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INTRODUCTION

PARALYTI(, discases are of interest to the orthopedic surgeon n all their
phases, and this applies foremost to the paralytic disabilities due to polio-
myelitis It is proper that the internist or pediatnclan take charge in acute
stages when the discase is still in its systemic manifestations This <hould not
mean a sharp division of responsibilitics It is not a matter of “taking over’ at
a certain point when residual deformities engage the attention of the ortho-
pedist exclusnely It is much more a cace of shanng responsibilities with the
internist from the start Diagnosis and treatment of residual deformuties re-
quires a sound Lnowledge of etiological and pathological facts which precede
the development of these deformutics We feel strongly that the bounds of
these orthopedic lectures are not being overstepped by according a due share
to the presentation of etiological and pathological events which concern the
earlier and more acute stages of the disease
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Lecture

ON POLIOMYELITIS (PATHOGENESIS
AND PATHOLOGY)

1 PATHOGENESIS
A THE VIRUS, ITS PATHWAY AND LOCAI 1ZATION

THE virus of poliomyelitis 1s 1 globulin body whose host range is himited
{o the monkey and the cotton rat That it is the cause of poliomyelitis has been
shown by Landsteiner and Popper,' it was isolated m brain and cord by
Flexner and Noguchi, it was suecessfully transmitted In monkeys via the
intracerebral route by Leiner and Wiesner **

That a real systemie infection precedes its localization in the spinal cord Is
shown by the clinical picture In many cases there Is an initial rise of tempera
ture, followed by an intermussion and then by a second rise which ushers in
symptoms of the central nervous system Yet, experimental transmission of the
virus through the blood stream fails In monkeys because the chorlo-endothelial
system is a barrier which separates the central nervous system from the gen
eral circulation.

How then, docs the virus reack the cord and bram? Our present concept s
that it does so by way of the axis cylinders (Fairbrother and Hurst®), wander
Ing along the penpheral nerve through the axioplasm of the axons The virus
is, . other words, not only neurotrople, le, bound to the central nenvous
system, but also neuronotrople, ie., bound to the pathway of axis cylinders
In fact, interruption of the nerve fibers by cutting or {reezing can prevent
inoculation (Bodian and Howe, H A?)

B THE MECHANISM OF INFECTION

The transmission of the virus from patlent to patient occurs by extraneous
route Uterfae transmission is unbnawn (H M Weever, G Steiner, H Ammon
and Al Hastings™) Congental poliomyelitis therefore does not exist Conse-
que'tll]ﬂy, the child can recefve no immunity even if born of a poliomyelitic
mother

C THE PORT OF ENTRY

In experiments on the monkey the most convenfent way of inoculation is by
the mtranasal route This runs from the olfactory bulbs through the preoptic
area to the hypothalamus and then descends downward to the medulla and
the cord Tn man this s not the usual route of infection It is now belleved that
the most important port of entry is the gastrowntestinal tract, espaclally its upper
portion, the mouth, pharynx and esophagus It has been found that the

s
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incidence of bulbar and bulbospinal poliomyelitis is higher in patients who have
thelr tonsils and adenoids removed, and such removal should be avolded
during the poliomyelitis season Toomey and Krill* cite a case of tonsillectomy
performed on the same day on five apparently healthy children in one family
All five developed bulbar poliomyelitis and three of them died In the alimentary
tract the virus becomnes fixed in the unmedullated post ganglionic fibers of the
thoracolumbar outflow and spreads centripetally from the sympatbetic system
to the somatic nerves It reaches the cord through the anterlor roots by way of
the preganglionic fibers and Invades the anterior horn cells It may travel along
the sympathetic chain to reach the cervical region While it is true that the
upper portion of the alumentary tract, pharynx, mouth and esophagus 1s most
often the port of entry, there 1s also evidence that all of the gastrointestinal
tract may be the primary source since the virus has been recovered from the
stools of monkeys as well as from the stools of patients (Trask, Paul and
Melnik™)

It Is also oot unlikely that the skin 1s a portal of entry, which ralses the
point that the infection may be transoutted by insects Filtrates of bugs fed upon
infected monkeys were able to produce poliomyeltls when Infected intra
cerebrally and flies collected within an epidenuc area were found positive for
the virus (Trask Paul and Melruk™) Of further Interest 1s the fact that polio-
myelitis is not only transmutted from patient to patient but also by healthy
cammers (H. A Wenner and A E Casey," McClure and A. D Langmuwr®®)
In some cases of poliomyehtis the infection is so mild that 1t escapes attention
and It is not diagnosed. It 1s therefore difficult to dlstinguish between healthy
carriers and convalescent carriers

D THE PORT OF EXIT

As the gut serves as a reservoir for the secretions of the upper respiratory
and alimentary tract, the virus 1s excreted in the human feces and has been
found repeatedly in sewage There seems to be no evidence that the virus is
excreted in the urine or through the skin

E IMMUNITY

We must assume that man possesses a high natural immunity against the
disease because only 6 per cent of all indlviduals exposed to poliomyelltis wil
acquire it even of this number only a comparatively small percentage becomes
actually paralyzed It is believed that one attack provides sufficfent and
lasting immumity even if no paralysis develops Up to date only 13 authenti
cated cases of & second attack are reported in the hterature we observed two
m our own chinfc (L Cohen*) The susceptibility to the disease is greatly
Increased in childhood and in young aduits It decreases after middle age.



O\ TOITOMA FTITIS (PATHOR TAESIS AND 1ATHOLOCY) I
I PATHOLOGY
A CHANGLS OCCURRING IN THE CENTRAT AF RVOUS SYSTFM

1 The changes within the cord

It was Charcot who identificd the disease as an involvement of the motor
ganglion cell of the spnal cord The affected anterior horn cell shows first a
central chromatolysis (Big 1) Then follows a process of fragmentation and
finally a breaking up of the cell, the so-called «atellitosls (Fig 2) It ends with
complete destruction and absorption of the cell by phagecytosis Secondary to
these cell changes one obeerves an Interstitial inflammation manifested by penn
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Fia. 1 Chromatolysh of anterior horn cell. Fio. 2 Frarmentatlon and satelliteals of

anterfor born cell

vascular infiltration of leukocytes, the so-called perivascular cufnng (Fig 3)
While the destruction of the ganglion cell represents a permanent loss of
motor function, the intersutial inflammation is transitory This explains the
recession of symptoms and particularly the decrease of paralysis following the
acute stage

Still up to a certain point, changes in the ganglion cells must be considered
reversible (Cadwalader' and Wichman®) Early swelling and chromatolysis
may be 50 considered while the later changes of fragmentation and satellitosis
are obviously wrreversible Reversible changes in form of chromatolysis and
penpheral arrangement of the Niss] bodies can still be found within one week
following the onset after one month however, such reversible changes in the
anterior horn have almost entirely disappeared (Bodian® *) The lateral horn
iﬂs usually escape destruction and there are few changes seen in the postenior
(wmd except typical wflammatory cells (Fig 4), although some lesions are

nd n Clarke s column Regarding the white matter of the cord, mild and

use demyelinization observ the ventra
diff d inization is observed In th tral and lateral columns but no
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Fm. 4 Demyellnintion and Inflammatory per-

Fuo. 3 Perbrascolar “cuffing.

vascular Infiltration In posterfor column.
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The steihing feature in the pathology of poliomyelitis Is the selectiseness
of the parah «is and the previlence of the partial over the total paraly«s of the
muscles, a point to which Lovett had alrexdy called attention There re dis
crete regonal destructions in spots o that, os a tule, not all or nat even a
major part of the cells of the column arc fnvolved, except in <evere cates of
total paralysis

The ad\ entitious motar clusters which normally appear in the lateral portion
of the antertor hom at the cervical ot lumbar intumescence are due to the
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addition of new muscle units 1n the extremities, the clusters representing the
motor nuclei of the nerves supplying these muscles They are arranged i such
a fashion that the more distal muscle groups have their nuclear centers located
more and more along the lateral contour of the anterlor horn (Fig S)

The changes in the antenior horn cells are not the only ones in the pray
llmtter Similar changes are seen {n the so-called internuncial cells, whose
huncl‘.lon Is to act as a synapsis between the fibers of the cord and the motor
:m-;; cells These cells are acranged wm clusters which lle behind and medially
t;az ihaex;tcgv;;ﬂhom cells They are similar to the latter in appearance except
at ! d.;u " t)odjtehs are smaller (Fig 6) The Internunclal cells are often
a2 im:y gﬁ er with the anterior horn cells It is the accepted opinion
it e e rnuncial cells exerclse an inhibltory actlon on the muscle tone, and
e u]y:n of this cell group produces a hypertonus of the skeletal muscles
o h]p going through the spinal reflex arc as well as those coming from

igher centers must be relaved through the Internuncial cells to the motor
neurons of the anterlor harn Much speculation has arlsen regarding the
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pathological equivalent of pain and skin wrritability The spinal ganglia, for
instance, have been found at autopsy to be involved (Jonnesco'®) in the
terntory which corresponded to the paralyzed region, and foa of infiltration
of the dorsal root have been recognized for decades (B Sachs and Strauss™)
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2. Changes m the central nervous system otrtsde the coed

Of special interest are the changes in the cortex located primarily in the
paracentral gyrus and consisting of the perivascular collars of lymphoid cells
(Fig 7) Similar mflammatory Infiltrations are noted in the fourth ventricle
(Fig 8) in the midbrain and even In the meninges (Fig 9) On the whole, one
finds that 1n cranial direction from the medulla oblongata upward the changes
are mamnly interstitial while the maln seat of the parenchymatous lesion still
remams the anterior horn cell group
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B CHANGES OUTSIDF THF CFNTRAT NI RVOUS SYSTE M

1 Outsde the locomotor system

Visceral changes have been variously reported in the myocardium, in the
gastro intestinal tract mucosa and in the mesenteric lymph glands (Saphir'*)

2 In the locomotor system

The muscle changes are secondary to the involvement of the central nervous
system and consist in atrophy, de-
generation and disintegration and,
finally, replacement (Hipps } Some
muscles show more homogenous
atrophy and degeneratlon, others,
more fatty infiltration or fibrous re
placement Homogenous atrophy oc
curs, espeaially 1n the small intrinsic
muscles (Hipps')

The icregular and spotty character
of muscle atrophy and degeneration
is of interest \We find complete de
generation with fibrous substitution,
together with intact muscle bundles in
the same microscopic field (Fig 10)

In the neuromuscular end plate inclusion bodies appear after denervation,
and the end plate becomes pyknotic (Cary®) The disintegration and disconnec
tion of the myoneural junction of the muscle fibers is complete within 36 hours
On the other hand, the sensory muscle spindie acts differently 1t is more
resistant during the early stage of the disease, but some changes are noticeable
They might be the anatomic corollary of pain and tenderness, as well as of
myotatic reflex ngdity

Fra. 10 Paralythe muncle spotty atrophy

Il EXPERIMENTAL PATHOLOGY AND
PATHOPHYSIOLOGY OF POLIOMYELITIS

Experimental studies on denervated muscles have revealed some valuable
facts relative to the nature of muscle regeneration

A THE EFFECT OF VITAMINS ON REGENERATION

No effect of vitamins on regeneration has been definitely established
(H M Hines'), although it was found that the regeneration of muscles In
animals subsisting on a low vitamin C diet was relatively slower than in others
with adequate diets Vitamin B: or riboflavin as well as vitamin B, or thiamin
deficiency, while producing a general drop in weight, muscle weakness and
loss of reflexes, has no specific effect upon a denervated muscle Neither does
vitamin E deficlency affect neuromuscular regeneration
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B THE EFFECT OF IMMOBILIZATION ON REGENERATION

It seems that the lack of immobilrsation of a partially denervated muscle
does not Interfere with regeneration of the motor nerve supply In fact, re-
generation was {ound to be more complete in animals which had no immobiliza
tion at gll, and it would seem therefore that immobllization retards rather than
enhances regeneration of the partiafly denervated muscle.

It is well to draw a distinctlon between simple atrophy and degeneration.
The latter is the more frreversible pathological change The atrophied muscle
does not exhiblt the characteristic degeneration, 2 fact to which Ridion calied
sttention many years ago The atrophic muscle can recover even in advanced
stages, & muscle fo advanced stages of degeneratfon does not recover Simple
atrophy shows shrinkage of the fibers without a reaf increase in sarcolemma
nucles, there is disappearance of Jongitudinal and cross stnation, these changes
are still reversible In degeneration, however, there is vacuohzation, necrosis,
crumbling of the sarcoplasm proliferation of Interstitial tissue and finally
fibrosis or fatty substitution These changes are Irreversible.

C THE ELECTROPATHOLOGY OF POLIOMYELITIS

In the interpretation of some of the chnical phenomena, electrodiagnosis bas
been of greatest value in two investigative lines The chronaxia and the action
current.

1 The chronaxia

Tt has been known for a long time that neuramuscular degeneration can be
determined by measuring the chronana that Is, the time necessary for an
electrical stimulus of hnown and standardized intenslty to produce a muscular
response The chronaxia values for the paralyzed muscle have been studied
particularly by Moldaver,* who has found that while the normal chronaxia
time Is from 06 to 15 sigma in partial paralysis after injury to the motor
nerve the chronaxia time may be 120 times the normal and more, this is in
contrast to the spastic muscle where the Jower motor neuron fs intact and
where there is no such increase in chronaxia

It will be recalled that under the Kenny concept the paralyzed muscle is the
socalled allenated muscle and Is supposedly not affected, while the spastic
muscle is belleved to be the affected one. Now it has been found that this
so-called alienated muscle has at times a chronaxia 100 times greater than that
of the normal muscle, whereas the chronaxia in the so-called affected spastic
muscle {s normal The spasm which is ane of the foremost clinical symptoms fs
believed to be at least 1n part, the clinical corollary of Jesions of the Inter
nuncial eell group This group is a synaptic link connected with the inhiblting
motor impulses from higher centers However spasm bas other sources It may
be due to meningeal irritation or writation of pasteror root gangla, or be &
reflex from sensory or proprioceptive impulses The principal point Iy that It
does not lead to neuromuscular degeneration (Moldaver'')
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2 The action current

Trving to find an explanation for the «pasm, R P Scheartz and Bouman'
wete able to show that muecle <pasm cxists not only in the antagomst of the
paralvzed muscle but also in the weakened tmucle it<elf and even in muscles
which otherwice show no chnlcal <igns at all and which are situated in more
remote parts of the body Spasm is, therefore, not a lower motor neuron «fgn at
all, but it is of refiex nature, it may be supetimposed upen a normal muscle 30
strangly that the contractility may become entirely submerged for the time
being However, as voluntary contraction increases, <pasm decreascs Further
mare, 1t 18 cntirely a transitory symptom though for the time being it may be
the dominant «ignh

Schwartz and Bouman’ aleo obeerved action currents in the affected muscle
corresponding to the degree of <pasm This means a hypersensitisity to
stretchung  an increased stretch reflex It is significant that in contractures
which are due to intrinsic muscle shortening there is no action current and the
muscle is entirely inert, as is also the completely paralyzed muscle There is
additional experimental evidence {rom the study of action currents (M A
Braner, A L Wathinsand R § Schwab ) that a partially pamlyzed muscle on
stretching may become hyperirritable or show increased stretch reflex and that
such a paretic, hyperirntable muscle will discharge electric potential exen at
rest, Furthermore there is, in poliomychitis, a complete disorganization of the
normal reciprocal innervation because of the sumultaneous activation of
opposing muscles

Spasticity is therefore a general phenomenon n early stages of infantile
paralysis It 15 quite independent of muscle weakness, and it appears
synergist and antagomst alile It {s caused either by increased reflex irntation
of hypersensitive muscles (stretch reflex) or 1s due to lack of inhibltion becnuse
of the elimination of inhibitory action of the internuncial cells or other cell
groups with similar function

3 “Mental alienation”

U this term means suppression of motor function as o Tigher degree of
inhibition, it has a physiological explanation, although exception could be taken
to the term Essentually ft 15 o physlological block occurting in the central
nervous system and more specifically in the system of synapses which Is located
all the way from the cortex down to the cord It 1s altogether transitory and
reversible, although for the time being it may appear as a rea) paraly sis

4 Incoocdination

This 1s & phenomenon 1 which the patient either voluntarily or involuntarily
tnes to use a stronger muscle for one which {s paralyzed Therefore, incoordina
tion is really substitution This concept has found experimental ::onﬁrmatlon
(Brazier Watklns and Schwab®) in the demonsteation by action currents of
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sunultanecus activation of synergists and antagonists, with more or less com
plete overthrow of reciprocal innervation
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Lecture 11

ON ANTERIOR POLIOMYELITIS
THF CLINICAL PATHOLOGY

I ORIENTATION

I\ A general infection which involves not only the central nervous system
but other systems of the body as well, the chinfcal picture may be expected to
vary within wide Yimits The present refinement of diagnosis rests mate upan the
recognition of the preceding systemic signs than upon the interpretation of the
localized symptoms of the central nervous system The catlier writers de<cribed
these symptoms with considerable accuracy even though the pathologcal back
ground was not recogmzed Jacob Heine (1840 and 1860) interpreted the
condition as an infection of the memnges, a mixconception which was corrected
by Charcot, who recognized the anterior horn lesion as the principal patholog
cal feature

For the presentation of the clinfeal symptoms teferable to the central nenvous
system we may refer to the classic monograph of R W Lovett® The out
standing signs of paralysis, rigidity, hyperesthesia and muscle spasm are
described by him 1 a comprehensive manner which requires little addition
today

II THE ACUTE PHASE

In the mutial siage the systemic signs of fever, rapid pulse, headache, sore
throat and gastrointestinal disturbances domunate the picture, and for the first
24 to 48 hours the identity of the condition may still remaln obscure OQften
a short afebrile period of one to four days follows, with subsidence of the
general symptoms, and this again is succeeded by a second febrile period
(came! hump type of fever curve) with headache, drowsiness, meningeal
uritation, stifiness of the nech, tenderness, rigidity, twitching of special
muscles and especsally a general hyperesthesin Kernig’s and Brudnnsky’s
signs are often positve

In a varying number of cases paralysis develops, usually on the third or
fourth day after onset. In the 1916 emdemic in New York almost all reported
cases were paralyzed in the later epidemic of 1931 only 70 per cent in the
1935 epldemlc 1n Vermont only 50 per cent were paralyzed, in some epldemics
the inadence of paralysis has been as low as 5 per cent. Thus fluctuation in the
incidence of paralysis In various epidemics Is due 1o a combnation of causes
It is certam that in earher years infantlle paralysis was not promptly diagnosed
and many abortive and non-paralytic cases escaped attention Then also, there
Is & definite varfation fn type and severity of the paralymis among the different
epidemlcs Some are particularly severe and present numerous cases of the
bulbar type others are remarkably mild and abound 1n abortive cases

1
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A. CLINICAL TYPES (TOOMEY")

The abortive type Is confined to general symptoms of fever, headache, stiff
ness of the neck, pamn along the spine, nausea, vomiting, sore throat, but there
is no paralysis, sunilarly in the newritic type the prevalent symptoms are paun,
paresthesias, anesthesias also without paralysis and in the meningitic type
meningeal signs are prominent So far as paralysis is concerned all these types
are abortive and none of them shows any mortality

The most common form is the spmal ¢ype, mvolving about 75 per cent of
the cases In this type signs of muscular paralysis of vanable degree follow the
general symptoms The mortelity In this group is about 3 per cent. In the
bulbar type the Involvement of the ninth, tenth and eleventh cranizl nerves
produces dysarthrosls, dysphagia, loss of gag reflexes, inability to expectorate
and respiratory paralysis This type which nvolves 10 to 20 per cent of the
cases has a high mortality, over 75 per cent. Paralysis of the jacial nerve is
rare and that of the temporal muscle and masseters, of which we observed one
case, Is most unusual The so-called cortical ¢ype is seen rarely except In large
epidemics It combines the general preparalytic signs with those of encephalitis,
that 15, with upper motor neuron lesfons, there is no flaccid paralysis and no
mortality A survey (D D Young®) showed that a number of menstrual
wrregulanties, mostly based on dysfunction of endocrine glands, and psycho-
neurosls was frequently observed.

B THE DIAGNOSIS

1 Spwnal flud

In the preparalytic stage the most Important diagnostic measure is the spinal
puncture In anterlor poliomyelitis the spinal fluld count varies from 100 to
700 cells as agamnst 5 to 10 per mm * normally * It 1s umder pressure equivalent
to 150 to 200 mm of mercury and the flnd contams no pus or fibrin webs
the reducing substances are normal, 60 to 80 mg per cent. There is no cor
relation between the spinal fluld pressure or the amount of globulin 1n the spinal
fluid and the degree of paralysis.* The rise in the cell count occurs early but
may fall to normal in the second week On the other hand, the protein count
is normal first and later rises, to attam its maximum in the third week Conse
quently, 1if one takes a spinal fluid specimen at the end of the second week one
may obtain a practically normal cell count since it has already fallen and a
practically normal protein count, because its rise has not yet begun One must
therefore rely on repeated examination, a persistently normal spinal fluld prac
tically excludes poliomyelitis

2. Signs and symptoms

Hyperesthesia and tncreased tactile sensibility Is more diagnostic than the
nse in temperature The hyperesthesia ranges from the slightest tenderness to
exquisite sensitiveness to touch over all affected muscles This 1s especlally
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apparent in the neck and back, less in the muscies of the extremities Stiffness
and rigedity Is characteristic from the very beginning W hen the patient is trying
to bend his neck, he rafecs his entlre trunk because of stiffness of the back
muscles (Caverdy s sign), when he attempts to touch the chin to the chest, he
docs <o bn opening his mouth and dropping his chin (Levinson's sign) Attempts
ta extend the knee when the hips are flexed are resisted (Aernig s sign) I'ex
ing the head and nech causes flexion of the hnees (BrudzinskPs sign) Hyper
esthesia as well as ngidity are transitory <igns and respond readily to sympto-
matic treatment Tremor and fiatching are not diagnostic because they occur in
other conditions affecting the neuromotor end apparatus, such as progressive
muscular atrophy Twitching indicates a «lowly progressive degeneration of the
antenor horn

Reflexes. The first reflexes to disappear with the advent of paraly sis are the
abdominal and cremasteric, Beeror’s sign, i ¢, the upward or lateral displace
ment of the umbflicus on stroking the abdominal wall 1s scen in asymmetrical
paralysis of the abdominal muscles The deep reflexes vary W hile exaggerated
in the begnning of the di<ease, they finally disappear with the progress of
paralysis

The muscle spasm. As already described by Lovett, it is an Involuntary n
crease of the muscle tone caused by the cffect of the virus on the regulatory
centers of the spinal cord It is the most common symptom and is found in
patients who have been splinted from the onset as well as in patients who have
been entirely untreated In the 1946 epidemic 1n Towa 62 per cent of the cases
exhibited spasm, the hamstrings and quadriceps were affected in 23 per cent,
the back, in 27 per cent In the 1948 epidemic 60 per cent showed spasm, the
hamstrings preponderating with 53 per cent, the back with 29 per cent and the
quaddceps with only 8 per cent (W C Cantrell')

Contractures are different from spasm Here the muscle {s entirely inert and
shows no action current 4 ¢rue contracture may occur in a weakened as well as
n a normal muscle It is due to shortening of the muscle parenchyma Contrac
tion, on the other hand, is a voluntary action We have never observed a true
contracture in a completely or even In a severely paralyzed muscle They are
preventable by proper positional treatment in early stages, and we obsersed
none upon discharge after the acute stage i either the 1946 or the 1948
epidemfc In the chronlc stage they develop frequently unless speclal precau
tons are taken agalnst their occurrence

Thke so-called mass movement 18 a much discussed phenomenon of inco-
tt)nrﬁnaﬂon whuch one often sees in patients as they attempt to carry out a cer
oy spil;ﬂezted m]otlon It is essentlally a substitutionary maneuver such as we see

paralysis and is 2 complex type of motion buflt up on a complicated
motor pattern Essentially, It is an attempt of the patient to change to a combi
natlon of motion in which the paralyzed muscle can be excluded and 8 pew

pattern installed in the motor cortex, in a sense, a detour around
center which is out of commission ' ' e speciic motor
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The disease 1s prevalent in the young although not overwhelmingly so. It
vanes with the epidemle. In the Towa 1946 epidemic 61 per cent of the cases
were below and 39 per cent above 14 years, with an average age of 10 47 years
In 1948, the average age was 12 7 years with only 57 per cent below and 43 per
cent above 14 years (W C Cantrell’)

oI THE CHRONIC STAGE OF ANTERIOR POLIOMYELITIS

The two outstanding features of the chromic stage are the residual paralysis
and the contracture deformuties Of all cases treated dunng the last two epi
demics, these two sequelae were found 1n 66 per cent of the cases in 1946, and
in 53 per cent of the cases in the 1948 Towa eprdemic. Compared with the upper,
the lower extremity shows a decided preponderance—47 per cent agalnst 12 per
cent n the 1946 and 34 per cent against 16 per cent in the 1948 epidemic (W
C Cantrell') The abdominal muscles are frequently involved In severer cases
a lumbar lordosis develops in symmetncal paralysis, and scoliosis 1n asym-
metncal paralysis

The paralysis of the musculature of the back leads to paralytic scoliosis which
we noted, in spite of early Kenny treatment 1n 27 per cent of the 1946, and 29
per cent of the 1948 epldemic.

So far as respiratory paralysis Is concerned a distinction must be made ac
cording to the muscles involved. In paralyss of the intercostals the lesion Is in
the thoracic cord there 15 comparatively little respuratory distress, but the
breathung is nminly diaphragmatic. In paralysis of the cervical cord the phremic
nenve center located in the third and fourth cervical segments is mnvolved, the
disphragm 18 paralyzed, and inspiration 1s embarrassed In bulbar lesion with
paralysis of the tenth and other cranial nerves respimation 1s very difficult, and
there is more cyanosis than in esther phrenic or intercostal paralysis.

IV SPECIFIC CLINICAL SITUATIONS
A. THE UPPER EATRENMITY

1 The paralyms of the trapeaus (Fig 11)

This causes the shoulder to slump and the acromuon to droop forward and
downward. The scapula no longer pulled back by the muscle, assumes
a more forward position. Normally the trapezius rotates the shoulder blade in
cooperation with the serratus anterfor thus completing the elevation of the
arm. When the trapezius is paralyzed the action of the serratus anterior is
impeded not only because st has lost 1its rotatory assistant, but also because it
1o longer 1s held under tension by the lower trapezius fibers This 1s more marked
in lateral abduction of the arm where the lack of back pull of the scapula by
the trapezius causes the vertebral border to fall away from the spinous proc
esses Consequently abduction of the scapula fn the frontal plane is made pos-
sible only by the stabilizing action of the rhomboid.
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2. The paralyss of the antenior serratus (Fig 12)

“The acromion points farther bachward and Is <lightly elevated, because the
upward and backwatd pull of the trapezius is no longer neutralized In antenior
clevation of the arm the defect becomes more evident since the principal for
ward mover of the shoulder blade {s missing Only the pectoralis minar, the mid
portion of the pectoralis major and the acromioclasvicular portion of the deltoid
are left for this movement The vertebral border of the scapula strongly projects
backward when the arm is elevated forward (winged «capula)

Fic. 11 Paratysh of right trapezius. Fra. 1 Paralyws of right anterior serratus
winged shoulder

3 Paralyns of the deltord

This muscle is the principal abductor of the arm, its range 1s limited to the
honzontal Its secondary function is the forward and backward motement by
the antertor and posterior fibers, as well as outward and Inward rotation A sub-
stitutionary abductory motion can be carried out with the help of the triceps
and biceps when these muscles contract simultaneously and secure the humerus
firmly agauinst the glenoid cavity Abduction can then be carried out to a degree
by the trapezius and serratus rotating the shoulder blade (Fig 13)

4 Paralyws of the elbow jomt

The prinapal flexors are the brachialis and the blceps The brachioradialis is
& powerful auxiliary flexor The extension of the elbow is supplied by the three
hesds of the triceps and by the anconeus A alight extensory actlon is also
exerted by the humeral head of the supinator brevls Supination is carried out
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by the biceps and supinator brevis The supinatory power of the blceps de-
creases as the supination increases, and the last degree of supination is taken
over by the supinator brevis Furtherfore, the four oblique dorsal muscles,
namely the abductor longus, extensor brevis, extensor pollicis longus and ex
tensor indicis have some supinatory action.

The principal pronator Is the pronator radii teres, but with increasing flexion

Fin 13 Deitodd panalysis abduction substituted by rota
tlon of the scaputa

of the elbow muscle loses its pronatory effect
For this reason the muscle 1s paired with the
pronator quadratus which is actlve in all post
tions of the elbow If all threc flexor muscles are
involved flexion can be substituted only by a
forward swing of the whole arm The extensory Fc. 15 Themar paby
Joss may be substituted by gravity loss of

pronation by abduction and inward rotation of the arm 1n the shoulder joint
The loss of sxpmation is much more difficult to supplant, as this would require
a forced adduction and outward rotation in the shoulder jolnt (Fig 14)

5 The paralytic imbalance 1n the wrist yoint
Theparnlysisothcextensonclusesthedmpmt,mwhldnhcwrmand
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fingers are held in a semyflexed position Paralysls of the long flexors of the
fingers ascociated with paralysis of the Intrinsic muscles causes the flat hand
with hyperextension in the metacarpaphatangeal jofnt The flat thumb fs the re
<ult of paralysis of the thenar muscles (kig 15) Tt lics In the same plane with the
palm and is unable to eppose itself to the fingers

I THE PARALYTIC IMBALANCE O1 THF TRUNK
1 The paralyss of the abdominal wall

If this is symmetnical, it causes increased Inclination of the pelvis and exag
gerated lordosis The abdomen protrudes, and on side bending the flank 18 nat
flattened but bulges instead Maoreover, the entire respiratory mechinism which
depends on the tri<ornered balance between the tension of the dlaphragm and
of the abdominal wall and the intrathorncic pressure 1s disturhed We test the
paralysis of the abdominal muscles, first, by the Becvor sign The umbilicus 1s
pulled toward the non-paralyzed side, upward if the lawer portion of the rectus
{s paralyzed, and sidewny s in unilateral paralysis of the abdominal muscles

2. The paralysis of the diaphragm

This causes severe respiratary embarrassment because its abollshes the in
spiratory depression and the consequent enlargement of the thoracic cavity
Normally, the descent of the dfaphragm dunng inspiration causes the abdominal
wall to bulge, while during expiration contraction of the abdominal wall together
with a relaxation of the diaphragm {urnishes the expiratory backstroke. The
abdominal cavity acts as a piston driving into the thoracic cawvity and
emptying it of alr The paralysis of the intercostals abolishes the active dilata
tion and contraction of the chest wall, but respiration is still possible within
normal requirements The combined paralysis of the diaphragm and Inter
costals, however, constitutes a very severe respimtory embarrassment

C THE LOWER EXTREMITY

(See also Vol I, Sectlon A, Lecture IV, On Pathalogy of the Gut)
1 The hip jont

The gluteus maximus paralysis produces o characteristic galt. The patient
cannot depend upon the muscle to rotate the pelvis backward, therefore, in the
supporting phase of the affected limb the trunk Is thrown backward in the hip
Joint with the anterior muscles of the hip and the {liofemoral ligament acting as
2 check. In bilateral paralysis the gait 1s more awkward because this backward
thrust of the trunk is repeated with every single step

The weakness of the gluteus medius Increases the pelvic oscillations in the
frontal plane. In the absence of active abductlon the Jeg hangs in the hip jolnt
and a strong jerk of the trunk to the opposite side {3 necessary to clear the limb
oglxhe ground However, It has been shown that the gluteus medius {s not the
only stabilizer of the pelvis When the subject Is standing on one extremity
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with the pelvis level, the force which prevents the pelvis from droppling on the
non-supported side is not entirely active muscle pull of the abductors, but to a
considerable extent the pelvis s fixed by the passive tension of the fascia lata
and the iliotibial tract (V. T Inman') In trying to minimuze the dropping of
the pelvis toward the non supported side the patient, when standing on the side
of the paralyzed abductor, shifts the pelvis toward this side 5o that the line of
gravity falls more or leas through the hip joint. This naturally minmizes or
abolishes any rotatory effect of gravity in respect to this jolnt.

Fio. 16 Paralysls of quadriceps genu recurvatam.
Fra. 17 Puralytic valgus,

Fia. 18. Paralytic varos,

2. The knee jomt

The paralysis of the gwadriceps (Fig 16) affects the gait much less than one
would expect, because as long as the gluteus maximus and soleus are intact
they are able to stabilize the knee sufficiently in standing and in ordinary walk
mg It 1s only 1n the fast walk or In the run that instability becomes apparent.
If the paralysis of the quadnceps is combmed with paralysis of the gluteus
maxumus or of the calf muscles or both then the limb becomes unstable even in
slow walking In this case a hmp appears, and the steps become shorter The
patlent tries to prevent the jack Lmifing of the knee esther by throwng his trunk
forward so that the line of gravity falls in front of the knee joint axis or by
pressing the hand against the knee to replace the missing quadnceps action

Paralysis of the kamstring muscles alone causes httle disturbance of the gait
s0 long as the knee 15 not contracted or deformed If a genu recurvatum de-
velops however the calf muscles become contracted, the foot 18 in equinus and
the gait becomes sloppy (Fig 16)
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3 The ankle joint

In paralvtic calcancns due to parhy«is of the calf muscles, the ankle appears
stable in standing and <low wrlking but In rapid walking and running a marked
limp develops There is a complete Jack of take-off, and the propulsion is carried
on entirely by the heel There is hittle effect on the ocaillation of the pelvis and
trunk <o long as the legs are approximately equal in length In contrast, in
paralvsis of the extensors the foot drop produces the typical steppage gait
The foot is unstable, the take-off 1s considerably Impaired, and the supporting
phase 1s shortened

In the paralvtic vaigus (g 17) the gaut Is impaired because the valgus pos:
tion of the foot makes 1t difficult to develop a take-off Propulsion is accom
phshed only by rotating the foot strongly outward 1nd pressing the big toe firmly
to the ground On the other hand In the paralstic varus where the weight line
passes through the outer border of the foot (Fig 18), practically no real take-
off is possible instead, the foot 15 pushed backward by the flexors of the toes,
digmng into the ground The ankle fsyvery unstable

D RESIDUAL DEFORMITIES I\ CHRONIC POLIONIY FLITIS
CONTRACTURES (FIG 19)

Contractures arisc from the pull of the unop-
posed muscles, or they are purely postural Pos
tural contractures are frequent Here belong, for
instance, the equinus deformity of the foot, the
fieion contracture of the knee, the flexion con
tracture of the hip, the adduction contracture of
the arm, the pronation contracture of the elbow
and particularly the contractures of the spine
The flexion contracture of the hip is the most
frequent of all It develops when the patient re
mains situng or even lylng in bed with his legs
drawn up As a final result of the contracture posi
tion the muscle undergoes a structural fibrosis
and becomes irreversibly shortened

E THE LATE GAIN IN MUSCLE POWER

In the acute and subacute stages the future of
the paralyzed muscle 15 rather unpredictable, and

ANRR B er e S I
Fia, 19 Paralytle fevion con
rapid recoverles wathin the first six months are tractare of hip folnt

nothing unusual When the disease has entered the chronic phase, 1¢ , after the

perdod of rapld recovery has passed 1t will be
been paralyzed for two years without an
improvement under any kind of treatm

found that muscles which have
Y Teturn in power setdom show any
ent. Severely paralyzed muscles not



24 ORTHOPEDIC DIAGNOSIS AND INDICATIONS

showing any galn within slx months may be considered as definitely lost. We
bave never been able to see any return of power in muscles classified as 0 or
even 2 (poor), when they were paralyzed as long as three months wmthout
showing any appreclable recovery In muscles clasmfied as fair or good, im
provement in strength may be expected after a much longer time

F THE ULTIMATE SHORTENING OF THE LIMB

The greater the degree of paralysis, the greater is the degree of shorteung,
the younger the patient is at the onset of the paralyss, the greater also 1s the
amount of shortening On the other hand, walking seems to play little if any
part in the degree of ultimate shortening The arrest of length growth occurs
during the entire growing period, but it 18 accelerated during the period of rpid
growth On the other hand, premature closure of the epiphyseal cartilage in
the paralyzed limb has not been observed (D Ross*)

V THE DIFFERENTIAL DIAGNOSIS

There are certaln clinical features in the acute stage which help mn the early
dlagnosis of poliomyelitis Irrationality or coma 1s uncommon The temperatire
is only moderately elevated. Convulsions are rare and occur in infants only
Some meningismus may be seen during the stage of acute systemic infection
but 1t is only temporary In general, the symptoms In poliomyelitis are less
severe than in purulent memngitis

A THE DYSTROPHIA MYOTONICA

This 15 a hereditary disease of the central nervous system which affects a
number of persons of the same family In different generations and is character
{zred by muscle weakness and wasting and often cataracts

B THE NEURONITIS OR SO-CALLED GUILLAIN BARRE SYNDROME

This 1s really a polyneuritis which occurs usually in children and young
adults It has a slow onset and develaps paralysis first of the lower and then of
the upper extremities rarely invalving the respiratory muscles The course of
this disease 1s afebrile, the paralysis is flaccld, and the deep reflexes are absent.
The patient complains of general aches and pawns 1o the calves and bacl, and
the imtlal symptoms may be mild and pass unobserved. The spinal fluid shows
a very high proteln content, up to 800 mg per cent, which tends to increase In
the acute stage and remarn elevated long after recovery In contrast the number
of cells is low The weakness most commonly involves the proximal portians of
the limb while sensory disturbances are as a rule limited to the distal portions.
The motor signs are usually symmetrical and bilateral and are progressive. Most
of the cases make a complete recovery The similarity to infantile paralysis lies
in the fact that the history is about the same, but there is more pronounced
hyperesthesia in neuronitis Exacerbations may develop after some interval
which are not seen in poliomyelitis
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C THI FN\NCFPHATITIDES

This is often aswociated with fiaceid paralysis when the discate extends into
the cord Spinal fluid chinges are absent, however, but the presence of neuro
logtcal signs indicates focal Iesions in the brain and there is prolonged fever

D TUBLERCUI QUS MFNINGITIS

This 1s alco charactenized by fever, stiff neck and changes in the spinal fluld
which may confuse the issue The differential points are the appearance of
intracranial pressure, the cercbrate rigidity, the pathological reflexes and finally
the findings In the <plnal fluid which i tuberculous meningitis show more
pleocytosis, greater globulin content but markedly dimmished sugar reduction
and the charactenstic pellicle which appears when the fluid 15 allowed to stand

L THE TRANSVERSE LESION\ OF THE CORD

Acute myelitis or Landry s paralysis is differentiated by the ascending tend
ency of complete motot and <ensory paraly sis, the slight rise in temperature and
the absence of «pinal fluid changes

F ABSCESSES OF THE CORD

These are differentiated by the complete Joss of all forms of sensation, with
the exception of tactile The bowel and bladder functions are also lost, which
1s unusual 1n poliomy elitis The spinal fluid cell count is normal

G THE ALCOHOLIC POLY\EURITIS

This resembles the neuronsus, the diagnosis is made on the gradunl progres-
slon of the paralysis, accompanied by severe pain and intense sensory disturb.
ances The loss of power is the first symptom and there 18 muscle twitching The
reflexes are depressed but not abolished, and the electric reactions remain un
changed

H PSEUDOPARALYSIS

That which we see in Barlow s disease or in congenital syphilis may simulate
poliomyelitis The Wassermann reaction of the blood and the spinal fluid estab-
lishes the diagnosis 1 syphilitic lesions, and the concomitant signs of scurvy
and the x ray picture identify Barlow’s disease
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Lecture III

ON ANTERIOR POLIOMYELITIS
CONSERVATIVE TREATMENT

THAT no treatment of any kind can be evaluated without contrasting it
with the patural course of the disease 1s too self-evident to be argued
Precisely on that score, it has been asserted that the early treatment of antenor
poliomyelitis has little if any effect upon the course or on the degree of residual
paralysis (C H Crego') It was pomted out that in cases which were allowed
to nun thelr natural cycle, except for supportive treatment, only 10 per cent
showed enough residual wealness to require braces or surgery while 72 8 per
cent had elther no residual weakness or it was so insignificant that no treatment
was required (M S Scherman*) From the reports one may gain the impres-
sion that early treatment 1s unnecessary Such a conclusion would be justified
only if the objective of the treatment were the prevention or the cure of definite
and irreversible pathological changes It is well to recognize from the outset that
with the exception of the sporadic and very Inadequate attempts to control the
disease by vaccine and serum therapy all treatment of infantile paralysis is
symptomatic The question is Does the treatment give symptomatic relief by
control of muscle spasm and pain? Does it prevent or correct deformty and
disability? Does it relieve cerebral inhibition and revive the normal motor im-
pulses?

