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"ind if so be any man
object unto me that this
discourse is only com-
rllede tozether of cert-
ayne rapsodyes of anti-
gue GChyrugians I will-
ingly heere confes and
acknowlegge that in this
treatise there is verye
little or nothing at all
of myne own Invention."

Jagques Guillemeau
A.D. 1594



INTRCDUCTION

Infantile Paralysis 1s a term well-known to
the layman of this day and age. In daily life he
is forced to visualize the reavages of the disezse:
the workman beside him has a "lame leg"; the child
next door wears braces and can't run or play with
thhe rest of the children; his brotrer hag a twisted-
hunched back, 1s wezk aﬁd unable to support himself.
AL the rmovies, newsreels show flashes of President
Kocogevelt with his ever present aide. The disease
plays no favorites; it strikes at the rich and
mighty, as well as the humble.

Each year large donations are made to the cause
of the fight against poliomyelitis. In the anﬁual

report of the Natlonal Foundation for Infantile

el

“aralysis made September 30, 1942, 77 grants anrd

appropriations totaling $1,142,009 were recorded (1).
In the last three decades many clinical studies

have veen made and a vast amount of experimentsal

work has peen aone. Great advances have been made

3

in many fields, yet, even today, the picture is {ar

o

from clear. No true cure has bteen devised, and the
people still [ear the sccurge of this disease.
Conseguently it is essy to understand the great

amount of publicity which zccompanied Sister Kenny's
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"mission" to this country two years zzo. This
austere nurse came out of the Australian bush

with wonderful stories of children sent home,

well and with no residual paralysis two or three
months after the onset of the disease. ihat was

this new method of therapy the people wanted to know?

The story of her fight for medical recognition
(which she has at last attained) is quite romantic
and reads llke one of the chapters from Horatlo
Algers. The fact thet her method 1s just the op-
poslite of the so-called orthodox treatment has, no
doubt, a tendency to enhasnce the tale. To many she
has become an "angel of mercy", the heroine of the
age.

The National Foundation feor Infantile Parslysis
made grants, &nd provision was made for field
studies. Glowing succecsses have been reported and
many physicians, among them distiriguished orthopods,
have zcclaimed the Kenny method of treatment. Like
the sulfonamides, when they flrst were used therapeutic-
ly, her method has swept the country and taken it by
storm. 2Zut just as in the case of the famous "“cure-

all drugs", here and there through the recent mediczal
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literature have come reports not substantiating
Sister Kenny's theories and methods. Arguments
have sometimes been bitter on elther side of the
question. The confusion surrounding pollomyelitis
still reigns.

Perhaps this 1s 2z poor iLime to be writing a
thesis upon this particular subject. however, an
interest in the fight that is progressing between
the "right znd left wings" of this therapeutic
oroblem and the desire to anslyze and draw conclusions

myself has promrpted me to take up thils subject.
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HISTORY

The mysteries which shroud the disease Polio-
myelitis extend even into the realm of its history;
many of 1ts historians are loazth to say whether it
1s ancient or comparstively modern in origin. The
latter would certainly be of prime import were this
discussion limited to its epidemic nature. However,
a number of things have been found which indicate
the possibility of its being one of the earlier
diseases of man.

An "archeologist's delight" they call the country
of Egypt, and 1t was here that the first reference
to Poliomyelitlis in man wes found. In a village
south of Cairo & skeleton wes found dating from
approximately 3700 B. C. It was important from the
standpoint of this disezse vecause one femur was
shorter than the other by &.2 cm. with no evidence
of having been broken. Shortening of the leg 1s one
of the charzcteristic deformities often noted in
the more severe forms of poliomyelitis. Therefore,
this was cronsidered sy certaln authoritlies &g the
first known case of infantile palsy (2). However,
the point is in dispute since kaciusland (5) and

others have pocinted out the possipllity that its
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origin could easlily have been of a congenital nature.

Other facts have begn uncovered, however, which
2id and abet the "ancient" theory. 4n Egyptian
stele of the 18th dynasty (1580-1350 B.C.) pictures
a man with a typlcal "equinous position." Skeletons
with similer deformities have been dlscovered in
Greenland (2). They are thought to be Norsemen
who settled there early in the 15th century.

These facts can only suggest the early appear-
ance of poliomyelitis, but, if true, may be of
importence from an epldemiologicel standpoint.

On the "modern'" side of the question the first
clinical studies of the dlsease recorded begin
early in the 18th century. Certain smell references
can be found here and there among the literature;
among these was one made by Sir Walter Scott (as
recorded in Lockhart's Life of Sir Walter Scott).

He describes it as "the fever which often accompanies
the cutting of teeth." In 1773 Scott was attacked

by the diseace at the age of 18 months; one leg was
paralyzed and permanent lameness resulted.

The first description of the disease of any im-
portance was made by Underwood in 1793, in the first

edition of his treatise on "Diseases of Children." (2)
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He managed to devote two pages to the "Debility of
the Lower Extremities." About treatment he had the
following to say: "These cases seem to be benefited
by external use of the waters at Bath." Here in

the very beginnings of its recorded history 1is a
suggestion or idea on the possibilities of hydro-
therapy~-a process still in use almost two centuries
later. Surely 1in this point, if no where else, 1is

an example of the "art of medicine,"

practiced by
men of these times.

In 1799 Underwood adds this to his 1dea about
treatment: "In any case, the only remedies I have
found nececssary, have been calomel or some other
purgative; sometimes an emetic, and volatile em=-
brocation to the limbs. Electricity, I am told,
has been advised in one instance; and if the complaint
should not otherwise yield, may as properly be had
recourse to in this, ss the former instances." He
was evidently gaining a clearer concept of the disezse.

Dr. J. Badham of Worksop, Kotts in 1835 gave an
account of four cases occurring in children (2).

He drew attention, for the first time, to the cerebral
gsymptoms. In these cgses treatment consisted of one
or all of the following: calomel, cold sapplications

to the head, blisters to spine, cataplasms to affect-



ed limbs, and strychnine externzlly.

Despite notes made on the disease up to this
time, Jacob Heine's mcnograph in 1840 gained for
him a signal honor--and he 1s today considered the
picneer contrihutor to modern kncowledge of polio-
myelitis. Heine concluded from hils studies that
symptoms of the diseese "point to an affection of
the central nervous system, namely of cord, of an
irritstive end congestive type." The additional
fact that the disease tends to occur in epldemics
was noted some thirty years later by iedin in
Stockholm. Hence, even today, the term "Heine-ledin
disease" 1s commonly used in Germany and Scandinavia
to include all the various clinical forms cf polio-
myelitis (3). The first adult czse of poliomyelitis
wes described by Vogt in 1859.

Up to this time medical men had been little
concerned with the pathclogical processes involved.
However, in the yvear 18A3% von Reinecker and von
Recklingheusen in Germeny and Cornil in France
decscribed lesions in the anterior horns and lateral
columne of the spinal cord. Not long afterwaras in
1888 Rissler mede his classical histological study
of five cases--three of which died in the ezcute

stage of the diseas=. It was his luck and opportunity
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to observe the "earliest changes in the cord that
has thus fer been examined by anyone" (4). His
work has since been enlarged upon and completed by
a number of workers--notably among these 1is Wickman.
It was this man who started certain concepts of
pathological anatomy. In 1905 he wrote, in effect,
that he believed infection tock place via the
elimentary tract; that transmission of the virus was
along nerves by way of lymphatics; the disease 1is
probably spread by person to person contacte-znd
~thls laet 1dea 1s still being forwarded by many
investigators today.

In 1884 1t was Strumpell who first noted the
resemblance belween caseg of acute encephalitis
with spastic paralysis in children and certain cases
of poliomyelitis (2). It was his conclusion that
these two diseases prowvably had & common etiologlical
factor and pointed out for the first time the
possibility of an external infectious agent for both
of them. larie corroborated Strumpell's observations
and theories in the following year. Therefore, the
cerebral type of poliomyelitis 1s referred to as
the "Strumpell-karie type."

Until the last two decades of the nineteenth
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century only sporadic cases, or at the most only a
few to a community, were reported. ©Since then many
largé and severe eplidemics have occurred in many
places throughout the world. The reason for this
zudden up sweep in the number of cases is another
fact about poliomyelitis history that belongs proper-
ly under theat shroud of mystery. From an epidemle-
logical point of view, poliomyvelitis must be con-
sidered a disezse of the present.

From the standpoint of physiotherapy, Osler in
1906 suggested that the child should be kept in bed
and the affected parts wrapped in cotton. Rubbing
and kneading affected parts was started as soon as
the child could stand it. 1In this same yeer 4. H.
Tubby and Robert Jones (6) wrote, "the element which
has to be combatted is the secondary change in the
contracted stronger group of muscles. This change
is termed contracture; it involves tissue shortening
due to prolonged contraction.....tireatment is by
means of splints." Here is one of the‘first occa-
sions in which immobilization is suggested. Later,
in 1910, Lange suggested the use of plaster of parils
caste. (7)

In 1916 the Harvard Infantile Paralysis Com-

mission was formed. It aavocated use of massge,
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muscle training and braces 1f necessary. In addl-
tion, Peabody, a member of this commission, suggest-
ed use of wire splints at night and active and pas-
sive motion during the day, along with heat and mas-
sage.

During the period of the last two decades comu-
plete immobilization has become the treatment of
choice. Now Sister Kenny is advocating symptoms
heretofore unrecognized, and a treatment in which
immobilization is condemred. In the next section,
symptomatology, the old and the new, will be dis-

cussed.
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SYMPTOLS and DIAGNOSIS

Acute anterior poliomyelitis has been defined
as "an infectious disease which primarily involves
the central nervous system, attacking especislly the
gray matter of the spinal cord, but capable of pro-
ducing widely separated lesions throughout brain
and cord and also in extra-neural tissues. The
most striking changes are found in the gray matter
of the anterior horns of the cord; and it 1s these
lesions which give rise to the characteristic
clinical feature of the disease, namely, the flaccid
peralysis of various groups of muscles" (8).
In- the short time since this was published (1941)
new ideas and concepts of the diseacse have been
ferced on the attention of the medical profession.
Now we cannot be quite sure that this particular
definition 1is either completely true or adequate.
The ressons for this statement will be given presently.
Anterior poliomyelitis has been divided into three
stages on baslis of clinical &nd pathological mani--
festations. The stages are (1) acute, (2) convalescent,
and (3, chronic. According to the classical descrip-
tion of Lovett (9), the scute phase lasts from onset

to disappearance of muscle tenderness, usually about
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elght weeks; the convalescent phase begins at the
end of the zcute phase, continuing so long as
spontaneous improvement is marked (about two years)=--
the time for greatest gain in matter of ultimate
function; the chronic period continues onward from
end of convalescent phase and is the period in which
treztment is largely operative. It is with the
acute phase that I will lergely concern myselfl in
this peaper.
The onset 1s variable, but in the main can be
classified according to three types (2):
(1). No nrodromal svmptoms or sisns occur. Onset
of paralysls ig sudden.
(2). Onset occurs with indefinite symptoms of a
gastrointestinal or anginal nature. Fever
usually occurs (100°-103° average) for a
few days, followed by a remission of one to
several days. Then fever and systemic
symptoms reoccur and the condition may go
on to paralysis.
(3). Systemic symptoms progress rapidly and un-
interruptedly to those indicating involvement
of the central nervous system. This type 1s

most common.
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The following symptoms znd signs is a composite

of those listed in various textbooke printed since

1932.

