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" INTRODUCTION

Hydrotherapy, in the usual sense, refers to the
use of water in the treatment of disease. In this
paper we shall imply a limitation of that broad ap-
plication of the term. We shall have In mind the use
of water only as an external agent for conveying var-
ious therapeutic elements tc the body surface, and
for resisting movements of the body, as well as sup-
porting the body in opposition to the force of gravity.

No specific term seems to be widely adopted which
implies such use of water. However, the suggestive
compound words, "hydrogymnastics,"lo "hydrokinesftherapy,“ls
and the like appear not infrequently in the literature.
Since these do not cover all the uses of the hydro-
therapeutic tub and pool, the term "hydrotherapy®
shall be used in this paper carrying the implications
indicated above.

"Hydrotherapy," as will be shown, is in its early
stages of development. We feel sure that as it becemesr
more firmly established on sound principles afﬂphysiology,
ag more hospitals install its peculiar type of apparatus,
and as the technique of administration is better understood
by the profession, it will fill an important place in
the practice of Orthopedics.

1
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CHAPTER I

HISTORY

"Man from his sdvent has daily experienced the
beneficent action of water. Instinctively he drank
when thirsty, washed when unclesn, snd bathed when
tired and heated. The knowledge that water is
essential to the maintenance of l1life was among the
first of &ll human acquirements. The relation of
vegetation to water and the cleansing action of the
rain, streams, and seas must have bheen recognized
even by the earliest forms of humen intelligence.
Primitive man felt the need of water, saw its wide
dominion in the world, wondered, perhaps, at the
mysterious forces which dictate its form &nd motion,
and in his dewning imagination endowed it with pre-
ternatural powers.

"symbolism characterizes all primitive mental
expression. It was therefore natural thet man should
use water, not merely when ministering to his bodily
cleanliness, but &lso when striving to convey ideas
of moral purification. As late as the beginning of
the Christian era we find this application of water
even among the cultured Romans. Pontius Pilate, when
he wished to disclaim guilt and responsibility for.

-1 -
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the Crucifixion, called for water and washed his hands
before the comprehending eyes of the clamoring mob.

"snalogous use of -water entered into spiritusal
metters. Todsy Hindus still seek grace by bathing
in their sacred streams; Mohammedans perform extensive
ablutions &as an essential §reliminary4to prayer; Jews
wash in prescribed fashion &t fixed periocds in order
to conform to the law; and Christiens are sprinkled
with, or immersed in, water to wash them from ﬁhe stain
of 'originsl sin' in the sacrament of baptism.

"This symbolic use naturally led to the inclusion
among religious practices of the application of water
in the trestment of mere bodily ailments. So hydro-
therapy developed under ssacred auspices, and the use
of water as & healing agent acguired the dignity of a
religious ceremony. Waters from sources distributed
over'the greater part of the 01ld World gained more or
less local reputations for special efficacy. Sometimes
a natural peculisrity lent awe to these waters and
served to strengthen faith in their remedizl powers.
The periodic filling of the well of Bethesda in Jeru-
salem and the annual rise of the Nile are typlecsl
examples of suchn peculiarities. The moment of the

appearance of these unique phenomena signified to the
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faithful that the endowed waters had then attzined the
climax of their curative powers.

"In some instances the special attributes of the
water were disclosed by revelation or by happy exper-
ience to the plous. To some sources was given & specific
virtue; thus, the famous well of 8t. Triduasna and the
waters of Siloam were efficacious in eye diseases;
lepers were made clean in the Jordsn; abdominal dis-
eases were healed at the well of St. Gingolph; &and
madness, sterility, and most other afflictions were
cured by waters from appropriate sources. The Jordan,
the Nile, the Ganges, the well at Emmaus, and & few
other holy waters possessed such wondrous powers that
they acted practically as panacess.

"The waters of Bethesda now rise almost unheeded;
the pious blind no longer seek the once all-powerful
well of St. Tridusna; and, except among the adiierents
of the Greek Church, faith in the properties of the
sacred waters of the Jordan is almost dead. As the
popularity of one source ebbed that of another rose.
In our own times to the well at the Grotto of Lourdes,
near the Pyrenees, and that of St. Winifred at Holywell,
in Weles, seem to have been transferred many of the
marvelous properties which centuries ago were vested

in the holy places of the Orient. From these wells
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wonderful cures are daily reported by eminent physicians
whose belief in the verity of the phenomena they record
is above suspicion and beyond question.#

"Although substances of greater potency, but of
less traditionsl and spirituel force, have had their
day and now are irretrievably forgotten, water has
preserved throughout the ages its reputation as &
remediel agent, owing largely to this fostering by
religious bodies of feith in hydrotherapy.

"The rudely materisl benefits of bathing were
early appreclated. 8o widespread in ancient times
was the custom of bathing thet the Greeks and Lacedae-
ﬁonians had not only private but public bathns. Alex-
ander the Great 1s recorded to ﬁave marveled at the
magnificence of the baths of the conguered Darius.

But the apostles of bathing were the Romans. The

"Romans elevated bathing to a cult. The splendor of

their baths 1s & salient feature of their civiiization.
In the Roman conguests a bath was built as soon as the
barbaerians gave the invaders a moment's leisure. The

more settled the new colony the more ornate was the

#"The modus operandil of these cures may be just &s
satisfactorily explained in other witys, and, moreover,
the cures can be performed in many other ways."--Editor.
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bath. Elaborate descriptions of these early baths and
intermineble dissertations upon bething survive in the
writings of many of the ancient authofs, particularly
Pliny, Seneca, and Juvenal. The use of water alone was
not fashionable even in the humblest baths. 0ils, per-
fumes, spices, and other adjuvants enhanced the aesthetic
pleasures of these institutions. Together with bathing
the Romans associated massage and physical exercises.
The untrammeled license which characterized many of
the public baths of the Romans brought bathing under
the ban of the reforming zeal of the esrly Christian
Fathers and perhaps conduced to the not overscrupulous
cleanliness which sometimes served to eke out the pen-
ance of the pious anchorites who retired into desert
places, snd to the strikingly insignificant role which
water plays in the rituslistic practices of the Christian
church.

iThe Roman influence upon bathing is accentusted
in our period pertly because the Romans were so prodigal
in their bathing reséurces, but mainly because our civil-
ization is in direct succession to theirs. Bult knowledge
of the cardinal uses of water probably dates from the
dewn of man. The ancient Egyptians, Picts, Celts,

Turks, Moroccans, Japs, Indians, and Mexicans all used
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forms of vapor baths. Besides baths of water--ice,
vaper, hot, cold, river, spring, well, and sea water--
other medis such as sand, mud, peat, wine, milk, and
even blood were used.

"The therapeutic use of water by physicians is as
old as the art of medicine. Hippocrates was hardly an
enthusiast for baths, but he advocated them under
certain conditions in several of his writings. Celsus
praised house baths but was reticent sbout the use of
mineral waters. Aretaeus of Cappadocia, Athenaeus, and
Rufus of Ephesus wrote at length upon the merits of
certain therﬁal baths. Ageathinus was the zpostel of cold
baths. Galen said 1ittle of baths. Fallopiue slluded
to the diseases which may be benefited by the water at
Lesbos, Mitylene, snd other plesces. Antyllus, Oribas~
ius, Aetius, Paul of Aegina, Caelius Aurelianus, and
countless others through the ages lauded the uses of
water. To enumerate the physicisns who have practiced
water treatment would be merely to catelog the fathers
of medicine. But until the scientific renaissance of
the last century the properties and actions of water
remained clouded in superstition and empiricism. The

pioneer work of Winternitz, Brutenbach, Baruch, Thayer
& 2 > 2 >
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and others has now definitely established the physio-
logical principles upon which the action of water
depends. Out of the chaos & certain asmount of ovder
and system has been evolved; a rational basis for the
therapeutic employment of water has been defined; and
the science of’hydrotherapy, witich deals with the action
of water upon the humen body, has been erected.”l
Considering, then, the comparatively recent
development of systematic, carefully supervised under-
water exercises--the development of the hydrogymnasium,
let us ssy--we find i1t specifically dated by no individ-
ual. ©Olsen states, "It is difficult to say who dis-
ccvered‘the new procedure of giving medical gymnastic
exercises under water, but Dr. C. L. Lownan, in 1924
was among the first, if not the first, to use the treat-
ment for infantile paralysis, of whichn he is recognized
as the leading authority.“la
Hansson ascribes its introduction to several con-
temporaries. WIt was during the third decade (1920-30)
that we saw the introduction of underwater exercises.
Dr. Lowman in Los Angeles has develoéed many of the

scientific points connected with this treatment, Dr.

o

fubbard «t Werm Springs, Georgila, backed by Governor

Roosevelt, of New York State, has helped to populsrize
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hydrogymnastics, end Dr. Childs, of Port Jefferson,
Long Island, 1s another ploneer in this form of treat-
ment.“lO

Lovett, however, in pre-War years was employing
the warm tub asnd the salt bath in the treatment of
poliomyelitis &s follows: "At this period (cessation
of tenderness) & warm bath is‘generaLly of benefit
because the pouyency of the water diminishes the
welight of the limbs and permits motion whicn is not
possible out of water because the limbs are thus
supported. The addition to the bath of sea salit of
course increases the Spécific gravity of the water.
Immersion in & bath is not desirsble during the first
two or three weeks of the peralysis but may be used
before tenderness has wholly gone, the patient being
lifted into the beth on & sheet.“ﬁ

Lowman places the origin of underwsater treatments
far beck in medicel history. "Ihe treatment of various
types of illness in pools originated probably centuries
ago, for we read in the bible of the sick being thus
treéted. It has also long been known that paralytic
patients could move with less effort in the water
because of its bAuyancy. Many physicians have used
smell tanks and bath tubs for & number of years for

this purpose.ﬂlé
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It is apparent, then, that the general principles

(m’i‘m .
of underweter exercises have been employed by physicians
for centuries, but only within the past two decades
have exercises been carefully supervised and correleated
with the besic sciences.

R,
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CHAPTER II
-~ PROPERTIES OF WATER

M4 brief outline of the properties of water 1is
essential to & clear understaending of its uses. Its
distribution is universal. It exists in and can
readily be transformed into solid, liquid, or gaseous
form.

"Under ordinary atmospheric pressure, at the
temperature of 0°% C. it becomes ice; between 0° and
100° C. it is liguid; &sbove 100° C. it exists &s
steam. In changing from fiuid to ice & remarkable
absorption of heat takes place: 1f a kilogram of water
at 0° C. and a kilogram of water at 790 C. be mixed
the resulting mixture has & temperature of 39.5° C.;
but if a kilogream of ice at 0° C. be added to & kilo-
gram of water at 79° C., the ice dissppears and two
kilos of water with a temperature of 0° C. remain.
This heat absorption explains the grezt efficacy of
ice baths in bringing ebout a lowering of temperature
in cases of fever.

. "Similserly in passing from liguid to stezm &
tremendous amount of heat is rendered latent; hence
allowing water to evaporate from & surface is one of

- - 10 -
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the best means to produce cooling.

"Further, water has & great capacity for absorbing
heat; thirty-one times &s much heat is required to raise
one unit of water through one degree of temperature &s
is reqguired to raise cne unit of platinum one degree.

"Water cools relatively slowly. It is therefore
invaluable as a medium for abstracting hest, for stor-
ing heat, and for applying hest. Its utility as =&
thermal agent is further enhanced by the ease with wnich
its temperature cean be measured, regulsted, and control-
led. As & fluid it mixes with solids to form pastes,
the counsistency of wﬁi¢h cenn pe uitered &t will; it
also permeates most textures, so that its épplication
can be restricted or adapted at will to any surface.

"Water can readily be applied with varying end
regulated pressure.