I GENERAL TREATMENT

A SEROLOGICAL

The direct attack on the virus infection itself, rational as it is, has been dis-
appointing on the whole The time for the use of convalescent serwm 18 the
preparalytic stage As a majonity of cases do not develop paralyms at all, it Is
drfficult to evaluate the effect of this treatment. Some larger serles (A. L
Hoyne®) seem to indicate that serum therapy does not reduce the death rate and
does not prevent paralysis and that there is no ment In the appheation of serum
(J C Gelger R W Burlingame and R C Miller ) So far as the use of vaccine
18 concerned 1t seems that the more active kind (Kolmer) 1s not without danger
while the formalin 1nactivated vacane (Park) is safd to be ineffective.

B MEDICINAL TREATMENT
1 Antispasmodics
Prostigmme This is not & new remedy it has been used for certaln other
paralytic conditions particularly for myesthenia gravis and was recently popu-
larized for lnfantile paralysis (H Kabat and N E Knapp*) Its physlological
action Is that It inhibits the function of the cholinesterase an enzyme responsibie
)
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{or the rapd <pliting and inactivation of acetylcholine Prostigmine, in destroy
ing the cholinesteriee, permits a greater accumulation of acetylcholine in the
synaptic inhibitory centers with the result that the tonus of the shelet1l muscles
is decreased and with it the proprioceptive reflex jrritability 1t 3s uced avacom
bination of 1 mg prosugmine bromide with 1/200 gr atropine sulfate hypo-
dermcally every three or four hours

The most powerful ant{spasmodic drug 1s cirrare Ransohoff, who Introduced
it into the treatment of pollomychitis m connection with phy<iotherapy and
particularly muscle stretching, finds that the action currents of the resting
muscle can be diminished or abliterated by means of this drug It is given in
dasage of 09 units per hgm body weight every eight hours {or the first 24 hours
and 15 units subsequently

2. Vitammns and chemotherapy

All reports on the effect of vitamins upon the course and the rate of recovery
of the paralysis have been negative The <ame is true of the chemotherapy
The sulfonamides have been tried and found entirely ineffective (Toomey*)
So far there s no evidence that any of these drugs has any cffect upon the
metabolism of the host cell upon which the virus depends for {ts existence

I LOCAL TREATMENT

In 3 spint of dissent rather than on the basls of facts it has been claimed that
until recently the so-called orthodox methods universally dommated the treat
ment of infantile paralysis, and that they were founded on the principle of the
mest ripd and prolonged fmmaobfizauon This is not entirely correct, becnuse
there have been In the past so many departures from the idea of protracted and
uninterrupted immobilization, and it has been challenged before in so many
quarters that one can hardly call it universally accepted In addition, some
newer physlological observations have changed our ideas on complete immobili
zation Quite to the contrary, it was {ound that if the muscle passes through its
complete range of mation at frequent intervals, recovery is enhanced rather

than impeded because of the stimulation of the venous circulation and lymphatic
flow

A THE PRINCIPLE OF REST AND RECUMBENCY

What then, is the objectsve of rest and recumbency? During the periods of
hyperesthesia and muscle spasm the patient naturally must be Lept in bed, but
this perfod of immobilization should not be unduly protracted and motlon
should begin at an early date The exceptlon is the threat of paralytic scoljosis
where recumbency should be prolonged until all signs of spasticity of the back
muscles have disappeared Proper splinting Is essential during recumbency to
avoid contractures There 1s no serfous objection to the use of splints m order
to hold the knees and ankles in the proper positlon (Fig 20), though it can
also be done by proper placing of sandbags



28 ORTHOPEDIC DIAGNOSIS AND INDICATIONS
B PHYSIOTHERAPY

When skould physiotkerapy begsn? The apphication of heat should start im-
mediately, as advised by Lovett and others many years ago

1 The first objective of keds 18 the control of pam The method of fts appli
cation has been greatly improved by the technique developed by Miss Kenny

Fio 20 (top) Leg sphnt in recumbency
Fin 21 (bsttom) The Kenny pack,

and 1t Is especially effective In controlling muscle spasm Use is made of con
tinuous warm fomentations under a special, carefully devised technique (Fig
21) In case of respiratory embarrassment due to spasm of the Intercostals these
packs have to be applied very frequently In other Instances, the applications
made at one or two hour intervals or even less often will suffice In some
instances as in the spasm of the mtercostal muscles, the relef is striking
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2. Sumulfation of muscle tone

1t is imperative that the tone of the muscles be maintained through the early
stages of the divease There are «cveral means of heeping the remalning muscle
fibers in good condition The modalities in use are ultrwaolet rys, short wave
currents, warm water pool and clectric stimulation, passive motion and active
exercises The ultraviolet radiation has mercly a general «timulating effect (G
\I\e') Short wa~c and diathermy arc conveyors of heat which improve the
muscle tone by acceleration of the circulation On the other hand, the under
water treatment first instituted by C L Lowman is an excellent and direct
method to develop muscle tone It facilitates active exerclce of weak muecles
by ellminating the influence of gravity The warm water pool is partscularly
useful in the early stages of muscle rehabilitation The procedure can be simpli
fied by using Individual so-called Hubbard tanks instead of the expensive warm
water pools

There is a question in regard to the value of electrotherapy It improves the
arculation by stimulating muscles to contract, which are otherwise unresponsive
to voluntary efforts, and it has been demonstrated by physiologists that electnc
stimulation of certain intensities retards muscle atrophy The interrupted cur
rent is preferable to galvanism because of its rhythmic stimulation The surging

sinusoldal type has the advantage that it Is less uncomfortable than the faradic
current

3 Muscle reeducation

This is the most important of all physiotherapeutic modalities A central in
hibition blochs the transmission of voluntary impulses from the higher centers
to certain muscles, these are the muscles which profit most by re-educational
methods The details have been carefully worked out under the Kenny tech
nique. The muscle must be taught to resume its function by being carned
through 1ts range of motion first passively and then actively This produces
proprioceptive stimuli which breal through the cerebral inhibition and reestab-
lish the motor pattern m the brain it makes no difference what interpretation
1s given to the state of the muscle nvolved, whether we call it mentally alenated
or anything else, 1t Is clear that only the weakened and not the completely para
lyzed muscle can be expected to respond to re-educational tralning

The educational program of muscle re-edueation must be built up by successive
steps, each of which represents a locomotor performance more complex than the
preceding one The more simple ones are those which are connected with align
mest of the body The patlent Is first taught to sit and to stand, then he pro-
ceeds to the function of locomotion, ending up with more intricate and comph
cated movements of the extremities To work out such a plan in every detall

requires sl the ingenuity and rience of the v
el s xcupagons expe) e traned worher in physica) ns
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4 Evaluation of the Kenny method

A heated controversy has arisen among orthopedists regarding the clafms and
ments of the Kenny method We feel that in one respect at least the method
deserves & great deal of credit. It has helped to break a tradition of absolute and
prolonged immoblilization, which 1n some quarters had been greatly abused, and
which not only disregards established physiological facts, but is also contrary to
the old teaching of Lovett. He was a strong advocate of the application of heat
and of muscle reeducation So far as the muscle educational part of Kenny’s ays-
tem Is concerned it 18 an excellent and refined method of dissoclating substitu
tionary mass movements by individual muscle tralning and selectrve muscle
exercises A student of infantile paralysis, Ricardo J Caritat, pomnts out the
fact that muscle reeducation by sytematic exercises was carred out as far back
as Ducroquet, before 1t was advocated by Lovett and his followers. Yet, the
fact that others have emphasized the application of heat and the practice of
muscle training (Morquio) before should, we belleve, not detract from the
Kenny method insofar as it represents a definite technical advance

C THE APPLICATION OF BRACES

Shkould braces be applied at all? The rather peremptory manner in which the
question of braces is disposed of 1 some quarters calls for some remarks. We
think that much of this controversy 1s due to 2 misapprehension of the purpose
of braces They have nothing directly to do with the paralyzed muscle The
function of the brace is to support the Joint and keep it from jeck-knifing
Furthermore, its function is to maintain the normal position and the integrity
of the jolnt and to prevent its being distorted We realize perfectly that the
muscle Is not depending upon the brace for its recovery, nor 1s the brace indicated
because the muscle has lost its function A patient with a paralyzed quadniceps
can walk perfectly well without Jack knifing the knee, because the tension of the
heel cord and of the gluteals Is sufficlent to stabilize his knee, a brace s certainly
not indicated in a case like this Another patient with the same paralysis of the
quadriceps has a relaxation of the knee and a tight heel cord and develops a
genu recurvatum deformuty Such a patient s definitely in need of a brace to
protect a joint which 18 becoming deformed

D REGENERATION BY SURGERY UPON THE
PERIPHERAL NERVE

Obviously a nerve that has lost all its axuscylinders is {rretrievably lost. The
fact is however that in most Instances the paralysis Is of spotty character and
that the destruction of the nuclear columns in the spine occurs in 1solated plaques
anly Consequently most penpheral nerves carry some axiscylinders which
are depnived of their motor horn cells and others which are not. The question
arses whether It is possible by some irritative maneaver to produce in the re-
mmning nerve fibers a process of hyperneurotization This means that a number
of actually denervated muscle fibers whose motor end plates are oo longer con
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nected with living anterior horn cells would have to recefve a new nerve supply
from the axis cylinders of the survising anterior horn cells This regencration
would have to occur by means of nerve sprouting from the intact axis cylinders
and the formation of new neuromotor end plates fn the paralyzed muscle fibers
Using as n basis this concept of hyperncurotization, Van Harreveld and Billig
(also McEarland, Bilhg, Taylor and Dafl’ } developed the method of the so-
called neurotrypsy or nerve crushing

The idea was to crush the peripheral nerve which still contained active axis
cylinders In the expectation that there would ensue a regeneration actisated by
the sull exsting anterlor horn cells and their axis cylinders, and that {urther
more this regeneration would exceed pereeptibly the amount of nerve degenera
tion cauted by the crushing The expenments consisted in pulling out the spinal
roots of the sciatic nerve of animals, leaving the fifth lumbar root alone The
fifth lumbar root was then crushed on one side, and on the other side 1t was left
intact It was claimed that after the crushed root had regenerated, the power
of the muscles supphied by it had increased This was believed to be due to the
fact that the nerve regeneration which followed the crushing was so abundant
that 1t actually spread beyond the terntory of innervation of the crushed nene
fibers The cruaal question 1n the whole scheme 13 whether such hyperinnerva
tion by a nenve recosering from the effect of crushing actually takes place or
not. This point 15 still under debate Many of the patients we have questioned
declared themselves benefited, and the carefully hept records and charts
seemed to indicate an increase in strength of muscles rated fair or good From
their experimental point of view the physlologists have so far refmined from
sanctioning the prinaiple of hyperinnervation Hines' and his associates found
that the maximum recovery, as measured by muscle weight and muscle tension,
which can be expected after crushing a certain nerve is about 85 to 90 per cent
of that existing before, and that not only is it not in excess of the preoperatine
condition but it does not even reach the preoperative level
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Lecture IV

ON ANTERIOR POLIOMYELITIS
OPERATIVE TREATMENT

I ORIENTATION

THE objectives of the operative treatment of residual poliomyelitic de-
formitles and disabilities are 1 The restoration of the normal alignment.
2 The stabilization of joints 3 The restoration of the motor functfon On the
whole, operative indications are conditional on failures of conservative treat
ment, this means that operations are not indicated unless conservatism fafls,
but not that the failure of conservatism necessarily indicates operative meas-
ures The problem therefore resslves itself m determining If conservative treat
ment has definitely fafled and, 1f so whether operative methods are indispensa
ble One will find that the answer differs not only In the three situations men
tioned, 1.e., disalignment, instability and motor dysfunction, but also according
to the dufferent localizations within these limits W e can set up general principles
and poliaes but it takes a detailed situation to formulate the specific ndica
tion

1 The normal alignment of the body Is destroyed by contractures of the soft
tissues which develop during the convalescent stage unless special measures are
taken to prevent them. The most common are the flexion contracture of hip
and knee the contractures of the ankle joint and the paralytic scollosts. They
are on the whole avoidable and that they appear to be much scarcer today than
they were before is due to the recognition of preventive measures and ther
proper apphication

The general principle is that contractures call for complete correction by
whatever means necessary But the tractability of contracture by conservative
means varies greatly with the situation 3Much of this is due to the difference
between the contracture of the short fibered monarticular and the long fibered
plunarticular muscles. The contracture produced by the former 1s always more
rigid and resistant, whereas the plunarticular muscles allow a much greater
degree of stretching. This 1s fllustrated in the difference between contractures
of up rnd knee In the former the contracture Is produced by the short unl
articular flexors which give but little and conservative means of stretching are
soon exhausted

In the knee on the other hand, the contracture s produced both by the ham
stnings and the short head of the biceps as well as the gastrocoemius long
fibered plunarticular muscles are paired with short fibered monarticular This
is reflected 1 the manner in which the muscles respond to mechanical correc
tion. Correctlon by conservative stretching goes much further m the knee than
1n the hip joint. There 15 & good reason for pushing conservative measures to

32
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the utmost When the stretched muscle regains its natural tength, it is a better
physiotogical unit for future function than any muecle that has been clongated
by lengthening its tendon Such lengthening weakens the contractihity of the
muscle because it destroys the normal relatfonship between the tendon length
and muscle length The point to deaide is then, whether the advantage of
realignment outweighs the disadvantage of losing contractile power For
instance, in the knee joint the contracture of the biceps and in the wnist Joint
the contracture of the flexor carpl ulnaris may be so g that further attempts
to straighten the joint by conseniative means may lead to distocation or
subluxation rather than to actual straightening of the joint It 1s here that one
must decide on operatisve measures

2 The second objectine is the stabilization of the jaint The polnt is, whether
active stabilization by muscle tone can be provided for by a satisfactory
rearrangement of the muscular equilibrium, or whether the normal position of
the joint can be maintained only by an arthrodesing operation Here one will
find great difference 1n the various joints of the extremities, according to their
function The weight bearing joints of the body especially depend mostly upon
stability Particularly In the foot and ankle stability is of paramount Im
portance, therefore movement will more often be sacrificed by arthrodesing
operations  This is 1n contrast to the joints of the upper extrenuty in which
mobility 15 the first prerequisite, or in which mobility and stabihity share equal
importance

3 The third objective Is the restoration of free and active mobility This
applies more to the upper extremity where the dynamic functions prevail
while for the lower the man requirement is stability Some operatn ¢ plans may
provide for both mobility and stability, but it is obvious that in the lower
extremities where the demand for stability is particularly exacting there will be
very few situatfons in which both static and dynamic functions can be restored
to a desirable degree For instance, the elbow joint requires more mobility than
stability and an operation restoring mobility may take care of what stability
is necessary for satisfactory function In the hnee joint and In the ankle jolnt
where the static demands are 50 much greater, mobihzing operations have a
much narrower field of indications

Therefore, when an operative program Is decided on upon the grounds that
conservative means have become exhausted and that intervention s necessary
to overcome the disability, the general principle will be, first, to deal with the
disalignment caused by contractures, secondly, to maintain alignment passively
by restrichon of mation or actively by reestablishing the equilibnum and
thirdly, by procuring mobility by way of muscle or tendon &mnsp!nntatmn,



u ORTHOPEDIC DIAGNOSIS AND INDICATIONS
II THE SPECIAL OPERATIVE INDICATIONS
A. THE UPPER EXTREMITY

1 The shoulder joint (Loss of Abduction)
g) THE ParaLysis oF THE Drertom

This muscle is the prime abductor in which function it is assisted by the
supraspinatus By stabllizing the humerus this muscle prepares the abduction
of the shoulder jont which 1s then taken up by the deltoid, Some degree of
abductlon can be managed in paralysis of the deltord by the simultaneous
contraction of blceps and triceps which fixes the humerus agalnst the glenoid

Frc, 22 Paralysh of deltold fusion of shoulder Joint. Case G C. (mak) #38-19129 17 mooths,
January 1928 Infantlle paralysty fonr months ago Tendon tranaplantation of trapezhm at ge of
nine years unsuccemiul, Fusion of right shoulder Jolnt at age of 11 years, 1938 good end resilts
Obssrvation five years after operatbon.

fossa and enables it to mave with the seapula as one mechanical unit. Can the
deltoid be substituted by tendon transference? Attempts in this direction have
been made for many years More recently L. Mayer™ has used the trapezius
as a transplant by severing the muscle from the scapula and fastemng it by
means of a fascial strip, serving as a tendon, to the humerus (Fig. 22) It has
been our experience that this operstion stabilizes the shoulder joint only
Insofar as 1t prevents subluxation but there is no useful contraction of the
trapezius and the muscle acts more 23 a tenodesis than as an active mascle.
Considenng the inadequacy of the transplantation methods, s it practicable to
abolish the motlon of the scapulohumeral articulation and substitute for it the
movement in the acromioclavicular and sternoclawvicular jolnts? The pre-
requisites are a good traperius and anterior serratus which rotate the shoulder
blade m abductory direction The fact that when the humerus 18 held fixed In
the glenoid some abduction is obtainsble by rotation of the scapula suggests
that the acromioclavicular and sternoclavicular joints may be adequate to take
care of the abduction of the arm after fusion of the shoulder joint.
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Our simphified techmique of fusion approaches the jolnt by a circumscribed
{ncicion through which 34 to one inch of the acromial border is resected to
provide good access to both glenoid cavity and humeral head and to allow
complete denudation  The be<t position after fuslon i 50 to 60 degrees
abduction for adults and no more than 60 to 70 degrees for children together
with 25 to 30 degrees forward flexion (Fig 23) Onc must avold too much

Fio. 23 Arm apica after fuslon of shoulder Joint.

abduction, otherwise the arm cannot be brought into full adduction after the
shoulder has fused (Fig 24) How long one should walt for spontancous
return of the deltold depends on the degree of paralysis 1f there is complete
Z‘;::liixxm with rapid atrophy (Case B H ), there Is no object in walting longer
e fu.ﬂmonths When the muscle Is classified as fair, one may walt two years
2 on should not be performed before the age of ten Lately, we have
s the resection of the clavicle at the acromioclavicular articulation to
case the abductory range
w(zuc;rmmucs cover 70 cases, In which good solid fusion with abduction to
ees occurred fn 74.28 per cent, and fair results where the abduction
W23 30 to 60 degrees in 18.57 per cent.
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Fro. 24 Fuslon of shoulder folnt In too moch ab-
duction. Case B H. (malk) #£43-1436 12 years,
February 1043 Resldual deltoid paralysh for six
months. Fuloa of Jeft shoulder Joint In 70 de-
grees abductlon  thh abduction was too extreme,
and puticnt wxs umable to bring arm fully to the
side. Obeervation three yeurs. Fro. 26 Flevor plasty of elbow
Case G C.

Frc 25 Anterlor polomyelits complete paralysis of keft
upper Case M K (fernale) #41 1486 ning yeas, Febru
ary 1941 Poliomyelits tovolving entire left wpper xix
months ago sl mmcles of shoulder Jolot, elbow and wrist

normal. Fusion of shoalder Joint Octo-
ber 1041 Fusian of elbow Jaint April, 1942 Foslon of wrist
September 1942 Acttve adduction of arm 45 degrees all
jotnts solidly fused, and coaid mse arm 13 & book.
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Tn a suncy on the end results of the paralyzed <houlder the committee of
the American Orthopedic Association? comes to the conclusion that arthrodesis
of the <houlder 15 the operation of cholee in all cases of infantile paralysis with
complete paraty<is of the deltald

b) PARALS1S OF THE SERRATUS

This prevents close apposition of the shoulder blade to the trunk when the
arm is elevated If the abduction fs stralght sideways in the frontal plane, then
the rhombolds hold the scapula tight to the body , and the trapezdus is sufficient
to rotate the scapula The great difficulty arlses when the arm is brought up-
ward 1n the sagttal plane Then the vertebral border of the scapula stands out
strongly (the “winged” scapula) and the elevation in this planc is greatly
impaired The muscle acts synergsticaily with the trapezius in rotating the
shoulder blade outward and with the rhombold {n holding the scapula tight to
the thoracic wall If serratus palsy is compheated with that of the rhombods,
elevation of the arm is handicapped both in the frontal and sagittal plane The
one practical method of substitution for the paralyzed sermtus is to insert the
sternocostal portion of the pectoralis major into the lower angle of the scapula
The pectoralis mayor tendon can be severed off the crest of the greater tuberosity
through an anterior incision and led through the quadrilateral space and then
fastened through a posterior inclsion to the lawer angle of the scapula,

2. The elbow jount
a) CONTRACTURES

It 15 not common to see a flexton contracture of the elbow jont develop
from anterior polamyelitls, because the welght of the hanging arm usually
prevents It. On the other hand, the pronation contractures of the forearm are
frequent due to loss of supinatory muscles, particularly the biceps So far as
they reslst manipulative correction they can as a rule be relieved by tenotomy
of the pronator radil teres Supination contractures are more resistant. Not
only {s there the contracture of the supinator brevis but the interosseous liga
ment and the shrunken capsular apparatus also resist correction An osteotomy

of the radws and positioning of the forearm in 45 degrees of pronation is
recommended by Blount

b) StaBmizATION OF TRE Ernow

This sometimes becomes part of a larger problem In cases of compl
paralysis of the entire extremlity which fs more often seen in injuries tffl::
brachial plexus than in anterior poliomyelitis There Is a solution 1 case the
shoulder girdle muscles are preserved, which consists in fusing all three articu
lations, shoulder, elbow and wrist, and using the arm as a hook (Fig 25) On
the other hand, a common situatlon in poliomyeliis s the paralysis of the elbow
flexers, biceps, brachialis and brachioradialis This condition tan be met by our
operation of the flexor plasty The condition for this operation Is that the muscle
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power of the fingers and of the flexors of the wnst Is preserved The principle
of this operation is to transfer the common head of the flexor carpl radlalis the
palmaris longus and flexor carpl ulnarls from thelr common point of origin at
the internal epicondyle of the humerus to a point 134 inches higher up and thus
increase the moment of rotation of these muscles relative to the elbow jont (Fig
26) Any pronation contracture existing before operation must be corrected
especially since the transposition of the flexors fs [ilely to mncrease the pronatory
deformity

Our statistics show that good results, that is active flexion through a range
from 120 to 60 degrees, were obtained in 76 per cent of the cases (A R Smith™)

3 Paralysis of the wrist
a) CoumPLETE PARALYsIS
Ths is one of the few situations which call for arthrodests. It may be part of

b
a
Fio, 27 Completely finl arm  arthrodesis of elbow and wrist. Case M b a) Elbow b) Wrist.

a general stabilization scheme which includes the arthrodesis of all three large
articulations (Fig 27)

b) ExTENsOR PARALYSIS

The question arises whether the remammg flexor muscles available for
transplantatlon are sufficient for the stabilization of the wnst as well as for the
extension of the fingers This requirement can be met if the extensors of the
fingers and wrist alone are involved In this case a tendon transplantation of
the flexors carpl mdualis and ulparis to the extensors of fingers and thumb is
carrled out as in 8 musculospiral paralysis with wrist drop

Ii the avalable muscle matenal is not sufficient for stabflimtion of wrist
and extension of the fingers for instance if part of the flexors are involved,
then the arthrodesis of the wrist must be added to the tendon transplantation.

A third problem 15 the paralysis of the supinators The Jack of active supina
tion Is due to absence of the biceps and supnator brevis action, and it leads to
a pronation contracture which 1s very difficult to overcome by a substitutionary
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motion in the <houlder The method which we apply and have found very rellable
is the transposition of the flexor carpl ulnaris doreally into the lower cnd of the
radius Through a wide anterior Incision this muscle must be thoroughly fsolated
and led obliquely over the dorsal surface to the distal end of the radius where
1t1s ineerted (Hg 28)

Our statistics on the tendon transplantation of the flexors to the extentors

Fie 28 Tamh ls of supinaton
transplantation of fexnt carpl ulmaris
Cate I.. A (female) #18-10%70 10
yeurs, November 1936 Infantile
panlyis Involvieg shoulder mutch=
bicepn, triceps, Wlateral imability to
supimte kefl. Flevor plasty feft elbaw
with tran nosition Bexor carpd ubnarfs
into lower radius December 1938
Flevar plasty riaht elow with trans
plantation flexor ourpd ulnards to
finger extenwon January 193¢ Fudon
left shoulder April 194 ) Result of
firor plasty right. b) Result of
ulmaris transposition left

b

show 50 per cent good and 30 per cent falr results Those on arthrodesls, 34
cases, showed 26 or 77 per cent had good results Our figures on the tn'ms
pol;ufon of the flexor carpi ulnarls to supplant the lack of active supination are
also favorable Among 16 operations of this hind carried out both for Infantile
and spastic paralysis good results were obtained in 10 or 66 per cent

4 The thenar palsy

The inability to oppose
use of the ]m]ti\ the thumb to the fingers greatly Incapacitates the

While It is possible in this situation to substitute extension and
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reposition movement by the abductors of the thumb, it ls impossitie for the
thumb to cross the palm and meet the tips of the mndex and middle fingers The
principal reason for this is the absence of the opponens and the adductor of the
thumb Our own method consists In the use of the flexor polliczs longus to serve
as the opponens of the thumb The principle of the techmque Is to spht the
tendon of the long flexor of the thumb into a radial and vlnar bajf, then to lead
the radial half dorsally around to the base of the basal phalanx, 20 that it now
has exactly the direction of the opponens pollicis (Figs 29 30)

Our statistics on flexor plasty of the thumb (J B Davis®) are as follows
Of 36 cases good and excellent results were obtained In 26, or 72 per cent, fair
results in 2, or 55 per cent and failures in 8, or 22 per cent. This operation
cannot be performed In cases 1n which the flexor pollicls longus is deficlent. Here
we advise the method of Bunpell * The principle of this method is to substitute
the missing opponens by the flexor carp: ulnaris which is elongated by a tendon
graft of the palmaris longus and led through a tendon sling fastened around
the pisiform bone The elongated tendon 1s then fastened to the distal end of
the metacarpal of the thumb

B THE LOWER EXTREMITY

1 The prnciple of equalization

The restoration of form wnvolves equalization of leg length A horizontal
position of the pelvis is most desirable In order to prevent static scollosis. When
ever the shortening of the leg amounts to more than 1%4 Inches, an operatlon
for equallzation ahould be considered, either lengthening the affected leg or
shortening the sound leg The choice of the method depends on the amount of
shortening as well as on the age of the patient

a) Tee GrowTH Is CoMPLETED

Here again the choice lies between lengthening the paralyzed short leg or
shortening of the sound and longer leg

1) Bone lengthening operations. The first bone lengthening operation was
suggested by Putti, who after splitting the femur lengthwise by a Z-shape cut
used an mstrument he called an “osteotone & distending device based upon the
turnbuckle principle In this country LeRoy Abbott devised on similar prin
clples an elaborate technique for bone lengthenng of the lower leg The indica
tlon for this operation Is & minimum shortening of 134 Inches in young adults
with good or falr musculature The operatlon is of considerable technlcal difi
culty In order to accomplish the lengthening it 18 necessary to make an exten-
sive transverse incision In the vaginal fascia which would othermise resist the
elongation The actual lengthening is accomplished by an extension apparatus
swhich Is attached to four pins two aboye and two below the site of the Z-shaped
inclslon in the bone. The extension must be done gradually, and it takes about
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Fm 19 (top) Thenar palsy flevor plasty of thumb Case B B (female) #3£-2532 five years,
August, 1038, PoBomyelitn October 1937 resldsal thensr palsy parabysis Jumbricales, Interossel
and flexor carpd ulmarks. Fleror plasty of thumb with splitting of fiexor pollicls longus  pood result.
Obserration two yearn

F1o. 30 (bottom) Thensr palsy flevor plasty of thumb. Case M K. (femake) #MI-8.47 seven
years, March, 1936 Infantle paralysis plne modths ago rekdml panalysls deltold, pronators,
brachioradialis, flexor carpl radials, and ulnarls and theoar palsy Flestor plasty of thumb July
19%7 fuslon of shotlder 1940 Good results from both operatbons observation seven years.
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four weeks 1n order to accomplish the maximum lengtheming which in our cases
was about 2 to 214 Inches in the adult.

Our statistics on the lengthening operation (A Bitar*) cover 12 cases with
an age range of 13 to 25 years In 11 cases tibial lengthening was carned out
and 1 1, lengthening of the femur The lengthening obtalned by the Abbott
technique was 1 to 234 inches The end result was good in 6 cases or 50 per cent,
which means that the shortening of the leg was reduced until there was no
more than one Inch shortening In 25 per cent the residual shortening was
more than one inch, In the remaining 25 per cent there was no improvement
whatsoever

2) The bone shorterung operations. The shortening of the sound leg 15 also
indicated in cases in which bone growth {s completed the operation is much
sumpler and less dangerous than the bone lengthening operations The shorten
1ng can be accomplished either by a simple osteotomy as described by White®
or by resection of a ¢y indrical piece of bone

b) TeE GrowrH Is Nor CoMPLETED

Here are also two alternatives elther the growth of the sound hmb 15 stopped
by a process of epiphyseal arrest, or the growth of the affected bone is
accelerated by an operation on the sympathetic system

1) The epiphyseal arrest. This method was first introduced by Phemister,
it Is mntable only during the Iatter half of the growing perfod The phystological
age of the patient (in contrast to the chronological) is established on the basls
of ossificatlon of the carpal bones according to Todd s table and thea the
proper time for operation 1s computed from the growth table of Baldwm
Hatcher which gives the expected growth increment for all ages and for the
four epiphyseal plates of femur and tibia The upper femoral epiphyss con
tributes 15 per cent, the lower 40 per cent, the upper tiblal 27 per cent and the
lower tibial 18 per cent to this growth.

The formula of L R. Straub J C Thompson and P D Wilson* Is the
expectant discrepancy over the expected growth this equals the percentage
of growth to be eliminated If it 18 less than 25 per cent, the operation should
be delayed. A more complicated chart based on cumulative xray measurements
1s used by W T Green and Margaret Anderson™ to predict shortening of tibie
and fibula in growng children It seems that the chart devised by these authors
glves a more accurate predictlon of the results obtalned after epiphyseal arrest
than do the other methods of Baldwin Hatcher, Gll-Abbott™ or White.**

In our own cases we have found the ongmnal Baldwin Hatcher method quite
satisfactory Our earlier statistics on epiphyseal arrest (A Bitar’) gave excel
Tent and good results in 63 5 per cent there was either complete equaliztion of
the legs or at least a substantial decrease of the shortening. A Jater revision
including 100 cases gave 75 per cent good results and 16 per cent poor results
with 9 per cent outright failures (Fig 31)

Epiphyses] growth can also be retarded operatively by implantation of metal
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or staples actoss the epphyseal line (S L Haas," C T Blount)

2) An increase of length growth can be obtained by operation upon the
sympathetic nervous system, a method first introduced by R I Harns,” in
1930 The physiological principle is that there is o prolonged increase in the
blood supply at the growing epiphyseal plate which enhances the growth,
provided that the effect of the sympathectomy on the blood supply is per

Fra. 31 Equaliration epiphveeal ar
rest rizh, Cme €. 1 {male) #38-
15754 two years, Jamary 19.5 In-
fantile paralysts at axe of one year
Cousiderable shortenlng left [imb
with statie scofiosts at ape of eight
years, In 1933 Shortening of 134
inches at ape of 12 yan in 1937
Epiphyieal arrest upper and lower
tibia. Shortenlng amounted to A
inch in 1041 Obwervation four years
siter openation. a) 1937 b) 1941

manent, The Indication 15 in the growing child with paralysis of moderate
degree imuted to one extremuty It should be performed early, if possible at the
age of six.

3) X ray radlation and epiphyseal growth The possibility of retarding
epiphyseal growth by radiation was investigated by ] A Reidy,J R Lingley,
:Dﬁ A Gall and J S Barr,” who found that the epiphyseal cartilage was

ected by the x ray However, there s the danger of unequal growth of the
epiphyses which may lead to considerable def ormity

2. Contracture dusalignments
a) Frexion Coxteactuse or Tae Him

It has been explained that the musclas
primarily responaible for the flexion
contractures are the monarticular muscles and that thess contractures readily
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become rigid and uncontrollable by
conservative means When the limit
of the conservative treatment has
been reached tenotomies and my
otomies are called for but even these
procedures have thelr restrictions.
The Soutter or Campbell operation is
simply & method of stripping the con-
tractured structures from the os ilii
using the antenor approach of Smith
Peterson

The more immeduate results of our
own 102 cases (J B Davis") were
satisfactory correction in 776 per
cent of the cases It seems however,
that these results are not Iasting and
that recurrences of flexion contrac
tures were frequent after the Soutter
or Campbell operation It is for this
reason we are more and more Inclined
to do subtrochanteric osteotomy
either alone or combined with the
soft tissue operation to complete the
correction (Fig 32)

Fio. 32 Flexon contracture of bip sabtro-

chanteric osteotomy Case L K. (male) #41

4333 14 years, Apedl 1941 Infantile paralyss

eght months beforr fiexlon contracturs b

both hups, 90 degrees on right. Comervative
falled. Sabtrochanterc

b right observation eix years. a) Before. b) After
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3 The paralytic dulocation of the hip

As wcon as the hip dislocates, the patient is no longer capable of bearing
weight The alternatives are either to reduce the hip into the sochet and =ecure
its position by a shelf or to arthrodese the joint The decision depends upon
the state of the abductors If they ate in falr condition, it is possible that
reduction and construction of a shelf is sufficient If the abductors are «cvercly
paralyzed, onc can expect very hittle weight beanng ability even after reduction,
and the patient retalns the side lurch characteristic of the gluteus medius
paralysis In this case stability can be obtained only by arthrodesls The
operation should preferably be a combination of the Intra with the extra
articular method

The position of the ankylosed hip must be carefully calculated, it should be
fn 25 degrees flexion, no adductfon and neutral rotation If the hip fs com
pletely dislocated and cannot be reduced, the fusion must be done ‘i situ”
which s very difficult to obtain In case there is some abductory power left,
1t Is preferable to perform the osteotemy of the “low” Schanz type so that the
weight stress can be deflected in the direction of the shaft

4 The paralytic deformuties of the knee joint
2) CONTRACTURES

The flemon contracture of the hnte may become very resistant due to the
structural shortening of the soft tissues While milder cases will y1eld to gradual
correction under cast or tumbuckle treatment, established contractures may
require operative Interference in the following sequence 1) Tenotomy of the
bamstring muscles, 2) Capsidotomy of the hnee joint capsule, 3) Osteotomy of
the lower end of the femur

The tight hamstrings are the first obstacle to correction The next 1s the
contracted posterfor capsule, which requires the capsulotomy in addition to the
tenotomy of the hamstrings Following the technique of P D Wilson® the
ihotiblal band s first sectioned transversely, the external popliteal nerve 1s
freed and retracted and the biceps tendon severed A similar exposure is made
from the medial side The operation practically isclates and exposes the
posterior border of the articular margin of the condyles of the femur, and by
sharp dissection the capsular attachment 1s stripped off the posterior aspect of
the femur

In our serles of 12 cases 58 per cent had good and 33 per cent falr results,
the standards were for “good,” less than 10 degrees lnck of full correction
and for ¢ fair," 10 to 15 degrees. '

However, 1t Is important in the paralytic knee to obtain complete correction
since any remaining flexion In the absence of a good quadriceps 1s likely ro'
lead to jack kmfing and Instability For this reason one will have fo resort in
many cases to a final supracondylar asteotomy The most lasting correction is
obtained after the growing perlod, where the actlon of the soleus imparts a good
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backward thrust to the tibla The varus or valgus deformty of the paralytic
knee does not immediately cause jach Lnifing, but it males for instability of
the jomnt, especially in the growing child mn whom the deformuty s almost sure
to increase unless corrected

b) THE STAPILIZING AND MoBILIZING PROCEDURES FOR THE PaRALYTIC KNEX
Jornt

Situation I If the knee is straight and is not deformed and there is paralysis
of the quadriceps but the calf muscles and the gluteals are in good conditlon,
any substitution of the quadrceps Is unnecessary, because the gluteals and
calf muscles take care of the stabilization of the knee. The patient can walk
and even nun with the amount of
stabilization which the knee receives
from the above-mentioned muscle
groups

Situation II The quadriceps is
- paralyzed and the knee 1s straight,
Tre— — /—'J the triceps muscle is good but the
L A ] gluteals are poor In this case walking
I e et e, T s otil] possible without support, but

Fio. 33 Genu recurvatum. the patient assumes the characterlstic

backward lurch of the paralysed

gluteus maximus He can walk wthout a brace, although his steps will be short,

and he is unable to run Here the transplantation of the tensor fasciae alone 13
sufficlent.

Situation ITI If there 15 paralysis of the quadriceps and also of both gluteals
and gastrosoleus and the knee 18 straight, the patient’s walk is greatly handl
capped The steps are short, the gait 1s awkward and laborious, and the
stabilization of the knee joint by transplantation of the hamstrings, {f they are
present and available, {3 very desirable In this case both inner and outer
hamstrings should be transplanted into the patella.

Situation IV If the knee is flail and there Is paralyms of both extensors
and flexors, a considerable strain 1s placed upon the jolnt and & genu recur
vatum often results (Fig 33) If triceps and gluteals are functioning, no opera
tion is necessary unless the recurvatum deformity is excessive If 1n addition
to the flail knee however, there is paralysis of the calf muscles, the patlent 13
still able to walk as Jong a8 the knee Is atraight, although he has no deploy and
the leg 15 used as a peg On the other hand If the knee Is flall but stralght and
if both gluteals and calf muscles are poor the decision then lies between the
complete stabilization of both ankle and knee Jomts, on the one band, and the
brace an the other In this case the declsion can be leit to the patlent since the
operation should not be performed before the age of sixteen Should operative
stabllization be preferred to wearmg & brace the method of cholce Is that of
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Hibbs, and the position of the joint should be 15 to 20 degrees in children and
25 to 30 degrees in adults, according to occupation

So far as the genu recurvatum s concerned (kg 33) a number of pro-
codures have been deviced to avoid the stiffening operation Mayer s knee check
operation® fuces the patella ta the tibin as a cheek ngainst hyperestension
The modification of Milgram provides for the establishment of patelfar check
entirely extra articularhy Another suggestion by C H Heyman®* Is based upon
the construction of the chech ligaments on the grounds that hyperextension of
the knee can be prevented by competent anterlor cruclate and anterior col
lateral higaments Also a method for the genu recurvatum is that proposed by
C E TIrwin* It consists 1n an osteotomy of the tibia and fibula at the level of
the tibual tubercle The prnncple of the operation is that by suspending the
extremuty from an overhead Kirschner bow the slope of the tibia 1s changed
from downward and forward to downward and backward

We have tried the check operation of \aser on several cases, but we hate
never become convineed that the results are permanent

5 The ankle and tarsal jonts

There are specific Indications for each of the many chinical situations, but in
general, the arthrodesing methods prevail because the static functions make a
high demand on the stability of this joint

Situation I. Tke Isolated Paralysis of the Tibialis Anticus This s the only
situation which lends itself to tendon transplantation without any additional
arthrodesing operation The method of choice 1s the one devised by K 1 Biesal
ski and L. Mayer * The principle of thls operation is to transfer the peroneus
longus through the sheath of the tibialis anticus and ancher it to the point of
msertion of this muscle ®

Situation I The Isolated Paralysis of the Peroner This leads to a paralytic
varus deformity Some believe that this situation also lends itself to tendon
transplantation alone The method, also described by Blesalshi and Mayer,
consists in transplanting the tibialis anticus through the sheath of the extensor
Tongus of the toes to the peroneal tubercle of the fifth toe There is good reason
to doubt the adequacy of this procedure in the case of a paralytic varus, unless
it §s combined with the arthrodesis of the subastragalar joint

Our statistics on the tendon transplantation of the paralytic foot without
stabilization were disappointing (W Cooper’) In 47 cases good results were
obtained only in 14, or 30.5 per cent, fair results in 9, or 18 7 per cent and
poor results in 24, or 50 per cent, Most of this poor showing is due ta the
mclusion of paralytic varus In this series

Situation IIL. Botk Tibialis Anticus and Posticus Are
transplantation alone is insufficient, Thas situation calls for :’r':}flﬂlyztd rendon
tions The method of choice Is the so-called triple arthrodesis
which both the subastragalar and the midtarsal jownt are )

rodesing opera
(Ryerson™) in
used If the valgus
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deformity is accentuated, the arthrodesls can be combined advantageously with
the transplantation of the peroneus longus to the tiblalis anticus according to
the technique of Biesalski and Mayer Our statistics bear out the advantage
of such a comblaation Among 48 operations of this type there were 71 1 per
cent good and 18 8 per cent fair results

An older operation serving the same purpose is that of M Hoke.” It Is
essentially a triple arthrodesis in which the scapboid is removed with resection
and reshaping of the head and neck of the astragalus. This combines the
stabilizatioh with correction of the form of the foot. Qur statlstics on the Hoke
type of triple arthrodests (K. F Pelka’™) showed 88 per cent good results in
91 cases The principal pount is that the operation provides a stable ankle both
in the subastragalar and 1n the midtarsal joint as well as the correction of any
deformity which mght have developed by adaptive changes of the bone

Situation IV Both Lateral Muscles (Tibiales and Peroner) and the
Extensors of the Toes Are Paralysed Paralytic Drop Foot The triple arthro-
desis is not sufficient. While it stabilizes lateral motion, it does not control the
foot drop Campbell* devised a posterior bone block which would prevent the
foot from going into plantar flexion The block 1s formed by a mass of can
cellous bone piled upon the posterlor process of the os calcls, or by a cortscal
tibial graft fastened to the posterfor tibia and pointing to the os calas
(Thornton) Unfortunately these grafts wear off, and the imtally good result
is likely to detenorate.

