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PREFACE.

EvERY practising physician constantly sees cases which should
be sent to a health resort, there to gain the benefits of the mineral
waters or change of climate. In other instances he sees clearly that
remedial measures, such as the application of heat and cold, baths,
or electricity, will be of greater advantage to his patient .than the
administration of drugs.

Information concerning such resorts and methods has been seat-
tered and fragmentary, and as a result they have been too much
ignored. The object of this book is to provide in a concise form
just what the physician needs in tliis respect. Written by one of
the foremost therapeutists of the day in Europe; it embodies not
only his own views, but also those held by Beni-Barde, _Flnury, the
brothers Delmas, and Winternitz in the Chapter on Thermic Agents;
von Vivenot, Lombard, H. Weber, and Lindslay in the Chapter on
Aérotherapy and Climate; and by Durand Fardel, Leichtenstern,
Le Bret, and Rotereau on Mineral Springs. In the portion devoted
to Electricity the views of standard writers are linked with those
of the author.

It has been the aim of the Editor to render the text applicable
to the needs of the American physician, particularly by the addi-
tion of articles on American Climate and Mineral Springs, and

in this effort he trusts he has succeeded,
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FART 1.

ATMOSPHERIC PRESSURE AS A THERAPEUTIC AGENT.

Irtis a well-known fact that the higher we rise above the level of
the sea the more ravefied becomes the atmosphere, and the less the
pressure upon the surface of the body. At an altitude of 5500
metres the weight of a litre of air is only half as much as at the
sea-level, and conversely there is an increase of pressure and in air-
density as we descend below the level of the sea.

Each condition, that of augmented and that of diminished atmos-
pheric pressure, brings about modifications in the gaseous interchanges
in the lungs and tissues, and consequently in the functions of the
body. For this reason altitude constitutes a very important factor
of climate, one which must always be taken into account when we
study climate from a therapeutic standpoint.

Very ingenious apparatus is now manufactured which to some
extent obviates the necessity of a change of residence, and enables
the patient in some instances to obtain at home the requisite modi-
fications of atmospheric pressure. The application of these artificial
means for therapeutic ends constitutes aérotherapy.

The methods employed in aérotherapy create conditions which
differ sensibly from those produced by a change of altitude, for we
are able at will to provide compressed or rarefied air, while residence
on a mountain supplies only the latter. Again, the influence of
climate is continuous; but in the case of aérotherapeutic measures
the duration of compression and of rarefaction of the atmosphere
can be controlled and limited. Finally, we can permit the aéro-
therapeutic agents to act upon a single part, as, for example, the
respiratory system, or upon the entire surface of the body.

The bath of compressed air is patterned after and was suggested
by the diving-bell. According to Aristotle, it was known in his day,
although its discovery is generally attributed to Sturmius, who lived

in the sixteenth century.
LY



18 PHYSICAL AND NATURAL THERAPEUTICS.

In 1786, Smeaton made use for the first time of the force-pump,
with the purpose of supplying a diving-bell with the air necessary
for respiration.

The effects of compressed air upon the ear and upon respiration
were noted by Hamel in 1820 ; somewhat later Colladon recorded
the cure of a diver, whose breathing had been labored, by means of
the diving-bell.

The thought to supply compressed air for therapentic purposes was
first conceived by Tabarie in 1832; but his observations were not
published until 1838. Junod, in 1835, described the first aérothera-
peutic apparatus. He knew that respiration was facilitated by
compressed air, that the vital capacity of the lung was increased, and
that inspirations became deeper and less frequent. But in his
apparatus compression and expansion were effected suddenly. On
this account his method was severely eriticised by the Academy of
Seciences, largely in consequence of a report made upon the method
by Magendie.

In 1840, Tabarie founded the first establishment for aérotherapy
at Montpellier. To him and to Pravaz, of Lyons, is due the credit
for solving the practical difficulties of the method. They laid stress
upon the importance of improving the air and removing the pres-
sure in a gentle and gradual manner, and designed appropriate
apparatus to attain such a result.

An excellent study of the physiological effects of this method of
treatment has been made by von Vivenot.

Although this method originated in France, it gained its first
foothold elsewhere, particularly in Austria, Sweden, Seotland, Italy,
Denmark, and Russia. Numerous establishments were founded in
these countries. At the present time the method is also popular in
France.

The bath of compressed air is administered in pnenmatic cham-
bers constructed upon the principles of the diving-bell of Smeaton.
In France Tabarie’s apparatus, as modified by Fontaine, is the most
popular. (Fig.1.) Itrepresents essentially a bell and a force-pump.
The bell consists of a eylinder and two hemispherical end-plates ; it has
a capacity of 8 cubic meters, and is closed by a door that opens from
without inward. A U-shaped tube, one branch of which is within
the chamber and one without, and which is half-filled with mercury,
indicates the pressure that obtains in the chamber. The chamber is
also provided with two other tubes—one for supplying air, the other
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for ventilation. The former is connected with the hydraulic com-
pressor of Fontaine, constructed after the one employed in the mines
of Chemnitz. The air escapes through the ventilating-tube, which
arises from the upper part of the chamber. At a single sitting of
two hours an individual consumes 8000 litres of air. The changes

Fic, 1.

Fontaine's Modification of Tabarie's Pnéeumatic Chamber.

in pressure are effected very gradually by means of stopeocks, and,
as a rule, an increase of pressure corresponding to two-fifths atmos-
phere is not exceeded.

Physiological Effects. In studying the effects of compressed air, we
shall confine ourselves solely to the consideration of those produced
by the aérotherapeutic apparatus.

As the results of treatment by compressed air make themselves
felt especially upon the respiratory organs, it is important to under-
stand how the variations in the vital capacity of the lungs and in the
forces of expiration and inspiration are estimated. The vital ca-
pacity of the lungs is measured by an apparatus known as the spi-
rometer ; that invented by Hutchinson, and first modified by Wintrich
and subsequently by Schnepf, is the one most widely employed.
Recently the spirometer of Galante has come into extensive use.

Instead of these somewhat delicate instruments, which have the
fault that they do no always register correctly, Dupont proposes the
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use of a simple apparatus consisting of two bottles connected at their
lower parts by a rabber tube, as shown in Fig. 2. These bottles
should have a capacity of 4 litres (4 quarts). One of them is gradu-
ated in cubic centimetres, and is closed above with a perforated rubber
cork, throngh which a right-angled glass tube is passed. A rubber
tube, provided with a stopcock and terminating in a funnel-shaped
mouthpiece, is attached to the glass tube.

Dapont's Kespiration Bottles,

The open bottle is filled with water and then elevated so that the
water flows into the second bottle up to the line marked zero. The
stopcock is now closed, and the two bottles are placed upon the
same plane. The patient takes an inspiration and applies his mouth
to the funnel, opens the stopeock, and expires into the bottle. At the
end of the expiration the stopecock is again closed. When the two
bottles are so placed that the water in them is at the same level, the
amount which is thereby made to flow into the graduated bottle
indicates the volume of expired air at the pressure of the atmosphere.

The method is not absolutely accurate, but commends itself on
account of its simplicity.

The expiratory and inspiratory forces are determined by means of
the pnenmometer or pneumotometer.

Marchal’s pneumotometer consists essentially of a manometric tube,
representing almost a complete circle, and communicating at its upper
portion with a mouthpiece, from or into which inspiration or expira-
tion is made according as the force of one or the other is to be
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measured. Index needles serve to mark the diminution and the
increase in pressure. (Fig. 3.)

If the inspiratory force is to be determined, the needle is placed on
the side marked inspiration, and with it also one of the maximal
needles. Then, having made a strong expiration, the person applies
the lips hermetically against the mouthpiece and takes the deepest
inspiration possible. The index needle is displaced, carrying the
maximal needle with it ; the latter remains at the extreme point, but
the former quickly rebounds. The number of degrees indicated by

Fie. 3.

Marchal's Pnenmotometer.

the maximal needle corresponds to the pressure in centimetres of
mercury.

To measure expiration the stopcocks are reversed, and the necdle,
carrying a maximal needle with it, is placed on the corresponding
side. The subject after taking the strongest possible inspiration ex-
pires forcibly, and the second maximal needle indicates the result of
the effort.

With all forms of apparatus errors are possible ; it is important,
therefore, always to use the same instruments and to employ them
under identical conditions in order to obtain results that are com-

parable.
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As a rule, the inspiratory effort is less powerful than the expira-
tory; according to Marchal, the ratio is 2 to 3.

Moreover, the result of the effort is not necessarily proportionate
to the vital capacity, for the muscles of respiration may be vigorous
in one possessing a relatively small vital eapacity, and vice versa.

By a different process Brunniche has arrived at analogous results.
Using the Waldenburg apparatus he found that a healthy adult with
10 inspirations depressed the eylinder 50 c.em., while he elevated it
to the same extent with only 7 expirations. Hence the inspiratory
force is only seven-tenths of that of expiration, or a ratio agreeing
very closely with that obtained by Marchal.

Fig. 4.
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Marchals Pneumotometer,

When this ratio is modified it is the inspiration which is found to
be relatively diminished by means of the existence of pulmonary
lesions, or sometimes of a simple functional insufficiency of the upper
parts of the lungs.

Effects of the Air-bath. The first effect of the compressed air-bath
is exerted upon the ears, and depends upon differences in pressure on
the two surfaces of the tympanum.

Patients generally complain of slight pain and buzzing ; the pain
is not intense unless catarrh of the Eustachian tubes exists. After
a short time equilibrium is re-established, but a slight impairment
in acuity of hearing persists.

The voice is altered, becoming a little higher ; whistling is diffi-
eult. There is also a slight diminution in the sharpness of taste,
smell, and touch ; and the patient grows somewhat somnolent.
Foleif, however, has observed in some cases a state of cerebral ex-
citement, with loquacity.
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During the rise of the atmospheric pressure the space occupied by
the intestinal gases, as Panum has pointed out, diminishes, the
entrance of air into the thorax being correspondingly facilitated.
This, according to P. Bert, is the only mechanical action produced
by the compressed air-bath. However this may be, the respiratory
movements become more ample and undergo a change in rhythm. In-
spiration is rendered easier, expiration more difficult. The ratio,
normally 4 : 5, becomes 4 :6, 4: 8, or even 4:11. The number of
respirations is diminished, a phenomenon that persists for a time after
the bath,

During the period of constant pressure the number of respirations
is decreased three a minute, according to some authorities, but P, Bert
states that he has not been able to observe any notable difference in
the number of respirations.

The increased amplitude of the movements leads to an enlargement
of the chest. Von Vivenot, in experiments upon himself, has noted
an increase in the size of his thorax, as follows : After 20 minutes,
3.29 mm.; after 2 hours, 4.85 mm.; after 5 sittings, 6.59 mm.;
after 17 sittings, 9.47 mm.

The spirometer shows, moreover, an increase in the volume of the
respired air, amounting, as Panum has determined, to 270 c.cm. after
the first bath, and angmenting after the second.

The wvital capacity likewise experiences an increase, which, in the
mean, is 100 c.cm., being most rapid in the beginning of the treat-
ment. In Von Vivenot’s experiments the vital capacity within three
months increased 700 c.em. Bert’s experiments showed an increase
of T per cent., while those of Regnard showed 11 per cent. Bert,
however, holds that the pulmonary respiration in spite of this in-
crease is not notably modified, since the fall in the number of respi-
rations counterbalances the inerease in the capacity of the lungs.

Pravaz has shown that in order to obtain the best effects upon the
respiration it is essential not to raise the pressure more than 38 c.cm.
of mercury. In practice it is ot customary to exceed 30 c.cm., and
for women and children the pressure employed is even less.

The influence of the heightened atmospheric pressure upon the
skin and mucous membranes generally makes itself felt by ansemia
of these parts, the blood being driven to the deeper tissues.

The effects upon the pulse are, according to Pravaz, a transient
and slight primary increase in its rate, followed by retardation.

Von Vivenot gives as another effect the flattening of the sphyg-
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mographice tracing, with a disappearance of the dicrotic wave. This
phenomenon has not been satisfactorily explained. P. Bert in his
experiments did not observe it. In dogs he obtained an elevation of
the arterial tension, but, as he employed much greater pressures than
are used in therapeuties, the results cannot be aceepted as conclusive,
Nevertheless, it is probable that the work of the heart is increased
in the compressed-air apparatus. It has been averred that the
lymphatic circulation is also influenced, but such an effect has not
been demonstrated.

While some writers, especially the Germans, have attributed the
effects of compressed air to mechanical actions, Bert sought to prove
that they were the result of chemical changes produced by the
entrance of the atmospheric gases into the organism through the
medium of the blood. The increased tension of the oxygen and
nitrogen, he asserts, leads to modifications in the gaseous constituents
of the blood, and indirectly to changes in the nutritive processes, but
it must surely be admitted that under the conditions of the com-
pressed-air bath the chemical action which P. Bert invokes is re-
stricted, and only a part of the general effect can be justly attributed
to it.

Paul Bert in his experiments has clearly elucidated the nature
and causes of the accidents resulting from exaggerated and from
greatly reduced pressures, but in practice different conditions obtain.
In those experiments in which he remained within the limits of the
pressure used in therapeutics, he noted only a very slight increase of
oxygen in the blood. This slight increase did not eoincide with any
sensible modifieation in the excretion of carbon dioxide,

Von Vivenot has obtained a mean increase of 1° in temperature
during the compressed-air bath, but as Stembo records a similar de-
crease, the point remains yet to be settled.

The researches in regard to the excretion of nitrogen are not suffi-
cient. Pravaz and Hadra state that there is an increase in the urea
excreted, whereas Friinkel denies this; so that the influence of com-
pressed air on nutrition is probably not great. Nevertheless, its use
exerts an effect upon the general health in a ecircuitous way. It
increases the appetite and hastens digestion. Both the sick and the
well during the use of the treatment eat more and digest better.
After a certain time the body-weight is found to be increased, although
after every individual sitting a diminution of 40 to 225 grams is
observed. When the regimen of a group of patients was identical,
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Simonoff and Katschenowsky noted a loss in weight, but when the
patients were allowed to follow their own inclinations the weight
inereased. In this respect the effects are analogous to those follow-
ing the inhalation of oxygen.

In conclusion, the pneumatic treatment favors rather than retards
general nutrition; after a variable period of fatigue it causes an
increase in strength and weight, and especially an increase in the
power of the respiratory muscles. In addition, it exercises a seda-
tive influence upon the nervous system.

The duration of a bath of compressed air is generally two hours;
of this a half-hour is employed for raising the pressure to the desired
height, for another half to one hour it is kept constant, and during
the remaining time it is gradually decreased. Ventilation should be
active throughout the procedure,

The elevation of pressure is ordinarily two-fifths to three-sevenths
atmospheres (30 to 33 c.em. of mercury). In the case of feeble per-
sons a fifth of an atmosphere (15 to 16 c.em. of mercury) is not ex-
ceeded.

The duration of the treatmeat varies, and from twenty to more
séances are necessary to obtain a permanent result,

It is customary to give one séance a day in the beginning ; toward
the end of the treatment one every two or three days suffice,

Advancing emaciation, as well as an exaggerated appetite, are in-
dications for the cessation of the treatment.

Compressed air is useful in many affections. In diseases of the
respiratory apparatus it is valuable by reason of its mechanical effects,
while in constitutional diseases advantage is taken of its influence
upon general nutrition.

To its mechanical effects we may attribute (1) the diminution of
pulmonary congestion in acute and chronic inflammations of the
bronehi; (2) the reduction in secretion from the respiratory mucous
membrane; (5) the absorption of inflammatory exudates, especially
those of pleurisy; (4) the augmented capacity of the lungs in em-
physema, chronie catarrh, chroniec pneumonia, and in certain forms
of phthisis; (5) the increase in power of the respiratory muscles.

To the chemical effects may be aseribed (1) the increased absorp-
tion of oxygen, the utility of which is manifested in dyspneeie states,
and, more doubtfully, in anemia; (2) the greater activity in the pro-
cesses of oxidation, which is of value in obesity, diabetes, rhenma-
tism, and the convalescent state; (3) the sedative action on the ner-
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vous system, for which the increased absorption of atmospheric
nitrogen is perhaps responsible,

Many patients subjected to the treatment by compressed air have,
in addition to emphysema and chronic bronchitis, a more or less
pronounced cardiac affection. When the contractions of the heart
are strong no accident need be feared, but when the myocardium is
weak the treatment should not be employed. Diseases of the kidney,
the spinal cord, the liver, and the intestines have been considered
contraindications to the treatment on account of the congestion which
it engenders in these organs. But this is a purely theoretical view,
The existence of a moderate fever, such as obtains in the subacute
diseases of the air-passages, does not contraindicate resort to the
treatment. When, however, the fever is high or hectic in type the
use of compressed air should be suspended or entirely abandoned.

The bath of compressed air mentioned already necessitates the
employment of a ponderous apparatus, such as can only be used in
special establishments, Moreover, by this method, as it acts upon
the entire body, the respiratory system is not very markedly influ-
enced, The so-called portable apparatuses that have been devised
are less complicated, and exert their mechanical effects more directly
upon the lungs. In their application the active collaboration of the
patient becomes a factor, but as the manipulation of the apparatus
is simple this eauses him no inconvenience.

The portable apparatus should be so constructed that the air can
be compressed or rarefied at will, for it thus furnishes a form of
respiratory gymnastics, More varied effects can be produced by this
apparatus, and it fulfils more indications than the compressed air-bath.

The effects the apparatus enables us to produce are:

(1) Increase of intra-thoracic pressure by inspiration of and ex-
piration into compressed air.

(2) Diminution of intra-thoracic pressure by inspiration of and
expiration into rarefied air.

(3) An alternate increase and diminution of intra-thoracic pressure
by combining these means.

The combination most frequently utilized is inspiration of com-
pressed air and expiration into rarefied air,

The first apparatus for the application of pulmonary gymnastics
was invented by Broesicke, of Berlin, in 1857, but Hauke, of Vienna,
in 1870 contributed the first portable apparatus, The number of
different forms upon the market is now very large.
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One of the best known is that of Waldenburg (Fig. 5). It is
constructed on the principle of the gasometer, and furnishes both

compressed and rarefied air, but does
not permit the alternate use of them,

Cube has combined two gasome-
ters, one giving compressed, the other
rarefied air, and Weil, with the same
end in view, has joined two Walden-
burg apparatuses. The apparatus of
Schnitzler is only a modification of
that of Waldenburg.

The double ventilator of Geigel
and Mayr is constructed on the prin-
ciple of a wheel, and supplies both
forms of air. It is considered in
Germany the most practical appa-
ratus.

[ The best compressed-air apparatus
that we know of used in America is
that devised by S. Solis-Cohen (Fig.
6), which he deseribes as follows:

The air-chamber is 8 inches in
diameter and 24 inches high. The
water-chamber is pierced at the level
of the base of the overflow tank (7
inches from the top) with a row of
perforations, allowing the water to
escape into the tank under pressure
of air in the air-eylinder. A glass
tube connected with the tank shows
the level of the water therein, and by
means of a scale painted on the outer
surface of the tank acts likewise as a
gauge showing the pressure. The air-
eylinder carries, 2 inches from its open
base, two shelves, one on each side,
on which are placed ballast-weights
for the purpose of lowering the centre

F1G. 5.
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Waldenburg's Gasometer.

of gravity and thus maintaining the steadiness of the apparatus,
Both shelves and weight are perforated to avoid undue resistance
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of water. As the area of the top of the air-chamber is just 50 square
inches, atmospheric pressure upon it equals, in round numbers, 750
pounds. With the ballast upon its shelves the eylinder weighs 10
pounds, giving an excess pressure of -1 atmosphere. Weights are
furnished in two sizes in the shape of rectangular blocks of iron
about 4} inches by 2 inches surface, and about } inch thick and 1
inch thick, respectively. The smaller ones are bored out to weigh
1} pounds each; the larger ones to weigh 21 pounds each.

Being placed on top of the air-chamber in successive pairs (one on
each side, to preserve balance), they bring the pressure up to any
desired amount not exceeding plus 55 atmosphere. Thus:

Cylinder and bottom weights = -+ >}, atmosphere.

21 pounds (2 small weights) additional = 12} pounds + ; atmos-
phere.

21 pounds (2 small weights) additional =15 pounds + -;atmos-
phere.

31 pounds (1 small weight and 1 large weight) additional =18%
pounds + J atmosphere,

6} pounds (1 small weight and 2 large weights) additional = 25
pounds - 1. atmosphere.

The air-cylinder is furnished with two goose-necks (Fig. 7), one
(8) for the attachment of the tube (6, 7) from the bellows, conveying
compressed air; the other (9) for attachment of the tube (10, 11)
connected with the stopeock (12, 13) and face-mask (14) or mouth-
piece, through which the patient inhales. A perforation 2 inches in
diameter is fitted with a screw-cap carrying a hook on which may be
placed a sponge saturated with any volatile medicament (e. g., tere-
bene) that may be desired. The eap likewise contains a smaller per-
foration, into which a manometer may be fitted. When the gauge is
not in use this is closed with a rubber plug. Still another perforation
in the top of the air-chamber is fitted with a valve that permits escape
of air should too much be sent over from the bellows. This valve,
which is superior to my own arrangement for the same purpose, is the
ingenious device of Mr. . Metzger, of Philadelphia, who now malkes
the apparatus in every respect according to my instructions, and
who has devoted much time and care to the details of construction
in order to secure both strength and lightness. The escape-valve is
composed of two flat plates of brass, the upper perforated, the lower
unperforated. They are held in apposition by a spring, and when
in apposition no air escapes. The lower plate carries a chain 35
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inches long, to which is attached a weight that rests upon the floor
of the water-chamber. Should too much air enter the cylinder, lift-
ing it too high, the plates are pulled apart, the air escapes through
the perforated plate, and the cylinder falls to the proper level. This
obviates any liability to splashing of water, which before this attach-
ment was made would occur if attention were not paid to a line

Fi1G. 6.
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&, Solis-Cohen's Compressed-air Apparatus,

painted on the cylinder to indicate cessation of pumping. By means
of the automatic escape-valve we are enabled to introduce a continu-
ously acting pump if desired,

As an additional precaution against splashing the air-chamber and
overflow tank are each provided with a deflecting hood about an inch
and a half wide and inclined at an angle of 45 degrees.

The second gasometer is for expiration into rarefied air. The con-
nection with the bellows is reversed, so that the latter takes air from
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the gasometer and delivers it into the room or the street, and the
air-chamber is suspended from a small pulley and counter-poised
with weights varied according to the desired negative pressure. The
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Sectional Diagram of S, Solis-Cohen'’s Apparatus for Pneumotherapy.

mechanical arrangement of pulleys and weights, the device for ad-
justing the weights, the lowering of the outer water-tank (now a
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reservoir, and not for overflow), ete., are so obvious and so easily
understood by looking at the figure (“ Rarefied Air,” Fig. T) that a
description in detail is unnecessary. Mr. Metzger has used a wire
rope in preference to one of hemp. The combination of the two gas-
ometers into one instrument is effected by means of a bellows which
at the same stroke compresses air for delivery into one cylinder and
rarefies air in order to exhaust the other cylinder. It is in reality
two bellows mounted back to back on the same frame. The down-
ward stroke of the lever compresses the upper bellows and expands
the lower one. The recoil of the spring in the upper bellows ex-
pands that one and compresses the other. There is no communication
between the two bellows. By means of a tube (2, 3) passing out of
a window-board (1), the external opening being protected with wire
gauze, the supply of air for inhalation is drawn from out of doors.

When both instruments are used together, being brought into
communication through the lungs of a patient by means of a double
stopeock connected with a face-mask or mouth-piece, the route for
the air is as follows :

(a) From the street, (b) through the upper bellows, (¢) to the com-
pression gasometer, (d) thence to the lungs, (¢) from the lungs, (1)
through the rarefaction gasometer, (g) to the lower bellows, (%) which
expels it into the room or into the street.

The compression and rarefaction are virtually made in the respec-
tive bellows. The gasometers act to a certain extent as reservoirs,
but chiefly as intermediate regulating chambers, rising and falling to
maintain a constant pressure in exact accordance with the weight
placed upon them, and independent of the volume of air inhaled or
exhaled. Their available capacity is a little more than 800 cubic
inches.

For purposes of observation, sufficiently accurate for clinical com-
parisons, though not for physiologic data, the air-chambers carry a
scale of cubie inches, enabling us to see the approximate volume of
air inhaled or exhaled at each respiration. Apparatus for warming,
chilling, drying, moistening, or medicating the air to be inhaled may
be interposed at any desired point between the window and the
patient. The most convenient method of medicating the air is by
means of the sponge, as described. A wvariety of other methods
are applicable. Thus a volatile medicament may be placed in or on
the water contained in a Wolff bottle, through which the air is
passed ; or the spray from Oliver’s vaporizer, may be thrown into
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the inspiratory current by some such device as that represented in
Fig. 8,

With the two gasometers described, the double bellows, and a pair
of resistance valves, we are able to obtain the mechanical satisfaction

Fra. &

CODOMAN &
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5. Solis-Cohen's Apparatus for Medication of Compressed Air by Spray from Oliver's Nebulizer.
F. Nebulizer containing medicinal solution; E, expiration valve; D, lever admitting air
and turning on spray; A, attachment for compressed air (low pressure) ; ¢, attachment for

compressed air (high pressure for spray) ; G, face-mask.
of all the conditions required for any of the following therapeutic
expedients :

Inhalation of—1. Compressed air with exhalation into atmosphere.
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Inspiration of Compressed Air. The inspiration of compressed
air produces a sense of fulness in the chest, it facilitates the entrance
of air into the lungs, and leads to an increase in the size of the
thorax, According to Waldenburg, the enlargement of the chest
amounts, even after a few inspirations, to nearly 33 em. Expiration
is also made easier, except when, by an exaggerated pressure, the
lung is deprived of some of its elasticity.

The vital capacity of the lungs is increased from the beginning of
the treatment ; at first the increase is transitory, but after several
hours it becomes permanent. The forces of expiration and inspira-
tion are equally angmented. The inerement of the vital capacity in
cases of disease varies from 100 c.em. to a litre at the end of several
days’ treatment.

In cases of very feeble expiration this will be found to increase
more markedly than inspiration ; but when the elasticity of the lungs
is not strained the two forces ought to angment in equal ratio. It
is probable that the development of the respiratory muscles is a
factor in the production of these results, and that they cannot, there-
fore, be entirely attributed to an anatomical change in the lungs.

In the aged, in whom the costal cartilages are ossified, no appre-
ciable modification is produced, either in the play of the respiratory
movements or in the development of the thorax.

Gréhant, Duerocq, Drosdoff, Waldenburg, Botschetschkaroff,
Basch, and others who have studied the question, find that the in-
crease in intra-thoracie pressure opposes an obstacle to the eirenlation,
especially to the diastole of the heart, while the systole is favored by
it. The result is a stasis in the veins and a fall of pressure in the
aorta. DBut these effects are only noticeable during inspiration, and
disappear during expiration.

The pulse, studied sphygmographically by Riegel and Frank,
Waldenburg, Sommerbrodt, and Schreiber, is strong and full at the
beginning of inspiration ; later, as the pulmonary stasis diminishes
and the arterial tension falls, it yields a higher and well-marked
dierotie tracing. The circulatory changes are, however, transient,
although some authors have seen them persist for one-half to one
hour.

Expiration into rarefied air produces mechanical phenomena ex-
actly the reverse of those caused by inspiration of compressed air.

The diminution of intra-thoracic pressure brings about a compres-
sion of the thoracie walls, of which the patient becomes conscious

3
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when the rarefaction amounts to one-thirtieth atmosphere. Exten-
sion is more complete and the volume of air given off, as measured
by the spirometer, is augmented, This inecrease takes place at the
expense of the residual air; it may reach a litre with a rarefaction
of one-fiftieth to one-sixtieth atmosphere (15 : 13 mm. of mercury)—
an interesting fact that seems to indicate that the quantity of residunal
air is greater than is generally believed. Waldenburg has observed
emphysematous patients expiring 5 or 6 litres of air (under the
influence of a rarvefaction of one-fortieth to one-sixtieth atmosphere)
when their normal respiratory capacity did not exceed 2 to 3 litres.