"When water holds & small amount of & salt in
solution it is one of the best of the electrical con-
ductors &nd can ve used to insure intimaste contact
between the body and electrodes, or & bath may be
arrenged in & circuit, through which faradic or galvanic
currents may be passed. When currents are passed
through adueous solutions decomposition or electrolysis

of the solution occurs.
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"Thus, the constant current decomposes water into
hydrogen and oxygen. The elements at the moment of
liberation from their compounds &are said tc be nascent.
The action of the nascent elements produced by such
electrolysis is relatively powerful and is utilized in
certain forms of baths.

"Water is thus an idesl medium for the application
of cold and heat, electricity and pressure, owing to
the simplicity, precision, and rapldity with wihich these
physical forces can through it be controlled. 1Its
power in combating disease depends almost solely on

its property as a medium.”
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CHAPTER III
PHYSIOLOGY

The "physiologicel action" of water "when & medium,
is essentially that of the physical force which it is
conveying. We shall, therefore,...briefly consider the
various actions of heat, cold, pressure, and electricity
upon tae body.

Some arezs of the skin have certein definite
nervous relations to the viscersa.

ain orgen nmay be reflexly influenced through &
particular aree of skin, and affections of organs
may reflexly influence specizal skin areas. Our know-
ledge of these areas we owe to Head snd Mackenzie, and
it enables us so to gulde and restrict our operations
thet by the simple bloodless procedures of hydrotherapy
we can influence viscera with as much certainty as if
we ware exposing them by a surgicel operation.

"The skin, however, besides being an organ of
sensibility, has also secretory, excretory, and heat-
regulating functions. These are subservient to nervous
and vascu}ar control. A stimulation of & cutaneous
secretory nerve induces an increased flow of sweat and
& local increzse in the blood suppiy. An increase in
the blood supply ususlly involves an increased swest

-1
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secretion. The heat regulation of the body 1s largely
attained through the skin. In overproduction of heat

by excessive muscular action, or in exposure to excessive
external heat, the cutaneous capillaries dilate, and
sweating incresses; the evaporation of the swesat from
the skin &bsorbs much of the surplus heat from the body.
If exposed to cold the cutaneous vessels contrect and
sweating diminishes; tne body heat is thus conserved.
Urea, xanthin, and other decomposition products of
protein metebolism may be demonstrated in the sweatb;

the sweat glands, just like nesrly sll glands, have a
vital selective affinity for certzin substances cir-
culating in their blood supply.

"But as the secretory, heat-regulating, and
excretory mechanisms are merely outward evidences of
vascular snd nervous activities we shall first consider
the action upon these activities of each of the physical
forces utilized in hydrotherapy.

"TPhysical agents such as cold act mainly by virtue
of theilr irritant properties. Within certain limits
of intensity & stimulus to the skin produces similar
effects, whether it bte caused by chemical or physical
action. Weak cutaneous 1rritants narrow the arterioles
and raise the blood-pressure; the increased peripheral

resistance thus produced causes the heart to contract
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more rapidly. On tine contrary, intense cutaneocus
irritants fatigue and paralyze the normaily existing
innervation of the blood-vessels and produce & relax-
ation and dilatation of the periphersl arterioles with
diminution of pressure; at the same time the inhibitory
action of the pnéumogastric slows and intensifies the
cardiac contraction, and, when excessive, may produce
death by vagus tetanus.

"Cold.--The application of cold is perceived with
varying delicacy on different parts of the skin. The
local and general disturbences are dependent upon the
degree and durstion of the cold employed snd the extent
of the &area to which it is applied; that is, to the
intensity of the stimulus. Long-continued &application
of severe cold deleteriously affects the vitality of
the tissues to a degree depending upon the resistance
of thne tissue exposed. And when the cold is severe,
besides the coldness, & pain element is noticeable in
the sensation.

"The application of sudden cold produces first a
sharp inspiration, next & pause, and then a long expir-
ation which is followed by frequent and shallow breath-
ing. This rezction is the basis of one of the best
known and most efficient methods of resuscitation of

the still-born; indeed, it is alleged to be &an essentisl
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stimulus to the est&blishment of respiration at birth.
In breech presentations, in which & prematuré onset of
respiraetion might be attended by fetel conseguences to
the child, accoucheurs carefully swathe the extruded
limbs in warm clothes. The effect of cold is not con-
fined to the respirstory mechanism; conscilousness is
stimulated by its spplication, as may be seen in the
awakening of the dormeant attention of hysterics, and
in the sobering of the drunk, by cold affusions. Cold
is one of the most powerful nerve stimulants we possess.
"owing to the stimulation of the cutaneous nerves
the voluntary and involuntary muscles are influenced.
Investigetions by means of Mosso's ergograph heve proved
conclusively that cold is &ble to increase enormously
the resistance of muscle to fatigue, and also to restore
the efficiency for work to muscle which ig already
fatigued. 4 slight incresase in the tonicity of voluntary
muscle is produced. And in involuntary muscle the
stimulation is evident in 'goose skin,' and in shivering.
"The contraction of the cutaneocus vessels diminishes
the skin secretion, increases the blood-pressure in the
vessels of the deeper structures, and stimulates their
vital processes. One well-known conseqguence of tnis
elevated blood-pressure is diuresis. The increased

blood-pressure, the increased force and freguency of the
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heart's sction and the increased blood supply to the
kidney &ll tend to enhance the diuretic action of cold.

"Cold baths produce z leukocytosis which persists
at least for one and & half hours. Some observers have
found an increase also of red cells,

"In order to obtain & cold stimulus, temperatures
sensibly lower than 92° F. must be employed. If the
cold be slight, the effect does not proceed beyond the
stuge of arteriole constriction, enhsnced cardiac and
respiratory action, and increased muscle tone. And
these consequences are in variable degree transient.
The vasoconstriction is followed soon by vasodilata-
tion; but the beneficisl effect upon the heart and the
general musculature 1s more persistent. ﬁhile in the
cold bath, when the cold is miid, or after emerging,
if it be‘less mild, the cutaneous blood-vessels dilate,
the skin reddens, & pleasurable sensation of warmth
ensues, and & feeling of general well-being prevails.

Such is the Yreaction® to the cold bath. To elicit it

in the sick great care is necessary to temper the stimulus

to the patient's strength. The shock produced by the
cold must not be too severe.

"Heat.~--As already stated, the initial effect of
&1l forms of pnysical stimuli is essentially the same;
hence the action of heat is not directly inverse to

that of cold. All stimulil produce initislly vaso-
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constriction, but whereas with cold this effect tends
to be maintained, with heat it is immediately super-
seded by vasodilatastion which persists as long &s the
neat. Owing to thie vasculsr dilatation the skin
reddens, & sensation of warmth prevails, sweating in-
creases, and the deeper structures are depleted some-
what of their blood. The increase of the cutaneous
blood sheet promotes radiation, the evaporation of the
excess of sweat renders latent & vast amouht of heat,
L and the concomitent increzsgsed frecuency of respiration

-
i

- abstracts much heat in the larger volume of expired
- air and water vapor; hence, all these factors tend to
cause a fall of temperature. If the whole body be
immersed in & bath of & temperature higher than 98.40
F. the body temperéﬁure may rise somewhat.

"The relatively anemic condition induced in the

viscera minimizes thelr activitlies and thus heat tends
to act as & general sedative. Also, the direct action
of heat upon the sensory nerves is pleasurable and
soothing. The sedative influence of hneat is invaluable
in abolishing convulsive seizures due to tonic conditions
in children. The warm bath is the surest, safest, and
simplest sedative for the irritable nervous system of

i infancy.
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"The effects of hest and of cold on respiration
aprear to be somewnat similar; each produces at first
& sharp inspiration; next & pause, and then & long
expiration which is foliowed by frequent snd shallow
breathing.

"On the other hand, hot baths diminish the power
of muscular work, unliess at the same time mechanical
stimuli such as douches and message are employed; but
even with these adjuvants thie increase in efficiency
is always less than under the influence of cold
applications.

"Roughly speaking, therefore we mey regerd the
action of cold &s tonic, of hezt &s sedative.

"In addition to its use as & medium for applying
physical zagents, water is of great service &s a solvent.
It is the most universal of &ll solvents, the vehicle
for the administration of &1l soluble drugs.

"Water is given to remove in solution or in
suspension noxious material, not only from the surface
of the body, but &lso from its apertures asnd the cav-
ities into which these apertures open. The bladder,
uterus, rectum, colon, and stomach are all subject to

its cleansing ection.
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"The principle of osmosis has been applied by Sir
Almroth Wright, the distinguished Irish bacteriologist,
to the treatment of septic gunshbot wounds. Antiseptics
generally are protoplasmic poisons. The best antiseptics
are those which are highly destructive to the protoplasm
of bacteriz znd relatively haermless to the healthy human
cell.

"intiseptics, however, are almost inveriably
sdditional destructive agents menacing the life of the
demeaged cells in the wound. After careful observation
of the unfortunate effect of antiseptics upon wounds
grising in modern war, Wright discarded antiseptilcs
in favor of the bland and uniformly beneficent saline
solution. Saline solutions wash wounds free from all
uncleanness, exudate, debris and surfeace organisms;
dissolve, dilute and disperse toxins, and by osmosis
mechanically relieve cells of their diffusible noxious
contents. The natural resistance of the tissues is
thus greatly reenforced and the optimal conditions for
local repair are ensured. The brilliant results already
achieved by Wright with this method of treating septic
wounds meke this new applicsetion of hydrotherspy one

; . . . . 1
of the most important advances in surgery of our time."
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Discussing the use of hydrotherzpy in the treat-
ment of arthritis, Currence observes, "The hot bath
increases the pulse rate; alter & brief initisl rise,
the blood pressure is slightly lowered. It produces
& definite increase in the number of capillaries In
the nail bed visiblie under a capillary microscope.
With lessened capiliary stagnaetion, there is &n in-
creased volume of circulating blood. It produces &
diuretic effect with grecter concentration in the

urine., Stimulation of peristalsis freguently produces

- copious bowel movements. There is better ventilation

of the lungs; carbon dioxide is washed out of the

lungs and also escapes from the body in the urine

-

nd sweat. It tends to improve the sub-oxidation and
impaired circulation which furnish & fertile soil for
disease in the joints.

"By the increase of metabolism, other organic
aclids together with phosphates and sulphstes also are

eliminated, and & relative alk&alosis is Induced.

Diaphoresis is stimulated and there is & loss in weight,

which, however, is only temporary.

"Certeain hot baths produce & resction similar to

that following injection of & fairly lsrge dose of non-

specific protein, with the added advantage of being

agreeable to the patient and giving relief during the
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height of the resction instezd of pain. It is also
capable of more fregquent repetition and nhas the added
factor of control, as the reaction may be checked &t

gny time by stopping the treatment. If, as & result

of the stimulation of the tissues by baths, foreign
proteins are swept into the blood stream, & secondary
rezction ensues. The absorption of the exudate 1is

thus comparabie to the injection of & foreign protein
and the secondary reaction which occurs can properly

be described as & protein shock reaction. These effects
usually begin a few days after treatment has been in-
stituted, and articular inflammation which may nave
been guiescent for months suddenly flares up necessitat-
ing rest in bed.

"With the local manifestation, there is ususlly
considerable general disturbance characterized by &
rise in temperature snd malaise. As with the injection
of non-specific protein, it is guite essential that the
dosage of the bath be regulated, so that too severe
recctlons are not produced.