In our series of 33 cases of the Campbell bone block operation combined
wth the triple arthrodesis (O A
Jones') good results (not over 90 to
105 degrees equinus and palnless
welght-bearing) were obtained only
in one-third of the cases, and 66 per
cent fafled because the bone block
ultimately wore off It seems that the
solution of the problem of foot drop
combined with lateral instability can
be solved by osteoplastic methods
within the tarsus itself A very In
genious procedure Is that of Lam-
brinudi It Is based upon the ides of
Fro. 33 Paralytic foot drop Lambrinodi, Cme E1ving the astragalus the maximum
C A (female) #45-1343 nine years, May 1948 plantar flexion and the os ealls the
Paralysls of lateral muscles as well as of extemsony. o mym dormiflexdon, by excising a
Lambrinudi operatton  good ®abillty with cor broadwedgewhhdl'-talbwfm
the head and neck of the astragalus
When the two bones the astragalus and os calcis the former in plantar flexdon
and the latter in dorsiflexion, are now tightly adapted to each other, po further
plantar flexion is possible. In addition the polnted head of the astragalus i3
lodged Into & niche made In the scaphoid. The Iateral instability of the foot Is
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2 b

Fio. 35 DPanalytk clubfoot with retraction of g toe Cate AL A (male) #40-1408 17 yeans
February 1040 Tnfantle paralysls at a-e of one vear redwual prrahtic equinus with retraction of
big toe Triple arthrodess plantar stripping and Sherman operation of bi toe xood correction
Otrervation two years a) Hefore b) After

taken care of by the added triple arthrodesis Lambrinudi himeell (Hart™)
postulated that the operation has its best effect if there is a good gastrocnemius
muscle, but we do not find this ab~olutely necessary (Fig 34)

Situation V. Tke Paralytic Drop Foot Combmned with Retraction of the
Toes In thus case the triple arthrodesis may be combined with plantar stripping
and the Sherman operation in which the long extensor of the toes 1s implanted
Into the neck of the metatarsals (Fig 35)

Situation VL Paralysts of the Triceps Witk or Without Lateral Imbalance
In this situation the gait 1s still steady, but it is greatly handicapped by the
wabflity of the patient to deploy the foot He becomes a heel walker, and due
to this anteroposterior Imbalance running becomes smpossible In this type of
deformity it 1s most desirable to displace the foot backward against the tibla.
There are two ways to accomphsh this The horizontal transerse section of
Dawis' and the astragalectomy with backward displacement of the foot of

| it .

\\'HL;T?'Qopcnﬂon‘ Cuse AL B (male) #38-15158, six yean,
age years raldml calantovalyus, Astragakecto
1939 at age of nine years n) Before. by After, =y June

Fio 36 Panlytic alaneovalym
October 1935 Infantile paralyss ot
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Whitman ™ The horizontal transverse sectlon, ns the name implies, separates
completely the astragalus from the os calcls and by removal of the scaphold
and part of the head of the astragalus allows the latter bone to be sid
forward on the os calels Naughton Dimn'’s method* embodies a similar
principle
The operation of Whitman adds to the old astragalectomy the essential pont
of backward displacement of the foot (Fig 36) In addition, the perons
tendons if preserved can be used to supplant the missing gastrocnemius by
fmplanting them into the posterlor process of the os calds
Qur statistics on the astragalectomy with backward displacement in cases of
paralytic calcaneocavus (J B Dawis™) showed 88 per cent good results in
cases of calcaneo valgus However, in the paralytic talipes equinovarus the
results are much poorer 54 per cent good. The condition most suitable, for this
operation is the parelytic calcaneocavus
Situation VII The Drop Foot Without Lateral Instabilty In a previous
paragraph we have discussed the situation where a drop foot Is associated with
lateral instabllity of the foot so that both an arthrodesing operation and a check
operation must be performed In thus respect we felt that the Lambrinudl
operation is the method of cholce, A procedure more radical than the posterfor
block but more certain in its effect is the astragalotitual arthrodess recom-
mended lately by D B King ® It entails the sacrifice of the ankle joint and
has two serious objections. Furst there Is a considerable straln on the transverse
arch because of the lack of buffer like motion in the astragalotiblal jowt, sec
ondly 1t entails a considerable backward thrust upon the tibia which puts
straln on the knee joint It is not so well tolerated by adult patlents.
QOur statistics on arthrodesis of the anhle jolnt alone (J B Davis™) covers
10 cases only three of which however, were poliomyelitis Of the 10, five resulted
in fusion and five failed to fuse. The result in the fused cases was good.
Situation VIIL Fmally, there are cases in which the foot Is perfectly fall
and there 13 no deformity except on weight bearing The knee has good flexors,
but the foot is otherwise flafl These are cases in which the best procedure s the
so-called pan-astragalar arthrodesis, that is, arthrodesis of all articulatons of
the astragalus It was first introduced by the Belgian surgeon Lovthuoir,” and
Iater was taken up by Craing,® Albee’ and the writer ** The operation fuses the
astragalus to all the banes with which it articulates, the tibis, the os cakis and
the scaphiod 1 addition to an arthrodesis between the cubold and the os cakeld,
The indication is Hmited to cases of flajl feet which show no deformity and
which still have good hamatrings The latter polnt is important because the
same backward thrust an the tibia develops which we have described in the
tiblnastragslar arthrodesis
Our statistics on pan-astragalar arthrodesis (W R. Hamsa™) coverng &5
cases showed good results with a firm ankle and no disability in 74 per cent
of the cases
Summary On the whole we find that for stabiliztion of the lateral balance
of the foot the triple arthrodesls Is the moat efficient method For correction of
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the foot drop the Lambrinudi operatfon scems to be the best solutlon The
drastic method of <acrificing the entire ankle joint Is not justified except in the
cates of extreme foot drop In the completely flail foot without deformity and
with good hamstrings the pan-astragalar arthrodesis iy the proper procedure
The calcaneocavus ot valgus is best taken care of by Whitman's operation or
by the honzontal transerse section of Davis A partial stabilization by tendon
transplantation alone without bone operations afmost Invarinbly results in
{ailure
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Lecture V
ON THE PARALYTIC SCOLIOSIS

L PATHOMECHANICS

AN INTRINSIC passive equilibrium {s established in the normal spine by the
spinal ligaments and the intervertebral disc. The pnimary cause of idiopathic
scollosis s the loss of this equillbrium In the paralytic scoliosis there Is 2 loss
of the dynamic or active equlibrium which is provided by the muscles con-
trolling spinal movement. Curvatures of the spine are seen in other conditions
In which the normal muscular balance of the back muscles {s lost. The so-called
empyematic scollasis is caused by the pull and traction of the shrinking fibrous
masses n the pleural cavity What Is termed sciatic scoliosis 1s produced by
contraction of certain portions of the back musculature in response to & sensory
stimulus These deformities are not true scolioses but only lateral deviations.
They lack the rotatory elernent which Is an essential part of the deformity If
muscular contractures can only produce lateral deviation, and not rotation as
well, they cannot be considered an adequate cause of scollous. It is obvious,
therefore, that in the paralytic scoliosts one must look for another factor if one
15 to explain both the translatory and the rotary component of the deformity
The simple muscular imbalance produces only the inchinatory deformity, in
which one spinal sectlon is inclined against the other, within the Limits of normal
ranges of motion

It is true that the paralytic scoliesls often starts as a purely wclinatory
deformity but esther from the start or in the course of development the rotatory
element and the translatory shift always appear, and the spine penetrates mnto
the convexity of the thoracic cage, the same as in Idlopathic scoliosis This
additlonal pathological factor must be one which destroys the passrve equl
librium of the spinal column Since the latter depends upon the fntegrity of the
ligamentous structures and of the disc, It is logical to assume that pathological
changes mvolving these structures and especially the disc are responsble for
the rotatory and translatory displacement of the vertebrae (Farkas®) They
may be supenmposed to a previous muscular imbalance, but they certainly
must be operative at some time to produce the full plcture of paralytic scollosis.

Muscular imbalance alone does not explain how the scoliotic spine can
assume degrees of deformation which exceed the physlological ranges of mo-
tion between the vertebrae The translatory shift of the vertebrae and the
excesaive rotation and inclination can only come about by structural changes
of the disc and the ligamentous structures, Farkas? belleves that commensurate
changes can be seem In the x-ray picture The degenerated disc becomes parrow
and soft, losing 1ts firm connection with the vertebral bodies which enables
them to undergo a translatory as well as a rotatory displacement.

52
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Can a truc scoliosis be produced by experimentally created musele imbalance?
A curvature of the spine was obtained In animals by Schwartzmann and Miles’
after unilateral removal of the superficial or deep back muscles in rats and mice
Many other investigators were able to produce lateral deviations by similar
expeniments 1t is doubtful that these experimental deviations were true curva
tures, vince they showed no pathological degree of rotatfon While muscular
imbalance may be the pnmary factor, it appears from all experimental evi
dence that 1t alone is not capable of producing a true paralytic scolfosis and
that another intrinsic factor is required

In many cases the first stage of the curvature Is of the inclinatory type, that
is, one section of the spine is inclined agninst the other For some time this
inchination remains within the normal ranges of motion, and up to this point
the condition can be considered as merely postural Other cases show a rotatory
deformuty from the start, even before the lateral inclination occurs This rota
tory element Is at first also within the normai physiological ranges of motion
between the vertebrae In the normal splne certaln physiological movements
impart inchnatory and rotatory stresses, which keep the spine movable and
limber These movements are the oscillations of the pelvis, the rotation of the
thorax and shoulders during the galt, and the respiratory movements of the
thorax In the paralytic these movements are asymmetrical, and this asymmetry
1s a contributory factor in paralytic scoliosis Scoliosis never develops in com
plete symmetrical paralysis of either the back muscles or the abdominal wall

The most powerful of these factors Is the rotation efiect of the pelvis during
the gait Asymmetncal oscillations defimutely affect the lumbar spme Similarly,
the asymmetrical paralysis of the upper extremity and of the muscles of the
shoulder girdle has an effect upon the upper thoracic column The uneven
respiratory movement of the thorax in unilateral involvement of the respiratory
muscles together with the asymmetrical paralysis of the abdominal musculature
bas a deforming effect on the dorsal spime A curve from the sixth dorsal to
the third Jumbar develops from a combination of abdominal and lower ex
tremity paralysls A lumbar curve from the tenth dorsal to the fourth lumbar

Is seen in paralysis of the latissimus, abdominal muscles, iliopsoas and the
abductors of the hip joint

IO THE CLINICAL PATHOLOGY

A STATISTICS

Scoliosls is a frequent residua! deformity of anterior pohiomyelltls In cases in
which the upper extremties and the muscles of the trunk are involved It consti
tutes about 20 per cent of all types of lateral curvature How 2o00n after the
attack the deformity develops depends more upon the degree of paralysis than
the age of the patient We found no preponderance of age o our series where
the ages ranged from thres to ecighteen years The time elapsing from the onset
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of paralysis to the appearance of the scoliosis also vaned in wide Limits, f
one month to fifteen years (Armalavage')

B TYPES

1 The nght thoracic curve

This Is the most frequent
common Is the right total curie (
37) The majority of curves are In
lower dorsal region, extending bey
the dorsolumbar junction, with
apex at the ninth tenth or eleve
vertebrae

2. High domsal curves

These develop from paralysis of
muscles of the shoulder girdle of
from weakness of the convex s
deltold which makes side bend
necessary to abduct the arm (1
38) -

3 The humbar scolioss

This is more often left than rig
the same as in the idiopathic ty
According to P C Colonna 2
F Vom Saal! the unflateral paraly
of the tnumk causes a lateral deviat
and rotation of the spine with ¢
Fa. 37 Loog right total panlytic scollsh, Cuse  concavity toward the stronger sh
L. B (femnale) 10 years, October 1943 Dumation cxceptiithapsoasisinmlvcdlnwhj

of peralnis thres yeans never sood m ot case the converily Is toward t

o progreming counter
mSlﬁl.ni' curve alowly no stronger slde

4 The fixed paralytic pelvic obhquty
The imbalance of the abdominal muscles and of the muscles of the bac
produces disalignment between thorax and pelvis This results in & pelv
»
Fxi. 38 (top) High dorsal parafytic scoliosls with deltold paralysls. Crse J R. (fermle) #40-1:

reated co
13 years, Janoary 1940, Pollomyekitis at age of three years Joft high donal curve. T:
servatively by d of right & e left Age 13 yaan. right Age

yan,
Fao. 30 (bsttem) Panlytic scobash persistent extensibility Cuse L. S. (female) #39-7400

years, September 1039 Infantlle paralysls at ago of 255 yeans n bed for five years.
total carve sull extremely exteosible. No countercurves marked overbang imtreated. keft Sapine.

right Standmg.
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Fio. 38 top. Fio 39 bottom, (legend ox opposite page)
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obliquity which becomes fixed by muscular contractures In addition, unilateral
paralysis of the pelvifemoral muscle will destroy the normal balance between
pelvis and lower extremities The pelvic obliquity therefore results from both
pelvithoracic and pelvifemoral imbalance (I Mayer') In 66 cases of paralytic
lumbar scoliosls examimed we found 20 cases of -fixed pelvic obliquity
(Armalavage')

OL DIAGNOSIS AND COURSE

The patural course of the paralytic scollosis Is unpredictable. It is certain
that it progresses rapidly and soon gets out of control It does not seem to
come to a stop with completion of growth as the idiopathic scollosis does Al
though the progress may be slowed down, the abnormal extensibility of the
spine often persists into muddle age, which means that progression of the
curve Is still possible (Fig 39)

In general 1t can be stated that the curves which develop under the in
fluence of pelvic rotation have a better prognosis than the thoraclc curves.
Once the fixed pelvic obliquity is overcome by operation or otherwise, the con
trol of the curve ftself through derotating and corrective maneuvers of the
pelvis is much easmer than in the thoracic spine.

The spontaneous arrest of the paralytic curve depends as much upon the
condition of the non-contractile soft structures of the spinal column, Le., the
discs and hgaments, as it does upon the control of the muscular imbalance.
These structures have to regain their normal physical properties so as to resist
further displacement of the vertebrae both in the translatory and rotatory
sense Unfortunately, this recovery of the non-contractile structures seems {0
occur late if at all allowing the scoliosis to progress rapidly

IV THE TREATMENT

A PROPHYLAXIS

‘Prevention of scoliotic deformities depends upon restoration of muscle bal
ance in the early stages of poliomyelitis by an alternating program of active
exercises and rest. Recumbency should be langer than usual, and the back
muscles should be protected from fatigue by bed rest and intermttent, not
continuous brace support. In addition certain supportive measures are

o d
Fio 40 (tep) Total right danal peralytc carve conservative treatment. Case H. L. (make) v
yean, October 1939 Infantfle paralyshs two years ago spinal urve notlced 1 month late X-ny
loog right thocacie curve o rotation, Comservative treatment Do progrrmion of curve. Left \-riy
1937 right X ray 1942
Fio. 41 (botiom) Paralytic left humbar curve comservative treatment, Case L. § (female) #4150,
eight yean, October 1040 Infantlle pamyws three years ago involving right upper snd right
abdominals Shybt kit lumbar curve satlooury Obesrvatien 3 years, left Octobes 1940, right
March, 1944
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Fia. 40 top Fic. 41 bottom. (legend on opposite page)
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necessary to promote recovery of all structures of spine and thorax, not only the
contractile ones Aside from a proper general regime, a good deal can be ex
pected from systematic exercises to Increase the vital capacity Colonna and
Vom Saal,® using a respirometer, found that cases with curves in the thoracic
region have a greatly lowered vital capaaty It is evident that with the im-
provement of the respiratory excursions not only the muscles but also the
other soft structures of the spinal column are benefited, not to speal of the
general constitutional effect.

B CONSERVATIVE

The conservative treatment consists In symmetrical development of back
and abdominal muscles by daily exercises, between treatment perfods the
patient alternatingly Is given bed rest, preferably In traction, and smbulation
under the protection of an adequate support (Fig 40) The relative amount
of bed rest and ambulation fs determined by the progress in the active control
of the spine. There are only & few cases m which conservative treatment Is
adequate. One group 1s the mild case of right total curves with little rotatlon.
Another type Is the left lumbar curve which can be controlled by conservative
means, provided there 1s no residual pelvic obliquity (Fig 41) A third type 1s
the purely static curve due to a short leg after the pelvitrochantenc obliquity
has been corrected (Fig 42)

C OPERATIVE

All cases except the groups mentioned above must be subjected to operative
fusion if the progress is to be halted While the operation should not be unduly
delayed there are some {mportant preparatory steps which should precede
the fusion

1 Restoration of body ahgr by p ory curves

In this respect one can go farther than under conservative treatment. As
long as the operative fusion is In the program, one does not have to curtall the
mobllinng effort as one has to do under a conservative regume Under conserva
tlve management it is essential that the spinal column should not be too hmber
to maintain its balance actively by muscular effort. In the case of & prospective

e
F10. 42 (teg) Sbort leg left lumbar curve In paralytic, Case B § (femalo) #38-19992, 18 yextd,
June, 1938 Acute pollo sge 1% months, favolving kit Jower shortentny of 254 Inches,
Jumber scoBiosts, Horfrontallsatlon of pelvis by estension shos scoliods under control with slght
incresse. left Age 18 yeurs right Age 23 yean

foslon from wxth dorsal to sscrmm. In splte of incomplete
servatlon 3 § years left Before fuslon 1936 right 234 year later
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fusion this restriction does not apply and one may go much farther In develop-
Ing compensatory curves by corrective casts The Risser cast is the best
method to obtain passive compensation.

2. The horzontalization of the pelvis

In unllateral paralysis of the oblique abdominal muscles and quadratus
lumborum there develops a lumbothoracic scoliosis convex toward the para
Iyzed side, and the pelvis is tilted downward on the convex side. However, if
the quadratus is not paralyzed, the same lumbothoracic scollosis develops, but
there is no downward tilt of the pelvis and no fixed obliquity (L Mayer')
In some cases the pelvic obliquity can be corrected by traction In most cases,
however, no permanent corTection can be obtained by these conservative means,
and one has to resort to such operations as the fascial strip suspension In order
to secure the borizontality of the pelvis.

Mayer! found that 1n 38 cases with 46 operations the fascia healed securely
in all of them, and recently Wallace and West® reported favorably on 12 ab-
dominal fascial transplantations in nine cases of resldual abdominal paralysls
In cases of complete paralysis of the abdominal well anteriorly as well as
laterally two operations were performed, 1n the first stage cross stnps were
run from the ninth rib to the opposite anterior superlor spines on both sides,
in the second stage rib cage and pelvis were connected by fasclal stnps Iaterally
from the tenth nb to the crest of the ilum

3 The fusion

The definite procedure is the spinal fusion The best method and the one which
glves the least percentage of pseudarthrosis 1s the method of Hibbs It conssts
in the formation of osteoperiosteal grafts which are placed to both udes of
the spinous processes in the form of bone bridges and In the reaming out of
the intervertebral articulations (Figs 43, 44)

How much of the splne should be fused? 1) In paralytic scollosis both pri
mary and secondary curves should be mcluded  this means usually from the
lowest horizontal vertebra above to the highest below the curve b) The sacrum
should be Included In all cases in which the lower border of the fifth lumbar
is oblique One should be careful not to Interfere with an adequate lumbar

»r

Fra. 44 (tep) Pamlytic scohosls foson. Case D B (female) #38-19724 13 years, June, lx
PoBlomyeltls at age of 10 years residml paralyshs right Jower and weaknes of back musdes.

vanced progressive right himbodorsel scoliotis Riser cxst followed by two stage fosioa from wisth
dortal to macrum. feft August, 1038, before fabon right September 1947 elght yeers after fsdon

Fio. 43 (bettow) Panalytic hmbodorsel scoflosis fuslony falled. Case D E. (femmle) #35-15410
seven year, September 1932 PoBomyeBth dr months ago marked paralysts left

scolloth with oblique Afth lmbar IMT'nmpfuﬂmlmmddnhdwldlnﬂﬂhhmbuP!;
formed April, 1037 progresive in spite of foslon. Reasoms 1) Dornohmbar e
Flith hrmbar obBque but not fosed to sacrum. keft  Aogust, 1937 four monthe after fuslon. rig;
LMay 1942, five yrars wfter foslon,
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0. PATHOLOGY
A. NEUROPATHOLOGY

The function of the different cortical motor areas and the subcortical ganglla
has to some extent been established by animal expedimentstion When area
No 4 is injured or ablated, the result is paralysis of the valitronal movements
but no spasticity There 1s & considerable increase of the deep reflexes but at
the same time the extremity remains flaccid. If area 6, the premotor ares, is
removed the result 1s increased spasticaty and the appearance of pathalog
cal forced grasping reflexes When superimpased upon a complete lesion of
area 4, the destruction of area 6 1s marked by rigidity mn all muscles If the
entire cortex is removed, the animal shows an increase in reflex tone of the
muscles but st still maintans its erect attitude This increased tone maintains
the fixatiop of the jomnts the autltudinal reflexes such as the neck reflex, and
the general static reactions

The function of the lower subcortical centers which are supplied by fibers
of the premotor area 6 and area & can be studied experimentally in animals
by elimination of the ganglia. The neostriatum, that 1s, the nudens caudatas and
putamen are imhibitors of spontaneous movement, that is to say, they hold
the movements in check by virtue of their connection with the cortical motor
area The nucleus caudatus receives fibers from Brodman areas 4S and 8
and the putamen from Brodman area 4 The globus palidus which receives
fibers from area 6 §s an inhibitor, and 1ty sumulation will produce motion of 2
definite tonic or postural character It acts mamly upon the larger muscle
masses and chiefly the axial muscles of the trunk and the premmal muscles
of the extremuties. Consequently elimination of the nucleus caudatus and puta
men results 1n massrve movement such as we see 1o athetoss and chorea, If the
lesion involves the globus pallidus aliso, & so-called extrapyramidal ngidity de-
velops a conditton which 18 also represented 1n some cases of spastic paralyns.

Summary The faccddity or muscle weakness Indicates only a lesion of the
central gyrus of the motor area. Spasticity Indicates a lesion of the premotor
area alone or 1n combination with the motor area of the central gyrus In lesons
of the motor area alone there are mncreased reflexes such as the Babusk: and
Hoffman reflexes and the deep refleses and there Is loss of fine and rapld
movement, or adiadochokinesis Lesions of the premotor area produce grasp
g reflexes Lesions and destruction of the nucleus caudatus and putamen cause
athetoss. Finally leson of the globus pallldus the paleostriatum, causes
akunetre rigidity and loss of automatism

B MUSCLE PATHOLOGY

The normal muscle at rest receives no impulses from the central nervous
system and therefore mo action current potentlal can be recorded When it
goes into voluntary contraction it shows a more or less even patlern of oscilla
tion which 1s uniform in frequency and amphtude so long as the contraction
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. maintatned without change The normal muscle can also be trained to carry
ut moderately powerful innervation «ingly without concomitant innervation of
svnergict or antagoniet That is to <y, a slow movement will allow changes
f position without the <o-called myotatic reflex

In the spastic muscle the situation is entirely different The muscle has an
nereased stretch reflex, therefore active as well as passive motion will produce
lefinite electrical responses A reflex contraction in turn produces a stretch
eflex in the opposing muscle This <imultancous activity of the antagonistic
nuscle Is a characteristic and 18 the chief cause of the clumsiness and stiffness
f the voluntan effort in the spastic There 1s a constant spreading of reflexes
o muscles which are supphied by other spinal segments even on the opposite
nde The rigid muscle behaves similarly to the spastic, but the voluntary move-
ments are stow and weak The action currents are the same as seen In the
pastic except they are present, in lower intensity, also during apparent rest
The result {s a great tendency to synchromzation and grouping of action po-
entlals The tremor consists of rhythmic oscillations, five to 12 per second,
separated by 1nactive intervals In athetosis again the management of the
motor unit is similar to that we see In the normal muscle during voluntary con
traction, but there is superimposed a synchronous, maximal activation of the
synergistic and antagonistic muscles This produces a so-called tonic “fixation ”
Involuntary movements superimposed upon voluntary movements are the char
actenstic feature of athetosis

o1 PATHOGENESIS

The three major groups are the congenital or prenatal type, the ohstetrical
type caused by birth trauma, and the acquired type from traumatic, circula
tory or infectious causes occurring dunng life

A. THE PRENATAL TYPE

Little is Lnown about the prenatal pathology, though autopsies have estab-
hshed & number of changes of the central nervous system 1n Isolated cnses of
spastic paralysis such as the porencephaly, the Internal hydrocephalus, certain
congenital aplasias and amyelinizations of the white tracts Another condition
is the so-called status marmoratus of the putamen, first described by Anton
(1896), 1 which this structure appears as a polygonal lattice work of white
fibers due to the influx of additional fibers from the frontopontine tract.

B THE BIRTH TRAUMA

The birth trauma as a cause of spastic paralysis has been greatly overrated
It is true that a number of factors may produce intracranial hemorrhage, for
Instance premature or precipitated birth, protracted labor, excessive molding
of the head by disproportlons of the mother s pelvis or the application of for
ceps On the whole, however, premature births and any other birth complica
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tions are so much more frequent in comparison with spastic paralysis that thess
factors cannot be considered a common cause

C THE ACQUIRED SPASTIC PARALYSIS

The acqured spastic paralysis can be divided Into four groups as follaws
1) The inflammatory post natal group Is represented by the infectlous en-
sephalitis which may destroy the motor region of the braun. 2) The drewlatory
group covers hemorrhages into the internal capsule or other sites in the loco-
motor system, vascular degeneration and thrombosis with occlusion of vessels.
3) Traumatism may cause direct injuries to the brain or subdural hemorrhages
wlich leave cysts or extensive scars 4) Degenerative lesions are the primary
atrophy and shrinkage of the neosttiatum and globus pallidus combmed with
that of the thalamus, this is observed, for instance, in Parkinson’s disease, and
m toxic degenerative necrotizing leslons of the basal ganglia such as follow
carbon monoxide or barbiturate poisoning Others are due to avitaminoss or
metabolic degeneration as, for Instance, In Wilson's disease Degenerative leslons
may also be caused by tumors and neoplasms such as gummes and toberculo-
mas

IV CLINICAL PATHOLOGY

A TYPES
1 The spastic type
This type Is the most frequent. Of 1720 cases of spastic paralysis cases re
ported by Schwartzmann and McCarroll,* 1217 were of this group

2. The athetotic type

This type Is characterized by wnvoluntary and persistent movements, shift
ing irregularly from one muscle group to another The contractures are smooth,
powerful and sustained The electromyographlc studies of Putnam and Hoefer”
show that in synergists and in antagonists there Is almost constant, simu!
taneous fnnervation both during the voluntary and the involuntary movements.
The abnormality ls that the movements are not within the reach of volition,
and there Is pone of the normal reciprocal relaxation of the antagomst. This
extrapyramdal group constituted 225 of 1720 cases in the serles of Schrwartz
mann and McCarroll.**

3 The ataxic group
The ataxic group cerebellar lesion is a small group as is also a fourth group
that of cerebrate rigidity

B LOCATION

1 Spastic manoplegias
Only one Limb ls involved, usually one upper extremity These are the 13
difficult cases to manage because of the Lmited extent of the paralysis and
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because their intelligence Is usually unimpaired (Fig 47) The characteristic
trias of symptoms for the upper extremity consists in fiexion deformity of the
wrist, pronation of the forearm and adduction and fnward rotation in the shoulder
joint In <pastic monoplegla of the lower extremity the attitude is character
istically the hip and knee in flexion and the foot in equinus position The knee
is inward rotated and the adductors are contracted

-

Fic 47 Spastic monoplertz. Case L. L. (male)
#32 14093 four yean, September 1921 Con
remtal spastie monoplerla of right hand marked
fledon and pronation contractare

(U

ty
o
!

/

Fin. 48. Spastle hemiplegla, right
Case R F (rale) #43 8651 12
yeurs, Jube 194 Adduction
thoulder flevion elbow  feddon
and promatlon wrist. Adduction
and fnward rotation hip Bexion
knee equinovarus ankle,
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2. The spastic hemiplegias

In the spastic hemiplegias both the upper and the lower extremity of one
side are involved but to different degrees The patient has more difficulty In
locomotion than the spastic monoplegic with only the lower extremity tnvohved,
because be lacks the balancing swing of the upper extremity during the gaft
(Fig. 48)

3 The spastic quadriplegias

In the spastic quadriplegic we find that, aside from the dusabilities of the
upper extremuty, the gait Is severely handicapped The strongly adducted and
mward rotated thighs render it most difficult to swing the mb forward past
the standing leg In additlon, the equinovalgus or varus contracture prevents
any take-off of the feet, and the propulsion is an alternating swivel-like action
around the ball of the standing leg (Fig. 49)

C SPASTICITY AND INTELLIGENCE

It 1s not easy to measure the intelligence of spastics by such psychometnc
tests as the Stanford Binet method. Single examinations are insufficlent. It is
necessary to measure the child s mental development repeatedly over g period
of time W e have found in our series of spastic cases that of 300 cases analyzed
the intelligence was normal and above in only 26 6 per cent. The moron group
comprised another 26 6 per cent, the Imbecle group 23 per cent and the fourth,
the 1diotic group with the lowest intelligence about 24 per cent. In general, we
find that the more extensive the spastic paralysis, the lower as a rule Is the
mental state. There are some exceptions Especially in the athetotic type one
may find a high intelligence quotient even In severe cases In the monoplegic
group we found normal intelligence or higher In 70 per cent of the cases In
the diplegic group normal intelligence was found 1 45 per cent 1 the par2
plegic and quadriplegic groups, however there was normal intelligence in only
7 per cent of the cases.

.

V TREATMENT OF SPASTIC PARALYSIS

Of the seven cases per 100,000 population caly six survive the first year
Phelps estumates that two of these are of such low intelligence that nothing
can be done for them, while two of the milder cases can be Jeft to themselves
and do not need Institutional treatment so that only two of the seven cases per
each 100 000 need treatment. With the pormal span of time for treatment esti-
mated at 20 years it would mean that for each 100 000 population there are
at least 40 cases who need medical care As the treatment is very largely oa¢
of traming, the prognosis s closely associated with the intellectual status of
the pauent g

It 1« quite obvious that the treatment of a conditron as complex as spadm;
parahysis 1s not a matter of applying a single method. It requures a well o
plan comprehensive enough to meet many problems It must be realized tl
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all treatment is symptomatic. Since the avenues of normal motion are blocked
by the permanent pathological changes, all treatment {s al<o substitutionary,
this means §t consists in developing clreuitous routes around permanently de
stroyed motor centers In the last analysis one must rely upon the ver<atihity
and docllity of the motor centers to develop and utilize such bypaths to locomo-
tion The background of treatment, therefore, I educational, all other methods,
medicnal or operative, are mercly incidental insofar as they prepate the way
for training and re-education

A THF PLAN OF TREATMENT

The plan of treatment may be formulated as follows

1 The first postulate is alignment. It 1s obnious that the distorted limbs
of the patient cannot be made to function until the normal relationship of the
parts 1s restored

2 The second postulate is stability Whether this is provided actively by
muscle balance or by braces or operatively, it is an essentia) prerequisite for
any program of muscle tramning

3 ‘The third postulate 1s relaxation This is largely though not entirely o
problem of trafming It requires special provisions for rest and isolation, free
dom from exaitatory influences and involves an elaborate system of providing
mental and physical repose

4 The fourth postulate is alternation It is essentinlly the treatment to
overcome mass movement and to teach individual and well directed, properly
umed motion The patient must Jearn to move the extremities or parts of them
independently and free himseli from concomitant movements. Alternation of
the muscles by the use of bicycles 1s a point In this training In the athetotic
it is much more difficult, because here activity Is hampered by the superim-
posed voluntary motion

5 The fifth postulate is automatism 1¢ teaching the patient to carry out
motion without thinking It is a principle which rests on relaxation and alter
nation Whoever observes a spastic in action, as it were, will realize the enor
mously strenuous and fatigulng concentration with which he tries to carry out
the simplest movement. The point is to lighten his burden, mental and somatic,
by tralning lum in an automatic performance of movements, which comes closer
to the physological conditions.

Of great help {n acquiring automatism are the conditioned reflexes of the
auditory and visual kind which take the place of the normal proprioceptive
reflexes for instance, timing by volce, drum, metronome, phbonograph, control
of movement by floor marks or mirrors

Neurological operations have been used with indlfferent success to produce
relaxation Only alignment and stabilization can be achleved by orthopedic
mensures, All other requirements are strictly educatlonal A certain appropriate
program must be set up for the rehabilitation 1t is imy

pottant to assi
cial timung for all educational steps Phelps” gn a spe-

recommends that under one year
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one should try the gross motor coordination which Involves the large jofnts.
Then 1 the pre-school years from two to five, speech, standing, walking and
behavior 1n general can be developed The correction of speech defects is a
difficult problem Ope method Is to have the patient imitate other children or
let him enunciate and speak In front of a mirror where he can watch his face
and tongue Specialistic training, however, for defective speech will be required
i1 all cases where the speech defect {s of any extent In the primary school ages,
from five to ten, one should try to teach the final coordination of hands and
feet, Jike cycling roller skating or shipplog

B TECHNIQUES OF TREATMENT
1 Relaxation

a) RELAXATION can be achieved by application of antispasmodics

1) Hyosane is a useful drug in postencephalitic conditions when the dis
ease is contracted after the fundamentals of reciprocal wmnervation have been
acquired (E W Phelps™) In the child who is Injured at or before birth the
administration of this drug is of no value

2) Curare This is extensively used and was first introduced by Burman.*
It is now prepared 1n accurately assayed solutions for intramuscular and Intra
venous use Moast common is the Intocostrin recommended by Eingbert® 1
doses of 1 cc. of a 10 per cent solution for every 40 pounds body weight, the
maximum dose not to exceed 5 cc. Intravenously The effect 18 very transtory
and the dasage must be repeated

3) Quinine methochloride Introduced by Bennett' and King® has a strong
curare hike action when given omlly or parenterally in dases of 10 to 50 mg
per kg body weight (Harvey*) It also wears off quickly The antidote 1s the
same as for curare 1 cc. of 0 001 prostigmine

4) Dilantin sodium 15 also usad as an anticonvulsant, and it is a substitute
for phenobarbitol It 1s more useful in tension athetosls than in spasticity

5) Prostigmin. This drug destroys the cholinesterase, and we have already
explamed 1ts physiological action in the treatment of poliomyelitis It is behieved
to be of help in the correction of contractures when used In connection with
braces or casts (Phelps™) All antispasmodlcs have a temporary effect only
b) A AMORE RELIABLE AND LASTING METHOD to secure relaxation is by physio-
therapy, i e hot packs and warm pool baths There must be ample intermis
slons 1n the training program to avoid fatigue Massage has hardly any place
in the treatment of spastics stretching of contracted muscles should be cammed
out very gently i order not to exaggerate the already Increased stretch reflexes

€) RELAXATION BY NEUROLOGICAL OPERATION

Operations are merely an incident in the treatment plan of spastics, fur'ﬁ’:h
more of all the features of spastic paralyss It is only the apasticity 'u-a.l
is emenable to surgical treatment, if we except the operation on the cen
nervous system itself for the control of the athetosis.

1) The sympathetic ramisection was Introduced by Royal and Hunter
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(1923) under the concept that the sympathetic nervous system has some con
nectlon with spasticity and muscular rigidity It has been <hown, however, that
sympathectomy docs not {nfluence the rigidity and that it does not affect
the plastic tone of the contractility of the muscle Its only function is the motor
{onervation of the bleod vessels Sympathectomy 1s hardly ever applicd today
for the rellef of spastic paralysis

2) In the operation of Foerster ™' the postenor rhizotomy, the under
Iying Idea 1s to cut the reffex arc and thereby destroy the abnormal reflex ir
ntability seen 1 a certain type of case In our own cases we found it of ques
tionable value

3) The cord operations for athetoms (Putnam®) The rationale is that
abnormal movements are due to impulses which come down over the pyramidal
pathways as the result of direct irritation (hahler and Pick'), or according to
the 1dea of Monakow,"® they are the result of abnormal stimuli {from the cere
bellum or they come over the extrapyramidal pathways from the corpus
striatum.

Whaterer the case may be, the operation consists In dissection of the extra
pyramidal tracts above the brachial plexus One tract Les antenor to the
crossed or lateral pyramidal tract 1n the lateral cord, and the other lles at the
penphery of the cord in the anterlor quadrant. It has been shown that destruc
tion in this region does not produce any motor defect (Hindman) The tracts
are cut at the level of the second or third cervical, and it is smd that the
operation 15 capable of providing substantial relief In muld as well as in severe
cases of athetosls

4) The operation on the brain cortex or decerebration is an old operation
first ;ntroduced by Horsley * who performed 1t for athetosis The extirpation in
volves the precentral regions 4 and 6 and is effective in abolishing the involun
tary movements of the choreo-athetosis The operation has a comparatively low
mortality and has lately been partfcularly advocated by Klemme,™ who found
39 cases completely and 24 partially relieved and rehabilitated, among 100
cases reported.

Summing up these neurological operations we believe that the rhizotomy of
Foerster is of value only 1n 2 small group of cases, thase of markedly increased
reflex irntability without athetosls The Putnam operation is of value in se
lected cases of athetosis and s a more rehable operation, although the question
at this time 1s not decided It should be mentioned also that extirpation of the
head of the caudate nucleus was carried out by R Meyer" through the an
terior horn of the lateral ventnicle with good results in several cases

2. Alignment
a) CONSERVATIVE
Traction is useful in overcomin,

g contractures, especially of th
Usually the muscles yield readil ' y of the knee joint.

y to mechanical devices, particularly aft
are relaxed by application of heat. P Y ufter they
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b) SpEcIAL ORTHOPEDIC PROCEDURES FOR ALIGNMENT

1) The spastic equinus. 1t is necessary to ascertaln whether the equinus
appears only on weight-bearing as a reflex contracture, or whether there is in
additlon a structural shortening of the muscle In the first case the indication
is the selective nerve resection as introduced by Stoffel " The pophteal nerve
is separated into its different bundles, and the branches to the gastrocnemlus
and soleus are partially resected, removing as much of the motor nerve supply
as one thinks necessary to restore the equilbrium However, 1if the tendo
Achilles does not relax during sleep, then we know that there is a structural
shortening in this case a lengthening of the tendo Achilles is necessary There
is a great tendency for the shortening of the heel cord to recur in young chil
dren because of the growth of the tibla It is for this reason that we prefer
to wait with the lengtherung of the heel cord until the child is four or five
years old

2) The flexion contracture of the knee This s often assocuated with
spastic equinus The correction of the deformity itself is malnly a matter of
conservative treatment, particularly braces and casts The restoration of
balance, however, often requires operative procedures If the hamstrings are
spastic and the quadriceps weak, a good deal can be accomphshed by tendon
transplantation of the hamstring muscles after the contracture has been cor
rected conservatively or by operative means If it 13 mainly a matter of 2 weak
quadriceps, 1t may be sufficient to tighten the muscle by pulling the patella
strongly downward and relmplanting the patellar tendon more distally Into
the tibia, a procedure first recommended by Chandler This {s sufficent enly
for milder cases In most mstances it will be safer to resort to the hamstring
transplantation, using both hamstnngs for implantation Into the patella.