The compression of the thorax evidences itself in a diminution of
the circumference of the chest 2 or 3 em. ; at the same time, under
the influence of forced expiration, the respiratory muscles aequire
greater play, the diaphragm rises higher, the excursions of the chest
become more extensive, and soon the inspiration is also increased.
The result is an augmentation of the vital capacity of the lungs,

The reduction in intra-thoracic pressure modifies the cireulation,
the phenomena produced being the reverse of those noted in the
case of compressed air; the systole of the heart is impeded, while
the diastole is favored ; there is a tendency to the emptying of the
veins and the filling of the arteries.

As the lung fills with blood the right auricle becomes distended,
then, in turn, the left auricle and left ventricle ; the pressure in the
aorta rises, the jugular veins collapse and empty themselves. The
study of these phenomena, made upon animals with the hemodyna-
mometer, on man with the sphygmograph, have not yielded very
decisive results. Nor can the results in animals be properly com-
pared with those obtained in man.

It is important to note, from a practical standpoint, that by taking
slow and prolonged inspirations the influences to which the eircula-
tion is subjected at the moment of expiration into rarefied air are
weakened. By observing this practical point a marked action can
be obtained upon the lungs, while that upon the heart is attenuated.
The value of this is considerable in all cases where any exaggerated
interference with the latter organ is to be dreaded.

The inspiration of compressed air and the expiration into rarefied
air do not produce mechanical effects alone. Biedert holds that as
the air strikes the respiratory passages with more or less force it pro-
vokes a certain degree of irritation.

The pressure to which the pulmonary tissue is exposed, as well as
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the alternate repletion and depletion of the wvessels, is an additional
cause of irritation. It follows, therefore, that the treatment should
always be medically supervised.

The researches of Speck seem to show that the method also pro-
duces a chemical action. The increase in the pulmonary aération
leads to an augmentation of the oxygen absorbed and of the carbonic
dioxide eliminated. As far as the superoxidation of the blood is
concerned, inspiration of compressed air acts in the same manner as
respiration in the pneumatic chamber. The expiration into a rarefied
atmosphere withdraws a considerable quantity of residual air, rich
in CO,, and thus brings about a decarbonization of the blood, and
consequently an antidyspneic effect,

Speck expresses the results that can be obtained by the following
figures : Increase in air respired, 1:1.62; increase in oxygen ab-
sorbed, 1:1.14; increase in carbonic dioxide eliminated, 1 :1.30.
The same author has also demonstrated that the inereased consump-
tion of oxygen and elimination of carbon dioxide do not necessarily
augment intra-organic oxidation.

Although all these effects are ultimately mechanical, depending
upon the physical laws of the diffusion of gases, nevertheless the
improved respiration which supervenes when the treatment is per-
sisted in brings about an altered state which impresses the entire
organism and stimulates the nutritive processes. Decisive researches
are still wanting in regard to the question of nutritive effects,

As already stated, the combination most frequently resorted to is
the inspiration of compressed air and the expiration into rarefied air.
Two methods are in vogue—in the one, known as the infermittent
method, the patient makes a series of inspirations of compressed
air, the expiration being into ordinary atmosphere ; then follows a
series of expirations into rarefied air, inspiration taking place in the
normal atmosphere,

The alternating method consists of an inspiration of compressed
air followed by an expiration into rarefied air.

In these diverse combinations the mechanieal effects do not counter-
balance themselves, they alternate.

The lungs fill and empty themselves more completely, and pul-
monary aération is rendered as energetic as possible. Tt is this form
of pulmonary gymnastics that exercises the most marked effect upon
dyspncea.

Furthermore, while the one factor in the method produces hyper-
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@mia of the lung, the other leads to anemia. There is, therefore,
not a continuous action, but an alternating one, which stimulates the
pulmonary cireulation,

Under these circumstances there need be but little fear of hemor-
rhages, as the effects upon the heart and circulation are less pro-
nounced than in the case where only one of these practices is em-
ployed.

Therapeutic Application. The technique is quite simple. Various
forms of masks and mouthpieces have been devised, but the best is
a sort of trumpet, which is applied to the mouth. The patients
should be instructed to breathe slowly and deeply ; if desirable, the
nostrils may be occluded.

In the beginning of the treatment the applications should be brief
and should consist of a series of inspirations of compressed air, fol-
lowed by expiration into ordinary air. Later, recourse may be had
to the alternating method.

The duration of the treatment is variable; it can be prolonged
without inconvenience. The spirometer and pneumotometer enable
us to determine the exact results achieved.

In special cases the inspired air may be charged with medicinal
substances ; if’ necessary, its temperature may be modified and it may
be impregnated with watery vapor.

As inspiration of compressed air diminishes the afflux of blood to
the lungs, it may be considered as an antiphlogistic measure. It is
chiefly indicated in the cases in a which predisposition to phthisis
exists, and even in those in which the disease is already established.
It favors the expansion of the lung after the subsidence of a pleurisy,
and hastens the absorption of exudates. In addition, it iz capable
of cansing the disappearance of atelectasis in bronchitis, and re-
establishing the permeability of contracted and compressed bronchi ;
it also facilitates expectoration.

Expiration into rarefied air, since it determines a better evacuation
of the accumulated air from the lung, is especially applicable in
emphysema and in chronie bronchitis. Hence the alternating method
is most useful.

All these methods of pulmonary gymnasties in general render
most excellent service in cases in which the thorax is contracted and
the respiratory muscles are enfeebled, conditions seen in persons of
the “phthisical tendencies,”” Under these circumstances the treat-
ment is eminently prophylactie.
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It is also recommended in chlorosis and in other ansemias, and in
dilatation of the heart. The results in these diseases are more doubt-
ful.

Inspiration of compressed air is contraindicated in arterial ather-
oma, in the apoplectic habit, and in dropsy and venous stasis.

Cardiac weakness, the tendency to heemoptysis, dilatation of the
bronchi, the existence of acute inflammation of the respiratory ap-
paratus, contraindicate expiration into rarefied air.






BEARE 1L,
CLIMATE.

WE come now to a consideration of a eomplex natural agent—
elimate—a potent resort in the treatment of disease.

By climate we understand the complexus of meteorological condi-
tions to which a terrestrial place is subjected during the course of a
year. From the medical standpoint climate is considered in its rela-
tions to and influence upon the life of organized beings.

Hygiene studies climate in its constituent elements and investi-
gates the effects which it produces on the individual or the race, the
causation of disease, and on mortality.

Therapeutics concerns itself with the influences which a change
of climate has upon disease. So important are these influences
that Michel Levy has uttered the dietum :  Change of climate is
equivalent to rebirth.”

When life is menaced by a dangerous malady, or is liable to be so
menaced by the later development of an incipient disease, the pro-
found influence for good which a change of climate has upon the
health should always be considered. Any action taken upon this
consideration should be deliberate and should be founded upon an
intimate knowledge of the climate selected, particularly of its thera-
peutic influence.

A few points, not directly germane to such knowledge, are of suf-
ficient importance to warrant a brief consideration.

The transition from one climate to another should not be abrupt.
It is important not to transport a patient from the cold frigid directly
to the hot torrid zone, The facilities of the journey or of the voyage
should also receive attention.

The place selected should possess satisfactory conditions, and shonld
offer sufficient resources for the personal comfort of the patient. In
certain cases a change of climate becomes therapeutically useful and
enables the patient to return to his native country. This occurs in
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Europeans who, after having become ill in the tropical or torrid zone,
return to their homes to recuperate.

It is not necessary for our purposes to study deeply the subjects
of meteorology and hygiene ; yet it is incumbent upon us to take at
least a rapid review of the principal meteorological conditions which
determine elimate. Of these the first is lafitude,

The latitude of a place is important on account of its relations to
the mean annnal temperature.

The distribution of this temperature would always be indicated
by the parallels of latitude, if the earth were an elliptoid with a regu-
lar revolution ; if it did not possess mountains and valleys ; if its
surface were everywhere uniform ; and if the atmosphere were in all
places identical in composition. The differences between different
parallels of latitude would then depend entirely upon the relative
duration of day and night and upon the inclination of the solar rays.

But it is not so; many causes contribute to produce variations in
temperature, even in places on the same parallel of latitude. Yet
we may divide the surface of the earth into five geographic zones,
each of which presents certain general and distinetive features.

The torrid zone comprised between the latitudes of 23° 28" north
and south of the equator is characterized by a uniform and very high
temperature,

The two temperate zones extend from their respective tropics to
polar cireles, namely, from the latitude of 23° 28’ to that of 66° 52,
As we recede from the tropics the temperature grows progressively
more variable within the limits of a year, and the mean temperature
becomes lower.

It is the northern temperate zone that alone interests us. The
majority of health resorts to which reference will be made are situate
between the parallels of 30° and 45° north latitude. As we advance
northward this zone—the temperate zone—falls approximately one
degree for every distance of 185 kilometres ; but this is not an abso-
lute rule.

The heat lost by the earth depends upon the length of the nights.
When these are short a part of the heat gained during the day is
retained. It is on this account that the hottest days are not those
of the summer solstice, but those which succeed it, in July and
August. Inversely, the coldest period in winter is that following
the winter solstice.

Lines joining points that have the same mean annual temperature

-
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are known as isothermal lines, and were first constructed by Hum-
boldt. As many conditions influence the temperature, these lines
deviate more or less from the parallels of latitude.

It is also important to consider the mean monthly temperature,
charts of which, comprising the principal climatic stations, have been
constructed by several authors.

In our hemisphere the isothermal lines of summer and winter vary
sensibly from the annual isothermal lines, It is likewise important
to inquire into the diurnal and noecturnal variations of temperature
at each health station.

For several reasons, of which mention will be made below, the
islands and the western coast of Europe are warmer in winter and
cooler in summer than the annual isothermal lines would seem to in-
dicate.

Altitude. The latitude being the same, the altitude plays a con-
siderable part in determining the characters of the elimate. It not
only influences the temperature, but all the other meteorological fac-
tors which together constitute climate. Hence the majority of anthors
have made altitude a basis of division of climates. Mountainous
countries offer divers climates superimposed upon each other.

The effect of altitude upon the temperature is not an absolutely
regular one ; but it is generally estimated that in the temperate zone
an elevation of 150 to 180 metres corresponds to a fall of one degree
in the temperature. The principal canses of the diminution of
the temperature are the rarefaction of the air and the consequent
decrease in its power of absorbing heat, the insulation of the soil at
high altitudes by snow and ice, the great diathermanous qualities of
the atmosphere, and, finally, the diminution in barometric pressure,
leading to a great expansion of the heated air which rises from the
ground.

The other important influences of altitude are those which it ex-
erts upon the gaseous composition of the atmosphere, upon its purity,
upon the intensity of light, and upon the heating of bodies by solar
radiation,

Geographical Selection. After latitude and altitude the condition
having the greatest influence upon the climate of a place is its geo-
graphical position. In this respect it is of especial interest to consider
proximity to or remoteness from the sea-coast.

The sea absorbs and emits heat less readily than the land. Tt
possesses, however, a greater specific heat, so that for the same quan-
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tity of heat absorbed or emitted it suffers a smaller variation in
temperature. Finally, a part of the heat which the sea absorbs is
expended in the formation of vapor. From these data it follows
that the great bodies of water become heated and cooled more slowly -
than land. To these causes of the reduction in the temperature vari-
ations in the neighborhood of the sea, we should also add the influence
of the watery vapor, and especially of the clouds. These masses of
vapor temper the heat of the sun during the day and diminish the
loss of heat by radiation during the night.

It is evident, therefore, that for any given latitude, propinquity to
the coast renders the climate distinetly less variable than it is in the
interior, Two classes of climate, a maritime and a continental, may
be distinguished. The first is generally temperate ; the second may
be hot, even in places having the same latitude as the place on the
coast.

As an example of the influence of geographie position, let us take
Cherbourg, Paris, and Vienna, three cities situated approximately on
the same parallel of latitude. The difference between the mean sum-
mer and winter temperature is 10° for the first, 15° for the second,
and 20° for the third.

It is for the reason stated that insular climates are the most con-
stant. On some of the tropical islands the difference between the
mean summer and winter temperature does not exceed two or three
degrees.

The large continents present marked contrasts ; heat and cold are
more intense there, and the changes of temperature are great.

Influence of Wind. The topic of geographical situation may well
be followed by a reference to the influence which atmospheric and
[]l!ll'i"(" currents exvrrtise IIITI}II {'.]ili]i.ltl:‘.

The most important agérial currents are the so-called trade-winds,
which flow with a remarkable constancy throughout the year in the
vicinity of the equator, but also make their influence felt at remote
distances. According to the explanation which Halley has given of
the origin of these winds, the existence of upper anti-trade winds
passing from the equator to the poles must be admitted. The masses
of air composing these anti-trade winds arrive in the temperate zones
with a velocity of rotation which is greater than exists in the atmos-
phere of these regions. This condition gives rise, theoretically, in
the higher parts of the atmosphere, to a southwest wind in the
northern, and a northwest wind in the southern, hemisphere,
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These winds exercise an appreciable influence upon the climate of
western Europe (the northern portion of the Atlantic Ocean). They
are the cause of the predominance of northwesterly winds in western
Euarope (England, the Netherlands, and France).

Before arriving on the European continent they pass over a part
of the Atlantic Ocean traversed by the Gulf stream. This current
has a decisive influence upon the climate of the coasts which it bathes.
It originates in the Gulf of Mexico and passes in a northeasterly
direction toward Europe, making itself felt along the coast of Nor-
way as far as the North Cape.

The mechanism of this marine current is the same as that of the
trade and anti-trade winds. It represents in the Atlantic Ocean the
upper atmospheric current, which carries the warm air of the equator
toward the poles.

The winds thus borrow from the surface of the sea moisture and
warmth and carry these to distant regions. The {:xr-_-eptiunall}-' favor-
able climate which the countries of western Europe enjoy is due, as
will be seen, to two causes—a current of temperate and moist air,
and a current of tepid water, both derived from the equatorial
regions.

Diverse local conditions, not all thoroughly understood, also give
rise to certain aérial currents, of which the land and sea breezes are
the most constant.

On the sea-coast a wind begins to blow from the sea to the land
soon after sunrise ; at first slight, it gradually grows in strength, later
diminishing, until it ceases in the evening. A reverse movement
now sets in, and the wind rising from the land blows toward the sea,
gently at first, but growing in strength until midnight; toward
morning it gradually dies away. The mechanism of these move-
ments is simple. During the day the warm air rises from the earth
into the higher regions of the atmosphere, and the denser air of the
surface of the sea enters to take its place. The opposite condition
obtains at night; the air of the land now becomes denser and is
carried out to the sea.

Mountain breezes are a species of local winds which are very
variable in regard to their violence and other characters, but their
origin is nearly always the same. During the day the atmosphere
of the valley and lower regions becomes heated, and, rising along
the mountuin-side, constitutes the valley or morning breeze. This
upward movement is favored by a sort of aspiration—the lighter air



44 PHYSICAL AND NATURAL THERAPEUTICS.

ascending to higher levels is replaced by the heavier air of the lower
regions, After the setting of the sun the air on the mountain-summits
becomes cooled, and in its descent to the valley creates the mountain
or evening breeze. It thus happens not infrequently that the nights
in the valleys are cooler than on the declivities of the mountains,

A few special winds, peculiar to certain countries, merit brief
mention. The simoon is a hot, dry wind, coming from the desert of
Arabia. It rarely blows in any of the health-resorts. The sirocco is
the hot wind of the Sahara, It strikes especially Sicily and Italy,
but makes itself sometimes felt at the stations on the Riviera, where
it appears as a southeast wind. In passing over the Mediterranean
it becomes charged with humidity, and therefore carries rain. In
Switzerland the most formidable of all the winds is one which
prevails principally iz the northeastern cantons. It is generally a
hot and relatively dry wind, but its characters vary according to the
different places over which it passes. Other winds are the bora, of
the Adriatic Islands, and the mistral, which visits the French Medi-
terranean shore.

The last condition, the influence of which upon climate needs to
be investigated, is the configuration and composition of the soil.
Other things being equal, the peculiarities of the soil may often
produce such a marked modification of the climate as to cause notable
differences in the climatic character of places in close proximity to
each other,

On the great plains the temperature rises very high during the
day, to fall very low during the night. The interesting observations
of Martins have shown that the cooling of the air at night diminished
as we rise above the level of the soil up to a certain height, particn-
larly when the nights are serene. The increase of temperature is
rapid at first, then more slow. It is for this reason that the ground
of plains and low places is covered with fog, and that the upper
floors of houses and hospitals are drier and healthier than the ground-
Hoor.

Along the borders of rivers and lakes a height of 90 feet, or even
less, above the level of the water will afford shelter from the fogs
which hover over their surface. This should be remembered in con-
structing habitations in such places.

In hilly regions the oscillations of temperature are less great than
in the spreading plains, but the heating of the soil by the solar rays
takes place irregularly ; local winds arve generated, and are accom-
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panied by more or less abrupt changes in the temperature and the
humidity. Mountain ranges also produce changes in the meteorologic
conditions of the surrounding country. These changes vary with
the height of the summits, the extent and trend of the range, and
the nature and abundance of the vegetation. Mountain-chains may
serve as barriers to cold and to hot winds, and may, consequently,
cause an elevation or depression of the annual temperature of the
contignous regions.

They exert, moreover, an influence upon the winds themselves,
causing a condensation of the watery vapor when they, the winds,
are heavily charged with humidity. They may thus render the
climate of one place dry and of another more moist.

The local condition, being so very variable, should be specially
studied for each place.

In regard to places situated directly on a mountain, the most
important point for investigation is whether they are upon the sunny
or the shady side. In the northern hemisphere the sonthwest side is
generally the hottest, and the northeast the coldest. The west side
is a little warmer than the east.

The prevailing direction of the wind should also be inquired into,
for this is of even greater importance than the exposure of the place.
Indeed, it is upon this that the conditions of humidity especially
depend. In Europe the southwest declivities are generally more
moist than the southeast, although they receive more heat.

The surface of the soil has an important influence upon the tem-
perature and humidity of the lower strata of the atmosphere. The
experiments of Frankland have revealed certain relations between
the nature of the soil and the solar heat.

Snow offers the strongest reflecting surface ; after it, in a descending
order, may be named light-colored soil, dried grass, gray rocks, and
green grass.

The absorbing power of the soil is in inverse ratio to its radiating
power. The lighter the color of the surface the greater is the solar
heat and the cooler is the atmosphere. A dark soil is associated
with a warm atmosphere, while the radiant heat is proportionately
less great.

The power of absorbing moisture is still more variable according
to the nature of the soil than the heat-absorbing power. Elliott
states that turf absorbs more than twice its weight of water, dry clay
its own weight, dry garden soil half its weight, sand a little more
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than a third. This explains why sand dries so quickly and turf so
slowly.

Buchan has proved that drainage influences to a marked degree
the temperature of the soil. He found that it elevates the tem-
perature of arable land approximately one degree. Cold penetrates
more rapidly throungh undrained than through drained land. Irri-
cated soil loses its heat less readily than soil which is not irrigated ;
such a soil has also more constant temperature. These facts may
elucidate the diminution of phthisis, which Bowditch, Buchan, and
others have observed to follow the establishment of drainage.

The presence or absence of vegetation, and the nature of this
vegetation, modify in a marked degree the factors of climate.

The vegetation which covers the earth hinders more or less effect-
ually the solar rays from reaching the surface of the soil, and thus
moderates the temperature in a varviable degree. On the other hand,
plants themselves, by reason of the constant evaporation from them,
tend to modify the temperature.

The effects produced by the vegetation of a region varies with the
character which this vegetation generally assumes, namely, whether
it be forest, meadow, or turf.

We owe to Fautral and to Erlenmeyer the greater part of the
knowledge we possess concerning the influence of forests.

The soil of forests has a lower temperature than that of prairies
to a depth of one yard, the difference being more marked in summer
than in winter. The temperature of the air of forests is also lower
than that of the prairie. We all have found during the noonday
heat delightful eoolness in the forest shade. The temperature-varia-
tions are less abrupt in forests than on plains, and the climate is more
constant.

The days are cooler and the nights warmer, but the difference
between the maximum aad minimum temperature is less marked.
The humidity is always greater than it is on the plain, exceeding
that of the latter by nearly 10° in July, and 3° to 7° in Jannary.
Rain is therefore more abundant in forest regions than in those
denuded of their trees. Lastly, forests may arrest winds, and thus
exert an appreciable influence at distances more or less great. Re-
earding the climate of cultivated plains, it is well to know that it is
never so warm as that of regions from which vegetation is absent.
H. Weber has noted a difference of 11° to 17° between the soil of a
barren district and that of an adjoining plain.
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Peat or turf lands and swamps are characterized by a high degree
of humidity of the soil and air, and by a relatively low annual
temperature. Fogs are not common. The air in these marshy
districts frequently harbors the poison of malaria, which may be
wafted to distant regions according to the direction of the wind and
the configuration of the surface.

From another point of view, the vegetation of a place furnishes
a valuable indication of its climate, and we may, indeed, say, with
Ch. Martins, that plants are living thermometers ; or, with Fonssag-
rives, that they are truly climatometers.

The investigation of the flora of a country is, therefore, an im-
portant study.

From the therapeutic standpoint, the climatical and astronomical
seasons do not exaectly coincide. Summer comprises the months of
June, July, and August, and stations visited during these months
are known as summer stations. December, January, and February
are the winter months, and stations at which they are passed are
known as winter stations. The other seasons correspond to the
intermediate months.

Of the various elements or factors of climate the first to be con-
sidered is the constitution of the atmosphere, which is obviously of
the greatest importance, since the air we inspire is the very principle
of life, and upon its gualities depend, in a large measure, health and
disease. Its importance attracted the attention of the great physi-
cians of antiquity, notably of Hippocrates.

Concerning the subject of chemical constitution we find that the
subject still presents many obseurities. The pressure being equal,
the proportion of the gaseous principles is almost constant. The
slight variations in the quantity of oxygen have no visible influence
upon health.

The quantity of carbonie dioxide contained in the air is, as a rule,
very small, but may at times be augmented without becoming harm-
ful. This increase, however, deserves attention, since it is correlated
with the presence in the air of heterogeneous principles that may be
noxious.

Another constituent of the air is ozone, which chemists regard as
a combination of oxygen with itself (an allotropic form of oxygen).
The presence of ozone bears some relation to the electric phenomena
of which the atmosphere is at times the scene, for frictional (static)
electricity, to which that of the air belongs, ozonizes the atmosphere.
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Although the proportion of ozone is normally very small, 1 in
10,000 as a maximum, there is nevertheless a certain importance
attributed to it. Not that this form of oxygen is capable, in such
small amounts, of influencing the organism to any appreciable ex-
tent, but the conditions in which an increase is noted seem to be
favorable to good hygiene. Thus it is not present where putrefac-
tion prevails, nor in hospitals.  In the interior of cities the quantity
of ozone is less than in the country; more is found in the air along
the seacoast than further inward, and likewise more in the mountain
atmosphere than in that of the plains. The only sensible effect of
small quantities of ozone consists in an increased tendency to sleep.

The humidity of the atmosphere is also of great importance to the
study of effects of elimate.

Beside the gases proper the atmosphere always contains a certain
quantity of watery vapor, and it is this constituent which, from the
climatie standpoint, is the most important,

The proportion of watery vapor contained in a given volume of
air depends upon the temperature. T'wo forms of humidity, an abso-
lute and a relative, must be distinguished. By the first is implied
the quantity of vapor contained in a certain volume of air; the sec-
ond indicates the relation between the quantity of vapor and that
which the air wounld contain if it were saturated. When we speak
of dry air or moist air we refer to the fact that the relative humidity
is respectively low or high, The absolute humidity varies with the
seasons, and obeys, up to a certain point, the fluctuations of tem-
perature. It is more elevated in summer than in winter. The varia-
tions in relative humidity follow almost a directly opposite course,
and for our purpose the greater interest centres in them.

According to Humboldt, the lowest degree of relative humidity is
23 per cent. Theair is very dry when the relative humidity is under
35 per cent., moderately dry when it rises to from 55 or 75 per cent.,
moderately humid when it is from 75 to 90 per cent., very humid at
90 to 100 per cent.

The humidity varies not only according to the seasons, but also
according to the nature of the winds, particularly when these come
from the sea, and according to the different periods of the day. It
is generally highest at sunrise, the minimum being reached during
the early afternoon hours.

Ulnm:ly related to atmospheric humidity are several interesting
meteorological phenomena, such as fog, clouds, and rain. Fog and
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clonds moderate the variations of temperature of a region, and con-
sequently play a part in the determination of the climate.

The influence of rain must be considered from several points of
view. The quantity which falls during a year is extremely variable.
It is estimated by means of pluviometers (rain-gauges). From
nothing on the Sahara it rises to nearly twelve yards on the south-
eastern declivity of the Himalaya Mountains.

In medical climatology account should be taken of the number of
rainy days in a year and in each month. There is no relation be-
tween this number and the quantity of rain. It is also important to
note the hours during which rain falls, for upon this fact depends
the length of time the patient can remain in the open air.

In the mountains the rain is replaced by snow, which, happily,
quite often falls only toward evening or at night.

Despite the deprivation of water, represented by the snow or the
rain, the atmospheric air preserves its humidity.

The degree of evaporating power of the atmosphere depends upon
a number of conditions, such as the temperature, the relative humid-
ity, the density, and the velocity of the wind. This power possesses
considerable physiological importance, since it regulates the cutaneous
evaporation, and, in part, the loss of heat from the surface of the body.

The atmospheric humidity is thus as essential to life as oxygen
itself. It determines the distribution of heat on the surface of the
earth, and also prevents the warm air from rising too rapidly into
the higher strata of the atmosphere and being thus lost to us. The
vapor of water is practically opaque; it prevents the radiation of
heat. This explains why the condensation of vapor consequent upon
the cooling of the soil constitutes a means of protection. Humid
climates for this reason possess the advantage that the thermic varia-
tions between the day and night are but slight, and that the tem-
perature is more constant. The excess of humidity is, however, in
some respects inconvenient, for it intercepts the light and heat and
produces a depressing effect upon the system.

The action of humidity on the human body is very noticeable, but
difficult to define on account of its complexity. Thus the degree of
absolute humidity is an important factor as regards the respiratory
functions. The dryer the air the more moisture it absorbs in its
passage through the air-passages. Hence the diminution of the ex-
pectoration in a dry climate.

The relative humidity produces its effects especially upon the fune-

4
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tions of the skin. In a dry and warm air cutaneous evaporation is
very active, while in a cold and dry atmosphere it is the pulmonary
evaporation which is especially stimulated. Warm, moist air, par-
ticularly in the absence of wind, impedes perspiration and gives rise
to conditions in which variations of temperature produce those dis-
eases attributed to ““ cold.” Moreover, the appetite and the nutritive
functions are depressed, and even healthy individuals experience a
disinclination for work. A certain class of patients are comfortable,
temporarily at least, in a moist and warm atmosphere, because it
diminishes the irritation of the respiratory mucous membrane.

On the other hand, those same conditions conduce to the develop-
ment of intestinal diseases, especially diarrhcea, and are eminently
favorable to the growth of micro-organisms. In any case there are
certain warm, moist climates where pulmonary phthisis not rarely
pursues a rapid course.

A cold, dry climate is also not free from inconveniences. In
diminishing the cutaneous evaporation and increasing the loss of
heat it predisposes to catarrhal, rheumatie, and renal affections.

A large rainfall does not constitute such an unfavorable condition
as might at first appear. It clears the atmosphere of dust, facilitates
its renewal, and diminishes the relative humidity.

Naturally, when the rainfall is too continuous it becomes harmful,
gince it then interferes with outdoor exercise, The disadvantages of
rain are more marked when the soil is so constituted as to become
easily impregnated with water.