"Courses of baths tend to increase the besal
metabolic rate. High blood suger levels are graduelly
lowered and it was noted that in seversl cases a com-

plicating psoriasis greadually improved.
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1Tt is & good rule to esteblish thet the lower the
blood pressure, the lower should be the safe maximum
bath temperature. Various hot baths are contraindicated
in cardiac diseases, advanced arteriosclerosis, hemophilia,
eneurism, functional neuroses and tabes dorsalis."5

The physiologic sction of water and the agents it
may convey to the body surface has been discussed. We

pects of muscle

Ey

snall now consider gome important zs

physiclogy relating to the restoration of function to

‘musclie,

‘Ecrmal Muscle

"The electric response which is intim&ately con-
nected with tihe mechenical reaction 1s expressed by
the curve of the sction current. The greater the tension
of the muscle and the less shortening of the fiber is
pernitted by the arrangement of the experiment, that is
the more the muscle acts under isometric conditionms,
the higher will be the action current curve. There is
also, normally, an interrelation between the mechanical
response and the heat production of the muscle during
contraction. The most outstanding chemical effect of
contraction is the asccumulation of lactic acid which
involves &n increasing demand of oxygen usage in order

to pburn up lactic acid into its end products--oxygen
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and carbon dioxide. The rate of sccumulstion of lactic

;cid during exercise in the normel muscle is known and
with it the amount of oxygen necessary for its combustion.
Ve know that 1in severe exercise the formation of lactic
acid may reach the value of 3 g/sec.

"From the intake of oxygen and output of carbon
dioxide, the energy consumed can be established and
brought in comparison with the amount of visible work.

A ratio of efficiency can then be expressed in terms of
relationship between the oxygen expenditure and the
amount of realizable work, and so we arrive at a standard
of normal efficiency for most of the ordinary occupsations,
and locomotor acts, including walking, ruaning, etc.

"Under pathological conditions we find considerable
deviations from the standard efficiency index. For
instence in the 1limp of the bilateral congenital hip
dislocation, or the enkylosed hip, so muchi motion is
wasted by the oscillations of the center of gravity,
the shifts and tilts of the body, that the ratioc between
muscular effort and actual work of propulsion is often
not one-helf of the normal.

"Now, when the primary causes of the wasteful gait
are overcome, for instance, by reduction of the disloca-
tion, it is up to ph?sical therapy to evolve & scheme
of locomotion commensurate with the muscle material at

hend, which approaches normal function.
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"4 resrrangement of the nuscle activity by re-
education of the single muscle or muscle group or by
changing of the plan of the muscle play is possible
and very often gracticable. It is the aim of rational
muscle reeducution to find ways by which the reorgeniza-
tion of the locomotor complexes is effected.

Pathological Fatigue

"From the biochemical point of view, fatigue may
be defined as sn accumulation of lactic acid to a point
at which the normel functional contracﬁion of the muscle
fiver is inhibited. DBecause the removal of the lactic
acid by the blood stream is an’essential factor in
preventing this accumulation, it is above all things
necessary in preventing fatigue that the circulsation be
intact. The blood fed muscle mey be stimulated every
six seconés indefinitely without fatigue because of the
excess of oxygen, the amount of which is raised during
the period of recovery sometimes ten to rifteen times
its resting value,

"This surplus oxygen keeps pace with the production
of lactic acid if no undue accumulation takes place. 1In
moderate exercises there is & steady level of lactic

zcid, and since oxydation 1s proportionately increwused,
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also, the oxygen again falls to‘its normel level., But
in violent exercise the accumulation 1s more rapid
until the fetigue threshold is rezched. The excess
oxygen inteke cen take care only of a small part of
the lactic acid by oxideation; therefore, after violent
exercise, the increase of oxygen keeps on during the
resting period, that is, the oxygen debt incurred
during the exercise period is pald off during the period
of rest. The anatomical site of fatigue 1s around the
endplates of the individual muscle fibers, but the
fatigue pro&uets may diffuse through the whole muscle.
"To understand fetigue, we must remember that
prolonged contractions are only made possible by an
arrangement of rotational activity of the individual
constitueﬁts of & group of muscles. According to
Sherrington's law, each muscle fiber contracts at max-
imum. Only by the alternate rotation of the different
muscle fiber groups is it possible that a sustained
contraction may be obtained. It is interesting from
the viewpoint of the practical physiotherazpist thaet
there is an innervetional factor of fatigue based upon
the plurisegmental innervetion of the muscle from the
spinal cord. When one spinal root is stimulated to
exhaustion thie muscle still responds perfectly to stim-

ulation of the other; the fatigue products &are confined




to the group of endplates supplied by the same root.
On the other hand, when circulation is obliterated or
impeded & diffusion of fatigue products throughout the
muscles takes place and coumplete exhaustion results.,
"From the viewpoint of physiotherapy, thnerefore,
the grestest single local factor to overcome and prevent
fatigue is the restitution of the normal circulation of
the muscle.
"How can &ll this mass of evidence coming from the
laborétory be put to practical use in physiotherapy? \
"So far as the fatigu% is concerned, it means that
the application of
1. Rest
. Relaxation, and
3. Re-establishment of the normsl blood cir-
culation of the muscle are the three principal thera-
peutic measures. The effect of fatigue upon the mech-
enical response may be snown by the behavior of the
poliomyelitic muscle which had been subjected to
stretching. |
UThe threshold of fatigue of the paretic muscle is
extremely low and efforts which otherwise appear entirely
insignificant may lesd to very considerable degrees of
fatigue and exhaustion.

"The excess of tone during the eariier stages of
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atigue and the subseguent development of clonic tremors
are further phenomena which are significant in the
application of physiotherapeutic measures. A4 healthy
muscle is characterized by & marked degree of recuper-
ability. In certain muscular affections, such as pro-
gressive muscular dystrophy, fatigue occurs very readily,
but recovery &also takes place promptly. In other con-
ditions, perticularly in peripheral and poliomyeliitic
paralysis, in which the threshold of fatigue is very
1ow,;recuperation, on the other hand, i1s extremely slow.
"There is a distinction between the training of
the musculature in isometric and isotonic contraction.
In the former,fthe musclie 1s not allowed to shorten but
during the contraction the tension constantly increuses;
whereas in isotonic contraction the muscle shortens and
performs actual mechanical work under more or iess con-
stant tension. In isometric contraction &ll chemical
energy 1is coaverted into heat and no visual work occurs;
on the other hand, in isotonic contraction, mechanical
work 1s accomplished, but because of several factors,
such as incomplete shortening, premature relaxation,
and internal friction, the work accomplished is in-
complete; it only amouhts to one-third of the theoreticsl

maximum work.
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. "These facts shed some light on the practice of
resistant dynamic exercises wnich are of such paramount
importeance in mechanlical reeducetion of muscles. So far
as exercises, carried out under restraint, &are concerned,
we nmust remember that an optimum length of thé muscle
exists, and that the greater the initial distension or
stretching, the greater, in generzl, is the isometric
tension developed. This, however, is only true to a
certain point. When the resistance increases beyond
this, then further distension of the muscle tends to
decrease the energy of contraction. This is important
in passive exercises. The method of passive stretching
of & shortened muscle by plaster cast or breces, if
carried out beyond & certein point of resistance, im-
pairs the efficiency of the muscle. 1In contraction,
either free or ageinst resistance, efficiencf incresses
the more prolonged or the slower tne contraction, but,
in general, we find that the maximum efficiency of con-
traction is obtained when the latter lasts about 13

seconds. In contraction slower than this, the efficiency

P

falls slowly. The natural efficiency of the muscle
hazs been found to be about £6 per cent.
"If we apply the isotonic contreaction, that is,

that in which the muscle is allowed to shorten, the
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efficiency of the muscle is greater because in this
type of contraction the muscle draws upon sources of
energy not utilizable in resisted contrzction. For
the choice of position in which to start exercises, 1t
is well to know that the meximum of contractile power
is reached when the nmuscle hes a length of 1.4 to 1.5
times its natural length. This is usually the case
in the extreme joint position; for instance, in the
extreme extension of the eibow, the biceps assumes
this length in comparison to its relaxed naturel
length.

"For the zvoidance of fatigue during exercise
the following experimental facts are of importance:

"Rarlier signs of fatigue are revealed by changes
in the action current curves, leading to the picture
of clonic contrsction. The low thireshold of fatigue
is to be considered in planning and administering
exercises., That recovery from fatigue is slow in
paretic muscles has been mentioned. It must be com-
plete before exercises are taken up agein. It seems
that in muscles fatigued entirely from local biochemical
cnanges, recovery 1s speedier than in neuromuscular

fatigue, especially if the circulation is otherwise

intact."l9
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CHAPTER IV
HYDROTHERAPY APPLIED

In the foregoing chapter the aims of physical
therspy in the treatment of motor disturbances were
clearly defined by Steindlert®:

1. Reorganization of the locomotor complexes.

2. Prevention of fatigue by restitution of

normal circulation of the muscle.
In this chapter we shall consider the merits of hydro-
therapy in these respects, as well as in the treatment
of other affections met in the practice of Orthopedics.

Elsom seays, "Exercise, properly graded and intel-
ligently directed, is profound in its therapeutic
effécts, but generally not sufficiently appreciated by
the members of the medical profession. I regard spe-
cific forms of exercise, active &nd passive, &s &n
important and integral sgency in physical therapy.

We do not appreciate, perhaps, the large and vital
part the muscles play in metabolic processes and in
the human economy. Physical activity in r%@onable

and adequate amount promotes vigor, effiiciency, hesalth,
happiness, skill and coordination. ITnactivity, on the
other hand, results in deterioration, atrophy, dis-
turbances of bodily functions, and hence impairment of

general health.
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'Exercise, of course, accelerates the circulatory
process. HNature accomplishes its healing effect by
bathing the injured or diseased parts in the nutritive
fluidé of the body. ¥When the blood stream diminishes,
repair and nutrition are correspondingly reduced. Thus
exercise is & profound regulator of nutrition; there-
fore it seems reasonable tnat in many sbnormal conditions
exercise should be prescribed, and with accuracy as to
kind, amount, degree, and frequency of administration.

"Exercise for therapeutic purposes should be
given rsther slowly, steadily, and purposefully, with
& brief period of rest between individual musculsar
contractions. This is & far better method than short,
jerky movements wnhich the patient is apt to mske if
improperly instructed. Further, muscular effort should
be made to carry the Jjoint which is being treated through
the largest excursion that may be possible; &t lezst the
greatest extent of movement which may be done without
great pain. This type of exercise, performed by the
patient alone, we call sctive exercise; it is usually
the most beneficial form. Passive exercise consists of
movements performed on the patient by an operator. The
force exerted in the passive movement of & joint may be

very slight, or great, according to the condition of the
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part being treated. A4s & rule, the application of heat
in some form is desirable before the beginning of either
active or passive exercise.

"issistive exercise is that type in which the
patient is not guite able to move a joint to the
desired extent, and is &ssisted more or less by the
operator. This type is espeqi&lly beneficial in the
various forms of paralysis. Resistive exercise is
given to advantage when the nmuscles are fairly strong;
the operator offers manusl resistance to movements,
supplying & heavier load against the voluntary muscular
action of the patient. Musculer strength and develop-
ment is secured best in this way. The resistance nay
be slight or heavy &according to the strength of the
patient; but no muscle éhould be pushed to its maximum
ability. Bach exercise should be well within the
capacity of the individusal performer.“8

With these points in mind we come to an evaluation
of underwater exercises in orthopedic problems. Lowman
says, "The chief values of pool treatment are, first,
the greater ease and freedom of movement in painful
end neuritic conditions, as in the acute stage of
psliomyelitis; Better handling of painful Jjoints and

easier development of weazkened muscles is one of its
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marked benefits. ©Secondly, it is excellent as a post-
operative procedure following tendon transplants and
plastic Joint surgery, and s an early follow-up measure
in fractures and osteotomies in which movement is
desired to stimulate function and structure without the
denger incident to weight bearing. Thirdly, the maximum
degree of enjoyment end interest is obtaineble. Fourthly,
the hydropathic effect on the nervous and circulatory
systems through the skin is of value. Finally, the
general psychophysiologic benefit of improved morale

is obtained thereby.“lé

From & generel standpoint the value of the pool
lies in the high degree of enthusiasm and interest that
is aroused in the patients. They can herdly weit till
the next day for treatment and any who ever nave been
in the water before their affliction look forward with
keen anticipation to the time when they can start.

