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search into the effects of tonic hydrotherapy upon the metabol-
ism of individuals on a low proteid dict, the author is indebted
to his colleague, Dr. E. H. Risley.

Many of the new illustrations have becn prepared in the
Laboratory of Physiologic Therapy of The College of Mcdical
Evangelists and in The Loma Linda Hospital. For aid in this
work the author desires to acknowledge the helpful assistance
of medical students, nurses and others, and especially medical
students, Wm. Richli and L. D. Trott, in the preparation of
drawings and charts. For diagrams and illustrations copied
from medical literature we have endeavored to give full credit.
For cuts furnished thanks are due to Dr. H. P. Coile, the
Hoffmann & Billings Manufacturing Company, James B. Clow
& Sons, the Boston Surgical Supplyv Company, and Mr. A.
Campbell.

Last, but not least, thanks are due to The College Press for
‘its endeavor to fulfill the wishes of the author in the prepara-
tion of a presentable text.
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PREFACE

O apology need be given for the presentation of a work on
hydrotherapy. In spite of the advances made in modern
physiologic therapy in general, hydrotherapy is still a branch
of therapeutics but little used by the gencral practitioner. The
reason is not difficult to find. As a science, it receives but
scant attention from teachers of therapeutics, and in the medical
curriculum is usually allotted a few hours from the combined
course on materia medica and therapeutics, which is alrcady
overcrowded by the presentation of a ncedlessly large number
of preparations of doubtful or very limited usefulness. As an
art, cven less time is devoted to it. It must, however, be
acknowledged that this brief consideration is a distinct advance
over twenty years ago, when the medical curriculum was quite
innocent of even a mention of physiologic therapy.

It is the author’s firm belief, strengthened by vears of experi-
ence in the teaching of both medical students and nurses, that
the student or practitioner should first acquire a knowledge of
the technique of hydrotherapy in the same way that nurses are
taught, . ¢., by actual drill under an experienced instructor.
Insistance upon accurate, personal observation of patients dur-
ing their treatment will help to strengthen in the mind of the
student the necessity for close clinical observation. In the
management of disease, such observation can not be replaced
by instruments of precision. In this connection we can nct
refrain from expressing our opinion that instruction in practical
therapeutics and the carc of patients should not be left to the
later years of the medical curriculum.

With this practical knowledge of the visible results to be
obtained, the student should devote careful study to the physio-
logic and therapeutic effects of each representative class of
treatments. This study should include personal laboratory
investigation into the effects of thermic and mechanical stimuli
upon blood pressure, the heart rate and force, general changes
in blood distribution and its cellular composition, muf(ssc)‘u]ar



4 PREFACE

capacity, and metabolic changes as revealed by chemical exam-
ination of the excretions, particularly the urine.

In the presentation of the subject, the author has tricd to pre-
serve the closest connection between experimental physiology
and therapeutic deductions and recommendations. We have at
all times endeavored to scek out a reason for the results obtained
in practice. It is only in this way that varying conditions may
be successfully met.

The modern search for ‘‘specifics’’ has greatly aided in the
development of scientific medicine. The same principles, how-
cver, must not, without modification, be applied to hydro-
therapy.  Specific results are to be sought by proper adaptation
of the trcatment to the individual case in hand, rather than by
rigid adherence to this or that type of application. For this
reason physiologic effects have been dwelt upon quite at length
and have been considered apart from the technique.

The subject of therapeutics has been presented with a view
to the elucidation of basic principles. It is the morbid physio-
logic or structural state present in a given disease that requires
treatment rather than the ‘‘diseasc’’ as an cntity. Discascs
most amenable to hydrotherapy have, therefore, been grouped
in classes according to the gencral principles involved in their
treatment, after an explanation of which, cach discase is given
particular attention.

While hydrotherapy is the most important branch of physio-
logic therapy, it is not by any meansa “‘cureall.””  The border
line between physiologic and radical therapeutics can not be
drawn by disease lists but must be settled by rational, conscien-
tious consideration of the ends to be sought and the trend of
the morbid condition in hand.

In presentation of this work, the author lays no claims to
originality. In addition to personal experience, all available
sources of information have been drawn upon. The text matter
and diagrams are those used by the author in his lectures to
medical students. The part on technique is an amplification
of a brief treatise on the ‘‘Technique of Hydrotherapy' pub-
lished by the author in 1908. '

L.oma Linda, Cal. G. K. A.
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PART |

SCIENTIFIC BASIS AND PHYSIOLOGIC EFFECTS

CHAPTER I
THE PHYSICAL PROPERTIES OF WATER

N the application of any therapeutic agent, it is essential to
obtain an understanding of those properties of the agent
itself, of which particular use is made in the treatment of dis-
ease. In the case of water, these essential properties may be
discussed under the following heads:—

1. Its ability to communicate and absorb large quantities of heat

by contact.
(a) Specific heat. () Latent heat.

2. Its great temperature-conducting capacity—thermic sttmulation.

3. The perfect fluidity of water—its use in mechanical stimulation.

4. Its solvent properties and use in nutritive and metabolic changes.

5. Existence of waler in the three stales of matter within a short
range of temperature—practicability of applying it to the body in all
these three states.

1. The Communication and Absorption of Heat. Hydrother-
apy consists chiefly in the application of heat and cold to the
body by means of water. Its most helpful results are obtained
from the heat applied. In its most scientific and practical
phases it is a study of thermotherapy. This being true, in the
power of water to communicate and absorb large quantities of
heat, without itself undergoing a corresponding change in tem-
perature, lies its most useful property. To rightly apply so
powerful an agent, one should understand the physics of heat
as it applies to water. A brief summary of this subject will

not, therefore, be out of place.
2 . a7)



18 PROPERTIES OF WATER

PHYSICS OF HEAT

When heated, the particles of any substance separate slightly,
thus moving more freely upon each other when hot than when
cold. Solids are thus made softer, more porous, and pliable.
With some solids this is so marked that they may be moulded
into various shapes even before hot enough to become liquids.
The body tissues are likewise made soft and pliable through the
influence of heat. The skin is expanded, the muscles relaxed,
and the blood-vessels dilated.
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Fig. 1. Expansion of water at temperatures from 0° C. to 100°> C.

In general, heat expands all substances, some, however, to a
¢greater degree than others. Each metal, for example, shows a
definite degree of increase in bulk when heated. Water ex-
pands, occupying more space as its temperature increases above
4° C. (39.2° F.). Nearly all substances continue to contract
indefinitely under the influence of cold; i. e., the withdrawal of
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heat. But water, after cooling to 4° C., expands until frozen.
Four degrees C., or 39.2° F., is, therefore, said to be the point
of maximum density of water. (Fig. 1.) At this temperature
a given weight of water occupies (is crowded into) the least
possible space. It is because of this
change (expansion) in freezing that
P ice floats. If water continued to con-
i tract on freezing, it then being denser,
2 would sink to the bottom, and so re-
main frozen for a much longer time,
as solar heat loses its effect in pene-
H trating so far. Did this occur, only
3 very shallow bodies of water would
ever entirely thaw out at tempera-
tures common to temperate and frigid
zones.

Degrees or the Intensity of Heat.
The intensity or degree of heat is
measured by a thermometer, (ther-
mo—heat, meter—measure). Only
the Fahrenheit and Centigrade scales
need be described. The Fahrenheit
thermometer, more commonly used
for domestic and clinical purposes
will be described first. The freezing
point of water is marked as 32° F.,
that is, 32° above the zero or starting
point of this scale. Water boils at
212°F., i. e., 180° F. above freezing.

The Centigrade thermometer is a
more simple instrument, as the freez-
ing point of water is marked 0°, while
the boiling point is marked 100°.
From this we see that 32° Fahrenheit

Fig- 2 emparative ther-  orresponds to 0° C., and 212° F.

: corresponds to 100° C., and, there-
fore, 180 Fahrenheit degrees (212 minus 32) are the equiva-
lent of 100 Centigrade degrees, or 1.8° F. equal 1° C. (Fig. 2.).

Fahrenheit  Centigrade
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FEquivalent Readings. 'To change a given reading on the Cen-
tigrade scale to Fahrenheit, it is necessary first to multiply by
9-5 (180-100). This gives the number of Fahrenhcit degrees
above the freezing point. Since this point on the Fahrenheit
scale is 32° above zero, 32 should be added to the result to
obtain the correct Fahrenheit reading. For example, find the
Fahrenheit reading which corresponds to 35° C. Multiplying
35° by 9-5 gives 63° above freezing; adding 32° gives 95° F.

To obtain the correct Centigrade reading of a given Fahren-
heit temperature, it is only necessary to reverse the process.
Take, for example, 98.6° F., the normal body temperature by
mouth. This is 66.6° (98.6 minus 32) above freezing; 66.6°
multiplied by 5-9 equals 37° C. Since 0° C. is the freezing
point, this is the correct Centigrade reading.

Condensed Rules:—

To change Centigrade to Fahrenheit, multiply by 9-5 and
add 32.

To change Fahrenheit to Centigrade, subtract 32 and multi-
ply by 5-9.

Heat Units or Quantity of Heat. (a) Speciric Heat. The
amount of heat required to raise a gram of water 1° C. is called
a heat unit, or calorie. The large Calorie (written with an
initial capital) is the amount of heat necessary to raise 1000
grams (1 liter) of water 1° C., and is, therefore, equal to 1000
small calories.

The amount of heat that would raise the temperature of a
given weight of water 1° C. would raise the temperature of the
same weight of mercury 30° C. Therefore, one gram of mer-
cury in being heated through 1° C. would absorb only 1-30 of
a calorie, 7. e., 1-30 of the amount of heat absorbed by the same
weight of water in being heated through 1° C.  From this fact
it will be seen that water absorbs a large amount of heat with-
out manifesting a corresponding change in temperature; while
a small amount of heat produces a considerable change in the
temperature of mercury.

The heat necessary to raise a given weight of water 1° is
greater than that of any other substance. Therefore, water is
said to have a high specific heat.  Specific heat is the capacity of
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a substance for absorbing heat as compared with the capacity of a
standard substance. More accurately, it is the amount of heat a
given weight of a substance absorbs in being raised in tempera-
ture 1° C. as compared with the amount of heat necessary to
accomplish the same rise in temperature in the same weight of
a standard substance. Since water absorbs more heat than any
other substance, it is taken as the standard. A gram of mer-
cury, absorbing only 1-30 the amount of heat absorbed by 1
gram of water, is said to have a specific heat of 1-30 that of
water. Copper has a specific heat of 1-12 that of water.

It will be seen from the preceding discussion, that a large
amount of heat is stored in hot water. It is this high specific
heat of water that makes it especially valuable in applying heat
to the body. A pound of hot water will communicate thirty
times as much heat to the body as a pound of mercury. And
conversely, a pound of cold water will abstract from the body
thirty times as much heat as a pound of mercury. In each
case the temperature of the water or the mercury will be
changed only 1°. The hot water not only stores up a great
amount of heat, but it communicates this very readily to things
with which it comes in contact. Conversely, cold water very
readily absorbs heat by contact with other bodies. Hence, if
applied to the human body, it quickly cools the skin, adjacent
tissues, and their blood current.

(b) LATENT HEAT. A thermometer placed on ice as it is
melting and another placed in the water just after, register ex-
actly the same degree or intensity of heat, viz., 0° C. Since it
requires heat to melt ice, a mere change in physical state, we
may very naturally ask, What becomes of this heat when the
solid changes to a liquid? It is not apparent nor manifest by a
change in the thermometer. We may call it kidden or latent
heat. By careful experimentation, it is found that an astonish-
ingly large quantity of heat is absorbed in this process; in the
melting of one gram of ice, sufficient, in fact, to raise the tem-
perature of one gram of water 79.2° C. This gram of ice in
melting, therefore, absorbs 79.2 caleries, with no consequent
rise in the temperature, as measured in degrees. This amount
of heat is made latent. The latent heat of fusion, or melting of
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ice, is thus fixed at 79.2 calories. This is the reason ice cools
the body so much more rapidly than cold water, every gram of
ice that melts abstracting nearly eighty times as much heat as
the same weight of water warmed through 1° C. The value of
the ice rub is thus amply demonstrated. For the same reason
an ice bag produces a greater intensity of effect than a cold
compress.

The same principle applies to the boiling of water or the con-
densing of° steam, except that a much greater number of heat
units is respectively made latent or given off. Water at the
boiling point registers the same degree of heat as steam just
after it is formed; and yet this change from liquid to gas requires
537 calories to each gram of water. The latent heat of vapori-
zation of water is, therefore, 537 calories.

When steam condenses it gives off this heat. In this phe-
nomenon lies the explanation of the fact that a Russian bath
gives a great intensity of effect, since much of the steam con-
denses, the water particles remaining suspended in the air of
the room as a thick fog. For every gram of steam that thus
condenses, 537 calories of heat are liberated. The intensity of
burns produced by the condensing of steam directly on the skin
surface is readily understood when this fact is kept in mind.
Thée marked cooling effects of the evaporating wet sheet pack,
or hot and cold sponging, are due to the large amounts of heat
abstracted from the body by the process of evaporation.

With all these facts before one, it is apparent that the great
value of water as a thermic agent lies in its exceedingly high
specific and latent heat coefficients.

Specific heat refers to the amount of heat concerned in the
temperature changes of matter within a single state.

Latent heat refers to the amount of heat concerned in the
change of matter from one state to another without any change in
temperature.

2. Temperature-Conducting Capacity of Water — Thermic
Stimuli. It might, on first thought, scem that a thermic stim-
ulus is identical with the communicating of heat. It, however,
does not depend upon the amount of heat communicated to
or absorbed from the body, but rather upon the impression
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made upon the nerves. In this respect the temperature of the
body, or rather, that of the skin, may be said to be the zero of
the flemperature sense. Water of a temperature above this,
creates an impression of heat, while water below this temper-
ature gives a sensation of cold. A brief application of ice may
give a sensation of cold as intense as one of longer duration,
On the contrary, to abstract heat from the body to any appre-
ciable extent, the application must be more or less prolonged.

These thermic stimuli are of the greatest value in hydrother- |
apy; we may say, equally so with the actual transfer of heat.
Here, also, the thermic capacity of water makes it of inestim-
able value. ‘‘The temperature-conducting capacity of water
is twenty-seven times greater than that of air. Water conveys
to the skin much stronger thermic impressions than does air at
the same temperature, a fact easily discovered in exchanging a
room temperature at 75° F. for a tub bath at the same tem-
perature.” ! |

And again, the accuracy with which we may regulate the
temperature of hydriatic applications and so gauge the thermic
impressions as well as the heat communicated or absorbed,
makes it doubly convenient and valuable.

3. Perfect Fluidity of Water—Mechanical Stimuli. The con-
venience with which water lends itself to the application of
various mechanical stimuli is due to its most apparent physi-
cal property—/fuidity. Because of this perfect fluidity, its
application can be controlled to a nicety not possible with other
agents. With the proper appliances, the amount and temper-
ature can be accurately gauged. The size, form, character, and
pressure of douches, sprays, and pours can be varied to suit the
varying needs of a great variety of cases. It is these four fac-
tors that govern the mechanical effect in the class of treat-
ments mentioned. Water may be applied under very great
pressure, thus enhancing the thermic effects, or it may be
applied with little or no pressure.

Not only may water itself be used to apply percussion, but
its application may be advantageously combined with percussion
and friction from other sources, as in the wet hand rub or cold

1 Baruch—Principles and Practice of Hydrotherapy, p. 31.
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mitten friction. In this case it is the bare hand or rough mit-
ten that is the chief source of friction. The Brand or cold rub-
bing bath is another example of this combination of mechanical
and thermic stimuli, each enhancing each. It must not be sup-
posed, however, that the marked effect of this form of bath is
due merely to a combination of the thermic and mechanical
stimuli. It is necessary that water be used. Apropos of this
question, we quote the following from Baruch: ‘‘ We would
again insist upon the fact that neither in typhoid nor in cardiac
inadequacy, can these effects, or anything like them, be pro-
duced by cold alone (for that has been thoroughly tried in both
cases), by the temporary application of water alone, of what-
ever temperature, or by either dry saline or gaseous or mech-
anical irritants. It is absolutely necessary that, not merely
cold, but cold water should be used, that the surface should be
literally rubbed with this for a considerable length of time.’’?

The same may be said of the cold mitten friction. The aston-
ishing results of this procedure can be obtained, neither by the
application of cold alone nor by friction with the dry mitt. It
is only by vigorous rubbing with the mitt, dipped in cold water,
that the maximum effects are produced.