The percentages guoted are teken from J. A.

Ldamson's review of an epidemic that occurred in

kanitoba Canada, 1941, (10) and are not to be taken

as entirely typical-<however they do represent a

close average of the 408 cases studied.

(1).

(2).

(3).

(4).

(5).

Headache. The is one of the most common
subjective findingzs; 83.7%; usuzlly frontal;
duration varies directly with severity of
case; usuzlly intermittent.

Pailn in neck, back, and limbs. Vsaluable
diagnostically. Absent in only 9.6%. Pain
in neck, 69%, corresponded with headache in
duration and intensity out disappeared long
before objective evidence of neck stiffness.
Fever. &Quite constant symptom; 100-1030,
Course is similar in all cases. Fulse rate
in proportion te fever ususlly.

Vomiting. 46%, in some epidemics is lesding
symptom and often assoclated with diarrhea.
Congestion of throat and pherynx--25%.
Blurred vision snd double vision. kinor
complsints about vieion sometimes occur, but

are ususglly reare.



(7).

(8).

{9).

(10).

(11).

(12).

(13).
(14).

(15).

w1l
Sweating--sometimes profuse. Importance
controversial, considered not greater than
with any other fever by some men.
bomnolence and insomnia. biost cases appear
to be more azlert and sensitive than normal.
In Adamson's review somnolence occurred in
12.7% of cases and was mild and short.
Extreme drowsiness alternating with irritab-
illty when disturbed.
Hyperesthesia. Often occurs early, with
sl;ght touch or pressure, especlally over
the spine or large nerve trunks.
Tremor or twitching of nmuscle groups. OSome=
times occurs in the tongue.
Stiffness of back and neck. 42.8%, occurs

more often among "paralytic group,"

not always
assoclated with psin--often persistent much
longer, sometimes as long zas two weeks.
Kernig's sign--rarely present.

Speech and swallowing difficulties; 15%; mostly
due to palatal paralysis.

Absent tendon reflexes, Early: deep reflexes

often exapggerated and equal, occasionally

& Babinskl or clonus is present. Late:



(16).

(17).

(18).

(19).

-15~

deep reflexes are unegual, diminished or
lost. Absent in 18.4% of cases. 47% with
definite leg involvement had tendon reflexes
intact up to the iime of discharge. There-
fore thelr persistence or disappearance 1isg
poor evidence on which to base the chance

of paralysils.

Bladder and bowel involvement. Usually
transient if present. In severe cases may
have incontinence.

Absent abdomlinal reflexes=-occurs mainly in
paralyzed groups, 16%.

Paralysis. Usually develops on the second or
third day, but has occurred as late as the
fifth day. The psaralysis is most common in
the legs, but can occur in any muscle or muscles
and to verying degrees. According to McNalty
(%), the paralysis may be of either the flaccid
or spastic type depending on site of the
lesion.. The usual view taken, however, 1s
that this disease producees & lower motor
neuron type of paralysis. |

Tenderness. Varles from tenderness on

slight pressure 1o exqulisite sensitive-

ness to touch, usually located in affected
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muscle. Average duration is six weeks; has
been known to last 16 weeks, especlally
with too early manipulation.
As pointed out, not all these symptoms occur
in the same proportions. The mailn ones, upon which
the dlsgnosis 1s most often made 1s headache, fever,
stiffnese of neck and back, muscle tenderness and
spontaneous palin, and pzralysis when it occurs.
The main laboratory zid 1ls spinal puncture. The
gpinal fluild may show the following changes, which
are not diagnostic in themselves, but do often
help point toward the diagnosis:
(1). Total cell count. kLay be from 10-1,000.
Averages 10-150
(2). Differential cell count. First day, lympho-
cytes predominete. Following three days,
lymphocytee and granulocytes may ke present
in equsal progortions. Fourth day, the
granulocytes decrease and may disappear by
the seventh day. Adamson found that a
preponderance of granulocytes in the fluid
after the second day was of good prognostic
significance from the standpcint of paralysis.
Cell count usually fells to normal at end of

the second week.
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(4).

(5).

(6).
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Protein may be slightly increased; not
parallel with the cell count. Frotein may
remain up until the seventh week or there
about.

Colloidal gold curve., 11221C0000 tp
1123321000 cheracteristically according to
study of Peabody, Draper, and Dochez (11).
Spinal fluid is saild to have a ground glass
appearance.

In rare instances spinal fluld will be

completely normal.

For purposes of diagnosis the disease has been

divided into clinical types. Iany types have been

listed in the literature; I have chosen to reproduce

here the one recommended by the lnternational Com-

mittee organized by Jeremiah Millbank in 1932 (2).

I have chosen thie particular one because of its

simplicity and preactical significance.

(1).

(2).

Abortive type. Cases with mild constitutional
symptcms but with no evidence of central
nervous system involvement. Common in epi-
demics; no mortelity associated.

{

Nonparalytic type. Cases in which nerve



(3).

(4).

(5).
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cells not sufficlently injured to produce
paralysis, although there may be a transient
weakness--few hours to days. Also common

in epidemlcs; no deaths.

Type with subcortical paralysis. This 1is
the usual type found in epidemics. HMay

also include sasgcending and descending
paralytic types and bhulbar forms with
paralysis of cranizl nerves (facial and
abducens most commonly involved,.olfactory
and auditory never). The bulbar form has

a high mortality rate, sometimes around 75-
100% in severe epidemics.

Central or encephalitic type. This may occur
either with or without upper neuron involve=
ment. As a rule spastlic paralysis 1s rare.
Disturbances of sensorium manifested by
dreowsiness and stupor alsc form a rare type.
This form has & very low mortality rste and
ig seen only with large epldemics.

Ataxic type. In this type the motor cells
evidently are not involved. The type 1is
charescterized by inccordination, ataxia,

and nystagmus (on post-mortem examination
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find cerebellum, Clarke's column and
inter-vertebral ganglia involvement). This
type 1s quite rare.

The paralysis which occurs is usually of the
flaccid type; the stironger unaffected muscles over-
powering antagcnistic, but paralyzed muscle groups.
This leads to charccteristic deformities of the
chronic stage such as foot drop, hyperextension of
the legs, scollosis, lordosis, etc. unless adequate
treatment can be instituted. Cases of the ghortive
or nonparalytic type are scmetimes herd to dliagnose,
especially where the cases are of a2 gsporadic nature.
Diagnosis, here 1s bazed solely on the acuity of
the physiclan.

This plcture of the disesse in the acute stage
represents the so-czlled orthodox view of acute
anterior poliomyvelitis. The disease is not well
understood in most éll of its phases; the epidemiology,
pathology, and even the eticlogy have been in dispute
from its early history sterting in the middle of the
19th century up to the present moment. However,
for the greater part, most medical men were quite
well agreed on clinical symptoms if not their cause.

Therefore, it was some-what of a shock when out of
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the Australian bush came rumblings of views dia-
metrically opposed to & .1 wnat had gone before.
Sister Kenny's concept of this disease has
given rise to three new terms--based on her idea of
the syaptcmatology of acute anterior poliomyelitis.
These terms are (1) muscle spasm, (2) incoordination,
and (3) “mental alienation."
These three symptoms have been described by Cole,
Knepp, &nd Pohl who have worked with kiss Kenny in
¥inneagolis for the past two years (12).

Fuscle Spasm. "This term denotes a group of

symptoms including fibrillary twitchings, hyper-
irritabllity of the muscle to stretching and more

or less tonic state of contraction of the muscle
fivers whichh freque tly cannot be overcome even by
great force.....h patient acutely 11l his muscle
weekness, the muscles are painful, tender, 1irritable,
and in spasm.....A muscle in spasm 1s one aitempting
to shorten itself. Temgorary contrsction early,
which i1f unaitended, soon develops into fixed de-
formities.....Examination of a patient who has not
been treated for spasm leads t¢ the conviction that

the patlent suffers frequently from stiffness and
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contractures rather than perelytic wesxness.
uscle 1s normally zn elastic tissue and depends
for its function upon the proverty of beilng avle
to lengthen and contract itself. If the muscle is
allowed to become short through spasm or sny other
process 1ts useful power 1s definitely lessened.
Furthermore inzbility of the muscle to lengthen
imposes & severe restriction on the action of its
opposing muscle.

"The orincipsl locations of demonstrable muscle
spasw in a_proximate order of frequency are:
(1) namstrings, (2) buck and neck, (3) posterior
calf muscles, (4) pectorals, (5) muscles of resp-
iration, (6) quadriceps, (7) biceps of the arm, and
(8) forearm and anterior leg muscles.

"Detection of spasm is by (1) observation,
(2) ovservation ané paloation, (3] passive stretching
of muscle in spasm."”

kuscle spzsm in different regions of the body
alsec produces certain characteristics which aid in
diagnosis, according to this disesse concept. For
exam>le, in the neck: prominence of the extensor

muscles; head in hyperextension; pastient cannot flex
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neck; pain in back on neck with pessive flexion.

Incoordination. This is said to be principal-

ly of two types, "(1) that due to spreading of

motor impulses intended for a certein muscle to other
muscles or groups of muscles due to such conditions
as pain on attempted motion of involved muscles or
inability of that ruscle to perform its proper
function; (2) thet occurring within the involved
muscle itself so that ineffectivecontraction is pro-
duced instead of a coord 'nated rhythmic contrzction
producing meximum motion at the insertion of the .
muscles.....uncontrolled voluntary motion when
-attempted in presence of spasm leads to symptoms of
incoordination by the development of sbnormal

motion patterns and misuse of muscles. Active motion
on the part of a2 patient unless carefully super-
vised and directed may do great harm, therefore,

and lesd to difficulties in securing the return of
nermal funetion."

bental slienation. This is a physiologic block;

not organic. This symptom may be oroduced in the

following ways:

(1). 4 muscle is pulled beyond its normal resting



2%

length by its opponent which is in spasm.
(2). "Alienation" produced by pain in an involved
opponent by the attempt of such unaffected
muscle to contreact.
(3). Spasm produces =z braking action on the normal
opposing muscle, snd may be sO severe as
to produce zlienation.
(4). Changes in the nervous system may occur
which do not actually destroy nerve cells
or fibers but do cause loss of conduction
power.

