere of uselulness in treat-
ing established adhesions than in the condition in which it was originally
nsedl
M Keever has used cellophane, sterilised in an autoclave, and cut in a
pattern to fit the suprapatellar poneh and extend medially and laterally on
cither side of the femoral condyles ; he does not consider that any form ol
fixation is necessary (Figs. 345, 346, 347). The introduction of a piece
of cellophane of this shape into the pouch and under the lateral expansions
huncan 0 AReevers The Use ol Cellophane as in Interposition Membrane in
Svnovectamy, 0 B ndd Joiut Surg. PH3 sxv, A76-A80,

20
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can be accomplished without difficulty using the two small non-destructive
incisions  deseribed  above, and, in contradistinction to the single large
parapatellar incision, permits immediate muscalar activity and carly weight-
hearing.,

M Keever considers that the fanction ol the membrane in causing
maodification in the Tormation of scar tissue is achieved within a few days,
and that it might then be removed, but so far he sees no reason why it should
not be left in siti.

LOSS OF FLEXION DUE TO ADHESION OF QUADRICEPS
TO FEMUR
Although it s hardly possible that o normal quadrieeps could control
extension in the presence ol marked changes in the syvnovial cavity and
capsular tissues producing gross limitation of flexion, it has been assumed

14165, 343 e, 346 I, 347
Shapwe, relative size, ad position aof the prece ol celloplane.  (after MU Keceer,

both in the pathology and treatment of the condition already deseribed that
no major lesion existed in the quadriceps. In certain simple fractures within
the distal third of the Temur, in componnd ractures, and especially in the
grave soft tissne injuries produced by missiles, not only may pathological
changes exist within the joint but the quadriceps may be partially destroyed
and replaced by fibrous tissue so that subscquently the remaining muscle
becomes adherent to the femur by dense scar tissue. The limitation of
movement  which follows cannot be overcome cither by manipulation or
mtra-articular operations,

The only reparative measure which has undergone an extensive trial
and met with any degree of suceess is that of Bennett? who aimed at a
return of flexion by lengthening the quadriceps tendon. It is generally
accepted, however, that the increase ol motion which followed was seldom
sufficient to make the operation worth while. Recently T, €, Thompson *
fias deseribed a procedure, based on Bennett’s operation, which preserves

Yl EL Bennett, Lengthening ol the OQuadriceps Tendon”" [, Bowe and foint Swrg.,
TH2E. g, 250,
S Thompson, U Oaedricepsplasty to Emprove Koee Function. fo Bone aid Joint

Seebos, T84, xvv, 3662379
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mtact therectus femoris component of the extensor apparatus and eliminates
the deeper components which are adherent to the femur or replaced by scar
tissne. He points out that the rectus differs from the other muscular con-
stituents of the apparatus inits greater length, superficial position, and
nerve and blood supply which enter in the upper third of the thigh. He
considders that the degree of suceess to be expected from his method depends
entively upon whether or not the rectus femoris has escaped injury, how well
it can be isoliated rom the scarred non-extensible portions of the quadriceps
mechanism, and how well it can be developed by intensive exercizes and
normal usc,

TECHNIQUE OF OPERATION

An anterior incision is made which extends from the junction of the upper
and middle thirds of the thigh to the lower border of the patella. The fascia

s M L

e, 348

Fhe range of Dexwom after twelve months in the fractare

lustrated in Figs. 236 and 257 (Fig, 3481, The range of

tesion cieht weeks after Thompson’s operation anid the

mterpostbon of cellopliane between the rectus [emors
atved e Toawer third of the Tenvor (Fig, 3441

i< divided on cach side of the rectus, from the junction of the upper and
middle thirds downwards, and the dissection carried deeply on ecither side
<o that both the vastus medialis and vastus lateralis are completely freed.
Both medial and lateral intermuscular incisions are extended distally into
the capsule so that the contracted expansions are divided.

The vastus intermedius will usually be found to be infiltrated with
fibrous tissue which is binding both the rectus femoris and patella to the
surface of the femur it is excised completely leaving a fibrous and periosteal
covering over the front of the bone.