The effects of snow are rather good than otherwise when it is per-
sistent and not exposed to successive thaws. It purifies the atmos-
phere, renders it more transparent, augments the reflection of solar
heat, and prevents heating of the air and the production of winds,
which are the consequences thereof.

In addition to the factors governing climate which we have just
discussed there are other influences to be considered. The composi-
tion of the air may rarely be modified by the presence of foreign
prineiples, Of these, ammonia is one of the most common; traces
are nearly always present ; if present in certain proportions, it exerts
some influence, but less upon animals than upon plants. Along the
borders of the sea the atmosphere contains saline particles, which
are absorbed by the respiratory passages, and also deposited on the
external surface, and it is to them that the tonic effects of sea-air are
in part due,
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The purity of the air should always receive the most profound
consideration. As is well known, the atmosphere nearly always holds
a variable proportion of solid particles, organic and mineral,

Of the mineral, silica, lime, and iron are most commonly found.
The organic particles comprise seeds, pollen, grains, spores, ova, and
micro-organisms. The researches of Ehrenberg, Schwann, and Tyn-
dall have revealed many interesting facts upon this subject, but no
experiments have attained such celebrity as those of Pastenr, who
first demonstrated, in a striking manner, the difference, as regards
the presence of germs, between the air of glacier regions and that of
inhabited districts.

By the method of Miguel we are able to determine, with a re-
markable degree of exactitude, the number of foreign particles con-
tained in a given volume of air. Many observations made by this
author have shown that the number of low organisms in 1 cubie
yard varies within wide limits. Thus in the park of Montsouris it
oscillated, in 1879, between 33 and 170 ; whilst at the summit of
the Pantheon it was 28, It rose to 750 in Rue de Rivoli, to 5200
in a room of the Rue de Monge, to 6300 in one of the wards of the
Hotel-Dien, and to 11,000 in the surgical wards of La Pitié.

More recently he has compared specimens of the air of different
localities collected at nearly the same time.

He found no bacteria in the neighborhood of the Mer de Glace at
an altitude of 2000 metres ; there were only 0.8 in the air on the
lake of Thun, whilst 760 were counted in the atmosphere in the park
of Montsourig, and 5500 in that of the Rue de Rivoli.

Freudenreich also found no schizomycetes at altitudes of 2100 to
3200 metres ; but when there were habitations the air even at these
heights contained a few micro-organisms. Great purity of the air is,
then, one of the important characteristics of mountain climate.

In addition to its chemical composition, note must also be taken of
the temperature, the density, and the renewal of the atmosphere.

Having discussed the complex meteorological conditions which
determine temperature, we shall now study the effects which the
climatic factor temperature exercises upon the organism. The ques-
tion, however, is not a simple one, for it is evidently difficult to
isolate the effects attributable to the temperature of a climate from
those produced by the humidity, the light, and the altitude.

The solar heat 1s to some extent a luminous heat. Indeed, the
sun is the prineipal source of both heat and light for the atmosphere
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as well as for the soil. The quantity of caloric and light yielded by
the moon, the stars, and the centre of the earth is insignificant.

It is important not to confound radiant or solar heat with the
heat which the air acquires by being warmed. Thus on mountains,
as has been said, the air is cool (absence of warmth), while the solar
heat (radiation) is intense.

Radiant heat warms directly the bodies which it strikes; but its
calorific power is very small for the strata of air which it traverses,
because gaseous substances, in contra-distinetion from watery vapor,
are incapable of absorbing the sun’s heat ; or, in other words, they
are diathermous.

The physiological effects of solar heat are as yet not well under-
stood, but it is certain that they are very potent. Other things
being equal, the solar heat is more easily borne than that of the air,
for the reason that the latter, being charged with watery vapor, sup-
presses cutaneous evaporation and the cooling of the body, which is
dependent upon it,

An individual who is able to perform a laborious task under a
solar heat of 120° F., becomes rapidly fatigued in the shade, when
the temperature of the air is only 90° to 96° F. On mountains
where the sun’s heat is very intense, but the air dry and cool, sun-
stroke is almost never observed ; the same is true of the open sea,
where, although the solar rays may be very hot, the air is in motion,
or, at least, frequently renewed.

The luminous and chemiecal rays of the sun exercise undoubtedly
a direct action upon the molecular movement constituting the nutri-
tive processes of the tissues.

The beneficent effects of sunlight have been praised by all nations.
Pliny wrote : Sol es remediorem maximum. Among the Italians this
dictum is current: “All diseases develop in the shade and are
cured in the sunlight.” Many interesting facts and experiments cor-
roborate the correctness of these common observations,

Sunlight exerts a powerful chemical action upon vegetation ; without
it chlorophyll does not develop. Moleschott has shown that under the
same conditions of temperature frogs exhale more carbon dioxide in
the light than in the darkness. More recently S. Fubini and A. Bene-
diecenti, in studies upon hibernating animals, have found that light
increases the respiratory changes, even if the animals are in complete
lethargy. The interesting experiments of Edwards also demonstrate
the important rdle of light in the normal development of animals,
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In man light seems to influence the formation of heemoglobin in a
manner analogous to that which regulates the production of chloro-
phyll in plants.

The deprivation of sunlight conduces to anzemia, while the oppo-
site condition favors the regeneration of the blood. Sunlight also
influences the pigmentation of the skin. The chemiecal effects of the
solar rays manifest themselves at the points upon which the rays
impinge. The air heated by condnetion does not become chemically
active.

A clear sky is not without influence upon all the bodily functions,

-and even, according to Humboldt, upon the sensations. It seems to
elevate and to sustain the moral tone ; and, finally, the very sunlight
which is so wholesome for us is deleterious to our enemies, the path-
ogenic miero-organisms.

Koch and H. Martin have demonstrated the destructive action of
light upon the tubercle bacillus. Other miecro-organisms are also
affected by sunlight. Ditfuse licht has the same effect in kind, but
less powerful in degree. Is it possible that to these various effects
of light the relation which exists between the amount of sunshine
and mortality in a district is due? The death-rate is lower the
longer the time during which the sun shines,

Whenever it becomes necessary to pass judgment upon the value
of a winter resort, the details regarding sunshine should be consid-
ered of the greatest importance after the qualities of the air. It is
necessary that one day out of every two be sunny, and that the dura-
tion of insolation be at the minimum six hours a day.

Nearly all mountain stations are characterized by a great intensity
of light and by radiant heat, which, even in Alpine stations, can
ause the thermometer to rise in winter to 50° F., so that patients
are able to promenade upon the snow-covered walks, with warm
clothing and protected by parasols. So great is the direct sun heat
that in certain persons a slight degree of nervous excitement is pro-
duced. In some instances this peculiar effect of the sunlight is
exerted through the eyes.

The abrupt passage from the sun into the shade should be carefully
avoided, as it exposes the patient to a considerable degree of cooling.

A hot climate produces effects that vary with the individual.
Europeans are often embarrassed by it, especially if they continue to
partake of the same foods and the same fermented beverages to which
they were accustomed in their native elimes.
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Parkes attributes to the heat a depressing influence upon nervous
activity, the digestive functions, those of respiration, and upon gen-
eral nutrition.

Natives of Europe are apt to become sick in countries the mean
temperature of which exceeds that of their own homes by 11° C.

They become enfeebled and their stock dies out at the end of a few
generations, unless they intermarry with the indigenous races. These
facts prove how erroneous is the belief that hot climates are suitable
for individuals of delicate constitution or those debilitated by chronie
disease.

The summer stations of the temperate zone and the winter stations
of the tropics offer a moderate temperature of 13° to 21° C. (56° to
70° F.). Robust persons, especially if young, are enfeebled rather
than strengthened in such climates. Their appetite diminishes, diges-
tion, respiration, circulation, and oxidation become lessened, the men-
tal faculties are depressed, and the urinary secretion reduced correla-
tively with a greater activity of the cutaneous functions. Debilitated
persons, on the other hand, are stimulated and become more resistant
to disease. Heat and sunlight seem to be vital conditions for such
individuals ; under their influence the nutritive functions are quick-
ened and the body-weight increased.

There are some patients, however, that are benefited by a colder
climate, such as prevails during the winter in the stations of the
temperate zone. These places are favorable to strong individuals,
well elothed and properly nourished, whose digestive functions are
satisfactorily performed.

For conditions characterized by a sluggish venous eireulation and
by intestinal torpor and nutritional disorders in their early stages,
such a climate is very advantageous, since it secures a greater activity
of the eirculation, of the respiration, and of hamatosis, and an ang-
mentation of physieal energy.

Patients who are feeble and sensitive to cold are apt to fall, in such
climates, into a state of lethargy and torpor that has been compared
to hibernation. The skin, especially of the extremities, becomes blue
and cold, the appetite diminishes, the intestinal functions are para-
lyzed, intellectual and physical energy is depressed.

Atmospheriec Pressure. It is important, in climatological studies,
to take cognizance of the distribution of atmospherie pressure. It is
indicated upon charts by isobaric lines. The predominance of winds
and the quantity of air depend upon the density of the air. Whether
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slight differences of atmospheric pressure are capable of influencing
the health is still an open question. No doubt certain very nervous
individuals are affected by these differences.

The rarefied condition of the atmosphere at high altitudes exerts
a decided influence upon the economy. It is best to consider this in
conjunction with mountain elimate.

Winds. The movements of the atmosphere which constitute winds
produce variations in some of the factors of climate, chiefly in tem-
perature, light, humidity, and pressure.

In a general way, the effect of winds is a renewal and purification
of the atmosphere. Under rare conditions they may serve to trans-
mit the germs of certain diseases. Their direct influence upon health
has not been clearly defined.

Statistics show that on the European continent east winds coincide
with an increase, west winds with a diminution of the mortality.
A part of these results may be attributed to the force of the wind,
to the state of humidity, and the purity or impurity of the air.
Winds of moderate force exert a tonic and stimulant effect upon
delicate persons, but strong winds, particularly if cold, will prove
harmful by increasing the loss of heat and favoring sudden chilling
of the surface.

An absolute calm is decidedly unfavorable, especially when associ-
ated with a high temperature, and when the air contains pathogenic
micro-organisms.

Eieetricity. The last factor to be considered is the atmospheric
electricity. The general effects of electricity are variable ; they may
be stimulating or sedative or even depressant. Beyond this nothing
definite is known, the variations in the electric condition of the dif-
ferent stations according to the seasons not having been sufficiently
investigated.

PARTICULAR CLIMATES.

We shall now take up the study of special climates, and in doing
so it will be advantageous if we adopt the division of H. Weber,
into maritime and land climates,

Maritime climates are those which are subject to the influence of
the sea ; they are insular or coast climates,

A few words will suffice, in view of the details already given in
the preceding pages, for tracing their common characters.
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Maritime climates are characterized by a relatively constant tem-
perature, because the sea is warmed to a great depth by the sun’s
rays, and the radiation at night is lessened by the fogs,

The degree of humidity is always high. Other characteristics are:
The regularity in direction and time of appearance of the local winds,
the state of barometric pressure, the great intensity of the sunlight,
the high proportion of ozone, the absence of dust, and the presence
in the air of small particles of sodium chloride and of traces of
iodine and bromine,

The physiological action of sea-air has been investigated by a num-
ber of authors, especially by Beneke. It has been found to influence
strongly the general nutrition, even in a more marked degree than
sea-baths. The surface of the body is cooled more quickly on the
sea-coast than in the inland stations ; the nutritive processes are ac-
tive; the quantity of urine, the exeretion of urea and of sulphuric acid
are inereased, while that of phosphoric and urie acids is diminished.
The body-weight is also augmented. There is generally a fall in the
number of respirations and pulsations; sleep improves, and the
nervous system is slightly stimunlated. The last effect may, however,
be so marked that, in impressionable persons, it causes insommnia.

From the medical aspect maritime stations are divisible into sum-
mer and winter stations,

The former are frequented on account of the therapeutic effects of
the sea-air and the sea-baths; the latter simply for their climate,
being preferred by patients suffering from pulmonary diseases, par-
ticularly phthisis.

We shall postpone the consideration of the summer stations until
we take up the study of chloride of sodium mineral springs,

The winter stations are classified, according to their degree of
humidity, into humid, moderately humid, and dry. Among humid
maritime stations are Madeira, the Canaries, the Azores, ete.

Maperra. Madeira, the best known and most agreeable, is situ-
ated 360 miles from the west coast of northern Africa, on the 33d
parallel of north latitude and between the 16th and 17th degrees of
west longitude, It is an island divided into two parts by a moun-
tain range, the highest point of which is 6050 feet above sea-level.
Funchal, the capital, is located on the southern coast.

The climate of Funchal is remarkably equable and mild at all
seasons, Its chief characteristics are as follows: The mean annual
temperature is 66° to 68° F., or about the same as that of Algiers,
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The mean winter temperature is 63° F.; the lowest night tempera-
ture is only 48° . During the hottest summers the temperature
does not exceed 86° F.; and there is nearly at all times a refreshing
sea-breeze, except only during the reign of the sirocco. The humidity
of the atmosphere is considerable ; the air is pure, free from dust, and
rich in ozone.

Funchal is built upon the declivity of a low mountain, which
protects it from the north winds.

Patients usually go to Madeira at the end of September, and remain
until April or May.

The principal effect of the climate is sedative, rarely depressing.
It is best suited for chronic catarrh of the larynx and bronchi,
spasmodic congh, emphysema with moderate expectoration, and for
irritable forms of phthisis.

One of the inconveniences to which the climate gives rise is diar-
rheea, which is quite common at Funchal. During the hot periods
patients resort to Comacha, in the mountains, at an altitude of 2300 feet,

TexERIFFE. Teneriffe is the most important of the Canary
Islands. The elimate of Santa Cruz, the principal station, is prac-
tically the same as that of Madeira, but patients do not find the
necessary comforts there,

The maritime stations which are moderately humid are divided
into the warm and cool resorts.

Warm Stations. The most important warm stations are Mogador
and Tangier (Moroceo), Algiers, Cadiz, Gibraltar, Ajaccio, Palermo,
the places on the Levantine Riviera, Venice, the stations of the
Balkan Peninsula, Lisbon, Vigo, la Corogne, Santander, St. Sebas-
tian, Portugalete, Biarritz, Arcachon, and New Zealand.

The mean temperature of Algiers is, according to Martin and
Folley, 68° F. During the season, from November to the end of
April, it is 58° to 62°. The diurnal variations do not exceed 5 or
10 degrees.

Rains are abundant ; storms occur occasionally. The nights are
cool, and the days almost without dawn or twilight. The northwest
winds are the most frequent, and are sometimes severe. In winter
the west winds predominate,

The dreaded siroeco comes from the southeast ; it blows more often
in summer than in winter.

Patients should not reside in the city of Algiers proper, but in the
villas of the fanbourg Mustapha Supérieur.
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Chronic bronehitis, emphysema, pulmonary phthisis, chronie diar-
rheea, and dysentery are benefited by the Algerian climate.

Augaccio, on the island of Corsica, is very favorably situated. It
has a mean annual temperature of 82°, and a mean winter temper-
ature of 54°.  The humidity is high, the climate being intermediate
between that of Algiers and that of the Provence coast. Its action
is both tonic and sedative.

The regions adjacent to the city should be avoided on account of
the endemic prevalence of malarial fevers.

Pavrermo, Sieily, possesses a delightful climate. The mean
annual temperature is 62°; that of winter, 52°, The rain, which
is quite abundant, gives to the atmosphere a soft, soothing quality.
The sky is clear and luminous, and the summer less hot and scorch-
ing than at other warm stations. It is certainly one of the most
agreeable spots where patients can dwell tranquilly in the midst of
charming natural surroundings.

VEXNICE is a mediocre station, but deserves mention on account
of the pleasures which it offers. Its mean annual temperature
is 56°; that of winter, 38°, The monthly differences of tempera-
ture are not great, and the climate is quite uniform. Patients
usually arrive in autumn and remain until spring, departing before
the sirocco sets in from the southwest. The violence of the winds
protects Venice from malaria.

Tasmania AND NEw ZEALAND. Tasmania and New Zealand
have been much extolled in recent vears as climatic resorts. They
are not of sufficient interest to warrant a detailed description. Re-
garding Tasmania, which abounds in picturesque and delightful
spots, the northern and eastern portions of the island are preferable.
The elimate is, however, variable and windy.

New Zealand has a humid and wind-swept coast, and should be
avoided by sufferers from pulmonary diseases,

In France, Biarritz and Arcachon are the most important stations
pertaining to the elass which we are at this moment considering. Both
owe their climatic qualities, in part at least, to the Gulf stream. This
great, warm current bifurcates at the level of the 46th parallel of north
latitude, one branch ascending toward Ireland, the other inclining
southward and skirting the coast of Portugal and Spain. Near the
centre of the Bay of Biscay the latter gives off’ a secondary branch,
which enters the bay, and, after washing its shores, passes northward
as far as Cape Lizard, where it joins the principal northern branch.
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BiarrITZ possesses a gentle and equable maritime elimate, and
is well suited for sea-bathing in the late autumn. As a elimatic
station it is in great favor with Englishmen and Russians. Its only
inconvenience is the prevalence of winds.

ArcacHON is both a summer and a winter resort. Its mean an-
nual temperature is 60°, which is about 20° I, above that of Pau.
Its winter temperature is 48° to 50°. Protected by pine forests
and by high downs, it has a dry =oil and a climate that is uniform,
humid, and mild. The constancy of the temperature, the permea-
bility of the soil, and the abundance of trees correct the excess of
humidity. The air is very rich in ozone.

Cool Stations. A cool, moderately humid climate is found on
the coast of England and Ireland, where the Gulf stream washes the
shores. The influence of the Gulf stream is to raise the temperature
of the water.

The winter temperature of these regions is a little higher, by
reason of their proximity to the Gulf stream ; the summer tem-
perature being somewhat lower than that of other places having the
same latitude. Fogs moderate the solar heat during the day, but
also lessen the loss by radiation at night. The annual rainfall is
quite high, or, more correctly, the number of rainy days is large, the
quantity of rain, however, being no greater than that which falls at
points considered much dryer, as San Remo, for example. The mean
annual temperature is 48° to 50°; in winter it does not, in protected
spots, descend below 42° or 47°, and even in exposed places it does
not fall below 40° or 42° . The prevailing winds are from the
south or southwest, yet the local conditions in the different places
are very variable. Probably the best spots for a winter’s sojourn
are to be found on the southwestern shore, where the temperature of
the ocean is several degrees higher than at the northeast coast. The
warmer places are in Devonshire and Cornwall. The hygienic and
dietetic conditions of the English resorts are excellent.

As the winter resorts are very numerous, we shall only mention
the most noted :

Penzance, on the Cornwall coast, has a gentle climate, which,
however, is quite cold in winter and not uniform. The Secilly
Islands are similar in climate, but the winters are less cold.

Torquay, in Devonshire, is a delightful spot and well protected.
Its influence upon the sick is distinctly sedative; sometimes too
pronouncedly so for tuberculous patients.
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Teigurmouth, Salcombe, Dawlish, Budleigh-Salterton, Exmouth,
and Sydmouth need only be mentioned,

Bournemouth, in Dorsetshire, contains one of the most important
sanitariums of England ; but the air here is lacking in all the proper
marine gualities,  Pine forests abound as in Arcachon, and conveni-
ences are ample.

Undercliff, Ventnor, and Bonchurch, on the Isle of Wight, are
very popular resorts. The best English sanitarium for phthisical
patients is at Ventnor. The soil here is porous, the air mild, and
the temperature equable.  On the north it is sheltered by the downs
of the island, but on the east it has no protection against the winds.
At the national hospital for tubereulous patients the results have
been quite favorable. _

St. Leonard and Hastings are cold and exposed to the east wind,
and are not suitable for phthisical persons.

Grrange, in Lancashire, has a milder climate.

Rothesay, on the Isle of Bute, Scotland, has a gentle and equable,
but very moist climate. The frequency of clouds and the absence of
sunlight give to it a depressing influence.

The chief Irish resorts are Glengariff, Queenstown, and Rostrevor.
The first has a very pleasant climate, and its environs are beautiful.
(Queenstown is quite similar, but less quiet,

The chief characteristic of these various resorts is a constant
rather than a warm elimate, a quality which adapts them particularly
well to the needs of tuberculous patients,

The best effects are, however, not obtained in cases of confirmed
phthisis, but in the cases termed scrofulous and in those in whom a
predisposition to phthisis exists,

Dry Maritime Climates. Warm maritime stations are very
numerons; the most important are those of the Mediterranean and of
the Riviera di Ponente: Hyéres, Costebello, Cannes, Antibes, Nice,
Villatranea, Beaulieu, Boceabruna, Bordighera, Mentone, San Remo,
Alassio; the stations on the Bay of Naples: Castellamara, Sorento,
Salerno, Amalfi, the Island of Capri, the Island of Ischia, Catania,
Syracuse, Malta, the Balearean Islands; and on the Spanish coast:
Valencia, Alicante, Malaga ; and in Egypt: Alexandria and Port Said.

Riviera. The stations of the Riviera are very similar in their
climate; they are scattered along a narrow strip of coast which is
open toward the sea, but bordered inland by a protective range of
mountains. The soil is ealeareous.
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The mean winter temperature is from 48° to 54°; the atmosphere
is tolerably dry, the humidity being 65 to 70 per cent.; the sky is
bright, sunshine abundant, cloudy days are few; and although there
are forty to fifty rainy days during the “ season” of six months, the
patients are able to be out of doors for several hours every day. The
land and sea breezes alternate with great regularity.

December and Januvary are very calm; the dry and cold mistral
does not begin to blow until April.

There are some inconveniences in the Riviera, mention of which
should not be omitted. The atmosphere is at times very dusty,
mosquitoes are annoyingly abundant, and the difference between the
temperature in the sun and in the shade is often so great that special
precautions must be taken to avoid chilling.

The climate in the Riviera is distinetly tonic and stimulant, and
has a salutary influence upon a great variety of diseases, among
which may be named general debility, serofula and anemia, diabetes,
gout, rheumatism, chronic catarrhal affections of the larynx, the
bronchi, the stomach and intestines, and non-irritable forms of
phthisis. Persons suffering from nervous excitability or circulatory
instability, or from florid forms of pulmonary phthisis should refrain
from going to the Riviera.

A few words may be said as to the most important stations in the
Riviera. Hyéres is situated four miles from the sea, and has a mean
annual temperature of 60°; that of winter is 48°.

The middle of the day is warm and best adapted for promenading ;
very cold days are rare; but winds are frequent, and among them is
the mistral, which has a baneful influence upon the patients. The
climate is less stimulant than that of Cannes or Nice,

The mean annual temperature at Cannes is 61°, that of winter 50°,
The mistral is not so frequent as at Hyeres ; the prevailing wind is
from the south. Temperature-changes are abrupt, the nights are
cool, the atmosphere dry.  Cannes possesses an admirable beach for
bathing, and the accommodations are excellent. It is the best and
most aristocratic of the Riviera resorts, but very expensive.

Antibes has a very mild climate and is pleasantly situated.

Nice is the oldest and most popular winter resort. It owes its
importance to its magnificent sitvation on the Bay of Anges, but
possesses the disadvantages of a city. Almost completely protected
against the north and east winds, it is freely exposed to the others,
notably the land and sea breezes. During the winter a strong wind,



62 PHYSICAL AND NATURAL THERAFPEUTICS.

unfavorable for phthisical patients, blows, it has been caleulated, for
thirty-three days, The mistral is not common,

The number of rainy days is smaller than at other points, although
rain falls sometimes in great abundance. Fogs are unknown at
Nice ; snow is very rare. During fifty to sixty days of the season
patients are kept indoors by rain or violent winds. The mean annual
temperature is 62°; the mean winter temperature 47°.  For the six
months of the season the mean temperatures are as follows : Novem-
ber, 53°; December, 48°; January, 47°; February, 49°; March,
52°; April, 58°,

Cannes and Nice fulfil practically the same indications. The sea-
son extends from November to April.

Monaco and Monte Carlo are well sitnated, and would be more
frequented if gambling were not favored there.

Mentone is the warmest resort on the littoral, having a mean
annual temperature of 63°, and a winter temperature of 49°,

The sky is clear and bright, except mornings and evenings, when
the air is often cold and damp. It is a quiet, rather sombre resort,
well suited for execitable phthisical patients and those subject to
hemoptysis. The conveniences are very good.

San Remo is charmingly situated and enjoys a delightful, salu-
brious climate. It is well protected, and is rarely visited by the dis-
agreeable east wind (vento greco).

The resorts of the Bay of Naples are very warm and stimulating.
They should be selected only for apathetic and lymphatie individuals.

Catane, near Mt. Etna, is a good winter resort. Malaga is stimu-
lating ; Valence is hot and humid, and deficient in proper accommo-
dations.

Sea-voyages. The study of maritime climates is best discnssed
by a consideration of the value of sea-voyages, which are coming
into favor as therapentic measures, particularly since their careful
investigation by Peter.

They are of most importance in their relation to the treatment of
phthisis. It is well known that this disease is less common in the
navy than in the army, a result clearly attributable to the more active
life of the sailor and to the purer atmosphere.

The atmosphere, it should be remembered, is not pure at a less
distance than 2000 vards from the shore. Sanitarinms which are
built near the sea are for this reason not so capable of producing
good effects as a sea-voyage.
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A long sea-voyage is generally prescribed, the favorite one for
Europeans being a trip from England or France to Australia.

A sailing-vessel is preferable to a steamship, for a number of
reasons. The passage is slower, the temperature-changes are more
gradual, the cabins more commodious, there is less dust, and one is
not annoyed by the constant working of machinery. The progress
of the vessel is slow and gentle, and engenders a restful feeling. If
the vessel doubles the Cape, so much the better. Its only disadvantage
is the dead calm which the ship meets at the equator, inasmuch as
this causes the atmosphere to become humid, heavy, and oppressive.
The duration of the voyage is from 70 to 90 days. It is customary
to sail in November or the beginning of December.

Such a voyage entails a complete revolution in habits ; it is a new
existence, deprived, it is true, of pleasures, but also free from care.
Sleep and appetite are improved, and everything is conducive to a
perfect repair of a constitution shattered by excesses or chronic
disease. In warm latitudes the patient can remain in the open air
for at least fifteen hours in the day—a most important feature, A
truly pure atmosphere can only be found in the middle of a desert,
on the summit of mountains, and on the open sea. The last has the
additional advantage that it offers a climate of remarkable uniformity.
The humidity may be a little unpleasant, but tends to diminish cough
and to calm the nervous system of excitable patients, and also favors
sleep. In short, the general action of sea-voyages may be said to be
tonic and sedative.

They are indicated in essential diseases of the nervous system, in
the convalescence from pneamonia and pleurisy, in serofula, in the
dry forms of asthma, in laryngitis, and in the slower types of pul-
monary phthisis. The contraindications are advanced age, marked
debility, rebellious forms of dyspepsia, disease accompanied by
delirium, and, finally, an excessive tendency to sea-sickness.

Phthisical patients who are frequently obliged to make several
voyages must, during the intervals, necessarily take great precau-
tions. Lindsley justly remarks that it is absurd to expect a cure
within a short time ; he points out, however, that restoration is not
rare, a fact which the interesting statistics of Williams go far to
establish,

Other voyages, besides the one mentioned, have been recommended.
If the one to the Cape is not taken, that to India is of use, but neces-
sitates a prolonged sojourn in tropical seas.
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Patients going to Australia often disembark at points not suited
to their disease, or reside in large cities, where they are tempted to
commit excesses.

Australia was at first vaunted as one of the best resorts for con-
sumptive patients, but in recent years it has been vehemently abused.
The truth, however, is that the climate is favorable to cases of tu-
berculosis if the place of residence is properly chosen. The month
of March is the most delightful season on the Australian Continent.

Land Climate. The land climate may be divided, as already
stated, into the mountain climate and that of the plain. The former
has acquired great remown in recent years with respect to the treat-
ment of pulmonary phthisis. Jaceoud is one of its most ardent
advocates in France.