"We find theat these, as any other emotions, call
for expression and as expression is always evidenced by
motion, it regquires no urging or further stimulus to
action. This interest does not flag and the fact is
that when these children finslly get so that they can
swim they are elated, because at last they can do some-

thing that others can do. Their helplessness becomes
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less acute, they work with renewed effort and interest
and the change from the tiresome bed to the pool is &
welcome relief."l7

Gaenslen states that, "The édvantages of underwater
exercises are that (1) the bglysncy of water eliminates
gravity and (2) the warmth of the water relaxes the
muscles and accelerctes the blood flow. The steady,
gentle resistance of the water is readily overcome
even by feeble muscles. The degree of resistance varies
with the speed of motion."9

Olsen advocates hydrotherapy for the following
reszsons, and adds a list of some of ﬁhe affections
that heve been benefited by underwater exercise.

"Underwater therspeutic exercise is the treatment
of choice for the chronic stage of anterior poliomyelitis
and vearious spastic and flaccid parelyses. It is also‘
an excellent therapy for many crippling and disabling
disorders such as chronic arthritis and for some
traumatic conditions. Convealescence from certain
exhausting diseases 1s hastened by hydrogymnastics.

"The chief adVantage of thils new trestment is the
combined immersion and the bollyancy of water wnich
allows muscular movement and the use of limbs under
water that elsewhere would be impossible.

"imong the diseases and disorders tnat have been
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successfully trested by underwater therapy mey be
mentioned:

1. Poliomyelitis, especially in the chronic
stages, and after operation.
. Spastic paralysis.
Flacclid paralysis.
Multiple sclerosis.
Chronic arthritis.
Paralysis from fractured spine.
. Congenitel hip dislocations following
reduction.
8. Spinal fusion cases for Pott's disease.
9. Fractures.
10. Various pone and joint plasties.
11l. Hip, knee and other artihrodesias.
12. Certein postoperative cases.
13. Osteotonies.
i4. Bone grafts.
15. Scoliosis and other curvatures of the spine.
16. Faulty postures.!
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Lowman believes that, "The commonest misconception

" regarding this physical therapy modality seems to be.

thet it is the treztment of parslysis by 'swimming'....
The objection to this is two-fold. In the first place
muscle reeducation under water is not swimming. Certain
movenents of the free f{loating type...are employed, but
the purpose is not to teach swimming.

"he chief resson for objecting, however, is the
danger of swimming instructors getting the idea that
they are competent to trest paralytic snd other types
of cases in the water. The result is that the untreined
and the unscrupulous take such patients into the water

when it is often too cold, and give them swimming strokes
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which usually strengthen muscles already strong...and
increase the tendency to contrscture or their over-
action against weakened opponents.... This incresase

of pleasurable zctivity of & recreational character
may be given but 1t is at the expense of increasing the
deformity.

"Also the impression that pool work is chiefly
for patients with paralysis should be corrected. iy
early demonstration of its velue in the treatment of
pboth acute and cironic poliomyelitis probsably led
to the emphasis on this aspect of its use. However,

a great variety of conditions sre amenable to its use.
There is an erroneous idea in some minds thet this
modality cen be administered by employes having no
specilal treaining, or that a nurse or anyone who can
swim might be a suiteble technician. It happens that
the reverse ig Jjust the case.

i simple knowledge of kinetics is not sufficient
by any means to gualify a technician. The teacher
should have an extensive knowledge of &abnormal kin-
esiology and the pathologic aspects of her cases;

& good personality; a thorough acquaintance with all
the pedagogic tricks needed in teaching and & knowledge
of the limitations of this modality--its indications,

contraindicsetions and technigue.
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T find that the commonest error, made by even
our trained technicisns, is the tendency to over work
the patient. Nothing 1s so deceptive &g work in the
water. It is very fatiguing, especially to the weak

and affiicted. The gravity load being removed, the
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parts move more easily through a grester arc an
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this freedom is mislesding end mekes asctusl grading of
the amount of movement to bhe used guite difficult....
Periods as short as five to ten minutes are éll that
petients with severe involvement cen stand.

"iany laymen believe that the influence on paralytic
and otner ailments is due to some inherent potency or
active principle in the water. Tnis idea probably has
gained ground becsuse of the use of natural hot springs
in some places for work of tnis sort.... The value of
underwater gymnastics, however, 1s one of physics and
not of chemistry.

Tanother point is the confusion of the recreational
and reeducetional features. Technicelly, it is not
sound clinicel or physiologic treatment to mix the two

a3

s done in some pools. The play factor has no place

pete

in the schedule during tiie stage of conceﬂfrated muscle
traeining. The latter 1s reguistory &and disciplinary
in charecter end is actuslly mental and muscular effort,
or work, and not play.... The congstant effort of the

technicisn must be directed toward getting definite,
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deliberate motor response to command by purpose and
direction--not by indirection--even though thet is
better then none &t all.

"To me it seems nighly inconsistent, during the
stage of ectual technicsal muscle training, when an
effort at stimulsting the muscles to meximel exertion
is made, to attempt prescribed and carefully graded
dosage of exercise of paralyzed or impaired muscles
and then at any time during the day to allow free
recreational swimming, or pley, without the protection
of braces to the weakened muscles. If the latter
activity, unsupervised is to be &llowed on & play
besis of free response to emotional impulses and
desires, of what use 1s & carefully laid out plan of
graded supervised muscle training? If work in the
water under & cautious technicien who sllows only
slow, deliberate movements is fatiguing, what must
happen to the affected muscles in the unsupervised
activity? The very condition of the handicapped
paralytic patient requires him to make greater effort
to accomplish his movements. Hence, to compensate
his sense of inferiority nhe will be toc persistent
in his attempts and become fatigued or else over-
develop existing normel or overactive muscle groups.

This tends to favor deformity.
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UIE swimming is to be allowed the patient with
poliomyelitis, and even the patient with bad posture
should be most carefully supervised and only those
strokes that are corrective be alliowed. This, how-
ever, is fer from beling free pool play. In any case
it showuld not occur on the same day as actual musclev
training treatments.ﬁl?

"Wihile swimming strokes &re use@ and taught as a
definite part of the muscle reeducation program, they
aere always adapted to the special need. For instence,
in deltold paralysis, the active stroke is ocut &nd up
which propels the body in the reverse direction from
that of the usual one.... It must be remembered...
that the cripple in swimming, as in walking, desires
progression and will use any musculature available to
attain that end. Consequently the use of muscles
glready strong, without supervision, would do more
harm than good."

"T should like to sound & note of warning to
technicians regarding the handiing of frail individuals
even in reesonably warm pools. The danger of chilling
the skin must not be overlocked because of the bad
effect on the general well being of the patient,

especially if he nas & kidney lesion. I have noted
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thet quite & high percentage of patients with early
azcute poliomyelitis show & nephritis of varving grades--
sometimes only slight, and sometimes one that takes
several weeks to clear up.... 1t 1s advisable to
cover the pstient with a large, hot bath towel or
blenket immediately «fter he lesves the pool.... It
is also well to have & not air blower in the adressing
room wiich can be directed ageinst the body, and not
only assist in drying but prevent chilling.

"It is adviscable for the patient to take z rest
period immediately after the pool treatment because
of its fatiguing effect, and pearticulerly as it is
easier to teke & nap at this time. This is veluable
in nervous &nd high strung patients--spestic patients,
choreic patients and nypertense children in general.”l7

In the hydrogymnastic pco;rat the Orthopedic
Hospitgl School in Los Angeles, Lowman finds, "...the
optimum temperature for most cases to range from 8g8°
to 91° F. The spastic group including &1l hyperactive
cases require & higher temperature--fron 95° to 1000,
in which better relaxation and coordination is obtained.
Warmer water than used in reguler swimming pools is
necessary beceuse these fraill, insactive children chill

more readily than the normel, and, furthermore, weak
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muscles cannot function well when cold. With the added
— precaution of watching the length of treatment, no bad
reszction from chilling has been noted in any cases
during the year the pool has been used. Ten to thirty
minutes is the averazge time for all except a few of
the more rugged and old chronic ceses, in wnom the
more vigorous development of trunk muscles is desired.
In the older chronic poliomyelitis cases the children
with leg involvement say they are steadier becauss of

- the treatments, which is due to increazsed tone and

power of gluteals, guadratus lumborum and lower back
. | muscles.

"The sequence of treatment is: first, the fear of
water 1s overcome; second, every one 1s taught to breathe
properly; third, each one is taught to float both prone
and supine; fourth, emphasis is added to the work of
the parts involved--leg or arm, hands or feet, &as
indicated.“l

"When the Orthopedic Hospital in Los Angeles
began to use the underwater exercises &s a physio-
therapeutic modality in 1924 our primary interest was
fixed on the treztment of poliomyeiitis. The effort
wes confined to chronic cases at first, but as & light
epidemic brought us & few acute cases, we included them.

Gradually as we appreciated the value of the work in
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the water we became braver, until we commenced this
phase of treatment right after quarantine, ss early as
tiie end of the fourth week even wnile pain, muscle
neuritis and spasm existed. We were impressed very
early with tne value of such treatments for other
types of cases. We desired especially to get the
operated poliomyelitis cases back on the water treat-
ment and begen to study ways and means of doing so.

Ve noted in handling poliomyelitis in the acute stage,

thet the limitation of movement from pain and spasm

weas much less when attempted in the water. We con-
cluded that earlier movement of operated parts would
be possible without the production of joint pain and
muscle spasm, and thus insure & much wider margin of
safety when so handled. This proved to be true.

Spinal fusion

"In spinsl fusion cases for Pottl's disezse,
scoliosis, fractures, etc., the back was neld firmly
in water-proof splints, the patient gently moved from
bed to guerney, thence to the hydrogymnasium, 1ifted

from the dressing room table, carried out to the pool

and lowered into the water by the electric traveling

hoist. Partly supported on & submerged inclined plinth,

the legs could be gently exercised, thus stimulating
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the general metabolism and raising the tone of the leg
and pelvic muscies. It is especislly important in such
cases to improve the tone of abdominal, low back and
gluteal groups. It can be done 1n this way without
spinel movement and does not jeoperdize the healing of
the grafted area. Such treztment can te instituted

by the eighth or ninth week. Otherwise it would ke
necessary to wait three or four weeks longer before
very much physical therapy, other than message to legs,
or sun or light therapy, could be safely used.

Congenital hip

"Following the method of DeNuce, of Bordezsux,

who uses walking in the water after reduction of con-
genital dislocation of hips, we eleborated & similar
follow-up for hips after operative as well as closed
reductions, beginning with the lying position on the
plinth and later in free floating positions. The chief
movements given are strong, active abduction and hip
extension, with ankle and knee bending, but limited

hip joint flexion. After two or three weeks of this,
walking in shoulder depth water, began. At first we
use crutches, later discarding them, and the legs are
used widely ebducted in what we term the 'straddle walk'.

About the same routine is followed for all joint and

=
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bone plastics, arthroplasties, shelf operstions, bone
grafts, nip and knee arthrodeses, etc.
"The most trying time to the surgeon, of course,

s from eight to ten weeks after operation, while bone

H¢

repair or regeneration, is taking place and the motions
involved in walking, plus the danger of slips, falls

or sudden appiication of muscle power to regain balsnce
end prevent falling, are likely to undo what he has
labored so hard to accomplish. This long pericd of
insctivity, while waiting for wound nealing, lessening
of pain and spasm, and bone repair naturally promotes
not only atrophy, but circulatory stasis both of which
retard the process of healing. Thus if this period
can be shortened, recovery is héastened, hospitalizstion
time reduced and expense lessened.