3) In the hup joint the most common contracture is flexion, internal rotation
and adduction The internal rotation is caused mamly by the anterfor half of
the gluteus medius and minimus and the fledon mamnly by the tensor fasciae
In addition to thiy the adduction contracture is due to the hyperinnervation of
the adductor muscles Here again the choice is between obturator nerve resec
tion alone, or additional section of the adductors, according to whether the con
tracture {s due to hyperinnervation alone or to additional structural contracture
of the muscles If the adductors relax completely durlng sleep and the spas-
ticity reappears on innervation treatment s resection of one or both branches
of the obturator nerve They can be reached Intra-abdomunally by the opera
tlon of Selig or in bilateral cases by making the so-called transverse or Pfan
nenstlel s incision or more simply by direct exposure of the branches at the
thigh If there 1s both innervational contracture and structural muscle shorten
ing Le if the adductors do not completely relax during skep, the obturator
ressction should be combined with section of the adductor muscles Thus is the
more common situation Alfter resectlon of the obturator nerve and section of
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the muscles, the legs are put in strong abduction The cast should not remain
more than four weehs, otherwise an abduction contracture may develop

Sometimes the Internal rotatfon contracture of the hip which is as<ociated
with adduction perasts after resection of the obtutator nerve due 1o tension
of the anterior fibers of the gluteus medius and minimus Durham recommends
for this correction a simple operation for releasing the gluteus medius and
minimus from their point of insertion at the greater trochanter However, we
bave obscrved In a number of cases that the operation weakens the abductory
power considerably, and the Trendelenburg symptoms become strongly post
tive We beheve that ultimately a subtrochanteric osteotomy with outward
rotation of the femur would solve the problem without interfering with the ab
ductory power of the hip The flexlon contracture of the hip joint, so far as
1t cannot be fully controlled by stnpping operations, can Iihewise be completely
corrected by a subtrochanteric osteotomy

3 The spastic disalig s and imbalances of the upper extreruty

The spastic shoulder The status of the external rotators determines the
persistence of the deformity If they have any power left, some equilibrdum can

Fra. 56 Spastic prooation coatracture flexor
curpl ulmams transplantation Case A. H (fe
male) #38-30242 fve years, July 1917
Spastlc hemiplesis with promation contracture
of forearm. Tramsphantation of flexor carpl
ulnars to radhs 1935 age 22 yean  active
supination. Postoperative observation 10 yean.

be est;;bllshed by tenotomy of the subscapularis and outward rotation of the
arm. In case of paralysis of the outward rotators the better procedure is the
osteotomy below the surgical neck followed by external rotation

Flexion
— contracture of the spastic elbow rarely requires operative mens
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Spastic pronation contracture of the forearm is a difficult problem It is
most disabhing and requires surgical interference, First, the contracture must
be overcome so that the forearm can be fully supiated passively Then active
supination can be established by tendon transplantation For thls purpose we
have found our method of transplanting the flexor carpi ulnaris most satisfac
tory The muscle 13 isolated full length from a long volar incision and then
led obliquely over the dorsum of the forearm and inserted by drill hole fnto the
lower end of the radius (Fig 50)

4 Stabilzation

All joints of the lower extremity require a considerable degree of stabllity
in the corrected position Braces have a definite place in stabflizing the jolnts
of the lower extremity during the process of reahignment or beyond, when the
corrected position is to be secured Long leg braces have the added advantage
fn the lower extremity that their weight counteracts reflex spasm They give
the patient the feeling of security and relieve hum of the emotional strain of
maintaining his joint in alignment.

For permanent stabilization, when active muscle balance cannot be restored
arthrodesing operations are necessary The mast common situations are as fol
lows

Spastic equinus associated with varus or valgus deforrty In all these
cases m which the lateral balance is disturbed we find that the selective nerve
resection is entirely inadequate The situation calls for a stabilizing operation
which must include both the subastragalar and the midtarsal joints Such an
operation, of course, should not be performed before the age of eight or ten,
up to that time the foot must be held i control by braces Should a foot drop
also be present because of weakened extensors of the foot, it is better to select
the Lambrinudi type of operation If there is marked clonus in addition to the
spashc equinovarus, jt will belp to add the selective nerve resection to the
stabilinng operation

The spastic thumb The spastic socalled “underslung’ thumb Interferes
with the grasping function of the hand As the fingers are being closed the
strong action of the flexor pollicis longus pulls the thumb sharply into the palm
Tendon transference (extensor Indicis to extensor pollicls Jongus) gives only
temporary results The only method we found rebable was to fuse both the
carpometacarpal and the metacarpophalangeal jamt of the thumb In proper
posiuonsot.hmthethumhacuunﬁxedpostmprcdseopposlﬁanaplnst
which the fingers can be moved (Fig 51)

The flexion contracture of the wrist. It would seem a simple problem to
transfer some of the strong spastlc fiexors to the extensor side and to secure
the position by arthrodes:s of the wrist. But the situation is not as simple as
that. For one thing, the tendon transference of wrist flexors to finger extensors
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Fic. 51 Spastic paralysls of hand spastic thumb Done graft arthrodests Case J R. (female)
#40-63%8 three years, Octoher 1038 Pronation contracture rizht arm with “wndershmz” spastic
thumb, Bone graft betmeen fint and second metacarpah, 1934 falled. Fuslon metacarpophalangeal
jotnt of thumb 1935 resalt falr Fusbon carpometacarpal joint 1944 excellent result. Flngers can
be dored without catching the thumb.

does not show the result we see in the drop wrist, because the innervational
load of the muscle is 1n constant flux, and it is difficult to establish a stable
equilibnum Furthermore, in cases in which the extensors are very weak or
gone, the active flexion of the wnst is used for the opening of the fingers
These kinetic conditions must be taken in consideration before an arthrodesis
of the wnst 1s carried out (Fig 52) In other cases the extreme flexion of the
wtlst 1 not necessary to open the fingers, because there 1s enough strength m
the extensors Here the arthrodesis of the wrist 1s indicated (Fig 53)

o

Fio $2 Spaatk ferlon coniracture of writ ar

throdews. Case L C (nuale) #C-8745 21 yaam,
Jumry 1929 Spastic hemiplexla left strong
flexion contracture Jeft wrbt straightened pamdvely
Arthrodests March, 1929 good position of wrist
1912 but patient unable to extend fingem or re-
leme objects.
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Fro. 53 Spastic fladon contmcture
of wrist transplantation and arthro-
dais. Cae D D (male) #33-
10611 18 yeers, Augt, 1937 Spat-
tic bemiplegla rmarked flexbon coa-
tractiure of Jeft wrist. Tramplanta
tion of flexors of wrist to extemsory
of fingers arthrodesis of wimt. Good
position good Bexdon and extension
movement. Observatbon 11 years »)
Before operatlon. b) 1948, 11 yen
after operntion.

C REVIEW OF INDICATIONS AND RESULTS OF OPERATIONS
FOR SPASTIC PARALYSIS

1 Anatomic results

a) Instability of foot and ankle are best taken care of by arthrodesing opera
tions Good results were obtained 1n 62 5 per cent.

b) Flexlon contracture of the hip corrected by the Soutter operation gave
good results only In 58 per cent, and in many cases it was necessary to add the
subtrochanteric osteotomy

¢) Tendon transplantation on the whole gave poor results, with the exception
of the transplantation of the hamstrings to the patella for flexory imbalance of
the knee and transplantation of the flexor carpi ulnaris dorsally to the radius
to provide active supination. The latter operation gave good results in 66 per
cent,

d) The adductor tenotomies wth or without obturator resection gave good
anatomic results in 63 per cent of the cases

2. Functional results

Only about 22 per cent of all spastic cases were operated. In general one
finds that the alignment is comparatively easy but that it is more difficult to
provide active motlon So far as it is possible to obtaln active muscle balance
long peniods of muscle tralning and re-cducation are required For the weight
bearing joints especially foot and ankle stabilizing operatlons are necessary
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The mental status of the patient 1s an impartant factor for the success of a
prolonged training program, not only in the conservatively treated cases, but
aleo 1n postoperative care This is an added reason why the functional results
are far better 1n the monoplegic and diplegic types (50 per cent) than in the

paraplegic type (25 per cent)

Taking the <pastic group as a whole and considering all operations and all
sltuations as well as all types of <pasticity and all degrees of mentality, we
find the total of good functfonal results to be 36 per cent, to which 28 8 per
cent could be added as showing considerable improvement This gives a total
of 65 per cent of all operated cases in which the end result justified the inter
vention *
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STATIC DISABILITIES






Lecture I
ON LUMBOSACRALGIA OR LOW BACK PAIN
I ORIENTATION

L OW back pain is a highly controversial subject The argument centers not
<0 much about observational facts ns about their interpretation in pathological
terms It only adds to the difficulty that low back pain is so often a symptom
of remote disorders which are not directly related to the structures composing
the lumbosacral regon The diagnostic analysis requires first to segregate the
low back pain which is a symptom of a remote cau<e, from the so-called
idiopathic type and then to interpret idiopathic backache on the basis of
established biologleal facts

A THE SYMPTOMATIC LOW BACK PAIMN
1 General mfections

General infections such as typhold, ncute exanthema, mfluenza, smallpox,
acute articular rheumatism, or septicemia are not uncommonly associated with
pain in the back Here we rely on general systemic symptoms accompanying
back pain to establish the diagnosis

2. Localrzed lesions

In localized lesions of other systems which produce low back pain, it is more
difficult to recognize the symptomatic character of the pain For Instance,
appendicitis infected and enlarged retropentoneal glands, hemorrhoids and
diseases of the colon and rectum may produce pain simulating idiopathic
Jumbosacralgia. Affection of the genito-urinary system such as pyelitis, stones
or tumors renal disease, diseases of the ovanes or uterus, particularly mal
position and adhesions, and tumors of the prostatic gland are frequently asso-
cated with low back pain In these conditions the back pain is not dependent
upon motion and posture of the body as is the idiopathlc low back paln This
fact, together with other manifestations of dysfunction facilitates the diagnosis
Diseases of the central nervous system produce backache, for instance,
meningitls Iateral sclerosis or tumors of the cord (see Intervertebral disc)
Intense pain In the lower back may also be caused by tumars of the vertebral
column especlally metastatic malignancles, and by myeloma

B IDIOPATHIC LOW BACK PAIN

The idiopathic low back pain in the stricter sense is a definite clinical entity
It is produced by injuries to the soft tissues of the lower portion of the spine,
2 mechanical derangement of these tlssues

i
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IL PATHOGENESIS

1t is essential to establsh the following points a) The Identity of the soft
structures involved in mechanical disorder and how each responds to sprains
or strains. by The anatomical anomalies which cause these structures to be-
come more susceptible to mechanical strain ¢} Pathological conditions of the
spme which facilitate strain d) The characteristic paia patterns which these
structures develop under stramn e} The effect of straln of these tissues on the
nefghboring spinal nerves

A THE STRUCTURES UNDER STRAIN

The structures invalved are the short and long ligaments of the spine, all
capsular reinforcements, all deep and superficial long and short muscles, and
the nervous structure within and outside the spinal canal

In pathbloglcal terms a ligamentous straln is & rent or tear followed by
fibrous repair Repeated strains cause a permanent loss of the elastiaty and
resiliency of these structures A muscls strain Is a tear within the muscle or at
sts attachment [t Is also repaired by scar tixsue. The muscular tissues of the
lower back respond to strain primarily by developing spastic contractures
which may impase upon the body a certain pathological attitude or posture.
Stress ar pressure upon a peripheral nerve causes fibrosis of the endopeurium
and perineuniym and axis cylinder degeneration, its immediate response to
mechanica! pressure Is of the neuralgic type and is followed by motor deficien
cies such as decrease of reflexes

Excessive flexion movements cause sprain of the soft structures In the fol
fowing sequence (Haboush'’) The iliolumbar ligament fs strained first. Then
the check is taken up successively by the fourth, the first, second, and third
lumbar interspaces. At the limit of flexion the supraspinous hgaments and the
lumbar fascis act as a check, In rotary movement and in side bending the
sequence of stran s first, to the jliolumbar ligaments, then to the quadratus
jumborum and the intertransverse ligaments oo the convex side Excessive
side movement strains or tears the quadratus lumborum, then the strain
extends to the lateral fibers of the longitudinal lignments the ligamentum
flavum and interspinoxam and finally it separates the neurnl arches. A healthy
disc usually remains mtact in forward fiexion and in side bendlng

B CONGENITAL VARIATIONS AND ANOMALIES PREDISPOSING
TO LOW BACK STRAIN

1 Varations m the anatomic build of the spine

The slender anatormuc build is especially prone to develop malposture be-
cause of the genernlly decreased muscle tone, The flat lumbar spine often
associated with this type is unable to resist static stresses transmitted from
above The hollow back with its accentuated fumbar lordosis horizoatal
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sacrum and o wedge shaped fifth lumbar vertebra s under an abnormal for
ward shearing stress at the lumbosacral junction which easlly results in strain
(Von Lachum)

2. Congenital anomalies affecting mobility

The arrangement of the lumbosacral articulation may vary from the narmal,
being onented in the sagittal instead of the frontal plane on one or both sides
(Tropism) This deprives the junction of its normal rotatory range, and it
cannot absorb the rotatory impulses coming from the upper body or through the
pelvis. An abrormally long transverse process or, in Jts higher degrees, the
sacraliation is another vanation
which reduces mobility at the sacro
lumbar junction (Fig 54) In this
case the motion 1n the <acrolumbar re
gon becomes transferred to the ar
ticulation between the fourth and
fifth lumbar, since this articulation is
usually arranged in the sagittal plane,
lateral motion and especially rotation
suffer a considerable restriction At
one time this anomaly was believed
to be responsible for sciatic radution
(Bertolott] and Schiassi) Sacralim
tion is a frequent anomaly, being found In 3 8 per cent of all spines, more
often bilateral than unflateral, yet in the majonty of cases it does not pro-
duce radiation One cannot therefore interpret sciatic radiation on the basis of

sacralization even though the anomaly may well be a factor predisposing to
mechanical straln

Fic. 34 Sacralization.

3 Congenital anomahes affecting stability

To this group belong the different clefts and pseudarthroses the ncomplete
formation of the lamunae 1n the lumbar and sacral reglons, the so-called
separate neural arch and the forward displacement of the fifth lJumbar vertebra
upon the sacrum, the spomdylolisthesss These anomalies are not directly
responsible for the low back pain, as is shown by the fact that one sees many
cases of spondylolisthesis without either low back pain or radiation, never
theless, such a spine is potentially weak and susceptible to stram because the
ligamentous apparatus at the junction is poorly developed Low back pain has
also been ascnbed to the apposite deformuty or retrospondslolistkesss, the
backward gliding of the fifth lumbar, the occurrence of which is denied by
Willis We have not been abie to find a case fn our clinic (H Swerdlofl) in
which this condition could be proven when accurate X rny measurements were
applied (Garland and Thomas®®) Narrow Intervertebral discs and Schmorl's
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nodes can be seen 10 X rays of normal people as often as in cases of ow back
pain (Brav, Bruck and Fruchter®)

C PATHOLOGICAL CONDITIONS OF THE SPINE WHICH
PREDISPOSE TO SACROLUMBAR STRAIN

The most common condition is the arthritic spme The loss of motion at
higher levels Is apt to throw an extraordinsry straln upon the sacrolumbar
function. This is particularly true In the Marie-Stritmpell form of atrophic
arthritis. Spmal osteopoross likewlse predisposes to strain, not only because
of the accompanying ostecarthritic changes but also becanse of the general
relaxation rnd lack of tone of the ligamentous and muscular structures De-
formitles resulting from fractures at the dorsolumbar level lead to lumbosacral
lordosis which places excessive stress on the lumbosacral junction

D CHARACTERISTIC PAIN PATTERNS OF THE
DIFFERENT STRUCTURES
1 Locaf pam
One must expect sensory responses to vary according to the sensory supply
of the tissues The posterior primary division of the spinal nerves supplies the

and short muscles of the back their insertions, sheaths and aponeuroses,
llingweﬂ a8 ligamnentous structures of the back. The highly sensitive hsnmc:dﬁ
swcmmandthenponmrosagiwumencutemponxmdpr
localized pressure or “lrsgger’ polnts, The .muscles bave a pooret senms;z
supply and they respond by diffuse pain manffestatfons and by
coptracture
Stereotype pain patterns are the foliowing (Fig. 55)
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8) THE SACROSPINALIS INSTRTION synorome (Fig 55, 1)

The pressure point Is at or near the posterior and stperior iliac spine It
indicates strain of the sacrospinalis insertion.

b) Tite LUMnoSACRAL SyNDROME (Fig 55, 2)

1t exhibits a midline pressure point at the lumbosacral junction Tt indicates
stram of stress of any of the ligaments at the junction of the lumbar spine with
the sacrum

¢) Tue GruteaL Synoroxe (Fig 55, 3)

Tt has its tugges polnt at the origin of the gluteus maximus and ndicates
strain, tear or tension of the gluteus maximus aponeurosis

d) THE TRANSVERS0SACRAL SuNproME (Fig 55, 4)

It 1s caused by impingement of a large transverse process on the sacrum It
has its trgger point near the tip of the fifth Jumbar transverse process

¢) THe Texsor Fasciae Synowome (Fig S5, 5)

1t 18 due to strain of this muscle and causes tenderness along the fascia lata.
It is often assoclated with abduction contracture of the tensor fasciae (Ober
sign)

) Tue dMyorasciaL Synprose (Fig 55, 6)

It denotes strain of the sacmsplm;]isﬁmsde. There Is no discrete trigger point
but only diffuse tenderness along the muscle

2 The maost scute response s that of o sensory nerve directly injured by
pressure or pull Thus 18 called referred pain. A common example 13 the referred
pain from intraspinal tumors or from a hermated Intervertebral dlsc.

It is produced by direct pressure on the peripheral nerve at any point along
Its pathway If the pressure is proximal to the pomnt where the spinal nerve
tifurcates into {ts posterior and anteror primary divisions, the radiation covers
both the back and front parts of the dermatome This bifurcation occurs im
mediately after the nerve has Jeit the intervertebral foramen, except in the
sacrum where there are separate foramina for the posterlor and antetior
primary divisions The radiation corresponds strictly to the anatomical distriby
tion of the peripheral nerve, and it consuts of both protophathic and epleritle
sensations, such as paresthesias, anesthesias and burning ssnsations Inside
the spinal canal pressure {s most often caused by a tumor or a herninted disc
within the intervertebral Toramen, it is usually due to ad acute inﬂamrnntor;v
condition or to arthritis !

3 The third type of paln is the reflex pamn Here a peripheral stimulus s

conducted ta the spinal cord, it becomes synaptic with another sensory center
v(vg:h sén) turn projects the pamn perpherally along its sensory pathway
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We recall that this type of pain is produced by penpheral imtatlon, tha
reaches the spinal cord by way of the somatie sensory fibers, and Lhant’ ith
actlvates a second sensory territory by way of synapsis E;m though so
orthopedic surgeons refuse to this day to accept the reflex mechanism a:
cause of scatic radiation, the idea that radiating pain may be of reflex nat

Fi6 56. The pathway of refiex paln. Perpheral scosory silmulus (1) reaching spinal gpunglion (2
and posterlor oot (3) becoming synaptic with Intermodiate newron (4) asconding la Gower
anterolatera] tract wnd becoming symaptie with second semsory uait {5) wnd projeced throng
posterior root and spinal ganghon to periphery

is by no means new There 15 defimte experimental evidence that the loca
frritation of the structures of the back can actually cause radiations of purely
neuralgic character in territories which have no anatomical connection wit!
the otigmal pafn producing stimulus Keligren™ found that if the interspinou:
ligaments are frritated between the fifth cervical and the third thoracic spine
pain radintion appears o the dermatomes trom the fifth cervieal to the first
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dorsal in front and back Trritation of the dorsal mterpinous Iigaments also
couses front and back radiation in the dermatomes from the third dorsal to the
ffth lumbar Irntation of the lumbar Interspinous lignments causes the «ame
radiation from the third lumbar to the second sacral dermatomes In clinfcal
medicine we meet with many instances of reflex radiation There is the reflex
radiation to the left arm, shoulder and chest in coronary lesfons, or the reflex
pain between the shoulder joints in gail bladder discase, a similar reflex pain
1s oheerved 1n some cases of <clatic radiation associated with low back strain

I THE CLINICAL SIGNS OF LUMBOSACRALGIA

A PAIN

Local pam can be elicited exther directly by pressure upon the trigger points
as described above or, indirectly by 1 Forcible compression of the iliac crest
if the origin of pan 1s the sacrofhac reglon 2 The socalled Patrick sign
(Fig 57) Pam Is elicited by pressure of the femoral head against the anterior
portion of the capsule as the thigh is placed in flexion, abduction and outward
rotation, and the knee s pressed against the table, the strain thereby being
transmitted to the sacro-iliac junction 3 The Lasegue or straight leg rassing
sign Pain 18 elicated in the sacro-lumbar junction, and scatic radiation is mn
creased by backward tilt of the pelvis (Fig 58) The Genslen sign When the
unaffected leg is strongly flexed and pressed agninst the chest, and the hip

joint on the affected side 18 hyperextended, pain Is caused by stran of the
affected sacro-iliac junctlon (Fig 59)

B RESTRICTION OF MOTIOV

The cause of the restriction is the spasm of the muscles which automatically
protect the injured region The spasm forces the patient to assume a posmition
of relief, esther a forward flexion or an inclination to the non affected side, the
scaatic scoliosls (Fig. 60) He bends forward or backward by moving the spine
#s 2 whole all movements are carned out m the hip joints In side bending
the opposite side of the pelyis is pulled up and the limb Is ¥ited off the ground

C RADIATION

Sciatie radation will be discussed mare fully in connection with the herniated
disc Not all radiation is due to hemiation of the disc, however, nor does all
radiation follow the territory of the sciatic nerve Lumbar radwtion into the

grofn and the outer side of the thigh is caused b thological chan th
upper lumbar and lower dorsal spine v e s e

D X RAY EVALUATION

For the {nterpretation of low back pain the x ray is of definite value only
insofar as it reveals predisposing factors such as congenital abnormalities,
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Fro. 57 (tep) Patricks sign.
PR gy (middls) Lasegues sign.
D e Fr. 50 (betiem) Genslens sign.

concormtant arthritis or tragmatic changes The narrowing of the intervertebral
forsmen may be significant. It bas been pownted out that the nerve roots are
only slightly smaller than the foramina themselves so that even a moderale
swelling of the capsular ligaments or ligamenta flava may cause compression
of the roots in the foramina (Larmon ** Magnuson™) In addition, degenera

tive changes which flatten the disc, are liable to narrow the lumen of the
intervertebral foramen. In fact a number of pathological changes may inter
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fere with the free passage of the spinal nerve after it has left the spinal canal,
and the view that all radiating pain is due to leslons of the fntervertebral dises
can hardly be supported (hey™)

IV THE INTERVERTLBRAL DISC

A THE ANATOM AND PH1SIOLOGY

That a portion of the intervertebral disc oceaslonally hernfates into the
substance of the nelghboring vertebra or Into the spinal canal is an old observa
tion Kocher 15 credited with having mentioned it first In 1906 (Lewin™) The
problem 1s 50 1ntricate that a review of the anatomical and physiological proper
ties of this structure seems essentizl The disc Is an elastic plate which con
sists of a peripheral fibrocartllaginous annulus fibrosus and of the semisolid
nucleus pulposus in the center It is intimately connected with the bodies of
the vertebrae by layers of hyahne cartilage, and it is closely interwoven with
the antenor and, to some extent, the posterior longitudinal igament Acting as
an elastic cushion against perpendicular stresses, it s at the same time a uni
versal jolnt in which all movement between the bodies of the vertebrne takes
place It is practically avascular and nerve endings are extremely scarce in the
disc itself, except in the posterlor portion of the annulus They are abundant
in the posterior longitudinal Lignment (P G Roofe™) It has been reported
that the patients in whom the disc was removed under local anaesthesia com-
plained of severe paln while the annulus was belng dissected (Spurling and
Grantham®*), but this did not prove that the pain originated in the disc itself

B THE PATHOLOGY OF THE DISC
1 Congenutal malformation

A persistenit corda dorsalis and portions of hyaline cartilage may be found

1 the vertebral bodies Congenutal distortion of the disc occurs in spondylolis
thesis

2. Traumatic changes

These changes are rare because the resistant cartilage plates secure the
continuity of the disc. The posterior portion of the annulus bulges under streas
and straln but, as long as the disc is intact, this bulging is only momentary

3 Physiological degeneration

The physiological degeneration of the disc begins very early and the
desiceation of the nucleus increases rapudly with age In the second decade the
nucleus begins to break up, It becomes more irregular while the annulus
:brosus still shows tightly packed lamellae. In the third decade, when the

yaline cartilage has already ceased its growth functlon, the annulus shows
definlte signs of wear and tear These retrogreasive changes increase so that 1n
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the fifth decade there are numerous protrusions of the nuclear disc substance
through defects in the cartilage plate Finally the disc shows complete loss of
structure, and most of its mass is now composed of fibrocartflage contalning
calaum deposits (Coventry, Ghormley and Kernohan,* Dencher and Love™)
Deposition of calclum both in the annulus and nucleus, which accompanies
these degenerative changes, was observed by Luschka, In 1858 Marrow tongues
from the cancellous vertebral bone wander through the cartilage clefts into the
disc and produce a complete fibrotization. In exceptional cases even a bomy
replacement of the disc Is observed

4 Protrusions of the disc in general

Due to its nuclear turgor the disc tries to expand and it may hollow ocut
the atrophic vertebral body, as in the osteoporotic spine. The vertebra assumes
8 charactenistic fish tafl shape In contrast, a pathological thinning of the disc Is
partly due to increased desiceation, as in old age, or 1t Is due to actual pene-
tration of the disc substance into the cancellous bone of the vertebra 1n form
of Schmorl’s nodes,

5 The postertor hermations of the duc

The first published report of a patient operated for protrusion of the nter
vertebral disc into the spinal canal seems to be that of Oppenheim and Krause,
in 1909 Cases were reported m the United States by Goldthwait,” in 1911
Calvé’s and Galland s* report on the posterior protrusion of the disc was
preceded by one of Mixter and Barr, who in 1922 called attention to unflateral
leg pain as the outstanding symptom of a protruded disc.

1t is interesting to note that, according to Beadle, not less than 15 2 per cent
of all splnal columns examined showed such protruslons, and 1 96 per cent
they were located in the lumbar region (Love and Walsh™) In all spines
examined by Schmorl, 15 per cent showed posterior herniations, all were n
persons over 30 mostly In people over 50 years of age Associated with these
protrusions is always a loss of substance with a thinning of the disc, although
some nuclear material remains As a rule, the nodes do not attain sufficlent size
to compress the cord.

What, then are the speasl conditions under which such a postertor pro-
trusion produces paln? According to W Duncan and T I Hoen,™ the herniated
discs may be devided into three types The simple or fluld type bemiztion
appears at operation as a tense and round bulge of tenms ball consistency In
the second type the capsule Is ruptured, and part of the disc has entesed Into
the extradural space In the third type the protruded portion of the disc Is
adherent to the nerve root In addition the herniated mass shows considerable
edematous swelling owing to its abilty to absorb water In older persons in
whom the disc 1s degenerated and has assumed a fibrotic character, the capacity
of the nucleus to swell 15 markedly decreased The clinical prcture Is obviously
different In the three types and it is possible from the history to predict the
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type of herniation to be found at operation A so-called concealed disc (Dandy®)
{s assumed In cases of intermittent sciatlc radiation On certain movements of
the spine the concealed disc retracts and radiation symptoms disappear This Is
possibly the explanation for the forward bent position assumed by the patient
The completely herniated disc which is aircady adherent to a nenve toot is not
likely to allow these intermissions

C THE \ RAY INTERPRETATION

1 The narrowing of the lumbasacral space does
not necessarily imply o pathologienl process, be-
cause it may exmst as a congemital condition with
out any climeal significance (Vinke and White™)
Brav, Molter and Newcomb,® examining over 500
roentgenograms, found narrowing of the fifth lum
bar disc at the posterlor margin in 26 4 per cent
and of the fourth lumbar disc in only 3 6 per cent,
but the Incidence of back and leg pain n these
cases was not significantly greater than the remain
ing percentage not showing a narrowed disc. The
conclusion {s that the narrow fifth lumbar disc
cannot 1n itself be conmidered clinical evidence of
postenor disc protrusion

2 The Herniated Disc in the Myelogram (Fig
61) The ideal medium for visualization of the disc
is pantopaque or lodized oll of low viscosity The
myelogram is of value not so much jor the dlagnosis
as for the localization of the disc and partlcularly
for the recognition of multiple discs Spurling and
Grantham™ use it only in those patients in whom
a strong suspicion of herniation exists without
clear-cut neurologeal findingy

Fro. 61 Bilateral protruson in
the mytlogram.

D THE CLINICAL SYMPTOMS OF THE POSTERIOR HERNIATION
OF THE INTERVERTEBRAL DISC
1 History

The ususl history is one of long continued backache with recurrent attacks
of radiating pain. One should ascertain, first, whether a trauma such as a fall
on the buttocks, or a jar or a lifting strain has preceded the attack, secondly
whether coughing and sneezing aggravates the radiation as well as the back pan;
and finally, whether the radation follows the sciatic root to calf and ankle and
{s accompanied by cramp-like feeling and paresthesins, as tingling and pumb-

ness The manmuam paln intensity 13 In the gluteal region, the

, posterior thigh
and leg. The pain is uspally unilateral, although 1t may occasfonally shift to
the other side
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2 Physcal exammation

The physical examination consists of a number of tests to establish sensory
and motor disturbances

a) SENsory

1) Local tenderness may be found on percusson of the spinous processes
of the third, fourth or fifth lumbar vertebra

2) Aggravation of pam in the affected leg due to Incregsed intraspinal
pressure is ascertamed by the jugular compression or Naffissger’s test Accord
Ing to Spurling, a positive jugular compression pam Is pathognomonic of an
intraspinal lesion

3) Anesthetic or paresthetic areas in the ternitory of radiation are recog
nized by pin pnck and cotton touch examuination Sensory loss on the top of
the great toe mdicates herniation of the fourth lumbar disc with mvolvement
of the fifth lumbar root, loss at the lateral aspect of the foot particularly the
lateral two or three toes, suggests herniation of the fifth lumbar disc with
involvement of the first sacral root. Finally, sensory loss on the medial aspect
of the foot eppears in involvement of the fourth lumbar root.

b) Mooz

Signs of motor restriction are, In additfon to those mentioned in low back
disorder Raising of head causes flexon in hips and knees (Brudsinsks test)
Flexion of knees with patient in prone position causes raising of the buttocks
(Ely test)

c) TRE merLExXES

A leslon in the third interspace involving the fourth lumbar nerve root
causes abolishment or diminishing of the kmee jerk A leslon at the fourth
interspace Involving the fifth lumbar nerve causes reflex change of the postersor
tibsal tendon Absence of the Ackdles jerk 13 found in lestons of the Jumbosacral
dusc,

Summary A herniated disc wn the third lumbar mierspace produces tender
ness and radlating paln on percussion lateral to the third spinous process, a
positive jugular compression test with tingilng in the great toe & diminished knee
jerk, and narmal or only accasionally dimunished ankle jerk, an absent posterior
tiblal reflex and hypesthesia or paresthesia in the fourth lumbar dermatome.
A herniated disc In the fourth lumbar mterspace with involvement of the fifth
lumbar root causes sensory loss of the great toe absent or diminished knee Jerk
and pressure tenderneas lateral to the spine of the fourth tumbar vertebra.
A bernfated disc In the £tk lumbar interspace involving the first sacral nerve
produces tenderness to percussion lateral to the fifth lumbar spinous process,
radiztlng percussion pain a positive jngular compression test with tinglieg o:
top of the foot and the lateral three toes, & diminished or absent ankle Jerk, an
hypesthesia or paresthesia i the first sacral dermatome.
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3 Statistics on the frequency of cliical symptoms

According to Love and Walsh,! discs occur with preatest frequency in the
Jumbar region where they are found in 90 per cent of the cases, 98 per cent
of the lumbar discs occur 1 the fourth and fifth lumbar interspaces Multiple
duscs are found in 12 per cent of the cases (G A Love™) Fifty-cight per cent
of the cases with established discs mve a history of speclfic injury to the back
Sciatic radiation 1s found unflaterally in 78 per cent of the cases and bilaterally
in 16 per cent Subjectwe paresthesias are found jn 50 per cent Coughing and
sneezing pain is observed m 35 per cent (Smith, Dery and Hagman), and
sciatic scoliosis in 39 per cent, objective loss of sensatfon is observed in only
21 per cent (Love and Walsh™)

E LABORATORY FINDINGS

The laboratory findings add very httle to the diagnosis Blockage of the
canal {s indicated by the rise of intraspinal pressure (Quackenstedt test) and
by the Increased globulin content in the spinal fluid None of these signs is
even approxmately reliable, and blockage Is not necessarily assocsated with
herniated disc symuptoms

V DIFFERENTIAL DIAGNOSIS

A REFERRED VERSUS REFLEX SCIATIC PAIN

In cases of low back pan and soatic radintion it s possible wnth the aid of
the novocam test to distinguish between the referred and reflex types of
radiation, provided a “trigger” polnt is present. The reflex nature of the radia
tion should be suspected when the pam js purely neuralgic, that 1s, if It carries
no other sensory qualities except protopatiuc pain The novocain teat is positive
when Injection of procaine into the “tngger” point aren is followed by mm
mediate and complete suppression of the reflex radiation and the disappearance
of leg signs. To be considered postive the effect of this test should be striking
and complete, no ambiguity should be accepted The patlent must volunteer
the information that both the local and the radiating pain have completely
disappeared Probably not more than 10 per cent of all cases of sciatic radiation
are due to reflex pain It is important, nevertheless, 1o recognize that reflex

sclatica exists, and i doubtful cases the novocain test should be part of the
clinleal examnation

B INTRASPINAL CONDITIONS OTHER THAN HERNIATED
DISC CAUSING REFERRED PAIN
A neoplasm of the cauda equina may produce pain radtion very similar to
that caused by a protruded disc The outstanding initial symptom 1s pain
over the lumbosacral region radiating from the low back down one or both
Jegs and conslstently accompanied by weakness of the leg muscles The liplodo}
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myelogram and the spinal fuid findings decde the diagnosis The latter are
particularly helpful, because the total protein 1s often increased very substan
tially and there is xanthochromia

Other intraspinal lesions which cause compression 1n the spinal canal are
extradural [nflammatory lesions such as tuberculosls, tuberculomas or pyogenic
abscesses from osteomyelitis of the spine Of the metastatic lesions, carcmoma
of the breast and prostate head the list. Intramedullary tumors wiich cause
radiating pain are mamnly pnimary tumors of the cord such as neurofibroma or
endothelioma but there Is always the possibility of a metastatic lesion within the
cord [tself Of the primary tumors of the cauda equina and the filum terminale
by far the most common {s the so-called ependymoma.

The pain caused by Intramedullary lestons of the cord usually can be dis-
tinguished from that due to wrntation of the postenior nerve roots and gangha
It is a so-called central pain which 1s produced by irritation of the spmothalamic
pathways and 1s of burning or boring character There 13 8 marked loss of
different sensations below the level of the lesion, together with hyperactivity of
the tendon reflexes In intraspinal lesions which compress the nerve roots and
cause radicular irritation the pain 18 usually sharp and is aggravated by
coughmg and sneenng or by flexing the head sharply agalnst the chest (Cralg
and W alsh”) v

C THE EXTRASPINAL OR INTERVERTEBRAL
TRUNCULAR PAIN

Most of these cases are arthritics The x ray picture may demonstrate osteo-
phytes protruding into the intervertebral foramen Other signs are the narrowed

Fxo 62. Osteoarthrits of a verishrs with scerash and Ir
regularity of the facety
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mtervertebral disc and the irregularity and sclerosis of the articular facets
(Fig 62) In spondlolisthesis a certain percentage of cases will show sclatic
radiation, but the number is small In our serics of over 300 cases, it was found
1n only 4 per cent (Pwg Gun') The reason is possibly that the hernfation, if
1t does occur, is m the mudline and does not engage a sensory root

vI THE TREATMENT OF LOW BACK PAIN

A CONSERVATIVE
1 Immobilization and rest

In the localized low bach strmin
due to injury of the soft structures
immobilization can be expected to
control the pan and to lead to the
repair of the injured structures The
routine program is bed rest, strapping
or traction, and application of heat
durng the acute stages of the attacks.
When the patient leaves the bed, his
back is supported by a brace (Fig
63) Crutches are used in the begin
ning of ambulation Repeated attacks
cause the ligamentous structures to
become so relaxed that external im
mobilization is no longer able to re
store their natural elasticity In this
event the immabilization by external
apphiances gives only temporary re
Lief operative measures must be re-
sorted to

2, Mobilization

Not all symptoms of low back pain are due to injury of the higaments,
aponeuroses or fasclal structures Some of them are caused by reflex spasm The
control of these spasms requires stretching and manipulation This s well
demonstrated m the cervical arthritis where the spastic nech muscles respond
promptly to traction There Is, therefore, m the treatment of low back pun
a proper place and a proper time for elther immobilization or manipulation
aocord:}agum the structure which presents the dominant symptoms, as a rule:
manpulation must walt until th v
e by T til the recovery of ligamentous structures has been

Muscle spasm will often disappear ntaneously wh
mentous lesion has healed We recall in fl?!.; connectio); meﬂ;pumxl 13110
treated his cases of low back strm and scutic scoliosis by Immobilization



96 ORTHOPEDIC DIAGNOSIS AND INDICATIONS

alone He put the patient in plaster in the pathological position, expecting that
with the disappearance of the ligamentous strain the muscle spasm would also
subside spontaneously and the deformuty would dissppear The particular tech-
mque of manfpulation seems to be of lesser consequence than the proper time of
application A number of methods are advised (Lewin™) They all consist essen
tially In the stretching of the back muscles either by flexion of the thigh on the
abdomen or by carrying out flexion, extension and rotation of the body with
the patient prone or on his side.

B OPERATIVE
1 Internal fixation in cases of sacrolumbar relaxation
In cases of persistent backache which do not respond to any method of
external fmmobilization, one I8 justified in accomplishing internal fixation by a
fusion operation This applies particularly to the habitually unstable spine
with permanent relaxation of ligaments and a thinned out fifth lumbar disc.