This whole symptom-complex is neatly described
by A. E. Deacon (13). "According to kiss Kenny.....
acute anterior poliomyelitis should be classed as
spastlc paralysis....flaccid paralysis is seccndary,
a result of the spastic paralysis.....Ilf one group
of muscles is in spasm and cannot relax, the ant-
agonistic group is prevented from fully contrsascting
due to tre brake-like action of the opposing muscles;
any attempis at contraction of the non-spastic
group stretchesg 1ts antagonistic spastlic group and
increases the spasm and pain; & fear complex is set

up and the patient refrains from usins hls non-
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spastic group; a functional brezkdown between the
brain control and the non~spastic group develops

and the non-spastlc muscles undergo a flaccid
paralysis:......the patient loses his mental
awareness of these flaccid muscles, and the flaccid
muscle beccmes 'alienated' from their brain control."

The detection of incoordination according to
Sister Kenny (14) depends on the observation of
whether the acting and opponent muscle groups are
attempting to contract together or when one group
of muscles (unaffected) are used to perform the function
of a second group (affected). Mental alienation oc-
curs when no voluntary motion can bhe obtained from
an uninvolved muscle group.

Since these views expressed by Sister Kenny and
her ‘"backers" are so radically different from the
accepted 1ldea of poliomyelitis, 1t might be well
to see 1if there 1is any pathological basis upon
which such views might be founded. The pathological
pilcture and course of poliomyelitls is as yet not
clear-cut. For this reason a resume of "known"

pathology will be given first.
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PATHOLOGY and PATHOGENELIS

The pathology of poliomyelitis is centered about
two maln processes; one involving the ganglion cells
and the second involving the supporting tissue.

Both of these components are markedly affected, the
fermer showing & wide range of changes indicative

of degeneration and necrosis, the other character-
ized by hyperemia, edema, cellular infiltration, and
hyperplasia. These changes are confined almost
entirely to the gray matter, although of varying
topographical intensity.

From the time of Rissler (1888) up to the
present day a literary argument has ensued over which
of these processes occurs first in the tigsues. It
wag Rissler's idea that ganglion cells were affected
first and ithat chenges in supporting tissue were
secondary. Vilckman, along with other early workers,
promulgated the opposite view. He believed that
nerve cell degeneration wass the result of pressure
and blood-vascular changes occurring in the inter-
stitial tissues. These early workers belleved that
poliomyelitis was a generslized infection, affecting
mainly the anterior horn cells of the spinal cord

and the nervous tissues in general (15).



However 1t is quite generally agreed today that
the virus of poliomyelitis 1s neuronotropic, that
1ts transmission in the body 1is: by axonal progres-
sion, that the primary effect of the virus is on
susceptible neurons, that the inflamratory reaction
1s of s secondary nature bteing the result rather
than the cause of the neuronal damage.

The pathologic course as described by Sabin (16)
is as follows: '"The cells show a diffuse chromato-
lysis and sharply outlined, ecidophilic, intranuclear
inclusions generelly have been found one or iwo
days vefore onset of parelysis. This process then
progresses 1o complete acldophilic necrosls of the
cells &na invasion of polymorphonuclear leukocytes,
which ultimately &rrange themselves over the dead
neurons to form & typilceal focus of neuronophaglza.
after sevaral days the polymorphonuclear cells
diszppear and their place 1s tsken by glisl cells.
This series 0 chanses ey be taken to represent the

pathologic unit of policmyelitie, and the resulting

mn

clinical siuns mey be regarded as depending on the
nunber snd locatlion of neurons so affected.

Assoclated wiilr this there 1s glso sn interstitisl
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and perivescular infiltration with cells which

very with the stage of the disease, many polys

being present early and mononuclears and glial cells
predominating later. The cells present in the
meninges sctuslly represent egn overflow from the

periveasculsr

¢2]
T

gces znd ere thus secondary to
neuronal damage rather then the result of a true
meningitise. The so~called sizgns of meningeal ir-
ritation, including the familiar spasm of nuscles
of the back of the neck and back, therefore, are
more properly regarded as the esrliecst signs of
neuronsl demage than the result of a true meningitis.
"Llthough the disease may primsrily affect one
region, it may shortly be followed by typical
pathologlicel procesgses in snother part of the central
nerveus system.......iWhere in the spinal cord the
anterior horns are aiTected primsrily, the posterior
horns are not altogether gpared, and the dorsal root

canglion almoet invariably shows destruction of

X

varying numbers of sensory neurons."

Further proof of the fact that the virus affects
nerve cells primarily has been brought out in the
experiments of Howe and 3Bodian (17) on monkeys.

"Retrograde degeneration of most of the nerve cells

of the left ventrolsteral thalamic nuclear mass
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was caused by ablation of their projection center

in the cerebral cortex. One month lster an emulsion
of spinel cord containing potent poliomyelitils

virus wss 1inoculeated directly into this susceptible
region of the brain which had been denuded of nerve
cells, but which was otherwlise relatively normal.
Although poliomyelitis occurred after five days,
with typical pesthologicsl changes in the brain and
spinal éord, the lesions were practiczlly zbsent

in thet portion of the left thalamus which had
undergone a previous retrograde nerve cell degenera-
tion. Thigs occurred despite the fact that the virus
had heen piraced directly into the substance of this
region. ouch & res.lt suggests that the charzcter-
istic response of the mesodermal-glial tissue in
poliomyelitis, responsible for the non-neuronal
lesions, does not depend on the presence of the virus
alone but it 1s due rather to 2 resultant, perhaps
chemotactic, of a virus neuron rezsction." 1In
addition, these two men proved that when the virus
1s Introduced directly into & non-susceptible region
of the brain (e.g. lateral geniculate body or

occipital pole) mesodermal-glisl lesions fall to
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develop. It appears, therefore, that the virus of
poliomyelitis 1s highly neuronotroplc; this is, it
has a selective affinity for the neuron itself.

How the virus 1s transmitted in the body from
the portal of entry, . wherever that may be, to the
central nervous system, has been one df the problems
of poliomyelitis during the first two decades of
this century. lkany theories were advanced, such
23 trznsmission by blood-vascular system or by the
lympheatics surrounding the nerves. Suffice it to
say, that 1t is definitely known today, that trans-
mission of the virus is by axonal progression.

This idea, although suggested before from time to
time in the literature, was never gilven adequate
proof untll the clzssical work of Falrbrother and
Hurst in 1930 (18). They found that following
intracerebral injection the virue gradually dis-
appeared from the site of inoculation, but would
later reappear in the gons and the cervicel and
lumoar regions of the spinsl cord. It was shown
that the spinal fluid remsined free of demonstrable
virus, and took no obvious part in its transfer to

the cord. It was their interpretation, therefore,
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that transmission was by axonal cylinders of neurons

to brain stem and cord.

This work has been corroborated. Ferhaps that
of Howe and Bodian (17) was most extensive and
complete. In a series of experiments on peripheral
nerves they made the following observations:

(1). Following section of the sciatic nerve of
a nmonkey and moistening cut periphersl end
with potent virus suspension, poliomyelitis
invariably would result after an incubation
period of four to six days. This result
was not altered Ly previous nerve section
or freezing the nerve peripheral to the
point of inoculation two to six weeks
previous to lnoculation.

(2). Inoculation of the cut nerve immediately
following momentary freezing central to the
point of inoculstion failed to produce the
disease. The explanation given in this
case was that physiologlcal continuity of
the nerve is not enough for transmission
in the absence of living fibers.

(3). Following transection, this same fact was
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found true for regenerating fibers that
had not completed the process of regeneration.

(4). However when regeneration of nerve fibers
was complete (after at least two months)
inoculation -0of the central stump will result
in poliomyelitis.

(5). 8Since nerve centrzal to the point of inter-
ruption is morphologically intact as regards
vascular supply, lymphatic connectlions,
connective tissue sheaths, Schwann sheaths,
and myelin sheaths, 1t can be concluded that
it 1s axis cylinders that are rendered
refractery to the virus.

(6). Evidence on reciprocal relationships be-
tween the numcer of nerve fibers and time
of exposure suggests that the virus is not
propagated in the nerve filoer by multiply-
ing within it. They further believe that
sympathetic nerve fibers are not especlally
susceptible to the virus; however transmission
can probably occur over either motor or
sensory flbers.

(7). The mechanism of transport of the virus in
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the asxlis-cylinder remains a matter of
sapeculation.

They further found that even spinal transection
would not prevent the virus from passing around
this aftificial barrier, up or down the cord. It
was assumed that the virus passed from the cord via
the sympathetic fibers to the paravertebral chains
and, after ascending or descending in them, would
reenter the cord. This illustrates the possibilities
for the movement of the virus through the peripheral
nerves.

Not all parts of the central nervous system
are equally susceptivle to the virus of poliomyel-
itis. There 1s & cifference guantitatively and
in the severity of lesions, depending on thelr site.
Goodpasture states that "the great motor cells of
the cord, especilally in the lumbar and cervical
enlar-ements, are most susceptible, while cells of
the cerebrszl cortex ssem to be relatively so" (4).
Apparently zrea four of Brodmann represents the
most susceptible area of the cortex; some aress, 288
has already been mentioned, are refractive to the

virus. This difference in susceptibility 1s an
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important consideration; by it can be explained the
curious distribution of lesions which sometimes
occurs in this diseasse, and, the c¢linical symptom-
atology which would necessarily follow.

Explanation of the reason for so-called zbortive
or non-paralytic attascks of policmyelitis was quite
easy when the group believing in z primary inflam-
matory process held sway. It was their theory that
with the rellef or edema and pressure on the
neuronal cells, those cells not "toco far sgone" would
recover their function. However with advent and
oroof of a primary neuron-virus relationship, a new
explanation had to be found. On close examination
of lesions throughout the spinal cord and brain
it was found that necrotic, degenerated nerve cells
may lie silde by side with normel or only slightly
affected cells. It was zlso noted in experimentally
produced poliomyelitis that the animsels did not
need all thelr anterior horn cells for apparently
normal functioning. These findings have led Sabin
to this conclusion: (1) "That even when active
destruction of the lower motor neurons occurs the

gsegmental distribution of the lesions may be so
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spotty as not to affect the major innervation of

a given muscle; and, (2) that the virus need not
necessarily destroy all the affected neurons but
can also produce only partlal degenerative changes
from which the cell may recover" (16).