"For instance, after & hip arthroplasty or shelif
operation for congenital dislocation of hip, the patient
by the method mentioned sbove, may be placed in the
water without bending or pain, the body floated to
position on the plinth, and active movements of the
part commenced. The only rules to observe are: (1) Do
not produce pain; (&) Use only active motion of the
effected Jjoilnts within & painless arc.

"Of course, in addition to this, movements of

all other unaffected parts are stressed to begin with,
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because the patients morsle znd genersl tone néed build~
ing up &after the shock of such large surgical procedures,
and the long period in bed in splints or casts, awaiting
the joyful day when he will have his turn in the pool.
His chief fear is of pain in the opersted area, so when
the technician directs his attention to the exercises
for the unhaffected parts, this is overcome. The pro-
duction of inhibitory spasm so éommon to all efforts

of motion in bed does not occur, and he does not realize

P N - . B
’ that during the movements of other

parts gulte & good
deal of motion of short renge takes place in the opereted
joint.
ext in seguence are specific exercise for the
foot and knee of the affected leg, which force blood
and lymph to end fro through the operated region from
the muscle action below. Very definite deliberate and
forceful movements of foot, ankle snd knee &re given
by the technician in order to force the patient to con-
centrate his attention on these parts, and keep it away
from the hip. Thus the inhibitory reflex spasm so
. detrimental to physical therapeutic progress is avoided.
"Passive motion (of the affected vart) has but
little place in the treatment or handling of bone and

— Jjoint cases.
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"We consider that by avolding this spasm, and the
earlier and safer attempts «t active motion, such as
we made in the water, we have succeeded in cutting
down the convalescent period in the hospital at least
15 to 25 per cent--or an average of perhaps two weeks.
it an average cost of $6.00 dally for the hospital, if
it is & charity case, or more than that in instances
where a special nurse is employed for & private patient,
the zmount saved the hospitael in & year may be consider-
able."®

#Congenitel and other hip Joint conditions are
handled with increasing satisfaction, especially because
of the lessening of fear of wovement after casts are
removed &nd motion instituted. The terrifying appre-
hensiveness shown by tnese cases after the long imprison-
ment in casts for frecture, treumatic epiphysitis or
congenital nip is one of the most obstinate fectors
militaeting against the reestablishment of function,
with which the physlotherapist and surgeon have to
contend."l

Tendon Transpiants

iBecause of the zbsence of gravity load, due to
Moyyant support of the part by the water, tendon trans-

plants can be activated with greater safety, through
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P & somewhat greater range under water than is usually
obtained in the bed or on the gymnasium table. The
effect of this earliier activation guards zgainst adhesions
around the transplant and makes for better results in
& snorter time. Where weight besring i1s desired, but
is rathef dangerous (because there is no way of knowing
exactly how much weight the patient really puts on the
affected leg, even with crutches), this method affords
a definite dosage, and is one of the most valuable

parts Qf the treatment. This is effected by having the

first stending and welking efforts made in water about

four feet six inches deep, which will average about to
the axiilae on most patients. At this depth, only about
one-eignth to one-sixth of the body welght is actually
traensmitted to the sore joint, bone braft or frzcture
line in the leg.

"Stepping in place, &t first holding to the railing
and then wealking scross the deep end of the pool with
crutches, allows the legs to go through the complete
short range used in these movements, thereby reestablish-
ing neuromuscular control, and stimulating a1l metabolic
processes according to the law that function and structure
are interdependent. 4S8 soon as it 1s safe and adviseable

the patient moves up toward the shallower depnthis, thus
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cautiously increasing the weight dosage. At the same
time, by the increase of joint range and muscle function,
by other exercises on tne piinth, or in free floating
positions, greater physiologic response is geined., The
fear of falling does not exist, but even so the patient
is told not to worry, because if he loses his balance
znd falls over no harm is likely to occur beczuse there
is no shock or strazin to the part in the water.

"In this connection, may I point out that the
-~ method which we instituted in our very first pool, of
having the physicel therazpicst in the water with the
patient, is & great asdvantage, not only to give assist-
ance &nd moral support, but to hold and guide the part
during its exercises. This could not be done, were

small or deep tenks used and she had to étand outside
tie tank and give instructions.“l5 “
Fractures

"any local trestment or manipulation around the
site of a fracture was usually taboo in the last
generation or two. Splints and cests were usually
applied and the limb kept &s nearly immobile &s pos-
sible for six or eight weeks. At the end of this

treatment there was obvious atrophy of muscles within

P the neighborhood of the fracture, and usuelly a very
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considerable ankylosis of neerby Jjoints. After the
healing of the fracture, much time had to be spent in
attempts at restoration of the function of joints and
muscles, and recovery was much delayed, Today the treat-
ment by physicel means has been & distinct improvement
in lessening the period of disability. By means of
careful masssge, the application of heat, and gentle
movement of surrounding Jjoints, the healing process is
hastened, callus formation is stimulated, and the
muscles and Joints are more guickly brought back to
normal function.

"In the physical tresztment of fractures, the stages
of the fracture must be well considered. For convenience
we may divide these stages into three; first, the acute
or recent, before ossification has begun. Here muscular
spasm, pain &nd swelling are prominent. Adhesions tend
to form very rapidly, within & few days sfter the initiel
trauma; swelling is often extensive, and both swelling
and adhesions affect neighboring joints. There is pas-
sive congestion and more or less ankylosis. Tendons
may &dhere to their sheaths, causing furthef limitation
of movement. In the physical treaitment of this stage
we should endeavor to reliieve pain and congestion, to
promote active circulation, and to prevent the formation

of adhesions. To this end, heet and massage, very light
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at first, should be applied; stroking movements above
and below the site of injury should be given, préviding
in all cases adequate support to the limb and handling
the injured area with greatest caution.

"Heat treatment may be begun at once, massage
after a very few days, followed by active movements
of neighboring joints. A patient with Colles' fracture,
for example, may move his fingers from the first, and
in a day or two the elbow and shoulder. These movements
need not include the whole excursion of the joints; small
degrees of movement are better. In some cases, movement
of the surrounding joints should be postponed until a
degree of union has occurred. Active movements are
preferable, because the patient himself will instinct-
ively avolid any movement which causes pain. Passive
movement may be overdone very easily, especially in the
early stages of fracture. Any increase of pain or
swelling after physical therapy treatment is an indica-
tion that it has been carried too far and has been too
severe. In all cases, the limb should be placed in a
comfortable position, supported by pillows, and in recent
cases the treatment is best done while the part is in
a splint or half cast, or even in a sling.

"In the second and third stages, the chief aim is

to secure muscular strength as well as freedom of move-
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ment.... The patient should be encouraged to make
active use of the limb, without putting upon it an
undue amount of strain. In the third stage the bones
are quite well united, and if pronounced adhesions are
present, force in the use of passive exercises may be
employed. Massage should be strong and vigorous."8
"When spasm exists," says Lowman, "or the adjacent
joints are painful and partially stiff, as the knee
for instance is in fractures of the femur, or from long
incarceration In splints or casts, we have found that
the compressed air bubbling massage applied to such
parts aids very materially in lessening the spasm,
and thereby aids the treatment possibilities, allowing
a greater range of motion and improvement of the mental
state. We use this means a great deal in the early
stage of follow-up fracture treatment. It is especially
suited to nervous children because of its sensory effect
and its uniqu.eﬁess."l5

Poliomyelitis

Lowman, a pioneer in hydrotherapeutic treatment of
poliomyelitis victims, says, "We have started underwater
treatment in these cases several weeks earlier than ever
before, beginning as early as the sixth week or immediately

after a reasonably safe quarantine, even while some muscle
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soreness still existed. We feel...that, following the
treatment in the pool, the soreness and stiffness seem
to disappear more quickly. In the water the movement
can be started earlier with greater range, before spasm
from soreness ensues, than can be done with bed treat-
ment. The morale of the patient is decidedly better,
because the inhibitions established during the early
stage of acute soreness when the child dreads handling,
are more readily overcome. In the water the children
rapidly relax and lose their fear and probably the sensory
threshold is raised by the development of other more
powerful stimuli which claim the attention.

"Under the former treatment of early splintage
for physiological rest, baking, massage and muscle train-
ing were not started till soreness disappeared, the
period of inaction averaging about ten to twelve weeks.
The mental resistance to movement in the first four to
eight weeks, plus the increased sense of comfort from
lying perfectly qulet, with the added pathological
diminution of function and nutrition, make an obstructive
barrier which is extremely difficult to overcome. When
the actual sense of feeling of motion thus becomes lost
it is expecting a good deal of the small patient,
especially, to abstractly *think' the impulses down to

the various muscles,
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"In the water, however, the contact with it,
stimulating immediate bodily movement physiologically
through the myriads of tactile end organs, produces a
far greater and more natural stimulus to movement,
which 1s accomplished more readily without strain because
the gravity load is removed. The children sense this
more readily than when a technician carries the gravity
load by 1lifting the part with her hand.

"During the past year we have treated ten cases of
poliomyelitis in the early stages and on a basis of our
experience there has been a more satisfactory degree of
improvement in less time than by any previous method we
have used.

"It must be remembered, however, that it does not
wholly replace the regular muscle training in the gymnas-
ium or in bed, which is decidedly more disciplinary and
regulatory and should be resorted to as soon as all
soreness has disappeared and muscle 'come back! is
evidenced.

"In chronic or old poliomyelitlis cases the pool
treatment should be used for general toning up of the
body as an a&junct to the regular gymnasium work, for,
from the improved body control, it makes better use of

arm and leg than does simple gymnasium work alone.
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The most prominent result with this group, however, is
the psychological effect upon the children of finding
that they can begin to compete in an active sport with
their more fortunate fellows and feel less 'out of it!
socially."l6

Hansson adds, "The exercises we use are the muscle
re-educaticn exercises of Dr. Lovettg, although applied
in a new medium. The treatment reguires 15 minutes.
The first five minutés are devoted to special exerclses,
such as might be given for the calf muscle for example.
The next five minutes are used for general condition
exercises, as for instance walking in the water; and
the last five minutes the patient undergoes some
applied exercise, for example, diving."lo

In regard to the treatment of poliomyelitis,
Hubbard has this to say, "Anterior poliomyelitis is an
acute infectious or communicable disease caused by a
specific filterable virus. This virus attacks the
motor cells of the central nervous system and the result,
in a large percentage of cases, is paralysis or weakness
of one or more muscle groups. In the majority of cases
the end result will depend upon the treatment. In the
acute and early convalescent stage absolute rest is the

most important. In the later stages restoration of
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muscle and nerve function 1s obtained best by means of
specially directed exercises, for each muscle group
affected. These exercises can be done most effectively
with less fatigue in warm Water."ll

Evaluating the underwater exercises in poliomyelitis,
Hansson maintains, "...that hydrogymnastics do not take
the place of the other recognized orthopedic measures
in the treatment of poliomyelitis. Orthopedic operations
are more important than ever before because of improved
technique; braces and other supports are necessary. At
the Hospital for Ruptured and Crippled we still use
the dry gymnasium, and also the low tenslon electric
currents. Hydrogymnastic treatment, however, 1is the
important part in the rehabilitation of residual paralysis
in poliomyelitis.“lo
Hernia

"In most cases of hernia," says Elsom, "there is
found to be a weakness of the abdominal muscles,
especlally the internal and external eblique, which are
concerned in the formaticn of the inguinal ring. The
recti muscles, which are commonly used in abdominal
exercises are not so important from a corrective point
of view. Therefore the movements which twist the body

from side to side, side-bending movements and the like

are most wvaluable.
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"A patient convalescent from a herniotomy may
hasten his recovery by mild exercises of rotation of
the trunk and pelvis, with or without resistance. The
operator may place his hand on the shoulder of a supine
patient and offer varying degrees of resistance, while
the patient tries to turn his body, shoulder, and pelvis
first in one direction and then in another.... Many
forms of exercise may be taken while the patient is
lying on his back. These forms are often desirable‘in
some post-operative cases, because of the lessened
strain on the heart in the recumbent position. Active
movements of railsing the knees to the chest, with or
without resistance, leg-raising and spreading, the so-
called 'bicycle! movement, raising and rotating the
legs, are all good. Simpler and less disturbing
eiercises consist of voluntary comntractions and relax-
ations of the abdominal muscles, with a kind of pump-
ing movement, which is in reality a form of abdominal
massage stimulating the viscera and increasing the cir-
culation, both arterial and venous. Simple blowing
movements, as if blowing up a rubber bladder, involve
considerable‘exercise to the abdominal muscles, and
are useful in strengthening these organs when indicated

postoperatively."8
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Judging from the good results obtailned by other
men in improving muscle tone by hydrotherapeutic measures
it is reasonable to eipect similar results should this
means be employed postoperatively as indicated above.
Arthritis

Currence believes, "The classification of arthritis
into atrophic and hypertrophic forms is probably the
best means to eliminate confusion. Hot baths constitute
a most valuable form of treatment in both types.