4. Solvent and Chemical Properties. That these properties
are of less importance than the preceding will be granted by
those familiar with hydriatic measures. The solvent properties
of water are utilized in the shampoo, enema, etc. Its value as
a solvent in the processes of osmosis and dialysis are likewise
made use of in hypodermoclysis and saline enemata. As a
means of combining thermic and chemical stimuli, it is used as
a solvent in the Nauheim or effervescent bath, saline baths, etc.

Internal Hyvdrotherapy. Going a little further from the physi-
cal into the chemical activities, and almost outside of the
range of hydrotherapy, unless it be in water-drinking, we may
consider water in its relation to the nutritive and metabolic pro-
cesses of the human body. It is the medium of all commerce
and exchange in the carrying of nutrition to the tissues, and
wastes from them to the excretory organs. It constitutes 75
per cent of the body weight. Without it life would be impos-

2 Baruch—Principles and Practice of Hydrotherapy, p. 12.
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sible. Not only is it concerned in the mere physical inter-
change of nutrient and waste substances, but it is actually
necessary in by far the greater number of all chemical changes
which these substances undergo. Many body wastes are but
sparingly soluble, and for this reason require large amounts of
water to hold them in solution. The flushing of the system
consequent on free water-drinking is, therefore, one of the
greatest of all aids to elimination. ®

The popular belief that particular virtue resides in the min-
eral constituents of water used for hydrotherapeutic purposes is
almost wholly erroneous. This is rarely the case and is con-
fined to a very few procedures such as the Nauheim bath above -
mentioned. The treatment of rheumatism and obesity at vari-
ous hot springs derives but little advantage from minerals pres-
ent in the water (unless it be that ‘‘ faith’’ in these induces the
patient to drink more water than usual). The results are due
to the thermic effects of the hot water, combined with regulation
of diet and copious water-drinking. Balneology—the use of
mineral waters in the treatment of disease, therefore, adds little
or nothing to the science of hydrotherapy.

5. Use of Water in Solid, Liquid, and Gaseous States. No
other substance, capable of such diversified utility as water,
exists in all the three states of matter in such a short range
of temperature. The change from the solid through the liquid
to the gaseous state is accomplished in a range of 180° F.
(100° C.). Not only is this true, but it also changes readily
from one form to another. It is possible to apply water to the
body in any of these forms; even the application of the two ex-
treme forms—ice and steam—is of practical utility. The ice
bag is an indispensable adjunct to a great variety of treatments.
The ice rub has also been mentioned. The use of Russian and
similar vapor baths is well known. The steam douche has also
acquired some degree of reputation as a therapeutic agent in
certain conditions. This practicability of employing water in all
three states of matter and its ready change from one to another
within a comparatively short range of temperature, greatly
enhances its utility as a therapeutic agent.

3 See Chapter XI, Hawk's observations.
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CHAPTER II
PRINCIPLES OF EFFECTS AND THERAPY

HE basic principles of hydrotherapy are found chiefly in an
explanation of the effects of heat and cold. Viewed in
this light, the science is that of thermotherapy. Effects similar
to those produced by thermic impressions can be obtained by
sunlight, friction, percussion, and in fact, all physiologic agents.
This is most notably true of light, many of the physiologic
effects of which run parallel with those of hydrotherapy. In
fact, thermic and actinic energies are so closely related that they
overlap each other in the visible spectrum (Fig.3.). From the
lowest limit of the scale of energies, up through electric energy,
heat, light, and actinic rays to radium emanations and the
X-ray, there is laid out before the physician a greater supply
of efficient curative means than can be found anywhere else in
- the whole realm of therapeutics.

THERAPY FROM WITHIN

-Those agents which, by their toxic action, arouse the body to
resist their intrusion, can not be classed as physiologic means.
They excite abnormal and unusual activities which are largely
directed against the toxic agent itself, rather than heightening
the normal activities which keep the body in health and repel
the onset of morbid processes. Merely to relieve temporarily a
distressing. condition, without enabling the body itself to over-
come that condition, is doing no permanent good. The sick can
not always be applying special means. After recovery, they
must depend upon the natural surroundings and ordinary agen-
cies which keep the body in health. For example, to relieve

pain by cocaine, an ice bag, pressure, or a fomentation is pro-
@n
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ductive of no lasting good, unless that cocaine, ice bag, press-
ure, or fomentation causes fke body to overcome the condition
producing the pain; and its repeated application brings about
such a change that the pain (or diseased condition) does not
reappear after the curative agent is withdrawn. The body
must be made to ‘‘cure’’ itself. The restorative power lies in
nature. The natural God-given forces must be rejuvenated.
The power from without must produce or arouse power from
within.
WARM- AND COLD-BLOODED ANIMALS

The reason that thermic applications and impressions are so
powerful in arousing body functions lies in the fact that life
activities are carried on only within a certain limited range of
temperature. With regard to body temperature, there are two
general classes of animals, viz., the warm- and the cold-blooded.

The temperature of so-called ‘‘ cold-blooded "’ (poikilother-
mic) animals rises and falls with their surroundings. The
organism is not injured by comparatively wide variations. The
frog, for example, is lively in water at 70° F., and sluggish
in water at 45° F., but it nevertheless lives and remains nor-
mal in either. These variations do not seriously depress vital
activities. The organism is able to withstand such radical
changes in the temperature of its blood and body generally,
without this change being inimical to its life. The body tem-
perature of these animals remains slightly above that of the
cold water they may be in and slightly below that of warm
water. Cold-blooded animals are principally aquatic and
amphibian.

Certain other animals maintain a constant temperature under
varying conditions. The surrounding air, whether hot or cold,
does not materially alter their body temperature. The heat
mechanism is so nicely adjusted that more heat is produced
when the surrounding medium is cold, and less when the air or
other medium is hot. This class of animals is called ‘‘warm-
blooded ' (homeothermic) because of the constant temperature
at which their blood is kept. Arterial blood is slightly warmer

than venous. The ordinary limits for man are about 101°—
103° F.
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Organs of constant activity, such as the heart, liver, and
brain have a temperature 2°—4° higher than the average of the
blood stream. At ordinary room temperature, the uncovered
skin has a temperature of from 92°—95° F. This fact is of
importance in the administration of neutral baths. The water
should be 1° or 2° higher than that of the general skin tempera-
ture. This secures a full sedation by adding a slightly relaxing
effect. As noted above, the internal temperature of warm-
blooded animals is comparatively a fixed point, or varics within
only very narrow limits, not more than one degree in health.
Any radical or prolonged departure from this fixed point (98.6°
F. by mouth) interferes with vital functions.

INTRINSIC EFFECTS

When the body becomes thoroughly chilled, as by a long ride
in the cold, the pulse and respiration are slowed, the circulation
is less rapid, the nerves benumbed, the muscles respond slug-
gishly and clumsily, the finer skilled movements are impos-
sible, digestion is retarded, the body temperature is lowered.
Cold is, therefore, in itseclf, a vital depressant, z. e., it retards
vital processes. This is its intrinsic effect. Kellogg records
‘an experiment in which immersion of the body in water at
55° F. for ten minutes reduced the pulse rate from szventy-six
to fifty per minute. Another, in which twenty minutes in
water at 45° F., the patient being rubbed continuously, re-
duced the pulse rate from eighty to fifty-eight. Both experi-
ments were upon healthy persons. In another experiment ex-
posure to cold showed tactile sensibility decreased. Before the
exposure the points of an esthesiometer were detected as two
separate points at a minimum separation of 2 mm. After five
minutes immersion in water at 40° F., the minimum distance
was increased to 6 mm. Another, in which five minutes in
water at 68.4° F., reduced the body temperaturc 0.8° F. These
data serve to make definite, facts with which we are acquainted
in a general way only.

It will be scen from this that an overactive process may be
retarded and brought back foward the normal by an application
of cold, continued until its intrinsic effects are manifest.  The
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longer the duration of the cold application, the greater its
effect. The same is true of the degree of cold. The lower the
temperature, the more pronounced the effects.

While cold retards, heat stimulates vital activities. We know
what it is to experience the vivifying effects of the warmth from
a fire or sunlight after being in very cold air for some time.
The circulation is quickened; the heart beats faster; respiration
is more rapid; nerve sensibility is heightened; muscular action
is quicker, more certain, and precise; and digestion proceeds
more rapidly. In watching the activity of the white blood cell
under the microscope, the stage must be kept warm or the
movements will cease. The amaeba, paramcecium, and other
one-celled animals exhibit their peculiar movements only in the
presence of a certain amount of hecat. When cold, their move-
ments cease entirely. Cold, per se, decreases oxidation and
metabolic activities; heat increases the oxidizing capacity of the
tissues and metabolic activities are hastened.

When the body is overheated its functions are abnormally
increased and, if long continued, permanent injury may result.
When heated only to a slight degree, however, sluggish activi-
ties are whipped up and, if the applications of heat are repeated
at intervals, the retarded functions tend to return to normal.

REACTION

The most interesting and phendmenal results of hydrotherapy
are due to that complex process—reaction, 7. e., the part which
the body itself takes in its own recuperation and healing. This
interesting phenomenon, in its entirety, is observed only in
homeothermic animals. Cold-blooded animals, instecad of re-
acting to their external medium, are subject to the vicissitudes
of their environment. On the contrary, warm-blooded animals
maintain more or less uniformity of function because of the per-
fect control exercised over vital processes by the nervous system.
This control is more highly developed and complicated than in
poikilothermic animals.

We have seen that the influence of cold is to depress vital
activities; that is, if continued long enough, its intrinsic effect
is manifest in depression. But let us notice the effects of a
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brief application of cold. A plunge into cold water increases
the pulse rate and force, the skin becomes reddened because of
a quickened peripheral circulation, and the respiration is deeper.
The muscles are energized so that their capacity for work is
increased. These heightened activities continue for a time,
gradually returning to normal. This is reaction,—which may be
defined as a group or series of changes inaugurated by the body
because of some disturbing external agent. More briefly, it is
the response of the organism to an external agent.

Rationale of Reaction. The explanation of these tonic and
stimulating effects lies in the recognition of cold by the body
as an agent which will depress its functions. Even though
the contact be too brief to actually bring about this result, it
immediately increases its activities in order to counteract the
anticipated depression. The body tends to resist or overbalance
attempts to alter its temperature. In doing so itis said to react
against this change, or attempted change. Cold, in and of it-
self, causes depression. But the attempt on the part of the
body to resist this depression results in heightened activity.
This is spoken of as thz reaction or reactionary effect. It is
always the opposite of the intrinsic effect. Some very common
examples of this will serve to illustrate the principle. An ice
bag applied over the heart for five minutes slows th= pulse rate;
while slapping the chest with a cold wet towel, or the brief
application of a cold douche to the chest, increases both the
pulse and respiration rate. A long cold application, as a cold
tub bath, lowers the body tempezrature, while a short cold appli-
cation, as a cold plunge or cold douche, soon results in an
increase of body temperature. _

If the external cause is long continued, the reaction may not
be apparent, may be lost, or obscured by the intrinsic effect.'
The body reacts or attempts to react to even prolonged applica-

1 In discussing thefe two classes of effects, intrinsic and reactionary, some writers
e with behetion. Bimee Ty e Sfrect of com s motn pereondary assyn.
time, nor in all cases primary in importance, the term leads to confusion. The same
I einate Sopreasant cRort of the cold bocomes manifest and op can nor b oid 1 e e
Gostrcd, Then the renction can mot be sard 0 be secondary i imiortance For thoss Res:

sons we object to the terms as demanding different definitions under different circum-
stances of use. They must, therefore, prove confusing.



32 PRINCIPLES OF EFFECTS AND THERAPY

tions of cold, so that what is seen as a result of these long
applications is really a mixture of the intrinsic and reactionary
effects. As to which shall predominate depends upon the
intensity and duration of the application. With the more pro-
longed applications, the reaction is suppressed or obscured;
while in those of intermediate duration, we often see as much
of one as of the other.

With heat, as used in actual practice, we observe its intrinsic
effects when the hot application is short, 7. ¢., of brief duration.
The first effect of heat is that of a stimulant and tonic; but, if
long continued, depression results. This depression is, by
some, termed ‘‘a reaction.”” Baruch objects to this term as
applied to heat. If we define reaction as the vital response to
an external force, or the attempt on the part of the organism to
counteract an external agent, we can see no great objection to
the term, or to saying that the rcacfion to heat is of an atonic
nature. ‘

EFFECTS
REACTIONARY
EFFECTS

INTRINSIC

Fig. 4. Diagram illustrating the time factor in the obtaining of
intrinsic and reactionary effects.

The accompanying diagram (/Fig. #4.) illustrates the relation
existing between the duration of the application and the obtain-
ing of intrinsic and reactionary effects. The thick ends of the
wedges indicate prolonged applications; the thin ends, brief
applications. Intrinsic effects are shown at the left and reac-
tions at the right.

Tonic effects are obtained from the: Intrinsic effects of heat
(short); reaction to cold (short).

Retarding and depressant effects are obtained from the: Re-
action to heat (long); intrinsic cffects of cold (long).
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It must not be concluded from the above grouping that the
depressant effects of a long cold application (intrinsic) and
those of a long hot application (reaction) are identical in nature.
The depression is manifest in different ways. With cold the
depression is in the nature of a simple retardation of vital func-
tions, whereas with the heat the depression is manifest chiefly
in the nervous and muscular systems, * and is perhaps best de-
scribed as atonic. That this is largely a nervous phenomenon
is apparent from the fact that a vigorous cold treatment follow-
ing prolonged heat often quickly restores the patient to a nor-
mal condition.

Abrams 2 makes the following statement: °‘‘Respecting the
physiologic effects of heat, it suffices to say, that a prolonged
application of a high temperature is primarily an excitant, and
secondarily a depressant; a brief application, however, is
strongly excitant and the depressing effects, if any, are imper-
ceptible.”” In discussing the effects of thermic stimuli (on
secretion) Pope?® says, ‘‘ In general terms it may be stated that
brief applications of thermic stimuli, whether hot or cold, stimu-
late secretion, differing in degree rather than iz fofo,; long-con-
tinued applications depress.’’

Phases of Reaction. There are two important phases of
reaction, viz., the circulatory and the nervous. The circulatory
is most apparent and is that by which we judge of the com-
pleteness of reaction. The skin should become ruddy and
warm. The patient feels a warm glow over the entire skin
surface. There should be nothing of stasis, no cyanosis, or
goose flesh. The skin should be smooth, soft, and pliable.
The nervous reaction is appreciated not only by the patient but
by the observer. The dull, listless appearance of the eye and
countenance generally, gives way to a decided brightening. If
there is delirium or stupor, as in typhoid, pneumonia, etc., it
may be replaced by quiet sleep. In fact, the salutary effects
are visible in all the nervous functions of the body. With a
neurasthenic patient the feeling of languor, restlessness and

2 Spondylotherapy, p. 175.

3 Hydrotherapy, p. 35.

4 Metabolic changes are hastened by prolonged heat.
3
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weight in the abdomen is replaced by that of vigor and exhil-
aration. Another phase of reaction is that termed thermic.
It is the response of the heat mechanism to stimulation. It is
of less practical importance since it can not be conveniently
utilized in judging of the completeness of reaction.

TYPES AND DEGREES OF REACTION

Suppressed Reaction. It is often desirable to suppress or
limit the reaction arising from some application. This is espec-
ially true with long cold applications which are designed to
delay vital activities or reduce fever. Of course, the body
attempts to react to all such measures, as has been mentioned.
The reaction may be limited, e. g., by a cold application such
as an ice bag to a part. The nervous excitability is lessened
by the continuous and severe cold, so that the phenomena of
reaction do not appear in their entirety and completeness. In
the case of a Brand bath, the exciting stage soon'gives way to
a slower heart beat, slower and deeper respiration, etc., by
reason of the continuance of the cold. In general, the suppres-
sion of the reaction depends upon the infensity of the cold and
its duration, being greater with the lower temperatures and with
the prolonging of the application.

Repeated Reaction. In the giving of alternate hot and cold
treatments, the body is called upon to react several times. After
two or three applications, the reactions are less complete. The
oscillatory changes occurring in the blood-vessels become less
and less in amplitude after each succeeding application. In
order to produce complete reactions where the applications are
repeated, it is necessary to increase the intensity of the stimu-
lus. This may be done in the case of alternate hot and cold by
using a higher temperature for the hot and a lower temperature
for the cold, or by adding mechanical stimuli.