MovxTaiy CriMATE. The characters of the climate of moun-
tainous regions vary, necessarily, with the altitude and latitude, with
the isothermal lines, and other elements; but there are certain
features which are common to all, and upon which, to a large
extent, the beneficial effects of the climate depend.

The temperature varies with the altitude, an elevation of 700
vards corresponding, in winter, to a fall of one degree.

The humidity presents no fixed character; generally it is quite
low and passes through regular changes, diminishing toward noon
and augmenting toward evening.

The quantity of rain usually increases with the altitude, but bears
no relation to the humidity in the mountains ; in winter it is gener-
ally replaced by snow.

Fogs forming in the valleys rise to the middle strata of the atmos-
phere, but are seldom seen at great heights. The atmosphere of high
altitudes is remarkably transparent.

A very important feature of mountain climate is the great intensity
of the direct solar heat. Thus Frankland records that he found the
temperature at Davos-Dirfli, at 2.50 p.ar., December 21, 1873, to
be 45°. At Greenwich, at 3 o’clock of the same day, a temperature
of 21.9° was observed. Notwithstanding this great solar heat the air
remains cool.

The light in the mountains is very intense and ozone is abundant.
Unfortunately, very little is known in regard to the electric condi-
tions of the atmosphere. Winds vary with different regions, but, as
a rule, are frequent and strong. They are more violent in summer
than in winter,
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The soil is generally rocky, and, therefore, dry.

The chief characters of the mountain elimate may be summed up
as follows : The low barometrie pressure, the intensity of the direct
heat without a corresponding warmth of the atmosphere, and the
consequent low temperature reigning in the shade and at night ; the
dryness of the atmosphere in spite of the abundance of rain or snow ;
the strength of the winds, the great purity and the richness in ozone
of the atmosphere, the splendor of the light, and the dryness of the
soil.

It is very evident that a climate possessing such qualities must
necessarily have a marked influence upon the system. The cutane-
ous circulation is stimulated both by the coolness of the atmosphere
and by the heat of the sun. The dryness and the frequent renewals
of the atmosphere favor cutaneous evaporation.

During the first few days succeeding the arrival in the mountains
the action of the heart is slightly accelerated ; but this disappears
and gives place to an increase in the cardiac energy. Respiration is
similarly modified, although observations on this point are contra-
dictory.

It is important to distinguish the early effects, those following the
ascent from those resulting from a prolonged stay at a high altitude,

There is, in the beginning of a residence at an altitude, a notable
increase in the functions of respiration, digestion, and nutrition, and
it is very natural that Marcet, Mermod, and others should have
found an augmentation in the excretion of carbon dioxide. But what
are the effects of a permanent sojourn? The general belief, based
upon the known facts of a rarefied atmosphere and a smaller pro-
portion of oxygen, has been that there is a depression of functional
activity ; a view that was strengthened by the studies of Lombard, of
Jourdanet, and of Bert. These writers held that at high altitudes
there was a tendency to the production of a relative asphyxia, a con-
dition for which Jourdanet proposed the term anoxhemia. These
views, however, are certainly theoretical.

In reality the air always contains more oxygen than is necessary,
and the equilibrium of the external and internal gaseous tension is
rapidly established at any altitude,

It should also not be forgotten that it is the processes of nutrition
which regulate the consumption of oxygen, and that altitude can
affect the latter only indirectly. The question can only be settled
by a comparison of the data of observation.

[
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We may refer here to the interesting studies of Veraguth upon
the physiological action of the climate of Upper Engadine. He
has found that the respirations are increased by two movements a
minute during the first week, but subsequently become again normal.
The relative volume of the expired air is at first augmented ; later it
diminishes, but yet remains slightly higher than on the plains, The
absolute volume, after a temporary increase during the first week,
falls below that noted on the plains.

The author applies the term relative air to the volume of air
respired and measured by the spirometer (that of Bellangé).

Veraguth also noted a constant increase in the quantity of carbonic
dioxide and watery vavor exhaled from the lungs. During the first
days of the sojourn he also observed a slight increase in diuresis,
which later gave way to a persistent diminution of the urine. The
urea was at first decreased, then slightly inecreased, and subsequently
again diminished. No changes were found in the excretion of uric
acid., The bodily temperature was not modified. The diminution
in weight which was observed in the patients disappeared on their
return to the plains,

One of the results of life in the mountains appears to be an
increase in the dimensions of the chest, amounting to one or one
and a balf’ centimetres in the circumference of the thorax. Weber
found it in young persons after a sojourn in the mountains of from
three to twelve months. It might seem justifiable in explanation of
this fact to invoke the effects of simple growth, but it is unquestion-
able that mountain-climatizing is capable, particularly in youthful
persons, of increasing the diameters of the chest ; and proof of this
is found in spirometric measurements.

As a general rule, the appetite is angmented, at least in the begin-
ning, up to the altitude of" 5000 feet, although there are patients in
whom it is decreased temporarily at a height of 2400 to 4000 feet.
When anorexia persists, it is an indication for a return to the plains.

On the whole, we may ascribe to mountain climate a favorable
influence upon nutrition and muscular energy, and upon neurasthenie
states, provided the sleep is sound.

Winter Resorrs. For practical purposes mountain resorts
may be divided into winter and summer stations, although a few
are suited for the transitional periods.

Among winter stations we again distinguish between those situated
at a moderate height and those of great altitudes.
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As regards the relative value of maritime and mountain resorts,
concerning which there is eonsiderable discussion, it may be said that
‘both act by offering the individual those surroundings which are
most favorable for the repair of the lesions caused by disease.
Although mountain climates are indicated by certain states and con-
traindicated by others, for the warfare against tuberculosis they are
of great value and importance.

The principal elevated stations are in the Engadine, among which
Davos is the most renowned. - It is situated in a wide valley, lying
from northeast to northwest, and occupies the lower part of the slope
of the mountain-range, Its altitude is 5100 feet, the mean baro-
metric pressure 630 millimetres. The mean annual temperature is
about 37°, but in summer the thermometer rises to 76°, in winter it
falls to 14° . below zero. The differences between the diurnal and
nocturnal temperatures are equally great; often also those between
two successive days.

The temperature during the months of the season is nearly always
several degrees below zero, with a mean for January of 20° below
But these rigures do not indicate the real temperature to which the
patients are exposed, for the direct heat of the sun is very great.

The air is quite humid, more so in the winter than in summer.
According to Steffen, there are only 4.8 grammes of watery vapor in
every cubic metre of air, so that the inspired air raised in the lung
to a temperature of 100° can take up an additional quantity of
38.7 grammes of water, since air at 100° holds, when saturated, 43.5
grammes of vapor.

There are at Davos many snowy days, and the snow covers the
eround constantly from the middle of November until the middle of
March. The winds are less violent in winter than in summer. The
atmesphere is clear and transparent, and its comparative calmness
diminishes the effects of the cold.

[ Patients should leave Davos early in April, before the snow
melts, and return late in May or June.—Eb. ]

The winter season, which is the best, begins in November ; the
summer season in June. The patients are subjected to a dietetic
regimen and to hygienic practices, such as ablutions, or even to hydro-
therapy.

At Davos-Dorfli the conditions are practically the same as at
Davos, except that there the sun shines about an hour longer.

Davos-Frauenkirch and Wiesen are situated somewhat lower.
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The latter is not far from Davos, and is located on a picturesque de-
elivity overhanging the gorge of the Landwasser, eighty feet lower
than Davos. [In cases where the patient ought not to go directly to
as great an altitude as Davos, he may stop at Seewis (3000 feet), or
at Ragatz (1700 feet).—ED. ]

The climate of Wiesen is milder, the winter a little shorter, but
the spot is less well-protected, and, though simpler, has almost too
much solitude.

In the Upper Engadine, the highest valley in Europe inhabited
throughout the year, we find Saint Moritz, 6090 feet ; Maloja, 6000
feet ; Pontresina, 5915 feet; Maria Sils, 5700 feet ; and Samaden,
5670 feet,

The winter sanitoria are Saint Moritz and Maloja. [This is a mis-
Ep.] The valley of the
Upper Engadine is not so favorably situated as that of Davos. It
is colder, and is better adapted as a summer resort.

The four Alpine stations which have been mentioned, Davos,
Wiesen, Saint Moritz, and Maloja, have practically the same tonie
qualities, but differ sufficiently in their stimulatiug properties to
make a choice for different types of disease proper.

Wiesen is least, Saint Moritz and la Maloja more stimulant, and
Davos is intermediate.

A new sanitarium has lately been constructed at Leysin (4757
feet) in the Canton of Vaud.

[AIl alpine winter resorts subject the patient to great cold, but
this is verv well borne in most cases, many patients sleeping and
walking in freezing temperatures,—Ep.]

Santa-IFe-de-Bogota, in Colombia, is the best known of the resorts
of the Andes Mountains. Although on a latitnde of 4° 30" north,
its elevation, 4800 feet, tempers the heat of the tropical climate.

The mean annual temperature is 58°; the seasonal changes are
extremely slight ; a perpetual spring reigns, which makes Bogota a
most delightful resort, with a vegetation of the rarest beauty. The
therapentic results obtained there have been excellent,

Quito, Arequipa, Jauja, and Huaneajo are equally good resorts.

The Asiatic and African stations are interesting from a scientific
standpoint, but have as yet not acquired any practical importance,
[Very favorable results in cases of phthisis have followed residence
in Kimberly, Cape Colony, the Orange Free State, and the Trans-
vaal, where altitudes of about 4500 feet ave readily found. The

take, Maloja is now only open in summer.
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capital of the Free State Bloemfoulein is warm, with some cold
winter nights, according to Williams. The average minimum tem-
perature is 55° F., and the maximum 82° F. The rainy days are
seventy. This country is accessible by comfortable steamers and by
railroads.—Ep.] The Himalayas present from their base to their
inaccessible summits every variety of climate. [As a rule, the Hima-
layan climate is stimulating but hot, and it possesses too great a rain-
fall to be useful in the treatment of phthisis.—Ep.] Darjeeling (8000
feet), in Western Bengal, has some reputation. Connor (5000 feet),
not far from Madras, is also quite popular.

At moderately elevated stations patients can have the opportunity
of preparing themselves for higher altitudes ; sometimes, also, these
resorts are frequented during the intermediate seasons.

The French stations of this class are also known for their thermal
springs, and provide a double means of treatment. Among the
more important, Le Vernet, Amelie-les-Bains, and Gréoulx may be
cited.

Vernet, in the Eastern Pyrenees, has an altitude of 1500 feet, and
a mean temperature for the last three months of the year of 53°,
The elimate is calmative, but inconstant.

Amelie-les-Bains, also in the Eastern Pyrenees, is the southernmost
French resort. The climate has a sedative influence, and is suitable
for autumn and winter. The mean temperature is 49° ; the altitude
700 feet.

Greonlx (Basses-Alps) is a station frequented in antumn ; it has
an altitude of 850 feet and a mild and equable climate,

Grasse, another French resort (Alps-Maritime), has an altitude of
850 feet. It is a winter resort.

There are a number of resorts in Switzerland, chiefly on the
borders of Lake Geneva.

Vevey is very agreeable during autumn ; patients can take the
“grape-cure” there. It has an altitude of 1000 feet and a mean
annual temperature of about 50° F.

Montreux has a climate that is even milder. It is customary to
take the grape-cure in antumn, and it is a pleasant place in which to
pass the winter and spring.

The patients generally are domiciled in the little hamlets that dot
the country between Vevey and Villeneuve, such as Clarens and
Vernet, the altitudes of which vary from 925 feet to 1200 feet, and
the mean annual temperature 50° F.
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The climate of this region is both sedative and invigorating.
Other Swiss resorts of this type are Aigle, Bex, Sion, and Lugano.

Meran, the elevation of which is 1000 feet, is situated on the
banks of the Adige, on the southern slope of the Tyrolese Alps.
Its mean annual temperature is 50°, It is a station for the grape-
cure, and is frequented both in autumn and winter, particularly dur-
ing the winter. It is important not to arrive before the drying of
the swamps and marshes. Botzen and Gries, somewhat lower than
Meran, serve to contain the overflow of visitors from the latter
place.

The winter resorts are sought especially by consumptive patients ;
but it is evident, when we consider the number of qualifications
possessed by them, that these stations may in summer be beneficial
to other diseases than phthisis. This is notably true of Saint Moritz.

SuMMER REsSorTs.  Among summer resorts there are a number
which are suitable for the entire year, others exclusively for the.
summer season. Several possess mineral springs, which are made
to play a »dle in the treatment.

The most important of these for consumptives is Gorbersdorf, in
Silesia, where Brehmer more than twenty years ago founded the first
mountain sanitarium. Its altitude is 1400 feet. The patients are
subjected to a complex “cure,” into which the use of air, hydro-
therapy, and special treatment enter.

The season at Gorbersdorf includes the spring, summer, and
antumn, The treatment produces effects that differ from those ob-
tained at higher levels ; it fulfils special indications, and is particu-
larly useful for those who eannot endure high altitudes,

It is =aid that Dr. Ungern, who was afflicted with phthisis, visited
Gorbersdorf, but, on obtaining no relief, went to Davos, where he
recovered completely. The reputation of the latter resort dates from
that time.

Falkenstein on the slope of the Taunus, near the stations of Soden
and Kronberg, is a late rival of Girbersdorf. Tt has a sanitarium,
established by Dr. Dettweiler, where the open-air treatment prevails.
Iis altitude is 1150 feet. The French sanitarium of Canigou has
been modelled after the type of that of Falkenstein,

There are many other summer resorts, but they are not frequented
by consumptives. We may name Mornex, Monnetier, St. Gervais, a
short distance from Chamounix—Chamounix near the base of Mount
Blane—Weisenberg, Lenk, Heustrich, and others. Or, again, we
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may mention St. Beatenberg, which overlooks the lake of Thiin,
Sonnenberg, Engelberg, and A xenstein.

The influence of all these resorts upon the organism is rather
more sedative than tonic. They may be recommended to patients
who wish to prepare themselves for the higher altitudes.

Other summer stations besides those in Switzerland exist in the
French, the Bavarian, and Tyrolese Alps, and the Pyrenees, in the
A pennines, and on the Carpathian Mountains. Among these, Panti-
cosa (5000 feet), on the Spanish side of the Pyrenees, is much fre-
quented by phthisical patients,

Indications for Mountfain Climale. As a general rule, high alti-
tudes are adapted only for the treatment of disease in quite young
and vigorous persons, or, at least, in those possessing a certain degree
of resistance. The pathological states that are amenable to it are
numerous ; the most frequent are ansmia, chlorosis, chronic pharyn-
oeal and bronchial catarrh, paludal anemia, abdominal plethora with
tendency to hemorrhoids, hypochrondriasis, rebellious neuralgia,
light forms of hysteria, nervous polyuria, nervous asthma without
emphysema or cardiac lesion, imperfect development of the thorax,
predisposition to or established phthisis, dyspepsia, and retarded
development in children.

Heart-affections, arterial atheroma, chronie bronehitis with dilata-
tion and emphysema, epilepsy, acute articular rhenmatism, constitu-
tional debility, and the extremes of age are contraindications.

The resorts with a moderate elevation are often beneficial when
the higher altitudes prove harmful. Thus, in simple cardiac weak-
ness or in aneurism of the aorta the patients do well at altitudes
from 1000 to 1400 feet,

Undoubtedly the most important therapeutic use of mountain
climate is in connection with the treatment of pulmonary phthisis,
It seems to have had its birth in Peru, where, according to Smith,
it has been a long-established eustom to transport the consumptives
to the peaks of the Andes Mountains. In Europe the treatment
was inaungurated by Brehmer, at Girbersdorf, about thirty years
ago. In the present epoch the higher altitudes are most in favor,
and are resorted to especially in winter. This modification of the
original plan was brought about by the writings of Kiichenmeister
and Thomas, who have also pointed out very clearly in what forms
of phthisis the climatic treatment is applicable—namely, in the slow,
torpid types, affecting moderately robust persons,



12 PHYSICAL AND NATURAL THERAPEUTICS.

To particularize, we may name the following pathological states as
those in which the treatment may prove of service: predisposition
to phthisis, chronic apical pneumonia, tuberculous infiltration of one
apex, chronie bronehitis without emphysema, pleuritic exudates, non-
purulent in character ; multiple but limited caseous foei, small cavi-
ties that are stationary, chronic hoarseness without much cough,
profuse night-sweats, depending upon one of the preceding condi-
tions or upon a feeble state of skin. Erethismic forms of phthisis,
acute febrile states, pronounced hereditary tendeney, interstitial and
laryngeal tubercunlosis, and that variety consecutive to diabetes are
contraindications to the climatic treatment.

The results so far achieved are quite encouraging. Among a total
of 75 patients, spending altogether 1875 months in the mountains,
Weber found that 18 had permanently recovered, 28 were im-
proved, in 14 the success was doubtful, in 15 the disease continued
to progress.

[In his recent monograph on “Aérotherapy,” Williams, of London,
gives the results reached in 246 patients suffering from phthisis who
were sent to high altitudes. A cure was effected in 101, or 40.89 per
cent.; great improvement in 73, or 29.55 per cent.; some improve-
ment in 32, or 12,95 per cent. Five remained stationary, and 36
became worse.—1D. ]

The general dirvection which the treatment is to assume cannot be
precisely stated. It depends upon the constitution of the patient, his
resistance, and capacity for reaction.

In many instances it is difficult to decide positively upon the value
of the treatment, since it is applied to patients under the most favor-
able conditions under which equally good results are obtained by

other methaods.

Debilitated persons should spend the summer at a moderate
altitude, preferably where there is a forest, and the winter in a
temperate or warm climate.

Climate of the Plains. The climate of the plains in our studies
here comprizes only winter resorts. It is either dry or moist, hot
or cold. :

Dry axp Hor CrimaTe. The African desert represents the
type of a dry and hot climate. The heat of the air is intense, the
atmosphere is dry, but at night the temperature falls to a low point.
The sky is serene, rain is a rarity, and dew is abundant.

Weber reports a number of instances in which phthisical patients
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did very well while living almost in the open desert and nourishing
themselves exclusively on the products of the chase. When the
disease is advanced it is wise to avoid such severe exercise, and it
is customary in practice to recommend Cairo, Upper Egypt, or a
voyage on the Nile.

Cairo may be taken as the type of hot and dry stations. Its mean
annnal temperature is 71°; in the six months from October to
March it is 64°. The nights are cool.

Notwithstanding the dryness of the climate the atmosphere con-
tains a large amount of watery vapor (absolute humidity), which
is exactly the reverse of what obtains in the mountain climate,

The season extends from the middle of November to the middle
of March. In April the patients begin to be annoyed by the desert
wind, which is diffienlt to support and dangerous to health.

The climate of Cairo is both tonic and stimulant, particularly to
the newcomer, in whom it frequently produces a state of nervous
excitement. These effects, which are generally aseribed to the per-
pendicularity of the solar rays and to the excessive dryness of the
atmosphere, pass off' after a certain time. In such a climate the
clothing, the food, the habits of life, as a whole, should be objects
of special study and attention.

Cairo is of value only in the early stages of phthisis, but to what
extent it is beneficial has not been definitely determined.

Good results have been obtained in chronie bronchial catarrh with
emphysema, in chronic rhenmatism, in gout and diabetes, in chronie
nephritis, in heart-disease complicated with chronie catarrhal affec-
tions, in certain forms of dyspepsia, in rebellions neuralgias, and in
the exhaustion from overwork.

The dry and cold climates are so rarely employed in the treatment
of disease that their considerations may be omitted.

WarM aAxDp Moist Starrons. Pau, Dax, Pisa, and Rome are
the principal resorts having a moist, warm climate.

Pau (Basses-Pyrenees) is one of the most popular of these resorts,
I'ts mean annual temperature is 56°; from November to April, 44°
to 46°.

The air is, as a rule, tranquil, but at times very strong winds
prevail ; rain is abundant, and falls for at least eighty to one hun-
dred days between November and April. The sky is generally
cloudy ; dust is rare.

The climate is sedative without being depressant, and is chiefly of
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value in conditions of excitement, in cases where a predisposition to
nervous affections exists, and in irritable states of the mucous mem-
brane of the air-passages associated with dry cough.

The gouty and rheumatic also do well at Pau, but those disposed
to cerebral or pulmonary congestions, or to hemorrhoidal fluxes,
should avoid it.

Dax (Landes) is frequented on account of its hot springs (85° to
142° F.). The atmosphere is moist and moderately warm.

Pisa, in Tuscany, has been renowned from ancient times, Its
mean annual temperature is 60°, or nearly that of Rome; from
November until March the mean temperature is 47°. The diurnal
variations are moderate ; the precipitation is abundant, especially in
autumn. The season extends from November to spring.

Rome is a mediocre station, offering more attractions to the tourist
and the artist than to the sick. The three months of spring, besides
Oectober and November, are the best months in which to dwell at
Rome. Phtliisical patients and those with neuropathic traits malke
up the largest portion of the elientéle of Rome.

AMERICAN CLIMATIC TREATMENT.

The fundamental facts governing the effects of climate upon human
beings having been considered in the opening remarks upon European
resorts, it only remains for us to discuss -the individual regions in
America which are or may be employed for the treatment of disease.

These regions may be divided into the high altitudes, the medium
altitudes, and the low altitudes, the type of the first being found in
Colorado, of the second class in North Carolina and in New York,
and of the third in Georgia and sonthern California.

The Colorado climate without doubt offers the best results for the
majority of cases of phthisis, but it is always to be remembered that
in the employment of climate for the cure of disease selection for
the needs of the individual case is as important as is the selection of
a drug in each case where medicinal measures are used. No more
vital mistake can be made by the physician than to suppose that
every case of consumption will be benefited by a visit to Colorado,
and an error of almost equal gravity is the belief that a visit to this
or any other region is all that is necessary for a cure, temporary or
permanent. Recoveries often occur, it is true, but it is also a fact
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that fatal relapses are prone to take place if the patient undertakes
to return to his former residence. There are, of course, exceptions to
this statement ; but nevertheless he who goes to a climatic resort for
relief of some constitutional disease should go rather with the idea
of a permanent residence than a temporary visit.

The advantages of Colorado as a health resort for consumptives
in particular vest upon identical conditions with those found in
Europe in places of similar altitude; and care should be taken that
only those places in Colorado which are to some extent protected from
high winds and which have a low percentage of humidity are chosen,
although the relative humidity of the whole State is about 46 to 58
per cent. in comparison with the Atlantic and Pacific Coasts, where
it is as high as 75 to 78 per cent. Rain falls in Colorado on about
eighty-five days in the year, but often for only a small fraction of
these days, and the average amount varies from 8 to 22 inches ; the
fall at Colorado Springs, which may be taken as the central health-
point of this State, being about 15 inches. To those unacquainted
with the average rainfall of other parts of the world, this may not
seem a small amount, but when we consider that the average in New
York City is 45 inches and in Philadelphia 41 inches, and is esti-
mated at 36 inches for the world in general, the Colorado area is
very low. The rainiest place on earth is supposed to be Assam, Asia,
610 to 905 inches yearly. During the months from October to April
rain very rarely falls, and in the summer months generally falls
during thunder-storms, and the number of cloudy days is therefore
very few, which is, of course, a very desirable feature of the climate,
since it enables the patient to be almost constantly exposed to fresh
air and sunshine, Indeed, it is worthy of note that Colorado offers
a greater number of hours of sunshine than can be found at any
European resort, and the power of the sun is so great that invalids
sit on piazzas in winter with comfort. Thus, Solly states that the
temperature in the shade may be 30° and in the sun 92° in the morn-
ing, or 40° in the shade and 100° in the sun in the afternoon.

From what has already been said in earlier pages of this volume,
atmospheric temperature is a comparatively unimportant factor in
the treatment of phthisis. In most places in Colorado the changes
between night and morning in temperature are very marked, as is
always the case where a mountainous region is far removed from
those influences which modify tendencies to sudden changes, as, for
example, the presence of large bodies of water. The mean temper-



76 PHYSICAL AND NATURAL THERAPEUTICS.

ature of Denver or Colorado Springs in no way represents, therefore,
the extremes to which the individual may be exposed. Thus, in
Denver, the mean temperature for the yearis 50°, while the extremes
have reached 25° below zero on the one hand and 101° on the other.

The mean temperature by months varies from 27° in January to
7272 in July, 80° in August, and 40.5° in December ; winter scarcely
begins until January and lasts till toward the end of Mareh ; but
high winds prevail the greater part of the year, so that only about
30 or 40 days are still.

The altitudes of the various points in Colorado which may be or
are commonly resorted to are of course very different. Denver, be-
cause of its smoke from the furnaces, is hardly the place to direct the
invalid for a prolonged stay ; although the patient had better in every
case go to Denver or Colorado Springs when he first reaches Colo-
rado, in order to consult some one of the eminent physicians of these
places as to the best particular spot where he should locate, and in
order that he may from time to time get further advice as to medic-
inal treatment and prognosis. It is to be remembered that these
towns are not in a mountain region, but in a great prairie land, The
altitude of Denver is 5000 feet, while that of Colorado Springs is
6022, the latter point being 62 miles nearer Pike’s Peak and 75
miles south of Denver,

It is not necessary in this place to discuss other and less well-known
but equally valuable resorts in Colorado, such as Maniton Springs
(6500 feet), Idaho Springs (7800 feet), or Boulder (5409 feet), or
any of the resorts in the Platte or Bear Creek canons, at from 6000
to 8000 feet, since the local physicians are the best judges of the indi-
vidual spots to be chosen. It is necessary, however, to warn
physicians not to send patients to Colorado who are too far advanced
to hope for relief, or who have no means to support themselves with-
out work, since the ingress of many hundred persons so placed as to
be reliant on their own efforts has cheapened all forms of hand labor
and mental work very greatly,

I'n addition to the great disease for the relief of which the climate
of Colorado does so much, there is very positive proof of its value
in other states, both pulmonary and cardiac. Denison and Solly
have shown that a large percentage of persons suffering from asthma
are benefited, provided the asthma is not associated with emphysema.,
The latter condition, if’ present, always makes the patient worse, and
=0 increases the distress as to make it dangerous to send the emphy-



CLIMATE. 77

sematous to this region. Similarly, cases of asthma who have dilated
or incompetent hearts should not be sent to Colorado, as a rule. The
presence of bronchitis, acute or chronic, with or without bron-
chiectasis, is also a contraindieation to Colorado climate. In conva-
lescence from pneumonia or pleurisy the question as to the value of
Colorado climate must rest on the vigor of the patient. If he be relaxed
and feeble, a more moderate climate should be chosen ; but if, on the
other hand, he is fairly vigorous, the increased pulmonary exercise is
often of extraordinary value. The influence of a climate such as is
found in Colorado upon the cireulatory apparatus is very great. At
first it causes an increased rapidity of the heart-beats, which may
continue in those who have cardiac disease, and with whom the
climate does not agree. In the healthy, on the other hand, the nor-
mal pulse-rate is very soon restored. In all cases which remain for
any length of time in the climate of Colorado, and with whom it
agrees, there is often for a short space of time an apparent increase
in the eardiac power. For this reason execellent results often ensue
in young persons who have slight cardiac dilatation, but rarely are
reached by older or feeble persons with similar conditions. Care
should always be exercised in these cases that the patient does not go
to too great an altitude at first, and that exercise should be very gentle
in form for some time, lest the dilatation be inereased before benefit
can be produced. As arule, however, lower altitudes than those ot
Colorado should be chosen for all such patients suffering from either
cardiac or vascular lesions.

In cases of nearasthenia, needing bracing air and out-door life, the
climate of Colorado is very useful, provided that there is not asso-
ciated with the neurasthenia disorder of the cireulation of a marked
type. Should there be great nervous excitability the patient should
not be sent to Colorado.