2. Speafic operations for conditions other than Iumbosacral refaxation
2) IMPINGEMENT OF SPINOUS PROCESSES
Implngement of spinous processes calls for thelr resection In these cases the
supraspinous ligament is sensitive to pressure, and stnctly localized paln is
elicited on backward bending The orlgin of pamn can be determined accurately
by a preoperative procaine injection.
Case AM—Dlale Adm December 1931 Age Mym
Pain at sacrolumbar functlon after fall, for 11 years Tenderness between fourth
and fifth lumbar spines, Temporary relief by procalne. Complete and permanent
rellef after resection of the Impinging spinous processes of fourth and fifth Jumbar

b) TRANSVERSOSACRAL ARTHRITIS

The strain arlses from the frmtation of the capsular ligaments of the articula
tion between the enlarged transverse process and the sacrum. In these cases
resection of the transverse process 18 Justlfied

Case W.A—Male Adm  August, 1935 Age 18 ym-
Insidlous onset. Tenderness left transversosacral jofnt. Radiation posterfor left
thigh and leg. Positive leg slgns on the left. Marked shift to ths right. Novoaaln
infectlon st the left sacralized transverse process gave relief for one bour with
dlsappearance of leg sign. Patient was completely relleved by transversectomy of
the left transverse process of the fifth Jumbar

c) PERSISTENT MUSCULAR SPASM

Many years ago Frefberg maintained that sciatlc radiation was due to
contracture of the plnformis muscle, since the patlent was unable to rotate the
lmb inward. He advised the myotomy of the piriformis Ober * on the other
hand, contended that the cause of the radiating pain Iay In contracture of ﬂu:
tensor fasciae and therefore advocated the sectlon of the fascla lata Heyman
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released the sacrospinalis spasm by sectioning the long muscles of the back
Thess are all reflex contractures sccondary to leslons of ligamentous or tendl
nous structures The operations are justified In cases {n which the spasticity per
sists after the lizamentous strain has disappeared and in which it does not
yield to conservative measures such as stretching or physiotherapy

The patients are strikingly relieved by the Heyman or the Ober operation,
provided the indication is made on the basis of a persisting spasticity The con
traction of the tensor fasclac, the so-called Ober sign, should be considered as
pathologieal 3f there is also stress tenderness along the fascia lata, and in this
case only is the operation justified

In his report on 86 cases, Ober™ cites 41 excellent results and 33 cases of
improvement. The indication for Heyman's' operation 1s simflar, only in this
case the contracted muscle I the sacrospinalis He reports 77 per cent of the
cases with complete relief In our series of carefully selected cases In which the
Ober operation was performed, the result was good in over two thirds of the
cases

Tensor Faselac Syndrome Ober Fasdotomy

Case M G-—Female Adm. September 1929 Age 48 yrs.

Patlent complained of tenderness at the left posterior superlor spine and left

glutenl region, with radiation Gber and strafght leg raislog signs were positive.

In this case no relief was obtained from conservative treatment or from lumbo-

tacral or ;acro-fliac fusion Finally, the tensor fasclotomy performed seven years

later gave complete relief

Heyman Stripping Operation Giuteal Myofascia! Syndrome

Case V' R—Female Adm  August, 1946 Age 43 yrs.

Low back pun of ten months duration with tenderness cher lateral aspect of

right posterior superior spine. Radiation along postentr surface of the thigh and

the lateral aspect of the leg and foot on the right side. Leg algns were positive on

the right. Novocain injection gave relief for two hours. No rellef fram conserva

tive treatment. She finally was subjected to a stripping

aperat} f the righ
posterior superlor spine with complete rellef peion © e

VIL THE TREATMENT OF THE HERNIATED
INTERVERTEBRAL DISC WITH
SCIATIC RADIATION

A CONSERVATIVE

m’% it always necessary to operate In the presence of 8 disc? Most observers
mutragkzgktﬂal period of conservative treatment, except where there are
ummiiak neum{}ogia.l signs A hernlating disc may recede Into the inter
msi;e an rgx:t;rude agam on exertion or change of position The
backmand fm:;a:ue o‘nIs of the scintic pain are caused by this alternating
e o bep;:ung t s the fixed disc which does not move but remaing
should be removed by laminectomy (Scott and Young, ™ Kuhns™)
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B OPERATIVE

1 Treatment of the hernusted disc by decomnpression and removal

The decision to operate is reached on the basls of the Jong duratlon of the
sciatic pain, its resistance to conservative measures and the presence of neu
rological signs The objective of the operation is not only the removal of the
disc but also the obliteration of the disc space, so that no further recurrence of
the herniation can take place According to Investigations of Key,™ the defect
caused by the removal of the disc is closed by a thin superficlal Iayer of fibrous
tissue, leaving the deeper portions of the defect gaping The space should be
curetted thoroughly, the more completely the intervertebral space Is cbliterated,
the better 1s the guarantee against recurrence

2. Should the spine be stabilred after the disc 15 removed?

We believe that 1n all cases of an unstable lumboesacral junction, the
lammectomy should be followed by fusion. Attempts have been made to
stabilize the vertebral bodies from a transperitoneal approach (Lane and
Moore™), through which the entfre disc is removed, and the empty space Is
packed with bone chips The operation is too formidable to gain general
acceptance Lane and Moore™ st 36 cases, of which 77 per cent were reheved.

The usual method is the fuslon of the posterior arches We prefer the use of
cancellous bone taken from the crest of the os flif to salid bone grafts. The
combined method of lamunectomy and fusfon is especally recommended in
patients with separate neural arches ot spondylolisthesls (Ghormley, Love and
Young"), 1n patients with arthritic changes of the spine, in the static type of
backache, and 1n spines showng lesser congenital anomalies such as sacraliza
tion and tropism. Comparing the combined operation with the simple laminec
tomy, Barr and Jason' found that the laminectomy alone does not relfeve the
back symptoms to the same extent as 1t relieves radation When the spine was
fused 73 per cent of the patients were freed of their back symptoms, whereas
only 52 per cent were relieved when a fusion was not performed Some surgeons
even advise the fusion operation alone without decompression. Farrell and
MacCracken® report such a senes of cases with neurological disc signs treated
by fusion alone Of 27 cases treated by spunal fusion alone, 83 per cent were
rebeved of scatic pain of the same number of cases treated by laminectomy
and fusion, also 83 per cent were relleved Startling as this may seem itls no;
surprising when we consider the changes which occur with the movement 0
the spine In some herniations It only shows how essential it is to distingmsh
between the movable disc with fluctuating symptoms and the fixed disc which
produces permanent complaints

3 Pseudarthrosis following fuson operation

A certain number of cases develop pseudarthrosis fn the luse}t}i areas, moslmd
frequently at the level of the sacrolumbar junction Cleveland, uswurthI et
Thompson® observed it in not less than 20 per cent of their 594 cases, It
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frequent when the fifth lumbar alone is bridged to the sacrum and more fre
quent when the fusion covers the third, fourth and fifth lumbnr vertebrae This
raises the question, how long should the patient be immobilized following the
operation? After laminectomy alone, the patient may get up within one or two
weehs Following the fusion operation, he should remain recumbent for not
less than mx weeks and, after leaving bed, he should wear a well fiting back
brace for at least six months,

VIII STATISTICS

A LOW BACK PAIN WITH RADIATION,
CONSERVATIVE TREATMENT

Cases of low back pain with radiation, in which the procaine teat shows the
radiation to be of reflex character, respond well to conservative treatment.
In 117 cases of our senes who had low back pain with radiation and a positive
procaine test, 95 cases or 85 per cent were completely relieved

B LOW BACK PAIN, SURGICAL TREATMENT

Qur own statistics show that the lumbosacral fusion in cases of low bach

pain not diagnosed as hermated disc gave satisfactory results In 86 per cent
(DeGoes®)

C LOW BACK PAIN WITH RADIATION, HERNIATED DISC

The operative removal of the disc was the treatment of cholce except in
cases of reversible dises Of 29 cnses yeviewed by Dr Hyndman, Dr Wolkin
and the writer, 25 cases were completely free from pain after operation, four
cases had persisting paln In a further group of 10 cases, eight were com

pletely free and only two had persisting pain, a total of 39 cases of which 33 or
87 per cent were relieved

IX SUMMARY

1 In the management of the Jow back problem it is desirable to apply more
refinement and precision to the dlagnosis and to male the indications more
selecgl\:'e and less sweeplng, especially so far s surgleal intervention is con
cern

2 Ligamentous structures under strain or stress require immobilization
Muscular structures under stress assume a state of spastic contracture and
require manfpulation and stretching. The first consideration is to be gven to
the strain of the higamentous structures

3 Only those cases In which the strajned ligamentous and muscular struc
tux;a Iu;taubcyond ?nl:::kal repair require operative Interference.

cases o pain and sciatic radiatlon whi ‘
and mn which the diagnosis of a herniated disc cannot fihag::;:}; Wi

be established
thy ine t ‘
s;ﬂgcro::lnnc est should be used to distingulsh between referred and reflex
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5 The dingnosis of a herniated disc does not necessarily mean that the
operation is unavoldable. In cases with short and Infrequent eplsodes & con
servative trial treatment is indicated while permistent sciatica or frequent and
prolonged attacks suggest a completely ruptured and adherent disc and const
tute an Indication for its operative removal.

6 Removal of the disc alone without subsequent fusion operation is justified
only In cases in which there is no localized backache and where the sciatic radia
tion 15 the pnncipal symptom. In all cases in which the sciatic pain 1s associated
with permstent backache, the combined operation of lammectomy and fusion
should be performed
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Lecture IT
ON IDIOPATHIC S$COLIOSIS

I ORIENTATION

SCOLIOSIS has been recognized as a clinical entity separate from inflam
matory destructive lesions of the spine since the first half of the 19th century
(Hare * Lonsdale™) The scentific foundation of our clinfeal knowledge of
thus deformuty was not laid, however, until decades later, around the turn of the
century when the clinieal observations were augmented by pathological re
search (Lorenz,™ Schulthess,” Wullstein™ ') This step secured at least a
sound morphalogeal concept It tool another decade or so to bring forth some
information of the mechanogenesis (Lovett'™) Little had been established so
far regarding the etiology of scoliosis The question was rather lightly disposed
of under the genernl and meamingless term of “spinal insuficiency " In the
meantime the treatment of this deformity remained disappointing and Lorenz
lumself considered 1t as practically incurable Then came the introduction of
the operative methods This, it was hoped, was to be the stroke to solve the
Gordian knot What it meant for the treatment of the deformity is one side of
the story, with which we shall deal in this lecture The other side is that it
practically set a halt to further investigations on the nature of thus deformity
and that sclentific contributions concerning 1ts pathogenesls have become dis-
tressingly scant. Now, when it it belng realized that surgery offers a solution
for only a small minority of cases, there is all reason to take up again the
thread of investigation

Idiopatiue scoliosis is a deformity of the spine which develops from an
apparently physmological state under the influence of gravity This distinguishes
1t from the congenltal scohoms where patkological condition exists from birth,
and from the paralytic scoliosis because here a patkological cvent precedes the
deformity The fact that the deformity develops under gravitational influences
implies that it 15 selective, and this again means that certamn predisposing
factors must be at work. So far, these factors have become ascertnined only
tentatively It is i this direction that our search must proceed if we are to
understand the nature of deformuty and if we are to devise n sound policy

for its prevention and cure
II. PATHOGENESIS

In morphological terms, scoliosls 1s a deviation of the human spine In two

directions, lateral and rotatory, that 1s, in the frontal
o ta!’pla.ue , 3 ¢ frontal as well as in the

Other deformities occur either In the frontal or 1n the sapttal plane alone
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The dorsum rotundum in gsteochondritis is the example of a deformuty strictly
in the sagittal plane, an anteroposterior deformity The so-called sciatic scoliosis
in low back pam or In the hermated disc 13 & deviztion strictly 1 the {rontal
plane. In contrast, the true scoltosis 15 g deformity m botk planes, a lateral as
well as ¢ rotatory deviotion, furthermore, deformations of the thorax and pelvs
are superimposed upon the spinal deformity 1t 1s the combination of these
components which characterizes scolionis

Can suck a deformity be produced experrmentally? Wullsteln™ teled it by
strapping animals 10 scoliotic position Others (Haas®) attempted to produce
it by destruction of the epiphyseal plates of the vertebral bodies. Schwartrman
and Merrill* obtained the deformity by unilaterally stnpping or excising
muscle groups Noae of thess experiments parallels actual conditions w hfe
They show only that a deformity can be produced by prolonged scoliotic
position or by destruction of normal muscular equilibrium, but they do not
mclude gravitational stresses which are essential in the 1diopathuc scolioais.

How does the scoliotic deformity develop ont of the mormal symmeirical
spine?

1 The frontel plane compouent
LATERAL DEVIATION

In the beginning there is simply an inchnation of one segment of the splne
against snother At first, this Inclination is withm physiological hmits and
under voluntary coatrol It can be reversed Soon, however, this Inclination Is
po longer under voluntary control, it exceeds normal physiological ranges /
can 5o longer be reversed

This mnital inclinatory phase Is more often observed 1 the paralytic then fn
the habitual ar Idlopathic type of scoliosis In the latter type, the inttil feature
is more often that of spinal collapse By this is meant a sort of telescoping in
which the vertebral bodies have undergone a translatory side shift against
each ather No such translatory movement is possible under normat conditions
it is prevented by tbe normal ngidity of the intervertebral disc. Consequently
any degree of translatory displacement is pathological

2. The component 1 the transverse plane, the rotatory deformity

The vertehral bodies rotate against each other about a longitudinal axis.
As the rotation exceeds the normal range of motion, it also becomes pathologreal
and frreversible Moreover the rotatory forces transmitted to the structure of
the vertebrae produce & torsion effect on the trabecular sysem, which changes
their perpendrcular course into & spiral one.

3 The change m the relationship between the spune

and the thoracic cage

Under normal conditions the spine and thorax move as one plece in slde
bending and in rotation. Tn any position the spine divides the thorax angd the
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abdominal cavity in two symmetnical halves In scoliosts the sltuation is
radically different, as the spine shifts sideways In translatory direction, it
divides the thorax into two asymmetrical halves, the convex «ide being smaller
than the concase side The same translatory shift of the Jumbar spine divides
the abdominal cavity into a smaller
convex and a wider concave half In
other words, the scoltotic spinc pene
trates into the convex half of the tho
rar and the convex half of the abdom
inal cavity

The essential and characteristic
feature m scoliosls is that as the spine
goes into side bending or rotation, ¢
does not take the thoracic cage with it
In other words cage and spine do not Fio. 64 Deformation of the thorax
move 1n one unit, the thoratic cage stay s behind on the concave side Similarly,
in the lumbar spine, the column carnes out a convex side rotatory movement but
leaves the pelvis behind on the concave side (Farkas’)

Because the rib cage 1s anchored firmly to the thoracic spine through the
costovertebra! articulations, and the pelvis to the sacral spine through the
sacro-ihac syndesmosls, this disalignment necessardy results m certamn defor
mations of the thoracic cage and of the pelois (Fig 64)

1 THE PATHOLOGICAL CHANGES IIN SCOLIOSIS

What morphological changes in the spinal column can be expected as the

result of the two main components of the deformity, the lateral curve and the
rotation?

A. THE VERTEBRAL BODIES

As a result of the lateral deformty, the helght of the vertebral body is
greater on the convex than on the concave side The vertebra is wedge shaped
(Fig 65) Because of the greater pressure, the vertebral body becomes more
drawn out convexly, but more condensed concavely As the curve increases, these
mequalities become more marked In honzontal cross section the vertebral
body is no longer oval but is now egg-shaped, the larger pole bemg on the
convex side

The torsion of the vertebrae (Fig 66) The structural torque causes the
perpendicular trajectories to assume a spiral course which can be demonstrated
In the x-ray Externally It manifests itself by a peculiar twist between upper
and lower surfaces of the body and & spiral shaped fluting of its surface That
all these components—the translatory shift, the rotation and the torslon—are
interrelated is shovm by the fact that they all have a common maximal point.
Rotation and torsion reach thelr highest level at the apex of the lateral curve
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The transverse processes also change their direction They ascend on the con
cave side and descend on the convex side of the body
B ARCHES AND PEDICLES

Marked changes are also seen 1n the column of the arches Their two halves
no longer are symmetrical there 1s a kink at their attachment to the bodies and
they appear thick and stubby on the concave and thin and drawn out on the

——— - Fio. 66 Deformation of arches

Fio. 65 Side bending, tramhatory shift and ro- and pedides and tocslon of ver
tatlon deformation of thorax. tebra

convex side The spinous processes shift sideways with the lateral deviatlon of
the column although they do not truly parallel the curve, they are somewhat
deflected toward the concave side so that the curve of the processes 1s flatter
than that of the vertebral bodies The pedicles are shorter and stubbier on the
concave than on the convex side (Fig 66) Also, they nm In more sagital
direction on the convex slde and they approach more the frontal plane on the
concave side

C THE DISC

The key to the deformuty is the pathological change 1n the intervertebral dm';
Its signlficance for the development of habitual scolioads has been polinted oul
already by Schulthess ™ The older observers believed that It plays oaly 8 pass;
ive role but we recognize today that deformations we see in the soolIO’Iﬁ; spin
would not be possible 1n the presence of a healthy intervertebral disc. The con
cluslon Is mescapable that some degeneration of this structure 18 the ;;m;;
factor which permts a subsequent translatory and rotatory deviation.
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is not only compressed on the con
cave side, but it also shows degen
erative changes and fibrous substitu
tion (Fig 67) Theadjoming portions
of the vertebrae become sclerotic,
and there is reactive marginal lip-
ping (Junghanns'*) Aside from pre-
serving the relationship of the ver
tebral bodies, the disc plays an
important role in the so-called Intrin
sic equilibnum of the spine Only
when it is destroyed by some degen

Fio 67 Depeneraton of disc in scollosds,

erative changes and the resistance of this structure is greatly impaired can the
described deformation of the spine take place

D THE INTERVERTEBRAL ARTICULATION

Fro. 68. The costovertebral articulations,

The obliquity of the vertebral bod
ies causes these articulations to con
verge toward the center of the curve
<0 that the convex side articulations
are elevated above the apex of the
curve and are depressed below it. On
the concave side, which is under in
creased pressure, the joints may be
come obliterated and fused together,
and thelr remnforang capsular lga
ments may become ossified At the be
goning of the deformity, when the
spine s simply inchined laterally, the
tilted position of the articulations acts
as a sort of guide which directs the
subsequent rotation of the vertebrae
toward the convex side of the curve

E THE COSTOVERTEBRAL
ARTICULATIONS (Fig 68)

The articulations are deepened on
the convex and flattened on the con
cave slde The ribs are rolled up and
exert pressure agalnst the bodies and
transverse processes on the convex
ity they are drawn out and flattened
on the concavity of the curve



106 ORTHOFPEDIC DIAG\OSIS AND INDICATIONS

F THE THORAX

As the spine rotates independently without taking the thorax along, the ribs,
anchored to the spinal column and spanned between the rotating spine and the
non rotating thorax, must necessarily undergo some deformation

Posteriorly, the ribs are
sharply angulated and curl up
against the vertebrae on the
convex mde. They form a
sharp prominence, the costal
hump On the concave side
the ribs are drawn out and the

" thoraxs flat, In front the ribs

are pronunent on the concave

and flat on the convex mde

- (F1g. 69) The result of this

Fio 69 Thbe thoracic cage In scollosls. distortion 1s that the long

cross sectlon chameter of the

thorax 15 no longer transverse in the frontal plane but 1s now oblique, running
from the convex side behind to the concave side in front.

G THE PELVIS (Fig. 70)

If the sacrum is mcluded 1 the scoliosis, a deformation of the pelvis de-
velops sumular to that of the thoracic cage This incluslon of the sacrum in the
curve depends entirely upon the con
figuration of the fifth lumbar verte-
bra, if its lower contour stands hori
zontal the lumbal curve ends there
and there is mo pelvic tilt If the
lower contour of the fifth lumbar is
oblique so that the lumbar spine is
implanted obliquely into the pelvic
ring then the fifth lumbar vertebra
acts as the keystone of a curve which
ncludes both Iumbar spine and sac
rum in this case the pelvis 1s tipped
toward the side of conventy If both
the upper and Iower contours of the
fifth lumbar are oblique but the
wedge polnts 1n opposing direction,
the fifth lumbar 15 not & keystone but
rather a transitional vertebra which
separates & lumbar curve from a sac
Fsa. 70. The scolfotic pelvis ral counter curve. The pelvis neces-

narﬂyfol]mthcsacmlcurveundlslawtrontheconvusideofﬂ:bmmln
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respect to the lumbar contour curve the pelvic drop therefore appears on
side of the lumbar concatty

Whenever ane sccs a pelvis tilting on the concave side of a Tumbar ¢t
Instead of on the usual convex side (paradox scollosis), one can be sure !
there is a lower sacral counter curve which determines the tilt of the pe
and that the fifth lumbar is a transition sertebra between the lumbar and
ral cunves The deformations of the sacrum correspond to those of the
tebrae The sacrum is comprested and stubby on the concave and Jonger
thinner on the convex side In the longitudinal axis there is the same torqu
seen n vertebral torsion If the sacrum 1s included In the fumbar curve,
greater duameter of the pelvis runs from backward convex fo forward |
cave, corresponding to the curve If there is sacral counter curve, the gre
diameter of the pelvis corresponds to the latter Finally, sf the sacrum is
mecluded erther m a lumbar ot In a sacral counter curve, that is, if both
tours of the fifth [umbar are horlzontal, tke position of the pelvis 15 nor.
and there Is no distortion

H. THE CHANGES IN THE SOFT STRUCTURES

Ligaments and muscles adapt themselves to the morphological changes of
spinal column The anterior longitudinal ligament is thinned out and is dusph
toward the concave side The radiate ligaments of the costovertebral an
latfons are elongated and thinoed on the convex and thickened on the con:
side The muscles on the convex side show some atrophy and degenera:
Contractares are not uncommon on the concave side, and they often consti
a formidable obstacle to correction, especially the Jateral abdominal muscles
the [ongissimus dors1. In contrest, the large flat muscles, the trapeaus, lat
mus rhomboids and serratus, show very hittle change (H Virchaw®)

Secondary changes of the soft structures appear later, especially on the
cave sude of the curve, in the form of extensive assification of the ligamen
apparatus and synostosis between the arches and of the Intervertebral artic
tions The ossification of the mtervertebral disc deserves special attention
seems to be more marked on the concave slde while the convex portion of
disc {s still intact (Putschar™)

Different from the trie synostosls are the bridges and spurs due t
Ioa;[lf.cd spondylarthntls They are particylarly notlc:fblc in Lheom

4 1w
zﬁe:o::u:;sc lumbar spine (W Mdiller') They protect the spine agalnst
Conclusions. 1 Muscle Imbalance or muscular insuffifency a
account for the changes seen in 1dtopathic scoliosts No musccl’e’ ;:ﬂﬂ:::;;
duce a translatory shift or an excessive degree of rotatory ot lateral ﬂmp
ment Changes must occur in the non-contractile soft structures, the lgam
and discs, which structures normally mantain the intrnsic tqu‘mbriur?oi

spinal column and are the pringi, f
ture 1) princlpal safeguards against deformation (see
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2 As the deformlty progresses, the secondary structural changes occur In
bone as well as in soft tissues Structural changes in bone develop according to
the general law of bone transformation, they are secondery to the changes in
the soft structures The primary changes which lead to permanent and irre-
versible deformuty are 1n the ligaments and the dssc

IV THE CLINICAL ASPECTS OF HABITUAL SCOLIOSIS

A TYPES
According to the location, four types of curves can be distinguished
(Schulthess™)
1 The primary rght dorsal curve
1t is the most frequent In the course of development it pulls the tnmk to the
slde of conventy, causing the so-called overhang The neck-shoulder line i3

Fio 71 The primary dorsal curve.

Fio. 72 The combined domclumbar curve.
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asymmetrleal, It is higher on the convex side As the body hangs ever to the
right, the so-called walst triangle formed by the loin, the ilinc crest and the
hanging arm is deepencd on the concave and flattened and drawn out on the
convex side The concave side hip protrudes and the shoulder girdle is no longer
aligned squarcly above the pelvis The rotatory deformity is marked by the
convex side prominence of the ribs in the back and a corresponding concave side
prominence in {ront (Fig 71)

2 Combined nght dorsal and left lumbar curve

The combined right dorsal and left lumbar curve develops more often {rom
a primary dorsal and less often from a left total curve The apex of the dorsal
curve is the sixth to eighth dorsal vertebrac The elevation of the shoulder is on
the side of the dorsal comvexity, and the waist trinngle is deepened on its con
cave side Types 1 and 2 comprlse about S0 per cent of our cases of idiopathic
scoliosis (Fig. 72)

3 Left total dorsolumbar curve

The left total dorsolumbar curve is generally the forerunner of the above
mentioned combined dorsolumbar curve It represents therefore an early stage
and is easily overloohed. We observed it In only 5 per cent of our cases (Fig
73) The apex of the curve is at the ninth or tenth dorsal vertebra

4 Pnmary lumbar curve

The primary lumbar curve is next n frequency to the nght dorsal and the
combined type We found it in 30 per cent of our cases The curve ponts to the
left. It may end at the lumbosacral junction or 1nvolve the sacrum, in which
case there is the above described pelvic tiit (Figs 74, 75)

5 Cervicodorsal curve

The cervicodorsal curve 13 unusual In jdhopathic scoliosis Most of these
curves belong to the congenital type

B THE DEVELOPMENTAL CYCLE OF THE
IDIOPATHIC SCOLIOSIS

As ane follows the progression of scolions, one cannot fall to recognize that
nature attempts to bring the deformuty to a halt. This attempt is directed toward
recovery of the lost alignment between trunk and peivis, i e, the posture and it
consists in the establishment of neutralizing counter or compensatory curves In
this sense we can accept the concept of self limitatlon of this deformity, in con

trast to Lo
" renz, who believed that the deformity goes on irresistibly from bad
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Frc. 73 The left total Frc 74 The primary Jeft Fra 75 Primary lumbar amrve
scollosls, Jumbar scoloshs. trvolying mcrom.

How oftern does mature succeed in developmg these newtralising cownter
curves? Our observations show that only in about 30 per cent of all types of
idiopathic scoliosis a spontaneous compensation develops. Only to this extent 1s
nature able to produce counter curves of suffictent length and angular value to
restore the posture relationship between the trunk and pelvis In some types, 23
in the lumbar scoliosls patural compensation 1s frequent. In others, particularly
the pnmary dorsal curve it 1s rare In the latter the spine stiffens early and
extensively and no satisfactory counter curve can be established In contrast,
the primary lumbar curve retains its mobflity much longer, due largely to the
effect of the galt upon the pelvis and the lumbar vertebrae

How long does the scoliosis progress? It is the general opinlon that matarity
sets a balt to the progress of the Idiopathc scollosis which means at the age of
17 o 18 years in boys and 15 or 16 years In girls. The best sign of maturity,
according to Risser 1s the completion of the epiphysis of the jliac bone as it
extends backward toward the sacro iliac angle.
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VvV THE TREATMENT OF SCOLIOSIS

A THE GLNERAL PRINCIPLES

The 1deal objectiv e of the treatment would be the anatomlcal correction of the
curve, which entails the complete restorntion of posture and the ability of the
patient to mamntam full correction by active muscle control A scoliosis is never
completely corrected until the full mobility of the spine is restored and the
curve can be reversed The question is, can this goal be achicved? Can one ex
pect anatomic correction or at least a substantial improvement of the scoliotic
curve, or should one be content with the restoration of the normai relationship
between the trunk and pelvis, meamng restoration of posture? Also, what means
are necessary to mantain either the improsvement of the curve or the restoration
of posture® This dustinction 1s fundamental We find in practice that correction
or even a substantial improsement of the scoliotie curve 1s impoasible except in
a small minority of Inciplent cases In contrast, if we set our goal ot restoring
the normal relationship between trunk and pelvis, we find that a large propor
tion of cases will respond to treatment by conservative means and that, more
over, the restored postural relationship can be maintained

B THE COMPENSATION TREATMENT (A Stemdler™)
1 What constitutes an adequate compensatory curve?

The recovery of posture involves the establishment of a counter curve equal in
length and angular value to the pnmary curve Such a counter curve restores
the normal relationship between trunk and pelvis
It corrects the “overbang’ of the trunk, the pro-
trusion of the convex side shoulder or of the con
cave side pelvis

In order to establish a satisfactory lumbar com
pensatory curve both in lateral and rotatory di
rection the lumbar spine must be made movable
by vigorous treatment and the bacl muscles must
be trained to maintain control of the spine

The mobilization of the lumbar spine causes the
lower end of the primary dorsal curve to be drawn
mto the area of the secondary curve, so that the
primary becomes shorter and the secondary curve
becomes longer To achieve a true compensatory

-

Fw 76 Compentation sholishes 1) ObRquity of shoulder Ene.
1) Elevatlon of couvex side thonlder 3) Protrusion of concave
dd.epdvu_.\mxﬂmoitan:mrvuhpc-ibk.
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effect, it 1 necessary that the secondary curve be both of the same Jength and
the same angular value as the primary Consequently, the success or faflure of
the procedure cannot be measured unply by the angular value of the pnmary
curve alone because thus 13 meaningless without its relation to the length and
angular value of the compensatory secondary curve In other words, the angs-
lar value of the primary curve may be found decreased and yet the compensa
tion bas fafled and vice versa it may be mcreased and yet the compensation
13 mamtaned It all depends on the mutual relationship of the twp curves in
length and Intensity (Fig. 76)

2. How 13 compensation achieved?

The mobilization of the Iurribar spine must be accomplished both in the Latera
and rotatory sense. Lateral mobilization fs done by active and passive side
bending exercises 1 standing sstting ot lying down The rotatory mobiliztoa
is accomplished by derotation exercises and maneuvers fn sitting (the Grieve
chair, Fig. 77), or recumbency on the derotation table ( Fig. 78)

In derotation the thorax must be directed toward the convex side and not the
concave (Fig 79) Ths is obvious since the thorax is alrendy displaced toward
the concavity Pushing the rib hump forward can only increase the disabgnment
between thorax aad spinal column The passive manipulations are combuned
with active corrective exercises (o Increase the tone of the muscles and to
teach the patient gelf-correction

3 How 13 correction mamtaned between exercues?

The compensation method aims as much at the correction of posture by
mampulation as at mamtamning this correchon by octve muscle trainmg
These efforts must be strictly correlated particularly must one avoid the error of
mobilinng the spine 1n advance of adequate muscle development If ane wants
to avoid a collapse of the spine Pending this muscle re-educatian, it is necessary
either to keep the patient recumbent or to support the back intermittently by
supportive apparatus The object of the brace Is to protect the muscles from
fatigue gnd exhaustion

In practice {t means that duting the first peniod of the compensatfon treat
ment braces have to be worn for five of six hours a day  this time is gradually
diminished as the muscle development proceeds Under no cocumstances Is 4
Broce bemng worn contmuonsly or mdefintely (Fig. 80) The brace must be con-
structed on the three paint principle The shoulder girdle, the scoliotic curve and
the pelvic girdle ‘This involves the anchonng of the brace against the trunk by
2 thigh plece which prevents tilting of the pelvis (Steindler™) In exceptional
cases one may apply plaster casts. These must reman for short perfods only, and
on thelr removal the work of mmacle development must be taken up again with
all vigor (Fig 81) Agmtdm!ofaudwbrcquktdnotwktmbmaﬂongﬂ
ahead of muscle control.
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Fic, 79 Correcting derotation toward the side
of convexity

Fio. 78 The derotathon table.
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What are the signs of adequate automatic muscular control?
a) If the x ray shows that both primary and sccondary curves are equal in
ngth and angular value, and if the overhang has disappeared
b) If the standing and recumbent length of the thorax are the same, as shown
y the x-my picture
¢) If the extensibility of the spine 1s no more than normal

Fio. 81 Temporary cuts.

d) If the normal sense of thoracic equilibrium is restored, that 18, the patient
feels that hus corrected position is natural and not strained
¢) If the posture 1s maintained actively without any visible effort

f) If the x ray shows by the completeness of the iliac epiphysis that matunty
has been reached

5 What are the limutations of the compensation treatment?

Only 20 to 30 per cent of all types of idiopathic scoliosis acquire sufficient
spontanecus compensation. The great majority of cases never reaches this state
of natural compensation without corrective treament. Certain scoliotic types are
susceptible to the compensation treatment, others are not

a) TYPES OF IDIOPATHIC SCOLIOSIS SUTTABLE FOR COMPENSATION TREATMENT
1) The combined right dorsal left lumbar curve In this group it Is
possible to develop the lumbar curve to a state of adequate compensation and
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Frw. 81 Adequate compensation trest
mient primary rlght dorml Jeft by
bar combined amrve. Case D B 1)
1937 b) 1941

to maimntain it permanently In a number of cases the angular value of both
curves increases as the spine “settles” without loss of abignment. The percentage
of good results with adequate and persistent compensation was 66 6 per cent
(Figs 82, 83)

2) The primary lumbar curve. If the fifth lumbar is not oblique and the
pelvis 1s not Included In the curve, the results of conservative treatment are
very good, adequate body realignment being obtamned in 90 per cent of the
cases (Fig 84) The obliquity of the pelvis complicates the sltuation A com

Fro. 83 Adequate compensation pri-
mary right dorsal kft lumbar com-
bined cxrve. Case B B a) 1936, b)
1939
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Fic. 84 Adequate compemsation reat
ment prmary lumber curve Case
B C.a) 1930 b) 1311

pensatory lumbosacral curve of an angle commensurate with the tilting angle of
the pelvis must be secured to compensate for the pelvic obliquity We have
often seen misgwded attempts to strengthen the curve by Risser casts prior to
fusion with disastrous results to the ahgnment between trunk and pelvis

3) The pnmary left dorsolumbar curve also responds to the conservative

treatment. Here the percentage of successful compensation is as high as 75 per
cent (Fig 85)

Sede XX1LL
Treatment Adequate

Fia. 85 Adequate compensation pel-
mary left dorsolumbar curve. Neta
cquallty In length and sngular value
of the compensatory domal curve
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TrE Tyres NoT RESPONDING TO THE COMPENSATION TREATMENT

1) The long and ngid primary dorsal curve

No satisfactory lumbar counter curve can be developed The muscles cannot
control the posture in state of incomplete compensation and the spine breaks
down, operative fusion becomes necessary (Fig 86)

Fx. 36 Insdequats compersation
long and rigd primary domal axve
Fution becomes necesary Case AL G,
a) 1931 b) 1H2

S

2 b

Imadequate compensa
twon  obllquity of ffth Fumbar Fio 38 Inadequate compensation high dorwel curve, Fosion
Peivic tilt not compemated required. Cass J B a) 1931 b) 1942,

Fro. 87
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2) The primary sacrolumbar curve with a wedged
fifth lumbar and pelvic obliquity
Unless a secondary lumbosacral counter curve can be developed to neutralize
the oblique implantation of the spine into the pelvls (see above), posture is not
restored (Fig 87)

3) The high domsal curve (Fig 88)
We have never been able to produce a satisfactory dorsal countercurve 1f
progressive, these errors require operative fusion

C THE RESTORATION OF POSTURE BY CORRECTIVE CASTS

Because of the rigidity of the primary curve, all attempts of correction re
sult m the development of counter curves Only in the early phases can there be
a real straghtening of the curve itseli The earmark of anatomic correctlon 1s
the reversibility, that is the changing of a curve into the opposite one This is
possible in the mildest cases only We feel that corrective casts are justified asa
part of the conservative treatment but only with certam reservations (Fig 81)
First, the manner of applying the cast should harmonize with the pathome-
chanics of the deformity not only so far as the lateral curve is concerned, but
derotation should be accomphished hy pelvic rotation and the thorax should be
adjusted to the spine by convex mde rotation Secondly, casts should be applied
only m long intervals and for short periods of time, two or three weeks, 5o as
to have ample opportunity for muscle development and traiming

In applying corrective casts one should take into consideration the following
points

1 All side bending efforts result 1n compensatory curves which mav or may
not be adequate

2 Slight forward flexion is advantageous in dorsal curves because of the
*unlocking” of the mntervertebral articulations (Lovett'™)

3 Derotation of the thorax must be toward the convex and not toward the
concave side. The usunlly practiced rotation to the concave side 18 not rational
because it only increases the disproportion between the thorax and spine, as
already pointed out by Forbes* many years ago

The method of Klein' also chooses forward flexlon for the position of the
corrective cast based upon Lovett’s findings that in forward flemon the darsal
spine 1s mnlocked and therefore allows rotation In the case of a right dorsal, left
lumbar scolioss the shoulders are rotated to the right and the pelvis to the left

until the transverse axis of the pelvis and that of the trunk stand at right angles
This confirms our view that derotation of the spine cannot be accomphshed
through the thorax but rather through the pelvis, as we do 1 our own derotation
technique
D THE OPERATIVE TREATMENT

A wide field is left for surgical intervention by the limitations of the conserva
tive treatment. We have cited certain types of cases in which the results of con-
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servative compensation treatment have not been satisfactory Some of these cases
cannot be improved by any treatment, some are undoubtedly benefited by
surgery Only a proper selection of cases can establish the value of the surgscal
treatment of idiopathic scoliosis We note especially that such experts as Cobb,
Von Lackum and DeForest Smith use a good deal of discretion In therr cholce
of cases

Fic. 89 The Riser cast,

Fio. 90. The Blount esxtension
brace,

1 The indications

The cases selected for operative fusion fall into four groups 2) The long right
dorsal curve In which there Is no room for developing a satisfactory lumbar
counter curve b) the lumbar curve whick fncludes the sacrum, c) the gk
dorsal and cervicodorsal curve and d) old scolioses which “settle  down past

maturity and cause intercostal pain
There are cases of other types which may fail under conservatlve regime,
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and there may be others In the groups mentioned as surgical materfal which
make satisfactory progress under compensation regime In fact, it Is difficult to
make an operative indication at first glance, we usually observe the patient for
one-half to one year under consenative treatment before making the decision
In our series only about 10 per cent of all types of wdiopathic scoliosis have
come to fusfon and, in the serles of Cobb,* only 6 7 per cent

2, The techmique

The preparatory step Is to apply a corrective cast in order to obtain as much
compensatory correction as possible before operation As long as the passive
correction is to be followed by fusion, a good deal more corrective force may be
used The most commonly used type of cotrective cast is that of Risser (Fig
89) A good preoperative appliance is also the Blount® extension brace (Fig 90)
The operation s carned out through an opening in the cast

Following Lange's use of wire and cellulowd splints, Albee' used tibial graft,
and Hibbs® introduced the local bone flap technique with the reaming out of the
intervertebral articulation McKenzie Forbes® used the bone chip method and
Schede,* the strut type of graft

What skould be the cxtent of fuston? On this pomnt the opinions are divided
Some (DeForest Smith, Butte and Ferguson™) beheve that all vc—ebrae in
volved in the cur e should be fused Others fuse only the apex region of the curve
We belleve that the fusion should always be extended beyond the imits of the pri
mary curve In case of a double curve, it should include both the pnmary and

secondary curves from the lowest completely horizontal vertebra above, to the
highest below

E THE RESULTS OF FUSION OPERATION IN
IDIOPATHIC SCOLIOSIS

The Research Committee of the Amencan Orthopedic Assoaation,” analyz
{ng over 200 cases of fusion of 1dlopathic scoliosls, found that some correction
was obtained by the preoperative casts in 65 per cent of the cases, yet the
average satisfactory end result after fusion was only 31 per cent, and onlv in
5 5 per cent was complete correction obtained There was also a considerable in
cidence of pseudarthrosis reaching as high as 28 per cent.

In our own serles all cases of 1diopathic scoliosis which were aperated on
by fusion had been through a perlod of correction by compensation before op
eration In some of these cases complete compensation was obtalnable, and the
operation was performed because of inabflity to maintain the correction In
others, complete compensation was not obtainable, and the deformity was pro-
gressing The results of the operations in these two groups are as follows

In the first group of 72 cases in which complete compensation was obtainable
before the operation, correctlon was obtained and was successful in a high per
centage. In the second group where {usion was performed without the preopera
tive compensation, the deformity almost regularly relapsed, so that hardly any
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Fia, 91 Loog right dorml primary
carve  f3lr compensation. Holding
after fuslon operation  observation
scven years. Case J H. a) 1935 b)
142

improyement over the imitlal condition was notlceable after five years or more
(Figs 91 92)

The cosmetic operation of rib resection. Hoffa" In Germanv and Hoke"
in this country, and later Hoessli"” in Switzerland introduced rib resectlon asa
cosmetic operation to improve the posterior costal prommence. The operation

Fx 92 Fallare of conservative treat
ment |ncomplete competsation. Fu
won Dot bolding  cbeervation elght
yoan. Cae D McK. ») 1836 b)
104
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can be performed in combination with the spinal fusion by using the resected
portion of the rib as graft The rather «poradic reports indicate that the cos-
metic result of this operation is atisfactory

F SUMMARY

1 The posubility of a natural arrest of the deformity by spontancous com
pensation must be considered

2 Corrective efforts must be based upon the pathomechanics of the deform
ity One must recognize that the effect of lateral bending is the formation of
counter curves and that alignment of the thorax to the spine by convex side rota
tion “unfolds” the concave side thorax

3 The effect of respiration on the thoracic spine must be appreciated, as must
the effect of pelvic moy ements on the fumbar spine,

4 Forcible correction lessens the stability of the spine to a degree wheret no
longer can be neutralized by muscle actlon Cases undergoing this type of cor
rection must be relegated to operative fusion

5 Operative fusion of the spine is not o method of choice but one of neces-
sity It is reserved for cases which {ail to respond to conservative treatment,
either because compensatory correction cannot be achieved or because 1t can
not be maintained

6 For the control of a lumbar curve the important point 1s whether the pelvis
15 horizontal or ablique 1t is not possible to obtain realignment by compensatory
curves in the presence of pelvic obhquity

7 Realignment by compensatory curves 18 important not only for the con
servative treatment. It is also an essential prerequisite in cases undergoing fu
sfon In cases fused without previous compensation the outlook for maintalning
correction is poor
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Lecture 11T
ON THE INTERNAL DERANGEMENT OF THE KNEE

I INTRODUCTION AND PATHOGENESIS
A CONSTRUCTION AND FUNCTION

1 Jont construction

CONSIDERING the heavy static and dynamic demands placed upon it, th
knee jolnt 13, of all the large articulations of the body, the most exposed to, an
the least protected agamst, mechanical msult It 1s the great shortener an
Iengthener as well as the main stabilizer of the extremity Its flexdon-extensio
range exceeds that of any other single joint in the body Its long lever arm pre
vides its motions with speed as well as power

The Joint has two degrees of freedom of motion, L&, movement Is possible

two planes perpendicular to each other flexion-extension and outward and i
ward ratation, In this respect only it reserbles the elbow jomnt. The latter, hov
ever, 15 a pure hinge with the articulations fitting closely together The knt
jount 1 locked 1 complete extension agalnst any rotatory movement, while |
flexion the jownt 1s loose so that rotatory motion between femur and tiia can
carried out.