From the above discussion 1t must naturally bpe
assumed that the virus pesses to the central
nervous system by 1its peripheral nerve connections.
Schultz and others belleve this connection to be
via the olfactory nerve (19);: Toomey as a represent-
ative of the group believing in & gastro-intestinal
portal of entry, promulgates the idea that the
route cof pathogenesis 1ls from the gastro-intestinal
tract to the cord and medulla by way of the sym=-
pathetic and psrasympathetic nerve fibers (20).
However, proof of route taken by the virus to the
central nervous system 1s still in doubt.

Lesions found in non-nervous tissues are few,
and as yet, no 1lmgportance hss been attached to them.
Hyperplasia of lymphoid tissue throughout the body
i1s usually assoclated. No pathological changes
oceur in muscles or peripheral nerves during the

acute stage of the diseacse. Changes that occur



later in muscles are of the type following destruc-
tion of lower motor neurons--flaccid paralysis
and atrophy (21).

The description of pathological processes in
poliomyelitis given avove belongs to what might
be termed the orthodox or usual view. Most of the
main symptoms listed under thls heading can be
glven explanation. For instance flaccid paralysls
is secondary to lower motor neuron lesions of
spinal cord and would of course result in sbsent
tendon reflexes often seen in this disease; pain 1s
said to be of central origin--possibly due to lesions
of posterior root ganglia or posterior roots them-
selves; deformities result from the fact that
weakened muscles are overpowered by unaffected
muscles with contractures occurring if the condition
is untresated.

However with the advent of Sister Kenny and her
recognition of many sympuoms heretofore overlooked
by the medical profession (muscle spasm, muscle
incoordination, and "mentsl alienation") many
pethologists have Legun to reevaluate certain
changes found in the central nervcus system--changes

which appearently have not been considered important
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In the symptomatology of the disease.

Regions of the central nervous system most
frequently affected are (1f):

(1). Spinal cord and posterior root ganglia.

(2). Medulla--vestibular nuclei, reticular
formation and nuclei of various cranial
nerves.

(3). Cerebellum--root nuclei (fastigii and dentate)
and vermis (hemispheres negative).

(4). MNidbrain--periaqueductal gray, tectum and
tegmentiums.

{2). Thalamue

(€). Hypothalamus

(7). Globus pallidus

(€). MNotor cortex--especially area four of
Brodmanr:.

Conslidering these facts Bruce Brown makes the
following statement: "“Here we have the background
not for a single simple picture of flacecld peralysis,.
but for diverse symptoms and signs: for incoordina-
ion, for tremors, for variations in tonus, for
automatlc anomalies. Further, we have here a back--

ground for transitory signs snd symptoms, for
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temporary perslysis, possibly for that condition
litss Kenny has called 'mental alienation.’

"ffe a2re not even in a position to say that,
beyond all doubt, the lesion in the cord can produce
flaccid paralysis and flsccld paralysis only. In
the first and most obvious place the lesions in
the cord are patchy. One may see zll the motor
cells destreoyed at one level and only a millimeter
or two sway there may pe no visible destruction:
egqually one may find a great dezl of destructicn in
the cord in cases with no clinicel peralysis. To
produce complete flaccid paralysis of a leg muscle
or muscle group according to our standard concept
of this disease woculd require complete or almost
complete destruction of the cells of origin of its
nerve; that 1s, almost centinuous destruction process
involving several segments of the cord. Pathological=
ly such findings seem unusual. Then again one cannot
help but wonder what the effect of the poliomyelitis
lesicn 1in the cord may be on the mechanism of
reciprcceal inrervation. Recently two physioclogists
have agein raised the guestion of the double innerva-
tiorn of muscle, .innerveation for movement and innerva-

tion for tone, suggesting that the seat of cells for
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both the functions 1s in the anterior horns. How
much then might apparent flaccid paralysls be
Aparalysis of tone rather than, as we have ordinarily
concelved 1t, paralysis of movement.

"From all this I simply meke the point that
we cannot use the known pathology of the disease
to justify a refusal to re-examine the clinical
picture of the digegse......5tudies have not yet
advanced very far, but what studies there are
suggest that immobilization speeds up the process
of muscle degeneration....The whole disease 1s 1in
need of reassessment" (22).

Some of these 1ldeas expressed by Brown are new,.
some of them are just old ideas placed in z new
ligrt. Al any rate new explanations of certain
symptloms are possitle. For instance 1t 1s Sister
Kenny's idea that the parzlysis of poliomyelitis is
spastic in type. By inference from Brown's article
this may be due to either lesicns of the higher
centers or a 'paralysis of tone." Pain according
to Miss Kenny 1s of peripheral crigin-~due to muscle
spasm, relleved when spasm is relieved. The

characteristic "stiff neck" of scute poliomyelitis



-%9-

is said to result from "spasm" of the posterior
neck muscles.

Cole, Pohl, and Knapp (12) in their report
said "the exzct pathological significance of these
symptoms (muscle spasm, muscle incoordination, and
"“mental alienation") is not well understood at
present although physiological studies indicate
that there are neuromuscular mechanisms which could
produce the described symptoms....Probably this
ascute process in the muscle bears an important
relationship to the deforming fibrotic changes in
muscle common to the chronic stages of the disease
when ineffectively treated in the =zcute stage."

Under the auspices of the National Foundation
for Infantile Faralysis, Herbert Hipps has made
studies of late pathological changes in muscles of
patients afflicted with this disease (23). This
study was made on patlents who had had the disease
two years or more--using living patients. Thusg, 1n
a genersl way 1t was possicle to correlate muscle
findings with muscle behavior.

lidcroscopically it was fouﬁd that a gain in
strength by & partially psralyzed muscle was through

hypertrophy of remaining undemasged cells. Pathological
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changes are brought on in two ways: (1) Primarily
through denervation,.and (2) secondarily fromn
abnormal variations of tension in the muscle.

Cellular changes from denervatlion begin with
atrophy and progress to degeneration, disintegration,.
and replecement changes. Thece same pathologlcal
changes cccur in muscle cells in exactly the same
way due to seccondary factors. "“Too much tension
or overgtretching results in minute tears, zonsal
degeneration, and subsequent fibrosis; while too
little tension produces changes identical with
denervation and rate of change is nearly as fast.
These secondary abnormalities may produce just as
much weakness in & muscle as primary denervation
changes.

"Secondary changes following immobility and
disuse seem 10 e more severe than those following
overactivity."

Certainly chan:ses of & primary nsature are un-
controlliable, bul perhcps somet'ing of practical
value could e done from the standpoint of these
secondary changes. FPerhaps Sister Kenny's method

is the answer. wuscle changes in the zcute stage
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should be studlied if possible.

In addition, other peripherzl changes have been
noted by Arthur Steindler (24) of a bony and ligament-
ous nature. "A complete washing out of bone shadow
with some evidence of cortical thinning....s marked
increase in the density of the shadow with extreme
accencuation of longitudinal bony trabecullae.....a
transverse band cf epichyseal absorption." This

was attributed to circulatory chanzes due

=

ct

O sSym=-
pathetic involvement. However this 1s not definitely
proven. Definlite locosening of ligeamentous reinforce-
ments of the severly involved Jjoints was also observed.
Frank Over (25) has summed up these points in
the following manner: "It is impossible to see
that pain, spasm, unexplzained bone growth, changes
and vasculer disturbance in the extremities are all
due to lesions in the anterior horns. In certain
cases of poliomyelitis there are also sensory
changes «ffec.ing bleadder, bowel, sometlimes skin
which also cannot be explalned by anterior horn
changes. Neither does 1t explein continued palin often
seen in non-perslytic extremities or muscle groups."

Since new emphasis is being placed on these peri-
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pheral changes and on changes in the central nervous
gsystem heretofore passed over as unimportant, and
certainly in the light of this new concept of the
symptomatelogy advocated by Slster Kenny, the dlsease
does need to be reexamined thoroughly with an open

and unprejudiced mind.



TREATEENT

ARD AN EBVALULTICN OF RESULTS

The treatment of poliomyelitis has not, of course,
been limited to physiotherapy azlone. kany drugs have
been tried both in man and experimentally; drugs used
have ranged from hexamethyamine to ergot to the sul-
fonimides. All have apparently failed. Injection of
hypotonie and hypertonic solutions have been tried;
results are inconclusive. Chemoprophylaxis has been
preoposed on the btaslis that the portsal of entry lies
in the olfactory mucosa; Rosenow still believes in the
eificacy of an antistreptoccal vaccine and serume.
Fowever, physiotherany has plaved a major role in
the treatment of this disease, and since it is still
in the’foregraund therapeuticly speaking, my dis-
cussiorn will be limited to this one factor.

The principle of, so-called, orthodox trestment
was lald down about three decades ago by the classi-
cal work of Lovett. It ig tased on rest to the par-
glyvzed muscles and preventlon of defornity by means
of immobilization. The best means to this end is a
routine similar to the following:

(1), Rest in bved. The reason feor this is ex-
plained by C. E. Irwin. "Without proper cere muscle

ibere can be stretched and ruptured causing a loss
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of power of muscle contraction due to scar tissue for-
mation. This break in continuity 1s usually due to
overactivity (too dee§ massage, overexercise, inade-
guate support) and may cause a transverse zone of fi-
brosis. The early care of acute poliomyelitis, there-
fore, ie absolute rest." (26)

The patlent is ucally kept in bed for a period of
about elght weéks. The bed must have a firm mattress;
a plywood board under the mattress is useful to prevent
sagging (especially needed in cases with paralyzed back
muscles). The bed clothing should be arranged not to
press on the feet and thus cause foot drop. The pa-
tient may be kept on a Bradford frame. The patlent
should be kept in a recumbent positi n with body in
a8 go00d an alinement &s possible--attempt to aveoid atti-
tudes sggravating deformity.