Similarly, it may be considered as a rule that in eases of renal dis-
ease a lower or more moist and equable climate is to be sought than
one such as is typified by Colorado, since the sudden changes of tem-
perature found in nearly all high-mountain resorts is of great disadvan-
tage through its effects on the skin and kidneys. Again, persons
suffering from catarrh of the stomach and bowels should avoid
Colorado as a rule, and if hepatic trouble is present seek a lower,
and, if possible, equally dry climate, though, in a certain proportion
of cases, residence in these higher altitudes produces good effects if
the greatest caution is exercised to avoid sudden chilling of the sur-
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face by the use of woollen clothing and by remaining housed at early
morning and evening. It is a curious fact, too, that if a tendency
to attacks of diarrheea originate at a low level, a visit to an altitude
will often be productive of good result, and it is equally curious
that the reverse holds trne. In any event, for cases of diarrheea or
catarrh, that locality which has a dry soil and atmosphere is most
essential,

Passing from a consideration of the effects of high climatic treat-
ment in America, we come to those places having a moderate eleva-
tion, represented best by the Adirondacks, in the State of New York,
and by Asheville, in North Carolina. The general altitude of the
former is 1500 to 3000 feet, and of the latter 2200 feet. In the
Adirondacks there is a relatively high humidity, but a great purity
in the air, which is also very still as compared to the aérial conditions
in Colorado. Further than this, the irregular configuration of the
land, its heavy growth of timber, and its great number of lakes render
sudden changes in temperature and high winds comparatively infre-
quent. The extremes between summer and winter temperatures are,
however, very great, as are also those between morning and evening ;
but even in winter the heat of the sun is sufficient to make exposure
to the open air comfortable.

At Asheville and its neighboring country, a region which we shall
take as the type of an area having a medium elevation among
American health resorts, the humidity is about 64 per cent. higher
than in Colorado, and less than on the coast, which is an advantage
to some cases of phthisis or irritative bronehitis, in which the dry
air of Colorado often acts as an irritant.

A further advantage of Asheville is to be found in the influence
which it exerts upon the circulation, which is important in many
cases of phthisis, since slight cardiac dilatation and marked cardiac
feebleness is a very frequent complication of this disease, preventing
residence in high altitudes, or, when residence is possible, forbidding
the exercise so essential to all cases of this character. In those cases
having much shortness of breath and cardiac palpitation, an altitude
which is equivalent to that of the Adirondacks or Asheville is always
to be preferred, and the higher resorts only visited, if at all, after
marked improvement has taken place in the cardiae, if not in the
pulmonary condition. A further advantage in these moderate alti-
tudes is that the change on returning home is not so marked as on a
return from Colorado. On the other hand, it has been the writer’s ex-
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perience that persons contracting phthisis at places in the West having
an altitude equal to Asheville, as, for example, many places in the Da-
kotas, do better in Colorado, since the change in altitude in such a case
is equivalent to the change made by the patient going from Phila-
delphia to Asheville. The facts as to the advantage of clear days in
Asheville, taken from the United States Weather Reports, show that
since 1888 there have been 25 clear days out of every 30. The
temperature of Asheville varies from 16°, as the coldest recorded in
winter, to 59.30° as the warmest in that season of the year, and in
summer from 30° to 88° but the mean minimum for winter is
44.95° and the maximum 56.54°, while in summer it is 55° and 56°
and 76.76°. It will be seen, therefore, that this region has the ad-
vantage of comparatively slight changes in the seasons and in diurnal
temperatures, and that it oceupies the position of being a moderate
climate capable of doing great good, as experience has proved in
many cases, and as theory would indicate, and with distinet indica-
tions for its use based upon the rules already laid down for the choice
of climate and for individual cases in particular.

There still remain to be mentioned as types of low-level resorts,
Thomasville, Georgia (330 feet), Lakewood, New Jersey, and San
Diego, Lios Angeles, and Pasadena, California, and parts adjacent.

Thomasville and Lakewood gain their advantages through their
dry, sandy seil and clear air, and are very useful in cases suffering
from irritation of the respiratory mucous membrane,

The climate of San Diego is dry and warm, equable and soothing.
Its warmth depends upon its southern latitude and its equability
upon its protection by mountain ranges and the nearness of the
Pacifie Ocean, which, through its black Japan current, tends to
prevent excesses of cold in winter and heat in summer. Thus
in winter the mean temperature varies from 60° to 70°; the mini-
mum temperature for December, January, and February being 54°,
and for June, July, and Aungust, 68°. The rainy days in the year
are about 20 to 30, and the relative humidity about the same as
Asheville, namely, from 60° to 75°. The character of the climate,
while not stimulating, is nevertheless most useful for the feeble, and
allows of residence without the necessity of travelling to avoid the
heats of summer and cold of winter, It also allows of unlimited
outdoor life and affords a generous diet, while good hotels and medi-
cal care are also to be found.






PART 111,

THERMIC AGENTS.

THERMIC agents may be defined as those which are measured by
degrees of temperature. When they are brought in contact with
other bodies a tendency toward the establishment of a temperature-
equilibrium is developed, and the laws which govern this process
are the same for animate and inanimate bodies. Animate objects,
however, differ in these important respects that, on the one hand,
they maintain life only within certain limits of temperature, and,
on the other hand, that they possess the power of combating the
causes which tend to disturb their normal conditions of body-heat.

All organized struetures are destroyed by extremes of tempera-
ture; but when properly employed both heat and cold become valu-
able therapeutic agents.

At present only those comparatively moderate thermic variations
which are brought into play in the practice of balneotherapy and
hydrotherapy will be considered.

The human body, on account of its constant temperature and
unprotected skin, is very sensitive to thermic agents, even if the
temperature approaches that of the part to which they are applied ;
and for this reason general applications produce very marked effects,
which are of a stimulating character. The law which regulates this
stimulation is that the stimulation or physiological reaction is in
direct proportion to the strength of the stimulus or the abruptness
of its application. Thus, if we expose a motor nerve and heat or
cool it gradually, no reaction—i. e., muscular contraction—is pro-
duced, even if the application be continued to complete disorganiza-
tion of the nerve. But if, on the other hand, a breath of cold or
hot air is suddenly directed against a motor nerve, it will be stimu-
lated and a muscular contraction will follow.

The procedures of balneotherapy and hydrotherapy belong to the
class of external stimuli which execite local and remote reflex effects

G
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through the mediation of the nervous system. The changes pro-
duced are principally vasomotor in character, and manifest them-
selves locally and at a distanee by alterations in the distribution of
the blood and in the local cireulation, in blood-pressure, in the phe-
nomena of endosmosis and exosmosis, and in the secretory functions,
chiefly of the skin and kidneys. An influence may also be exerted
upon the respiratory centres, upon the pneumogastric nerves, and
upon the body-temperature ; whereas, if purely mechanical stimuli
are employed, the temperature-variations are nearly always localized
and depend exclusively upon modifications in the distribution of the
blood.

These powers enable thermic stimuli to exercise a very strong
influence upon the nerve-centres, which respond with various phe-
nomena ; some of which arve readily investigated in the laboratory,
while others elude the scientist and are recognizable only by the
clinician at the bedside. The clinical results obtained by the use of
thermic agents are of great practical importance, and they consist
in an exaltation or depression of nervous energy, so that we speak
of the effects as stimulant or fondie, or as depressant or sedative,

Thermic agents employed in the treatment of disease also possess
the peculiarity that, while stimulating the cutaneous nerves, they at
the same time convey to or abstract from the economy a certain
amount of heat, a feature which separates them sharply from all
other modes of peripheral excitation.

Since thermic agents are represented chiefly by air and water, it
is important to remember that the former has a very much smaller
absorbing power and eapacity for heat than the latter. For this
rezson we are better able to endure variations in the temperature of
the air than of water.

The naked body can remain indefinitely in an atmosphere of
90° F., while a bath in the same temperature produces a sense of
cold or even a chill. In order that the conditions be equivalent the
bath must have a temperature of 104° to 112° F. Conversely, a
bath at 115° F. is hotter and of greater influence than an atmos-
phere of the same temperature; and it is upon these facts that we
base our judgment as to the temperature of thermie applications in
disease.

Passing on from these theoretical conclusions to their practical
application, we find that as the mean peripheral temperature of man
is 98.5° F., the temperature of a temperate bath should be 100° F.
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Baths having a temperature of less than 90° F. are considered cold ;
the ordinary cold bath has a temperature of 75° F. (Liebermeister).
Hot baths have usually a temperature of from 112° to 120° F., the
last being rarely exceeded. Above 120° F. a bath becomes both
insupportable and dangerous.

In respect to the temperature of douches, it is important to distin-
guish between the projection of water in drops and the effect of
immersion proper, since, among other differences, the former affects
the body-temperature far less than the latter. The classification
varies with ditferent anthors, but we can well adopt that of Fleury,
slightly modified by Beni-Barde, who states that the wery cold
douche should be 52° to 60°; the cold, 60° to 70°; the cool, 70°
to 80°; the temperate, 80° to 90°; the hot, 90° to 100°; the very
hot, 100° to 120°.

Here, also, as in the case of the bath, a temperature of 125° is
seldom surpassed. It is evident, however, that the water may be
colder for the douche than for the bath. In the douche the mass
of water is far smaller than in the bath, and the effects of percussion
facilitate the reaction of the organism. The duration, moreover, is
always brief, and very brief if the water used is very cold. For
limited applications the temperature of the water may be very low ;
and even ice-water may be used.

Hot-air baths are divided into those in which the air is moist and
has a temperature varying from 115° to 145°, and those in which
the air is dry and the temperature 145° or less, though it may rise
to 200° or even higher.

A very important part of the application of thermic agents in
disease 18 the condition of the individual, which is necessarily quite
variable and must be carefully noted. KEwen in health we note ap-
preciable differences in reaction to thermiec stimuli, whether these be
hot or cold. The differences depend, in the main, upon the state of
the eireulation, the activity of the sweat-secretion, and the excitability
of the nervous system. Sometimes they are the consequences of
habits formed in childhood. In disease the variations are more
marked and the effects produced are intensified.

By combining different forms of application, as the alternate use
of hot and cold water, the addition of mechanical irritation, the de-
gree of stimulation and the intensity of the reaction may be varied
within wide limits. The employment of thermic agents in order to
secure the best results is an art which, though in a measure depend-
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ing upon a knowledge of certain scientific: facts, can, in the end, be
acquired only by practical experience.

In our description of the practical employment of thermic agents,
we shall begin by considering the effects of cold water. For con-
venience the subject may be divided into two parts—a general
description of the effects of cold applications and a description of
the special procedures.

The sensations which we perceive at the points touched are specific
and distinet from other modes of cutaneous sensation. Physiologists
have discovered that there are points on the surface where heat and cold,
but not pain, is felt. These are the thermic points of Blix and of
Goldscheider. The nerve apparatus of the thermic sense is double ;
i.¢., there are nerve-endings sensitive only to cold, others that respond
only to heat (frigorific and calorific points).

According to Herzen, the sensation of cold is, as are tactile im-
pressions, transmitted to the brain by the posterior columns of the
spinal cord, while heat-sensations, as well as those of pain, pass
upward by the anterior columns. These theories, however, still lack
positive proof, and all that is definitely known is the fact that the
human skin is very sensitive to temperature-variations, and that the
stimulation resulting from such variations is conducted to the central
nervous system.

Intense cold lowers the acuteness of eutaneous sensation, and may,
therefore, be employed for the production of local ansesthesia. Cold
applications of short duration, the water having a temperature of
from 50° to 80° I., exalt sensibility, a fact that may be demonstrated
by means of the msthesiometer. At the point of application the
skin becomes pale, on account of a vascular spasm, and presents the
phenomenon of * goose-flesh,” the latter resulting from a constriction
of the smooth musenlar fibres of the integument, These effects are
manifested with a rapidity and intensity proportionate to the strength
of the stimulus. At the periphery, below the point of application,
the arterioles are contracted, their calibre being reduced to one-half
or one-fourth the normal, or even entirely obliterated, a fact that
serves to explain the styptic action of cold,

Delmas and Winternitz have shown by the use of the sphygmo-
graph that under the influence of cold applications to the arm or
forearm the elevation to which the lever of the instrument rises
diminishes as the strength of the thermic stimulus increases. The
surface of the part touched becomes cold, since it strives to place
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itself in temperature-equilibrium with the water. As, however,
animal tissues are bad conductors of heat, and as the subjacent
muscles have a tendency to become hypersmie, the depression of
temperature remains localized, neither extending widely upon the
surface nor penetrating deeply into the tissues (Esmarch, Schlikoff,
Wertheim). Owing, however, to circulatory changes, the tempera-
ture falls in the distal regions—e. g., in the palm of the hand—when
ice is applied to the forearm, or under the tongue when cold applica-
tions are made to the back of the neck. At the same time, and for
similar reasons, the volume of the distal parts diminishes, as Francois
Frank and Winternitz have shown by the aid of volumnometers.
Above the point of application, on account of the obstruction offered
by the region subjected to cold, there is an increase in blood-pressure
and an augmentation of the activity of the collateral circulation.
As a result, a certain degree of collateral hypermmia is developed
which brings about a local rise of temperature. Such an elevation
is found to oceur in the axilla when cold is applied to the arm,
thongh there is synchronously a sinking of the temperature of the
palm.

We may conclude, then, that cold has the power of increasing the
vascular tone, either by an action on the muscular coat directly or by
stimulation of the peripheral ganglia.

A peculiar phenomenon, first deseribed by Edwards, and known
as crossed effect, is that when one’s hand is plunged into cold water
at 32° F. a thermometer held in the other hand will show a fall of
temperature.

Tholozan and Brown-Séquard have made a series of experiments
on this subject, using both hot and cold water. When applied to
one lower limb the cold water produced a fall, the warm a rise, in
the temperature of the other lower limb. In later studies Brown-
Séquard and Lombard, by means of the thermo-electric needle, were
able to observe similar effects after simple pricking of the skin; and
the experiments of Francois Frank and of Winternitz have proved
that when cold is applied to one hand the other suffers a diminution
in volume.

All these phenomena, the modifications in temperature and in
volume, are dependent upon variations in the distribution of the
blood.

All the known facts concerning these effects may be summed up
as follows :
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1. In the course of local applications parts not touched and not
homologous suffer a change in the condition of their circulation,
which is the reverse of that in the parts subjected to the application ;
there is, so to speak, a compensatory change.

2. Under the same conditions there is an antagonism between the
state of the peripheral and that of the central cireulation.

The effect is more intense the more extensive the application of .
cold. In the cold bath, and even during the cold douche, the periph-
eral vessels are energetically contracted. The vasomotor system,
reacting to the reflex stimulation, opposes a barrier to the abstraction
of heat by restraining the convevance of the blood to the surface. It
is at that moment that the skin grows pale and assumes the “goose-
flesh”” character. At the same time the internal organs become con-
gested from vaso-dilatation. This is not solely due to a compensatory
action, but, as we shall soon see, depends also, when the applications
are somewhat extensive, upon disturbances of thermogenesis, The
contraction of the cutaneous vessels under the application of cold
leads to an increase in the rapidity of the current and an elevation
of the pressure of the blood. This has been proved both by the
use of the sphygmograph by Delmas and Winternitz, and by the
apparatus of von Basch.

It is very probable that the blood-pressure rises very markedly
under the influence of cold applications, notwithstanding the com-
pensation due to central vaso-dilatation. Sinee the time of Howard
F. Johnson (1852) all advocates of hydrotherapy are in accord in
stating that cold applications modify the action of the heart (Fleury,
Bence Jones and Dickinson, Scharlan, Petri, Delmas, Winternitz,
and others), the changes being analogous to those produced by pain-
ful stimuli (Naumann, Rohrig, Frank), and the principal facts that
have been developed in this connection may be expressed as follows:

A localized peripheral irritation, mild in character, such as is
produced by the application of ice to the arm, is without influence
upon the heart.

A more energetie, but still limited, application may or may not
produce an effect.

When the application is general the contractions of the heart im-
mediately become precipitous and irregular. Slowing never oceurs
in the beginning. The large cold douche influences the heart more
energetically than any other procedure. During its continuance the
pulse becomes filiform and irregular; and at times there is in the
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beginning a transient tetanic state of the heart, which causes a
momentary disappearance of the pulse (Delmas). A somewhat
violent and prolonged douche may induce eollapse and synecope.

The rapidity of the heart increases pari passu with the elevation
of arterial pressure under cold applications, constituting an excep-
tion to Marey’s law, that the pulse becomes slowed in proportion as
the pressure rises.

Partial applications exert no influence upon respiration, but ex-
tended applications render the respirations irregular and jerky ; the
douche may in the beginning produce a sense of oppression and
anxiety.,

The temperature-changes are of considerable interest. In spite of
the physiological mechanism, the activity of which maintains the
bodily temperature, the thermie regulation of the human economy is
not perfect.

Every abstraction of heat, whether great or small, is followed by
a fall of the internal temperature, although this is not immediately
felt. During the action of the application the variations in tem-
perature depend, as has been stated above, upon the intensity and
extent of the applications. As we have seen, cold applications of
limited extent cool the part they touch and warm the neighboring
regions ; they may also have a crossed effect. Edwards held that
the fall of temperature in the opposite limb was due to a cooling of
the blood. This is not the case. It is best explained by a reflex
action, under the influence of which the afflux of blood to the part
diminishes,

In order to influence the central temperature Leube estimates that
a cold application must cover at least a third of the cutaneous sur-
face. A general application, even if brief in its duration, always
reduces the temperature. Occasionally, while the variations in the
temperature of the superficial and intermediate zone of the body are
quite marked, those in the central zone are very slight, particularly
in the healthy, non-febrile subject. During fever the central tem-
perature is more easily modified, since the thermic centres are then
comparatively weak and impressionable, The studies of Delmas,
Liebermeister, Winternitz, Aubert, and Couette enable us to formu-
late a general law, which may be stated as follows:

Under the application of cold to the general surface a tendency is
manifested, in spite of the physical withdrawal of heat, to an ele-
vation of temperature in the intermediate and, at times, in the cen-
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tral zone of the body. An immediate reduction of temperature is
rarely observed ; only exceptional eonditions of cooling by powerful
and rapid measures bring about this result.

The tendency of the body is to consume its heat by contracting
the peripheral capillaries and thereby preventing the blood from
leaving the central and warm portions of the body. In disease,
however, we may find it necessary to produce a prompt depression
of the temperature by causing dilatation of the peripheral vessels by
means of mechanical manceuvres, such as friction, which causes an
increase in the loss of heat through the skin through increased circu-
lation.

The course of the fall in temperature in the full bath is retarded
by corpulence and by voluntary movements (Senator, Liebermiester,
etc.), and for the reasons just given it sets in earlier if cutaneous
friction is practised (Winternitz).

The influence of cold applications on blood-flow, blood-pressure,
and the temperature may be summarized as follows :

Distsibation of Bleod Jl Contraction of the peripheral, dilatation of
the central vascular network.

Inereased by the general application of cold, de-
spite the compensatory vaso-dilatation.
State of the heart—Acceleration ; irregularity.

” Elevation of temperature in the intermediate zones.
Temperature < No change or a rise in central temperature.

Fall if application is prolonged or very intense.

It is now proper to take up the secondary phenomena produced by
the applications of thermic agents. In a general way it may be said
that all the phenomena that are primarily excited by cold applica-
tions are followed by others of an inverse type. When the appli-
cations are of moderate degree and short in duration, the secondary
changes manifest themselves only upon the cessation of the stimula-
tion. When the application is prolonged, some of these phenomena
supervene during its continuance and become accentuated after its
termination.

These secondary or post-operative effects constitute the real effects;
they are the therapeutic end which we desire and for which we strive.
They correspond to that which writers on hydrotherapy have desig-
nated as the hydrotherapeutic reaction. The significance of this term
is, however, not identical among authors. Fleury, one of the first to
call attention to it, designated by the term the return of the blood to

Blood-pressure {
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the periphery—i. e., the circulatory reaction. Beni-Barde applies
the word to the spontaneous or induced return of the heat to the
limbs ; with him it is the thermic reaction accompanying the return
of the blood. An analogous thought is expressed by Scheuer, who
considers as the reaction the establishment of a normal thermic
condition about the extremities of the nerves.

As the return of the peripheral warmth has not the same physio-
logical importance as the fluctuations of the central temperature,
other anthors, among them Aubert and Bottey, prefer to express by
the word “reaction” the general course of the central temperature.
Couette finally has considered the gquestion from another point of
view, and considers the reaction to be the struggle of the system
against the cold, expressing itself in an increased activity of nutri-
tion and eombustion.

Taking up now the secondary phenomena individually, we find
that after the local application has been terminated the constriction
of the vessels ceases and a dilatation takes its place. The contrac-
tion is brisk, but the relaxation is slow and gradual; the skin be-
comes red, the goose-flesh vanishes, the temperature rises progres-
sively. For a long time, however, a certain degree of stasis of the
blood, and probably of the lymph, remains.

Analogous changes take place in the deeper parts. If the appli-
cation of cold has been very intense, a loss of tonicity of the cuta-
neous and even the deeper vessels may result, and if the relaxation
1s prolonged so that permanent stasis is threatened we resort to
mechanical stimulation in the form of friction as one of the most
efficient means of favoring the return of the blood to the periphery.

When the douche is employed in place of the bath the secondary
changes in the blood-pressure and in the condition of the health are
somewhat different from those first described. Assoon as the patient
begins to dress the pulse diminishes in frequency, often sinking below
the initial number, while arterial tension remains elevated. Later,
however, the pressure falls likewise, but the slightest impression of
cold at this time is capable of again raising it. Gradually the pulse
gains its normal characters. The minima of pulse and tension, as
well as the maxima, generally correspond (Delmas). This indicates
that under the condition in question, contrary to what obtains ordi-
narily, there exists a sort of independence between the heart and the
vessels.

The modifications in the distribution of the blood at the periphery
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of the body are, as has been stated, accompanied by changes of a
reverse character in the deep circulation.

The preliminary central vaso-dilatation is replaced by a vaso-
constriction, which leads to anemia of the internal organs. Francois
Frank, in his recent studies on revulsives, has obtained from the be-
ginning a vaso-constriction of the deeper parts and a general vaso-
dilatation elsewhere.

Many theories have been advanced to explain the eardiac changes,
but none are satisfactory ; it is, therefore, not necessary to dwell upon
them,

The irregular respiratory movements previously referred to are
succeeded by deeper and less rapid movements during the existence
of the secondary effects. (Rohrig, L. Lehmann.)

The most important, however, of the secondary changes, are those
occurring in the body-temperature. They have been so thoronghly
studied that we can speak with considerable precision upon them.

After local applications the return of heat to the periphery takes
place slowly and gradually, pari-passu with the restoration of the
normal cirenlation. In the case of general applications, the changes
of the central temperature, which are the most important, follow a
variable course, according to circumstances,

The central temperature declines in the period during which the
blood is returning to the periphery and while the arterial tension is
falling ; afterward it rises to the normal in a gradual manner.

Tt is noteworthy that it is during the period of temperature-fall
that the patients experience the sensation of comfort which accom-
panies the hydrotherapeutic reaction, and which appears to be due to
the return of the blood and warmth to the periphery of the body.

The course of the changes following a cold application is affected
especially by repose, by exercise, and by mechanical stimuli.

Exercise hastens the oceurrence of the secondary phenomena ; it
causes a diminution in the pulse-rate, lowers the central temperature,
and at the same time raises arterial tension. Friction after the ap-
plication acts in the same manner. Exercise or friction before the
use of the douche exaggerates the intensity of the reaction.

For the thorough understanding of the uses of cold in treatment
it is necessary that the physician understand not only the effects pro-
duced on the nervous and eirculatory systems, but also those which
manifest themselves in the body-temperature, particularly in its re-
lation to tissue-waste.
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Many careful researches have been made as to these points after
two methods. In the one the loss of heat has been ascertained by
means of the calorimeter ; in the other, the so-called indirect method,
the products of eombustion are determined.

Calorimetric measurements are not altogether trustworthy. The
indirect method is also open to reproach, but is that adopted by the
best physiologists, who have attempted to solve the problem simply
by caleulating the respiratory combustion ; that is, determining the
amount of oxygen consumed and of earbon dioxide excreted. This
method, however, yields only a fraction of the total, but a fraction
which is very important and readily obtained under varying condi-
tions.

The fact has been determined by many investigations that in
warm-blooded animals cold increases the consumption of oxygen.

Among the most recent experiments, those made by Fredericq upon
himself are worthy of the greatest confidence, They were made by
means of an apparatus similar to that of Reynolds and Reisch, A
condition of cold was obtained simply by disrobing the body. A
number of e:-:]wrilm:-nta-; were made for the purpose of determining
the influence of various causes, especially the action of food. The
author constantly found an increase in the consumption of oxygen
corresponding to the intensity of cold, or, rather, to that of the sub-
Jective sensation of cold at the periphery of the body.

The action produced by cold during the course of digestion is
insignificant on account of the great production of heat by the
activity ot the glands. During fasting the production of heat is
insufficient, and if the individual remains at rest the internal tem-
perature falls.

Similar results were obtained by Frederieq in experiments upon
the rabbit. The projection of cold water against the body of the
animal led to an augmented consumption of oxygen and an increase
in the exeretion of carbon dioxide.

The conclusions of Fredericq have been confirmed by others. A.
Loewy and Zuntz have proved that the inerease in thermogenesiz
under the influence of cold does not, in man, rise in any constant
manner. In the human subject the skin appears to be the principal
and sometimes the only instrument of thermie regulation. Never-
theless the existence in man and warm-blooded animals of a regu-
lating apparatus which modifies thermogenesis and becomes active
under certain conditions is now generally accepted. The centres
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of this apparatus are situated in the spinal cord and brain, and
their action is to maintain the tone and energy of interstitial oxi-
dation. Section of the spinal cord near the medulla causes a pro-
gressive fall of temperature, which transforms certain species of
warm-blooded animals into cold-blooded animals, The excitation
of the centres by puncture (Heidenheim) or by electricity (Frederieq)
increases the intensity of tissue-combustion, The centres are reflex,
not automatie in action. Fredericq’s experiments leave no doubt
upon this point. Thus the inspiration of cold air, even the degluti-
tion of ice, leads to the internal cooling and a diminution in oxida-
tion. An inerease in oxidation only results from an action of the
cold on the sensory nerves of the skin. The mechanism is reflex,
like that of the vasomotor eentre which governs the distribution of
the blood.

The seat of the increased oxidation under exposure to cold is in
the museles. This has been abundantly proved. Localized cold
applications produce an increase in the tonic state of the muscles,
not only in sifu, but also at a distance. During extensive applica-
tions, as in the case of the bath or the douche, the patients frequently
shiver or are seized with a distinet chill. The cold bath, with the
water at a temperature of from 68° to 77° F., generally produces
an immediate but not intense chilling; then, after a variable period,
a second and more pronounced chill supervenes ; it soon passes into
a tremor and is an indication of the onset of danger. The applica-
tion should always be suspended before the appearance or immedi-
ately on the beginning of this second chill. After a very cold or
prolonged bath the chill persists for a certain period of time. Aec-
cording to the experiments of Loewy and of Zuntz, the increase in
the consumption of oxygen is dependent upon the manipulations on
the part of the muscular system. When the cold applications were
neither too intense nor too prolonged, some of the subjects experi-
mented on remained quiet and did not shiver nor tremble with chill
in them the consumption of oxygen was not angmented. Speck has
pointed out the relation of oxygen-consumption to voluntary move-
ment,

When cold applications of moderate degree are supported without
the production of augmented consumption of oxygen, the fall in the
central temperature cither does not occur at all or is very slight.
In these cases the thermic regulating apparatus located in the cuta-
neous network is perfect or almost perfect. Although there is under
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these conditions an inevitable abstraction of heat, yet the changes in
the distribution of the blood in the skin are able to restrict the loss,
and even to determine a certain degree of retention of calorie, to
which we must ascribe the initial rise in the central temperature, in
the absence of a sensible increase of oxidation.

In summing up this part of the subject, we may say that in man
and other animals possessing a constant temperature, the resistance
to cold depends upon a diminution in the cutaneous radiation, as well
as in an increase in the production of heat. In man, whose integu-
ment is naked and sensitive, the chief factor is the restriction of loss
through the skin.