As the rectus has been entirely freed from scar tissue and is capable of
<tretehing, especially in the upper normal portion, the knee can be manipu-
lated with safety and the remaining adhesions broken down.

To complete the operation the vastus medialis and vastus lateralis are
sutured back to the sides of the rectus down to the junction of the lower and
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middle thirds of the thigh : il one or both components are badly scarred,
suture is omitted. No attempt i= made to close the capsule of the joint.

In cases where the fibrosis has been widespread there s a0 possibility
that the final vesult may be prejudiced by the formation of Turther adhesions.
This obvious source of failure can be eliminated to o very considerable
degree by the interposition of a picee of cellophane hetween the reetus and
the femur, carryving the lateral limits of the membrane round on cither side
ol the rectus femoris <o thal they lie between that component and the
vastus medialis and Tateralis (1Figs, 348 and 349,

The skin incision s closed and o compression bandage applied.

AFTER-TREATMENT

Active assisted fexion and extension exercises within the confines of the
compression bandage are commenced immediately. When the danger of
Bacmiatoni is passed o loose dressing is applicd and the limb placed in a
Thomas splint with knee-tlexion picee or a Braun-type splint 5 auto assisted
exercises are then mstituted oo balaneed suspension system. The date
of return to weight-bearing depends on progress in both munscle power and
range of movement, but should be possible within six weeks,

This operation should result in the recovery ol right-angled flexion
in o good proportion of cases. Tt should be appreciated, however, that
active extension through the final ten degrees must, inomost cases, be
saerificed in the interests of flexion ; its return is hardly to be expected in

the ab=ence of the vastus medialis,

LOSS OF EXTENSION

[ncomplete extension is a common  canse ol failure to progress alter a
meniscectomy or other knee joint injury, or following a fracture of the femur
requiring treatment which produces sccondary effects on the joint, Loss of
full extension entails not only inability to develop the vastus medialis, with
consequent loss ol seenrity and stability, but an abnormal gait which
produces minor tranmata and recuring elfnsions, Conscientious quadriceps
drill, in the absence of full extension, develops the rectus femoris, vastus
imtermedialis and vastus lateralis at the expense of the vastus medialis, If
these muscles are unwittingly trained to compensate for the loss of the
vistus edialis it may be found that even after full extension has been
sceured redevelopment of the vastus medialis s impossible and  perfect
extensor function may prove unattainable,

Incomplete extension in relation to the common injuries may be
due to:

(1) Failure to recognise and reduce a locked joint. This is the
commonest source ol a persistent slight flexion deformity. Patients are
frequently enconntered who have walked about on a slightly flexed knee
for many months, cither as o result of failure to recognise the cause of the
internal derangement, or, in the event of the cause of the locking being
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appreciaded, to rednee the displaced meniseus helore sending the patient
Lome to awalt admission (o hospital Tor operation. This practice 15 to he
deprecated hecanse the eventual excision of the torn menisens cannot relax
the contracted capsule nor break the labit of walking with a Qexed knee
wall,

(2) Injury to the peripheral attachment of the meniscus resulting
in a haematoma between capsule and meniscus in either the anterior
or the posterior thirds. This condition causes painful limitation of
extension, which may be mistaken for Jocking due to a longitudinal tear of
the medial meniscus,

(3) Injury to the posterior capsule at operation.

(+) Permitting the patient to lie with the knee flexed over a
pillow after a meniscus operation and failing to institute straight
leg raising and quadriceps drill.

(7) Persistent tense effusion. The capacity of the joint cavity is
greatest in slight flexion. An efiusion of any magnitude limits the range of
both flexion and extension,

(6} Failure to recognise and treat haemarthrosis.