To meet the requirement of unlocking the flexed jont {or the rotatory mov
ment which the mechanics of the gait demand, nature was compelled to fashic
the contacting jolnt constituents 1n a very incongruous manner and to entru
the stability of the jolnt entirely to muscular and ligamentous structures In»
other large jomnt except the shoulder joint do we find such discrepancies in !
shape of the jolnt surfaces In anteroposterior direction the contours of !
femoral condyles represent a curve whose angular value constantly increases a1
whose radius constantly decreases from front to back. The ratio of the radu
the foremost and hindmost portions of the curve 18 9 § On the other hand, t
opposing surfaces of the tibla are flat curves, and thelr radii are much larg
than those of the curves of the femoral condyles The result of this incongrul
is that the flexion-extension movement 1o the knee jolnt 1s not & pure hin
motion At the beginning of flexion the movement 18 a pure rocking mation,
that equidistant points of the femur touch in sequence equidistant points of t
surface of the tibia After a flexion of 20 degrees, the type of motion changes
now becomes a gliding motfon The contours of the femoral condyles glide ove:
vety circumscribed area of the tibial condyles, somewhat like a bow sweepr
over a xtning This change is, however, not abrupt, and the motion starts w!
true rockung, but soon the gliding element gradually Increases and finally co
pletely substitutes the rocking motion The Joint is comparatively stable as lo

125
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as the rocking type of motion prevails Past 20 degrees flexion the joint becomes
gradually Joose, and the reinforcing ligaments relax, The joint becomes free to
carry out sxial rotations This 1s quite in keeping wmth the mechanseal demands
of the gait. No weight is borne when the joint goes into flexron and it Is then
when 1n and outward rotation of the leg Is carried out as an essential part of the
gait duning the swing and just before the take-off Besides with the joint being
loose in flexion the wear and tear of the gliding motion on the tibial condyles is
greatly dimnished

2. Interposttion

To make up for the incongruency of the constituents of the joint, there are in
terposed between them the semilunar cartilages and the fat pads The inner
semilunar cartilage is C shaped, and its posterior half is closely fastened to the
medzal collateral ligament The anterfor and posterior horns, however, are
widely separated from each other in midjoint The anterlor born 1s attached to
the anterfor portion of the tibial articular surface near the antenor cruciate higa
ment Because of 1ts shape and its attachment, the cartilage 1s rather stable and
allows only little excursion.

In contrast, the outer semilunar cartilage 1s circular, that s, the antertor and
postertor horns come closer together in the midline of the jomnt. 1t is less firmly
anchored and has greater freedom of motion. Because of the natural valgity of
the knee, 1t is the outer condyles of tibla and fibula which bear the greater
amount of weight. As the length rotatory movements are performed, the outer
condyle describes the greater arc, which it can do as it 1s freer the fnner con
dyle is less detachable and therefore is in greater danger of being crushed or
torn by this rotatory movement.

Interposed fat masses projecting under the ligamentum mucosa and the ligs
mentum alara into the center of the jomnt fill out the remainder of the dead
space between femoral and tibinl condyles This protrusion changes with the
movement of the knee and these masses depend upon the tension of the
extensor apparatus to pull them clear of the condy les when the knee Is extended-

Another protruding structure 1s the cruciate igaments These ligaments and
the projecting fat masses almost divide the joint Into a medial and Interal half
The cruciates play a considerable role in the stabilizatlon of the artlcalation, they
check motions of the knee The anterfor and posterior cruclates have a length
ratio of § 3 but their nsertion at the femur Is much closer than at the tibia.
The antertor comes from the lateral portion of the intercondylold notch and goes
to the antertor spine of the tibla the posterfor cruciate ligament arises from
the median portion of the notch and goes to the posterior spine The two ligs
ments cross each other and become tight in different positions of the joint. In
extension the anterlor 1s taut and the pasterior relaxed almost to the finish of
extension. Both ligaments, however, check backward and forward moyements
of the tibia agamst the femur
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B WEARNLSS AND VULNERABILITY

1 External factors

There is & natural valgity of the knee due to the angle formed betwreen the
axes of the femur and tibia, The valgity places an unduc stress upon the tibial
collateral hgament This ligament is of considerable impartance in the stabiliza
tion of the knee, and its posterior portion becomes taut In full extensfon The
collateral ligaments also check abductory and adductary movements of the tibm
against the femur and arrest rotation when the knee is in extended position In
flexion the decreased rads of the sharper posterior curve of the femoral con
dyle permts the posterior portlon of the collateral ligaments to relax

The valgity also produces an angular deflection between the extensor appa
ratus and the patellar tendon This deflection results in a lateral thrust exerted
upon the patella when the knee poes into full exension There are certaln
natural safeguards to prevent the lateral distocation of the patella It Is held by
the medial expansion of the capsular apparatus, and the forward projection of
the outer condyle of the femur prevents the lateral displacement of the kneecap
In addition the patella is held in place by the fibers of the vastus medualls which
are inserted Into the extensor apparatus lower than the lateral vastus

2. The mtrmsic factors

The mobility of the knee {s increased by the interposition of the semilunar
cartilages The mternal cartilage {s loose at its anterfor half, while the posterior
half is woven firmly 1nto the tibial collateral ligament This creates a danger
zone between the movable and immovable portions of the cartilage which often
responds to stresses by transverse tears The interposition of the medial and
Iateral fat pads also produces a precarious sltuntion They depend for clearance
from the impinging effect of the condyles entirely upon the tension of the
quadriceps extensor apparatus This muscle 13 the only full extensor of the jomnt.
The rectus femoris muscle 18 not able to accorplish full extenslon under or
dinary conditions The latter is a function of the vasti Consequently any
atrophy of the vast: will lead to weakness 1n ability to carry out full extension
with force The strength of the quadnceps exceeds three times that of the com
bined hamstring muscles Its mechanical action is still increased by the insertion
of the patella into the tendon as a sesamoid bone The contraction of this muscle
not only tightens the tendinous insertion and puts the patellz upward, but it also

exercises a tension upon the anterior reinforcing apparatus of the knee and re-
leases the fat pad
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as the rocking type of motion prevails Past 20 degrees flexion the joint becomes
gradually loose, and the reinforcing ligaments relax The joint becomes free to
carty out aual rotations This is quite fn Leeping with the mechanical demands
of the gait. No weight Is borne when the joint goes into flexion and it is then
when in and outward rotation of the leg 1s carried out as an essential part of the
gait during the swing and just before the tahe-ofi Besides with the joint being
Joose 1n flexion the wear and tear of the gliding motion on the tibial condyles is
greatly diminished.

2. Interposition

To make up for the incongruency of the constituents of the joint, there are in
terposed between them the semilunar cartllages and the fat pads The isser
semilunar cartilage is C shaped, and its posterior half is closely fastened to the
medial collateral ligament. The anterior and posterior horns, however are
widely separated from each other in midjoint. The anterior horn 1s attached to
the anterior portion of the tibial articular surface near the anterior cruciate liga
ment. Because of its shape and its attachment, the cartilage 1s rather stable and
allows only little excursion

In contrast, tke outer semilunar cartilage is circular, that is, the antenior and
posterior horns come claser together in the midline of the joint. It is less firmly
anchored and has greater freedom of motion Because of the natural valgity of
the knee, It is the outer condyles of tibue and fibula which bear the greater
amount of weight. As the length rotatory movements are performed, the outer
condyle describes the greater arc, which it can do as it s freer the inner con
dyle 15 less detachable and therefore Is in greater danger of being crushed or
torn by thls rotatory movement

Interposed fat masses projecting under the ligamentum mucosa and the iga
mentum alara nto the center of the jolnt fill out the remainder of the dead
space between femoral and tibml condyles This protrusion changes with the
movement of the knee and these masses depend upon the tension of the
extensor apparatus to pull them clear of the condyles when the knee is extended

Another protruding structure is the crugate ligaments These ligaments and
the projecting fat masses almost divide the joint Into a medual and lateral half
The cruciates play a considerable role in the stabllization of the articulation they
check motions of the knee. The anterior and postertor cruciates have a jength
ratlo of 5 3 but their nsertion at the femur is much closer than at the tibia.
The anterior comes from the lateral portion of the {ntercondylold notch and goes
to the anterior spine of the tibia the posterior cruciate hgament arises from
the median portlon of the notch and goes to the posterior spine The two lga
ments cross each other and become tight in different pasitions of the joiat. In
extension the anterlor 15 taut and the posterior relaxed almost to the fimsh of
extension. Both ligaments however check backward and forward movements
of the tbia against the femur
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External factors

There is a natural valgity of the hnee due to the angle formed between the
es of the femur and tibia The valgity places an undue stress upon the tibial
Nateral ligament This ligament 1s of conslderable importance in the stabiliza

n of the knee, and its posterior portion becomes taut in full extension The
llateral ligaments also check abductary and adductory movements of the tibla
ainst the femur and arrest rotation when the knee is In extended position In
xion the decreased radius of the sharper pesterior curve of the femoral con

le permuts the posterior portion of the collateral ligaments to relax

The valgity also produces an angular deflection betneen the extensor appa

tus and the patellar tendon This deflection results in a lateral thrust exerted
son the patella when the knee goes into full cxension There are certan
itural safeguards to prevent the lateral dislocation of the patella It is held by
e medial expansion of the capsular apparatus, and the forward projection of
e outer condyle of the femur prevents the lateral displacement of the kneecap
1 addition the patella 18 held 1n place by the fibers of the vastus medialls which
re Inserted into the extensor apparatus lower than the lateral vastus

. The intrmsic factors

The mobility of the hnee is increased by the interposition of the semilunar
wrtilages The internal cartilage 18 loose at its anterior half, while the posterior
alf 1s woven firmly nto the tibial collateral igament This creates a danger
»ne between the movable and smmovable portions of the cartflage which often
»sponds to stresses by transverse tears The Interposition of the medial and
teral fat pads also produces a precarious situation They depend for clearance
rom the impinging effect of the condyles entirely upon the tension of the
uadriceps extensor apparatus This muscle 15 the only full extensor of the Joint.
"be rectus femoris muscle Is not able to accomplish full extension under or
nary conditions The latter is a function of the vasti Consequently any
trophy of the vast will lead to weakness in ability to carry out full extension
rith force The strength of the quadniceps exceeds three times that of the com
nned hamstring muscles Its mechanical action 18 still increased by the insertion
f the patella into the tendon as a sesamold bone. The contraction of this muscle
10t only tightens the tendinous insertion and puts the patelle upward, but it also

xerclses a teosion upon the antenor relnforcing apparatus of the knee and re-
eases the fat pad
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II PATHOLOGICAL CONDITIONS INCREASING THE
VULNERABILITY OF THE KNEE TO
MECHANICAL STRESSES

A. EXTRINSIC

An abnormal valgity accentuates the stress upon the tibial collateral Liga
ment, It facilitates lateral dislocation of the patella and Increases the straln on
the internal collateral ligament. Protracted strain on this structure produces
chronic intermittent effusion which In turn leads to further distension of the cal
lateral ligament and the posterior capsule of the joint. A pathological varus de-
formuty places a strain on the fibular collateral ligament and greatly Increases
the pressure upon the mternal semilunar cartilage One of the most common
factors superinducing internal derangement is the hyper-extended knee. It 15
often the cause of early reactive osteoarthnitic changes

B INTRINSIC

All chronic irritation whether due to traumatic causes or to other agencies
produces hypertrophy of the synovial membrane and the fat pads These hyper
trophies very frequently constitute 2 mechanical check to the extension of the
joint There are also degenerative changes in the knee which may develop into
mechanieal obstacles and cause internal derangements of the Lnee, osteochon
dritis dissecans and osteochondromatosis of the hnee belong to this group.

The knee is extremely prone to respond to mechanical irnitation with chranfc
arthritlc changes. Here agaln the cartilaginous proliferations and exostoses may
often lead to production of spurs and the formation of free bodies in the joint
which again will form mechanical obstacles

I PATHOLOGICAL REACTIONS OF
THE KNEE TO TRAUMATISM

The manner in which the knee jaint reacts to mechanical stresses 1s rather
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typical and consistent Chronle stresses cause irrltation of the synovia which
results in effusion, either permanent or {ntermittent Acute mechanical stresses
such as result in tears of ligaments or synovial membrane produce a joint he
matoma In this event the swelling of the joint s rapid and intensive, and the
high intra-articular tension prevents for o time the absarption of the bloody

& 3 " ugx g3t
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Fig. 94 Case R, H (male) 28 yean, with intermittent pain and swelling In knes jolnt for 18
montha. Paln occurred only at night while at rest. Gross apecimen of synovia very hypertrophic and

motthed  sypovial villae with many fod of round cell inh Note abund: ! il
dderoals as well a3 i synovia! Ilning with large hyperchromatle nucld,

contents The hematoma will remamn liquid for a surprisingly long time if
motion in the knee jolnt Interferes with coagulation.

The synovial membrane reacts by thichening prohferation, and the pro-
duction of villi and tabs (Fig 93) It is often of red or even chocolate color,
and hemosiderin can be seen within the cells, its villi show abundant focal
collections of lymphocytes (Fig 94)

Microscopically the tabs show marked chronic Inflammatory changes with
abimdant plasma cells Secondary hyalimzation of the fibrous tissues may occur
and some tabs become avascular The tabs are particularly abundant in the so-
called bipomsa arborescens, a chronic non specific arthritis of the knee joint with
greatly enlarged and traumatized fas pads After repeated traumatic events
degenerative changes appear in the Joint cartllage They follow the pattern seen
in traumatic arthritis, which almost regularly follows repeated wmjuries to the
joint. Defibrillated and eroded cartilage covers the articular surfaces of the

femur tibia and patells (Fig 95) The x ray plctures show definite signs of
degenerative arthritis (Flg 96)
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Fio. %6 Xrays of case M D (Fig 95) showing changes of trammatic arthritis.
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IV THE CLINICAL CXAMINATION OF THE RNLL JOINT

A HISTORY

The history reveals fisst the mechanical character of the original leslon sus
tamned, secondly, the degree of injury, whether stight or severe, and thirdly,
whether its effect was transient or persistent Symptoms produced by repeated
injunes may be severe at first and become more and more atlenuated or, on the
other hand, the first episode may cnuse a slight symptom while the following in
juries are followed by fncreasingly severer symptoms This is a point of diag
nostic significance If the Injury upan repetition of the trauma produces more
marked symptoms, it 18 certain that a secondary reaction in the joint is 1n prog
ress On the other hand, {f the njury produces acute symptoms at first and
lesser symptoms on tepetition, this indicates that here 1s no progressive degen
erative change i the jamnt but rather that there 15 a sort of biological adjustment
taking place in the injured structures

B PHISICAL ENAMINATION OF THE RNFE JOINT
1 Pressure pomts

The joint s more accessible than any other large joint {n the body After
taking cognizance of general swelling or mfiltration, one can localize lesions of
individual structures by distinct pressure points as follows A pressure point
over the internal collateral hgament, a preasure point just in front of the latter
for injured cartilages one next to the patellar tendon for a contused hvpertro-
phied fat pad another one 1n the popliteal space for the distended posterior
portions of the capsule, finally, a pressure line following the contours of the

synovial attachment along the condyles of femur and tibla and arcling the
patella

2. Jomnt mobility

Intra articular pressure from effuslon restrains flexion due to pressure of
flnd agamnst the anterior capsular apparatus Extenslon Is limited by interpo-
sitlon of enlarged fat pads Forceful hyperextension strains the posterior capsule
as well as the anterior cruciate ligament, which may rupture or become avulsed
from the tibial tubercle Sudden restriction of the extensfon 1s called lockage
It indicates impingement by a torn and displaced meniscus, by a fat pad or by
a free body The lockage due to fat pad impingement 18 elastic and transitory
A momentary lockage 1s caused by interpostion of a free body Lockage in ex
tension 1.2, inability to flex, is seen in dislocation of the patella

3 Jomt stabality

Lateral stabulity Is imparred 2s a result of relaxed ot ruptured collateral hign
ments Ne

rmally there {3 no lateral motion when the hnee is fully extended and
only a very shght degree of mobility in flexion Any considerable amount of
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lateral motion 1s pathologlcal, especially In extension. It is usuglly caused by 2
tear of the internal collateral ligament If the tear is In the superior portlon of
the internal collateral ligament above the cartilage, the latter follows the move
ment of the tlbia If the rupture is I the mferior attachment of the higament,
then the synovial membrane and the ligament are sucked mnto the joint (Abbott,
Saunders, Bost and Henderson') If the collaternl ligament is ruptured both
above and below the cartilages, then the meniscus {s loose The McMurray sdfgn
Is elicited by flexing the knee and rotating the tibia fnward It indicates latera!
and rotatory instability

The anteroposterior mstability or the so-called “drawer” uign means relaxed
or ruptured cruciate ligaments It is the fme abnormal movement which defi
mitely indicates an mjury to this structure. If the collateral ligaments are intact,
the joint may still be stable in spite of the rupture of the antenor crudiate.
Forceful posteror displacement of the tibia ageinst the femur tears the pos-
terfor cruciate and causes avulsion of its tibial insertion

C AUSCULTATION OF THE KNEE JOINT

As early as 1885, Hueter tried to localize joint bodies by means of his so-
called myodermato-osteophone The first American to use a stethoscope in exam
fnation of the joint was Blodgett, in 1902 C F Walters (1929), who examined
1600 joints by auscultation, pointed out that the number of joints giving auscul
tatory signs increases with age, from 1 5 per cent in the first decade to 81 5 per
cent in the eighth decade The first graphic presentation of joint noises was de-
scribed by Erb (1933), who recorded curves of the noises in sound knees as
well as 1n knees with chondromalacia of the patella, with arthritis deformans
and with meniscus lesions He used a so-called hard sound microphone sensitive
to sounds transmitted by solid structures. For a number of years we have beea
interested 1n the auscultation of joints, particularly the knee (A Steindler™)

An oscillogram 1s used for recording The graphic record fs obtained by send-
ing the sound waves through an amphifier They are then recorded, by means of
2 moving picture camera, on a running strip of paper on which time as well as the
position of the joints Is indicated on special lines In order to ellminate Inciden
tal noises produced by skin friction a double filter system is mtroduced to cut
out all sounds under 130 and above 1100 oscillations To localize the ongln of
the sound the jolnt area 1s divided into lower Inner lower outer, upper fnner
and upper outer quadrants The position of the joint in which the sound occurs
is established by means of a goniometer The sound picture Indicates pitch and
intenuity continuity of interruption. In this manner one can distinguish between
crushmg or crunching sounds which are fine low, weak and sustained grating
sounds which are coarser, higher In pltch louder and sustained, cracking sousds
which are harsh and sustained and lsolated sounds which occur as crecks of
pops or as low pitched thuds The Iatter are especially significant for the diag
nosts of intra-articular mechanical derangement.

Normal sounds. In children under ten years the knee jomt fs uniformly
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silent In adolcscents it 1s <llent except for an occasiona) fine grating in terminal
positions. However, in adults past middle age one finds under normal conditions
 more of less continuous soft grating nccentuated fn terminal position

Pathological sounds. In arthritls the sounds consist in grating and cracking
in all quadrants and over the full range, accentuated in terminal position by iso-
lated clichs or cracks Osteockondromatosts produces multiple sharp isolated
cracks 1n ane or more quadrants with an occaslonal sharp, high pitched grating
In osteochondritis dissccans with a iree body one hears an isolated click near
full extension Auditory findings are particularly Interedting in injurles of the
semilunar carfilage, as they indlcate location and type of lesion Particularly
suggestive of a cartilage Injury 16 a dull thud in the lower Inner quadrant which
appears either on completion of extension or flexion Not all similunar cartilage
mjuries glve auditory signs They are missing in cases of soft and easily detach
able tabs which float easily in and out in the Intercondylar space In the ma
Jority of cases the auditory findings are of definite value Tn a series of 14 cases
there was good correlation between the interpretation of preoperative sound re-
cordings and the actual operative findings

V INJURIES AND DISEASES OF THE
SEMILUNAR CARTILAGE

A TEARS OF THE SEMILUNAR CARTILAGE

Considering the fact that injuries of the semflunar are produced commonly by
Totatory twist, one should expect longitudinal tears, partial or complete, to be
more frequent than transverse fractures Actually, the majornity of tears occurs in
the antenor attachment, and the tears are incomplete

1f the peripheral attachment is torn but the anterior mntercondyloid attach
ment remains then displacement 15 not marked. Again, 1f the antenor horn re-
mains attached by the transverse ligaments, while the peripheral portion 1s
ruptured together with the pasterfor attachment, then = pure forward disloca
tion of the posterior end of the cartilage may occur Locking 18 caused not so
much by a dislocated antenor attachment as it 1s by the more extensive dis-

placement of the middle portion of the cartilage, such as occurs in the so-
called bucket handle type

1 Tesr of anterior attachment

In our experience it 1s more frequent than any other of tear (Fj
though same observers (Enslin and du Toit") be)l’\e'ﬂ: m:y\:cket hanéle ;S.cagjt)t;
:t;nlt;; tzo:nmcdn ;1:: anterior tear has {ts tender point Immediately behind the

A
hucket.hand]p:i;acmm‘he sgns of lockage are not quite so drastlc as in the

Often an abnormal mobllity of the semilunar cartilage without gross leslons
oocurs when the coronary and synovial attachments have been stretched gver n
long peniod of time by recurrent jolnt effusion In this case the cartilage should
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be removed, because 1t is abnormally mobile, but one abould alsa explore the
Jount for other pathological conditions (Fig 98)

2. Transverse tears

Transverse tears of the internal sermlunar cartilage as well as the less fre
quent oblique tears are commonly situated at the point where the postenor
half of the cartilage becomes attached to the tiblal collateral ligament (Fig. 99)
In long standing cases of transverse tear a false Joint may be established which
makes the anterior half of the cartilage abnormally movable even though both

Fw 98 Case M. M [ustrating an anterlor
tear of the medial menkcns and hypertrophy
of the fat pad

- -

Fr. 97 Tear of the anterior attachment. Case E AL (male) #2f 10921 35 years, March, 193¢ Pain
and locking following an inward twist of bl knee six weeks before pain eccompanied by rwelling and
Inabifity to extend knee, locked at 160 degrees. Marked tendemem at anterlor aspect of medll
meniscm, Arthrotomy showed medial menlsaus torn from lts anterior attachment, the torn portioa
belrg interposed between the articuler surfaces. Patient remined full range of painles motion after
operation.

anterlor and pasterior attachments are preserved Such a condition may also
glve rise to locking (Fig 100)

3 Longttudmal fractures

Longitudinal fractures involve a portion or the whole length of the cartilage.
To thls group belongs the so-called bucket handle fracture in which the central
fragment is dislocated into the Intercondy lar notch This type of tear produces
a marked locking and auscultatory signs in form of a soft click or thud are
usually present so long as the locking exists The finding of local pressure ten
derness 1s uncertam (Figs 101, 102)

4 Tears of the postertor attachment
The tears of the posteror attachment and posterior tabs are usually not 83
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Fro. 90 (upper lefi) Transverse tear Case E Y (fe-
mmale) #3119%7 41 years, March 1936 Had three
epreodes of twiding Injury within three yeans each
followed by pain and swefliox Lasting two weeks. Right
knee licked 10 degrees full extension  tenderness over
medial menlww. Arthrotomy revealed a tramsverse
Iracture of the medlal semilunar cartibize Removal of
the antilare ked to ubeventful recovery

Fro. 100 {rigkt) Anterfor spht with false Jolnt
Case D M (male) #M-8357 18 years, April 1936,
Tatient complained of naln and momentary locking of right knee for two years {oDowing 3 bareball
knfury knee locked in 10 degrees flexion, with tenderness over anterfor portion of medial menhan.
Arthrotomy show ed medial mentscus with an anterlor splt and a fabe Joint, Cartilage was removed
and patient rexaloed full and painless motion,

Fic. 101 ({ower feft) Bucket handle tear of medul menbscus, Care C. S #39-16304, 19 years, Sep-
tember 1941 Patlent complained of pain and locking of right ket for one yrar after Injury unable to
fully cdtend knee and duplayed an audible click at 135 degrees. Arthrotomy revealed typical
bocket bandle tear of medhal menlscus removal broucht complete relief

Fic. 102 Bucket handle tear Case § § #41 12151 24 years, Scptember 1941 Patlent complained

of Faun und locking of Heht koee of nine months duratlon after an lnjury Examlnstion showed
lmdﬂﬂﬂlcvtrmcd]dn:nhcmmdlodlmo(kmulmdquthmlomydmwtdlhmket
bandl tear meduinmhukdlnlu]]nnpo!mnunn
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extensive as the tears of the anterior end The tabs fleat into the intercondyloid
space and cause intermittent signs of Internal derangement.

5 Tears of external semulunar cartilage

Tears of this cartllage are comparatively rare, because it Is more movable and
is less exposed to the grinding effect of rotatory twists The ratio is variously
givenas 1 20 to 1 4 Semilupar cartilage infuries of long standing are associated
with chromic reactive joint changes There 1s hypertrophy of the synovial villt
and Intrapatellar fat pad The ostecarthntic changes of a traumatic arthritis
may be expected in time, with formation of spurs and free joint bodies, a good
reason for urging early operation on displaced semilunar cartilage.

Fio 103 Cystic degeneratlon. Case W G., #41 12102 26 years, September 1941 Patient nothed
gracoally increasing sweling at lateral aspect of knes iy weeks ago Examination showed cysie
swelling at lteral wspect of left knee, tender only to deep premum no Nmitation of motioo.
External semflunar cartilage was exciwed, and found to contaln mam with cystc degenenabon
Operation resulted in free, painkem motlon.

B CYSTS OF THE SEMILUNAR CARTILAGE

Cysts are gangla orlginating between the peripheral surfaces of the external
cartilage and the synovial membrane which covers it. They are mast Iikely
due to mucoid degeneratlon of connective tissue (Fig 103) There {s stlll
some controversy about the origin of these cysts and particularly why they ar¢
almost entirely confined to the external semilunar cartllage The symptoms of
these cysts are pain which is not acute but rather dull in character tendemess
to pressure and the presence of a palpable mass at the external cartflage (Fig3
104) Their great prevalence in the external semilunar cartilage Is striking I S
McReynolds,™ collecting over 257 cases, found the external semilunar cartflage
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averwhelmingly frequent Of 170 cases resjewed by Bennett and Shaw, 143 were
in the external and only 27 in the internal cartilage (Fig 105)

C THE DISCOID SEMILUNAR CARTILAGE (Fig 106)

This vanation also occurs mostly in the external meniscus Marottolt,!’
studying cases in the literature and in his own clinic, found among 114 cases only
two of a discord meniscus of the Internal semilunar cartilage

Fie. 104 (mpper left) Cyst of kateral meniscus of keft knee Note swellmg over head of fibula,

Fic. 105 (wpper right) Cyut of medial mentscus. Case VM., £ 56-805 8 years, August, 1045 Patient
developed an increasing hump at medlal mpect of right knce following trauma 174 years before. Opern
Uon revealed & st of the [nternal mendscns, 274 x 1 Inch o size this cystic tumor was filled with
thick pelatk materh] The mk sBde showed a thick wall of connective thsue Iined with
one layer of connective thsue cells in form of an endothelial membrane

”—T[' -
&€
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Fia. 106 Discodd semilunar cartllages,

mmmlmmﬂy goes back to the persistence of the fetal character of the menis
e annular form of the fibrocartilage Is a secondary adaptation, and the
Tepresents an embryonic stage The surface of this meniscus 1s plain and
“h’mmemcenﬂ::m'&m concave, sometimes convex and often it shows an elevation
10 s0me oo elatter causes the so<alled snappling or trigger knee There are
ges in the external femoral condyle which 1s smaller on the
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affected than on the sound side, 1ts surface is often flat, the platycondylus of
Putti Young of Glasgow was the first to describe this condition (1889)
Sunilar changes can be seen in the external plateau of the tibia, resulting ina
considerable widening of the jolnt space between the external condlyes of femar
and tibia
The symptoms of the discofd meniscus or the trigger Lnee are almost path
ognomonic At a certamn point the knee s caught by an obstacle and can com-
plete the movement of extension only by a sudden jerk or jar occasionally o
curring without any pam It 1s the centra] elevation of the discord cartilage
which produces the jerk. In addition there 1s an abnormal mobility of the
dusc ftself
Trom the clinical point of view one may distinguish two types of trigger knee,
namely the congenital and the trau-
toms, and no particular treatment Is
needed In another more frequent
congenital type the first symptoms
appear 1n infancy or adolescence, ot
The traumatic cases of trigger knee are more frequent. Some show ouly the
trigger phenomenon in others this symptom 1s combined with the signs of
meniscus lesions
A relationship between the discoid meniscus and the cyst formation has been
toms In the congenital discoid case where only the trigger pomnt symptoms
enst without functional disturbance no treatment 1s necessary In other cases,
however where the symptoms are more s¢vere and persistent and inflammatory
reactions occur the treatment of choloe 18 removal. In two cases reported by

matic. In the congenital type, agaln,
Fr. 107 Bibtenl aldfication of the Bteral Wfrequently associated with, or pre-
assumed (Kulowski and Rickett*) R Ollerenshaw™ reports instances of cysts
Marottolr' the discold meniscus was removed and the symptoms subsided

there are two sub-groups There is the
group which 1s discovered shortly after
birth and where the trigger phenom
enon does not constitute a real patho-
logacal process. There are no symp-
b Cose J H. cipitated by, trauma. Here pamn and
swelling may be present, although only
to a slight degree in most cases This almost always Indicates a partly loos
ened discord meniscus The clicking sensatfon 1s usually of greatest intensity
Just posterior to the lateral collateral ligament,
associated with malformations an argument for the congenital nature of the cyst
Bilateral so-called giant memsci with mucotd degeneration are also reported b&;
Herzmark * and of the 19 cases of cyst of the lateral meniscus which Kulowskl"
reports three were associated with varlable degrees of malformation.
The treatment of the discold cartilage depends upon the seventy of the symp-
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D THF CALCIFICATION AND OSSIFICATION OF THE MENISCUS
(J B Weaver™)

Caleification of the meniscus can be demonstrated in the x ray picture and Is
usually found in the lateral meniscus The x ray shows a fine shadow which oc
cupies the place of the lateral meniscus but has no bony structure (kg 107)

VI THE CLINICAL PATHOLOGY OF SECMILUNAR
CARTILAGL INJURIES

A SENSORY SIGN\S

Local tenderness although significant is by no means constant, and it may be
entircly absent between attacks The location of the pressure points is just
lateral to the sitc of the fat pads A very useful sign is one desceibed by A G
Apley * The patient lies on his abdomen, and a preliminary chech is made by
rotating both knees externally and then flexing and extending the hnees through
a {ull range of motlon to find at what angle the pain occurs The foot is then
grasped with both hands, and after fixing the femur with the surgeon s knee on
the back of the thigh, the patient s hnee is distracted by means of traction and
then externally rotated Pain produced by this maneuver 1s thought to be due
to ligamentous injury rather than to the memscus Pain on compression of the
knee joint carried out in the same positon indicates o meniscus injury

McMurray’s sign consists in flexing and abducting the knee and then rotating
it inward and outward In case of a loose or fractured meniscus the test elicits
elther clicks or pain sensation during the process of flexion and extension

B LOCKAGE

Restriction of motion by Jockage particularly of full extension indicates that
the cartilage is not yet reduced and that a reduction obstacle still elxsts Locking
18 8 common sign, but 1t is not universal In injuries to the semilunar cartilage It
18 significant, however if 1t does exist There are some differences in the type
of locking and one should ascertaln whether 1t is absolute, soft, transitory or
persistent. Longitudinal tears have usually a defimte history of locking, and 1t
Is a rather constant sign in this type of tear (Ferguson and Thompson®) In
tears of the anterior portion of the semilunar cartilage there is usually no hys
tory of locking but the patlent states that he has a sensation of the knee
@wing way which is associnted with pain and stiffiness In tears of the middle
portion of the cartilage the physical findings are usually the same

C ATROPHY

It is of the reflex type and involves marnly the quadriceps Atrophy occurs
1 all kinds of {njunies of the knee jolnt Tt is especially acute in Injuries to the
semflunar cartllage where it Is an early and very constant symptom
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D THE AUSCULTATORY EVIDENCE

In the presentation of auscultatory signs in internal derangement of the knes
it was stated that charactenstic sounds appear almost regularly in infurles to
the semilunar cartilage A moving memscus gives a thud or a snappmg sound.
A grossly torn and frayed meniscus mives s crunching sound A high pltched
click would mdicate a bucket-handle fracture, and multiples splits, especially
of the posterior part, give a succession of clicks When a wide bucket handle
fracture 1s reduced, a loud crack and jolt is felt (Enslin and du Toit")

E X RAY VISUALIZATION OF MENISCAL LESIONS

Attempts have been made to visualize lesions due to internal derangement of
the knee 1n the x ray picture The old method of injectlon of air or oxygen
(Werndorf, Kleinberg) proved mot
very satisfactory Recently the ques-
tion of the pneumo-arthrogram again
came into the foreground, after Bur
man studled the possibilities of it for
the knee joint. McGaw and Weck
esser™® report over 500 cases studied
by pneumo-arthograms without
serious complication Certain ab-
normalties can be detected by this
method, for Instance, irregularities in
the contours of the meniscus, tears
or shredding (Fig 108) ProgressIn
visualization was made with the Introduction of opaque media. Knute Lind
blom? uses 9 cc of a 35 per cent solutlon of parabrodil Of 27 cases which he
operated after an opaque medium x ray picture, he found hus preoperative
diagnosls venfied in 25 cases

Fro. 108 Alr arthrogram of normal knee.

VIL THE TREATMENT OF SEMILUNAR INJURY

The treatment for a ruptared semilunar cartilage is Its removal. The approach
to the cartilage depends upon the accuracy of the diagnosis If complications
are suspected a broader utility incision Is made The same ncision Is usually
used for free bodies or fat pads If the leslon is more accurately localized 2
smaller incsion can be used, erther that of Robert Jones or that of Timbrell
Fisher The latter incision has the advantage that 1t runs parallel to the outer
margin of the internal collateral igament and then curves forsard toward '—b;
patella This gives easy access to the anterior portion of the semflunar but it
more difficult to reach the posterlor portion. The advantage 13 that it lV‘D‘d‘j
more of the sensory branches of the skin. I¢ 15 possible by this operation
remove all the cartilage or at least four fijths of ¢

Follomng the operation there 1s 2 rapid and profound hypotonia and atrophy
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of the rectus femoris as well as of the vasti Since the joInt depends for its
stability upon the tone of these muscles, thew catliest rehabulitation is of prime
importance For this reaon, the erly Institution of active motion fs necessary
Most <urgeons begin this on the sccond or third day, starting with patellar
exercizes and active extension ( Moorhead and Lyal™')

Skowld the entire cartilage be romoicd? Some surgeons fecl that removal of
all but the posterior portion of the cartilage would be sufficient and that the
remainder can be left Howeser, there are cases on record {n which symptoms
persisted when the cartilage was not entircly removed The posterior portion can
be removed by the Hender<on approach, through an Incision running per
pendicularly between the posterior edge of the condyle and the nner ham
strings if it cannot be reached through the anterlor incision

Skowld onc trim or rescct fat pads when remoting the semilunar cartilage?
Some slender adhesions of fat pads to the intercondyloid notch are often seen
in cases which have repeated cpisodes resulting in hemorrhage and adhesions
Adhesions should be severed, and all such tags or hypertrophied pads which
are actually impinging should be removed We do not think. that loase fat pads
should be resected routinely unles they are definitely hypertrophic and threaten
tmpingement.

Should the operation be done after the first dislacation, or should one wart.
for recurrences? 1f loching occurs and the patient 1s seen very soon afterward,
then an attempt at reduction by the proper maneusvers should be made How
ever, repeated attacks call for removal of the cartilage When reduction fails
under anesthesia, the primary operation is urged by many authors (C R.
Murray™), while others again prefer to wait until the sign of the immediate re-
action has passed

What 15 the static eficct of the removal of the cartilage? The joint space 18
narrowed at the site of the removed meniscus showing that the meniscus
dklinftg.t;y takes part in the supporting mechanlsm of the femoral condyle (Elfs-

Does the meniscus regencrate? After partial meniscus resection part of the
excised portion may be replaced by fibrous tissue ingrowth. The anterior portion
Joins the posterior part only at the peripheral zone, where it 1s supplied with
blood This is an argument for the total meniscectomy rather than the partial
one However, the total removal also may be followed by a replica of fibrous tis-

sue On the whole though a re-organization of the meniscus is infrequent in
man

STATISTICS ON REMOVAL OF THE SEMILUNAR CARTILAGE

In general, the statistics on this operation are very favorable Earlier reports
(Surls and Osgood™) speak of 87 per cent good functional results for the mn-
‘;;::émd"evm better for the external semilunar cartilage, Recent statistlcs of
o lroy'* covering a series of 1700 cases show 72 per cent complete cure

18 per cent slight pain and weakness Our own statistics show good results
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with no disturbance of weight bearing and no recurrence of locking or symptoems
of any kind 1n 78.5 per cent.

VI INJURIES TO THE CRUCIATES AND
THE TIBIAL SPINE

As a rule a rupture of the cruciate ligament 15 associated with damage to the
mternal collateral ligament, seldom is it found as an Isolated rupture. This
rupture produces hyperextensibility and anteroposterior mobility of the jount
and 1s regularly accompanied by a good deal of hemorrhage If the tibial spine
is avulsed a bone block aganst extension Is often established in the fnter
condyloid space.

A THE MECHANICS

The anterior cruclate bgament becomes tense in extension and b
sion and relaxes with the beginning of flexion Together with the fibular col
lateral ligament, it therefore anchors the joint in extension The ligament checks
inward rotation of the femur, abduction and particularly the anterspostertor
movement of the leg.

The posterior ligament 1s relaxed In extension Since the acadent usually
occurs with the knee extended, the anterlor cruciate is far more often tnjured
than the posterior

B SIG\S AND SYMPTOVMS

The diagnasis is easy 1n cases in which the x-ray shows the avulsion of the
tibial spine. An abnormal anteroposterior mobility indicates interruption of the
ligament Certan assoctated lesfons must be differentiated (Bristow*) Direct
mjury to the tibial collateral or an abduction spran causes tenderness and pain
medially over the femoral condyle A rotation sprain that results in a torn
cartilage with a tom coronary ligament causes lockage and wability to extead.
Loose bodies al.o cause frequent though transitory lockings which do not
occur 1n Injunes of the cruclates Locking or ‘catchuing” 1s also seen In fat pads.