The action of cold extends also to the unstriped muscles inner-
vated by the sympathetic nerves. The application of cold com-
presses to the abdomen or the cold douche to the hypogastrinm
produeces a contraction of the bladder, and, likewise, a cold foot-bath
causes contraction of the uterus.

The action of cold on the cutaneous functions proper, the secretion
of sweat and perspiration, is as yet but little known. According to
Rohrig, perspiration is diminished by a fall of the temperature of
the skin. But it is possible, though not yet proved, that it may be
increased after the return of the blood and the peripheral warmth.

As for the sweat,' it appears to be well established that cold appli-
cations lessen its secretion. Diuresis, on the contrary, is promoted,
although it is necessary not to confound this with the mechanical
evacuation of the bladder by reflex contraction.

An increase in the quantity of urine has been proved to exist by
Miiller, in Clande Bernard’s laboratory, and was by him aseribed to
renal hypersemia. It manifests itself ten minutes after the applica-
tion, and the urine passed may contain a trace of albumin. Hydro-
therapy is capable of increasing, under certain conditions, the so-called
physiological albuminuria,

Cold also produces an increase in the intestinal secretions, although
the anticonstipating effect of cold applications may sometimes be as
well explained by reflex contraction of the intestines as by augmented
secretion.

Refrigerating applications are frequently combined with mechani-
cal procedures. The combined effects have been particalarly studied
by Winternitz. The mechanical stimulus may be a part of the

I By perspiraiion the author evidently refers to what we call imperceptible perspiration in
digtinetion from sweat.—Ep.
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thermic agent itself, as the pressure of the water, or may take the
form of friction, massage, ete.

The pressure of water is not exactly measurable, since during
an application it is constantly subject to changing conditions. It
may be graduated, however, with sufficient accuracy for practical
purposes.

Pressure impedes muscular movement and may interfere with
respiration when the application is made to the upper part of the
trunk.

In driving back mechanically the blood contained in the skin, the
pressure contributes to the production of cutaneous ansemia, and
also renders the subsequent vaso-dilatation more easy. The effects
remain superficial if the water is not in motion; but extends to the
deeper tissues, by virtue of a sort of massage of the muscles, if the
stream is large and the pressure high, and the employment of a
strong pressure and of the unbroken jet may be followed by fatigue
and exhaustion, even when the application is brief.

Diverse experiments have shown that friction increases in a con-
siderable degree the loss of water through the skin, According to
Weisroch, the augmentation may, with light friction, amount to 50
per cent. DBut the most prominent effect of friction during the use of
cold consists in an increased loss of heat. This loss has been meas-
ured by means of partial calorimetry, -PUE}iH(!hﬂ found that moist
and cold friction, limited in extent, increases the loss of heat 80 per
cent., while cold douches, followed by exercise, angmented it 67 per
cent., and observations of Liebermeister and of Winternitz illustrate
the practical importance which is attached to these mechanical means,
especially when employed in antipyretic medication.

When friction is made with sufficient energy it altogether pre-
vents the appearance of chill by augmenting the fall of the central
temperature, and it plays an important rdle in cases in which it is
necessary to abstract a large quantity of ealoric.

Remote effects are sometimes produced by cold applications. These
phenomena are only known through observation on the sick, since
they almost entirely elude experimental study. They possess no less
interest, however, for it is in reality the late effects which we desire
to obtain by our treatment. Among them is a modification in tem-
perature, which may become an inconvenient feature in the use of
cold applications.

Oceasionally the fall of the central temperature is succeeded, as a
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late effect, by a temperature-rise. This augmentation of temperature,
which constitutes what has been termed the counter-reaction, is the
rule in fever patients subjected to cold bathing; Winternitz and
Jurgensen claim that it may also be observed in non-febrile cases.
Its occurrence seems to depend on diverse individual and external
circumstances.  Yet it is very rare after properly conducted hydro-
therapeutic measures. Several writers have observed in the applica-
tion of hydrotherapy the development of a psendo-febrile state, a
form of transient crisis which terminates in abundant sweats and a
furunculous eruption, and which presents a certain analogy to the
so-called thermal erisis. This erisis was formerly considered salu-
tary, and it was customary to strive for its production. It seems
almost exclusively to follow the abuse of hydrotherapeutic methods,
but occurs rarely when these are rationally and intelligently applied.

The most important late effects are those upon the general nutri-
tion.

Cold, as has been intimated, tends to increase the consumption of
the hydrocarbons contained in the muscles. This action, however,
is transient and even inconstant, and cold in this respect is inferior
to other agencies, such as exercise, food, ete. (See Frederieq and
others.)

The hydrotherapeutic measures also influence the oxidation of
albuminous principles, and thus bring about a change in the urine.
Kirejeff' has recorded an increase in the excretion of urea, urie acid,
and chlorides, Others have found a diminution in the urie acid and
the phosphates. But the variations are neither constant nor marked.

Sometimes the weight of the patients indicates that nutrition has
been deeply affected. Often there is an increase in weight, as in 56
out of 100 cases observed by Winternitz, This fact does not accord
with the theory of decreased assimilation. But it is essential to note
that the observation concerns sick persons who are not placed under
an identical and unvarying régime ; the increase in them consequently
is due to an improvement in the appetite as well as to a stimulation
of the majority of the functions capable of bringing about a better
general condition,

It may, then, be definitely asserted that hydrotherapy safely con-
ducted is favorable to the re-establishment of the equilibrium of the
important functions.

The majority of patients treated at establishments speedily become
cheerful and develop a desire for muscular exercise,
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Usually, with the amelioration of the general state of the health,
the sleep becomes more regular, more profound, and more refreshing.

Another of the remote benefits of the treatment which deserves
mention is the diminished sensitiveness to cold. There are probably
great individual differences in respect to the loss of heat by the skin.
Researches are wanting on this subject, but we may readily take
cognizance of these differences by noting the variability of the sen-
sations which we ourselves experience in our contact with the skin of
different persons. Thus certain individuals, generally those some-
what obese, have always a cool or even cold skin, while in lean per-
sons the skin is vsually warm. In the first class of subjects hydro-
therapy is able to increase the loss of heat by stimulating more or
less permanently the languishing cutaneous circulation. As this may
conduce to a loss of flesh, the hydrotherapeutic treatment may be
employ- 4 as a means of treating obesity.

In the other class of persons the hydrotherapeutic methods re-
strain the loss of heat by inereasing the tonie state of the entaneous
vessels and bringing about a modification in internal oxidation.
Under these circumstances hydrotherapy leads to stoutness.

From what has been said it follows that repeated stimulation of
the thermic regulatory apparatus is capable of modifying favorably
many vices of general nutrition. But to secure such a result it is
requisite that the heart and vessels, the respiratory and digestive
organs, possess a certain degree of vigor. Young persons profit
especially by eold applications, since they possess a nervons system
that reacts promptly, and organs that are not altered structurally to
any degree. In those in whom heart and vessels are degenerated the
treatment must be most gentle and must be applied with great circum-
spection. The same is true in the case of those whose nutrition is
poor, and whose nervous system is feeble, as in the aged, the extreme
young, the profoundly anemie, and the neurasthenic of certain types.

Employment of Cold Internally. Cold is of use internally. Cold
water may be drunk even during the course of the applications or
in their stead. Sometimes also injections of cold water are employed.
The effect of these have been investigated by Lichtenfels, Frohlich,
Liebermeister, and Winternitz.

According to the same authority, a rectal injection of a litre of cold
water lowers the temperature of the stomach 1° (0.9%), that of the
rectum 1.5°. Sphygmographic tracings taken during these experi-
ments indicate an increase in arterial tension.
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According to Fredericq, the inspiration of cold air or the swallow-
ing of ice is followed by a reduction in respiratory combustion,

Rectal injections of cold water have been employed for combating
pyrexia by many physicians, notably Foltz, of Strasburg, but its
external use is more wise.

Cold applications also act upon the secretion of the bile, and
Bidder and Schmidt, Nasse, Lehmann, and Réhrig have noted an
increase in the quantity under their influences. Perhaps this is
simply due to a reflex contraction of the gall-bladder. In any case,
it is on the strength of this effect that rectal injections have been
suggested in the treatment of catarrhal jaundice.

Cold applications may be made by means of spiral coils, through
which cold water is made to flow, and by ice-bags. The coils pos-
sess the advantage that they may be given any hour, and that they
prevent the heating of the parts to which they are applied. They
are generally made of rubber, and may or may not be covered with
linen.

Sometimes cold eushions, through which water is allowed to flow,
are substituted for the coils. Among other forms of apparatus con-
structed on the principle of the coils, mention may be made of the
belt of Dumontpallier and Galante, the use of which seems to have
been abandoned ; the refrigerating bonnet and others.

Ice-bags are made of bladders or of rubber sacs; those of Chap-
man, intended for application to the spinal region, are most commonly
employed. The vaginal ice-bag should also be mentioned.

The cold sound is a double catheter, without fenestra (Winternitz),
possessing an afferent and efferent tube. The end of the sound is
passed as far as the neck of the bladder; water of 50° to 60° is
then allowed to circulate through the sound for from eight to twelve
minutes. It is often better, however, to begin with warmer water,
62° to 66°, and then ecool it gradually. Burgonzio has found the
cold sound useful in seminal emissions and in impotence.

Atzperger has designed a similar metallic tampon for the purpose
of conveying cold to the rectum, as a means of treating hemorrhoids
and prostatic congestion.

A few words may with propriety be devoted to the use of air as a
means of lowering temperature.

By means of its physical properties air does not possess the power
of abstracting heat to any marked degree. The effects of air-baths
| have been studied by Kaczarowski (1879) and by Traubenberg (1883).
7
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More recently the subject has heen revived by Soltau Fenwick, of
London, who has devised an ice-cradle. The apparatus consists of
five or six hoops resting with their bases upon the bed. From the
centre of the curve of each hoop hangs a bucket half-filled with ice.
Each bucket is covered to prevent dripping, and a light cover is
thrown over the hoops. The patient, protected by a thin, non-trans-
parent muslin cover, and with hot-water can at his feet, is surrounded
by a cold atmosphere. The air should circulate freely about the bed.
By this method the temperature of the atmosphere is lowered only
one or two degrees, Nevertheless, a chill may sometimes occur or
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Fenwick's Air-bath.

the body-temperature may fall below 101°,  In either case the ap-
plication is suspended. (QQuite often it has been found necessary to
keep typhoid patientsin the ice-cradle for ten to fourteen eonsecutive
hours,

Mention should also be made of the air-douche of Dupont (1884),
in which douches of compressed air are administered. The air is
obtained from the tubes in connection with the pneumatic clocks
that are in use in Paris. The expansion of this air produces quite
a high degree of cold, while the current of air striking the body
produces a form of percussion.

Since the heat-capacity of air is much less than that of water, the
procedure is more analogous to massage than to the cold douche.
Dupont states that he has observed stimulation of deep muscles, as
of the stomach, when the air-douche is applied to the epigastrium.,
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He does not allude to the temperature-changes. The skin at the
seat of application becomes red, and the patient experiences a sense
of peripheral warmth.

Hor APPLICATIONS.

Physiological Effects. The effects of hot applications are not, as
it might at first appear, the reverse of cold applications ; there are
certain analogies between them, but also pronounced differences. The
latter depend chiefly upon the fact that heat brings into play a
physiological mechanism differing from that called into action by
cold. The analogies are in the mode of application, as both are
essentially external means. Sometimes heat and cold are employed
in combination or alternately. The physiological effects are such
that it is advantageous to point out briefly the distinctions between
hot and cold hydrotherapy.

The stimulation of the cutaneous thermic nerves by heat produces
local phenomena which are in part reflex, and, therefore, analogous
to those excited by cold. Then there is at first vaso-constriction,
such as follows any form of stimulation ; it is more marked the more
accentuated the difference between the temperature of the thermic
agent and that of the skin. But while the vaso-constriction due to
cold tends to persist, that following a hot application is transient and
is soon followed by a vaso-dilatation, which continues as long as the
application lasts. When the temperature of hot water is moderate
(about 100° F.) the tactile sensibility is rendered more acute ; when
the temperature is 120°-126° the sensibility is dulled, as it is by in-
tense cold. As a characteristic accompaniment of the vaso-dilatation
we have sweating.

The effects of hot applications on remote portions of the body are
less marked than those following the use of cold, but they are subject
to the same general laws, particularly as regards the crossed effect
and the compensatory phenomena. Thus the experiments of Brown-
Séquard and Tholozan have shown that the warming of a hand or a
foot produces vaso-dilatation and congestion in the homologous part.
On the other hand, it has been observed by Winternitz that a sitz-
bath at 112° F: produces a compensatory diminution in the volume
of the arm, whilst cold, as stated on a previous page, produces an
increase in volume. The sweat-secretion also obeys the law of crossed
effect. In one of his experiments Adamkiewicz applied a vessel
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filled with water at 122° to a man’s thigh, and noted congestion of
the limb and sweating of the foot, and the other limb began to sweat
at the same time.

When the hot applications are localized and brief in duration they
modify neither the general eirenlation nor the heat-produetion. In-
creased warmth is found only in the parts touched and in those the
seat of a reflex vaso-dilatation. When the applications are more
widespread general reactions are produced.

Regarding the changes in the distribution of the blood under the
effects of heat, Mosso and Bergesio, in their experiments upon the
cerebral circulation in man, have found that during a hot foot-bath
the vessels of the brain at first are dilated, the current is slowed, and
the veins become congested—these changes corresponding to a con-
striction of the peripheral arteries. Soon cutaneous vaso-dilatation
sets in, and synchronously with it the cerebral congestion gives
place to anmmia. These modifications are naturally more intense
in the case of a general hot bath. Similar observations have been
made by Schiiller upon trephined animals. It is highly probable
that analogous changes take place in other internal organs; these
facts also offer an explanation of the debility and tendency to
syncope which develop in the course of energetic and prolonged
hot applications.

In certain regions of the body the circulatory changes are peculiar
and differ from those just described. Thus it has been found by
Katzanrow that during a hot pediluvium, or hot bath, the eye pre-
sents first a condition of ansmia, which is follpwed by an intense
congestion. The ocular changes correspond in character with those
of the peripheral zone of the body.

The majority of authors note an inerease in blood-pressure under
heat, due to a compensation of the peripheral vaso-dilatation by con-
striction of the deeper vessels. L. Lehmann found the pressure
increased in hot as well as in cold baths. Grefberg, in experiments
on curarized dogs, observed a rise in tension during the bath at 122°,
Schiiller, in studies upon rabbits, obtained only a brief rise, followed
by an abrupt fall.

Action on the Hearf, The effect upon the heart varies with the
intensity of the application. In general the pulse-rate falls slightly
during the first stage of the circulatory changes, and rises in the
second (Mosso, Bergesio, and others). Very hot applieations canse,
according to Schiiller, an immediate slowing of the heart. Winter-
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nitz observed the same phenomena during the use of partial hot
applications. In the case of general applications the effect seems to
be different. Thus, Poitevin states that a hot bath at 114° is with-
out influence upon the heart. Above 114° there is an acceleration
of the pulse, which amounts to 41 pulsations in a bath of 120°.

The specific effects of hot applications express themselves chiefly
in changes in the sweat-secretion, in changes in respiration and tem-
perature, The sweating may be local or general, the latter especially
when the applications act upon particular surfaces, as in the pedi-
luvium. The effects of the full bath, the douche, the vapor, and
the dry-air bath are variable, and will be discussed in a subsequent
chapter.

Localized applications, if sufficiently intense, produce an accelera-
tion of the respiratory movements. Winternitz obtained this result
by applying water at 144° to the chest or the back of the neck.
Sometimes in therapeuntic applications the respiration is not influ-
enced unless the application is general. The acceleration of the
respiration, which is sometimes known as heat-dyspneea, wvaries
largely with the nature of the means employed. The force of the
respiratory movements is lessened by baths, the temperature of which
exceeds that of the body (Stolnikoft’), and increased by tepid baths
(Groedel).

The changes in the temperature depend to a large extent upon
the means employed. General heat applications cause a more or
less rapid rise in the central temperature from 1° to 4° in a bath at
110°, in spite of the inspiration of cold air (Liebermeister). Par-
tial applications, by exciting the sweat secretion, can effect a fall in
the central temperature. Thus a hot pediluvium produces, according
to Shokowski, an elevation of temperature in the external auditory
canal (peripheral zone of the body) and a depression of the rectal
temperature.

In its struggle against heat the organism can only avail itself of
processes which augment the loss of heat. Heating of the body
produces in man as well as in animals an increase in respiratory
combustion, a fact fully established by the researches of Voit, Page,
Fredericq, Pfliiger, and others. The means of heat-dissipation upon
which the system relies are the production of sweat, the evaporation
from the lungs, and the increased loss of heat from the skin by a
heightened activity of the peripheral circulation. The cooling action
which results from the evaporation of sweat has been studied experi-
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mentally by Benjamin Franklin, Blagden, Delaroche, Beger, and
others. The importance of sweat-evaporation may be more readily
estimated when it is recalled that the amount of heat required to
vaporize one grain of water is capable of raising the temperature of
580 grammes of water from 0° to 1°. The greater part of the sweat
remains in the liquid state, and this is fortunate, for, were all of it
vaporized, the abstraction of heat would be enormous and harmful.
The important relation of the sweat-secretion to the regulation of
body-temperature has heen especially made known through the
contemporaneous writings of Luchsinger, Adamkiewicz, Vulpian,
and Nawrocki.

They have shown that the secretion is controlled by centres dis-
posed along the spinal cord, which in turn are governed by a higher
centre in the medulla oblongata. Fibres arise in the spinal centres
and pass out through the anterior roots, to terminate in the sudo-
riferous glands. The governing centres are automatic in their
action—that is, their activity depends upon the temperature of the
blood.

Luchsinger made a series of' experiments on sweat-secretion upon
ats,  Having cut the spinal cord transversely and divided the pos-
terior spinal roots, he placed the animal in a hot room, and found
that it became covered with sweat. The inspiration of hot air and
the ingestion of hot liquids produced the same effect, The me-
dullary centre, as Adamkiewicz has shown, can also be excited by
electricity.

The same observer has shown that sweating tm.ﬁ:.* be produced by
reflex stimulation ; but the automatie action 1s far more important.
The sweating following hot applications made for therapeutic pur-
poses is in proportion to the general heating of the body.

The second means of resistance against overheating is represented
by the peripheral vaso-dilatation. The hyperemia at the point of
application necessarily contributes to and favors a heating of the
blood, but there is simultaneously vaso-dilatation at a distance, which
persists and constitutes an important safegnard. The dilatation is
partly reflex, partly antomatic in origin.

Finally, the third means of defence is the increased evaporation
from the lungs, resulting from the aceeleration of the respiratory
movements, The heat-dyspneea investigated by Bernard and by
Ackermann is the result of the action of an automatic mechanism,
the respiratory centres, as demonstrated by the experiments of Gold-
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stein, Fick, Gad, Martschinsky, and others, being strongly influenced
by the temperature of the blood. The elevation of the temperature
need not be great to produce an acceleration of the respiratory move-
ments. The circulation of water at 104° about the carotid arteries
suffices, according to Goldstein and Fick, to produce heat-dyspncea.
Bonnal, in a recent paper, has shown that the acceleration of the pulse
and temperature may be manifest in the dry chamber and in the hot
bath at 116° before an elevation of the central temperature is demon-
strable.

The facts so far developed permit us to conclude that heat aets
especially on the automatie, cold on the reflex mechanism.

Hot applications, unlike those of cold, are not followed by any
reaction. The principal effects produced by hot applications persist
for a time after the cessation of the applications, but eventually pass
off and give place to the initial conditions. This is true of the ex-
ternal vaso-dilatation and the anmmia of the deeper organs, both
of which phenomena gradually disappear as the nervous system
relaxes, owing to the return of the temperature of the blood to the
normal, For these reasons it is essential that whenever a strong
effect iz desired, the means employed should be capable of pro-
ducing a distinet heating of the body. This power is not possessed
by the temperate or even moderately warm bath, inasmuch as the
evaporation of the water which adheres to the skin after emergence
from the bath tends to abstract heat and produce a fall of tempera-
ture.

The changes in the pulse and the blood-tension persist for a vari-
able period of time. Durian has counted an inerease of 90 pulsa-
tions in the dog following the use of the hot bath. At Toplitz
the acceleration of the pulse is still perceptible sixteen hours after
the hot sitz-bath in use there. As regards the arterial tension, it is
probable that in those eases where a primary increase is noted, the
decline to normal is rapid. According to Schiiller, the slightest
initial rise is followed by a marked fall, which in turn is succeeded by
a trifling and momentary rise before the final return to normal.

The modifications in sweat-secretion vary with the nature of the
procedures employed. Bonnal states that the active perspiration
which occurs during the hot-air bath at 131° ceases as soon as the
patient leaves the chamber, whilst it is, on the contrary, very pro-
fuse after the hot-water bath at 116° and after the vapor-bath, both
of which restrain sweating during their application.
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Below we give in a tabular form the principal effects of hot appli-
cations :

Distribution of the blood. Peripheral wvaso-dilatation; central
anemia.

Arterial tenszion. At first increased, then diminished,

Heart. Transient slowing, then acceleration,
or acceleration from the beginning.

Central temperature Increaszed,

Sweating Strongly stimulated,

Respiratory movements Accelerated.

To complete our study, it is necessary to give a brief deseription
of the effects produced on the secretions, the muscles, the nervous
system, and on general nutrition.

The application of heat impresses the secretions more markedly
than the application of cold. According to Riohrig, the insensible
perspiration is excited simultancously with the secretion of sweat.
The combined effects result in a tendency to dehydration of the or-
ganism and to a loss of sodium chloride. In consequence of this
the other secretions, notably the urinary and intestinal, are dimin-
ished. Constipation may be produced, a fact that may elucidate
the beneficial action of certain thermal cures in the treatment of
chronie diarrheea. )

The muscalar system is not influenced by heat to the same extent
as by cold. Ixperience has, however, demonstrated the heemostatic
value of hot applications, an efféct generally aseribed to reflex action,
through the intervention of the sympathetic motor nerves. An ex-
ample commonly cited is the arvest of internal hemorrhage by the appli-
cation of heat to the loins. But the question is obscure, for we see
that hot sitz-baths, especially if a little mustard is added, instead of
causing angemia, determine an intense congestion of the pelvic organs.
On the other hand, the general bath, temperate rather than hot, but
sufficiently prolonged, seems to cause a rvelaxation of muscular strue-
tures in deep organs, if we may judge from the benefit obtained from
it in the treatment of hepatic and nephritie colic.

The depressing action of heat presents a striking contrast to the
thermic effect of cold applications. When the means employed are
gentle and insufficient to excite the defensive mechanism against
heat, there is produced a diminution in the irritability of the nervous
system—a sedative effect which appears to be, as Traube has thought,
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the result of the removal for a eertain time of external stimuli from
the sensory nerves,

When sufficient heat is appl u}d to induce an elevation of the tem-
perature of the blood, the nervous system suffers a sort of shock,
which is followed by a distinet sense of fatigue. The moderately
hot douche, with water from 100° to 110°, although producing a
slight elevation of the central temperature, constitutes a powerful
means of depression. The tepid bath has the same influence. Fatigue
and exhaustion are effects of more energetic procedures, such as the
hot bath and the vapor-bath, which produce a more marked eleva-
tion of temperature, and at the same time a profuse diaphoresis. A
tendency to sleep may also follow.

Hot applications act more energetically than cold upon the pro-
cesses of nutrition. Bartels, in 1864, noted in man an increase in
the excretion of urea after vapor-baths; Naunyn has observed the
same fact in dogs. . Schleich found an inerease of 29 per cent. in
the excretion of urea in persons living under a uniform regimen and
taking baths lasting an hour at a temperature of 104° to 108°. This
azoturia persisted for several days after the cessation of the use of
baths. A. Frey and Heiligenthal have obtained different results.
They found a diminution in urea-excretion under the use both of the
hot-air and the vapor-bath, but a great inerease in the elimination of
uric acid. The question, therefore, cannot be considered as definitely
settled, and further study is necessary.






P AR TV,

HYDROTHERAPEUTIC MEASURES.

HYDROTHERAPEUTIC procedures are divided into the simple, in
which only one hot or cold application is made, and the compound
or mixed.

In beginning the study of the procedures in which cold is em-
ployed, it is well to discuss briefly certain general precautions which
the use of these means imposes upon us.

Care should be taken to prevent chilling and to secure the proper
development of the secondary or post-operative effects which consti-
tute the reaction.

It is necessary before applying cold to the surface of the body that
the patient be under normal conditions as regards the distribution of
temperature. Sometimes he is prepared for the procedure by mild
friction, or by making him take a moderate amount of exercise.

The room should have a sunitable temperature, from 70° to 74°,
As regards the preferable time, it is best to make the application at
the moment of rising, or at least in the morning, in order to secure
a speedy and vigorous reaction. The application should not be made
immediately after a repast nor just before retiring at night.

The douche and the full bath, being employed to produce an intense
cooling, should be of short duration and should be interrupted at the
appearance of the second or great chill. When it is necessary to
produce a powerful cooling effect, the development of the chill is
delayed by means of movements or by practising friction. It is the
rule to permit an interval of several hours to elapse between two
applications in order that the organism may remain in a normal
equilibrium for a sufficient length of time. At most two applica-
tions, separated by a space of from six to eight hours, are made in a
day, save when it is necessary to combat fever. In every case the
return of the peripheral warmth should be secured after each appli-
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cation. It may be incited by exercise, by friction, by warm cloth-
ing, ete.

Whenever, during the employment of cold, a tendency to collapse
develops in spite of the observance of the precautions just given,
resort should at once be had to spirituous drinks, or even to the im-
mersion in a hot bath.

It is a useful provision to take note at the commencement of the
treatment of the impressionability of the individual and his power
of reacting from cold applications.

Whether we use cold or heat in hydrotherapeutics, however, we
distinguish procedures with percussion from those without percus-
sion. The type of cold applications combined with percussion is the
douche, the hydrotherapeutic agent which, beyond doubt, occupies
the first place.

Douches. In the case of the general douche, it should be admin-
istered with water, the temperature and the force of projection of which
can be varied at will. The prineipal varieties of douches are: the
shower-douche, the colnmn-douche, the douche of concentric layers,
the sheet-douche, the circle-douche, and the movable-jet douche.

The management of the douche-chamber and its appurtenances
should leave nothing to be desired. Under the douche, within
reach of the patient, supports should be arranged for the arms, which
will be useful in case of respiratory embarrassment ; means should
also be provided for a foot-bath before the douche, if the procedure
is deemed necessary.

In the beginning of the treatment, cool water, at a temperature of
from 66° to 74° I, is employed, and a low pressure equal to about
seven pounds. Later the temperature of the water may be at 60°,
then 55°, and rarely even as low as 50°.

At the commencement the duration of the douche is only twelve
to fifteen seconds; later from thirty to sixty seconds, rarely longer.
The longest douches oceupy two minutes. The pressure of the water
is ten to fifteen pounds, or at most twenty to twenty-five,

For the administration of the shower-douche the water is eon-
ducted to a disk about eight feet above the floor, having numerous
perforations, each one-eighteenth to one-cighth inch in diameter.
When the holes are one-sixteenth inch in size the water falls as
spray ; when one-eighth inch, in the form of heavy rain.

The column-douche is a large jet of water issuing at a certain angle
from a large brass tube, having a diameter of one-fourth to three-
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fourths of an inech. The douche thus produced constitutes the most
energetic mode of percussion. It is applicable only to parts not very
sensitive, as the large musenlar masses of the limbs, and is, in the
beginuing, continued for not more than four or five seconds. For-

merly this douche was much employed, but at the present day it has
been almost completely abandoned.

Fig. 10 Fia, 11.

Circle-douche,

The dauphin is a diminutive column-donche.
The douche of concentric layers is also but rarely employed. It
consists of an end-piece having two concentrie slits (Fig. 10) one-
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twentieth of an inch in diameter. It is less stimulating than the rain-
douche. The bell (Fig. 11) is a variety of this form of douche. It
has a single aperture, and represents a less powerful means of percus-
gion than the column-donche.