"Hydrotherapy has been used with varying success
in arthritic and rheumatic affections since the dark
ages. Its curative value was not appreciasted because of
the empiric manner in which 1t was frequently utilized.
The occasional failure of medication to satisfactorily
control arthritic states has often forced sufferers to
seek aid from’non—medical groups. Lack of knowledge
and the unsatisfactory application of such knowledge
is accountable for the present situation.

“Hydrotheraﬁy is an effective therapeutic measure
capable of producing beneficial results more striking
than the average medication now in vogue. Just as the
pharmacological action of a drug is determined prior to
its use, so should the specific value of hydrotherapy

procedures be known and applied.
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"I am not advocating that hydrotherapy should be
used as the sole remedial agent. Diet, medication,
colonic irrigaticns, endocrine therapy, vaccines,
foreign proteins, electrotherapy, massage, passive and
active motion, mechanotherapy, and occupational therapy
may also be employed when indicated. In general, the
induction of various degrees of hyperpyrexia is the
most desired effect of baths in rheumatic disease.

"Hot Tub Baths. In order to prevent a reflex
vasoconstriction of the capillaries, the bath is
started with a water temperature of 96 to 99° F., and
over a period of 5 to 10 minutes, the temperature of the
water is gradually increased to 101 to 108° F., with
the duration ranging from 3 to 30 minutes. Subsequent
to this, the patient rises slowly or is 1lifted from
the tub, and after being placed on a couch, is either
wrapped in a warm sheet and blanket and allowed to
cool gradually, or is packed in a blanket to maintain
the hyperpyrexia, as may be indicated. When a more
profuse diaphoresis 1s desired, sipping a cup of hot
tea usually proves effectual.

"Bath Medlcation. The addition of medicaments to

the bath water is a matter of choice.... Icdine

preparations for this purpose show definite absorption
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and effect. ©Sulphur--especially the newer colloidal
preparations--may be of some value. There is no doubt
that concentrated salines are effective as a surface
stimulant and create hyperemia, especially if friction
of the skin is prescribed with the bath. The addition
of an emulsion of ethereal oils with salts will produce
a marked surface stimulation and induce a higher fever.
When such medicaments are added, care must be taken to
prevent splashing into the eyes or ears, and the axillae,
neck and groin should be protected by an application of
vaseline prior to the bath. If it is desired to follow
the tub bath with a pack, the fever will be maintained
at a higher level than if this surface stimulus had
not been produced.

"For all heat procedures involving the whole or
a large part of the beody, it 1s important to guard
against the patient catching cold on account of the
cutaneous hyperemia. A brief cold application prevents
or lessens this danger. The normal capacity of the
cutaneous vessels of responding to external cold tem-
peratures by prompt contraction is noted. The feeling
of fatigue often folloWing heat applications is counter-
acted by brief cold'water application or an alcohol
rub. The temperature of the treatment room must also

be observed and should be sufficiently warm to avoid
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chilling.

"In the hypertrophic cases it is usually preferable

to use less strenuous baths and to give them daily over

a period of 2 to 4 weeks. These cases almost always

are given temporary, and occasionally permanent, relief,.
These courses may be repeated after an interval of
several weeks, and sometimes shorter courses suffice

to maintain the improvement obtained. A similar course
of treatment i1s often of great value in cases of chronic

myositis and of neuritis.

"In gout, after the acute symptoms are under control,

a similar course of baths will greatly hasten recovery.
The gouty patient will usually do well with slightly
higher bath temperatures.

"In the atrophic cases, courses of treatments
must be carefﬁlly individualized. The more strenuous
forms of hot baths which produce a fever of 101 to 103° F.
given 2 or 3 times a week, produce striking results.

In these cases, care must be exercised not to enervate
the patient. Also, the frequency of strenuous hydro-
therapy must not be sufficient to disturb the acid base
equllibrium of the body, as this type of bath tends to
produce an alkalosis.

"Continuous baths are of particular value in
conditlons of excessive pain, and when measures of a

strennous nature are contraindicated. Patlients are
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placed in a tub, preferably on a hammock, and are
allowed to remain from one to three hours at a temper-
ature of 99 to 99.5° F. This temperature is slightly
higher than ordinarily used in a continuous bath, but
it is usually necessary because arthritics with lowered
skin temperature do not tolerate cooler temperatures.

A proﬁounced sedative effect is produced and great
relief is often accomplished when other measures have
failed. This may be given daily or even twice daily,'
according to the patient's reaction.

"The use of pools is of great value. The tenmper-
ature in the pools may vary according to the purpose
indicated, ranging from 99 to 101° F. A definite tonic
effect with great relief of pain is often achieved.
Pools are excellent for free exercise, graduated move-
ments, re-education of muscles, and manipulation by
masseurs. Under efficient supervision, patients may
spend many beneficial hours in pools.

"] have found local hydrotherapy of value in acute
rheumatic fever. In acute stages of gout, hot applica-
tions alternating with light alcohol packs give some
relief.

"Arthritis cases are...amenable to regular daily

institutional care and treatment. In fact, in seem-
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ingly hopeless cases, when all other measures have
failed, hydrotherapy will often restore their comfort
and return the patients to useful life.

"Although the best results with hydrotherapy are
obtained when the patient is under institutional regime,
hydrotherapy has the advantage in that effective courses
of treatment may be utilized for ambulant cases or at
the patient's home, without interfering with such other
treatment the physilcian may consider indicéted."5

The Saltpool

Brockway reports eleven cases of osteomyelitis
treated in the warm salt water podl. He observes,
"Theoretically, the principles of treatment seem
sound and by actual practice the method has given worth-
while results. It is particularly suited to those cases
where the osteomyelitic process involves the joint or
is in close proximity to the joint.

"This method of treatment embodies and makes use
of definite well recognized principles in the treatment
of infection and joint regeneration, namely:

(1) Adeguate drainage and immobilization. After
the acute stage absolute rest is not maintained but
after the first month the plaster cast is removed and
the patient immobilized in bed by light traction, by
splints, or by bi-valved casts. Daily pool treatment
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is then started, but even this 1s comparative rest,
since motions in the pool are performed with a minimum
of effort. No effort is exerted by the patient in
getting in and out of the pool, since this work is

done by an overhead electric traveling hoist with the

‘patient lying on a stretcher.

(2) Past experience in the treatment of suppurative
arthritis has proven the proposition that physiological
stimalation of a Joint is the best means of insuring
maximum return of motion in a diseaéed joint and re-
generation of joint structure. This principle is made
use of in the salt water pool treatment without jeopard-
izing the cardinal principle of rest.

(3) The salt solution being extremgly hypertonic,
drainage of the infected tlssue 1s accelerated because
the difference in osmotic pressure existing between
the solution and the body fluids causes an outflow of
the latter from the diseased area.

(4) Active movement in the water avoids the pro-
duction of inhibitory spasm from pain or fear of pain
as is usually produced by other forms of physiotherapy
and muscle reeducation movements.

(5) The treatment is soothing and is enjoyed by
the patient as compared with spending months of in-

activity in ill-smelling casts.“4
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Lowman advocates use of the saltpool "In cases
with draining sinuses or open wounds...such as tuber-
culous hip cases, Pott's disease, osteomyelitis or
simply surgical ﬁounds that are sluggish in skin
closure.... This pool contains about 2100 gallons of
water, into which 500 pounds of sea salt and 200
pounds of magnesium sulphate are dissolved.# This
strength of brine does not tolerate germs, as it is a
hypertonic solution, in which organisms cannot live
long. Many cases of osteomyelitis that have become
surgically clean, with the saucerized area filled with
granulations, can be helped by mild exercising in the

salt water. The patients are apt to be pale and thin

from the long standing infection; they may have spent

months in casts and have had repeated operations, and

the respite and enjoyment of this type of treaﬁment may
help materially in building them up."lE ‘
In brief, underwater exercise offers resistance

9 and at the same

increasing with the speed of motion
time supports the body, permitting free motion in any
direction without the strain of weight bearing.l4 Care-

ful regulation of the temperature of the water can

#1 1b. sea salt/4 gal. of water; 1 lb. mag. sulph./10
gal. of water.
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produce relaxation of musclesg, increase the local
blood supply, and exert a sedative action on the patient.
Thus, weak muscles acting in this medium are resisted
only as they Increase their strength and speed of motion,
and can therefore be exercised earlier than by any
other means.16 Spasm is reduced, blood supply is en-
hanced, and recuperation following exercise is promoted
by the decreased irritability of the patient.

By the addition of salt to the bath hypertonic

15

solutions may be prepared which increase the specific

gravity of the waterg and inhibilt bacterial growth in

draining and slow-closing Wounds.l5

The proper place of this mode of treatment should
be appreciated. It does not replace, but is an important

ad junct to, other recognized orthopedic measures.lo
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CHAPTER V
EXAMINATION OF MUSCLE FUNCTION

"It has been quite generally accepted that muscle
reeducation, as applied particularly to paralysis cases,
is of very decided value in treatment.... Other things
are done to the patient; this he does himself, and in
doing it he activates the whole psychomotor mechanism
involved in active muscle function.

"The degree of ultimate success of our surgical
treatment of paralysis cases will be evidenced by the
degree of care and the intelligent handling of both
preoperative and postoperative phases, or, in other
words, the physiotherapeutic stage.

"In this phase of the treatment it is essential
that the technician be one as thoroughly trained and com-
petent as it is possible under the circumstances to ob-
tain for any given case, for, unless one is definitely
certain that every bit of functional improvement has
been obtalined by the technician, how can one determine
which of several operative steps to apply when the time
for surgical interference is decided upon? In fact,
the question of when to operate is often determined
by the report of the physical therapist, as is also

the choice of procedures.
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"Consequently, if the amount and degree of motor
response in a given case is such an important factor
it becomes necessary to understand the element in-
volved in obtaining response. The amount of come-
back in any given case depends partly on the patholog-
ical condition existing, partly on the mental ability
of the patient in accepting, teaching and developing
power of concentration and action, and also partly on
the ability of the physical therapist in recognizing
and overcomlng any obstacles presented ﬁhich delay or
prevent return of function. One must know the degree
of actual residual paralysils in any and all muscle
groups in order to prescribe the proper surgical pro-
cedures. The gquestion of when thils can be ascertained
is more or less variable and of all the factors in-
volved in arriving at a decision, the consideration of
whether or not the technician has thoroughly mastered
the psychological as well as the physiological details,
is not the least. The qualifications and capabilities
of the person conducting the muscle reeducation needs
some check or measurement in order to determine how
stable and uniform his results are and what degree of
dependence can be placed upon his report in a given case.