(2). Immobilization. This is best maintained
by removable, lightweight, well-padded splints or
plaster of paris casts, according to the preference
of the physiclilan. With paralysis of the leg the foot
should be held at right angles, knee stralilght and hip
extended. In the arm & similar platform type of splint
should be used; support the hand with the fingers

straight and wrist slightly cocked, elbow at right



~45-

angles and shoulder abducted to a right anglé. "These
positions put the affected muscles at rest, avoild ab-
normal strain on paralyzed muscles, and prevent to a
great degree development of deformities resulting from
unegual muscle pull. If deformities do occur the ex-
trexities are held in the best poSitioﬁ for function
later on." (27) If wire splints are being used they
cen ve corrected to it the deformity and reapplied

as the deformity diminishes.

(3). Treatment of sensitiveness. In additicn
to the comfort which immobilization is said to afford,
this symptom 1s tireated with hot packs szpplied to the
sensitive areas. Lkolst heat 1s best; used at least
two times daily. Tenderness under this regime is us-
ually relleved in gbout three weeks. Where immoblli-
zation 1s by means cf plaster of paris ceasts, such
treatment awelts diminution of the acute symptoms. Tests
for sensitiveness msy be done by passive motion or
deep gslow scueezling or pressure on muscles.

(4). LNessage and rubbing. This portion of the
treatment schedule must noi be given so long as deep
muscle palin and tenderness exist. This applies also
to any type of exercilse.

(5). ©Sedatives may be given at the discretion of
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of the phyeicien if the patient is delirious or in
great pain.
(). W@With the beginning of the second or con-
velescent stage it i1s necessary to meke a careful
analysls, evalueting the loss of power in every mus-
cle. This can be based upon a classification some-
thing like the following (28):
Gone--no contraction seen or felt.
Trace--tightens but does not move part.
Poor--muscle moves pert with gravity.
Failr-~muscle moves part zgainst gravity.
Good--muscle moves part agalinst grsvity
and some resistance.

Normal--muscle moves part against hard
resistance ten times without fa-
tigue.

(7). Passive and active exercise. Passive ex-
erclse should be started as soon as pain and muscle
tenderness have diminished sufriciently (usually
stert with about twenty minutes and increase grad--
welly). Fatigue is to be avoided. ZExercise in warm
water 1s saild to be of value.

How soon active movements should be instituted

a matter for debate. Lovett, in his classic of

is
1916, (9) stated that in the convalescent stage "get
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the patient in an upright positicn early." This was
for the purpose of increasing circulation and giving
stimulus to the muscle and nervous system. Early
walking was to start with only a few steps at a time.
Ober in 1938 states, however, that early walking is
to be discouraged. (29)

At any rate most authorities are agreed that this
phase of the treatment should be in the hands of a
treined and comyetent physiotherapist.

{(8). DBraces and crutches. These are recommend-
ed especlally if the patient cannot stand or walk un-
alded or walks in a position of deformity. The brace
should be 1light aznd strong, support the extremity,
prevent deformlity and improve function.

(9). In the chronic stage, treatment is limited
mainly to surgery--stabllizations, nerve and tendon
transplantations, etc.

These are the main features of the "orthodox"
form of therapy with perhaps one exception--aznd that
is the use of the respirator. To most laymen "infan-
tile paralysis" and "respirator" follow, one upon the
other. However, James L. Wilson defiﬁitely states
that there are certain indlcations and contraindica-

tione for its use (30).



The only true indicatlion for the use of the res-
pirator is with pzralysis of the intercostals and
diaphragm. Digturbvzance of respiration in the bulber
form of t"e disezue can only occuglonally be &ided
by the respirator. With paralysis ol the phe rynx
ceusing ¢ c¢o ' leciion of mucous and vomitus around
the glottis the respirator 1s rarely efrfective, and
sometirzes harmful. The fun:tion of the respirstor
is to provide phyciologlic rest for the muscles of
respiration.
© It is wilson's iaea tiat the respirator shouid
be used tor caces of only miidly paralysed res_.ira-
tory muscl:-s, rather than saving it for a few des-

e cases. "Fatients with only a modera.e desree

o

©
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per
of perelysis of respiratory muscles, who are far
from being cysnotic and show oniy slight dyspnea with
perheps only & little motion of the alae nasi on in-
spi-ation wi.l often, cn first being placed in the
respirator, drop irto profound sleep-- eviuently a

o

reliel from ne:cescity of prolonged con-

-
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scilous attentior to vespirztion. "

Tle treatment of acute p liomyeliitls according

to the method of Sister Kenny 1s ..c.seu cn the three
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main symptoms which she has recognized. And, like the
symptoms, this trcetment 1is prsctically opposite te
that proposed by orthodox azgencies. Her routine of
therapy 1s rituzli tic and many men proclaim thet
cnly Kenny-treined doctore and techniclians should
attempt 1its use.

According to thils methed treatment should be
started as soon a&s a dilagnosis is made. (12) Bed

ré

ho gre used under the mattress the same as in

)
m

the orthodox method of trestment. In addition a
foot board is placed &t the end of the mattress.
This @allows the patlient to msintain normal standing
reflexes during the time in bed and should not be
considered as a splint. (14) The mattress should

be seperated from the footboard so the heel can rest
arainst the boari when the patient 1s lying on his
back, end toes can projiect below the mattress when

the patlent 1s in a prone position. Thig is not e

+

perticularly new festure since this same principle
was susgested by Peabody, Draper znd Dochez in 1912.
(11) The patients position, of course, should be in
as ood &n alignment as possible.

The treatment of spasm is by hot fomentstions.
woolen cloths are cut to fit the part zccurately; a

1ight waterproof covering is used then and the whole
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composite is covered with a plece of dry woolen ma-
terial. The first cloth is boiled and wrung from the
boiling water twice through = very ticht wringer at
the bedside., It is then zpplied very quickly. As a
rule the joints are not covered because of the resul-
tant limitstion of motion. These " hot packs " zre
rer.ewed every two hours, or mey be applied as often
as every fifteen minutes in sévere cases.

Early treatment of spssm is important. "A delay
of treatment as long as three weeks may mean irrevoc-
able harm to the delicate muscle substance.....with
the Kenny trea-ment acute spasm and paln will subside
within one week if +the treatment ls proper.....hot
packs must be continued until the muscle is able to
extend itself completely as evidenced by full range
of motion of the join: concerned". (31) The aim of
this pesrticular treat ent 1is tb r-lieve muscle spasn,
pain and tenderness, and thus to prevent contractures
and overstretching of muscles. Immobilizastion of any
type is avoi.ued.

hs soon as muscle spasm, pain and tenderness are
relieved a program of muscle reeducation is reinsti-
tuted. The maln purpcse here is to overcome muscle
incoordination and "mental slienation". 4 .ood ex-
ample of incoordinastion is given by John Pohl (31):

"Normally the hip 1s flexed by the 1liopsoss. Tne
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opponent is the hip extensors (hamstrings). Assume
the hip flexor ceases to function. To flex the hip
the patient msy substitute the adductor. To gain mech-
anical advantage for these muscles in their new func-
tion, the hip 1s now externally rotated. Contraction
of adductors is normally associsted with relcxation
of abductors (gluteus medius and minimus). It is un-
likely that the hip extensor will pay out slack, at
least smoothly, for contaction of the hip adductor

if it is substituted for the flexor. Smooth motion

1s lost znd 1lncoordination is established. This con-
dition may become permanent; Therefore, allow no.vol—
untsry effort in the presence of incoordinated muscle
action".

The Kenny technigue of muscle reeducation is
started wlth passive npotion under the direction of a
trained physiotherapist. A czreful analysls of the
power present in all muscles 1s made first. The in-
sertion of the affected muscle is stroked, the func-
tion of the muscle descrited, and the patient in-
structed to concentrate on this during the excercises.
Trus = Jrogram is started to reestablish "mental a=-
warerec:’' of the particular musclee involved and the
procention of  a normal rhythmic motion. Voluntary

motions &are zllowed only when full range of passive
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motions are attained and when no incoordination
occurs. Fatlgue 1s avoided.

This process of muscle reeducation 1s not com-
pletely original with Kiss Kenny since Lovett in
1916 stated(9): "If a muscle is apperently without
power, the patient should concentrate his attention
on the attempt to accomplish movement while 1t is
performed passivecly.....not until the muscles are
capable of performing a movement through the whole
arc should additionsl resistance be-added--then‘a
gmall amount from time to time.....perform excer-
cises in slow rhythm, allowing complete recovery
bet.een efforts to agvoid fstigue.....paralysed limbs
should be completely uncovered during the perform-
ance" .

Un:er the Kenny method "when a patient is no
longer suffering from a fear complex, further hydro-
therapeutic messures czn be zdopted by & gradual work-
ing up to an immersion in bath, and use of cold sprays
and warm douche®.(14)

The Kenny method does not permit the uce of &
respirator. Where the respiratory muscles are in-
volved 1t 1s her bvelief that muscle spesm 1g the
direct csuse and the respiratory difficulties can

pest be relieved by hot forents. However, a dis-
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turbance of resgirztion due to lesions of the bulb

cannot be succeegsfully treated in this menner; "her
bulber caseg die just like everyone elce's and there
iz no way cf zreventin. 1t."(32)

Cn the use of ertificisl supports, Miss Xenny
says "I would urge extreme czution in szpplyins sup-
corts, and weould give the petlent every chance of
wslking without applisnces."

According to bister Kenny this is the difference
in the clinical picture of the two methods.(1l4)

Crtheodox:

o

1+ Luscles affected are never spsstic.

2. ATfected muscles h:ng loosely llke a ham-
mock between two points of sttacrment.

2. Jdihere coorcdinstion is never damaged, des-
stroyed or disorganiied.

4. Gihere the patient never loses powcr Lo con=
trol zny function thet may be left.

5. lihere norn-affected muscles contract invol-

untarily snd shorten and stretch the weak-
er, supposedly sifected muscles.

6. ihere it is neccescary to apply splints in
en &ttempt to prev.nt d-formity.

7. Where stiffness 1c a troublesome feature
and prevents patient's cooperation in re-

educeation by orthodox or any other methods.
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8. dihere mentzl e2lienation of the patient does
not exist.

Q. where muscles affected are proncunced to be
definitely flazccid and need supporting.

Kenny system:

1. DNuscles affected oresent muscle séasma

2. Affected muscles become shortened through
spasm.

3, Coordination is disorganized and incoordina-
tion is frequently seen.

4, Patieni frequertly loces power in non-af-
fected opposing groups as well as affected.

5. The non-affected muscles refuse to contract
being over siretched and bound in this posi-
tion.

6. It is not necessary to apply splints, casts Or
frames to prevent deformities 1s this system.
Deformities do not occur.