Incomplete extension in relation to the treatment of fractures
of the femur or tibia is usually due to prolonged immobilisation in splints
or plaster i the flexed position.  Immobilisation in plaster with the knee
at right-ungled or more flexion is sometimes used as a method of treatment
- displacement of the Tower femoral epiphvsis and in the supracondylay
racture. 1T the pertod ol fixation in this position is prolonged in the adult
injury, difficulty in sccuring complete extension is requently encountered.
[is usually unnecessary to maintain this acute flexion for longer than
three to fowr weeks when the plaster should be changed and reapplicd inoa
position ol more moderate angulation. When o flexed knee splint such as the
Fhomas with knce-flexion picce or the Braun is used for supracondylar or
lower third [ractures of the femunr, extension exercises should De instituted
s soon as the degree of union will permit.

Some surgeons treat fractures of the shalt of the tibia in plaster with the
knee in about Torty-five degrees of flexion, mamntaining that this is the most
cortain method ol securing absolute immobilisation of the upper tibial
fagment. This degree of flexion s both unnecessary and  undesirable,
Fhigh length plasters should fix the knee joint well within the range of
the vastus medialis, !

TREATMENT
[t is evident that in the majority of cases the deformity can be anticipated
and prevented by acceurate diagnosis and careful pre-operative and post-

operative treatment,  If the condition is already present the method of
treatment to be adopted depends upon the nature of the underlving

VAL Nicoll, 7 Principles of Exercise Therapy," Bt Medo foe,, 19430, 747,
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pathology and on the length of time the flexion deformity has been estab-
lished :

[ The most important measure, both for proevention and treatment,
is regular quadriceps drill.

(20 10 the fexion is noted in the carly stages ol the post-operative
treatment ol o meniseectomy it may be corrected by the simple measure of
placing a sandbag on the extensor aspeet ol the joint,

10 the deformity s more hrmly established 1t may be necessary
to applv some <imple Torm of skin traction to the hmb inorder to sccure
reduetion.

| CH T B

e ot o s method o ol the st few desrees of extenston m reststant ciases,

I the condition 15 of several months” duration and considered to
be due to fibrous contracture of the posterior capsule, manipulation ol the
Joint under anacsthesia may produce the desired result provided the contra-
indications enumerated on page 301, and which apply to all manipulations,
arc observed. The tendencey to reenrrence is overcome by the application ol
i few pounds of extension in addition to a skin-tight posterior shell which is
maintained until the vastus medialis can be re-educated and developed.

(5) It the deformity is resistant to the simpler methods of treatment,
or exists in the presence of certain contra-indications to manipulation, the
method designed by the author to scenre the last fifteen degrees of extension,
which are unattainable by the turnbuekle-plaster method ol correcting
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flexion-contracture ol the knee in rheumatoid arthritis, proves equally
clicctive i shight lexion-contracture due to other causes. The method has
bheen conecisely il inaceurately termed  auto-reduction ™ (Fig, 350).

Strapping extension is applied below the knee joint and the limb is
placed ina Thomas splint which is fixed to the foot of the bed by means of
the Thomas splint vest of the author’s design. b Extension cord is attached
fo the strappimg and carried by means of a spreader through the under
aspect of the pulley on the horizontal support of the splint rest. Two strips
of Tour-inclt orthopaedic strapping are stuck together, opposing the adherent
surlaces, to form a single strip of double thickness. This strip is passed in
ront of the pateida and under the Tateral bars of the Thomas splint so that
the fwo ends finally meet again in front of the knee and are attached to the
original extension cord which has been passed through an overhanging
prlley attached to o Balkan beam. The bed is then raised on blocks so that
the traction of the patient’s body weight towards the head of the bed pro-
duces traction wlhile counter traction exerts pressure on the flexed joint,
The rapidity of reduction, within the limits of the patient’s endurance, is
controlled by the height to which the foot of the bed is raised. Quadriceps
exercises are practised throughout the treatment and the limb released
from the apparatus for radiant heat and knee flexing exercises once or
twice o day,

(i) In certain cases which [ail to respond to any form ol conservative
treatment, posterior capsulotomy may be indicated,

LS Smillie,  Simple System of Splinting for Lower Limb." Lanced, 1941, 1, 304,
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