"We have found at the Orthopedic Hospital School

Clinic, as well as in private practice, that an adeguate
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system of measurement and recording of motor responses
makes for accuracy in determining surgical procedures
based on these records. It also tends to develop the
technicilans handling the cases, and makes them realize
more fully how really valuable and important a contri-
bution their particular work is to the success of the
clinic. Time must be conserved in a busy clinic, and
when one has to trace back through a mass of typewritten
data to obtain the original record and then pick out
the progress recorded at different dates for compari-
son, one's eve cannot take in at a glance enough to ar-
rive at a quick conclusion. It is extremely important
to note the degree of improvement as well as the length
of time passed in obtaining it, in order to decide
whether to go on with the reeducational work or to op-
erate.

"By having one person only make the muscle analysis
for the record once a month, the element of personal
equation involved 1is ruled out and differences of res-
ponse at different times can be more accurately ex-
plained. We have used a scale familiar to many, com-
posed of nine gradations, estimating muscle movement,
effect on gravity as evidenced by joint movement, and

muscle action against both gravity and resistance load.
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The following table with abbreviation and numerical
equivalent explains these points:

Inactive . . . . IA O No appreciable motion

Action weak. . « AW 1 Definite muscle contraction #

Fair minus . « . FM 2 Definite muscle action
without much influence
on the joint.

Fair « ¢« v = « . F 3 TWell defined action almost
up to movement of the
joint.

Fair plus . . . FP 4 Beginning action of joints
but not against gravity
or enough to overcome
friction of table.

Beginning action against
gravity or friection.

Well defined control over
gravity or friction.

Good minus . . . GM 5
6

Good plus . . « GP 7 Beginning power against
8

Good v« ¢« « « =« « G

added resistance.
Increase against resistance

but not gquite normal.
Normal . « « « « N 9 Normal

Normal minus . . NM

# Between IA and AW is fibrillation or questionable
contraction. :

"It was found after several years of recording
by using the abbreviations in columns on either side
of a printed list of joint movements, that as the
record becanme fulier it toock longer to figure out the
comparisons and form conclusions as to the amount of
progress made. We consequently adopted the method of
recording by numerical eguivalents, which greatly ex-
pedited the facility of judging progress. The first
column in our present chart shows both the abbreviation

and number while the subseguent columns have only the
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numeral. Each column is dated above and shows the
initials of the one making the test. In this way
tests by the physical therapist can be compared with
those of the surgeon, or trained technician, and a
check obtained upon the abilities of clinicians, in-
ternes, students or any one training for this work.

#0n Chart I, made July, 1985, to May, 1927, one
is immediately struck with the rapid return of power
in the thigh groups, as the eye notes duickly, for in-
stance, thigh flexion through progression of 3, 6, 7,
8, 9. B8till more valuable 1s the glance at the right
knee showing a gain from very weak to nearly normal.
One concludes at once that the comeback is going to be
favorable. The adduction register at Point 6 nearly
balances with abduction at Point 7. Thus, deformity
in either of these planeé is hardly to be expected
from nuscle imbalance. AS one notes that high numbers
prevall at the end-reading on all muscles controlling
action at the hip joint, one says at once, 'no operation
indicated.' Study of the foot and ankle section shows
that, on the whole, the right foot is weaker than the
left. Everters are more active than inverters, but
both are extremely weak. Note that progress has for
the first three months or so begun to indicate the

future probabilities as the knee and thigh are in good
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condition and one sees that alignment and foot stab-
ilization are all that will be needed to make this

leg brace-free. Note the later record and this prog-
nosis seems about correct, i.e., the right foot shows
that throughout the whole period the Achilles has con-
tinued more powerful than the dorsifiexors and the
evertors progressively overcome the inverters, so,
stabilization with transplantation of the peroneus to
the inside of the foot and the extensor proprius hal-

lucis, which has always been strong, back to the meta-

‘tarsals, is indicated. At once you may ask, 'Why sta-

bilize by arthrodesis when there is much evidence of
good musculature?' There are three reasons: (1) Weak-
ness of the opposite foot, (8) sufficient imbalance in
right foot muscles to indicate worse deformity than
there would be With.weaker muscles, and (3) too much
insecurity over the subastragaloid joint.

"The second chart, & condensation of a fuller
clinical chart, shows the line»u@ for about twenty-cne
months and shows the muscle group relations and the
foundations upon which we must base our Jjudgment as
to the next stage of treatment, i.e., the surgical.

At a glance one sees that the right leg is satisfactory

except in the foot where the relation of eversion to
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Hight Left
Thigh
SE | 8B | 8K | SK SR | SBR [ SE | SR
D T T E ~ |~ I~ | ~
o2 N ERTO N Y ey o) 21 »
S S KRS SRR
2 2 5 Bxt. 9 2
2 9 7 5! Flex. 4 4 4yl 4
g 8 7 5 Abd. 4-1 5 7 9
9 g g 4 Add. 4| 4 S+
9 9 9 8 Ext. Rot. & 7 9 g
8 9 7 2 Int. Rot. 4 4 8 7
Knee
8 7 b¥ B Flex. ¥l g¥ 7
2 ) g8 8 Ext, 13| 4 3+
Foot & Ankle
8 7 5 0 Flex, 4 7 8 9
4 P 1 ¥* Ant. Tib. 1 P g 7
g 8 3 Bxt. 9 9 3 9
4 5 4 0 Inver. fi 7 g S
9 2 5 4 Ever, ) 3 9 9
loe

8 7 5 5 Flex. 4 g g

3 8 7 G Ext. 8 g 9

7 8 4+ O B.PeH, 7 9 S

*REMARKS: September 15, 1925. Heel cords contracted,

especially right. Hamstrings contracted. Feb-
ruary 22, 1926. Limited range of motion to knee
so hamstrings will not become overactive. Left
xnee at first and second tests could not move
patella by pull of guadriceps tendon; now has

a strong pull. danuvary 15, 1827. Lefi knee
flexlon assisted by gastrocnemius and tensor
fasciase good on left in assisting knee flexion.
June 29, 19&7. Left thigh adduction with gravity
and friction and thigh flexion ruled out is 5.
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to inversion and extension to dorsiflexion is so dis-
proportionate that stabilization will be necessary,

but also that combined with a transplant a brace-free
leg will be expected. The left thigh is seen to have
been 1lmproved but not throughout. The flexor weakness
represented by 4 means future difficulty in stair
climbing. The extensor 9, however, allays any anxiety
as regards standing, as long as we note that with
flexors grading 7 against gquadriceps 3 we can make a
biceps-to-patella transplantation. This will assure

a reasonably stable leg, further confirmed by noting
the grading of foot muscles which are all strong. From
the findings of the chart, even though one did not see
the patient, thé future course and prognosis of the
case can be determined with a good degree of certainty.

"The possibility of getting at least a reasonably
good idea of the status of a case by simply a glance
at such a chart, 1s enhanced by a photograph of the
case as originally presented.

"Differences in grading muscular power can be
noted and changes may be accounted for by the condition
of the patient at the time, and fatigue, exciteument,
cold muscles, etc., may all be allowed for. Allowance
must also be made for the personal eguation which usually

accounts for at least a variance of one degree. Pref-
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erably the same persons should make all the tests,
and the longer they do this tﬁe more reliable they
become and the more dependence the surgeon can place
upon their findings in deciding upon recoﬁstructive
procedures.? 13

"We are also developing a system of cork floats,
which will give us a possibility of measuring the
amount of actual strength which the muscles are exer-
ting in certain movements. Knowing the coefficient
of buoyancy of the water, we ecan measure the lifting
power of any plece of cork by a sczle, in accordance
with its size. These floats of various sigzes are num-
bered and have webbing loops through which a hand\or
a foot can be thrust, and when the patient submerges
them we know exactly the number of pounds of muscle
pull that is being exerted.m 1%

Charts similar to those presented above were
kindly forwarded by L. W. Hubbard of the Georgia Warm
Springs Foundation. They are included here because
of their completenessfge

Steindler, at Iowa City, uses still anocther
method. He checks "the effect of muscle training
by recdrding the increasing efficiency éf the loco-
motor act. In pathological locomotion, casual obser-

vation gives only very ilnaccurate ideas of efficiency.
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CHART III
KEY TO MUSCLE TEST

(Georgia Warm Springs Foundation)

Muscle can complete arc of motion against
gravity with a great deal of resistance.

Muscle can complete arc of motion against
gravity with some resistance.

Muscle can complete arc of motion against
gravity (no resistance).

Muscle can not complete arc of motion against
gravity.

Muscle can be felt to contract but no motion
seen.

Muscle cannot be seen or felt to contract.
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* TRUNK AND LEGS . |
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i Tensor fasciae latae Ui
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i..iExtensor brevﬁiﬁiorﬁm
. Extensor proprius hallucis
 Flexor longus digitorum

©
Lle

o
¢
[CREY

B
|

i

brevis iigit&rum

28 EEAN

I T T

i beo oo b oo rg

E IR A

i

G T | ta

i o lumbricales | s 5
ov longus: hallueis CbL

or brevis hallucis R

(| MEASUREMENTS | | -
L Caif )

: .| Thigh
; i 1 Length e
'CONTRACTURES AND DEFORMITIES | | |
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SR Knee Ced
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RIGHT ARM

]

‘ Abductor brevis pollicls |
s ‘Adduetor, pollicis :

Flexor - longus pollicis

Flexor brevis pellicis

Anterior Deltoid Anterior
Middle ” Middle
_P;E‘c‘e_rior » Posterior
Upper Trapezius Upper
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Lower » Lower
) Serratus magnus T
Rhomboids
Latissimus ™ dorsi
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Extensor ossis métacarpiﬂ pollici§_
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Shoulder

‘Eﬁibow
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More exact informstion of the expenditure of the
motion can be obtained by measuring first the meta-
bolic changes, especlally the excess oxygen intake,
and then by comparing it with the output of actual
mechanical work. In this way we arrive at an ef-
ficiency index of the locomotor act. For instance,

in cases of congenital dislocation of the hip, we
found the expenditure, or cost, to be several times
that of the normal gait, and the 'efficiency! corres-
pondingly less. So, we can measure the effect of
muscle educational treatment, alone, or combined with
operative methods. Another, more simple method of
measuring the value of muscle training in terms of ef-
ficiency is to correlate standard motions to the speed
in which they are carried out, assuming that the actual
metabolic cost increases with the slowness of motion.
We have made use of this plan, particularly in muscle
education of the upper extremity, both in spastic and
in paralytic cases. The increase in speed denotes

A s . 19
gain in accuracy and precision of motion.®




CHAPTER VI

EQUIPMENT

In planning pocl construction for the sole
purpose of giving under water exercises to orthopedic
patients, probably no one has given more attentlon to

detail than has Lowman. He points out that, "The size

o

and shape of a pool will be influenced to a great
extent in exdisting institutions by the spage available
for its installatlon. In institutions under construc-
tion and those in prospect, ample space should be
allowed, 1if this modality is to be added To the pnys-
ical therapeutic eguipment.

A convenient size would be from 1& to 15 feet
wide and from Z0 to 25 feet long.... Too large a
pool is not economical 1n upkeep and frequent changing

of water might prove SX@EﬂSiVG."14

The shallow end
should be a little less than 3 feet deep and the deep
end not over 4'6%", No pool should be less than 10!
long and 8' wide since free movements of patient and

&

-t

technician would be hampered in a smaller pool.

"Ihe slope of the pool floor in a length of from

20 to 25', between the depths given, is about the

appropriate ineclination.... The surface of the bottom...