7. BStiffness does nct exist--owing to the fact
the symptoms causing stiffness are treated
from onset.

8. Ilental allenstion is accepted gs the most
damaging symptem, as it leads to permanent
paralysis of the part and deformity. There-
fore, if treated early, spasm 1s reduced

sufficiently.
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9., ‘ihen spasm is present the opposing groups
are nct supported cwing to the fact that
when the epasm is released in the affected
groups the stretched non-affected muscles
shall return to their normal resting place
and mental awareness can be restored by this
system, also a normal condition 1s registered.
lilss Kenny especially condems immobilization be-
cause it interferes with the treatment of muscle spasmn,
incoordination and "“mental alienation", and tends to
promote stiffness. In addition, she says that it in-
terferes with nutrition of the skin, reduces clrcula-
tion, does nct prevent deformitlies, and gives the pa-
tient an adverselpsychological outlcok. ©Ghe bellieves
that her system alds in maintanence of full vitallity
of all tissues and 1s the best method for reestablish-

ment ©of normal function to the affected perts.

There has been considersble controversy in the

"ne‘N“

recent literature over the itrue value of the
type of treatment. OLome men claim that 1t 1s much
better that anything heretofore proposed. Cthers
believe that 1t holds forth no greater chance for re-

covery than orthodox methods. The greatest argument

seems to hover around two articles written by H. R.
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kecCarroll. (33 &34) lLicCarroll in his discussion pre-
sents a chart based on 245 cases of poliomyelitis (487
involved extremities) showing results with different
forms of physiotherapy:
Results in extremities for each group regardless of de-
gree of original involvement

Group
and treatment Totsl No. Lero Poor Falr Good Normal

1. Immobiliz~

ed 1-4 mos.; 53 19% 19% 15% 38% 19%
no physicsl

therapy

2, Immo. 1-3 14 7% 14% 430 364 0%
mos.; phys-

ther. 3-6 mos.

%, Immo. 4-18 88 21% 18% 30% 19% 2%
mos.; no pnys-

ther.

4. Immo. 3-12 70 23% 13% 24% 27% 13%
mos.; phys-

ther. 8-24 mos.

5. No treat- 262 9% 12% 15k 47k 17%

ment .

From these figures Nclarroll concluded that no
particular form of physiotherapy produced outstanding
results. In fact the group which received no treat-
ment and began to walk wilthout support as soon &as they
could get out of bed (Group 5) apparently had the
grestest percentage of good results. It is wcCar-
roll's belief that these results can be adequately ex-

plained by the underlying pathclogy--localized edems,
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congestion, and cellular infiltration without actual
destruction of the ganglion, but with an interfer-
ence of their function. (This theory of pathological
processes, however, s explained in the section on
pathology, 1s probably not in accord with latest i-
deas on the subject.) Speaking of Sister Kenny's
method of treatment he says: "From the standpoint
of symtomatic treatment in the acute stage this meth-
od may offer & deflinite advantage, but it falls far
short of supplying the answer to our problem in this
diseasgse. ©OSister Kenny prefers to consider the local
muscle involvement as the primary pathological pro-
cess znd feels that the damage to the spinal cord is
of seconday importance. ©bhe willl admit, however, thait
spinal cord usmage does exlist in those patients who ‘
show persistent residual involvement. i{uscles that
have been previously consldered paralyzed she prefers
to consider as merely allenated because of the spasm
existing 1n opposing groups as a result of their in-
velvement, i.e., the muscles we have originally con-
sidered involved she considers satisfactory but mere-
ly alienated. ©She uses as proof the fact that these
muscles later chow evidence of return even though they
y never attaln more than a itrace of power. She re-

fuges to admit that this could be due to restitution



~58-
of function in & few of the ganglion cellg. ©Since
such ideas cannot be reconciled to our present know-
ledge of the proved pathological process in this dis-
ease, and since many of her patients elso show resid-
ual paralysis and even flall extremities, 1 feel cer-
tain that this method in time will take its place a-
mong cthers offered by this field of physlotherapy as
heving been tried but found wanting.

"Physiotherapy will never prove to be the answer
to our problem in this disease. The control of polio-
myelitis will undoubtedly some day be brought about
through prevention and not through its cure."

These articles brought immediate repercussions
from many points. John Pohl wrote (35) "kcCarroll
has completely missed the point. uiss Kenny's discov-
ery 1s definitely not that there is a cure or even a
treatment for the parslysis of poliomyelitis but ra-
ther that there are muscle conditions which are far
more damaging to the bodily medhanics if unrecognized
than 1s paralysis. Dr. kcCarroll could not possibly
have found a satisfactory treatment for the disease of
poliomyelitis if he has neglected to acquaint himself
with the true symptoms of the disease."

A short time later lilss Ke'ny came to hér own de-

fence (36) with reports of the Orthopedic hospital,
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New York (Dr. Robert Bingham) made in June 1942. Us-
ing the orthodox (12 patients) and the Kenny (24 pa-
tients) method the average duration of hospitalization
was 16 months in the former and 6 months in the latter.
In aadition, patients with residual paralysis were 87%
when treated by orthodox mcthods and only 33% with the
Kenny method; patients with deformities were 75% by
orthodox and 8% by Kenny method. To her these figures
speak for themselwes; however, it will be noted that
this experiment was carried out on a comparatively

few number of patients.

In 1937 Albert J. Schein made a study of results
in 100 cases trested from the onset in orthodox fash-
ion. (37) 1In this series 56% of trunk, 24% of lower
extremity and 53%% of upper extremity cases recovered
entirely and nearly all patients somewhat. Only 4/
of the cases were bedridden and totally non-ambula-
tory. It was his conclusion that careful after treat-
ment. (by orthodox methods) was of value in decreasing
the incidence of deformities. Flail shoulder, sgcoli-
0sis and foot imbalance were hard to avoid; gross hip
and knee deformites almost entirely preventable.

Comparative studles of the two methods of treat-
ment were made by Daly, Greenbvaum, Reilly, Weiss, and

Stimson. (38) Thirty-one cases of spinal paralysis
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were treated by the orthodox method. &trophy and de=-
formities were noted in the second and third weeks.
Seventeen were seen in 4-5 month check-ups and it
was found that in every case there .was a limitation
of motion and muscle incoordination. Twenty-six par-
alytic cases were treated with the Kenny method and
they found:

1. ©GSpasr was relieved, return of unrestricted
passive moticn was weeks to months sooner
than by the orthodox method..

2. 5ix to nine hot fomentations per 24 hours
would give relaxation; three to‘four would
not.

3. Tendency toward atrophy and deformity was
minimel, condition of the skin was excellent.

Their comment was that "it is difficult to mea-

sure differences in amount of recoveries in the two
groups of patients, but 211 those who have ébserved
this group of patients and other groups treated in
the orthodox manner are convinced that those who re-
ceive the Kenny treatment are better off in (a) com-
fort, (b) freedom from atrophy and deformity, (c)
rapidity of recovery, and (d) possibly extent of re-
covery."

Arthur Steindler has made definite contributions
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to the problem. (24) From 1940 to 1941 he treated
200 cases and found that in 25% contractions of some
kind occurred. '"In all these cases we found that the
contractions developed in paralyzed muscles which had
some form of prolonged immobilization, and they oc-
curred as early as three and a half weeks or as late
as elght menths after onset of paralysis.....fhis
same thing was true of patients receiving no treat-
ment.....ie found that return of strength is more
likely to occur in 2z muscle which is kept at the |
ohysiologic optimum of circulation as well as nmus=-
cle tone."” This condition he points out should not
be compared to long immobilizaticon in 2 hip spica.
for Perthes disease, for instance; in this dase stiff-
necs disappesre in a few weeks with active phyéical
therepy &and free motion in bed. In the case of pollo-
myelitis the condition is not due to involvement of
perizrticular structures, but rathér due to a contract-
ed rmuecle with paln end tenderness over 1ts belly on
Tlexion.

Steindler believes that gplinting should still
be used, but for shorter periods--only so long as pailn
and tenderness are present. He states that the "old

idea of purely motor deficiency originsting in the

N
ot

anterior horn celis m be chaonged. wotor dysfuncticn

£
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seems to reach much higher and oroduce a state of con-
fusion, which blocks the use of individual paralyzed
muscles, which leads to adopiion oif complex substili-
tutionary motions.....whlich become habltual and hard
to overcome."

Jemes wx. Thompson (39) in speaking of the final
analysis of the Kerny type of therapy says "true
there will remain some cases with residuzl flaccid
paralysis, but without stiff jJjoints and contraction
deformities. Kenny treated cases zll have supple

Joint
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eand remarkable flexabllity of their bodies.

#e did not see a single case of scoliosis 1n her
group, ncr were there any vasomotor changes so fre-
guently observed with orthopedic treatment. 4Llso,
there will be some cases after two years of treatment
that will, vecause of instability need braces for
support and surgical stabilization. But, as Dr. Cole
says, there are fewer cases of isolated paralysis
than under the old form of treatment."

Phillip Lewin (32) tells the story of two patients
sent to the hospitél to 20 into the respirator. oister
nenny asked for what was apparently the worst of the
two cases. Her petient recovered. The other patient
died within twenty-four hcurs. ©Similar stories have

been repeated in the recent literature. Lewin states
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that rigid splinting is not only "on its way out"
but that 1t "is out." After two years of follow up
gstudies on fifty~four cases he has observed complete

recovery of the trunk, abdomen, back and neck.

wany other such glowing reports could be given
on the treatiment of poliomyelitis in the acute stage
by the Kenny method. It is not easy to evaluate them
at thls time since her technigque has teen used for
such a short time in this country and because of the

comparatively few ratlents undergzeoing the treatment.

Three thousand and two hundred cases of poliomyelitis
have teen reported for the year 1942 up to Dec. 12th.
(50) Lost of t- ese were treated by the Kenny method

or scome modification of 1t. About 500 physiclans,
nurses and physical tnerapy technlcians have been
teught the Kenny method. In their ooinicn the "Kenny
methcd is superior to immobilizaztion. Filgures are
not avallable as to
There are other, perhaps more important factors
to be consldered in svaluating these reports. State=
ments like this can be found throuchout the 1lit-
ersture: lonparalyzed cases represent at least 504

of the total incidence of the dlsease, anc stne men

e

lsce the flrure as high as 70%-80%. wickman writes:
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"Can we from asny clinical data predict the course
and termination of the disezse in a glven case? All
clinicians sgree that the intensity of the initial
symptome has no prognostic significance. Alarming
initial symptoms may usher in a benign or an abortive
attsck; and a mild beginning mey be the prelude of a
stormy, perhaps of a fatal course."