C THE TREATMENT OF THE RUPTURED CRUCIATE

The rupture does not always indicate surgery but proper immobilizatron Is
always necessary There are cases on record in which 2 perfectly stable limb was
obtained by sufficient immobilization even though the crucates had not been
reparred This is particularly true in younger people It follows therefore, that
conservatine treatment has a defimite place especially 1n acute cases. After mn
mobilization 1n plaster a spontaneous repar of the ligament occurs in many
cases In cases in which the relaxation persists espeaally the drawer sign,
surglcal repair of the anterjor cruciate 1s indicated The question arises whethet
repair should aim at the reconstruction of the injured ligament, or whether the
ligament should be substituted

Primary suture s difficult, particulardy 1f 1t occurs close to the insertlon. Most
of the operations are based on the prnciple of substitution of the ruptured
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crugate higament Two methods to be mentioned are those of Puttl and Hey
Grove< '* The Putti plan i« the introduction of a <tnip of fascia lata into the Joint
to act as 1 cruciate hgament Thi< i< done by an oblique tunnel which goes
through the femut and tibl1 10 the direction of the ligament

The procedure of Hey Groves 18 amilar except that he uees the tendons of
the <emitendinosus and griailis in<erting them into dnll holes made in the
internal condvle of the femur for recanstructing the posterior cruclate, while
the antenor f< fachioned from a picce of fascia

The method of Putts i« the simpler one «ince it consi<ts only in the insertion
of a fascial strip in the direction of the anterior cruciate ligament through the
Joint from the outer condvle of the femur to the anterfor spine of the tibia

IN AT PAD IMPINGEMLNT

The important diagnostic point is the tenderness to pressure at the site of the
fat pad immediately adjacent to the patellar tendon Usually there is little pain
and no limitation of flexion but full extension is limited As the tibia rotates
oatward at the end of extenwon the patient complains of pain There is absence
of true Jo~Ling although the patient has the sensation of the knee miving way
In the beginming the enlargement of the fat pad is due to hyperemia In these
cases immobilization and rest usually cause the edema and swelling to subside
Later the fat pad becomes indurated and scarred and its changes are irreversi
ble In this case the pad should be removed This is particularly so 1n the so-
called lipoma aborescens found 1n women around the time of menopause

The treatment of fat pad impingement should start conservatively by im
mobilization and rest so as to give the fat tissue an opportunity to shrink Fat
pads already indurated will persist in impinging during extension and will re
quire operative removal

X. FREE BODIES IN THE JOINT

There are three sources of free bodies Either they anise from the synovial
membrane by a process of metaplasia, or from ostecarthntic exostoses, or
finally they represent sequestration of necrotic pleces of bone which fall into the
joint as 15 the case in osteochondntis dissecans

A FREE BODIES OF SYNOVIAL ORIGIN
The osteochondromatosts

The pathological changes consist in a thickening of the synovial membrane,
with the formation of cartilaginous bodies by metaplasin These bodies gain the
surface and become detached from the synovia and then fall into the jomnt,
%ometimes in great numbers The symptoms are not well localized There Is
Bo tenderness at points dlagnostic for injured cartilage or injured internal col
lateral ligament

As long as these bodles are still attached by a pedicle to the synovial mem

no sericus or drastic symptoms occur It is different when they fall into
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Fi0. 109 Case D W (mak) #4624 3
yeurs, Angust, 1946. Patlent, an schoodraplastic
dnrlvﬂhmrkud;munmm,mmphlmd
of Jocking of left kner for six weeks. Ennd-

showed the Jeft knee bocked at 145 de-

the jount because many of them may conglomerate and form loase bodles of
considerable size This may cause sudden attacks of severe pam followed by
milder pain and momentary locking. Sometimes these bodies attain considerable
size and become too large to be impinged between the jomt ends. In this case
they are palpable at the knee joint, particularly around the suprapatellar pouch
(Figs 109 110)
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B FREE BODIES ARISING FROM THE JOINT CARTILAGE
The osteochondrmtis dissecans

Osteochondritis dissccans is a circumscribed necrosls of subcortical bone
usually situated at the lateral surface of the internal condyle of the femur In

Fic. 111 Osteochondritis disecans, The joint body was attached to the symovia by a pedicle
which carried the blood supph

the living bone surrounding the necrotic wedge a fibrous transformation of bone
marrow occurs which ultimately separates the dead bone From the clinical point
of view three groups can be distinguished (A G T Fisher”)

1 A portion of the articular surface is completely detached and wanders
about freely Then after an Interval it becomes secondarily attached to the syn
ovial membrane An injury is fol
lowed Immedsately by classical symp-
toms of locking which disappear after
an Interval (Fig 111)

2 A portlon of the articular sur
face is completely detached, but It be-
comes almost immediately adherent
to the synovial membrane Then

-

Fio. 112 Cae O K. (male) #M 3197 20
yean, Febeuary 1936 Patient lnjured bis left
koee 13 months before, playing foothall. Stnce
then bes complained of repeated sensatlon of
momentary pinching in keft knee. Arthrotomy
revenled large, Sibrosed fat pads fn addition to
& 308t of the medlal menlscin in its anterior
;‘P“C‘ aho three osteochondrithe bodles were
*id fa the jolnt Folowing surgery patient
w1 completely relleved,
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after an interval it becomes detached again Here no classical symptoms occur
after the injury, but they appear after an interval (Fig 112)

3 The detachment of the bone from the articular surface 1s gradual, and
finally the body becomes free and movable In this case the process of gradual

Fio. 113 Osteochondrith dimsecans complete detachment, Case F J

detachment is accompanied by attacks of pain and swelling which often increase
n seventy These are then followed by classical symptoms when the detach-
ment is complete (Fig 113) In bodies which are completely free in the jomnt the
superficial hyaline or fibrocartilaginous layers are formed by Hving cells, but
the center Is necrotic or calclfied. The
free body covered by hiving cartilage

shows many Indentations and irregg-
larities (Fig 114)

The 5 rav picture shows the de-
fects i the internal condyle, often
with a free body lying between the
condyles in the intercondylold notch

(Fig 115) As long as the body stll
lies In 1ts bed and 1s not completely

separated, 1ts sides are surt
Fx. 114 Outeochondrits dmccans. Free body of 1o’y order of transhicent tlssue

i which represents the absorptlon zon¢
of the living cancellous bone which 1s filled by fibrous bone marrow In lnwtll’;
pletely separated bodles still attached to the matrix by 2 stalk or pedicle,
bane trabeculation can still be made out.

C FREE BODIES IN THE KNEE JOINT FROM OSTEOARTHRITIS

A third source of free bodies 1s ostevarthritic spurs They often brea.k;f
from their base and produce free bodies which may cause same Interpal
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rangement of the knee The symptoms are a sudden giving way of the joInt, with
a fecling of weakness and momentary signs of locking Large bodies usually
Jodge themeelves outside the condylar plaine and remain entirely harmless in the
suprapatellar pouch or in the postertor compartment of the knee joint Smaller
bodies, however, casily get caught between the condyles and then cause the
flecting lockage, associnted with subsequent joint reaction Because of their
effect upon the articulation as a whole, they <hould be remos ed

vy

Fio. 115 Oxtenchondrith dl waams, \ny of Cawe F ]
(Fiz. 11%)

D LOOSE BODIES IN THE KNEE JOINT ARISING FROM
THE MENISCI

Occasionally a fragment of the meniscus may become completely detached
and remain in the joint as a loose body although these bodies are not of
osseous nature (E D W Hauser™) Sometimes these loose bodies come from
the posterior part of the meniscus or from a bucket handle fracture which is
torn loose at the anterior end so that the buchet handle portion 18 forced pos
teriorly Into the joInt where it is caught between the articular surfaces It is
gradually ground down and worn thin at the edge, forming a loose body Some-

times these menisci become calcified, and pleces will break off and appear as
alafied free bodies

XL THE INJURY TO THE COLLATERAL LIGAMENT

A. THE ANATOMY OF THE COLLATERAL LIGAMENTS OF
THE KNEF (Brantigan and Voshell®)

Ob;lh tibial collateral ligament consists of an anterlor parallel and a posterfor
ique portion It is separated from the tibia by loose areolar tissue and by
Varlous bursae The antedor portion can be separated from the other Joint
Slructures, but the posterior portion blends with the fascla covering the pop-
€1s muscle The anterfor portion Inserts into the epicondyle of the femur in
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a fan shaped expansion The oblique portion, however, blends intimately with
the capsule of the joint so that 1t cannot be separated from it.

In complete extenslon both the parallel and the oblique fibers are taut, and
they restrain hyperextension In flexion the paralle] anterior fibers become taut,
while the oblique fibers are relaxed Also, 1 extension the oblique fibers restrain
the posterfor gliding but not the anterior The parallel portion again does not
restrain either anterior or posterior ghding, elther In extension or flexion. To-
gether with the posterior cruciate the tibial collateral ligament restrams external
rotation of the tibia upon the femur Abbott, Saunders, Bost and Henderson®
also find that the anterior and superior portion becomes tight in flexron and
checks abduction and adductlon, but it relaxes if the knee goes into extension.
At this position the posterior portion of the collateral ligament becomes tense.

The fibular collateral Iigament Is attached to the lateral epicondyle of the
femur and is separated from the joint by the biceps tendon and & bursa The
tendon of the popliteus coming from the lateral femoral condyle rnums under
neath this igament. The fibular collateral ligament Is relaxed In all positions
of flexion, and 1t tightens with the beginning of extension, at 150 degrees.
Injuries to the fibular coliateral ignment are rare They usually occur in adduc
tion flexion and inward rotation of the leg There is often an associated injury
of the peroneal nerve as well as of the Iateral head of the gastrocnemius or the
1liotibial band.

Injuries to the tibial collateral ligament produce a tender pomnt at its insertion
or over the joint. Because of the tenslon of the posterlor portion, complete ex
tension of the knee 1s resmsted. Forced abduction which separates the jomnt
surfaces causes pain If the rupture of the tibial collateral higament is associ
ated with synovial tear, an hemarthrosis develops

Injunes of the collateral ligaments occur often 1n combination Not [nfre-
quent s the combination of tibial collateral, antedor cruciate and medsl
meniscus injury A strong blow on the upper tibia may rupture both antenior and
posterior cruciates, but if both cruciates are torn and the collaterals are still In
tact, the joint is still stable [n extendsd position. In flexed position however, the
characteristic anteroposterior or drawer movement appears If the tibial col
lateral ligament is ruptured, as well as the cruclates, then this drawer movement
becomes excessive

B TREATMENT OF THE RUPTURED COLLATERAL LIGAMENT

Severe spralns or ruptures of the internal collateral ligament are most dis
abling The pain Is often very severe in most cases swelling and jowt effuxon
octur aftet a short Interval particularly if the synovial membrane has been
wnjuréd directly Recurrences are frequent. They may be followed by hypet
mobillty in extended position and the joint Inay become permanently e
Sigmificant 15 the absence of locking, but there is a great deal of wasting of the
quadriceps In acute and subacute cases the best treatment Is consd'vlﬁt;&
Immobihzation of the limb in a plaster cast extensive enough to 1mmobilize the
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joint 1s the best measure for immediate relief, it Is almost uniformly successful
in the more acute cases

Cases which do not respond to this conservative treatment constitute only a
small percentage of the acute ruptures In these, operitive reconstruction is
necessary This 1s often the casc in older individuals or in those who have suf
fered from repeated njury, fn which the relaxation becomes chrome For a
chronically relaxed internal collateri hgament the procedure of Mauck 15 to be
recommended for its sumplicity It consists simply in the transplantation of the
ligament to a distal point where it is inserted at the internal condyle of the
tibia, under tension This can easily be accomplished by a short incision at the
medial aspect of the joint, reaching from the adductor tubercle to about 4 inches
below the articular surface of the tibia

On the other hand, it the collateral ligament is completely destroyed, 1t must
be reconstructed Here the method of Edwards® Is to be recommended The plan
of this operation is to make use of the tendons of the gracilis and semitendinous,
which are severed above the hnee Joint 2nd then strongly pulled up to be im
planted into the internal condyle of the femur Instead of the tendons, a strip
of fascia can be used with a distal base to be Inseried at the condyle of the femur
under an osteoperiosteal flap

In the rupture of the external fibular collateral igament the method of Ed
wards' consists in the implantation of fascia lata into the fibula, and of the
biceps into the lateral condyle of the femur

XII PELLEGRINISTIEDA’S DISEASE"

This 15 an ossification or calcification of the internal collateral ligament due to
trauma The characteristic feature is the deposition of calaum or of new bone
in the region of the medial femoral condyle Early symptoms are those of syno-
itis of the knee with pain and swelling and mutation of motion which is gradu

Fio. 116 Pellegrinl Stieds  dbease
Cue G B (mak) #Ga11 9
yan, December 1932 Patient in-
fured his left knes three months
before, while playing ball swelfing
124 contingaue paln at foer side of
iner fallowed No Locking but some
Umitation of fexlon and extensian.
X ray showed calafed material in
the 10t thnes adjacent to the medla)

the medial condyle of the femmur
€Ipoang a bony roaw that infiltrated
ito the tendmous structurey of the
tdductor magnus, 1n Intimate con-
::i'h'hh‘mmmmwhlmmLThhmwmmtcanmcdwi\hthnmmﬂ

emar but arose in the soft structares of the reglon after removal the patlent was free of pain.
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ally progresuve Examination shows local tenderness aver the madial aspsct of
the femur with an enlargement.

The treatment consists sn immobilization in & splint or cast. Swgical re-
moval of the osufied ligament is seldom necessary™ (Fig 116)
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Lecture IV
ON STATIC DEFORMITIES OF THE FOOT AND ANKLE

I ORIENTATION

LIKE all so-called static disorders those of foot and ankle cannot be explained
entirely as being caused by external forces We must assume that other
factors are at work, either constitutional or acquired, which lessen or impair the
normal resistance against static stresses The study of the static ailments of foat
and ankle therefore resolyves itself, on one hand, into nvestigating the normal
conditions for the static and dynamic equilibrium of the structures involved
and, on the other hand, into the scarch for predisposing elements which may be
of constitutional or acquired nature

The plan is to begin by investigating the normal weight bearing stresses and
therr distribution 1n the foot, first at rest and then in motion, considenng n
proper sequence all three principal articulations, the ankle, the subastragalac
joint and the mudtarsal jont On that basis we propose to investigate how the
distribution of weight bearing stresses changes under pathological conditions,
which include morphological phenomena and adaptive changes in the skeleton,
muscles and Ligamentous structures

o THE MECHANICS OF THE NORMAL FOOT

A. STATICS OF THE NORMAL FOOT
1 Construction

The mechanical stresses to which the foot 1s subjected can best be studied
from the trajectory systems of the tarsal bones These systems represent the dis-
tribution of pressure and tension stresses Starting from the tibia one sees that
the trabecular lines which receive the supenncumbent weight from above con
verge toward the astragalus The center of this bone is the mechanical center
of the weight bearing stresses

From here the trajectory lines stream bacl.ward toward the postenior process
of the os calcis and forward through scaphoid cuboid and cunelforms to the
metatarsals In the sapttal sections we notice that in the planes of the fourth
and fifth metatarsals the stress lines do not pass through the astragalus, but they
pass from g dense sclerotic area at the upper surface of the os caks forward to
the cubold and into the two outer metatarsals and backward toward the heel On
the medial ide however the streas lines pass from the body of the astragalus for
ward through the head and neck of the astragalus to the three cuneiforms and
the three inner metatarsals and then backward inta the heel (Fig 117)

This divides the tarsus structurally 1nto two systems a medial one having its
center In the body of the astragalus and a lateral one with its center in the as

151
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calcls These two systems diverge in forward direction, one streammg into the
three medial and the other into the two lateral metatarsals The two systems
represent the separate structures of the so-called inner and the outer longitudinal
arches of the foot The outer arch is the foundation, the inner rests upon the
outer with the astragalus, being borne by the sustentaculum The o2 calds is
the common posterior support of both arches Antenorly the arches separate the
mnner three metatarsal heads, serving as anterlor support for the inner arch,

W) e

Farsmem sk

F1a, 117 The structural arches of the foot. (From A. Stelndier Meckanics of Locomotion, Springfeld,
T Charles C Thomet, 1935 pp. 287 258, Figx. 4A and 4B)

while the outer two metatarsal heads are the supporting pillars for the outer
arch (A Stelndler™)

2. Weght dutribution m standing

According to D J Morton,® the wesght distribution of the standing foot can
be divided into three partial forces, namely a posterior portion, an ant
portion and an anterolateral portion The distribution of the weight between the
calcaneous behind and the medial and lateral portlons of the ball of the foot In
frontis 3 1 2 The mechanical sus between the outer and inner portlons of the
forefoot falls, in the ordinary standing between the first and second metatarssls
mn which case httle weight s borne on the fifth metatarsal.

From the anatormcal configuration of the arches as described, we see that for
all practical purposes the posterior contact of the lower extremity with the floor
1s a arcumscribed pont Anteriorly, however, the contact is not a potnt but an
oval shaped aren, which takes in the heads of the metatarsals and thelr immed:
ate surroundings Therefore while the weight beaning stresses find their reaction
concentrated fn the heel at one single potnt, in the forefoot the reactlon is dis-
tributed over the entire ball of the foot.

3 Lig ous renforc ts of the tarsus

The fact that the continwty of the skeletal structures is interrupted by
three articulations males it d!fficult to matntain the normal relationship between
the bones of the tarsus when the foot fs under stress The relation of the axes of
these three major artlculations of the foat fs as follows In the ankle joint the
axis runs obliuely to the axis of the knee jomt, namely from outward and back
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ward to forward and inward <o that It does not stand quite in the frontal plane
Tike that of the knee jomt When the patefla looks stralght forward, the axis of
the ankle joint is deflected as indicated The joint has one degree of freedom of
motion, namely flexion and extension The subastragalar jolnt has only one
degree of freedom of motion, namely pro and supination The axis of this
Jolnt is not strictly «agittal, but it runs from backward and slightly outward to
forward and dightly upward and inward This deviation from the stnctly
saglttal plane corresponds to the deflection of the inner arch against the outer
arch, already mentioned as being 25 degrees

The three axes of the midtarsal joint, which has three degrees of freedom of
motion, correspond mare nearly to the cardinal planes of the body The axis for
pro- and supination 1s stnctly sagittal, that for ab- and adduction is truly ver
tical and that for dorsl and plantar flexion Is approximately frontal

The ntegrity of the {oot is entrusted in the first place to the ligaments and
then to the muscular apparatus The astragalotibial articulation is reinforced by
mternal and external deltold ligaments The subastragalord articulation 1s se-
cured by the powerful caleaneoscaphoid or spring ligament which actually forms
a part of the articulation By supporting the head of the astragalus from below,
this lignment prevents the astragalus from ghding forward under the superin
cumbent body weight.

There are numerous smaller ligaments which rainforce the articulations, such
as the calcaneocuboid higament or figamentum plantare longum which secures
the calcaneocubord articulation from below The heads of the metatarsals are
held together by the intermetatarsal ligaments In contrast to the pastersor part
of the foot which is fairly rigid the mobility increases in forward direction, the
toes and metatarsals showing the greatest {reedom of motion

The midtarsal jomnts which permit motion In pro- and supination as well as
in ab- and adduction make allowance for the adaptation of the toes to the floor
The mobility of the heads of the metatarsals agalnst each other further facih
tates the adaptation of the ball of the foot to the contacting surface A free
21:13;;( the toes is especially valuable for the gripping action of the foot In

g

B DYNAMICS OF THE NORMAL FOOT

1 The artrculations

The system of two arches supporting the foot is based on the mamtenance
of balance at rest and during locomotion A joint is established where the Inner
arch rests upon the outer arch The subastragalar Jomnt The object of this artic
ulation is movement between the arches about the longitudinal axis of the foot
Pronation and supination So far as the purely static function of the foot is
concerned that iy the mamntenance of equilibrium at rest such a jolnt would
be of secondary importance In standing, balance 1s maintawned in the sagittal
pltne that is in forward and backward direction, by the ankle joint which can
adfust the line of gravity so that it always falls within the area of support,
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between ball and heel In the frontal plane, that Is, in side swaylng motion,
balance is maintained by the subastragalar jolnt This artlculation adjusts the
line of gravity coming through the astragalus so that it also falls withun the
supporting surface which is, when standing on one foot, the contact surface of
the sole of the foot.

The meamng of this articular connection between the two arches becomes
more apparent {n the dynamic function of the foot, specifically in the mechanism
of propulsion Propulsion is carrled out by the action of the big toe at the
moment of take-off This 1s an effort in the direction of pronation Because the
incumbent weight of the body fixes the big toe to the floor, no actual pronatory
twist is carried out, but the toe is held in equilibrium by the reaction of the floor
against the ball of the foot Complete fixation does not occur until the full weight
of the body has become shifted upon the ball of the foot toward the big toe side.
The forepart of the foot digs into the ground with a gnpping movement of the
toes which have to adapt themselves closely to the unevenness of the ground.
Therefore, a certain movement between the inner and outer arches is necessary
as the weight shifts during the gait from the outer to the inner border of the
foot It Is for this reason manly that the subastragalar Joint is established

Supplementing this joint Is an auxibary articulation established 1n front of it
this articulation 1s formed by the os calcis and cubord at the outer sde and the
head of the astragalus and scaphoid at the ioner balf of the foot It s the mid
tarsal or Chopart s foint. This articulation has three degrees of freedom of mo-
tion About a sagittal axis it has a slight pro- and supinatory range which sop-
plements the pro- and supination movement in the subastragalar joint. In
the perpendlcular axis a shight degree of ab- and adduction s possible In the
normal foot this range as well as pro- and supination may be greatly increased
under pathalogical conditions The third movement is about the frontal axs, in
the sense of flexion and extension of the forefoot against the back part of the
foot. This movement while minimal under normal conditions is greatly increased
in certatn pathological situations, as clubfoot or flatfoot.

2. The active equilibrium. Myokinetres of the foot
The maintenance of active equilibrnium of the foot at rest as well as in mo-
tion is the function of the muscles.

a) THE ANKLE JoINT

The prncipal extensors of the foot are the tiblalis anticus, the extensors of
the toes and the peroneus tertius The principal flexors of the ankle joint are
the trceps surae muscles and the lesser are the flexor muscles of the toes the
peroneus longus and the tibizls posticus According to R Fick,' the total work
which the extensors of the ankle are capable of amounts to 4.27 kgm., while
the flexors are capable of 18 68 kgm  this shows that the flexors of the nakle
are at least four times as strong as the extensors, due to the fact that they
include the powerful gastrocnemius and seleus.
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b) THE SUBASTRAGALAR JOINT

This joint is the principal articulation for pro- nnd supinatory motion Suplna
tlon 15 carned out by the tiblalls posticus, nssisted by the flexor of the big toe,
the common flexors of the toe< and to a slight degree the tibialis anticus The
total work capacity of the supinators Is, according to Fich, 7 86 kgm Pronation
1s carmed out by the peroneus longus and brevis and s further assisted by the
common extensors of the toes and the peroneus tertius This group has a total
work capacity of 3 22 kgm

¢) THE MIDTARSAL JoINT

The only sigmficant motion under normal conditions is pronation and supina
tion The pronators are the peronel, the extensors of the toes, and the peroneus
tertius, with a combined working strength of 1 45 hgm , while the tiblalis anticus
and posticus and the flexor of the big toe, as well as the flexors of the other toes are

pl s with a combined strength of 1.39 kgm It s the tendo achillls, which
when added to the supinatory muscle group is the definite factor which gives this
group supenority When the foot goes into pronation we see that the tendo
achillis 15 bowstrung <o that when the {oot 1s weighted down, 1t is forced by the
short heel cord Into a valgus position In other words, the short heel cord pre
vents the foot from goimng into supination and dorsiflexion at the same time,
therefore, when dorsiflexion 1s imposed upon the foot by the superincumbent
weight, the foot must automatically go into a valgus position

From experiments it is estimated that of the total tension stress developed by
the muscles supporting the longitudinal arch, no more than 15 or 20 per cent is
borne by the posterior tibial and peroneus longus The great portion of the
tension stress 1s sustained by the plantar ligaments of the foot It Is the func
tion of both the inverting and everting muscles of the foot in their synergistic
action to preserve o certamn constancy in the weight distribution over the meta

tarsals at the ball of the foot Any deflection from the normal equilibrium which

throws the weight line to the inner or the outer s:de will destray the normal
welght distribution

C THE ANALYSIS OF FORCES ACTING ON THE FOOT IN STATIC
AND DYNAMIC CONDITIONS

Having become acquamnted with the principal structures which are engaged in
the static and dynamic functions of the foot, it is possible to analyze in mechani
cal terms the forces which maintain equilibrium in standing and walking
Lh:ﬂ walking the foot is placed on the ground, heel first it then rolls over to
ey outer border until the ball of the foot Is reached From there on the wrelght
n ¢ switches over to the inner side, while the toes dig themselves Into the ground
A_n,md" to provide a fixed point from which the body must be pulled forward
wl!ltxh:hihe;] then leaves the ground the deploy begins The knee Is first flexed,
ductes 8 flexlon there Is an associated inward rotation of the leg The foot 1s ad

In the midtarsal joint and a pronatary motlon of the foot in the sub-
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astragalowd joint follows The take-off is then completed by the flexory actian of
the big toe In order to give a clear conception of all these dynamic events, we
try to present them in form of diagrams which illustrate the conditions of equilib-
num in the different joints

1 The ankle jont

Let us suppose first that the line of gravity in upnght standing falls thrbugh
the center of motion of this jolnt, that 1s, in the center of the body of the
astragalus In this case the gravital forces produce two counter reactions, at the
ball and at the heel, which are the contact points with the floor These two reac
tons are effective In translatory direction No rotary companent acts upon the

R (VR N

e o b
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A a 1 F2 B L3 »

Fro. 118 (upper left) W = Superincumbent welght. A = Anterior raection. B = Pesterior reaction.
1 = Intersertion point of llne of gravity with base line, 1 = Distance of A from L b = Distanre
of B from L O = Center of ankle joint. Force amlysis of ankle folnt Sitmation IL Segittal plaoe
equillbrhm in ankle Jolnt The Ere of gravity falls through the center O Condltion of equifiux
Aa = —Bh. (From A Steindler A echanics of Locemetion Springfieid, 111, Charles C Thomas, 1938
p M Fign)

Fro. 119 (wpper right) § = Temlon of the structure of the sole, s = Distance § to center O. Foree
amalysis o midtarma! Joint. Sltuation V Sagittal plane equiibrium In midtarsl fobat, Line of gravity
throagh center O Condition of equilbrium Aty = ~S1. A= Whia + b ifa=0 A=W (md
mmm anterior reaction) and Wa = —Se, (From A. Steindler  Meckexks of Locometion Speing-
Aeld, Il Charles C Thomas, 1935 p. 272 Fig. 24)

ankle Jomt 1tself, since it is assumed that the line of gravity falls through the
center of motion (Fig 118)

Actually bowever the line of gravity does not fall through the center of the
ankle jolnt in upright standing but, rather, at some distance in front of it,
usually 4 cm In this event gravity develops a rotatfon component in respect to
the ankle jomnt which tries to rotate the foot i the direction of dorsiflexion 1f
this force Is to be neutralized a rotation force will have to be developed of the
converse order and of the same magnitude This force 1s supplied by the tenston
of the tendo achillis

By simply leaning forward we can cause the hne of gravity to move stlll
farther away from the center of motlon In the ankle Joint until it falls into the
ball of the foot In this event the tension of the tendo achills must be incressed
because the rotation moment which is produced by the reaction to the gravital
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force is increased as the line of gravity wanders away from the center of motion
Therefore, the tension of the tendo achillis which neutralizes this rotary force
must be increased correspondingly

When by leaning forward the line of gravity has been thrown as far forward
as the ball of the foot, the tension of the tendo achillis must be three times the
body weight which rests upon the ball of the foot, because the distance of the
ball of the foot from the center of the ankle joint is about three times as great
as that from the ankle joint to the attachment of the tendo achillls

2. The mudtarsal jomnt
We consider firet the motion which occurs in the sagittal plane, i e, plantar
W

DE4

Z'ﬂ-_m (wpper left) B = posterior reactlon. 1 = Dustance of posterfor reaction from center O.
C;Temlm force of mupporting structures at mstentaculum and internal malleolus, ¢ = Distance of
om center O Foree amalysds In subastragabir joint Situatken VIL Froatal plane. Equilibrium in
sbstanlr joint. Cosdition of equilbrium. Bb = —Cec. Tbe greater the distance of B from
cenler (pes valgus b ) the greater must be C (¢ beink equml) (From A. Steindler Alechasics of
Lacomstion Speingfield 10 Charks C Thomas, 1935 p 274 Flg 25)

;:ﬂm (wpper right) A = Total anterior reactbon. Am = Total &R medlally to center Ae =
LR, bterlly to center A = (Am + Ae) O = Center of mudtarsal foint for mavement in
m“”‘“nﬁm.nwﬂmm:ﬁnmhm&u:bﬁumhelmmo Force analyss
Lafrancy and Chopart's joints. Sitvation VIL Frontal plane anterior view Compentatory
“limlhnm of forefoot. Effect of promation of backfoat upon forefoot equlllbrium In respect
h;“hmdlnm: Condition of equilbelom. Am X am = Ac X ac Le. The foreloot must go
until the moments of the medial reactlon equal those of the lateral (From A

Stewdier I evkanics #f Locomotion Springfield, 11, Charles C Thomas, 1938 p 274 Fix. 26)

8 B
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and dorsiflexion or helghtening or flattening of the arch. If the line of gravity
falls through the center of this joint, the translatory effect of the reactions at
ball and heel will force them straight upward, trying to flatten the arch This
movement must be held 1n checl by the structures of the sole of the foot, that
is, the long and short flexors of the toes, the tiblalis posticus and all the liga
mentous structures of the sole Should the tension of the muscles of the sole
of the foot as well as the igaments be inadequate to resist the upward thrust of
the gravital reactions, the result would be a foraing upward of the ball of the
foot In the direction of dorsiflexion, and the foot would flatten out The cup-
shaped ligaments would thereby be stretched, and the astragalus would be
displaced downward, inward and forward In other words, the foot structure
would experience a break at that point (Fig 119)

3 The subastragalar articulation

Motion occurs in this joint in a pronatory and supinatory direction. Project
mg the jolnt in the frontal plane and looking at 1t from behind (Fig 120), we
find that the line of gravity in upright standing falls outside of the supporting
polnt of the heel therefore gravity has the tendency to force the foot in the
direction of pronation This is counteracted by the reslstance of the ligaments
and the tension of the supinatory muscles.

Lookung at the joint from in front and examining the situation of the meta
tarsal arch we find that the weight bearing stresses distnbuted among the
metatarsal heads keep them pressed firmly to the floor, therefore the forefoot
15 held independently fixed and can follow neither a prohatary nor a supinatory
twist occurring in the tarsus (Fig 121)

III. THE PATHOMECHANICS OF THE FOOT

A. THE PRONATED FOOT
1 The jounts

In the subastragaloid jolnt the disalignment Is caused by the Inability of the
ligaments and muscles to resist adequately the pronatory effect of gravity on
the subastragalar articulation. The position of pronation which exists mn this
articulation forces the head of the astragalus downward forward and fnwasd
with the result that the erch of the foot is flattened and shows a convexity of the
inner border The tibso-astragalar jolnt which moves only In the saglttal plane,
in direction of flexion and extension, 13 not fvolved in the distortion In the
midtarsal jolnt a rotation takes place in opposite direction to the pronation in
the subastragalar joint 2 compensatory supmation. The cause of it 13 the counter
pressure of the floor upon the ball of the foot.

It is an error to assume that the pronated fatfoot is pronated throughout 1ts
entlre length Due to the pressure of the floor the forefoot does not follow :hﬂ
pronation which the backfoot has assumed In cases of flatfoot (A Stelnder )
There Is £ counter torston between the backfoot and the forefoot in longitudinel
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direction The forcfoot, being fixed to the floor by the superincumbent weight,

does not actually go Into supination Tt is simply the back part of the foot which

goes into pronation and, not being followed by the front part of the foot, the

latter maintains 2 supinatory position relative to the backfoot We call this the
compensatory supimation of the forcfool ”

Under the pressure of weight a break occurs in the midtarsal joint which
does three things It produces the
compensatory supination of the fore-
foot, described above Secondly, it
permts the forefoot to be pressed up
ward in dorsiflexion relative to the
backfoot, which is then plantar flexed
in respect to the forefoot Thirdly, it
permuts the forefoot to go in abduc
tion relatiy e to the back portion of the
foot (Fig 122} In short we sec that
1 the different joints the front foot is
rotated against the back part n all
three planes in which movement in
midtarsal jont is possible The part
of the foot distal to the joint is
supmated against the pronated back
part  the front part is dorsifiexed
agalnst the plantar flexed back part
and 1t is abducted against the ad
ducted proximal portion of the tarsus
All the sheletal changes of the static flatfoot from the mildest to the severest
degree are explained by these distortions

Fio. 122 Statke flatfoot.

2. The weight distribution

The usual pattern of weight distribution 1s considerably altered in the case
of the pronated foot Normally the line of gravity 1s behind the ankle joint
'[jh“:mx the restralning phase of the support perfod It then moves forward from

heel along the outer portion of the foot until 1t stands vertically over the
ankle joint, when the propelling phase begins It then moves 1 a curved line
medially to reach the first metatarsal head from which the take-off is enacted
] Morton™)
. I; the flatfoot this pattern is considerably changed The contracture of the
e0do achillls forces the foot into valgus position and causes the Lme of
Bravity to run through the medial portion of the heel or even medially to 1t,
d the Inner malleolus as the foot Is set on the ground Becnuse of the
g;oilatmn, the progress of the line of gravity does not occur along the outer
rder but it travels forward to the big toe along the inner border of the foot.

’:nh;l deprives the foot of the important pronatory twist just before the take-off
greatly weakens the force of propulsion
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B THE RELAXED TRANSVERSE ARCH

A relaxed and depressed transverse arch prevents the free flexor actton of
the toes and thereby also impedes the take-off and the propulsion The pro-
trusion of the metatarsal head against the ball of the foot results in contraction
of the extensors of the toes and in clawfoot deformity

IV THE CLINICAL PATHOLOGY AND DIAGNOSIS
OF THE FLATFOOT

Three factors facilitate the early diagnosis of the static flatfoot.

1 The pan caused by the strain of the soft structures usually precedes the
deformuty

2 Because the soft structures under strain are highly endowed wth sensory
fibers, pan becomes strictly circumscribed and develops charactenstic trigger
points These points make it possible to identify accurately the structures under
stress.

medhe) border

Fro 123 Trigger pomts of paln In the static fatfoot. 1) Trigger point for the

dmmmfmz)mmzlormwnofmmwm;mﬁm
or

$) Trmper pount for the caloncoscaphoud lgpament. 4) Trigper polnt f
Trigeer pont for the intermetatartal Heements
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3 Disalignment is at first transitory, appearing only under welght bearing
Only much Inter it becomes fixed and persists when the foot is at rest
A THE FUNCTIONAT DFFICIFNCY PAIN

1 Spontanecous

Tain or ache in the foot is the most common complalint, it is accentuated by
«tanding ot excrtfon and is usually relieved by rest

MEDIAL VIEW

Fre. 124 Areas of tenderness in the stathe flatfoot. 1) Tendernest over the tiballs posticns. 2)
Tendetrness over the flexor hallucks longus. 3) Tenderness over the peronel tendont

2 Pressure pain, hgamentous (Fig 123)

A pressure point at the inner border of the plantar fascia signifies strain of
the plantar fascia.

A pressure pomt below the scaphoid, between It and the sustentaculum tali
indicates straln of the calcaneoscaphoid lignment caused by the downward
and forward push of the head of the astragalus

A pressure point at the anterior border of the lower surface of the heel sug
gests stress at the origin of the short flexors of the toes

A pressure point below the tip of the external malleolus denotes impinge
ment of the tissues In the sinus tarsi as the foot goes into valgus position under
weight bearing

3 Pressure pain, muscular (Fig 124)

The static muscle strain manifests itselt by a dufused and poorly localized
tenderness of the muscle, quite in contrast with fasclal and ligamentous static
strain which develops definite trigger points
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Straun of the tibialis anticus produces a diffuse tenderness of this muscle at
the anterior surface of the leg lateral to the tibia. Strain of the tiballs posticus
clicats tenderness behind the posteromedial border of the tibia along the medial
side of the leg Strain of the flexor of the big toe can be ascertamed by
following the course of the muscle under the big toe and the first metatarsal
upward to the postero-internal surface of the leg Gastrocnemlus strain causes
tenderness along the gastrocnermius at the posterior aspect of the leg from the
heel up to mud-calf (Fig 124)

B THE MORPHOLOGICAL CHANGES

The deformities are first transitory, that 1s, they appear only under weight

bearing. Certamn types of feet are particularly characterized by & natural
laxity of the higamentous and musclar apparatus

and go promptly Into a position of valgity when

welght 1s borne. Usually the flatfoot deformuty has

existed since childhood but caused no icapacity in

the earlier years Often one finds on examinatlon

that the heel cord is short and dorsiflexton in the

ankle jolnt Is restncted 1if the foot is placed in

varus position Other companents of the static flat

-t foot are the pronation of the back part of the foot,
~ the compensatory supmation, the abduction and
the dorsiflexion of the forefoot in the midtarsal

Fia 125 Markedly peonsted  JOIDL. The entire foot appears strongly rotated ex

Static fatfeet, ternally in relation to the leg and the downward
forward and inward displacement of the astragalus
causes the bulge at the inner side of the feet with resulting convexity of the
inner border The inner malleolus is promunent, and the lateral appears effaced
there is considerable impingement of the s{nus tarsf (Fig 125)

Harris and Beath * found in x ray studles of this type of hypermobile non-
fixed flatioot that one of the essential features Is the vanation In the support
of the body of the astragalus by the sustentaculum of the os calcls and the
relation of the head to the anterlor process of the calcaneum

If the head of the astragalus Is not resting on the anterior process of the
03 calas and is displaced medially, a large ares of the bone remains un
supported. In cases of hypermobile feet 1n which the anterior margin of the
sustentaculum does mot reach far enough forward to support the neck, these
authors believe that this change in the relationship of the bones 15 even of
greater importance n causing the deformuty than 1s the deficlency of muscle
power The fact 13 that In early stages of flatfoot before there are any fixed
deformities the longitudinal arch flattens under the weight beanng and the
astragalar head rests upon the relaxed and distended calcaneoscaphold ligs
ment, pushing 1tself forward downward and inward. This produces not only &
flattened arch but also a convexity of the median border of the foot.
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C THF PFRMANINT OR FINFD DEFORMITY OF
THE STATIC FLATFOOT

1 The spastic flatfoot

The foot becomes fixed by contracture of the <oft tissues It no longer regains
fts normal shape when weight beanng is ehiminated The fixed deformity is
first due to the spasticaty of the extensors and pronators of the foot, the reflex
reaction to the painful ligaments is muscular «pasm  Gradually there Is an
adaptation of theee contracted muscles and of the ligaments to the pathological
pasition, <o that the deformity <ooner or later becomes fixed by actual muscle
shortening and lipamentous contracture The contracted muscles are the peroner
and the extensors of the toes

2. The rgid flatfoot

Skeletal deformities der elop gradually by adaptation of bones to the articular
disalignment. The product of this adaptation is the o<scous flatfoot The plastic
bones of the voung patients are more susceptible to adaptive changes which
are most cone<picuous in the astragalus and the <caphoid The adult bone
responds to stresses more with reactive osteoarthntic changes and marginal
osteophytes These changes arc most marhed at the antenor edge of the ankle
jomnt and the upper margin of the astragaloscaphoid articulation

V THE TREATMENT OF STATIC DEFORMITIES
OF THE FOOT

A CON\SERVATIVE

The objectives are  First, to restore the foot to normal form at rest and to
presenve this form on weight bearing by mechanical means Second, to restore
the normal tone and tension of the soft tissues muscles and ligaments, which
zormally maintain the form of the foot when under gravital and other stresses

1 The relaxed flatfoot

The foot offers no resistance to correction It assumes deformation only
under weight bearing The problem Is therefore only one of maintaining cor
recion Thus Is done by mechanical devices placed in or on the shoe

a) THE SHoE

The shoe must have a straight last, a rigd or semi rigid shank and a round
toe. It has the proper relation between toe-ball and heel ball length, that s, the
Place for the big toe joint [s not too far backward, as 1s often the case when the
2rch part of the shoe s too short and the toe part too long Individual feet vary
Breatly in this respect The shoe should fit snugly In the heel, and it should be
wide 1n the toe so as to give ample room for the antenior arch and the free play
of the toes The height of the heel s determined by the length of the heel cord.
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For men 1 to 1% Inches, and for women 134 to 2 inches is the usual height, The
heel should be broad, as is the so-called Cuban heel Heels with tapered pomts
are not to be recommended The firm sole protects the foot from the unevenness
of the ground and provides a proper foundation for the arch support.