Incomplete Reaction. Applications not properly suited to
the reactive ability of a patient will result in an incomplete
reaction. Should this occur, the patient experiencies quite
unpleasant symptoms, such as chilliness, shivering, cold feet, a
feeling of fulness in the head, and even faintness and nausea.
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These are due mostly to the internal congestion. which has not
been relieved or has been made more intense.

CONDITIONS INFLUENCING REACTION

Age and Vitality of the Patient. In either extreme of life the
ability to react is quite limited. Neither infants nor aged per-
sons bear cold treatment well. We have treated persons in
advanced life who were utterly unable to react to even cool
water as applied by the wet hand rub, and who invariably
chilled after a cold mitten friction.

In certain diseases or states the vitality is so reduced as to
render reaction extremely difficult. This is true of nearly all
those diseases which produce a profound asthenia. In anemia
and extreme emaciation the same conditions prevail. In all
such cases it is necessary to thoroughly warm the body previous
" to the cold application and give vigorous friction during and
following the treatment. Even these means will not always
insure a reaction.

Exercise, sufficient to warm the body, promotes reaction.
This is true whether taken before or after the treatment. It
quickens the circulation and brings the blood to the surface.
Body heat is increased so that the surface blood-vessels become
dilated in order to increase heat elimination. Fatigue is not
conducive to completeness of reaction. In case it is necessary
to treat persons who are fatigued, a short hot application should
be given first, quickly followed by some short but very vigor-
ous cold treatment, accompanied by friction or percussion.

The Warmth of the Body. When the body is warm, reaction
appears promptly. The internal heat of the body may be ever
so much and yet reaction be impossible, if the skin is cold and
clammy, pale, cyanotic, or goose flesh in appearance. The
skin should be warm and, if possible, ruddy before cold appli-
cations are used. In case it is not, some sort of hot treatment
should be used first, in order to draw the blood to the skin.
The air of the room in which the patient is treated should be
warm and he should remain in a warm room after treatment
until reaction is complete. It may be necessary to give a
drink of hot water in order to warm the body. More essential
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than all of these is the warmth of the feet. It is impossible to
secure full reaction or the best possible results, if the feet are
cold. It should, therefore, be a general rule that the feet
should be warmed by a hot foot bath or alternate hot and cold
foot bath or hot foot pack, previous to any and all treatment.
In the giving of even an enema, this is necessary. After treat-
ment it may be necessary to provide the patient with additional
covering, either in the form of bedding or clothing, in order to
secure full reaction.

Psychic Attitude. It is difficult to preduce complete reaction
in a patient that dislikes the measures used. That the mind does
exercise an inhibitory influence over body functions can not be
doubted by those whose practice brings them in contact with
profound neurasthenia. Those under great mental strain,
worry, or anxiety, react poorly.

Character of Treatment and Mode of Application. In all
cases where reaction is likely to be tardy, the cold treatment
should be preceded by a hot treatment. In ordinary cases the
hot application should exceed in duration the cold application.
It should thoroughly warm the body and make the cold a wel-
come change. The reaction is more prompt in its appearance
if extreme cold is used and accompanied by friction or percus-
sion. The colder the water, the greater the reaction. The
cold treatment should be given quickly. The treating of one
part at a time favors the quick appearance of the reaction.
The larger an application or more general the surface treated,
the less promptly will the rcaction appear. Friction with the
dry hand or a rough towel, following the drying, enhances
the reaction. Percussion has the same effect. The drying
from sprays and general applications of water should be donc
as quickly and as thoroughly as possible. If moisture is left on
the surface, the resulting evaporation cools the body and re-
action is delayed. The patient should be dried in a warm
room near the place where the last application of water was
made. To properly shape circumstances so as to favor re-
action, requires much care and forethought on the part of the
attendant nurse. A little carelessness may undo much or all
of the benefit which should accrue from a wiven treatment.
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Test of Reactive Ability. Ability to react to cold applica-
tions varies with the climate of usuel residence, state of health,
occupation, and habits of the patient. As to the reactive capacity
little can be determined by questioning the patient. Often
those who say they are unable to take cold baths react as well
or better than those who affirm their ability to react. What one
calls very cold another regards as only cool. Some persons
consider that they have been taking cold baths when bathing
in water at 90°—95° F. The response of a patient with anemia
is usually in direct proportion to the degree of anemia. The
state of the vasomotors and the readiness with which they react
to mechanical stimuli serve as a rough test of the ability to re-
spond to cold treatment. This test is mentioned by nearly all
writers on hydrotherapy. Baruch® makes the following state-
ment:— )

‘“TI have found that the response of the cutaneous circulation
to mechanical excitation furnishes an index to the probable re-
active capacity of the patient. Passing the back of the nail of
the index finger rapidly but gently across the abdomen, and
increasing the pressure of the nail with a second stroke parallel
to the first, induces a more or less deep reddening of the irri-
tated skin. The rapidity with which the red line develops after
the nail is removed, and the pressure required to produce it,
afford the trained eye a crude, but fairly correct, test of the
patient’s reactive capacity. By applying this test frequently
before each procedure, one may readily train the appreciation
of this test and thus avoid the necessity of slow development
of the reaction by gradual increase of the intensity of the treat-
ment which the author adopts in most cases.”’

COMMON NAMES OF TEMPERATURES

Heat and cold are relative, not absolute, terms and must
needs be defined. This can not be done with accuracy, since
patients differ in their toleration of heat and cold. What one
designates as very cold may be only cool to another. The ex-
tent of skin surface exposed to thermic stimulation also makes
a difference in the degree of the temperature impression re-

S Hydrotherapy, p. 102.
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ceived. For example, immersion of the hand in water at 70° F.
will give an impression of cold; but, if the entire body is
immersed, the. water will seem zery cold. Again, a full tub
bath at 105° F. will seem very hot; while, if only one hand is
immersed, the impression received is that of only moderate heat.
The most satisfactory way of designating temperatures is to
define the limits in terms of degrees. The table below has
been found practical. The designations above neutral are
those that would be used for full tub baths; those below neutral
are such as would be used for partial immersion.

Very hot - - - - 104° and above
Hot - - - - - 100°—104° F.
Warm (ncutral, 94°—97°) - 92°—100° F.
Tepid - - - - 80°— 92° F.
Cool - - - - - 70°— 80° F.
~ Cold - - - - 55°— 70° F.
Very cold - - - - 32°— 55°F.



CHAPTER III
ANATOMY AND PHYSIOLOGY OF THE SKIN

HE skin is the key-board of hydrotherapy. Comprising as

it does such a large variety of tissue elements in an exceed-
ingly complicated arrangement (Plate 1.), every part of which
is directly or indirctly connected with the functions of all other
parts of the body, it is essential that its more importamg func-
tions and their anatomic basis should be well understood.  This
is especially true of the vessels and nerves of the skin through
which this connection with the internal organs is made; for by
these connections, the physician is cnabled to influence at will
the circulation, and to a large extent, all the other functions of
these organs. Only those points which serve to explain the
practical applications of hydrotherapy will be noticed here.

The epidermal layer acts as a protection to the delicate and
sensitive structures underneath.

The dermis contains those structures with which we are most -
concerned. ‘It is made up of two fairly distinct layvers—the
pars papillaris, upon which the epithelium rests, and the pars
reticularis beneath the former and lying next to the panniculus
adiposis. The knob-like projections of the papillary layer are
of two types, viz., those containing blood-vessels (vascular pa-
pille) and those containing nerve endings (tactile papille).
Both layers of the dermis consist of a reticulum composed of
bundles of connective tissue, surrounded by elastic fibers.' For
the most part, the fibrous bundles lie parallel to the skin sur-
face. Those fibers nearer the surface are finer and more
densely packed, producing a felt-like texture, while those of the

1 Bohm, Davidoff, and Huber—Text Book of Histology, p. 382 9
39
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deeper layers, nearer the subcutaneous fat, are coarser and more
loosely arranged.

MUSCULAR AND ELASTIC TISSUE

Smooth muscle fibers are intimately associated with the elas-
tic fibers. The two together constitute one of the most impor-
tant anatomic arrangements in the skin, as we shall see pres-
cently.  In many parts of the skin the muscle fibers are present in
the form of a network, contracting diagonally.? The muscular
tissue exists mostly as the erectores pilorum disposed in bundles
in connection with the hair follicles and lying in an oblique
direction through the thickness of the skin. These muscle
bundles are surrounded and traversed by elastic fibers so that
they are enclosed in a dense network of elastic tissue, threads
of which serve as tendons to connect the ends of the muscular
fasciculi to the connective tissue bundles of the corium.* The
varied degrees of tension of the skin are due to the changes in
this musculo-elastic mechanism. Baruch lays much stress upon
these changes as being the chief cause of alterations in the cuta-

" neous circulation, which are brought about by thermic impres-
sions. Under medium temperatures the muscle fasciculi are at
medium tension and the skin is ordinarily pliable. Cold causes
contraction of these muscular bundles and they, embracing in
their action the smaller vessels of the corium, especially the
terminal capillary loops (both arterial and venous) of the
papillee, produce blanching of the skin. Heat rclaxes the
muscles; the tension being relieved, the elastic fibers return to
their usual condition and the skin is again soft, loose, and
pliable. Higher degrees cause increased rclaxation up to a
certain point, where heightened tension is again manifest.
These facts explain the mechanism and the great importance of
the contractility of the skin in the propulsive movement of
both blood and lymph. This contractility supplies the place of
the muscular coat of the blood-vessels which is absent in this
situation. The elastic fibers, forming as they do a fine mem-
brane around the blood-vessels and opposing the action of the
muscular fibers, may be supposed to support vasodilatation.

2 Baruch—Principles and Practice of Hydrotherapy, p. 5.
3 Hyde and Montgomery—Diseases of the Skin, p. 35.




PLATE 1. Diagrammatic section of the skin.
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deeper layers, nearer the subcutaneous fat, are coarser and more
loosely arranged.

MUSCULAR AND ELASTIC TISSUE

Smooth muscle fibers are intimately associated with the elas-
tic fibers. The two together constitute one of the most impor-
tant anatomic arrangements in the skin, as we shall see pres-
cently.  In many parts of the skin the muscle fibers are present in
the form of a network, contracting diagonally.? The muscular
tissue exists mostly as the erectores pilorum disposed in bundles
in connection with the hair follicles and lying in an oblique
direction through the thickness of the skin. These muscle
bundles are surrounded and traversed by elastic fibers so that
they are enclosed in a dense network of elastic tissue, threads
of which serve as tendons to connect the ends of the muscular
fasciculi to the connective tissue bundles of the corium.? The
varied degrees of tension of the skinh are duc to the changes in
this musculo-elastic mechanism. Baruch lays much stress upon
these changes as being the chief cause of alterations in the cuta-

"neous circulation, which are brought about by thermic impres-
sions. Under medium temperatures the muscle fasciculi are at
medium tension and the skin is ordinarily pliable. Cold causes
contraction of these muscular bundles and they, embracing in
their action the smaller vessels of the corium, especially the
terminal capillary loops (both arterial and venous) of the
papillas, produce blanching of the skin. Heat rclaxes the
muscles; the tension being relieved, the elastic fibers return to
their usual condition and the skin is again soft, loose, and
pliable. Higher degrees cause increased relaxation up to a
certain point, where heightened tension is again manifest.
These facts explain the mechanism and the great importance of
the contractility of the skin in the propulsive movement of
both blood and lymph. This contractility supplies the place of
the muscular coat of the blood-vessels which is absent in this
situation. The elastic fibers, forming as they do a fine mem-
branc around the blood-vessels and opposing the action of the
muscular fibers, may be supposed to support vasodilatation.

2 Baruch—Principles and Practice of Hydrotherapy, p. 5.
3 Hyde and Montgomery—Diseases of the Skin, p. 35.
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The disappearance of elastic fibers from ‘the skin in arterio-
sclerosis (Meissner) where rigidity and high tension are essen-
tial accompaniments, may lend color to this view and possibly
reveal something of the pathogenesis of high tension and sub-
sequent vascular sclerosis. '

THE BLOOD-VESSELS

The blood vascular system of the skin on.the arterial side is
arranged in two quite distinct horizontal networks—an upper
and a lower, besides being especially abundant about the hair
follicles and coil glands. The latter structures are surrounded
by a basket-like network of blood-vessels. The lower or inferior
plexus lies in the deepest part of the derma. It consists of com-
paratively large vessels. From this plexus, vessels extend more
or less vertically upward to form the upper or subpapillary
plexus. From this plexus, vascular loops extend directly into
the papille above. ‘‘In the papillary vascular system the
arteries are narrow and the veins wide.”’ *

Baruch states that the papillary loop may be so filled with
blood, that it may double and fold over in spiral windings until
it occupies almost the entire space of the papilla. This capacity
for increasing or diminishing the size of the papillary loop
furnishes an important agency by which hydrotherapy may affect
the circulation.’

Both papillary veins and arteries consist of an endothelial tube
only. Near the middle of the subcutaneous tissue, the media
and adventitia appear. In the veins the muscular coat is found
carlier, 7. e., in the plexus at the base of the derma, where they
also seem to possess valves.® In the case of the capillary vessels
these coats are supplied by the musculo-elastic tissues of the
skin itself, as mentioned above. Vasomotor nerves are twined
around these vessels in all their ramifications.’

THE LYMPHATICS

‘“The lymph vessels of the true skin are also distributed in
two layers—a deep and wide-meshed plexus (collecting trunks)

4 Hyde and Montgomery—Diseases of the Skin, p. 29.

5 Baruch—Principles and Practice of Hydrotherapy, p. 6.
6 Bohm, Davidoff, and Huber—Histology, p. 386.

7 Hyde and Montgomery—Ibid., p. 29.
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in the subcutis and a superficial narrow-meshed plexus (capil-
laries) immediately beneath the papillee.”’* The latter vessels
(Fig. 5.) begin in the papille as an exceedingly fine meshwork
of endothelial-lined and absolutely closed cul-de-sac spaces in
the connective tissue. These culs-de-sac divide and anasto-
mose in a very free manner. The capillaries of the subpapil-
lary plexus also possess endothelial walls of their own. They
are devoid of valves. ’

While the lymphatic capillaries communicate neither with the
connective tissue spaces nor with the blood-vessels, they are
nevertheless in very intimate physiologic relation with both

these structures. Cellular mi-
grations and osmotic exchanges
take place readily, so that the
capillaries fulfill their functions
as drains, and according to Re-
naut, selective drains.® Accord-
ing to Unna, the interspinal
spaces, delicate channelings in
the cement substance between
the epithelial cells, are in com-
munication with the lymphatic
spaces of the papillary region
of the corium. But, as stated
above, this is not an anatomic
communication, but a physio-

Fig. 5. Origin of lymphatic vessels IO.Q.'ica] relation and is doubt-

in a papilla of the hand.  (Sappey.) less the path taken by sub-

stances which are absorbed from
the skin surface. Some affirm that absorption occurs partly
through the coil glands. The epithelium of excretory glands
has, however, but slight absorptive powers. At their com-
mencement in the capillaries, the lymphatics have a capacity
cqual to and greater than that of the veins., This diminishes,
the ncarer we approach to the thoracic duct, the calibre of
which is much smaller than that of the vena cava."

8 Bohm, Davidoff, and Huber—Histology, p. 387.
9 Pourier, Cuneo, and Delamere—The Lymphatics, pp. 74, 75.
10 Pourier, Cuneo, and Delamere—Ibid., p. 62.
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The decp, wide-meshed plexus located in the subcutis, forms
part of the superficial lymphatics (collecting trunks) of gross

Fig. 6. Superficial lym-
phatics of the arm, anter-
ior surface. Lymphatic
network of fingers and
palm. Collecting trunks
of the arm and forearm.

(Sappey.)

anatomy (ZFig. 6.). They arc larger,
though very irregular and sacciform chan-
nels, dividing and anastomosing freely.
The wall consists of endothelium, together
with an elastic and muscular coat. They
arc provided with valves at variable dis-
tances. From the fingers to the axillary

Fig. 7. Valves of the mesenteric chyliferous vessels
of the new born cat. (Delamere.)

glands, Sappey counted sixty to cighty.
These arc crescentic folds of endothelium,
resembling the aortic semilunar valves and
arranged in pairs (Fig.7.). The alternate
constrictions and swellings which give the
lymphatic vessels their beaded appearance
are due to these valves. According to
Delamere, the supravalvular enlargements
are true contractile sacs, similar to the
lvymphatic hearts of batrachians. From
the standpoint of hydrotherapy, the fol-
lowing statement by the same writer is
significant. He says that because of the
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elastic fibers, connective tissue, and muscle, the lymphatic
walls are, in spite of their fineness, resistant, extensible, and
retractile. They withstand, without rupture, the pressurc of a
column of mercury of from thirty to forty centimeters.”