In the survey of the international committee
orcenized by Jeremiah Kilbank thie conclusion was

!

rezched. (2) "Probably not more than 25% of all

w

caseg of poliomyelitis that can e diasgnosed develop
paralysis. The case fatality is ususlly from 10%

to 1%%. £s practicelly all fatsl cases are in the
peralyzed group, the number surviving with pearaiysis
is much less than 25% of the total number of cases.
Cf the cazses with paralysis a complete restitution

of function will take place in a goodly number and

P

hsrtial restitution in the remainder.’
These facte again disprove tre o0ld adage that

' for here we have variables that

figures never lie,'
can affect the results of any type of treatment.
Certainly the Kenny treatment will have to be tried

many more tlmes on a great many cases vefore 1its

true worth can be made Xnown.

3

Ferkaps this method will take its pleace among

"t
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those that have been "tried and found wznting." FHow-
ever, no doubt, Sister Kenny has performed a service

for humanity by shocking the medical profession out
of 1ts couwpleacent attitude and in attempting to show

its sing of commission and omission.



M"Disease, being always an
effect, is always in exsact
proportion to the sum of
its csuses, as much 15 the
case of Spipelius, who dies
of a scratch, as in that of
the man who recovers after
an iron bar has been shot
through his brain. The
one prevalent falling of
the medical art is to neg-
lect the causes and quarrel
with the effect."

Cliver Wendell Holmes

iLedical Essays, 1911
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EPIDELICLCGY

This section on epidemiology has been included
in this thesis, not'because it =zpplies perticularly
to what has been sald so far, butl because it 1s an
interesting subject in itself and 1t alds considera-
bly in an understanding of certain problems concern-

ed with the disease.

This disease is sometimes classified under the
title "Epidemic Poliomyelitis" serving to emphasize
ite epidemic nature. Although sporadic cases do oc-
cur from time to time, the diagnosis of “"Poliomyeli-
tis" should olace the practitioner instantly on guard
ageinst an cutbreak of the disease in the community.

The epidemlologic features of this dlsezse are
meny and varied and micht well serve as the main to-
pic of discusesion.

sefore 1880 poliomyelitis wes considered a curi-
osity among diseases of man, only z few sporadlc cases
occurred. Dut in this decade, by some quirk of fate,
2 change of character took place. 1t became a per-
iodic scourge. (51) The first epidemic was report-
ed in Sweden about this time. The first definite
tmerican epidemic occurred in the ezrly '90s in

New England.
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ilckman is the name that stands out in this
early period for his epidemiologicsl studies. This
man was an apt and most successful student of kiedin.
By careful study of epidemics in small villages,
end by recognizing that so-called "abortive" cases
could occur, he concluded that the disease was spread
by person to person contact. He recognized the possi-
bility of a healthy carrier; he also suggested and
celieved that this was & milk-borne disease. His
contributions zre significant as he wess concerned
only with the spread of the disease in man; the vi-

rus was &as yet unknown and there was no exgerimental

Since the time of Wickman the etiologlcal agent
has been feirly well determined, the world has seen
and had time tc study many different epldemics, ex-
perimental medicine has added a great store of ma-
terial; anc the disease hss been noted to have the

following cheracteristics:

Geographical distribution. In general polio-
myelitis is world wide in its distribution. (2)
The most extensive epidemics have occurred in Hcan-
dinavia, Iorthern United States and Canada, Aus-
tralia, ana Hew Zealand. In general, 1t is & dis-

ease of the temporate climate.
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begsonal distripution. Pcllomyelltls 1is now

recognized as essentially a disease of summer and

f2ll. The meximun case incidence is geid to occur

I

(=

w

rather unusual for epldemics
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¢ occur before summer (usually about July) or to
last beyond cold weather. COCccasionally epidemics
have been known to last on into thre winter,; and,

s few winter epidenmics have bpeen reported although
they are few iﬁ number.

Urpan and rural distribution. &Although there

is some disagreement on this point by some investl-
gators, most authorities believe that the disesase
is most severe or confined to small urvan centers
or rural districts, ratiher than the most densely
populated areas. (52) It 19, thérefore, not only a
sunmizer disease but a rureael diseazse-~-the explanation
of which is by no means settled.

John raul states (51): '"Cne is still free to
choose as to whether the influence of season or glace

exert themselves more ss features which tend to spread

poliomyelitis virus, or more as features which tend

@

to effect the resistance of the host.....1t seenms
logical that the rural prevazlence of poliomyelitis,
its sunmmer prevalence and its prevalence in temperate

zones msy pbe linkea together in some mysterious way.
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The missing link or links probably represent environ-

=]

4.

nental factors of considerable epidemiological im-
portance. as yet one can only conjecture what they

are, but it is logical to supcose that some of these

o

factors have to do with facilitating the spread of

the virus."

4tge incildence of poliomyeiitis. In the early

years when this dlisezse was first being described
it was often, and still is, titled "infani.ile paraly-
sig". This name 1s considered by many present day
authorities as a misnomer; based on the fact that s
goodly number of adult cases do occur and, in many
cases, takes a non-paralyvtic or zbortive form.
However, among all the contreversial features
of poliomyelitis one thing is agreed upon by one
znd all, that children zare more susceptible to
the paralytic form of the disease than are sdults.
(81) The reason for this is & controversial ques-
tion, but it is considered by some to be the result
of an "acquired" immunity during childhood. In sup-
port of this view licoll and others have shown

statisticly that the more densely populated the com-

ge of trose affected.

munity, the younger was the &
Thus 1t could be postulated that in cities opportun=-

ity for contact was high facilitating eccuisition
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of a subclinical immunity whereas opportunity for
contact wes low in the rural districts and, there-
fore, children aid not have benefit of’this type
of immunity.

Ruhrah and sayers stated in 1917 thet adults
are cenerally affected to the extent of sbout 10k
in variocus epidemics--but in this there are great

)

Jesplte these facts that were brought out by

varistions. (5

\N

ezrly 1lnvestigators there appears now to be a gener-
al incresse in tendency for poliomyelitlis to effect
the higher age groups. It hezs also been noted that
the age incidence of urvan cases in New York City
in the epidemic of 1931 was almost identicazl to
thet which hed bpeen ncted In rural itew York State
in 191€. (2) This may be due to one or meny feactors
such as (2} an increasing susceptibility, (b) in-
cilusion of =z greater number of abortive csses, {(¢)
greater or better means of itransmission.
Poliomyelitis has been known to freguently oc-
cur within the first year of life; 23 such cases out
of 228 were reported in Englend znd wWales in 1918.
Cases have been reported as occurring 12 days, 3
weeks, end one nmonth after birth. Two cases of sus-
pected intrauterine infection have &lso been report-

ed. (3)
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The age of the patient often heas an limportant
influence on fatality rate. 1In a cseries of cases re-
perted by wickman the case mortality was 11.95% for
children under 1l years and 27.6% for persons be-
tween agee of 12 and 32.years. (54)

wortality. The statlistics vary considerably

~with each epidemic, but according to keNalty (3)

the sverage case fatality is from 10% to 20%, de-
pending on the recognition of mild or aborted cases.
However, ilhe extremes show a marked fluctuation from

lie to 430k

Incuvation periocd. Experimentally this pericd
has ranced from 3 to 46 days; the average is usually
11. In 1942 Albert Czsey (55) made 2 study of the
incubaticn period in 37 instances of epidemic human
poliomyelitis. Le found that the pericd varied from
five to %5 days and averaged 12 to 11 dzys. The in-
cubkation rerlod was calculated from exposure to on-
set of prodromal symptoms. He noted that these fig-
ures were compatible with the incubatlion periods in
eleven caseg tasken from the litersature; and, in ad-
dition with the incubation period in ten rhesus mon-
keys or chimpanzees inoculated with freshly 1iso=-
lated human streains. Eeré is another instsnce point-
ing out the similarity bLeitween tne disesse in man

and that of the monkey inoculated experimentally.
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Immunity gnd susceptibility. mmunity, of course,

can be divided into three types: Natural, sctive ac-
gquired, and Pesesive acouired. Considerable work hes
been done c¢linically and experimentally on this par-
ticular subject, &nd, as will be pointed out, fronm

a therapeutlic stsndpoint not much hzs been accomi-

plished.

Natural Immunityv.may be defined as & state of

regists

o
o
@

to Infection net dependent upon a pre-
vious spontanecus ¢r experimentsl contzet with in-
fectious agents or their antibodies. (51, All races
of human beings are susceptible to poliomyelitis.
Different speciec of monkeys have shown a differ-
ence 1n susceptibility and scme leb animels have been
considered refrectory tc infection by the virus

{(horses, sheep, calves, dogs, rabbits, guinea pigs,

|6}

rats, mice, and chickens). Armstrong has adapted

at least one strain cf polliomyelitis virus to the

Ezstern Cotton rast {(5f). This work hac teen con-

Tirred. ©Since the cotton rat is much chegper for

eXperimental purposes than the monkey perhaps this
will lesd the way to nore extensive policmyelitis

research.