For the circle-douche (Fig. 12), termed also the dust-douche, a
special apparatus is necessary. It consists of incomplete independent
rings, separated from each other by a distance of four to six inches,
and rising to a height of a yard. The rings are pierced on their
internal aspect by two rows of very small holes and furnish small
concentrie jets, which produce a fine cireular douche, while a central
douche above the head of the patient allows a gentle rain to fall.

The duration of this douche should be short ; its action is distinetly
revulsive. :

FiG. 15

¥

Lance-douche,

The mobile-jet douche or lance-douche adds to the action of the cold
a mechanical effect, the strength of which can be easily varied by modi-
fying the force of the jet and the pressure of the water. (Fig. 13.)

The ordinary lance-douche has a diameter of one-half to one inch.
The jet which it furnishes may be broken by means of a stop-cock.
The terminal piece may be replaced by a small tip (needle-douche)
or by a special end-piece having the form of a fan. (Fig. 14.)

The jet should always be alternated when directed against the
chest or the abdomen ; at the end of the sitting it is thrown un-
broken against the feet, in order to produce strong pereussion upon
them,
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Of these diverse forms of douches, we may say that their effects
vary with the manner in which they are given. When the duration
is very brief the water may be very cold ; in general, temperature
and duration should vary inversely. The cold douche is a powerful
sthenic agent, yet by regulating the important functions it may
exercise a sedative influence.

Some writers believe that patients should be prepared for the cold
douche by a preliminary use of water slightly warmed ; but the cold
douche of a second’s duration can be supported, as Bottey remarks,
by the most feeble and the most excited patients.

Burgonzio precedes the douche by a sponging of the face, the
preecordial region, and the spinal column ; but the procedure is of
doubtful value. More valuable is his suggestion to use the column-
douche with a wide angle, and a minimum duration of sixty seconds,
when a stimulating action and an increase in muscular force are
desired.

Local douches are seldom employed as isolated procedures. They
are commonly resorted to during the course of or after the general
douche when a special local effect is wanted. These douches present
many varieties, among which may be named the hepatic douche, the
splenie, the vertebral, the epigastrie, hypogastrie, the sitz-bath in
rnnning water, the foot-douche, and the foot-bath in running water.

Priessnitz employed the local column-douche for applications to
the abdomen, but the broken jet, or even the sprinkling-douche,
should be preferred to such severe measures. In some institutions a
vertebral douche is given by the aid of a vertical tube closed at its
upper extremity, and pierced laterally by from one to three rows of
holes, opposite to which the patient places his back.

The sitz-bath in running water serves a number of nses and merits
a brief description, The apparatus consists of a vessel with a double
bottom, having the form of those employed in giving the ordinary
sitz-bath. It is provided with several rows of fine holes, the axes of
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which are disposed in such a manner that the issuing jets converge
toward the centre of the basin. The liquid runs out through a waste-
pipe at the bottom. The patient, seated upon a metallic rest, receives
a spray-bath on the loins and about the pelvis. There is also pro-

Fia. 145,

vided a vertical spout pierced by fine holes, for the purpose of giving
a hemorrhoidal or anal donche. Sometimes the back of the appa-
ratus possesses a transverse slit or a triple row of small holes, per-
mitting the administration of a lumbar douche. (Fig. 15.)

FiG. 16.

At the junetion of the third and lowest fourths of the sitz-bath a
nozzle is placed which directs a stream against the perineum, consti-
tuting the perineal douche. (Fig. 16.) The same apparatus also
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serves for giving vaginal douches by means of a movable conduit, a
speculum having previously been introduced into the vagina,

The foot-douche and leg-douche is administered by means of a
special contrivance which consists of a tub of wood or metal, the
bottom forming an inclined plane, upon which the limbs rest.
(Fig. 17.)

From a number of holes piercing the walls opposite the soles of
the feet small jets are forcibly projected against the lower limbs. An

F16. 17.

Foot-tlonche.

energetic reflex effect is thereby obtained in the calves and the thighs
and as far as the pelvic organs, but it should be remembered that
this form of douche produces a painful sensation. Caulet, who has
made use of this douche with water at from 52° to 60°, has observed
that the foot-douche thus administered during a period of from one
to three minutes produces at first only sensitiveness, then more or
less pain, and, finally, excruciating suffering. At the end of the ap-
plication he has noted a chill and extreme smallness of the pulse. A
powerful derivative action is thought to be obtained by this pro-
cedure on the pelvie organs.

Under the name of cephalic douche, Burgonzio describes a stream
of cold water which is forcibly projected against the forehead and
temples. In the beginning the application lasts two to four minutes,
and later from eight to ten. During the first two minutes the patient

8
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experiences an insupportably painful sensation, but during the fol-
lowing moments there is a sense of veritable bien-élre. This method
is sometimes successful in rebellious headaches,

Affusions. The cold applications without percussicn are of two
kinds—general and loeal.

Affusions are practised with water at from 70° to 80°, and when
the patients are accustomed to it with water at from 40° to 50°.
The procedures, which are too simple to require description, have a
duration of forty to sixty seconds. During their continuance the
patient is urged to make movements, and at the close is subjected to
dry friction. The mode of administration may be varied according
to the end desired. A form of treatment, which is practically an affu-
sion, is the wet sheet. A heavy linen sheet of ample size is soaked
in water at 50° to 60°, and then expressed by wringing. The patient
having moistened his face and chest, the sheet is folded over his
shoulders, and the entire body, from the neck down, including the
lower limbs, is enveloped in it. The patient rubs himself with the
cloth anteriorly, while the attendant, in the same manner, practises
friction on the posterior aspect of the body. The naked feet rest on
the floor, and are not surrounded by the sheet. Iriction is eontinued
for five minutes until heating is produced. The wet sheet is then
removed and replaced by a rough, dry cloth, with which light frie-
tion is made. This procedure may be followed by massage and rest
in bed. It is better, however, if the patient dresses and takes a short
promenade. By another method the sheet is wet in water at 66° to
76°, and then without wringing is thrown over the shoulders and so
disposed that the entire body is enveloped in it. It is left in place
until slightly warm, while the limbs and trunk are lightly rubbed with
the flat hand. When the sheet is warm it may be replaced by another ;
the wrapping may be repeated several times, or, the sheet remaining,
two or three bucketfuls of water are dashed upon the body.

Bottey, who recommended this measure, considers it as tonic and
sedative, as well as mildly antipyretic.

The best antithermic means of “ wrapping,” and the only one ap-
plicable to adynamic patients, is the wet sheet just described, the sheet
being renewed every five or ten minutes, according to the rapidity
with which it becomes heated, until a decided chilling is produced.
Five sheets will ordinarily be required. Four successive wrappings
have the same effect as a bath at 75°, lasting ten to fifteen minutes.

When there is a tendency to headache, a cold compress is applied
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to the head during the pack, and a hot foot-bath is given after-
ward.

The effects of the wet sheet are identical with those of the douche,
merely less intense. The method may be utilized in the beginning
of treatment in the case of delicate individuals ; it may also be con-
sidered as a good procedure for domestic hydrotherapy.

The moist pack was the principal procedure of Priessnitz. Its
effects are variable, depending upon the mode of use, but as a hydro-
therapeutic measure it has a tonic and sedative action. A wet sheet
is spread upon a woollen blanket which has previously been laid upon
a small iron bed.

The patient is then placed upon the sheet and successively wrapped
in the sheet and the blanket quite firmly, but without impeding the
respiratory movements. The wrapping lasts only ten to twenty
minutes ; it should be discontinued the moment reaction begins—
that is, when the pulse tends to become more rapid. During the
applications a cold compress is placed upon the head and the window
is kept open.

In some cases the application is followed by washing with cool
water at 70° to 80°, and by friction. This procedure may be em-
ployed to prepare the patient for the use of the large douche.

Von Ziemssen and Immermann have devised a useful formula
which expresses approximately the relative value of the various pro-
cedures employed to reduce temperature. Designating cold affusions
by A, the cold wrappings by E, the graduated bath by P, the cold
bath by F, we have: A:E: PF=1:2:3:4.

To complete the consideration of the divers means of reducing
fever, it is necessary to describe a protedure recently suggested by
Fenwick, of London. It depends upon the production of cold by
the evaporation of water from the surface of the body.

Upon a small iron bedstead is spread a sheet of mackintosh, then
a woollen blanket, doubled twice, and upon this the patient is placed.
Water is then poured upon him by means of a sprinkling-can for a
variable period, usually about ten minutes. At first water at 55°
was employed, but it is better to use warm water at 100°. The
method is efficacious, particularly when resorted to just at the time
when the temperature is falling spontaneously. But it appears to us
that its inconveniences exceed its advantages.

Affusions, in spite of their feeble power, are, nevertheless, gener-
| ally painful, and are less easily supported than the cold bath. Liber-
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ally given they may produce quite a notable fall of temperature.
They should be administered forty minutes at a time as a maximum,
Frequently friction of the limbs and trunk is added with advantage.

In the hands of its original promoters this method proved very
efficacions in the treatment of certain malignant eruptive fevers for
the purpose of bringing to the surface the fading or slowly appearing
eruption, and in grave (cerebral) forms of rhenmatism as a means of
determining the inflammation to the joints. We have employed it
with advantage in various forms of delirium, and have been accus-
tomed in these cases to pour three or four pailfuls of water (at 65°),
holding 10 litres each, npon the patient’s head, which was protected
by a cap or folded compress. The patient at the same time was given
a half-bath.

In establishments for hydrotherapy the affusions are administered
in a bath-tub half-filled with tepid water. A cold compress is placed
on the head and the shoulders are sprinkled by means of a watering-
can with cold water.  When the water is from 60° to 65° and the
duration of the application brief, an €xcitant effect is secured. When
the water is warmer and the duration prolonged, the effect is sedative.

Baths. The tub-bath occupies a special place in hydrotherapy,
for it is almost exclusively employed as a means of reducing tem-
perature. The cooling baths comprise the cold bath, the graduated
cold bath, and the half-bath.

The ordinary temperature of the cold bath is 76° ; sometimes the
water is colder, having a minimum temperature of 68°; sometimes
a higher temperature is chosen. The bath at 75° is the typical cold
bath, that which is employed in the treatment of typhoid fever after
the method of Brand. The duration of immersion is ten to twenty
minutes—until the second chill appears.

In the administration of this bath it is important to take the pre-
cautions given on a previous page. The patient should be watched
by the physician or by a competent attendant, whose duty it is to
regulate the details of the immersion and its duration, and to supervize
the treatment to be pursued after the patient’s exit from the bath.

Usually the patient is wiped dry with a cloth and then wrapped
in a large woollen blanket, which is twisted below the feet; he is
then permitted to lie quietly on the bed until the peripheral heat
returns,

[The most important thing for the attendant to do while the patient
is in the bath is to keep up constant friction on the surface of the body,
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and so, by rubbing, to equalize the distribution of blood in the in-
ternal and external bloodvessels.—Ep. ]

The graduated cold bath has an initial temperature of 95° to 100°.
By the addition of eold water the temperature is progressively lowered
to 75°. The duration of such a bath is twenty to thirty minutes, and
its effect is equivalent to that of a cold bath at 75°, lasting ten minutes.

The half-bath is designed to facilitate the friction, by which the
loss of heat is increased and reaction elicited. The bath-tub is filled
to a depth of 6 or 7 inches, so that the patient is immersed only to
near the umbilicus. It is then very easy to practise friction of the
limbs and trunk and to make cold affusions to the head.

This form of bath is not solely employed as a measure for redne-
ing temperature. It may be used in hydrotherapy, being then gen-
erally followed by a shower-douche given with water at 60°,

Cold affusions may be made in a bath-tub, either without previous
filling of the tub with water, or in the course of a half-bath. They
represent one of the earliest methods of lowering temperature, and
have been praised by Currie and by Trousseau, Bartels, Jurgensen,
and Liebermeister.

The pool-bath which is used in hydrotherapy is a large tank,
access to which is obtained by means of a few steps which descend
below the surface of the water. The water iz at a temperature of
from 70° to 80°. The patient remains in it for a period varying
from a few seconds to a minute, The effect obtained naturally
varies with the temperature and the duration of the sojourn. A
short immersion is followed by a sense of comfort, a sedative effect,
and a tendency to sleep, while a more prolonged stay tends to pro-
duce fatigue.

In continuing the description of the procedures in which cold is
applied without percussion, we come now to the partial applications.

The bath of the legs is given with water at a moderate tempera-
ture of from 75° to 85°; and this application, when sufficiently
prolonged, exercises a powerful revulsive action.

The sitz-bath in still water usnally has a temperature of 75° to 85°.
During its duration, which is at the most fifteen minuates, a cold
compress is placed on the head and forehead to prevent the oceur-
rence of cephalalgia. (Fig. 18.)

Of the strictly localized applications the partial wet wrappings
already named may be considered, by reason of their long duration,
as antipyretic as well as hydrotherapeutic measures.
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Having considered the employment of cold water in hydrothera-
peutic procedures, we may now consider the use of hot water, par-
ticnlarly when pereussion is a factor. If the general douche has a
temperature of 92° to 96°, at which we begin to call it warm, the
evaporation which takes place during its application and i1mmedi-
ately afterward causes a slight cooling of the body.

FIG. 18.
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As the impression of heat given by the douche is less strong than
that produced by complete immersion, the temperature must be 96°
or higher before it is felt as hot. Temperatures of 104° to 114° are
readily supported ; the latter figure is, however, rarely surpassed.
It is customary to begin with water at 86° or 90°, and to raise the
temperature to 104° or to 108°, A proper apparatus for graduating
the temperature and also for ascertaining the degree of temperature
at any particular moment of the application is an essential requisite.

The hot douche is generally administered with the interrupted jet ;
while when the shower-douche is used the water is only slightly
warmed.

The procedures in which percussion forms no part are numerous ;
many are in the form of wrappings, and are intended to cause
sweating,

Sweating may be produced both by means which check the loss of
heat and those which absorb the heat. To the first belong the hot
dry- and the hot wet-pack.

The hot dry-pack is applied in the following manner :

Upon the mattress one or two blankets are placed, and upon
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them a large sheet. The patient is laid on this, with the arms ex-
tended along the body, the head resting upon a low pillow. The
sheet is then lifted and wrapped around the body ; at the feet it is
twisted into a rope and laid under the heels. The blankets are then
brought up and folded over the sheet. A hot-water can is placed
at the feet, and, if necessary, a feather-bed or blankets are put on.
The patient remains quietly in the pack for from one to three or
four hours. If too long continued, malaise, headache, tinnitus,
flushing of the face, vertizo, and, finally, nausea, thirst, and fatigue
may develop.

In regard to the effect upon the temperature produced by this pack,
that of the skin rises about 4°; in the eavities the increase is from
1° to 2°, or more. The amount of water lost during prolonged ap-
plication is approximately 100 grammes, :

The hot wet-pack is identical with the dry pack already described,
except that the sheet is wet and the application is prolonged until sweat-
ing occurs—namely, from one and a half to two and a half hours. The
patient is afterward subjected to a cold bath or is rubbed with a wet
cloth. The wet-pack produces in the beginning a disagreeable sen-
sation and slight chilliness ; but when the temperature commences to
rise the patient experiences a sense of comfort and becomes drowsy,
During the application the cutaneous vessels are contracted, but
dilate subsequently. The temperature of the body is slightly raised
by the pack. Priessnitz has emploved the pack as a preparatory
measure for the douche, The effect is a brief, primary stimulation,
followed by a sedative action. According to Vinaj, it is never
debilitating. The partial wrappings are more frequently employed
than the wet-pack.

The half-pack, or moist-jacket, is a moist application limited to
the trunk. A large wet compress is placed on the anterior surface
of the trunk and covered with some impermeable eloth, the whole
being maintained in position by means of a flannel bandage.

Applied at bedtime, the half-pack, has a somnifacient influence.
In the morning the patient is washed or friction with cold water is
practised. The general effect of the half-pack is sedative.

The abdominal compress is often used in dyspeptic states.

In addition to those named, other localized moist wrappings are
occasionally employed, as the thoracie belt, the cervical compress
(Oppolzer), articular wrappings, and compresses to the feet to combat
coldness of the extremities.
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The bath is the procedure most frequently employed. The ordi-
nary tepid or temperate baths have a temperature of 92° to 94°;
sometimes they are termed indifferent, because, theoretically, they
should produce no physiological effect. In febrile eases, however,
a bath of an hour’s duration exercises a sedative action, generally
ascribed to the imbibition of water by the skin and the protection of
the nerve-endings against external stimuli. In febrile patients it
moderates the temperature—a fact known to Hippocrates; while,
according to Liebermeister, it does not do so in healthy man., Liebig
has noted only insignificant fluctuations. Nevertheless, according to
Thery, there is a slight diminution of temperature after the bath at
92° to 98°, continued for at least a half-hour; and C. Chauvet has
made the same observation on the bath in running water at 94° to
96°.  The fall of the central temperature takes place gradually, con-
tinues for some time after the bath, and then it slowly disappears.

Recent investigations (Zawadzki) have shown that the temperate
bath stimulates general nutrition.

The hot bath, having a temperature of 105° and upward, is fol-
lowed by a rise of the body-heat of from 2° to 6° (Liebermeister),
and by more or less abundant sweating, which persists for a variable
period of time after the termination of the bath.

The chamber in which the vapor-bath is given may be small, for
private use, or large enough to accommodate several persons. In the
former instance the room is usually six feet square, and has a height
of eight to nine feet. The ceiling is arched or horizontal.

Vapor-bath. The chamber should be provided with a wooden
bench, a steam-spigot on the side opposite the bench, and a bell and
a thermometer placed near the patient. A basin of cold water and
a douche apparatus complete the furnishing of the room.

The appointments of the moist chamber for general use vary
greatly in different establishments. A series of steps is generally
constructed upon which the patient can either sit or recline. Aec-
cording as the patients occupy the higher or lower steps, they will
be environed by an atmosphere having a higher or lower tempera-
ture.

The temperature commonly varies from 96° to 170°, with a mean
of 114°,  The patient, during his sojourn in the vapor-bath, gener-
ally divests himself of all clothing; it is only in establishments
where the steam chamber has a temperature of 90° to 96° that a
light garment is worn.



HYDROTHERAPEUTIC MEASURES. 121

At the commencement the heat of a vapor-bath at 114° is oppres-
sive, but very soon the discomfort disappears, respiration becomes
free, and sweating begins. Later, however, fatigue develops, and the
bath is generally discontinued at the end of thirty to forty minutes.
Frequently other hydrotherapentic measures are combined with the
vapor-bath.

Wigand has estimated the loss in weight produced by the bath to
be about 15 grammes per minute, but it must be remembered that

Fi1. 19.

Vapor-douclss.

as the atmosphere of the chamber becomes saturated the loss sus-
tained by the body diminishes proportionately. When the tempera-
ture is from 110° to 122°, and the length of sojourn ten minutes,
the loss of water, according to Oertel, is from 222 to 743 grammes.
A definite ratio, either to body-surface or body-weight, does not seem
to exist.

The elevation of the central temperature is at first gradual, but
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becomes rapid in a short time. When the atmosphere in the cham-
ber has a temperature of 92° to 94° the rise amounts to a few tenths
of a degree only (Liebermeister); when it is 122° to 128° an inerease
of from 98° to 104° has been observed after a ten minutes’ sojourn
in the chamber (Bortels and Jiirgensen). Frey and Heiligenthal
found in the case of a vapor-bath having a temperature of 122°
to 138° a rise of the central temperature to 102°, afier a period of
thirty minutes.

The vapor-douche is a jet of steam directed from a reservoir, usu-
ally during the course of a vapor-bath, against some portion of the

Chair for Hot-air Bath,

body. (Fig. 19.) Solutions of aromatic herbs may be introduced
into the reservoir for medicinal purposes.

The hot-air or the vapor-bath may also be administered by other
methods than that just described, viz., by means of a lamp or a hot-box.,

The hot-air bath, in which the air is heated by means of a lamp,
originated in the seventeenth century, The chair upon which the
patient sits has a perforated seat, and is provided with hoops rising
to the level of the shoulders, and with a small board to serve as a
foot-rest. The patient, entirely disrobed, is enveloped up to the neck
with a woollen blanket, which in turn is eovered with an impervious
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cloth. An aleohol lamp with several burning wicks is placed under
the chair ; it heats the air, generally to a temperature of from 104°
to 122°.  In order to favor sweating the patient is urged every ten
minutes to drink a glass of cool water. (Fig. 20.)

[The lamp ought never to be put under the chair, as the blanket
may take fire and the patient be seriously burned. It should be put
under an inverted funnel, which is then placed with its small end
under the blanket, the lamp being to one side.—Enp. |

As long as the temperature does not rise above 122° the pulse and
the internal temperature are not materially affected. But when a
higher degree of heat is attained—132° to 140°—the patient experi-
ences a burning sensation in the skin, becomes thirsty, nauseated,
and has tinnitus aurium, while the pulse-rate grows more frequent
and the internal temperature rises. :

Fia. 21.

The advantage of this procedure consists in that, slightly modified,
it may be employed when the patient is bedfast. For this purpose
hoops are placed beneath the blankets in such a way as to create an
air-space into which a pipe is conducted. A burning lamp is placed
under the other end of the pipe and the heated air rises into the air-
space between the patient and the blankets.

Occasionally a box is used instead of the chair. This box may be
made of wood or of marble ; the lid is pierced by a hole for the pas-
sage of the heat. The patient sits upon a stool and protrudes the
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head through the aperture in the lid so as to respire freely. A small
collar closes the space between the neck and the borders of the orifice.
(Fig. 21.) The box may be employed for the administration of
vapor-baths, simple or medicated, or of the hot-air bath alone. TFor
the latter purpose the air is heated by means of an aleohol lamp, hot
iron slabs, or heated bricks.

Dry-air Bath. 1n the dry air-chamber, the atmosphere not being
saturated with watery vapor, sweating is more easily secured, and is
more abundant than in the vapor-chamber ; but it ceases immediately
upon leaving the heated room (Bonnal).

The effects produced by the dry air-chamber are more gradual in
their onset than is the case in the moist air-chamber ; hence, on the
whole, the former is more agreeable than the latter.

The capacity for heat of air being less than that of water, and
sweating and evaporation being greatly favored by dryness, it is
readily comprehended how experimenters have been able to remain
in hot air-chambers the temperature of which surpassed that of boil-
ing water. In the studies of Fordyce and Blagden and of Dobson,
the temperature rose to 294° and Bonnal recently has pushed it
to 308°.

Under ordinary conditions the temperature of the blood rises less
in dry than in moist air. In a chamber having a temperature of
from 122° to 194° E. Large observed an elevation of 2° at the end
of an hour to an hour and a half. Henning has noticed a rise of 4°
after a fifty minutes’ sojournin a (hot-air) chamber having a tempera-
ture of 170°.  The return of the temperature to normal is gradual.

Hot and Cold Douche. The different procedures which have been
described may be combined in diverse ways, according to the needs
of practice. DMost commonly hot and cold applications are made
alternately, or a prolonged hot application is followed by a single
equally long-continued cold application.

When water of sufficient warmth is employed, and the duration of
the application is somewhat prolonged, a distinet redness of the skin
is produced. If at that moment cold water is suddenly applied, the
redness disappears, then becomes morve marked, and the sensation
of cold is made less intense. This reaction sets in promptly, as a
rule; in some cases, however, it is retarded. The cutaneous effect
varies in proportion to the difference between the temperatures of
the means employed in proportion to their respective duration and
to the force of percussion.
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By combining several factors more varied effects can be produoced
than by any simple procedure.

One of the principal of this type of procedures is the Scottish
douche. Two pipes, one of hot and one of cold water, are con-
ducted into a common reservoir, whence issues the discharge-pipe.
By aid of a proper apparatus the temperature of the water may be
readily varied by a simple mancuvre of the faucets. As the min-
gling of the two streams, by reason of the pressure, is almost instan-
taneous a single tube need only to be provided, but it is better to
have two, both of which are attached to a mixing reservoir.

The douche is nearly always administered with the movable jet,
and at a progressively changing temperature. Bottey, who has
thoronghly studied the subject, distinguishes these varieties: the
revulsive douche, the revulsive tonie, and the sedative and tonic
douche.

The revulsive douche 18 given with hot water, from 114° to 120°,
for a period of three to five minutes, or until a cherry-red coloration
of the skin is obtained. The surface is then sprinkled with cold
water, which causes the appearance of a scarlet redness.  An appli-
eation of water at 50° for from five to six seconds suffices for this
and serves to carry off' the excess of heat. The color of the skin is
the proper guide in its use.

The procedure does not produce a fall of temperatnre, but exercises
a strong analgesic influence.

To obtain the revulsive and tonic effect the method of administra-
tion is the same, except that the application of the cold water is pro-
longed after the appearance of the scarlet hue, until the patient has
a sensation of cold. After the douche the feeling of warmth returns
very rapidly.

When patients cannot endure hot water at 114°, or when the red
color does not appear in spite of the use of water at snch a tempera-
ture, the revulsive and tonic effect may be obtained by means of a
double Scottish douche.

The loss of vascular tone produced by the first cold donche ren-
ders the second Scottish douche more efficient. The duration of the
two Scottish douches should not exceed that of a single one.

The sedative and tonic douche is Bottey's modification of that
which Tartivel has deseribed as the sedative form of the Scottish
douche.

The douche is begun with water at 96°, the temperature being
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raised progressively during a space of thirty to sixty seconds, until
a temperature of 104° to 108° is reached. This maximum tempera-
ture is maintained for one to one and one-half minutes; it is then
allowed to fall until, at the end of thirty seconds or a minute, the
water is cold.

After the application the skin remains red ; the temperature is a
trifle lower, but returns to normal within two hours. This form of
douche may be employed to prepare feeble and tired patients for the
use of the cold douche,

The alternating douche is not so frequently employed as the Seot-
tish douche, nor has its action been so thoroughly investigated. It
consists in the alternate application, several times in succession, of
hot and cold douches, all of equal duration. The effect is more
stimulating than sedative. The total duration is generally two to
four minntes. i

In the alternating bath the patient is placed in a bath the tempera-
ture of which is 94° to 98°. He remains in this for a period of five
to fifteen minutes. The water is then rapidly cooled, and as soon as
the patient has become chilly, generally when the temperature has
reached 74° to 78°, he 1s removed and rubbed with a coarse towel.
In the meantime the cold water is replaced by hot, and then the
patient is again plunged into the tub. At the end of two or three
minutes friction is again practised. The effect is tonic and sedative.

Partial applications may also be combined in various ways. A
cood example is the procedure employed by Winternitz in certain
forms of dyspepsia, especially in those attended by cardialgia and
vomiting. The body and thighs are wrapped in a cold, wet sheet,
while a coil is applied to the epigastric region, through which water
at 1047 is allowed to flow. After a preliminary sensation of cold the
patient experiences an agreeable feeling of warmth.

The Russian bath is a vapor-bath followed by a cold application.
The patient first enters the vapor-bath. At the termination of this
he lies down upon a couch and is thoroughly rubbed. He is then
eiven a shower-douche, after which he plunges into a tank, which
can be filled with hot or cold water, In the last chamber he again
reclines upon a bed, while friction is administered for the second
time. The effect is tonic and sedative.

The most complex bath is the Roman, Turkish, ovr Moorish bath,
as it is variously called. The establishments where these baths are
eiven are scattered throughout the Orient, especially among the fol-
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lowers of Islam (Moorish baths), and it is truly remarkable how
great a skill in massage prevails among these nations. Introduced
into Europe about twenty-five years ago, these baths (under the
name of Turkish bath) are now in use in England, France, and
(Germany, and are also very popular in the United States,

The practice of massage dates back to the times of the ancient Greeks,
from whom, as also from the peoples of Asia Minor, the Romans
borrowed it. Among the Moors it is performed by the Mozabites,
an industrious and highly civilized tribe. For the massage of females
negresses are employed, who are, however, much less skilful. Amedee
Maurin has clearly described the construction of the Moorish estab-
lishments and the manner in which the baths are given. The build-
ings are divided into two essential parts ; the central part or chamber
represents the sudatorium, vaporarium, or laconicum of the ancients,
The lateral parts, the galleries or corridors, have public or private
rooms, in which the bathers rest. Beneath the chamber is the oven
(hypoecausis of the ancients), in which a constant fire is maintained
with wood. The water in the chamber modifies and moistens the
atmosphere,

The fire of the oven heats the water in the reservoir, which is
placed in the centre of the chamber and is surmounted by a
marble table. The room has the form of a Latin cross, so that the
temperature is not evenly distributed. Above the table the ther-
mometer registers 144° ; at the extremities of the arms of the cross
it is only 114°. On the floor and along the wall are vases of marble
or onxy, indicating the hot and cold spigots.