We have noted above the various structures by which the
blood and the lymph vessels are rendered contractile. We
ought now to consider briefly the contractility of the endothe-
lium. This is of no little importance in those vesscels, the
blood and lymph capillaries, ‘which possess no other coats.
These endothelial cells contract and expand, causing changes
in the calibre of the capillary channel. According to Foster
thesc contractions are allied to the changes in muscle fibers
which constitute contraction. Landois * states that these motor
phenomena are to be observed cspecially after irritation in the
living animal. Schmetkin found ncrve fibers distributed in the
large blood-vessels, not only in the adventitia and media, but
also in the intima. #

It seems, then, a well established fact that all parts of the
vascular system, whether large or small, arterioles, capillarics
or venules, whether blood or lymph vessels, of whatever size,
all possess the power of contractility. Practically all the ves-
sels of the body are under the control of the nervous system,
through those filaments known as vasomotor nerves, or are
played upon by such contractile mechanisms as the skin, which
is itself influenced by stimuli similar to those of a vasomotor
nature. These vasomotor fibers arc said to be of two classes,—
first, those which, when stimulated, produce vasoconstriction;
second, those that produce vasodilatation. The controversy as
to the existence of the latter, or whether vasodilatation is pro-
duced by a cessation of vasoconstrictor influences, does not con-
cern us in the practical application of physiologic measures.
While the vasomotors originate in more or less definite centers,
and seem to be morc abundant in certain localities and in cer-
tain nerve trunks, they are, nevertheless, distributed with other
nerve fibers, and are found in all parts of the body.

11 Pourier, Cuneo, and Delamere—The Lymphatics, p. 70.
12 Physiology, 1898, p. 289.

13 Human Physiology, 1905, p. 132.

14 Bohm, Davidoff, and Huber—Histology, p. 223.



CHAPTER 1V
THE PERIPHERAL HEART

HAT the heart beat and merc mechanical elasticity of the
blood-vessels (like the elasticity of rubber tubing) are not
the only forces concerned in the propulsion of the blood has
long been recognized. In a case of hemiplegia, following an
apoplexy, there is a decided lowering of blood pressure on the
affected side and a conscquent stasis, as evidenced by the
cyanosis and lowered temperature on this side. This can not,
of course, be due to any difference in the propulsive power of
the hecart, since the opposite side reveals no such marked
changes in its circulation. It can only be due to some disturb-
ance of the vasomotor mechanism, resulting in changes in the
blood-vessels themselves, since the causative lesion is confined
to the nervous system. The writer was very forcibly reminded
of this influence of the blood-vessels on blood pressure in a casc
of depressed fracture of the left cranial vault, the pressure from
which involved nearly the whole of the Rolandic area on this
side, including the speech center. The radial pulse on the
right side (opposite the lesion) was scarcely perceptible, while
that on the left side was strong and apparcntly about normal.
Numerous other observations might be cited, showing the
effects of vasomotor influences on blood pressure and the circu-
lation. :

We may well ask, What is the normal action of the blood-
vessels which plays such an important part in the propulsion of
the blood and the maintaining of blood pressure and which,
when interfered with, results in such marked changes. These
changes are, a priori, associated with and dependent upon alter-

ations in the calibre of the vesscls themselves. A lowering of
(45)
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pressure being due to a widening or dilatation of the vessels
and an increase of pressure to the opposite condition, a narrow-
ing or contraction of the vessels. The vascular condition en-
tering into the normal rapidity of the circulation is neither the
one nor the other extreme. A permanent widening of the
vessels leads to stasis of blood, while a permanent narrowing
results in heightened blood pressure, arteriosclerosis, and its
resultant chain of disasters.

Figs. 8 and 9. Blood pressure tracings showing Traube-Hering
curves taken from a dog. (Martin.) The upper tracing, taken
while artificial respiration was being carried on, shows the three
curves,—the pulse wave, represented by each double stroke; the
respiratory wave, covering about five pulse waves; and the vaso-
motor or Traube-Hering wave, the slower undulations covering
five respiratory waves. The lower tracing, taken just after the
cessation of artificial respiration, shows only the pulse waves and
the Traube-Hering waves.

Traube-Hering Waves. In health there are continuous and
more or less rhythmic alterations in the calibre of the blood-
vessels.  Speaking along this line, Landois ' says the diameter
of the vessels ‘‘is subject to periodic variations, not only in the
vessels provided with muscular tissue, but also in the capil-
laries—in the latter, in consequence of the spontaneous con-
traction of the protoplasmic cells that form their walls.”” More-

1 Human Physiology, 1905, p. 180.
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over, Sir Michael Foster states that these changes which vary
considerably, both in their rhythm and extent, occur without
any obvious changes in either the heart beat or the general cir-
culation, and when the animal (under observation) is appar-
ently subjected to no disturbing causes. He regards them as
spontaneous, although subject to vasomotor control.

In determining changes in the amount of blood in the arm by
the plethysmograph, the fluctuations in volume, as registered
by the kymograph, permit recognition of the following phe-
nomena.® (Figs. 8 and 9.) 1. Pulsatory fluctuations due to
each individual heart beat. 2. Respiratory fluctuations. 3. Cer-
tain periodic fluctuations dependent upon periodic-regulatory
movements of the blood-vessels, particularly the smaller vessels.

(Traibe Horing whves) . The upper trating () 18 the. blood pressurs

{:tég{g :swti?kl:eanﬂv:xixt'rhl?fn ::l%rr;\;zrwanometer; the lower tracing (2)
‘“Waves are often observed on the blood pressure curve,
which must arise in a slow rhythmic variation of the constrictor
impulses sent out from the vasomotor center. These waves are
known as the Traube-Hering curves.”’® Relative to the blood
pressure tracing as taken with a mercury manometer (/ig. 70)
Howell* says, ‘‘ The latter waves (Traube-Hering) arc . . .
due to a rhythmic action of the vasomotor center. During
sleep, certain much longer, wave-like variations in the blood
pressure also occur that are again due, doubtless, to a rhythmic

2 Landois—Human Physiology, p. 190.
3 Starling—Elements of Human Physiology, p. 276.
4 Physiology, 1908, pp. 564, 565.
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change of tone in the vasoconstrictor center.”” Changes similar
to those producing the Traube-Hering wave may also be
observed in the splcen (See Chapter X.) and in heart muscle
(Fig. 71.). 'The manifestation of periodic variations in tone
is, therefore, common to the involuntary muscle of several
different organs and structures. Somec obscrvers regard these
tonc waves as spontancous, though subject to nerve control.

In discussing periodic variations in blood pressure Janeway *
gives the following: ‘‘ These are evident in the human being as
in the animal.” The respiratory and the Traube-Hering waves,

Fig. 11. Tone waves in heart muscle. The record shows contrac-
tions of a strip of the sinus venosus (terrapin's heart) suspended in
a bath of blood-serum. In addition to the sharp contractions
marked by the lines there are longer, wave-like shortenings and
relaxations, irregular in character, which are due to variations in
tone. (Howell.)

and the other less rhythmical but apparently spontancous fluc-
tuations in mean blood pressure, must be in mind during cvery
clinical experiment. . . . Exact figures for the possible press-
ure variations duc to these causes are hard to give, but their
extent in animals, combined with my observations on the
changes noted in patients from moment to moment, lead me to
place 30 mm. Hg. as the probable maximum rise which may be
attributed to them. One sces these larger fluctuations mainly
in patients with hypertension. Ordinarily, 5—10 mm. would be
a liberal estimate.’”” In this connection Janeway gives a trac-
ing (Fig. 12.) by Mosso, taken from a man at rest, in which the .
Traube-Hering wave covers on an average of fiftecen pulse

5 Clinical Study of Blood Pressure, pp. 112, 113; sze also pp. 16—21.
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waves, thus showing a fluctuation recurring about four or five
times a minute.

Events occurring in other parts of the body may give rise to
large changes, so that the arterioles may become constricted
almost to obliteration, or dilated to more than double their
usual diameter. These observations apply to arteries, capil-
laries, and veins. In the vessels of the web of a frog’s foot,
direct treatment of the web may bring about the same changes.

Since these rhythmic vascular changes normally occur quite
independently of the heart beat, we have here a factor in the
circulation which, under proper physiologic stimulation, may
be utilized to relieve that organ of much of its work, so that

Fig. 12. Periodic fluctuations in the tracing of blood pressure
taken from Doctor Colombo (at rest). (Mosso's sphygmograph.)
when overburdened, it may obtain needed rest through the
slowing of the rate and the increcasing of the force consequent
upon this help. Landois,® in discussing blood pressure as
altered by changes in the size of the vessels, mentions the
application of heat and cold to circumscribed areas as influenc-
ing blood pressure through the vasomotor nerves. It is to the
applications which bring about such changes as these that we
now turn our attention.

THE PRINCIPLES OF VASCULAR EFFECTS

The underlying principle of applications calculated to awaken
an activity of the circulation is found in the old dictum, #é: ir-
ritatio, ibi affuxus. Where there is an irritation, there is an

6 Human Physiology, p. 166.
4
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afflux of blood. Rub vigorously the back of the hand and the
skin becomes reddened with an increase of blood. Percussion
or a dash of cold water produce the same results. These are
examples of what we may term physiologic irritation. All forms
of irritation produce an initial contraction of the blood-vessels,
i. e., the primary effect of an irritation from any source is con-
traction. The oscillatory changes which soon result (reaction)
are different with the different kinds of irritation. In fact, itis
this reaction with which we are principally concerned. In some
cases the first effect is of no practical importance, while in
others, it is utilized. Heat, for example, causes an initial vaso-
constriction. The secondary vascular contractions are slight
and become less and less the greater the duration of the appli-
cation, so that a prolonged application of heat results in a maxi-
mum dilatation. The remote effect is not a reddening of the
skin from quickened circulation, but a slight duskiness from
stasis of blood (passive hyperemia). These are the effects of a
fomentation, heating compress, radiant heat, etc. The reaction
to heat is, therefore, of an atonic and depressing nature.

With a cold application to the skin, the first effect is a blanch-
ing (vasoconstriction), but this is soon followed by a reddening
(active hyperemia) which, as we know, is maintained for a con-
siderable length of time and does not result in a dusky color.
Here, the oscillations in vascular calibre are stimulated in such
a way that they are greater, more forcible and do not tend to
passive dilatation. This is the reactionary effect of cold. Me-
chanical irritation, such as friction and percussion, give similar
results. However, the two combined, as in the cold mitten fric-
tion, cold percussion douche, etc., give quicker, better, and more
lasting effects.

Kellogg " records the following experiment as showing the ad-
vantage of mechanical irritation combined with cold. A cold
compress and a percussion douche, both at 65° F., were simul-
taneously administered to opposite and corresponding parts for
five seconds. After the cold compress the reaction appeared in
forty seconds, whereas, after the cold percussion douche, the
circulatory reaction appears in five seconds.

7 Rational Hydrotherapy, 1901, p. 1126.
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As the cold application is prolonged, the amplitude of the vas-
cular oscillations becomes less and less until the condition is
more nearly that of a constant vasoconstriction. ‘‘Following
the process to an extreme point, we find that, by intensely low
temperatures, the circulation in the capillaries is at first accel-
erated and the number of blood corpuscles diminished, when
the part becomes pale. Quickly following this acceleration
there is a stasis in the capillaries, while in the smaller veins and
arteries, the slowing of the circulation is followed by brief and
rapid oscillations, which become slower and more infrequent.
Slowly the vessels become more pale, less transparent, and
finally the movements cease.’’® This is, of course, providing
reaction occurs at all, as it usually does if the cold is applied to
a limited area. If the reaction does not occur, as where there
is a general application of cold without friction, the skin be-
comes blanched and goose flesh appears, due to the contraction
of the erectores pilorum. In case an ice-cold application re-
mains long enough on one part, paralysis of the vessels results
and a consequent dilatation.

Saline substances and certain gaseous irritants, chief among
which is CO2, when applied to the skin, also produce an active
dilatation and contraction of the blood-vessels which results in
quickened circulation and increase of blood in the skin. Saline
baths are often more effective than plain water. Carbon dioxide
and salines are most effectively used in the combination consti-
tuting the Nauheim or effervescent bath. Here the cool water
itself plays some part, since temperatures somewhat below neu-
tral are used. ‘‘So marked is the effect of this skin tonic that
in severe cases of dilatation (of the heart) the almost incredible
result is attained, of causing the apex actually to retract three

" quarters of an inch toward its normal position in a single treat-
ment.”’® The heart beat is decreased in frequency and in-
creased in force; its previously labored beat gives way to a
steady, easy movement and, in some cases, we have actually
been unable to detect murmurs which were previously distinctly
heard. These results are by all conceded to be due chiefly, if

8 Baruch—Principles and Practice of Hydrotherapy, p. 39.
9 Baruch—Ibid., p. 10.
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not almost wholly, to the stimulation of the great vascular area
of the skin, the so-called ‘‘ peripheral heart’’ or ‘‘skin heart.”
When we consider the magnitude of this peripheral heart, it no
longer becomes a wonder that its influence is so powerful.
Vierordt estimates the combined calibres of the capillaries of the
systemic circulation at 800 times that of the aorta in cross sec-
tion. With this fact in mind, we may gather some idea of the
magnitude of the effect produced by saline and gaseous irritants
acting simultaneously upon such a great system of contractile
tubes. Such results can not be obtained by digitalis or strych-
nine. That these results are not due to simple atonic vasodila-
tation is shown by the fact that these patients are frequently
cyanotic, an evidence of already existing venous stasis and vaso-
dilatation, while on emerging from the bath, the skin is of a
brighter and more normal color. Neither vasodilatation nor
vasoconstriction are conducive to a slower, easier heart beat.
The result is, therefore, not a passive change, but an active one.

Electric currents applied to the skin also stimulate the vaso-
motors. Near the positive pole vasoconstriction is manifest,
while in the region of the cathode vasodilatation occurs. With
alternating or interrupted currents the vasomotors are much
more powerfully stimulated. This stimulation is greatest with
the sinusoidal current, the use of which in the obtaining of vas-
cular effects will be mentioned more in detail in the part on
therapeutics.

THE QUANTITY OF CIRCULATING FLUIDS

When we consider the total quantity of blood and lymph in the
body, and the fact that the skin and adjacent tissues may con-
tain a large sharc of this, or influence its distribution clsewhere,
we see how powerful an agent the skin is in controlling the cir-
culation of these fluids in the various organs.

About one-thirteenth of the body weight is blood. Of this,
nearly 30 per cent may be contained in the skin under the
influence of certain.conditions and applications. Ordinarily,
there is one-fourth of the blood in the heart, lungs, and great
blood-vessels; one-fourth in the liver; one-fourth in the skeletal
muscles; and one-fourth in other organs. The circulation of the
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skeletal muscles is influenced with that of the skin, and usually
the same changes occur simultaneously in both.

The amount of lymph in the body is variously estimated from
one-fourth or one-fifth to one-third of the entire body weight.!
This enormous quantity of fluid is affected in the same way
by physiologic applications as the blood.

Kowalski," in 1901, reported a serics of experiments under-
taken to determine the effects of thermic irritants upon the
movement of lymph and upon the vasomotor nerves of the
lymph vessels. Briefly stated, his conclusions are as follows:—

Thermic irritants control the flow of lymph, not only indi-
rectly, but also by altering the calibre of the lymph vessels.
These changes are the same as those in the blood-vessels, i. e.,
low temperatures contract them, while high temperatures dilate
them. These effects are produced through the nervous system
by way of the vasomotor nerves. The vasomotor nerves of the
lymphatic vessels act independently of those controlling the
blood-vessels and general circulation. It will be scen from this
that the use of the alternate hot and cold leg bath for cedema is
based upon demonstrated physiologic facts, the lymphatics as
well as the blood-vessels taking part in the absorption of tissue
fluids.