In mwoet infecticus dlceases the patient is in

]

weakened condition--generally "run-down". iycock
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in 1937 pointed out, however, '"the tendency of pclio-
myelitis to occur in children who are lezrge, healthy,
and well ncurished." (57) Jungeblut attempted to
show by experimentation on monkeys that Vitamin C
deficiency wculd increasse the susceptibility of the
animal to poliomyelitis. (58) This fact, however,
has not been corrobvorated and Sabin has recérded
results of just an opposite nature. (59) Howe and
Bodian (17) proved the virus had nc effect on pre-
viously degenerated neurons which in normal state
would ordinarily be susoeptibleg It seems, there-
fore, thst the "disease is not influenced by states
of melnutrition.....the virus is not only intimate-
ly associated with host celis, but'it appears that

they have adapted themselves to normal cells. " (51)

Active Immunity is defined as a state of resisg-

tance to infection engendered by & normal épontane-
ous attack of an infectious dliseazse, by the experi-
mental or intentional production of the disease or

g modified form of it, or by injection of vaccines.
(51) The blood serum of convalescents, both human
end experimental,‘will neutralize the virus of polio-
myelitis. At flrst this was taken as evidence of
"ascquired immunity'" on the part of the individual;

and Flexner and Lewis in 1910 (f0) believed they
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had proved thai monkeys having rad the dlsease were
immune to further inoculation. 7This fact was sited

as the reascon why coumunities where policmyelitis

had cccurred seemed to escape or were only slightly
affected in subseguent outbrezks. Even as late as
193%2 thie statement can be found in one of the c¢lassi-

cal books on poliomyelitis "

..v..8 relatively high
degree of permanent immunity to the virus of polio-
myelitis has been shown to follow infection with
virus. This 18 evidenced Uy resistance 10 reinfec-
tion in the experimental, and rarity of second at-
tacks in huzan cases; and Dy demonstration of power

of Llood serum of convalescent humen bveings and of

4

nmonkeys to neutralize the virus in viiro." (2)

However, 1t wae presently shown that this so-

G

called protective power is oresent in the serum of
individuals who have had suspected abortive attacks
and sometinmes in the serum of normal individuals,
boeth those who have been in contact with poliomyeli-
tls patlents and those who are not known to have had
such contact. "within the last 15 years it has been

shown Lhsat 7

AT

o to €24 of all normel adult pogulation

in verious nperte of the world, revardless of oc-

by

currence of obvicus poliomyelitis cases, possess

neutralizing sntibodlies apgainst poliomyelitis virus."(51)
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In sddition, 1t wes proven guite definitely by ex-
perimentaticn that monkeys even with hicgh titer

would usually succumb to subsequent inoculations in-
tracerebrally. (A1) It is only natural therefore
that Howe and 3odian (17) should mske the following
statement: "is regards humoral immunity.....pre-
vailing view that the virus of pcliomyelitis 1s a
poor antigen and that circulating antibodles,; active-
ly or passively produced, exert but little if any
orotective effect on tre central nervous system."
Doubt has been expressed by many authorities that
these circulating antibodles are in any way a true
measure of immunity to poliomyelitis. 4nother fact-
or in thie jig-saw puzzle, 1g that marny stirains of
noliomyelitis occur, with a great many differences

between individual strains immunologlcally speaking.

The presence of thesce neutralizing boedies in the
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persons recovered from an attack of polilo-
myelitis forms the basis for convalescent serum ther-
apy. Fowever, there 1s no unamimity as to results

or best method of administratioy and most physicians

if they co use serum, do so because they feel it will

dao 7o harm. Cccaslonal reports such azs this one are
e

witl: pollomyellitie irczted with convalescent serum
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untreated patients.' (A2} However, zs a rule lack
of sond controls nullifys most of the work done with
this means of thereg
immunity has been thrown into
areater confusion bv several cther fsctors. In the

first place, 2lthough gulite rare, 1t 1is known that

second attacks ocuur in humsn beings. Lucas and Cs-

sugh cases have been reccorted in the literature sas
occurring three years, six years, and even sixteen
yeers after the initiel attack. In caces of & sec-
ond attack sfter a very short interval 1t would seem
thzt the origsinal infTection ed flared up agein.

Jdugt how long lmmunity wey last following an attack

CUlder textbocks often make the statement that
the disezse seldom attacks mere trhan one menmper of

the family. For instznce, sachusland (%) states:

A
o
O
o
3
@
3
o
U]
O
+ o
3
"3
o

Lhan one case in & Tamily 1is un-
commen. In the epldemic of 1916 only 4% of &,£35
families sttacked suffered more than one case.
John K. Faul regresents a newer concept of the dis-

ease, however, when he states: '"ihat the textbook

2

authors implied was that the dlsesse seldom paralyze
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more than one mrember of the family, for multiple

cases within families are frequent and often ex-

plosive in charsacter." oy this he means that at-
tack rates for policmyelitis would be much higher

if &8ll eplidemics were carefully scrutinized for
caces of the avortive form--rates would perhaps
even reach those of "highly contagious diseases."

However, wide variations in individual sus-
ceptibility occur, even within one femily. Children
occupying the same ved with cne that contracts the
disesse often will show no signs or symoptons of in-
fection. This, of course, otrings up another point--
mezns of transmlission--a subject to be discussed
leter on.

Varying reports have been forthcoming on ex-
cerimental attempts et sctive lmmunizatisn by vac-
cines. John & Toomey summarizes the gui

<oty t
when he says:

'brtificial immunity may ve ectab-
lished azainst pollomyelitis if the living virus is
injected &s the antligen; but many monkeys scquire

the disease during this process of active immuniza-

tlon.....cince there is nc weay of distinculshing sus-

ceptible perscons from those who are immune ana since
the fzctors which predigpose toward the disease are

uriknown, it is cobvious that vaccine antigens must
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be safe. Thus they cannot be viable and paradoxilcals
ly, if they are nct viable they seem to have no value.
In fact, not only may it be inadvisable from the
practicsl standpoint to immunize actively with virus
antigens but it has been suggested‘that such vacclines
may even be dengerous to human .beings." (f1)

-~

Pasgive Immunity.is a2 state of resistance to

bl

infection produced in 2 normal individusal or animal

by the parenteral administration of serum from active-
ly immune individuzals possessing circulating anti-
bodies. (5l) 4As suggzested above, attempts to passive-
1y immunize individusals in field tests and experi-
mentally in animals have, in generzl, been consider-
ed failures. The main explanation given in the lit-
erature for this fact is that antibvodles, as a rule,
do not enter the cells; they produce & humoral anti-
body effect preobably, but no tissue immunity. This
phenomenon was proven experimentally. A vaccine

virus within cells multiglies and produces leglons,
even though the infected tlssues are cultivated in

& potent antivaccine plessma. (H4) 4L second possi-

&

ble explanation lies in the fact that there 1s,
spparently, a barrier between brain and bloocd which
prevents the passzge of immune substences epainst

polioryelitis from the blood into the central ner-
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rortal of entry. The portal of entry of the

poliomyelitis virus in man 1s another problem over
which there 1s much discussion, but nothing definite-
ly kriown. It has been fouhd experimentzlly that a
typic:z1l disease picture czn arise from innoculations
in the tonsilo-pharyngeal region, intracutaneously,
subcutaneously, intravenously, or into the intest-
ines, and intranasally. However, without any trauma
whatever and by transitory contact alone, only the
latter has yielded regular results. (65) Therefore,
the intranasal route along with the gastrointestinal
route, have been the only two "portals" seriously
considered by most investigators---gince they more
cloeely represent what appears to be the normsl.

The theory of an intranasal route of infection
i8 supported by the fact that after olfactory tracts
are cut monkeyse no ionger are infected by this par-
ticular route. (19) This fact has been confirmed by
many workers. In addltion, pathological changes can
be detected in the olfactory bulbs. Knowing that
the virus must pass via the medulla down the cord,
if it enters by this portal, then why should paraly-
sis often show up first in the legs? Either the por-
tal of‘entry ie by the intestlinal tract or some other

facter enters the picture. This factor sccording to
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Schultz 1s a difference in tiscue suscepﬁibility.

He states: "Virus may be present in the cord in
fairly high ccncentrations even without paralysis

.s...0ur investigations show the cervicsl cord may
have high concentraticns cof virus in advence cf its
appeerance in the lumbar cord. Therefore motor
nerve cells of the lumbar cord are more susceptible
for scme reason". (19)

He goes on to say, "The propzgstion of virus
in the central nervousbsystem ls by neurons. There-
fore, why 1sn't the initisl infection in the only
plzce of the body where neurons are exposed to the
external surface."

In man no definite lesiocons hsve been found in
the olfactory vulbs. This is, of course, a point
in favor of some other route of infection. However,
it is possible, czccerding to scome authorities, thet
in man the lesions may have been miscsed. Another
guesticn that must be answered 1s whether it 1s pos-
gible that the virus may spread without leaving a
"trail".

John Toomey 1s perhaps the most vociferous ad-
vocate of the theory that poliomyelitis 1s & gastro-
intectingl disease. He Dbases this idea on the follow-

ing line of reascning. (61) Poliomyelitis virus has
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teen consistently recovered from stools of conval-
escents. ©Secticn of olfactory bulb does not pro-
tect animsls from inravenous innoculation. Chemo-
prophyvlaxis does not prevent poliomyelitis with
innoculztions either intravenously or by gastro-
intestinal routes. The disesse occurs at the same
time of the year as typhold, another GI disease.
The disesse cen spread ezlong sympathetice fibers from
the gastro-intestinal tract. (66) In addition, the
clinical symptoms of the disease can be best under-
stood if spread ig supposed to pass from the GI tract.
Schultz believes that Toomey's experiments with this
route of infection are much toc drastic. "In gen-
eral it 1s well understood that any method of forci-
bly introducing virus into the tissues may result
in infection." (19)

It has been suggested that the presence of the
virus in the GI tract may be the result of continued
swallowing of virus contaminated secretions. Sabin
adds this point: "Until 1t had been shown, therefore,
that monkeys whose clfactory pathways have been block-
aded by chemical meang or Iinterrupted surglcally can
develcp poliomyelitis after feedlng of the virus,
There 1s no real experimental basis for considering
the oral or gastro-intestinal routes as sites from

which the virus invades the nervous system". (65)
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Exactly thils thing was done by Howe and Bodian
(17) on chimpanzees--the animal contracted poliomye-
litis. As & result of this experiment they made the
following statement: "By analogy with the chimpan-
zee, which appears to react to poliomyelitis in a
fashion practically identical with that seen in man,
one can merely say that the virus in man probably
gains access to the nervous system from the oral
cavity, pharynx, or intestinal tract."

Despite work that has been done on sites of in-
fection and the arguments for elther intranasal or
gastro-inteetinal rcutss, 1t must be concluded that
we have no direct data on actual portal of entry in
the human body. In the light of a recognized asso-
clation between bulbar paralysis and tonsillectomy
the nerves of the superior pharynx may serve as a
pathway to the central nervous system; this fact may
be of further significance since the pharynx 1s one
of the principle sites outside of the nervcocus sys-
tem where the virus is found. (67}

Transmission. This factor, of course, depends

on the portel of entry. If the nasal muccsa 1s the
portal virus may be epread via droplet infection,
dust, carriercs, etc. If the GI tract is the portal

of entry fecal contamination of food and water may
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play & part. The 1dea has been expressed in the lit-
erature from time tc time thst polliomyelitis is a
milk-borne disease.

snother possibility of transmisslon that hsas
not been completely explored is by means of insects.
“In a recent study of ocutbreaks of the disease in
Atlante and Cleveland, Sabin and Ward have been able
to demonstirate poliomyelitis virus in eight of fif-
teen batches of trapped fllies. Incidentally, these
flies were not caught in the vicinity of "privies".
They concluded frow their work, "4 search for reser-
voirs in lower animals is worthwhile; but it appears
the epidemiclogy of poliomyelitis is more like ty-
phoid or dysentery in which the chief reservoir 1is

infected excreta with direct and insect spread". (68)
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