To strengthen the supportive function of the shank of the shoe a Jones’
triangular heel can be applled It is an elongation of the medml side of the heel
made by jutting it forward in triangular fashion to the level of the astragalo-
scaphoid Junction

b) TeE SUPPORT OF THE LONGITUDINAL ArCH

This 1s a mechanical device to fill the dead space between the sole of the
shoe and the natural non weight beaning langitudinal arch. So-called Inbuilt
arches which are nothing more than a stiff inner counter are wholly inadequmte
for that purpose because they do not attach themselves closely to the sole of the
foot and furmsh no support for it.

In the construction of the msoles several ponts are to be cbserved The arch
of the foot 15 not 2 part of a circle It nses gently from the ball of the big toe
to a pomt just in front of the heel From here it slopes abruptly downward
toward the heel The apex of the arch therefore 1s not at the middle of the foot
but at the posterfor half To fit an Insole accurately it Is best to use a plaster
mold made with the patient sitting down

One can design the mnsole falrly accurately from an jmprint on which the
contours of the foot are outlined One then marks the ball of the great toe, the
anterfor contact point of the heel and the calcaneocuboid junction Into this
area one then draws an outer line girding the ball of the foot and projecting
tongue like toward the center of the anterior arch. It then circles along the
lateral contour of the arch and ends medzally at the anterior contact point of
the heel According to the height of the arch two or three parallel inner les
follow the outer Iine This 15 done mn such a way that, corresponding to the
geatle anterior and the abrupt posteror slope of the arch, the distance between
these lines is greater in front than i back similarly as varous slopes are
indicated in map drawing The contour lines then represent the successively
smaller layers of Insole which are stacked upon each other This gives the
finished insole the gradual {ncline in front and a more abrupt 1ncline m back. The
basal layer as well as the smaller supenmpased ones has & cut-out which ullm\"s
the ball to rest firmly n the shoe with the forefoot n pronated pesiton We
use for these layers erther cortex, a hard rubber substance, or solid leather

A very commonly used support 1s the metal footplate of Whitman it gives
excellent support and prompt relief especially i acute arch stramn

It remans now to correct the valgity 1n the astragalocalcaneal jont and the
compensatory supination of the forefoot. For this purpose the hee} of the shoe

is supplied with a wedge of 14 to 34 inch on the Inner and the toc part with 2 4
inch wedge on the outer side These cleats will reverse the length torsion of
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the foot 5o that the back portion turns from the valgus Into a varus, while the
forepart 1s changed {rom a =upinatory to a pronatory position That this counter
twmist restores the arch of the foot can casily be demonstrated on any
pliable foot Plcing the heel in pronation and the forefoot in supination flattens
the Jonmtudinal arch, comversely, placing the heel in supination and the f{ore
foot 1 pronation markediv heightens the arch of the foot It occurs only in
small children that the entire foot is in pronatory position from heel to toe
Here the cleat is applicd full length to the inner side of the shoe

¢) RenapiLitatiov of Muyscirs ANp LicaMENTS

In the treatment of the relaxed flatfoot muscle re-education is instituted from
the start A «<ct of <clected exercises designed to deselop especially the tibiales
muscles and the flexors of the toes i< taught the patient to be carned out at home
together with other activities which are capable of increasing the muscle tone
of the legs An exception to this program are the acute cases of static flatfoot.
The feet are swollen, tender and <ometimes red, simulating an inflammatory
condiron They are unable 1o bear weight even with the help of insoles The
most acute of these cases have to spend some time in recumbency until, under
rest and treatment with heat and massage the swelling has disappeared Some
may even require ymmobilization in plaster to obtain reliel Ire-exsting circu
Iatory difficuluies greatly retard the recovery, and 1t must be emphasized that
every examination for flatfoot must include a thorough check on the circulatory
condition The pulsation of the dorsalis pedis and posterior tibial arteries must
be tested An oscillographic record should be taken on all cases in which a
suspicton of vascular deficiency exists In cases of this type contrast bath and
positional exercises should precede the ambulatory treatment.

A source of diagnostic error Is the atrophic arthritis Swelllng and paln of
the jolnts of the foot and especually of the metatarsophalangeal articulations
are not infrequently the presenting symptoms Other jomnts mn particular the
proximal interphalangeal joints of the fingers, should be carefully investigated

2. Treatment of the fixed deformity (ngid flatfoot)

If the condition s due to muscular spasm, 1t 1s useless to apply an insole or
wedges on the shoe The form must be restored by mamipulation, under anes
thesia 1f necessary Then a plaster cast 13 applied for two to four weeks with
the foot in complete correction and the arch well molded When the rigidity has
disappeared and the foot has become pliable, insoles and cleats are applied and
supnation of the back foot is further secured by a T strap brace In some
contractural flatfeet the rigldity is so great that it does not yield to mampulation
under anesthesia It then becomes necessary to lengthen the contracted peroneal
Or even the extensor tendons before correction is obtained and a cast s applied
A structurally shortened tendo achillis requires lengthening Re-education of
the muscles begins as soon as the cast Is removed
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B OPERATIVE TREATMENT OF FLATFOOT

The conservative treatment of the statlc flatfoot {s abandoned only under
special conditions There are cases of chromically relaxed flatfeet i which all
attempts to rehabilitate the musculature and to restore active balance fafl and
In which the deformuty recurs as soon as the support 1s removed. Another type
is a ri;d flatfoot in which sheletal deformities make the restoration of form
impoasible A third type requiring operative procedure is the painful, ngad
flatfoot 1n which weight bearing is not tolerated and which presents secandary
arthntic changes The choice of operation depends upon the type of flatfoot.

The chronically relaxed pronated foot. Kidner’s operatian consists fn the
removal of the so-called prehallux ot
accessory scaphold and the transpost-
tion of the posterior tihial tendon.
R R Fuch and B B King's* pro-
cedure {3 a transpoution of the an
terlor and posterior tiblalis muscles,
and the method of ADLlch™ is a
fasclodesis between inner malleolus
and the sustentaculum tal which
places the foot in position of suplra
tion In general, operations on the
soft parts alone do pot quite safe
guard the foot when weight Is borne.
Our procedure of choice is a combina
tion tendon transposition with &
cunesform scaphold fusion

Miller's” operation consists in
making 8 rectangulsr osteoperiosteal
flap in the reglon of the first cunel
P % XD gt 1 s it fom toward e saphld. The D
Geiphus, Len and Febiger 1941 Fig. 93) has {ts base backward and {s rased,

then the articulation between scaph-
oid and cunerform Is resected The tibialls anticus tendon is sutused es far
under the foot &s possible thereby increasing the arch of the foot. The flap s
then dravwn strongly forward over the tibialis anticus tendon and sutured in place
(Fig 126)

If the tendo achillis 15 short, it must be lengthened The foot is placed
in plaster for sux weeks A period of massage and exercise follows (Figs 127,
128
h: severer cases of relaxed flatfoot we found the arthrodesis of the Miller
operation insuficient because it did not control the pronation It could be
controlled only by a triple arthrodesis (Fig 129)

Most mteo;l::ﬂc oppcrauans for flatfoot are based upon the reconstructive
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Fre 127 Frc. 128

Fr 12 (spper left) Chronic relaxed flatfoot Miller operation. Case . N (male) #45-6648 12
yan, July 1945 Patient always bad fatleet and & peculiar gut. Three months before admisslon he
complained of aching feet which were relieved by rest could bot walk far without pain Exami-
nation shomed marked valgus deformuty of both heth no pressure points Miller operation per
foroed on both sides with kenpthening of the tendo achule Juh 23 1945 When seen again,
March, 1046 be had no complaint and was able 10 walk without trouble fert well corrected.

Fic. 128 (wpper right) Chroalk relaxed Matfoot Miller operation Case H H (male) #43-8536 14
yean, Augmnd 1947 Patient ahways had flatfeet Symptoms beran 13 months before admission after
1 Gl 14 feet complained of pain In both feet. Examination shomed marked valgus, abduction
of the forcfeet and marked deprewion of the longitudinal arches spasm of the peronei left and
tendeness over the sibus (anl and spring E@ments. Miler operstion oa left side performed
Jume 22 1004 following operation patient entleely relicved. Whea seea last, la My 1036 almost
tho years later pathent was free of symptoms.

work of Hoke,'” who introduced the principle of arthrodesing the scaphocuner
form rather than the astragaloscaphold, thereby preserving the function of the
mudtarsal [oint

There remains the inveterate and severely deformed flatfoot In which tendon
transference and limited arthrodesis are inadequate These cases require triple
arthrodesis and wedge resection to correct the deformity A subastragalar fusion
through 2 postenor approach by insertion of a bone graft into a channel made
between the adjacent surfaces of the os calcis and the astragalus 13 described
by Gallie.* Harris and Beath"* approach the astragnloscaphold Jolnt as well as
the joint between the sustentaculum and the neck of the astragalus from the
Hedial side, fusing the joint by removing the articular cartilage and implanting
Qneellous bone grafts In all cases of short tendo achills lengthening of the
©rd Is performed as part of the operative procedure
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Statistics on the operative treatment of static flatfoot (Greteman®) The
end result 1n 17 cases of cmesform scaphotd fusion mith transplantation of the
tibialis anticus mnto the scaphoid was excellent in 11 and good o four, totalling

Fro. 12¢ Chronk relaxed
fatfoot JMiler operation
Case J R (male)
#43-7755 13 yeans, July
1943 Patlent's  fatfect
potleed since he begrn to b

walk comphim of pam

along loogitudimal arches and m calf Examination showed
marked valgus . fng of the longitodinal
arches and prominence of the tuberosity of the scaphold
tendernes on presure over the Joogitudinl srch and right
tendo achfs. BMiler operation performed on right foot
August, 1943 sams operation on Jeft foot \ovember 1943
Following surgery patient given solid Jeather jmoles when
semm one year hter wus walking with soch a2 vagme
deformity that a triple arthrodesls was Indicated, but there
was no patn. &) Before b) After Miler opersthon.

88.2 per cent satisfactory results Of 15 cases of cunelform scaphold fuslon
with transplantation of the tibialis anticus and lengthening of the tendo achillis
good and excallent results were obtained in 13 cases, or 86 6 per cent. On the
other hand tibialis anticus transplantation with or without tendo achillis
lengthening and without fusion gave poor results in all 6 cases.



VI DISABILITIES OF THE TRANSVERSE OR
METATARSAL ARCH OF THE FOOT

A ANATOMY

The transverse arch is formed by the heads of the five metatarsals united
by the dorsal and plantar interossecous igaments The term anterior metatarsal
arch 1s not quite correct for the
reason that when weight Is bomne,
the cunve of the arch disappears
and the arch lies fl1t on the ground A
The transverse arch is supported
not only by the ligaments men
tioned above but also by the flexor
muscles of the tocs and the intrin
sic muscles of the foot When the
muscles relax from over use or dis
ease, it falls upon the higamentous
structures to maintain the arch
There are some anatomical reasons
why this relsxation of the arch
occurs easter {n some persons than
in others (Fig 130)

A congenitally high longitudinal
arch is predisposed to metatarsal
arch strain Another predisposing
factor Is a congemtal varintion
alled Mortons syndrome® It
consists of a short first metatarsal, rio 130 Schematic repersentation of metatarsal
a thickened shaft of the second arch. A) Normal position of metatarsal heads and
metatarsal, o hypermobile first *wmod bones B) Deprested metatarsal arch. C)
metatarsal and 2 proxdmal dis- e ] bad wih produc

I tlon of callaslty (From P Lewln Thke Foos and
placement of the sesamold of the Axkle Philadelphi, Lea and Febiger 1947 Fig 116)

fist metatarsal The principal
mechanical implication of this syndrome 1s that the short first metatarsal causes
a concentration of stress on the second metatarsal so that a heavier load falls
upon the articulation of this metatarsal The shaft of the latter becomes thickened
under the Increased stress

The hypermobility of the first metatarsal 1s of mechanical mportance because
1t prevents the first metatarsal from engaging the ground firmly, and the brunt
of the weight remains on the second metatarsal The proximal shift of the
tesamold actually shortens the first metatarsal because the sesamolds are the
polnt of contact with the ground

8757

99,/’////

B THE CLINICAL DIAGNOSIS
1 Pamn

On exertion. Non neuralglc. The stress on the trinsverse arch produces
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paln over the volar aspect of this arch, behind the metatarsal heads The pam
disappears on rest. It is relieved by pressure above the metatarsal heads, which
restores the arch, or by lateral compression of the metatarsal shafts which has
the same effect.

On exertion. Neuralgic. The relaxation of the intermetatarsal junction
causes compression of the common digital nerve between the third and fourth
metatarsals This referred pain appears on pressure at the metatarsophalangeal
articulation The pain characteristically radiates to the tip of the toe It is
usually the third and fourth toes which show this symptom, known as Morton’s
toes first described by T G Morton® (1875) It usually ylelds to mechanical
support which relieves the pressure from the head of the fourth metatarsal
Morton himself treated resistant cases by excision of the metatarsophalangea!
Joint and the soft tissue including the nerves around the jowt,

Spontaneous. Neuroma. The metatarsalgia 1s often due to the formation of
2 peurofibroma or angiofibroma in the course of the digital nerve (Mc
Elvenny™) It has a rather constant Jocation between the third and fourth toes,
2 Little proximal to the metatarsal head Hoadley (1893), reporting on six cases
of metatarsalgia which fajled to respond to conservative treatment, exposed
the digital branches of the lateral plantar nerve through the fourth toe and
found a small neuroma The removal of this neuroma produced a prompt and
perfect cure In 1940 the exact pathological basis and the rational surgical treat
ment were established by Betts,* followed 1n this country by ‘McElvenny
They found a tumor situated on the lateral branch of the sensory nerve which
supplies the third and fourth digits. The condstion {s characterized by severe
paroxysmal pain usually arsing benenth the heads of the third and fourth
metatarsals and extending to the opposing sides of the third and fourth diglts
Sometimes the pain radistes up to the posterior leg as far as the hip Firm
pressure over the site of the neuroma causes radlating paun as well as
paresthesia

Grossly the neuroma represents jtself either as a pancake-like thickening or
a fusiform swelling of the merve trunk. The early nerve changes conslst in
nterstitial edema spotty m character associated with frregular demyelinuzation
and swelling of the entire nerve trunk. This is accompanted or shortly fol
Jowed by rather marked proliferation of the neurolemma nuclef which, like the
edema is also spotty or focal mn distribution The question arises, why the
fourth digital nerve should be the one selected for development of this
neuroma. This nerve is unlike its nelghbors, of double derfvation, beng formed
by anastomotic branches from both medlal and lateral plantar nerves The
arch which 15 described by the two constituent branches forms a transverse
Ik across the outer or superficial aspect of the flexor brevis diptorom muscle
The fourth digital nerve is more or less anchored postertorly and Iacks the

mobility of the other digital nerves Stretching of this nerve occurs i dorst
flexion of the foot and toes and Is intensified In walking
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2. Contractures

As a result of the depreseion of the anterlor arch, the tension in the long and
<hort eatensors of the toes Is increased Active and passive volar flexion Is
impeded A clawfoot deformity develops in severer cases with secondary ham
mer toe deformity in the proximal Interphalangeal joints

Purely static rclaxations of the metatar<al arch must be distinguished from
ceveral other conditions with a similar clinlcal picture Arthritis of the meta
tarsophalingel joint produces metatar<algia often as the presenting symptom.
Depression of the transverte arch is a symptom of clrculatory lesions such as
endarteritts or thromboangiitis obliterans Sometimes an inflimmation of a
metataral bura produces swelling and sorencss at the ball of the foot which
might be mistaken for a purely static disorder There are several bursae in the
metatar<ophalangeal articulation (Hertzler'') The most common is at the
metatarsal heads and around the flexor tendons in the metatarsophalangeal
region

C THE TREATMENT OF ANTERIOR METATARSALGIA

1 Consennative

In acute cases the treatment Is rest, heat and massage or, for immediate relief,
temporary strapping of the antenior arch. When the acute symptoms have
subsided the essential point 18 the support of the anterior arch dunng welght
beanng. The point of support is behind the heads of the metatarsals, but 1t is
more effectine to construct the mnsole so that 1t supports the longitudinal arch
also and thereby relieves the metatarsal arch entirely from body weight The
weight is then concentrated over the instep, and the ball of the foot is com
pletely relieved of pressure In addition an anterfor crossbar or anterior heel
placed across the front part of the foot just behind the metatarsal arch elimi
nates pressure on the ball of the foot Hauser s** so-called comma bar and
Lewin's™ so-called metatarsal crescent serve this purpose

2. Operative
a) THE RELAXED ANTERIOR ARCH

The occasional intractible case of anterior arch relaxation requires operative
Interference Knida* performs an osteotomy of the first and fifth metatarsal
bones 50 as to mobilize the metatarsal shaft and then places a long piece of
fascia around the metatarsal necks, under the extensor tendons on the dorsal
surface, under the flexor of the big toe, over the common flexor of the toes and
again under the flexor of the little toe The two ends of the strip are then drawn
tightly together to secure the arch

4) THE PLANTAR NEUROMA

\ Conservative treatment should always be given a prelimlnary trial The
rritation of the nerve may be stopped by shoes of sufficient length and width.
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External transverse bars or suitable padding within the shoe may relieve the
symptoms If the symptoms persist, however, they are best treated surglcally
A plantar Incisfon between the heads of the metatarsals will expose the nerve
which can be felt to lie just beneath the plantar fasciz and below the deep
transverse metatarsal ligament. This can be exposed eastly, and a wide resection
can be carrled out through this incision. The proximal end of the nerve can be
severed well back into the short muscle of the foot, thereby avolding futrre
initation of a section nearoma

c) Tre Frxep Derorurries, Cavus anp CLAWFOOT

The depression of the plantar arch is often associated with fixed retraction
of the toes and cavus deformity with contracture of the plantar fascia. Mod
erate cases which are relleved by conservative measures of their subjective
symptoms require no furtber procedures The problem is the advanced case of
hammer toes or cavus deformuty A hammer toe may be due to heredity, but more
often it is the result of mechanical stress such as occurs m & depressed anterfor
arch The essential feature fs that the contracture of the flexor tendons produces
a fixed defornuty at the proximal Interphalangeal jolnt. A knuckle develops on
top of the jownt and is usually occupled by a rather patnful corn or callus. The
volar portion of the capsule of the jomnt is contracted. The toes most often
involved are the second and fifth toes The second hammer toe 1s particularly
important, because 1t 18 often combined with a hallux valgus

We belleve it is a mistake to amputate hammer toes, except the fifth toe The
operation of choice should be resection of the mudphalangeal jolnt of the toe
combined with tenotomy of the flexors Tenotomy of the tendon alone, even
with operation on the capsule, 15 seldom sufficlent. It 1s better to resect the
rudphalangeal articulation and straighten the toe, holding it in this pesition
sufficlently long to secure good fusion.

Claw toes In extreme cases the retracted toe actually rides on the netk of the
metatarsal A satisfactory procedure for ths situstlon is that of Hoffman.™ It
consists In resection of the metatarsal head Trom a volar transverse incldon
(Fig 131

Needles)s to say, following such a radical operation the patient must wear 8
permanent support. He is not allowed to bear weight for at least four to six
weeks after the operation and then only In a shoe properly provided with an
insole and 2n anteror bar to relieve pressure from the ball of the foot. Our
statistics on this operation (A W Cuani, 1937) show that in 15 cases the end
result was good 1n 64 per cent and falr in 16 per cent.

The cavus deformity offers greater difficultles to correctlon If it Is of
skeletal nature, smple wrenching combined with operation on the soft stroc
tures hardly suffices Skeletal cavs dejormitses require osteotomy and wedge
resection 1 the region of the midtarsal joint. These are formidable operations
which should be undertaken only in the face of marked and persistent com
plaints and after conservative trials to relleve the highly sensitive anterior arch
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Nba

Fuo. 131 Hofiman Operation for Cavus ard Clawtoes. Case O H £38-15370, 39 years, March
1938, Tatient complained of pain on ball of foot for over 20 yrars, axgravated by standing and
walkinz Eramnatlen showed marked claw deformation of the toes and blatersl hammertoc
with metatarsa! heads protrudinz sharply st the plantar surface. Hoffmun operation performed
on kit foot March, 1038, and on right foot in October 1938 together with exchlon of inter
phhnm!)olmofxcmd1uonbomﬂdc1ﬂn(hkd-udfomhtuumfmcdlnthenme
manoer \ovember 1938, in order to correct hammertoes followed hter by resection of firt and
second metatamal heads of rizht foot. During observation of one year patient had good correction
and wxs withont pain ) Before. b) After operation.

have fafled. In most cases of cavus deformity one will find the plantar fascia
strongly contracted. As a prehminary step to the correction, the fasca 1s
stripped from the os calas (A, Sten
dler") (Fig 132) The plantar fascia
can easily be reached from a small
incision over the inner aspect of the
os calus It should be incised where
it blends with the lower surface of
the os calsis and should be stripped
off bluntly so as to leave the perlos
teum on the os calas and prevent
reformation of perfosteal bone

After the fascla is stripped and the
foat is wrenched In cases showing no
fixed skeletal defornuty the anterior
arch can be rmised by tendon trans-
pasition The procedure of R Jones
and Sherman consists 1n the section
ltlf the tllc:ng extensor tendons of the f:;;:’(zf Stelndler stripping operation of plantar
0es at the metatarsophalangeal rom A. Steindler Orthopedic Operations,
and thdrinseruo;wxgzo th:“eclssm;-: Springfield Charles C Thomas, Pubfisher 1540

the m Fiz. 34)
cunelfeo::mah Hibbs operation inserts the extensor tendons into the lateral
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VIL. THE HALLUX VALGUS

A THE PATHOLOGY

Except for a certain congenital deviation of the big toe, the usual type of
hallux valgus 1s of static nature and is accompanied by depression of the anterior
plantar arch The deformuty consists 1n an outward deviation of the big toe,
promunence of the big toe jomnt, and an exostosis at the medial surface of the
metatarsal head A burmtis develops over the big toe jownt and, in addition, the
sesamord bones are displaced so that the lateral one comes to lle 1n the inter
metatarsal space.

There are three stages of development (Verbrugge*) In the first stage the
hallux valgus manlifests itself by the change In the relationship of muscles and
bones only The first cuneiform 15
slightly displaced inward and formsa
small but visible angle with the sec
ond cuneiform. The first metatarsal
is In abduction relative to the axis of
the foot (metatarsus primus varus),
and the head of the metatarsal is sub-
luxated inward and forms a proto-
berance under the skin. The long ex
tensor slides off the first metatarsal
and forms the base of a triangle, the
apex of which Is the articalation, and
the sldes, the first metatarsal and the
big toe. The toe 1tself 1s rotated in
pronation The {ong extensor is tight.
The sesamolds are displaced laterally
together with the muscles inserted
into them—the abductor and the short flexor inserted Into the medial, the
adductor inserted into the lateral sesamoid Khoury™ found this displacement
in 143 of his 232 cases, or 61 6 per cent.

In the second stage the shn over the head of the first metatarsal becomes
sclerotic and thickened and is covered with callus The bone reacts to pressure
with formation of an exostosls Occasionally a serous bursa of different size
develops The osseous prominence together with the serous bursa and the
callus constitute the charactenistic bunion The joint capsule shrinks i its
lateral portion causing the hallux valgus deformity to increase to as much as
90 degrees. The big toe still can be straightened manually, but If released it
returns to its position of deformity

The third is the stage of the secondary leslons Arthritic changes appear in
the metatarsophalangea] jomnt. The articular cartilage of the head of the meta
tarsal 1s worn off and osteophytes develop (Fig 133)
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I THE CLINICAL PATHOIOGY

While the truly congenital case is rare (only 05 per cent, hhoury), the
hereditary tendency to this deformity has been estimated as high as 50 per cent
(Sandelin®)

The zubjective symptoms begin rather insidiously The patient complains
of pain at the inner border of the articulation of the big toe, sometimes aggra
\vated by weather changes As the hallux valgus becomes more marked, the pain
becomes more violent It follows the nerve tracts of the internal sensory branch
which penetrates the bur<a and traverses along the inner border of the foot
Compression of the shoe and its effect on the serous bursa, particularly when
irritated by secondary inflammation, and the arthritis established In the meta
tarsophalangeal joint explains the pain

The adduction of the first metatarsal favors the flattening of the transverse
arch, <o that the forefoot appears considerably broader (splayfoot) One
observes this broadening in persons with lignmentous weakness, before it comes
to an actual deviation of the big toe A similar deformmty of the little toe with
prominence of the metatarsal head and exostosis 1s known as taflor’s bunion

The x ray signs. The x ray shows peculiar changes of the first metatarsal
Its shortness is one of the features of Morton’s syndrome > The second meta
tarsal 1s Jonger and becomes the prinapal pomt of support of the foot This fact
has a great deal to do with the flatteming of the anterior arch which accom
panies the hallux valgus The pronation of the first metatarsal causes the
sesamoids to be displaced outward and laterally, so that the internal sesamoid
Is entirely covered by the head of the metatarsal, while the external appears in
the first interosseous space The latter 1s often bipartite Ofie also recogmizes
the obliquity of the articular fine between the first cuneiform and the first
metatarsal (Berntsen') Khoury™ observed it in 40.5 per cent of hallux valgus
cases Accompanying valgus deformity of the fifth metatarsal was found i
5.2 per cent (Khoury™) Arthntic changes at the heads of the metatarsals are
noted in farther advanced cases

C THE TREATMENT OF HALLU\ VALGUS
1 Conservative methods

‘These are designed to give relief and comiort but they cannot claim any
effect on correction of the deformity, which Is an operative problem Still con
servative methods have a defimte place Certan conditions make operative
interference inadvisable, for instance a poor general systemic condition or
arculatory disturbance such as thromboanglitis obliterans In milder cases
results can be obtaned by correction of the pronated foot and by restoration of
the suterior arch This is accomplished by arch supports and massage and
exercise An elastic bandage 5 cm wide or a leather cuff over the shafts of the
metatarsals (Hohmann *) relieves pain caused by anterfor arch depression So
far a3 the halfux valgus 1s concerned corrective devices worn during the night
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such as wedges of rubber or felt, gauze or cotton between the first and second
toes are useless except in very young children

2. Operattve treatment of hallux valgus

In his treatise on hallux valgus Khoury™ enumerntes not less than 60
operations devised for this deformity One of the oldest goes back to Hueter
(1877), and in modified form 1t 1s still used today Of all these operations we
select 2 few now generally accepted methods and shall formulate the spectfic
indication for each procedure The operations may be divided into those of the
soft tissues such as ligaments and bursae, operations on bone such as osteotomy
of the phalanges, and finally mixed operations which are carried out both on
soft parts and bone

Simple extirpation of the exostosls was first recommended by Schede (1904),
with presumably good results, although the procedure has no effect whatsoever
on the deformity Nevertheless, as late as 1940, McElvenny™ presented statistcs
of 100 patients treated by simple removal of the exostesls without correction of
the hallux valgus There are cases i which such a simple operation may well
be applied if the deformity 1s not too great and if most of the complaints are
centered about the exostosls

Later Schede attempted a straightening out of the toe by tenotomizing the
capsule at the lateral aspect as well as the adductor tendon. One of the more
useful simple methods is that advocated by David Sflver™ (1923) He usesa
curved incision around the metatarsophalangeal articulation, removes the bursa
and then Incises the capsule in a “Y” in order to form three flaps, one dorsal
on plantar and one distal, the latter with its base at the proximal phalanx. With
the toe n extreme abduction the lateral portion of the capsule Is severed. The
distal flap 1s then dissected, and the correction of the deformty is accomplished
by pulling the distal flap strongly upward and fastening it on the inner side of
the articulation This method is still widely used and Is very practical for lesser
degrees of hallux valgus

Payr (1925) added to the excision of the exostosis the dissection of the
adductor the opening of the capsule and Hgaments on the outer mde and
finally the removing of the cartilaginous exostosis a method which {s very
similar to that later devised by McBride.™

Finally as already mentioned, Hueter (1877) first practiced resection of the
head of the first metatarsal Thirty years later (1908) Mayo™ revived this
method resecting hkewse the head of the first metatarsal but adding to It an
arthroplasty by means of a pedunculated flap

To correct the metatarsus primus varus osteotormes were introduced. Lud
Jofi’s method 1s an oblique osteotomy in dorsoplantar direction The operation
of Hohmann (1921) consists in an osteotomy directly belund the metatarsal
head The transverse diaphyseal osteotomy of the first metatarsal in cases of
metatarsus varus primus was again advocated by Hawkins, Mitchell and
Hedrick  (1945)
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The principle of resection of the proximal phalanx of the big toe was first
introduced by Keller (1904), who published three cases all having satisfactory
results Later this was taken up by Brandes,' who resected the proximal two
thirds of the basal phalanx Girdlestone's’ method is simply a combination of

N )
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Fio. 134 McBode operation.

resection of the basal phalanx, already practiced by Reller (1905), with the
oblique osteotomy of Ludloff and Mau

The pnnciple of arthrodesing the metatarsal base with the cuneiform as
well as removal of the exostosis, Is Jncorporated in the method of Lapidus @
Finally, Steln™ sections the contracted soft parts, especially the adductor,
removes the exostosis and performs a capsular plasty

Of all these operations we select three which we apply according to the
merits of the case

1 Inmdder cases we use the operation of Stiver

2 Inmore extensne cases, where there is a definite hallux valgus deformity
but no arthritlc changes we use the operation of 3lcBride In cases in which
this parallelism of the metatarsal cannot be obtained an osteofomy 18 added to
the operation The osteotomy corrects the deviation of the first metatarsal (Figs
134 135 136)

3 In cases which show arthritic changes In the Jolnt the cholce is between

Fia. 135 MceBride opemation. Case C. M. a) Before, b) After
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[ b
Fia. 136, McBride operation. s) Before, b) After

two operations, the Mayo-Hueter bunion operation and the operation of
Keller Brandes For this type of case the operation of Hueter Mayo Is
probably the most widely used. It is simple and effective and gives good results
[n cases of badly deformed and painful hallix valgus and i adult cases with
arthntic lesions The disadvantage of the Hueter Mayo operation Is that the
principal point of support of the foot is removed from the longitudinal and

Fic 137 Mayo operation. Case L H. #40-10483 61 yeanrs, August, 1930, Patlent s feet begun beiag
pamtul four years ago  condition became gradually worse. Right foot hes & marked ctostosh aod
ballox valgus, & hammer toe of the second, ton at the folnt and
marked tepderpess. Left foot hus s halux valyms with exotosh, h-ray showed arthitle changes
2t metatarsophahangeal joint. Bilateral Mayo operation performed Auwgnst, 1940, and 2 Hoffman
resection of the third and fomrth metatarsel heads on the right fa November 1940 Enod reslt
four years Later very satldfactory o complamt. a) Before b) After
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transveree arches, which becomes particularly noticeable in the gmt (Fig 137)

For this tvpe of case we prefer the heller Brandes operation which consists in
reeection of one fourth or one half the bacal phalanx of the big toc If one-half
the basal phalant is removed, the rish of a postoperative rigidity of the joint
1savoided (Fig 138)

a b

Fio. 138, Keller Brandes operation. Case H. J., #42 700, 57 years, Jamuary 1942 Pathent com-
plamed of pain at big toc joint for seversl years. Examimatlon showed bilteral hallut valgus
with hammer toes on both feet and callses over beads of metatarsali \ ray showed arthritic
chanpes. Reller Brandes operation performed on right foot, together with resectlon of second,
third, fourth and fifth metatarsal beads and the Interphalangeal foints of tbese toss. End result
ten monthy later was good. #) Before. b) Alter

STATISTICS ON HALLU\ VALGUS OPERATIONS (W R Hamsa™)

Up to 1937 there were 339 cases of bunion operation available for study, with
a mimmum of two months and a maximum of 22 years’ observation The results
were as follows
Silver Operation 178 bunions
Good 57 per cent
Fair 22 per cent
Poor 21 per cent

Mayo Resection of the Metatarsal Head 126 bunions
Good 61 per cent
Falr 30 per cent
Poor 9 per cent

McBride Plasties 14 bunions
Good 36 per cent
Falr 50 per cent
DPoor 14 per cent
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Brandes Operxtion 21 bunlons
Good 19 per cent
Fair 48 per cent
Poor 33 per cent

From 1937 and 1938 an additional 26 cases with 43 bunions were reviey
(F E Thornton*) Two bunion operations by the Silver method were failu:
Of the cases with McBride operations 7 were fair and 21 good. All 12 ca
operated by the Mayo procedure gave good results

VIII. THE OVERLAPPING FIFTH TOE AND
TAILOR’S BUNION

The overlapping fifth toe is the counter part of hallux valgus on the late
side of the foot. The toe is adducted toward the mrdline, is dorsiflexed in
metatarsophalangeal joint and outward rotated so that the nail faces latera

The Lapidus®™ procedure 1s a transposition of the severed extensor tendon
the httle toe, In which the distal stump of the tendon Is transplanted medis
and plantarly under the toe, being sutured into a slot made in the abduc
of the fifth toe Others® simply expose the extensor tendon and lengthen
adding a capsulotomy In order to correct the position of the toe We find t!
in most cases of badly overnding fifth toe, it is just as easy and more efficu
to remove the toe entirely We have never seen any untoward effect from st
a removal

IX. THE HALLUX RIGIDUS

The extenslon of the big toe is limited If weight 1s thrown forward onto t
big toe joint, and especially at the take-off, a painful straln 1s produced. Ve
often there 1s hypertrophy of the bone at the dorsal surface of the metatan
head, the base of the distal phalanx may show similar ridges Conservative tre
ment may try to relieve the stran from the big toe joint by a supporting insc
and a metatarsal bar If this 18 not successful, an operatrve procedure s nect
sary Simple excision of the ostecarthritic ridge at the head of the metatarsal
the base of the basal phalanx is entirely insufficient. It {s necessary to not on
trim the portion of the head of its marginal exostosis but also to remove pa
of the shaft of the basal phalanx so as to give free range to the extension
the big toe For this purpose we prefer the Keller Brandes operation (F1g. 139

X. THE MARCH FRACTURE

The so-called march fracture Is a condition 1n which a hairline fracture occu
in one of the metatarsals following strain and stress “Fatigue fractures” ha
been observed i other bones, particularly in the fibula, the radius and even !
neck of the femur

Full information on the history of this disability is contained 1n a compr
hensive article by Leveton* It seems that a German military surgeon, Brel
haupt, was the first to assocate this mjury of the foot with the tranma «
marching Since then numerous other observers have described similar cond
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tions, but it was not until 1897 that Stechow demonstrated that this foot com
plaint was due to fracture of the metatarsal bone The condition 1s known also
as Deutschlander discase (from a description In which this author ascribed the
conditfon to a hematogenous bacterial periostitis) There is a general bellef
that this condition Is due to the summation of protracted foot strain, but there
are anatomical conditions which favor the development of this fracture Sirbu
and Palmer”’ maintain that the march foot occurs in young soldiers unaccus
tomed to the nigors of long marches, but only in those whose feet are inherently
weak or flat Of 259 cases of metataral march fracture Leveton™ found that
105 had weak or flat feet, but the fect of 59 patlents were perfectly normal, and

Fia. 139 Hallux rigics resection besal phatany Case C 3McC a) Before b) After

17 had even a pes cavus In 76 the first metatarsal was shorter than normal, in
114 it was of normal length 1n 69 it was longer than normal

Symptoms. The condition develops insidiously with slowly increasing pamn
which first anses after prolonged, excessive effort and later after ordmary
exercises The gradusl relaxation of the mtermetatarsal higaments leaves the
metatarsals unprotected. The strain affects principally the second and next
the third metatarsal.

The x ray shows a hauline fracture through the cortex of the metatarsals
and later a beginning callus formation Still later & spindle-shaped mass of
bone is formed surrounding the lines of fracture The fracture s complete in
the majonity of cases when they come under observation, but there is no dis-
placement of the fragment. According to Krause,® there are no x ray signs
until seven to 10 days after the onset of symptoms Only swelling of the soft
tissues is noticed From 10 to 17 days after injury there is a little periosteal
furziness at the site of the beginning fracture, and on close observation a
baitline fracture can be seen Later the periosteal shadow appears, and a more
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crcumscribed callus is visible Finally, the case ends with shght thickening of
the cortex and solid union

Treatment is immobilization m plaster for four to erght weeks, or at least
rest, hot application and relief from weight bearing Others recommend bed rest
untl pain and edema have subsided, and then complete immobilization by
plaster applied with the foot 1n dorsiflenion and inversion

XI THE PAINFUL HEEL. THE HEEL SPUR

While various factors may produce heel spurs, such as infectious perfostitis
or metabolic disturbances, the painful heel is most often of purely static natare
It is caused by excessive pressure
upon the heel and is facilitated by im
' proper shoes, heavy weight or static
deformities of the foot, such as flat

foot.

\\\‘ The site of the calcaneal spur 1s
the infersor and med:al aspect of the
posterior process It Is here where the
plantar fascla takes its origin, and
pressure applied to this area or the
pull of the plantar fascig results in a
slight separation of the penosteum
In contrast to the inflammatory spurs,
the static spur 1s not an appoaition
but part of the bone 1tself The stress
Lines of the spur are continuous with
the trajectonies of the body of the os
calas Inflammatory spurs show no
such internal architecture

The symptoms of calcaneus spurs
are pain, tenderness, swelling and
mﬁﬁn(;ﬁ::”ys“ - m limp The onset Is gradual, and pamn
Operayon, Ctarles C Thomes, 1940, Fig. 89) and tenderness are felt along the

median border of the os calds or at
the attachment of the plantar fascda The x ray evidence Is not always com-
mensurate with the clinical symptoms Whether pressure symptoms develop
depends much more upon the shape of the spur 1ts sharpness and its downward
direction

Conservative treatment should always be trled It consists In application of a
very rgid support which grips the arch of the foot firmly and has a cuppad out
heel so that most of the pressure on the spur is ehmnated If conservative meas
ures fafl operation becomes necessary The usual operative procedure is the re-
moval of the spur from a medial mcision alongside the as calcis All of the spur
must be removed across the entire width of the os calas Of a total of 71 con
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servatively treated heels, we found 46 4 per cent had complete and permanent
relief Only «light or no relief was found in 53 5 per cent The statistics'* on
operative removal <how complete rellef of symptoms after operation in 51 7 per
cent, 41.3 had some postoperatiy ¢ recurrence of symptoms varylng from mild to
cevere pain In extreme cases when removal of the spur has resulted in recur
rences, we hnve apphied the rotation osteotomy (Fig 140) This operation
changes the point of contact for the os calcis by rotating the postertor process of
the os calas so that {ts lowermost point is deflected upward and forward, and the
welght pressure is placed on the posterior instead of the inferior surface of the
heel Of § cases so operated complete and permanent relief was obtalned in 75
per cent
\II THLC CALCANLCAL BURSITIS

In 1928 Haglund de<cribed an anatomie vanation 1n which the upper border
of the os calds is drawn out higher than normal and causes the shoe to press
agamst jt. The result is a hypertrophy of the skin and inflammation of the
supracaleaneal bursa with an ossifsIng periostitis In order to relieve the conds
tion a resection of the upper end of the calcaneus 1s performed

AIIl THE INGROWN TOENAIL

Ingrown tocnail is the name for a disturbance in which one or both of the
lateral margins of the nail are turned down and imbedded into the soft tissue
around the nafl It produces an inflammation at the edges as the nail digs into
the soft tissue and often causes fissures and warty growth in the inflamed skin
The cluef causes for this disability are short and pownted shoes or high heels,
short and tight stockings or improper trimming of the toenails

Early cases may be treated conservatisely by pushing the overhanging edges
of the skin back and frecing the edges of the nail. In more advanced cases and
especually if infection has set In, It is the practice to remove the lateral portions
of the nail without destroying the matrix A very simple and efficlent procedure
is that of Newman which consists in Inserting a very thin metal foil over the
nail. The edges of the foll are curled under so that It can be slipped under the
nail edge separating it entirely from the underlying bed
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