Experiments on the production of lymph in the limbs have
also brought out in a very striking manner the rationale of
massage in dropsy. In the resting limb there is no flow at all
from the tissue spaces. Berlin bluc injected under the skin
finds its way into the lymphatics with extreme slowness, unless
absorption is facilitated by kneading the limb or by carrying
out passive movements. ‘‘ Ludwig has shown that the lym-
phatics of the aponeuroses are so arranged that cvery move-
ment, active or passive, tends to pump fluid from the tissue
spaces into the lymphatics, and from the smaller into the larger
lymph trunks. Experiments on the production of lymph in the
limbs have, therefore, always to be associated with kneading or
passive movements in order to get any lymph flow at all.”” *

10 Pourier, Cuneo, and Delamere—The Lymphatics, p. 7.
11 Blitter fir klinische Hydrotherapie, January and February, 1901.
12 Starling—Fluids of the Body, p. 72.



CHAPTER V
ANATOMY AND PHYSIOLOGY OF THE SKIN

(Continued)

THE SUDORIPAROUS OR COIL GLANDS

HE sweat glands are distributed throughout the entire skin.
They are most numerous in the axilla, palms, and soles,
where they are also of unusual size. And, according to Krause,
there are between 2000 and 3000 per square inch. The total
‘number in the body is estimated at from 2,000,000 to 3,000,000,
and their aggregate length uncoiled and placed end to end, as
about eight miles; while the total surface of the ducts is estim-
ated at 11,000 square feet. These figures serve to show the
great importance of hygiene directed toward the maintaining of
their normal functions and the tremendous effect of bad hygiene
in causing disease.

The sweat gland consists of a long tubule, coiled at the
deeper end. The globular coil (glomerulus) lies in the sub-
cutaneous fat, or in the fat columns of the deeper part of the
corium. Next to the epithelium in the coiled part of the tubule,
are found smooth muscle fibers, disposed longitudinally, or
spirally. These muscle fibers are doubtless concerned, along
with the erectores pilorum, in the checking of perspiration
which results from cold applications. Each tube is about four
or five millimeters long. Three-fourths of this makes up the
coil." The sweat pore—that part of the duct lying in the epi-
dermis—is a wall-less channel, spiral or straight in course.
The outer end is funnel-shaped. The pore is in free communi-
cation with the juice spaces of the epithelium, as was mentioned
in considering the lymphatics of the skin. It will be seen from

1 Bohm, Davidoff, and Huber—Histology, p. 397.
(54)
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this fact that the drying of the skin is not alone a drying of the
surface, but also a drying of the fluid found between the deeper
cells of the epidermis. A capillary network of blood-vessels
surrounds the coiled part of the gland. Nerves from the sym-
pathetic neurons end in the secreting cells.

Figs. 13 and 14. Diagrams showing similarity in structure of the
tubules and glomeruli of the kidney to the coil glands of the skin
and their vascular network. As the uriniferous tubules are many
times the length of the coil glands, no comparison of the size is in-
dicated by the drawings. Fig. 13. U. T.—uriniferous tubule, C. B.
—capsule of Bowman, G.—glomerulus. Fig. 14. Sudoriparous
gland: E.—epithelium of skin, P. D.—perspiratory duct, C. G.—
coiled portion of gland, V. N.—vascular network.

The secretion of the sweat glands varies with the character
and amount of food and drink, the state of health, temperature
and humidity of the air, etc. About 98 per cent is water,? the
remainder being chiefly salines, pigment, and a. small amount
of fat. In twenty-four hours, one and one-half or two pints of
water are excreted. This is approximately double the amount

2 Hyde and Montgomery—Diseases of the Skin, p. 46.
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exhaled by the lungs. Contrary to the general notion, the skin
does not excrete large quantities of deleterious substances. /z
health the poisons excreted by the skin are very small in amount.

Vicarious Functions of the Skin. There is a great similarity
in the structure of the tubules and glomeruli of the kidney to
the coil glands of the skin and their vascular tufts (Figs. 13 and
14.). 'This very similarity in structure suggests a similarity in
function. The perspiration and urine are both excretions and,
to a great extent, may replace each other. In disease this fact
becomes very evident. When the kidneys become incompetent
to excrete certain wastes, these are often found in the sweat
and, wvice versa, when perspiration is interfered with, more
work is thrown on the kidneys. In warm weather excessive
perspiration occurs, while the urine is scanty. In cold weather
the perspiration decreases and the urine increases in amount.

Urea, normal in the urine to the extent of about 2 per cent,
is found in normal perspiration' to the extent of 0.1 to 0.2 per
cent. Schottein, in certain cases of the uremia of cholera, saw
the whole body covered with a thin white crystalline layer of
urea.® In cases of pyemia, where the staphylococcus albus was
present in the blood, the sweat induced by packs has shown
abundance of the staphylococcus. The same is true of many
other diseases in which there are germs in the blood (bacteri-
emia), the kidneys also excreting the germs. Bouchard* has
called particular attention to the cutaneous eruptions which
accompany auto-intoxication, especially with a dilated stomach,
or after eating mussels, shell-fish, etc., as being due to pto-
maines eliminated through the skin. In some forms of auto-
intoxication various poisons excreted by the skin may be appre-
ciated by their odors. The peculiar odors about prisons and
asylums are doubtless more or less due to the volatile poisons
of faulty nutrition which the skin exhales. In cases of jaundice
bile pigments are found in the sweat so that sheets and bedding
are stained by it. Sugar may be found in the sweat of dia-
betics and in the sweat of cases of forced glycosuria.

Dr. Herbert U. Williams of Buffalo has shown® that in

3 Baruch—Principles and Practice of Hydrotherapy, p. 26.
4  Auto-Intoxication in Disease, pp. 20, 162.
5 Journal of American Medical Association, April 17, 1909, p. 1276.
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chronic nephritis the sweat glands are extensively altered in
structure. He examined skin from various parts in seventy
cases of chronic nephritis and found a variety of conditions
including desquamation of the epithelium, cystic dilatation of
the tubules, atrophy of the tubules, and cast-like material in
the tubules. In fourteen cases arteriosclerosis of the arteries
of the skin was present. In some cases hypertrophy of the
epithelium was observed, even to the formation of two or three
layers of cells. Dr. Williams states that these studies were
undertaken because, from the earliest ages, faith has been
placed in the efficacy of active skin excretion in cases of
nephritis.

SUMMARY OF PERSPIRATORY INFUENCES

Factors which govern perspiration-—

1. Degree of internal or external heat.

2. Amount of water in the body.

3. Amount of blood in the skin.

4. Specific stimulation of secretory (sweat) nerves, as by
electricity, shock (as cold sweat of fright, etc.), and drugs.

Conditions that give rise to increase of perspirvation:—

1. Applications of heat, as hot air, hot water, steam, light.

2. Water drinking, especially of hot water.

3. Exercise.

4. Mechanical irritation, as friction or percussion.

5. Diaphoretic drugs.

Conditions that decrease perspivation:—

1. Chilling or cold applications.

2. Excretion of large amounts of water by the kidneys or
bowels.

3. Certain drugs, as atropine.

4. Local applications of astringents, or cooling preparations,
as alcohol, vinegar, talcum powder, etc.

The facts listed in the above outline are perhaps too evident
as matters of cvery-day experience to nced comment. In prac-
tice we usually combine two or more of these measures in order
to sccure quicker and better results. For example, the drink-
ing of cold water before and during the cleetric light bath
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greatly cnhances its results.  The drinking of hot lemonade in
conjunction with hot packs, vapor or Russian baths, likewise
gives quicker results. Heat applied to the skin, not only in-
creases the blood about the coil glands, but also stimulates,
directly, the sccreting cells.  Cold, applied to the skin, causes
a decrease in the amount of the blood in the skin and so lessens
the available fluid which the sweat glands utilize for secretion.
It has been shown that drugs having a specific action upon
the sweat glands, causc alterations in the structure of the secret-
ing cells, thus proving detrimental to their healthy activity.

THE SEBACEOUS GLANDS

The sebaccous glands are sacciform in shape, found in con-
nection with the hairs of the skin and pouring their secretion
into the follicles of the hair and lanugo. The oil or sebum is
produced by fatty degeneration of the gland cells themselves;
more cells being produced next the basement membrane to take
their place. It is designed to oil the hair and skin. The glands
are situated next the hair follicle, between it and the piliary
muscle. Hecat softens the oil in the glands, and thereby brings
about its extrusion. Qil is a non-conductor of heat. Covering
the skin with oil hinders both the elimination of hcat where the
surrounding atmosphere is cold, and the absorption of heat
where the atmosphere is heated.

ABSORPTION BY THE SKIN

We are not greatly concerned in hydrotherapy with the ab-
sorptive powers of the skin. Oily substances are most readily
absorbed, watery solutions not at all. Absorption of oily sub-
stances, alcoholic or cthereal solutions is greater after a warm
bath and cleansing of the skin, since the sweat pores are then
open and the increased circulation favors absorption.

Guy Hinsdale®gives an excellent summary of the subject of
cutaneous absorption from which we quote the following:—

*“ James Currie, who wrote one of the first and best books on
hydrotherapy, states that there is no increase of weight in the
bath, and while the skin remains sound and entire no absorp-
tion of solid, liquid, or acriform elastic fluid takes place on the

6 Hydrotherapy, p. 21.
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surface. In the instances that are supposed to favor the con-
trary opinion, it will be found that the article is forced through
the epidermis by mechanical pressure, or that the epidermis has
been previously destroyed by injury or disease.’’

Rohrig in experimenting with a bath to which potassium
iodide had been added, found that full immersion in this for
three-quarters of an hour gave rise to no iodine in the urine.
Negative results have also been obtained by a number of other
observers using various soluble substances. Substances caus-
ing injury to the skin may be absorbed, also ethereal solutions
of certain alkaloids, but R. Winternitz found no evidence of the
entrance of these substances from watery solutions.

One must, therefore, conclude that the mineral constituents
of water—other than strong salines and gaseous constituents— -
have no effect whatever upon the human system when applied
to the unbroken skin. Hinsdale makes a very apt statement of
the case, ‘‘We are thus forced to the conclusion previously
enunciated,—that the mineral waters, the analysis of which are
quoted with such particular exactitude unto the third or fourth
decimal place of grains per gallon, are neither more or less effi-
cacious on that account.”’

CUTANEOUS RESPIRATION

To a limited extent, the skin acts as a respiratory organ when
the temperature is above 85° F. About 0.5 per cent of the total
gaseous exchange of the body occurs in this manner. The
amount of CO; exhaled at 91.4° F. may be doubled at 93° F.,
increasing in about the same ratio as the watery excretion.
Hot moist applications to the skin increase the elimination of
CO;, since diffusion of gases is hastened by the moistening of
the surface and the larger amount of blood brought to the skin.
It is said that, in diseases of the heart and lungs, where there
is diminished excretion of COz in the expired air, cutancous ex-
halation is increased. In asthmatic dyspncoea when the skin
becomes flushed and perspiration free, the dyspncea is somewhat
relieved. General perspiration produced by hot applications
also relieves dyspncea. In either case, however, the result is
probably due more to the increased rate of the circulation of
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blood through the lungs reflexly produced by the application,
thus increasing the amount of oxygen there absorbed, than to
increase of cutaneous respiration.

THE SKIN A HEAT REGULATOR

This will be considered again under the subject of heat regu-
lation. The skin itself takes part in heat loss only, although
through nerve connection, it is one of the most important means
in controlling heat production. ‘‘The loss of heat by the skin
amounts to about 77 per cent of the total heat loss.”’ 7 It is, there-
fore, the most important factor in the elimination of heat. The
regulation of heat loss by the skin is accomplished by variations
in the amount of heat radiation and evaporation of sweat.

It will be seen that heat applied to the skin increases heat
loss in two ways: first, by dilating the surface vessels and quick-
ening cutaneous circulation, thus increasing heat radiation and
convection; second, by inducing free perspiration and the con-
sequent loss of heat by evaporation. Conversely, cold applied
to the skin decreases heat loss by driving the blood inward and
checking perspiration.

It is chiefly through the temperature nerves of the skin that
this organ influences heat production. So profound is this
influence that extensive burns, covering more than two-thirds
of the body, are fatal through destruction of the sensory nerve
terminals. Not only is heat elimination interfered with, but
metabolism becomes excessive and heat production is immensely
increased. Internal congestion and inflammations result, with
a fatal termination.

After a drunken debauch the unfortunate victim is in great
danger from exposurc to cold, because the sensibility of the
nerves is temporarily destroyed, so that the heat-regulating
centers are not apprised of the danger. The boy who died from
gilding of the skin to represent an angel is an example of the
disturbance of the heat mechanism due to interference with the’
regulatory functions of the skin. After varnishing of the skin
the temperature at first rises and then falls accompanied by
symptoms of poisoning due to defective oxidation.

7 Starling—Human Physiology, p. 505.
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NERVES OF THE SKIN

We have already considered the secretory and vasomotor
nerves of the skin. The third set of cutaneous nerves of impor-
tance in hydrotherapy are those already mentioned as forming
the connection by which the skin regulates heat production and
loss, viz., temperature nerves. These nerves are not uniformly
distributed in the skin. They are more numerous in certain
localities than in others, and where more numerous, the tem-
perature sense is more acute, such as the tips of the fingers,
the cheeks, and backs of the hands. These are the parts we
instinctively use to test the safety of hot-water bottles and other
hot applications.

The recognition of heat is confined to the ‘‘ hot spots’’ and
that of cold to the ‘‘cold spots,’”’ as can readily be proven by
experiment. Lightly resting the point of the pencil on the skin
will produce a sensation of heat or cold according as it rests on
a hot or cold spot. The two sensations are appreciated by dif-
ferent end organs and travel by different fibers.

Applications to certain localities produce more intense tem-
perature sensations than to others. Applications to a large area
produce a greater intensity of sensation than applications to a
smaller area. ‘These facts are utilized in controlling the circu-
lation reflexly and mechanically (¢. z.). The temperature sense
is more acute when the skin is warm or after warm applica-
tions. This fact is utilized to prepare the body for cold appli-
cations, so that the reaction will be greater and appear more
promptly. As has been mentioned, the temperature of the skin
is the zero of the temperature sense.

The skin contains also the end organs of tactile sensation.
They are more numerous in certain localities than in others, as
are the temperature nerves, and likewise serve to make the con-
nection by which cutaneous applications influence internal parts.



CHAPTER VI
THE CIRCULATION—-REFLEX EFFECTS

URING health, there are vasomotor influences constantly
playing upon the arteries in all parts of the body. These
influences hold the vessels in ‘‘ tone,’’ 7. e., control the rhythmic
oscillations in calibre, so that blood pressure is maintained.
These influences seem to emanate from a vasomotor center
which is located in the medulla oblongata in the floor of the

fourth ventricle. ‘‘Irritation of this center causes contraction
of all the arteries and, in consequence, increase in arterial
blood pressure.”” ‘‘Paralysis of the center causes relaxation

and dilatation of all the arteries, with enormous reduction in
blood pressure. Under normal conditions the vasomotor center
is in a state of moderate tonic excitation.””' While this center
exercises a controlling influence over all, it is not the only
vasomotor center. ‘‘Centers for the vascular nerves, both
vasomotor and vasodilator, are distributed throughout the
entire spinal axis.”’ (Plate I7.) ‘‘They can be excited reflexly,
although they are subordinated to the dominating centers in
the medulla oblongata.’’? ‘‘It is obvious that such a mechan-
ism as that described . . . is susceptible of reflex stimulation
through sensory nerves, and according to our general knowl-
edge we should suppose that a tonic center of this kind may
have its tonicity increased (excitation) or decreased (inhibi-
tion).””® It is to the reflex stimulation of these centers that
we now wish to turn our attention, for through this channel,
hydrotherapy produces some of its most important effects.

1 Landois—Physiology, 1905, p. 762.

2 Landois—Physiology, p. 735; see also Howell-Physiology, p. 564; and Foster—Physi-

ology, 1898, p. 285.
3 Howell—Physiology, p. 560.

(62)



PLATE II. Visceral sympathetic nerves. Diagram showing the areas of exit
from the spine of the sympathetic nerves controlling the various organs of the body.
The red lines in the table indicate vasomotor areas. Stimulation of the centers from
wl}ich) these sympathetic nerves originate affect the organs supplied by them. (Pil-
grim.
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Maximilian Schiiller,! in experimenting on trephined rabbits,
observed that severing single nerve trunks on one side of the
animal produced a distinct (though transient) dilatation of the
pial vessels on the corresponding side, thus proving that the
blood-vessels of the piamater are held in steady tone by con-
tinuous excitation from the cutaneous sensory nerves. This
result was observed only on the side of the severed nerve so
that it could not have been due to shock or pain.