- 80 ~
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should be rough and not of slippery tile.

"In a pool the size and shape mentioned, £ or 3
patients can be kept busy, but if more serious and
locallized concentration of atteantion is required, a
curtain can be drawn across one section of the pool
shutting them off from the disturbing presence of
others.

TAnother essential physical feature is the
placement of a poole... A pool snould be sc placed
that there will bé ample space to pass around at least
on two or three sides of it and it should be in a

room with high enough ceiling to allow proper ventlil-

@

tion with facilities for the escape of the moist

-

hot alr which will arise from a heated pool. If
necessary, suction fans should be installed. When

ot

placed outdcors, a pool should be sheltered frox

=

the wind and have plenty of sun exposurs. It is

best surrounded by a wall in order that outside

influences may not distract the attention of the

patient. It is most essential in muscle reeducation

technique te maintaln discipline and concentration.
"Dressing rooms should be placed convenientlys...

Wany patients with poliomyelitis have wmild kidney

lesions, and chilling of the skin 1s conseguently
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detrimental.

"Floors should all be inclined at the proper
pogition for drainage....

"oufficient time should be spent on the table in
the dressing room after the treatment to allow the
patient to recuperate. It must be reemphasized that
water gymnastics are more fatiguing than most tech-
nicians realize, and those patients who are not sent
directly back to bed, such as ambulatory patients,
should have an opportunity for a nominal amount of
rest before beginning other activity, and particularly
for allowing their skin temperature to become normal
before passing outdoors into colder air. Where pos-
sible, cots in a suunny nook are a valuable adjunct.

WAt the entrance to the pool, foot baths should
be provided so that patients and technicians can step
directly from these into the main pool. This will
reduce contamination of the water caused by a person
stepping from a dusty or soiled floor into it.

"For simple construction and use indoors, a
steel tank is satisfactory and may be cased outside
with cement finish, and tiled laside. A cheap and
simple equipment can be made by using large corrugated
galvanlzed iron tanks with sides about 3 feet high and

from 10 te 15 feet in diameter. These are inexpensive
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and can be eguipped with steam pipes and if necessary
set at a slight inclination, so that when being cleaned
the drainage will be all to one side, and they can be
satisfactorily emptied with & siphon if a floor outlet
cannot be placed in them.

WPiltration and sterillization deserve careful con-
sideration. The latter is chiefly accomplished by one
of two systems: that of injecting free chlorine gas in-
to the water of the intake pipes or chlorination by
means of some of the hopochlorites as salts or in so-
Yution, added continuously from a special feed line or
intermittently according to the capacity and use of the
pool and the laboratery tests of the water. The latter
has proved less irritant and a better bactericide.

#¥e feel that indoors in an institution housing
more or lesé helpless children there is an added re-
sponsibility on the trustees to avoid the use of any
free gas of a dangerous type. The sentiment of my own
board, since the Cleveland disaster, 1s strongly in
favor of the hopochlorite solutions. Our pool has been
used continuously for four years, having a capacity of
from 5,000 to 6,000 gallons. It is chlorinated with
a hypochlorite solution dally and we maintaln a bac-
terial count as low as 50. We have had no infectlons

at all.®
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"Even though the water 1s chlorinated, the pa-
tient should be properly prepared by local bathing or
a shower....before entering the pool.

"One of the reasons why technicilans who remain
in the water for long periods should wear rubber suits
(hunter's waders) is that the bacterial load of the
pool is reduced and more easily controlled. In pools
used by women bathers this factor is more serious than
in men's pools. One technician in the pool for eight
hours is egual to 16 patients at 30 minutes each.m 17

uCopper sulphate is used as an algicide, and alum
serves as a coagulant in large pools.

"For circulation of salt water, especially adapted
filters using finer sand and egulpped throughout with
bronze fittings must be used.

"outlets for compressed air are placed at suitable
places in the pool wall from which air jets can be
forced into the water against the body for its massag-
ing and tonic éffect.

¥Intake and discharge outlets should be properly
placed and of large size for the sake of economy in em-
ptying time when pool water 1s changed.

nAll submerged metal equipment should be of bronze,

chrome nickel, or enamel, which are not subject to
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corrosion from the chlorine. All fittings placed in
the side walls should be firmly fixed in the cement
and reasonably solid to allow for heavy stresses with-
out becoming detached or cracking the tile or cement,
which is likely to happen after some years of use.

"Pool furniture and apparatus is next in impor-
tance in developing successful variations of exercise.
We have found that submerged plinths or tables with
inelined tops have been a véluable aid to us in this
respect. They allow the head and shoulders tc be sup-
ported out of the water and have appropriate hand holds
for fixation of the shoulder girdle, while the body %
floats out onto the surface of the water. In this way
movements from pronse, supiné and side lying positions
can be obtained with shoulder fixation.™

"For localized muscle training the patients are
placed on the submerged plinths.....Perineal straps
keep the body from slipping down. The head is thus
held just out of water and the fear of submergence 1s
removed. Down in the middle of the plinth is placed
a row of one-inch holes, six inches apart, into which
a post can be inserted for the child to straddle. It

can be padded by wrapping a towel about it or may be
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shaped as desired. When the post is used a little more
freedom of leg movement is allowed than with the loops.

"For the use of the extensively paralyzed -- prac-
tically helpless -- cases the "Bubble Boat" has proved
a godsend. It is an English surf boat supported by
three large rubber balls about one foot in diameter.
The bamboo frame is about five feet long and two feet
wide.... Between the parallel bars are suspended two
canvas slings which support the body just below the sur-
face.® 18

"Around the side walls we have arranged a submerged
hand rail 2% inches from the wall, fastened to pins
firmly set in the cement, and these are also used for
localization of trunk movements by fixing the shoulder
girdle from the hand hold in the prone position, or
stabilizing the legs and pelvis by hooking the feet
with the legs abducted behind the rod.

"A stairway leading into the water forms a useful
piece of apparatus which is employed as follows: The
head may rest oﬁ the step just at the water level, the
body floating out into the water; the arms may be ex-
tended along this step or the elbows depressed to the
step below, and extremity movements can be made from

that position. The deeper steps are also useful as a
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seat for sitting positions. They may be used for the
"prone lying position" by having different depths in
accordance with differing arm lengths in which position
the hands support the body while it floats.

"A steel cable, or wire, stretched across the pool
at a height of about 1 foot above the surface is useful.
"A vertical pole set in a socket forms another
piece of apparatus for a type of movement in which the
hand grasp holds the arms abducted and overhead in the

side lying position. These movements are of value in
certain types of scoliosis and also aid in the develop-
ment of the lateral abdominals, latissimus dorsi and
guadratus lumborum muscles, which are quite essential
for walking in cases of double leg paralysis with weak-
ness of the flexors of the thigh, it being necessary to
develop the former in order that the legs carrying the
added weight of the braces can be raised and thrown for-
ward.

"Paralytic patients also require certain splintage
of parts to prevent the assumption of positions of de-
formity and the stretching of weakened muscles. In
order to keep up a continuity of treatment such as 1is
maintained in the braces or in bed, a right angle splint

for the legs, which we speak of as a Mbath splint," is
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made of wood with a right angle foot plece attached
to either a short or a full length leg portion. This
is fastened with tapes, preventing toe drop, bending
of the knees and stretching of the quadriceps. Sim-
i1lar splints can be used for the arms if necessary.
They are of double value in that, being made of wood,
they assist in floating the part affected. At the
same time, when efforts are made to submerge the legs
the increased buoyancy makes for added resistance.

"fe also use a metal form like a back brace, which
is covered with rubber or shellacked and called a back
splint. It is used in cases of spinal fusion for spi-
nal curvature and allows the patient to be taken into
the water in recumbency without putting gravity strain
on the area recently operated on, and thus early mus-
cular activity, which aids the nutrition of the part,
is obtained without allowing the motion in the grafted
area.

"The musculature of the arms and shoulder girdle
can be thus developed as well as the leg and abdominal
muscles. We can 1n this way begin movement in spinal
fusion cases aé early as the eighth or ninth week and

hasten the possibility of solidification in the grafted
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area, saving time in the early return of muscle power.

11t can readily be seen that there is just as
great a possibility for vériationrim exercises thus
applied as there is in the regular gymnasium, with
the added value that in the water the patient can be
allowed to move in all planes, whereas, in the gym-
nasium, in bed or on the table, movements are restricted
to certain planes. The successful use, however, of
various types of apparatus depends greatly on the re-
souréefulness of the technician and her knowledge of
kinesiology -- not only the normal but more especially
the pathologic or abnormal kineslology, as it exlsts
in paralytic patients or those in whom joint plastic
surgery or tendon transplantation has been done. The
surgeon's understanding of the prescriptive faector in
ordering various types of work is also essential for
the successful treatment of any given case. A surgeon
should not simply place the patient in the hands of a
technician and depend on her toc get results. The more
intelligent the prescription 1s, and the clearer the
comprehension of the technician, the better will be
the results.

"Finally, then, it can be said that the success-

ful use of hydrogymnastic technic depends on three fac-
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tors: the surgeon, the technician, and the physical
eduipment and limitations of the pool.™ 14

In contrast to the elaborate ocutlay which Lowman
describes, we wish to present through Blount and Elson
the plans for a simpler unit. that may be installed in
any hospital. Gaenslen comments that "It is doubtful
whether the great sacrifices...made...to provide pool
treatment are justified by the results. The ordinary
tub or small home-made tank will answer very ﬁell.

#I have found the so-called Hubbard tub ° of great
help.n °

Blount and Elson bellieve that "The advantages of

hydrotherapy in the treatment of residual poliomyelitis

have been well shown during the last few years. Ade-

guate facilities for underwater exercises are usually

lacking, however. The common bathtub is too small to
allow free movement of the limbs of any but the smallest
children. Large circular tubs and pools have been filled
with warm water and used to advantage in muscle training
and in supervised swimming. But thsvexpense of these
tanks, coupled with the necessity for considerable floor
space, has made them impractical in mosf cases.

fThrough the kindness of the inventor, Mr. Carl

Hubbard of Chicago, we offer the plans of a simple and
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effective tub which is in use at Madison, Wisconsin.

It is made of sheet iron and mounted on legs which
bring it to the proper height to avoid stooping on the
part of the operator. It is of such size that the av-
erage man may be submerged and at the same time be per-
mitted free abduction of all extremities. A minimum
amount of water is required. The tub itself is not ex-
pensive, and may be set up in the ordinary home.

"There are several advantages of the pecullar
shape. Without being himself in the water, the physio-
therapist accurately controls the exercises in all po-
sitions. By standing in the notch, he may support the
extremities without the usual béckstrain, especially in

‘exercising the deltoids and glutael. The water is deep
enough for buoyancy in all cases, but shallow enough for
safety. Helpless cases are supported sufficiently to
allow control of the exerclses by a single operator.
Introducing patients and removing them is as simple as
in the case of the ordinary bathtub. With larger tubs,
the handling of patients 1s one of the difficult prob-
lems. When patients are ready to walk alone, a large
pool is obviously of benefit for swimming and walking
instruction. For the finer muscle training, the Hub-

bard unit 1s still preferable. Exercises may be graded
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as in table work.

"In the treatment of subacute cases this tub is of
particular value. The temperature of the water may be
increased to stimulate circulation in the relief of pri-
mary muscle soreness, and later in the mobilization of
stiff joints. Floating exercises may be started earlier
than table work with no harm to the patient. The dan-
ger of overwork is lessened when the gentle support of
the water is substituted for the resistance of the table

top. Later, the water offers a desirable resistance to

the more rapid active movements, so that the power re-

quired increases geometrically and the patient is able
to move more rapidly. At this stage it may be desirable
to supplement tub work with other physiotherapeutic

metheds.®
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