‘“Naumann has demonstrated clearly that the effects of ex-
ternal irritants upon the circulation within the body are really
reflex. He separated the head of a frog from the body,
leaving them connected by the medulla oblongata only. He
next severed one leg, after preventing loss of blood by tying
the vessels, so as to leave it connected with the body by the
sciatic nerve. Now he applied thermal, chemical, and electric
stimuli to the foot of the partially severed leg, while he
observed, under the microscope, the mesentery of the frog.
Shortly after gentle irritation of the peripheral endings of the
sciatic nerve in the foot, the circulation in the vascular net-
work of the lungs and mesentery was accelerated, and resumed -
the former condition slowly after the withdrawal of the irritant.
A more severe irritation produced retardation of the flow, and
even stasis occurred, as if the heart had become temporarily
paralyzed. A strong irritant produced dilatation; a feeble one,
constriction of the vessels. The effect of these peripheral irri-
tations on the heart was also noted. A strong irritation of the
skin weakened its circulation; a feeble irritant strengthened it.
As there was no possible vascular or nerve channel from the
part irritated to the part thus visibly affected, the conclusion is
inevitable that the effect is entirely reflex. Hot water acted
precisely as other irritants.’”’® These experiments also prove
that there are two reflex means by which the circulation may
be influenced, viz., reflex stimulation of the vasomotors, pro-
ducing changes in vascular calibre, and reflex stimulation of the
heart muscle itself. Another point, brought out by the experi-
ments of Rohrig, is that when intense cutaneous irritants pro-

4 Deutches Archiv flir klinische Medicin, No. 4, 1874.
5 Baruch—Principles and Practice of Hydrotherapy, p. 37.
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duce considerable slowing of the heart beat, they also increase
its force. This is the effect of a prolonged cold application,
whether general, as with the Brand bath, or local, as with the
ice bag to the precordia.

REFLEX AREAS

The fact of reflex stimulation being established, we may next
consider the location (topography) of the various reflex areas.
While the brain, heart, and other viscera may be reflexly
influenced by stimuli applied to many different cutaneous areas,
some even very remote from these organs, the maximum effects
are produced by stimulation of certain very definite and well
recognized areas. In general, it may be said that the skin over
an organ is reflexly related with that organ. In most cases, it
is not difficult to trace the nerve connection.

‘“In general, the skin overlying an organ is reflexly associ-
ated with it, which is the reason why applications of electricity
over an organ usually influence it, and not altogether because
the current is passed through the organ. When these areas
are studied comparatively, it is noted that they are practically
the same as those regions pointed out as showing reflex pain,
which would suggest a nervous path from the organ to the skin
and from the skin to the organ, the terminations of which are in
the same visceral and cutaneous fields.”’ ¢ So definite and cir-
cumscribed are some of these areas that B. G. A. Moynihan has
frequently observed, in cases of duodenal ulcer, a small hyper-
sensitive spot in the skin covering the abdomen, directly over
the ulcerated area. It is no larger than a six-pence and he
attaches much value to this phenomenon in differentiating ulcer.?

It must not, however, be supposed that the reflex path from
the viscera to the skin over which pain is referred is the same
path as that utilized in therapeutics for reflex effects upon the
internal organs. Nor are the skin areas to which pain is
referred always the same areas that should be utilized to

6 S.D. Ludlum—The Relationship between the Spinal Cord, the Sympathetic System
and Therapeutic Measures—Journal of American Medical Association, May 2, 1908, pp.
1401—1405.

7 W.D. Haines—The Differential Diagnosis of Duodenal Ulcer and Gall Stones—
Surgery, Gynecology, and Obstetrics, March, 1908, p. 279.
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influence reflexly the organ in which the cause of pain is
located. For example, in the case of liver and gall-bladder
disease, there is frequently a pain in the region of the right
shoulder or shoulder blade, but it is not to this region that
applications are made to relieve distress due to hepatic or biliary
affections.

The various cutaneous areas to which the pain or tenderness,
due to visceral disease, is referred, are spoken of as the derma-
tomes of Head. They are in some cases of considerable service
in diagnosis and are sometimes serviceable as a guide in the
placing of therapeutic applications. They can not, however,
be implicitly relied upon for either purpose. Relative to this
unreliability Abrams® says, ‘‘ The elicitation of the dermatomes
of Head is a tedious method of examination and not always
accompanied by satisfactory results for the reason that a
great amount of experiencc is necessary. Alsberg in the
examination of two hundred women (with gynecological affec-
tions) found cutaneous areas of hyperalgesia in only seventeen,
ten of whom were hysterical. Therefore, he could attribute no
diagnostic import to the zoncs in question beyond commenting
on the fact that hysterical stigmata must be excluded before
the zones of hyperalgesia could be regarded as trustworthy.’’
Diagnosis and therapeutics based on para-spinal tenderness
must, therefore, be of a highly imaginative character and espec-
ially so when approached from the standpoint of a prejudgment
as to the causes of disease and consequently its treatment.

The law that the skin over an organ is reflexly related with
that organ may be regarded as an amplification of Hilton’s law:
The principal nerve to a joint not only supplies the articular sur-
Sfaces but also some of the main muscles that move that joint and the
skin over these muscles.” 1In the case of the viscera, however, the
deeper part of the reflex arc consists of a sympathetic neuron.

THE REFLEX ARC

The reflex arc consists of several parts (Frontisplate and Fig.
15.). In general, the following is the path taken by a stimulus
arising in the skin from a thermic application and traced as a

8 Spondylotherapy, p. 71.
9 Treves—Applied Anatomy, 1901, p. 209.
8
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reflex stimulus to the organ underlying the skin surface treated.
From the skin it is conveyed by a sensory (temperature) nerve
along a nerve trunk to the posterior root of the spinal nerve;
entering the posterior root ganglion, where the fiber is seen to

Fig. 15.

. Diagram to show path of
vasoconstrictor fibers from vasoconstric-
tor center to the blood-vessels and the

path for reflex stimulation. v. c.—the
vasoconstrictor center, 1l.—the central
neuron of the vasoconstrictor path, 2.—
the spinal neuron (preganglionic), 3.—
the sympathetic neuron(ganglionic), a.—
the arteriole, 4.—the sensory fibers of
the posterior root connecting by collater-
als with the vasoconstrictor center and
subcenters, 5.—fiber from cortical cell
acting upon the vasoconstrictor center.
(Howell.)

this or up or down through

be the distal axon of a T-cell,
it passes on through the cen-
tral axon of the T-cell into the
posterior side of the spinal cord.
On entering the cord, the fiber
immediately divides into an as-
cending and descending branch,
both located in the posterior
white columns and which give
off collaterals to the gray mat-
ter.® The ones we are con-
cerned with end in tufts about
the cells of the column of Clark.
According to Starling," the
vasomotor center in the me-
dulla corresponds in position to
the column of Clark which is
doubtless that which represents
the vasomotor center through-
out the rest of the cord. From
these cells, axons pass either
into Gower’s tract and end in
the cerebellum, ” or pass out with
the anterior root, and through
the white ramus to the ganglion
of the lateral sympathetic
chain.” Passing directly through
an adjacent ganglion, they end

in a peripheral ganglion from which the viscus is supplied.
** The fibers of the white ramus which pass through the gang-
lion and go to the periphery are known as the splanchnic ¢fferent

10
11 Physiology, p. 259.
12

13 Whitaker—Ibid, p. 39.

Whitaker—Anatomy of the Brain and Spinal Cord, p. 38.

Ludlum —Journal of American Medical Association, May 2, 1908, p. 1403.
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JSibers, and constitute the secrefory fibers of the splanchnic glands
and the motor fibers of the muscular tissue of the splanchnic
blood-vessels and viscera.”’ ™

By studying carefully the above reflex path, it will be noted
that a stimulus may affect (be shunted to) cells either above
or below (Fig. 15.) the level at which it enters the spinal cord.
And again, the fiber that conveys the reflex stimulus to the
viscera may pass up or down in the gangliated cord. This fact
is of importance in explaining why cutaneous nerves are con-
nected reflexly with splanchnic nerve trunks not arising in the
same segment of the cord.®

Of the many reflex paths, we may pick out two as serving to
quite fully illustrate reflex effects. First, let us study the
reflex arc concerned in the effect produced by an ice bag applied
to the precordial region. And second, the arc concerned in the
reflex between the skin of the epigastrium and the stomach.

The Heart. Before considering the reflex arc, we should
understand that the heart is supplied with nerves from two
sources. (Plate I71.) First, through the vagus nerve (fibers
of accessory part of the spinal accessory nerve) with inhibitory
fibers, 7 e., fibers which when stimulated slow the heart beat
and increase its force. Second, by accelerator fibers, which
when stimulated increase the rapidity of the heart beat through
the cardiac sympathetic nerves from the inferior cervical gang-
lion. The accelerator fibers emerge from the spinal cord in the
anterior roots of the second, third, and fourth thoracic spinal
nerves and, according to some authors, are found also in the
first and fifth thoracic nerves.”® From these spinal nerves they
pass to the corresponding sympathetic ganglia of the lateral
chain through the white rami communicantes, and thence
upward to the inferior cervical ganglion.

The ice bag applied to the precordia covers the skin supplied
by the second, third, fourth, and fifth thoracic nerves. The
stimulus (of a depressing nature), produced by the cold applica-

14 Gray's Anatomy, 1905, p. 1071.

15 Each segment of the spinal cord may be regarded as a unit and possessed of sensory,
motor, vasomotor, secretory, and trophic functions. The roots and peripheral nerves
derived from a given segment are an integral part of that segment. The connection of
one segment with another does not interfere with this conception.

16 Howell—Physiology, 1908, p. 542.
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tion, is carried to the spinal cord by the nerve fibers of these
thoracic nerves which end in the same scgments in which the
accelerator fibers of the heart arise. (Frontisplate.) The reflex
stimulus produced by the afferent impulse (sensation of cold)
upon the cells in the column of Clark is conveyed outward by
the axons of these cells through the anterior roots and by way
of the white rami reaches the sympathetic ganglia through
which they pass to the inferior cervical ganglion, and thence by
the inferior (sympathetic) cardiac nerve, to the deep cardiac
plexus and the heart muscle.  The accelerator mechanism being
depressed, the heart beats slower and with greater force from
the proportionately grcater action of the inhibitory nerves.

An ice bag over the heart produces its action by depressing
the accelerator (sympathcetic) nerves and not by stimulating the
vagus, as has been claimed by some; which latter, it will be
seen, would be impossible, since the prolonged cold of the ice
bag cxerts a depressing and not a stimulating cffect, which latter
must be the case were slowing produced through the vagus.

The Stomach. The skin over the pit of the stomach is sup-
plicd by the seventh and cighth intercostal nerves.'”  The great
splanchnic nerve is formed by branches from the thoracic gang-
lia between the fifth or sixth and the ninth or tenth. It ter-
minates in the semilunar ganglion of the solar plexus.”™ From
the solar plexus, (cweliac part) fibers accompany the blood-
vessels to the stomach.

““The nerves supplying the abdominal muscles and the skin
are derived from the lower intercostal nerves and are intimately
connected with the sympathetic nerves supplying the abdominal
viscera through the lower thoracic ganglia from which the
splanchnic nerves are derived.” ™

These reflex arcs may be traced out in the case of other organs
and arcas. While an application to the skin over an organ
gives a maximum effect, applications to even very distant arcas
may be quite effective.  For example, hot applications to the
feet do not, under ordinary conditions, influence reflexly the
circulation of the brain. But under conditions of vasomotor

Hiriiray‘s Anatomy, 1905, p. 997.
18 Ibid, p. 1079.
19 Ibid, p. 997.
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instdbility, such as that following a sunstroke, a hot foot bath
may cause congestion of the brain (personal observation).

SPECIAL REFLEX AREAS

The following are the prlnc1pal reﬂex areas employed in
hydrotherapy (Fig. 16.):—

1. The skin areas of the face, scalp, and back of the neck are
reflexly related with the brain.

2. The skin of the neck is reflexly related with the pharynx
and larynx.

3. The back of the neck is reflexly related with the mucous
membrane of the nose.

4. The skin of the chest (front, back, and sides), dorsal
region, and shoulders has reflex relations with the lungs.

5. The precordia is in very perfect reflex relation with the
heart through its accelerator nerves.

6. The hands are related with the bram and nasal mucous
membrane.

7. The skin over the lower right chest, with the liver.

8. The skin over the lower left chest, with the spleen.

9. The skin over the lower third of the sternum, vnth the
kidneys (Kellogg.).

10. The mid-dorsal spine (from fifth to seventh vertebrz) is
related with the stomach.

11. Lower dorsal and lumbar spine, with the kidneys and
intestines. )

12. The lower lumbar and sacral spine, with the pelvic organs
—uterus, ovaries, bladder, and rectum.

13. 'The epigastrium, with the stomach.

14. The skin of the entire abdomen, especially that of the
umbilical region, is reflexly related with the intestines. The
fact that the pain of colic, appendicitis, etc., is referred to the
region of the umbilicus is an evidence of a similar nervous con-
nection.

15. The lower abdomen, including the groin and also the
upper inner surfaces of the thighs are reflexly related with the
pelvic organs.

16. The skin of the feet and legs is reflexly related with the
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Fig. 16. Anterior reflex areas. (Kellogg.)
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brain, lungs, and pelvic organs. This is not as powerful a
reflex area as some others.

More practically stated, the circulation, secretory, and mus-
cular activities of the viscera may be influenced reflexly by
applications as follows:—

1. The brain, by applications to the Aead, face, back q/ neck,
hands, and feet.

2. The nasal mucous membrane, by applications to the face,
hands, and cervical and upper dorsal spine.

3. The lungs, by applications to the chest, shoulders, and
dorsal spine.

4. The heart, by applications to the precordia and upper dor-
sal spine.

5. The stomach, by applications to the epigastrium and mid-
dorsal spine.

6. The liver, by applications to the lower right chest and the.
abdomen.

7. The spleen, by applications to the lower left chest and the
abdomen.

8. The kidneys, by applications to the lower third of the
sternum, lower dorsal and lumbar spine.

9. The intestine, by applications to the abdomen, and lower
dorsal and lumbar spine.

10. The bladder, by applications to the lower abdomen, inner
surfaces of thighs, and the feet.

11. The uterus, by applications to the lumbar and sacra/
regions, lower abdomen, inner surfaces of thighs, breasts, feet, and
cervix.

In the large majority of cases, the ventral areas give stronger
reflex effects than the dorsal areas. This is doubtless for the
reason that, with a ventral area, the effect is concentrated upon
a single organ, while in the case of a dorsal area, limited to the
region of the spine itself, the effect would be spread out over
several organs, or possibly, the viscera of both the chest and
abdomen. ‘‘If an ice bag is placed in contact with the whole
length of the spine, the same effect on the heart and lungs is
produced as that which is desired on the intestines, and the
whole process is negatived, whereas, if limited anteriorally to



.72 REFLEX EFFECTS

the sixth segment, the effect is localized on the abdominal
viscera.”” ®

Definition of Reflex. A reflex effect is then an indirect effect
produced through nerve connection. An application to one
part of the body which influences, through nerve connection,
another part of the body is said to exert a reflex effect.
Abrams® gives the following definition: ‘‘A reflex refers to
involuntary production of activity in a part brought about by
conduction of a stimulus along an afferent (sensory) nerve to
the motor cells in the cord or medulla. This stimulus is con-
verted into an impulse by the motor cells, which impulse is
then conducted to a part by means of an efferent (motor) nerve.’’

CLASSES OF REFLEX EFFECTS

Having established the fact of reflex action and traced out
some of the reflex arcs, let us now consider the nature of the
various reflex effects. We have already noted that there are
three kinds of fibers which make up the splanchnic efferents:
viz., the secretory, viscero-motor, and vasomotor. These are also
the chief functions of the various viscera and by these, meta-
bolism itself and all other functions are controlled. ‘‘By
applying heat or cold or other stimuli to the segment of the
skin whose endings are in a segment in which arise viscero-
motor, vasomotor, or other activities, we can reflexly affect the
organ supplied by these tracts. That this can be done has
been shown by the researches of Brown-Sequard and others,

chiefly through the vasomotors. The change may be
observed by heat and cold, impact of water, hand pressure
(steady or alternated), electricity, mechanical stimulation or,
other means, yet the underlying principle remains the same.
The application of these physical forms of therapy must be
made more and more accurately to get the best effect.”” *

There are two general classes of effects produced by these
applications. They may be designated as pressor and depressor,
as stimulant and calmative, or excitant and sedative. Because

Mm—,lournal American Medical Association, May 2, 1908.

21 Spondylotherapy, p 26.
22 S. D. Ludlum-1Ibid, pp. 1403, 1405.
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the pressor, stimulant, or excitant effects are usually mild and
tend to restore to a normal tone, they are frequently designated
as fonic.

SPECIAL REFLEX EFFECTS

In general, the reflex effect of an application is the same as
its direct effect upon the skin. That it may be somewhat less
quantitatively would be a natural result. The following is a
comparison of the direct and reflex effects of prolonged cold.

1. Direct effects upon the part to which the application is
applied,—

(a) The blood-vessels of the skin or mucous membrane are
contracted.

(6) The cutaneous sensibility is lessened and reflex excita-
bility is decreased and slowed because of this.

(¢) Glandular activity is decreased.

(d) The skin muscles are contracted.

2. The reflex effects,—

(a) The blood-vessels of the deep (mternal) organ are con-
tracted and remain so.

(6) The nerve irritability of the internal organ is lessened.

(¢) The glandular activity of the deep part is decreased and
secretion is lessened.

(d) The muscles of the deep organ are caused to con-
tract more firmly.

The reflex effect obtains as long as the application is in place
and for a variable length of time after its removal. The dur-
ation and intensity of reflex effects depend upon the duration
and intensity of the application. The vasoconstrictor effects of
prolonged cold may not be very marked in health, but in the
case of a congested organ, an ice bag applied to the reflex area
produces an astonishing result.

Special Reflex Effects of Prolonged Cold. .4 /long (continu-
ous) local application of cold causes contraction of the muscles
and decreases the vital activities of the surface treated and the inter-
nal part rveflexly related therewith.

1. Cold applied over the trunk of an artery causes contrac-
tion of the artery and its distal branches. (Figs. 17 and 18.)
Example,—ice bags applied over the carotid arteries decrease
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the blood going to the brain and head generally. Such an
application is called a provimal application, since it is located
betwecen the heart and the part supplied.

2. Prolonged immersion of the hands in cold water causes
contraction of the vessels of the brain and nasal mucous mem-
brane.

Fig. 17. Sphygmographic tracing of radial pulse showing contraction of the
z'issels of) the forearm resulting from application of ice to bend of elbow.
(ellogg.

Fig. 18. Plethysmograph tracing showing diminution in the volume of the
forearm resulting from application of ice to elbow. (Kellogg.)

3. Prolonged cold to the cervical and upper dorsal region
causes contraction of the vessels of the nasal mucous membrane
and lungs.

4. An ice bag applied to the precordia slows the heart rate,
increases its force, and raises arterial blood pressure.

5. An ice bag applied over the thyroid gland (in parenchy-
matous goitre) decreases its vascularity and lessens its glandu-
lar activity.

6. Long cold applications to the chest, at the back, front, or
sides, contract the blood-vessels of the lungs, (/igs. 79 and 20.)
slow rzspiration, and increase its depth.
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7. An ice bag to the epigastrium or mid-dorsal region causes
contraction of the vessels of the stomach and lessens gastric
secretion, while the application continues.®

8. A long cold application to the pelvis, groin, or inner sur-
face of the thighs contracts the blood-vessels of the pelvic
organs.

9. A long cold sitz bath causes firm contraction of the uterine
muscle, thereby reducing subinvolution.

10. A much prolonged, very cold application to the sacrum,
such as a large ice bag, dilates the blood-vessels of the uterus,
thus increasing menstrual flow and inhibiting pain. This

Skin

Vessels of the motor
Thoracic Wall )

&attwed Vessels

I}Imd Vessels

of the Lung of the Lung
Fig. 19. Diagram showing Fig. 20. Diagram showing
congestion of the lungs. reflex action of an ice bag in

decreasing congestion of the
lungs.

paralyzes the reflex. The posterior reflex area being in less
perfect relation with the uterus than the anterior area, makes
this possible. .

11. Long cold applications to the face, forehead, scalp, and
back of the neck cause contraction of the blood-vessels of the
brain.

12. An ice bag to the lower third of the sternum or over the
lower dorsal and upper lumbar regions causes contraction of
the blood-vessels of the kidney.

13. Ice bags applied to the sides of the neck just below the
jaw contract the blood-vessels of the pharynx.

23 See experiments by Kasanski in chapter on peptogenic effects.
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Special Reflex Effects of Short Cold. Skort cold applications
to a reflex area produce tonic and stimulating effects in the deep
part by virtue of the reaction which soon follows. The same is
true of allernating applications of heat and cold.

1. Short cold applications to the face and head stimulate
mental activity.

2. A short cold application ‘to the chest, as a cold rub, fric-
tion, or cold douche, at first increases the respiration rate.
Soon it results in decper respiration with a somewhat slowed
rate.

3. A cold douche to the precordia or slapping the chest with
a cold towel increases both the heart rate and force. After the
cessation of the application the ratc decreases, while the force
remains increased. . .

4. A short very cold percussion douche to a reflex area causes
active dilatation of the blood-vessels in the related viscera,—as
a short cold douche to the sacrum or feet causes dilatation of
the vessels of the uterus.

5. Short or moderately prolonged cold applications to the
breasts cause vigorous contractions of the uterus—of use in
inertia uteri.

6. Short very cold applications to abdomen, hands, or feet
cause contraction of the muscles of the bladder, bowels, and
uterus.

7. A short cold douche or ice bag intermittently to the lower
third of the sternum causes increased renal secretion.

8. A very short cold douche to the liver causes active dilata-
tion of its vessels and increases its glandular activity.

9. The reaction from a moderatcly prolonged cold application
to the epigastrium causes increased gastric secretion.”

Reflex Effects of Hot Applications.

1. A very much prolonged hot application to a reflex area
produces passive dilatation of the blood-vessels of the related
organ.

2. Long hot applications to the precordia and to many other
parts increase the heart rate, decrease its force, and lower
blood pressure.
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3. Hot moist applications to the chest facilitate respiration
and expectoration.

4. Long, moderately hot applications over the stomach after
meals increase gastric secretion and hasten digestion. The
same, if given before a meal, decrease gastric secretion because
of the atonic reaction which ensues.

5. Prolonged hot applications to the abdomen lessen peri-
stalsis, and in case of intestinal colic, relieve pain due to mus-
cular spasm.

6. Prolonged hot applications to the pelvis, as a fomentation,
hot pack, or sitz bath, relax the muscles of the bladder, rectum,
and uterus and dilate their blood-vessels, thus relieving tenes-
mus in these organs and increasing the menstrual flow.

7. A large, hot application to the trunk, as a hot pack, in
biliary or renal colic, relaxes the muscles of the bile ducts, gall
bladder, or ureters and aids in relieving the pain due to spasm
of these muscles.



CHAPTER VII
THE CIRCULATION-HYDROSTATIC EFFECTS

OT all of the circulatory effects occurring in organs and
parts distant from an application can be explained by
reflex action. In fact, many of the effects produced by hydri-
atic applications are quite contrary to what we might expect,
were the results due alone to reflex stimulation. When Schiiller,
in the course of his experiments upon trephined rabbits, placed
a sponge dipped in cold water (52° F.) upon the trunk of a peri-
pheral nerve, he observed narrowing of the pial vessels. This
was the same result as that obtained by picces of ice applied to
the dura. In both, there was vasoconstriction of the vessels
of the pia; and we have seen that, by reflex stimulation, the
same cffects are observed internally as occur externally in the
skin area treated. But when he applied to the belly or back of
the rabbit a wet compress of the same temperature, it always
produced a prolonged and decided dilatation of the pial vessels,
just opposite to the effect obtained in the first experiment
quoted, and which we know was due to reflex stimulation.
Again, he found that the application of warm water to the
nerve trunk produced dilatation of the vessels, while warm
water applied to the general skin surface by immersion, pro-
duced a narrowing of the pial vessels.  Since these effects are
directly opposite, both can not be explained by reflex action.
Moreover, Schiiller observed that immersion in warm water pro-
duced a more decided narrowing of the vessels than a warm
compress,; and immersion in cold water, a more decided dilatation
of the vessels than a cold compress. These effects were in exact
proportion to the extent of surface immersed. When the ears of

the animal were kept out of cold water, they likewise filled with
78
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blood in common with the pial vessels, but when they were also
dipped into the water, the vessels of the pia filled still more.

The explanation of these contrary effects is quite obvious and .
will occur to anyone acquainted with the principles of hydro-
statics. When the warm compress was applied to the animal,
the cutaneous vessels dilated, thus increasing the flow of blood
to and amount of blood in the skin area treated. This left
less blood to flow to the brain and, in consequence, the blood-
vessels of the pia were less completely filled. When a greater
surface was treated, as by immersion in warm water, a greater
number of blood-vessels were dilated and much less blood left
to flow to the head, resulting in an increased narrowing of the
pial vessels.

Considering the experiment with the cold compress and bath,
we have the same underlying principles. The cold compress
produced blanching of the skin and a decreased amount of blood
in the periphery, with a resulting increase in the filling of the
blood-vessels of the brain because of retrostasis.

Schiiller observed that rectal injections of cold water always
produced some dilatation of the vessels of the pia. These
effects have been confirmed by the experiments of Vinaj,
Naumann, Winternitz, and others.

That these results are hydrostatic or mechanical, and not
reflex, is also confirmed by the changes in blood pressure
observed at the same time. In dilatation of the blood-vessels
due to vasomotor action, there is a fa// of blood pressure. Quite
the opposite occurred when the pial vessels dilated because of a
cold compress or cold immersion, i. e., a decided rise in arterial
pressure. This we know is associated with vasoconstriction
and can not, therefore, be due to paralysis of the vasomotors.
But when we consider that the cold application produced blanch-
ing of the skin and vasoconstriction over quite a large area and
consequently an increase in blood pressure, the whole process
is quite apparent. The retrostasis and increase of blood press-
ure causes the cerebral vessels, which are not under the influ-
ence of the cold, to fill in order to accommodate the blood.

The opposite group of conditions prevailed with the hot
application, viz., narrowing of the pial vessels with a fall in
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blood pressure. The same principles apply here as above,
opposite conditions resulting from opposite causes. The hot
bath produced afflux of blood to the skin through vasodilatation,
with a consequent decrease in blood pressure, the cerebral ves-
scls narrowed because of a relative anemia.  If the narrowing
of the pial vessels had been due to reflex action, there should
have been a rise instead of a fall in blood pressure.

Schiiller obscrved that prolonging the warm application pro-
duced an increasing constriction of the cerebral vessels.  This
may be c¢xplained by the fact that a passive and extreme dilata-
tion of the cutancous vesscels occurs where the heat is main-
tained for a long time. This is the cffect of a long hot pack
which, in practice, we utilize where decided derivation is
desired.

Fig. 2}. .\'olmne curve of ri;.:hAt arm during a sitz bath at 110° F., show-
ing derivative effect. (Winternitz.)

The hydrostatic effects of both derivation and retrostasis have
been demonstrated by Winternitz ' by clinical experiments. By
means of the plethysmograph he determined the volume curve
of the forearm during a hot sitz bath and also during a cold
sitz bath. The hydrostatic results are graphically shown in
ligs. 21 and 22. 'The cold sitz bath causced an increase in the
volume of the forearm, due to refrostasis, conscquent on contrac-
tion of the vessels under the influence of the cold water. In
the casc of the hot sitz bath the blood-vessels under the influence

1 Winternitz—Physiologische Grundlagen der Hydro- und Thermotherapie, pp. 43, 44.
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of heat dilated, and being more completely filled, caused a
fall in the volume of the forearm because of the derivative effect.

Secondary Hydrostasis. When the cold applications were
prolonged Schiiller observed the widening of the pial vessels
give way after a time to narrowing. In the case of compresses
this change occurred affer two or three minules, with immersion
after five fo ten minutes. It is apparent to all that a cold com-
press, after two or three minutes, becomes a heating compress,

Fig. 22. Volume curve of right arm during a sitz bath at 50° F., show-
ing retrostatic effect. (Winternitz.)

because of the cutaneous reaction and hence, a warm compress,
which brings about the narrowing of the cerebral vessels. The
same is true of the cold bath. When reaction sets in the skin
becomes reddened, its vessels arc filled with blood, and the
cercbral vessels contract. This secondary hydrostatic effect
is of great importance in the practical application of derivative
means.

A hot and cold percussion douche to the feet reduces cerebral
congestion because of blood being drawn to the extremities by
the rcaction in the feet.

When congestion in an organ has been reduced by a hot pack
the derivation may be secured (made more lasting) by com-
pleting the treatment with a cold mitten friction, thus retaining

the blood in the skin.
e
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The accompanying chart summarizes the hydrostatic effects
of heat and cold.

Heat—draws blood to the surface—
derivation

The Hydrostatic i ) ‘
Effect of Primary—drives blood to the in-

terior—retrostasis

Cold
Secondary—draws blood to the sur-

face—derivation

Law of Antagonism. These hvdrostatic effects are well recog-
nized by physiologists. There is an antagonism between the
vessels of the skin and viscera, between the internal and ex-
ternal vessels, so that, when the periphery is well filled, there
is a relative anemia of the viscera, and wvice versa. The so-
called Dastre-Morat Law of Antagonism is thus stated by Sir
M. Foster,? ‘ Moreover, the vascular changes in the skin are
accompanied by corresponding vascular changes in the vis-
cera (chiefly abdominal) of the reverse kind. When the vessels
of the skin are dilated, those of the viscera are constricted, and
vice versa, so that the blood ebbs and flows, so to speak, accord-
ing to circumstances, from skin to viscera and from viscera to
skin.”’

These mechanical effects are necessarily produced solely by
vascular connection and not by nerve connection. A reflex
effect is an indirect or distant effect produced through nerve con-
nection. A hydrostatic effect is a distant effect produced
through vascular connection. The extent of this effect de-
pends upon nothing so much as upon the extent of the sur-
face involved, as was shown by the experiments with the
compresses and baths. This action is not confined to the blood
vascular system, but applies to the lymphatic system as well.
A warm application which causes vasodilatation will, of neces-
sity, draw blood from all other parts of the body; and con-
versly, a cold application, causing vasoconstriction, will, in the
nature of the case, drive the blood elsewhere, principally to the

2 Physiology, p. 287.
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interior. In either case the blood is driven into or drawn from
the deeper parts. In the normal body these hydrostatic effects
are more or less evenly distributed over the entire vascular
system, so that the effect in any one part is not so marked.
For example, a hot bath or pack in health draws the blood more
or less equally from all the viscera; but in case of congestion of
some particular organ, that organ will be affected more than
others by either derivation or retrostasis. A common example
is found in the increase of pulmonary congestion, produced by
cold drafts on the shoulders. In a healthy person this might
not result seriously, but in one susceptible to colds or with an
already existing congestion, it may cause an extreme congestion
in a very short time. In the same condition a hot pack will
draw proportionately more blood from the lungs than from other
parts. Again, a large fomentation to the loins or a hot pack
would, under normal conditions, withdraw from the kidneys
only a small amount of blood; but when these organs are con-
gested there is a marked depleting effect manifest. 7ke patient
is bled into his own limbs and skin.

Not only may areas quite distant from a part be utilized
for depleting that part, but in many cases skin areas nearby
may be used to advantage. That this is not a new principle in
therapeutics will be seen by referring to ‘‘leech’’ bleeding.
It is directed that the leech be applied to the skin over the in-
flamed part. It sucks blood from the superficial branches of
the same vessels that supply the deeper inflamed part. If, by
hot applications, the arteries of the superficial set of branches
be widened out, there will be less blood to flow into the deeper
branches. Thus will a fomentation draw blood from a part
nearby that receives its blood from the same large artery.
Where there are large thick muscles under the skin area treated
the total vascular capacity of both, when filled to the limit, may
produce a very decided derivation.

AREAS FOR DERIVATION

The various viscera are mechanically related to superficial
and other areas as follows. In most cases these areas are
utilized for depleting (derivative) effect, but the opposite con-
dition (retrostasis) may obtain where these areas are chilled.
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1. The Brain. Blood may be withdrawn from the brain by
hot applications to the feet, legs, or entire lower limbs, also to
the spine or entire surface of the trunk. It is not practical to
utilize the emissary veins of the cranial circulation for this pur-
pose, since the reflex effect in dilating the cerebral vessels
would be greater than the depleting effect. In cases of severe
sunstroke the vasomotors are so unbalanced that even a hot
foot bath may reflexly produce cerebral congestion rather than
depletion, and must, therefore, be avoided.

2. Spinal Cord. Congestion here, if not too extreme, may
be reliecved by large fomentations to the spine (entire width of
the back). This diverts the blood from the spinal arteries into
the posterior divisions of the intercostal and lumbar arteries,
also by hot applications to the feet, legs, or the skin surface of
the trunk. In cases of acute cerebro-spinal meningitis it is
best to utilize the more distant areas.

3. Eve. Applications may be made to the forehead and side
of the face, thus dilating some of the terminal superficial
branches of the carotids, and depleting the deeper branches.

4. Middle Ear and Mastoid. By applications to the entire
side of -the head, also by very hot applications to the legs,
abdomen, and spine.

5. Pharynx and Larynx. By applications to the neck, thus
depleting the deeper organs and congesting the surface vessels.

6. Lungs. The feet and lower limbs, skin surface of the
trunk and hips, also the hands, arms, and shoulders. Where
the congestion is limited to a small area, as in circumscribed
pleurisy, a fomentation may be used directly over that area.
This dilates the posterior, lateral, and anterior cutaneous
branches of the intercostal arteries, thereby withdrawing blood
from the inflamed pleura.

7. Kidneys. The circulation in these organs is decreased by
hot applications to the back, thus dilating the posterior branches
of the lumbar and lower intercostal arteries, and leaving less
blood to pass from the aorta to the renal arteries. In extreme
congestion of the kidneys it is necessary to utilize much larger
areas, as the entire surface of the trunk, hips, and legs, or one
of these areas alone.
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8. Stomach. By large applications centering at the epigas-
trium, but extending over the lower chest and sides of the
abdomen and well down over the umbilical region, also to the
entire trunk.

9. Liver. By applications over the liver dlso to the lower
dorsal spine of the right ride, extending forward and covering
the epigastric and umbilical regions. The skin arca of the
lower limbs and hips is as important, if not more so, than the
nearer areas.

10. Spleen. Similar to the liver, on the opposite side, also
lower limbs.

11. Pelvic Organs—bladder, uterus, ovaries, tubes, rectum,
and prostate. To deplete these organs two principal areas are
utilized,—first, the entire skin surface of the hips, pelvis, etc.,
as in a hot sitz bath or hot hip pack; second, the lower limbs,
as in a hot leg bath or hot leg pack. Both areas may be
utilized by the use of the hot hip and leg pack or hot half bath.

The student who is familiar with the anatomy of the circula-
tory system will be able to figure out the vascular connections
between the organs mentioned above and arcas named with
each. In nearly every case it is quite obvious. Thesc areas
are of importance, not alone in ordinary congestion, but of
almost inestimable service in actual inflammation of these parts,
as shown later. (See treatment of,inflammations.)



CHAPTER VIII
THE CIRCULATION—-BALANCE BETWEEN
REFLEX AND HYDROSTATIC EFFECTS

Y reference to the obscrvations recorded under reflex and
hydrostatic effects, it will be seen that thermic applications
to the surface exert two classes of cffects—a reflex and a hydro-
static effect—which are dircctly opposite and, thercfore, con-
flicting. Probably an application produces more or less of both,
though one or the other usually predominates. Since they are
opposite, onc will neutralize or overshadow the other. Kellogg!
makes the following statement: ‘‘ Doubtless both of these
effects are always produced. When the application is general
the mechanical effect is dominant; when the arca involved is
limited, the reflex effect is prominent. In general applications,
the primary reflex cffect is quickly cffaced by the succeeding
mechanical effect, due (in case of cold) to the inrush of blood
from the periphery. Thisdiversion of blood from the surface
vessels to the interior of the body is termed retrostasis.
Marked retrostasis is produced only when the cold application
is made simultancously to a very large cutancous arca.’”’  These
arc essentially the views of Schiiller, who considered that, at
the beginning of the application, the pial vessels were affected
reflexly, which effect is soon overbalanced by the thermic effect
upon the vessels of the skin. A
“‘If the surface area to which the application is made is small,
the reflex effect may be confined to the internal area in sympa-
thetic relation therewith, and will be greater and more prolonged
for the reason that the reflex influence is concentrated upon a
circumscribed area; while the mechanical effect is distributed
over the rest of the body, so that it does not overshadow and

1 Hydrotherapy, p. 103.
(86)
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wipe out the reflex effect on the smaller area involved.”’
Baruch’s comment?® upon this subject is as follows: ‘‘ Baths
and other procedures without mechanical excitation, when
applied to large.portions of the body, doubtless have a hydro-
static effect; while douckes, which impinge on limited portions,
and are combined with mechanical effects (irrifation), act
chiefly by reflex influence.”’

Is it possible to determine which result will be greater in a
given case, or which will be practically the only effect from a
certain application? In reply to this very natural question, we
may state that there are definite laws governing these oppos-
ing actions. By them one may so time and regulate applica-
tions as to secure a desired and definite result.

° LAWS OF BALANCE

The following are the laws; other things being equal, the
results stated obtain:—

1. Size of Area. (a) When an application covers a small
area the effect is chiefly reflex, and is concentrated upon the
internal part in reflex relation with the surface treated.

(b) When applications are made to a large area the hydro-
static effect predominates, and the larger the area treated the
greater the hydrostatic effect.

2. Location of Area. (a) The chief effect of an application
to certain areas (example, the head or the precordia) is a reflex
effect. )

(b) The principal result of an application to certain other
areas (example, the feet and legs) is hydrostatic.

Duration and Intensity of Application. The duration and in-
tensity of the effect, either reflex or hydrostatic, depend upon
the duration and intensity of the application. The intensity
of an application is gauged by the degree of heat or cold and
by the form and pressure of douches, or the degree and amount
of friction.

Examples: The prolonged application of an ice bag (small
application of intense cold) to the precordia (special area) pro-
duces a (reflex effect) prolonged slowing of the rate of the heart
beat, and a decided increase in its force for the same length of

2 Principles and Practice of Hvdrotherapy, p. 48.
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time. There is no tendency to produce retrostasis of blood or
engorgement of the heart (hydrostatic effect).

A hot trunk pack (large area) withdraws blood from the vis-
cera (hydrostatic effect) rather than producing dilatation and
engorgement of their vessels (reflex effect).

A hot and cold douche to the chest (small intense applica-
tion) stimulates the heart and respiration (reflex effect) rather
than having any decided hydrostatic effect upon the blood cur-
rent of these organs. Applications to the head (special area),
whether hot or cold, have a reflex effect almost entirely.

Many other examples might be given, but the principles in-
volved in the above are the same as those which govern other
applications. It will be seen that, although reflex and hydro-
static effects directly oppose each other, the refex overshadows
and obliterates the hydrostatic when cerfain areas are involved,
and especially when these areas are small. The hydrostatic effect
wipes out the reflex effect when the application is to certain
other areas, and especially when those areas are very large.

We have so far discussed these two classes of effects as to
their opposing results. Reflex and mechanical effects may be
made to assist each other in sccuring depletion when diverse
applications are made to different areas simultaneously. This
will be discussed under the head of derivation.” :

Double Effects. In the casc of hot applications applied over
congested organs, certain phases of both the reflex and the hy-
drostatic effect may prevail. This is expecially noticcable
with large fomentations or hot packs over the liver or kidneys.
These reflexly relax (and dilate) the blood-vessels of the in-
ternal organ while hydrostatically they draw blood from the
organ thus leaving the vessels of that organ relaxed but only
partially filled with blood, 7. e., partly collapsed. This double
effect from a single application is of great importance in acute
congestions of the kidneys and liver as in eclampsia where vas-
cular tension is high but the organ functionally inactive. The
tension being relieved by relaxation of the muscular coat
(reflexly) and the congestion depleted (hydrostatically), the
blood again circulates more rapidly and functional activity
begins almost at once.

3 See chapter on inflammation and antiphlogistic effects.



CHAPTER IX
THE CIRCULATION—BLOOD PRESSURE

N order that the reader may gain a practical knowledge of

therapeutic effects upon abnormal blood pressure, we shall

discuss somewhat at length the fundamentals of this subject
and of thermic applications on normal blood pressure.

Blood pressure is governed by the following three factors:—

1. The heart beat.

2. The amount of blood.

3. Vascular calibre and action.

1. The Force of the Heart Beat, its rapidity, and the volume
of its output are secondarily influenced by the other two factors.
So closely related are these three, that practically one can not
be studied without studying the other two. Influences which
bring about a change in any onc of these factors, produce
through that factor a change in the rcmaining two. For ex-
ample, an increase in the peripheral resistance increases the
output and volume of the ventricles. (/ig. 23.) Within certain
limits an increase in the volume of the circulating fluid likewise
increases the output and volume of the ventricles. (Fig. 24.)

General hot baths, such as hot air, electric light, Russian,
and full hot tub baths, increasc the hcart rate and decrease its
force. This is due to reduction in the peripheral resistance
occasioned by the extensive vasodilatation which is itsclf the
direct cause of the lowered blood pressure. Gencral cold baths,
or cven fair sized cold applications, increase blood pressurce
because of the resulting vasoconstriction.

Those things which directly affect the heart beat come
principally through reflex stimulation. All sorts of cold appli-

cations to the precordia increase the muscular contractions and
(89)
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so raise blood préssure. After a brief rise, hot applications to
the precordia decrease blood pressure. Short cold applications
to the precordia increase the heart rate, while long cold appli-
cations decrease

the heart rate. In -

the normal person

both results are

associated with a

rise in blood press-

ure. Rapidly alter-

nating hot and

cold applications to

the precordia have

much the same ef-

fect as short cold

applications, ex-

cept that the stimu-

lation, being great-

er, causes a great-

er rise in blood

pressure. This

rise is less perma-

nent than that ac-

companying pro-

Fig. 24. Cardiometer tracing from a dog's heart longed cold appli-

showing effect of increasing the volume of circulat-

ing fluid on the total output and volume of the cations to the pre-
heart. Between the parts A and B 30c. c. of warm

physiologic salt solution were injected intraven- ia.

ouslyl, and g%tweell: B a!ind C 20c.c. more;l Both tge cordia These
systolic and diastolic volume are increased, i. e., the 3

heart is more distended during diastole, and does pomts have been

not contract to its normal size in systole. The re- :
sult is a very largely increased output. (Roy.) thoroughly dis-

cussed elsewhere.

2. The Amount of the Circulating Fluid. An increase in the
quantity of blood in the vascular system, other things being
equal, increases blood pressure. In order to intelligently apply
those therapeutic measures which arc designed to maintain
blood pressure through changes in the amount of the circulat -



92 BLOOD PRESSURE

ing fluids, it is necessary to obtain an understanding of the
laws governing the intake and output of body fluids and also
the absorption of extra-vascular tissue fluids. Modern knowl-
edge of the fluids of the body has becn summarized by E. H.
Starling.! From this source we have drawn much of the fol-
lowing information. :

The absorptive membranes of the body possess a discriminat-
ing or irreciprocal permeability to fluids, 7. e., fluids containing
certain saline substances are readily and rapidly absorbed,
while fluids containing other salts are either not absorbed, or
only after long contact.

‘“If the solutions contain sulphates or tartrates, 7. ., salts to
whose anions the gut wall is relatively impcermeable, the course
of events is very much the same as that which would occur if
these solutions were scparated from blood plasma by a dead
wall of parchment paper. If they are hypertonic they increase
in amount by the attraction of water from the circulating fluids,
until their molecular concentration is equal to that of blood
plasma.”’? By long contact they are finally absorbed. ‘‘Very
different is the fate of solutions of substances such as sodium
chloride. These are rapidily absorbed even when they are
slightly hypertonic. If the solutions are strong, . e., two or
three per cent NaCl, they at first increase in bulk by the dif-
fusion of water into them. From the moment of their intro-
duction, however, salt is passing from them into the blood,
circulating through the intestinal wall, and as soon as their total
osmotic pressure is reduced to a point a little above that of the
blood plasma, both water and salt begin to be absorbed.’’?

This selective action is found to depend upon the vitality of
the cells composing the membrane, since it ceases when the
cells have been damaged by certain chemicals.  The fate of
fluid introduced into the gut then seems to depend entirely upon
its concentration. The epithelial cells composing the mucous
membrane of the intestine possess the power of pumping water
and salts from one side of the cell to the other. *‘‘This con-

1 Herter Lectures, New York, 190S.

2 Starling—The Fluids of the Body, p. 53.
3 Ibid, p. 53.
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clusion is confirmed by certain experiments of Reid and Cohn-
heim, in which two identical solutions of sodium chloride were
separated from one another by a membrane consisting of the
whole living intestinal wall. In these experiments it was
found that there was active transference from the inner to the
outer side of the membrane.””* The same was found to hold
true with the skin. When brought in contact with deleterious
substances, the cells of the skin behaved like ordinary dead
membrane, the irreciprocal permeability and the active trans-
ference of fluid totally disappearing.

Saline solutions, somewhat less in concentration than blood
serum, are very rapidily abscrbed from the intestine, somewhat
more so than even isotonic solutions. The rapid absorption of
hypotonic or isotonic solutions introduced into the bowel, is
then shown to be due to the specific activity of the epithelial
cells, aided by the greater osmotic pressure of blood serum in
the case of hypotonic solutions. The ready and constant absorp-
tion of fluid which occurs with the Murphy method of entero-
clysis is a most effectual means of maintaining blood pressure
at an even point. In case of much loss of fluid or lowering of
blood pressure, after a fairly normal amount of fluid and degree
of blood pressure has been secured by the absorption of the
saline fluid, the salt solution, if injected slowly, is eliminated
by the kidneys at the same rate at which it is absorbed.®

The laws of osmosis when working in connection with the
intestinal wall above referred to, account for the hydrogogue
action of hypertonic solutions of such substances as Epsom
salts, Rochelle salts, and honey, when injected into the bowel.
Strong solutions of these substances cause an exosmosis, 7. e.,
when they remain a comparatively short time water is drawn
from the circulating fluid and increases the bulk of the injected
fluid. This ‘' washing’’ through the mucous membrane clears
it of mucus, helps dislodge mucous casts, etc. These observa-
tions furnish a rational basis for the use of the hypertonic saline
enema, and the honey or molasses enema, in mucous colitis.

In regard to the absorption of interstitial fluids, and of fluid

4 Starling—The Fluids of the Body, p. 57.
5 1Ibid, p. 139
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introduced by hypodermoclysis, Starling concludes that this
occurs mostly by the blood rather than the lymphatics, as has
long been supposed. Indigo, carmine, or methylene blue in-
jected into the pleural or peritoneal cavities, may appear in the
urine within six minutes after the moment of injcction at a
time when the lymph in the thoracic duct is free from color.
Strychnine or other drug injected under the skin of a limb
exerts its poisonous effects on the nervous system long before
the drug itself appears in the lymph flowing from the limb.
It has been shown that blood returning from an edematous
limb is more dilute than blood returning from a normal limb.
The experiment conducted by Starling® is as follows: By means
of cannulas inserted into the femoral artery and vein, defibrin-
ated blood of the same osmotic pressure as normal blood serum,
was cauvsed to pass through the arteries, capillaries, and veins
of the normal leg of a dog. The same was done with the
opposite leg made edematous by the injection of a one per cent
solution of NaCl. Blood which had been led through the nor-
mal leg twelve to twenty-five times was unaltered or suffered
trifling change, while that led the same number of times
through the edematous leg had in all cases absorbed fluid.
‘““From these experiments we may affirm with certainity that
isotonic salt solutions can be taken up directly by the blood
circulating in the blood-vessels.””” Hypodermoclysis is the
most rapid method (aside from direct vein injection) of intro-
ducing fluid into the circulation. Increase in the amount of
fluid in the vascular system results in heightened venous press-
ure, which, in turn, produces an increase in diastolic filling,
systolic output and arterial pressure, and greatly hastens the
velocity of the circulation. (Fig. 24.) ‘‘Blood with its lower
viscosity passes readily through the dilated arterioles and cap-
illaries, so that the velocity of the blood-flow may be easily
increased from six to ten times.””® Injecting salt solution
equivalent to 50 per cent of the total blood has been found to
augment the velocity of the blood six to eight times the normal
rate.®

6 Starling—The Fluids of the Body, p. 95.
7 1Ibid, p. 97.

8 Ibid, p. 138.

9 Starling—Physiology, p. 284.
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The rise in blood pressure occasioned by the absorption of
fluid introduced by either hypodermoclysis or proctoclysis is of
special advantage in various conditions where the blood press-
ure has fallen very low, such as in collapse (after hemorrhage),
in peritonitis, etc. The Murphy method of proctoclysis is espec-
ially recommended in the treatment of peritonitis after the in-
stitution of surgical drainage. It is designed to flush the
drain