The bather first rests on the marble table until copions sweating
is produced ; then he delivers himself up to the masseur, who kneads
the anterior and posterior parts of the body and then applies enough
friction with a camel’s-hair glove. This is followed by ablutions
with soap and warm water; the body is then sprinkled with per-
fume ; then comes the toilet ; a short rest and a cup of tea complete
the process.

[In England and America the method of giving the Turkish bath
consists in having the patient pass from the ordinary living tempera-
ture into a hot room, and after remaining here a variable period
until sweating is established, to pass into successively hotter rooms,
where a still more profuse sweat is produced ; from here he passes
into the hands of the rubbers, who soap and rub him, and, finally,
give him a cold douche or he takes a plunge in a pool, and is met



128 PHYSICAL AND NATURAL THERAPEUTICS.

by an attendant, who dries him and allows him to rest and sleep for
many minutes. This bath establishes a good vasomotor tone, relieves
the kidneys, and is valuable for rheumatism and gout and in some cases
of obesity. It is contraindicated in cases of cardiac dilatation—ED.]

The Turkish bath as applied in Europe has a temperature of 122°
to 212°, Massage is also administered and affusions of cold water
made ; in some cases the cold tub-bath or the douche is given. It
is a difficult matter to employ these procedures in a methodical and
scientific manner in a private house, and hence they are searcely ap-
plicable to those who are acutely ill. In the tropical countries the
use of these baths is universal and constitutes an important sanitary
measure. Diaphoresis is profuse, especially when liquids are taken
during the bath. The effect of the multitude of procedures is not,
as we might expect, a sense of fatigue, but rather a feeling of ease
and comfort. Large states that these baths produce a stimulation of
all the nutritive processes.

According to Oertel’s studies, made at the Turkish baths of
Kolditz, the quantity of water lost from the body varies from 500
to 1000 grammes,

CLINICAL APPLICATION,

We have now completed the description of the various hydro-
therapeutic measures and can begin the discussion of the principles
governing their practical application for purposes of treatment,

When we have to deal with a grave case it is best to carry out the
treatment in a properly appointed establishment under the super-
vision of an experienced physician, but the majority of patients may
continue to live at home or at a hotel.

In any case, the hydrotherapeutic regimen should not be instituted
without due deliberation, since, if not methodically carried out, it
may be fruitful of harm.

When the indication is pressing any time in the year is suitable
for commencing the treatment, but under ordinary circumstances a
moderately cold and dry season is preferable. 1In the case of feeble
patients incapacitated for taking exercise, and particularly those suf-
fering from diseases of the air-passages, the summer is the best sea-
son for inangurating the treatment, while for constitutional diseases
(diabetes, obesity, neuroses, ete.) the winter season is most favorable.

The duration of the treatment is usually prolonged. Not rarely
the morbid phenomena are somewhat ageravated at the end of the
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first few days, but this does not constitute an indication for suspend-
ing the treatment. An intermission of several days is advisable,
however, if a marked degree of excitement is produced.

In those cases where the treatment has to be long continued it is
wise to suspend it from time to time. It will often be observed that
the patient’s condition ameliorates more during the periods of rest
than it did during the continuance of the treatment,

The therapeutic effects of hydrotherapy are various ; they may be de-
seribed under the three terms of stimulative, sedative, and revulsive.

Stimulation, that is, the produection of a strong reaction, is obtained
by means of cold applications having a short duration and combined
with very active mechanical procedures.

The most stimulating methods are simple washing with frietion,
the Scottish and the alternating douche, and, most efficient of all, the
cold douche, given with the movable-jet or the shower-douche.

The sedative influence of hydrotherapeutic measures is secured by
lessening the intensity and prolonging the duration of the reaction.
The means employed may be quite powerful. Not infrequently it is
necessary to prepare the patient by gentler measures before subject-
ing him to the more energetic procedures. Thus, we may precede
the use of the cold bath, the most powerful means of sedation, by
tepid affusions or tepid baths or the wet sheet.

Other sedative methods are the alternate use of hot and cold, as
the vapor-bath with active applications of cold water, and the seda-
tive Scottish douche previously described.

Lastly, a sedative action can also be obtained by attenuating the
sensitiveness of the terminal nerve-filaments by a long sojourn in the
tepid bath, to which mucilaginous substances may be added.

Revulsion, that is, the determination of the blood to the surface
for a prolonged period, is produced by means of hot applications or
by alternate applications of heat and cold. The revulsive Scotch
douche, already described, is one of the best agents for this purpose.
When the patient is confined to bed the dry or wet pack, followed by
cold affusions, may be employed.

The conditions in which hydrotherapeutic measures are advan-
tageously employed are manifold. In the treatment of fever frequent
use is made of cold ; and in sthenic cases cold applications of short
duration are very valuable. Prolonged local applications of cold ex-
ercise a marked antiphlogistic effect.

[The most important of these is the so-called Brand method of
a
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treating enteric fever, which consists in the immersion of the patient
in a bath of the temperature of about 70° F. as frequently as the
fever reaches 102.5° F. The patient should be gently lifted into the
tub, and be rubbed thoroughly while in the water to bring the hot
blood to the surface.  Immediately on his entrance his head should
be cooled by a cold douche or by means of an ice-bag. Sometimes
a little whiskey or brandy is given before he enters the bath ; but,
as a rule, the stimulant is best reserved for the time of exit from the
tub. The temperature should not be reduced below 100°, as it may
continue to fall and the patient go into collapse. After the bath has
accomplished its purpose the patient is lifted back on to the bed, is
wrapped in a sheet and then in a light blanket, without being dried
or rubbed. If the chill is marked, a hot-water bag may be placed
at the feet and a half-ounce or thereabouts of whiskey given to him.
Often a peaceful sleep follows the bath. In the hands of Brand,
the mortality of typhoid fever under this method has only been
about 1 per cent. In the hands of others it has been higher, but
in nearly every case less than with other plans of treatment.—ED.]

In diseases of the nervous system recourse is had to diverse forms
of hydrotherapeutic treatment, according to the end desired; for the
alleviation of pain revulsive procedures are especially indicated. In
rheumatism hot or mixed applications, often combined with massage,
are of undoubted value. The styptic action of cold or the reflex
effects engendered by energetic local applications of heat or cold are
an important means of controlling hemorrhage. Finally, in the so-
called diseases of nutrition, good results are unquestionably obtained
by the use of hydrotherapeutic agents.

There are a number of contraindications to the employment of
hydrotherapy. As a general rule, the organic diseases, such as pul-
monary tuberculosis, general paralysis, diabetes mellitus, Bright’s dis-
ease, chronic diseases of the heart and the vessels, preclude the use of
cold applications. It is true that in the incipient stages of these mal-
adies such applications, particularly of the gentler variety, may be
employed ; but as soon as there is a state of general debility or of weak-
ness of the cireulatory organs the contraindication becomes absolute.

The existence of disease of the skin contraindicates the use of
certain special procedures, among them the use of cold water and the
sweating by means of the lamp. Baths, simple or medicated, the
rapor-bath and the tepid-bath, or the hot douche, are, on the other
hand, very useful in certain forms of skin diseases.
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MINERAL WATERS.

THE custom of spending the summer at a resort possessing a
mineral spring is becoming more popular year by year, especially
among the dwellers in large cities. This is due in all probability
more to a desire to be fashionable than to a real necessity. We do
not wish to imply, however, that mineral springs are of doubtful
value ; indeed, many of them are powerful agents, but it seems to us
that their popularity is not entirely due to their therapentic usefulness.

It is the sufferers from chronic disease and the semi-invalids which
find in such resorts a proper and necessary rest from the pressing
cares of modern city life. If the place is rightly selected, such
persons will be greatly benefited by the treatment; but a mineral
spring is a two-edged sword, and it may do harm if not suited to
the patient’s state of health. Hence it is exceedingly important to
have a knowledge of the properties and actions of mineral waters.

The use of mineral waters dates back to ancient times; it was
quite prevalent among the Romans, who founded many establish-
ments in Gaul. Nevertheless our knowledge of their medicinal
properties is almost entirely modern ; yet it is far from complete,
and mineral waters still rank among the quasi-mysterious agents.

The action which they produce depends in general upon four
factors: (1) Upon their mineralization, or, rather, upon their chemi-
cal and physical properties; (2) upon their temperature; (3) upon
their mode of employment ; and (4) upon the hygienic and adjuvant
conditions (especially the climate) of the resort.

We shall briefly study these factors in detail.

Durand-Fardel defines mineral waters as those natural waters
employed in medicine by reason of their chemical composition or
their temperature. This definition would include ordinary water
raised to a certain temperature. Many authors do not agree to

I The partz gn Thermic Agents and Hydrotherapeutic Measures should be read with this
part.
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this, but affirm that mineral waters, no matter what their constitu-
tion, exert an action which differs from that of the ordinary potable
water.

The point of emergence of mineral springs is extremely variable ;
it may be in ancient or in recent strata, in erystalline or in sedi-
mentary rocks. Springs are scattered over the entire surface of the
globe—in all zones, in all countries.

Those that have a high temperature are generally in the neighbor-
hood of voleanoes; when found in transitional strata they always
issue from granite rocks.

Mineralization. The mineralization or chemiecal composition of
the spring is usually in accord with the nature of the subterranean
strata traversed by the water. Such surface-waters as are counted
among mineral springs obtain their properties by liziviation.

The character of the bed of a spring does not always give a clue
to its composition, for the same regions may possess waters differing
considerably. The bases are derived from the containing strata,
but the dissolved acids may have their origin at a remote distance.

Certain waters—several of great importance—are mineralized to
a less extent than drinking-water ; their specific gravity is scarcely
above that of distilled water.

The chemical composition of mineral waters is remarkably con-
stant, although the true composition must still be considered almost
unknown. It is customary to make two kinds of analysis. In the
one the component elements, or the simple compounds, such as acids
and bases, are determined ; this is known as the real analysis. In
the other, known as the hypothetic analysis, the combinations in
which the elements or the acids and bases are supposed to exist,
are reconstructed.

The hypothetic analysis ecannot be exaet, but is valuable from the
standpoint of therapeutics, and constitutes the bases of the classifica-
tion of mineral springs.

According to the Annuaire des Faux de France, mineral waters
contain a small number of acids and bases, which, as a rule, mutually
saturate themselves, When the saturation is not complete the acids
are present in excess. The acids that may be found are carbonic
dioxide, hydrogen sulphide, sulphurie, hydrochlorie, hydrobromie,
hydriodie, nitric, phosphorie, and arsenious. The first three are
most important. Among bases we have sodium, potassium, cal-
eium, magnesium, lithinm, and the protoxides of iron and man-
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ganese. Sodium is present in nearly all mineral waters, generally
as the predominant base ; potassinm very rarely preponderates.

The principal gases are carbonic dioxide, nitrogen, hydrogen,
hydrogen sulphide, different forms of carburetted hydrogen, am-
monia, and hydrochloric acid gas. The oxygen and a part of the
nitrogen are probably derived from the atmosphere. The origin of
the others has not been definitely determined.

Certain gases, by reason of their abundance and their influence
upon the organism, form important ingredients of mineral waters.
Such gases are hydrogen sulphide, carbonie dioxide, and probably
also nitrogen. Many gaseous springs contain earbonic dioxide, both
in the free and the combined state.

In addition to the commoner substances mentioned above, there
are others of much rarer occurrence in mineral waters, as arsenie,
salieylie, borie, hydrofluorie acid, aluminium, barium, strontium, cop-
per, nickel, cobalt, titaninm, rubidium, cesinum. Organic matters,
generally playing the part of acids, may also be present.

Arsenie was discovered by Tripier, in 1889, in the thermal spring
of Hammam-Meskoutine, in Algiers,

Since then it has been found in the water of Bourboule, Vichy,
Mont-Dore, and others. According to Le Fort, it is derived from
arseniferous ferrnginous minerals.

Temperature. The temperature of mineral springs varies—some
waters are cold, others tepid, and yet others warm ; the latter being
the so-called thermal springs. It should be noted at this point that
the term thermal has a variety of meanings.

The French Annuaire considers a spring to be thermal when its
temperature is appreciably above that of the mean annual tempera-
ture of its place of emergence.

Filhol applies the word to all springs having a constant tempera-
ture. Durand-Fardel makes the same divisions of springs as are
made of baths, terming those having a temperature below 68°, cold ;
those having a temperature of from 68° to 86°, tepid; those the
temperature of which is 87° to 96°, hot ; and those having a tem-
perature of 97° to 114°, very hot.

An important and interesting fact is the constancy of the tem-
perature of mineral springs. Carrere, in 1754, determined the
temperature of the springs in the Pyrenees, and Le Grand, ninety
years later, obtained the identical figure.

Springs that have a deep origin are generally warmer than those
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coming from near the surface. Solid strata and a rapid flow are
factors that favor the conservation of the heat of a spring, while a
porous soil or an intercallated lake or expanse of water tend to
produce a variable temperature. As a rule, constaney of temperature
is associated with the constancy of mineralization.

Unctuosity. Certain mineral springs particularly rich in organie
matter have the peculiar property of unctuosity. In sulphur springs
possessing this quality, Fontan and others have found various forms
of microscopic alge. The one discovered by Fontan, a delicate,
filamentous alga, inhabits only sulphur springs having a temperature
of 97° to 114°. It contains a small proportion of iodine.

Electric Condition. A number of springs are endowed with
active medicinal properties which seem to be entirely independent of
their chemical constitution. Scoutteten has proposed the theory that
the effects are due to electricity. Gigot-Sward and Armieux have
tfound that in sulphur springs the tension on the surface is positive,
in the deeper parts negative. In their opinion the electric condition
is due to the incessant modification of the element sulphur. Paul
Benard confirms the results of Scoutteten’s researches, but declares
that there is not any relation between the electric reactions and the
therapeutic properties of mineral waters.

Waltenhofen, of Gastein, has carefully compared the conductivity
of medicinal waters with that of wvarious potable waters, and has
found that the former possess conductivity in a higher degree than
ordinary drinking-water,

The data, however, are as yet insufficient to permit us to form any
positive conclusions with respect to the part played by the electric
phenomena in the therapeutic action of mineral springs. We may
state the present status of the question as follows: Certain mineral
waters of an indifferent chemical constitution appear to be in a pecu-
liar electrie state, by reason of which their influence upon the organ-
ism approaches that of the electric bath. In others the electrical
condition is susceptible to change during the course of their employ-
ment, a peculiarity which endows such springs with properties dif-
fering markedly from those possessed by ordinary water.

The greater number of mineral waters undergo changes on exposure
to the air: a part of the contained gases is disengaged and some of
the salts are deposited. In the inerusting springs these salts are
calcium compounds ; in others, silica or iron is deposited.

Mud-springs. Mud-springs, the therapeutic value of which is
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unquestionable, are of two varieties— the mineral and the vege-
table. .

Vegetable mud-springs are those which contain alge, or are im-
pregnated with decomposing organic matter. Such springs are found
at Néris, Bourbon-Laney, Bonrbonne, Bagnéres-de-Luchon, ete.

TaE PHYSI0LOGICAL AND THERAPEUTIC UskEs oF MINERAL
WATERS.!

The use of mineral waters in medicine is founded entirely on em-
piricism : clinical observation and therapeutic results are even at the
present time our only guides in their employment. In recent years,
however, much has been done toward the attainment of a more acen-
rate knowledge of the uses and actions of mineral waters, and the
results attained give promise that the treatment will soon be based
on scientific prineiples,

We may divide the treatment into the external and the internal.
Although both are generally employed conjointly, the distinction is
of value.

Effects of the Bath. The most typical of the external measures is
the bath. It is capable, even when used alone, of producing marked
therapeutic effects. Whether analogous results can be accomplished
with ordinary potable water is a question that has often been dis-
enssed.

The differences that exist between the results at one station and
those achieved at another, although the bath may constitute the prin-
cipal element of the treatment in each, demonstrate conclusively that
mineral waters possess a peculiar action of their own. These effects,
however, are obtained in diseased persons, and are therapeutic rather
than physiological. Physiological studies of value can only be made
upon healthy subjects. Quite a number of authors have oceupied
themselves in recent times with researches of this character, and have
secured data which we shall briefly outline in this chapter.

The experiments of Rihrig and Zuntz, as well as those of Beneke,
have shown that salt-baths stimulate the activity of the skin and
modify the nutritive processes. Keller’'s comparative studies also
indicate clearly that there exists a noticeable difference between the
action of the salt-bath and the ordinary bath; a result that is strongly
corroborated by Gauly. Groedel has found that the salt-bath and

I The chapter on Thermic Agents should be read in connection with this chapter.
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the simple bath do not influence the electric excitability of the body
in the same way.

The ferruginous baths, according to Flechsig, have their special
properties, and even the carbonated baths have been asserted to pos-
sess, by Jacob and by Stiller, qualities that distinguish them from
simple baths.

Even those baths that are mineralized to an insignificant degree,
such as Néris, which contains only 1.1445 grammes of solid to the
litre, are capable of producing marked and peculiar effects.

Let us examine as to which factor or factors these effects are due.
Is there any absorption of the mineral and gaseous ingredients of the
waters, and will this absorption account for the therapeutic results?

A large number of investizators—DBraun, Poulet, Rabuteau,
Roussin, Parisot, Valentiner, Passaboe, Keller, and others—decide
these questions in the negative, while others are convineced that it
should be answered in the affirmative. Thus Delore, Duriau, Ho-
molle, Hofmann, Villemin, Wolkenstein, and Stabel have proved
that certain active substances, especially digitalis and potassium
iodide, pass through the skin. But the quantity absorbed is very
small, and this factor plays, probably, no #dle in the effects produced
by the baths.

Yet, although the bodies in solution do not penetrate so far as the
blood, they at least permeate the superficial layers of the skin. This
imbibition on the part of the skin is favored by heat and by the re-
moval of the layer of sebaceous matter normally present. It is most
marked on the soles of the feet and palms of the hands, where seba-
ceons glands do not exist.

This imbibition does not of necessity imply absorption. Energetic
friction performed during the bath may be able to cause the penetra-
tion of the medicinal substances into the ducts of the sebaceous or
sudoriferous glands, or into the hair-follicles, and yet no real evidence
may be found of any absorption. According to Aubert and Schott,
the bodies in solution may even, without having been absorbed, per-
meate the integument as far as the terminal nerves, which approach
nearer to the surface than the bloodvessels.

Perhaps this direct action upon the eutaneous nerves is in part the
canse of the special influence of the baths.

The absorption of gases and volatile snbstances is much less in
doubt. Hydrogen sulphide, iodine, and carbonic dioxide pass into
the cirenlation, but only to a limited degree on account of the tension
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of the gases of the lymph and blood. Some of the gases disengaged
from the surface of the water may mix with the respired air and be
inhaled and then absorbed.

Be this as it may, the total quantity of active substance absorbed
through all channels is small, and the peculiar effects of the baths
cannot be attributed to this factor.

We are, then, compelled to rely for the influence of baths upon the
body through the medium of the nervous system.

Leichtenstein held that mineral thermal baths did not produce
effects at a distance through the medium of the vasomotor or the
pnenmogastric nerves, but that the baths simply acted like the other
procedures of balneotherapy. It is generally admitted, however,
that there is a peculiar exciting action, and if this is not admitted
the effects of the baths remain absolutely mysterions. The observa-
tions of Jacob confirm this ; he found that a bath containing carbonic
dioxide had an action on the heart differing from that produced by
ordinary soft water.

The special effects may depend upon the physical properties of the
water as well as upon the chemieal. Certain writers aseribe them
to electric conditions ; others see an analogy between the effects of
mineral water containing metallic substances in solution and the
phenomena produced by the application of these metals to the sur-
face of the body.

The temperature of the water does not constitute a special quality,
but some influence must be accorded to the great constancy of the
temperature, and perhaps also the perpetual renewal of the water of
certain springs. Of considerable importance are the softness or
hardness and the unctuosity of the water, and the irritant proper-
ties depending upon the presence of certain salts, as well as the
disengagement of gas-bubbles from certain waters and their impinge-
ment on the skin.

It should also be added that the repetition of the baths, as is
enstomary at resorts, brings about a summation of effects.

Whatever the essential factor, there can be no doubt that the
baths at certain stations are capable of producing a distinetly patho-
logical state—a form of thermic fever, characterized by general
disturbance with malaise, by acceleration of the pulse, rarely by a
transient elevation of temperature, and at times by cutaneous erap-
tions, which, however, in a number of instances, at least, is only the
recrudescence of an old malady. This thermic fever is noticed, as
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a rule, after the twelfth bath, and, it’ mild, it has a favorable prog-
nosis,

Effects of Mud-bath. The subject of mud-baths may properly
be considered under the head of mineral springs. There are three
resorts in France where such baths are given—Barbotan, Saint-
Amand, and Dax.

The treatment in vogue at these places consists of the immersion
of the body, for a variable period, in mineralized slime, maintained
at a constant temperature. This is followed by a simple bath for
cleansing the skin.

The mud-baths may be employed in the form of general or of
local applications.

In Germany the mud-baths (seéhlammbeider) are extensively in use.
At certain places, such as Franzensbad, the mud is prepared artifi-
cially by mixing a fine loam with mineral water. Lake Balaton-
Fiired, in Hungary, furnishes a grayish slime containing an abun-
dance of silicate of lime erystals, which produce a certain degree of
friction of the skin,

The physiological effects of the mud-baths are not well under-
stood. The dense or massive baths appear to act, in part at least,
by the pressure which they exercise upon the skin, and by driving
the blood from the periphery to the central parts of the body. An
impediment is thus offered to the establishment of the thermiec
equilibrium between the body and the bath, and consequently the
temperature of the blood is not lessened, although that of the bath
is low. Jacob has even noted an inerease in the central temperature,
no doubt attributable to a retention of heat. TFor the same reasons
the mud-bath at a high temperature is more easily supported than a
bath in water of the same temperature.

According to Fellner, some influence is to be ascribed to the
presence in the bath of mineral salts.

When the temperature of the bath is equal to or lower than that
of the skin, the pulse and respirations are decreased in frequency,
while the cutaneons perspiration and the excretion of urea are
augmented. The mud-baths can be prolonged to a much greater
length than the ordinary baths. They do not produce relaxation of
the skin or sweating.

With the exception of Barbotan, the baths of which are sedative
to rheumatic patients, the mud-baths are, as a rule, stimulant to the
skin and have a resolvent effect.
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At Fravnzensbad the stimulation is intense, the application being
followed by a vivid and persistent redness of the skin. This,
indeed, is the case at the majority of resorts, notably at DBalaton-
Fiired, the silicated baths of which produce a distinct erythema.

At some stations the therapeutic effect is probably in part due to
the respiration of air charged with sulphur. This is an important
factor in the influence of the baths of Saint-Amand.

The topical applications made with the confervaceous algs that
grow in the basin and pools of mineral water constitute a special
form of treatment.

At Néris, at Bourbon-Lancy, and at Valdieri, Italy, these vege-
table substances serve especially for the purpose of practising friction,
which may be combined with massage.

In some instances, as at Néris, the conferve enclose crystals of
caleium carbonate, which intensify the effect of the friction,

Effect of Douches. The douche of mineral water exercises, like
the bath, a peculiar effect, which is equally difficult of explanation.
The mode of application, and the more or less frequent repetition,
no doubt contribute to this effect; but they are factors common to
the other hydrotherapeutic measures. (See Hydrotherapeutic Meas-
ures and Thermie Agents.)

In certain localities the chambersin which the douches are given
are filled with vapors and gases that are in part absorbed through
the air-passages. This factor probably plays a #dle in the production
of the therapeutic effects. At Bagneres-de-Luchon, Filhol found free
sulphur and hydrogen sulphide in the atmosphere of the douche-
chamber, and he estimates that during a sojourn of a quarter of an
hour an individual inspires 82 litres of air containing 1.40 c.cm. of
hydrogen sulphide. At Bareges the air in the apartment contains
3 per cent. less oxygen than the general atmosphere. At other
resorts the carbonie dioxide 1s in excess, while at still others a de-
posit of free particles of sulphur oceurs on the skin. These various
peculiarities assist us in understanding the variability of the effects
obtained with measures that are apparently similar in character.
When the douches are applied to a mucous membrane, as that of the
vagina, the rectum, the conjunctiva, and the pharynx, the absorption
of medicinal substances undoubtedly adds its effects to the topical
action of the water.

Inhalation. During recent years the inhalation of mineral water
vapors has become one of the most important therapeutic measures,
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In reality it mav be considered as a form of internal treatment,
Several factors combine to produce the effect derived from inhala-
tion—the watery vapor, the heat, and the modification in the res-
pired air, the last consisting in an alteration of the proportion of
gaseous constituents in the addition of foreign gases, or in the sus-
pension in the air of saline particles or of organie substances capable
of penetrating with the air into the lungs.

In Germany the inhalation of gases and vapors disengaged from
sulphur waters has long been in vogue. Patients have also been
sent into the drying-houses and evaporating-rooms of salt factories
that they might inspire the salt-laden atmosphere. The first inhala-
tion-chambers in France were established sixty years ago at Mont-
Dorve by Bertrand, to whom the idea had been suggested by a patient
suttering from asthma, who attributed his cure to the vapors arising
from the springs.

Thénard and Lefort found saline particles and an arsenieal salt in
the vapor of the chambers at Mont-Dore, and Nicolas recently
established the fact that in these chambers the proportion of carbonic
dioxide is sixty times greater than in the air,

Traces of saline particles and of organic substances have been
found in the water of condensation in the chambers at Plombiéres.
Analogous observations have also been made by Petit at Vichy.

At Royat the atmosphere of the inhalation-chambers is said to
contain ecarbonic dioxide, soda, sulphurie acid, and organie matter
(Nivet). At La Bourboule special contrivances have been devised
by means of which the mineral water itself is transformed into a
spray, and as such pervades the atmosphere. This has also been
done at Ischl, where chloride of sodinm produces the effects.

At other stations the atmosphere contains only those vapors that
arise spontaneously from the waters at the temperature of the air.

Tnhalation of Salt Air. The inhalation of salt air is a special
feature at several German and Austrian watering-places. The
waters, which are more or less rich in sodium chloride, are con-
ducted by means of hydraulic machines to the upper parts of an
apparatus consisting of bundles of dried twigs superimposed upon
one another. These are the Gradiswerke of the Germans. The waters
run through pipes that are disposed on all sides, and which, being
pierced by lateral holes, permit the water to fall upon the fagots.
As the water descends over the smaller twigs it is broken into fine
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drops, which lower down are still farther subdivided and eventually
become volatilized.

During the progress of the evaporation the air becomes impreg-
nated with certain principles and its chemical constitution is altered.
The patients inhale this air daily for a wvariable number of hours.
It differs from the ordinary atmosphere in possessing a peculiar fresh-
ness, in having a higher density and a greater proportion of oxygen
and perhaps of ozone. It is more or less saturated with the vapor
of water and encloses a notable quantity of' sodium chloride as well
as traces of iodine and bromine. The carbonic dioxide seems to be
present in a smaller proportion than it is found normally.

The effect of the salt air is sedative and manifests itself in a slow-
ing of the pulse and in a diminution of the respiratory movements,
which, however, have a greater amplitude.

At certain watering places the atmosphere of the inhalation-cham-
bers is modified by the playing of one or more fountains,

Inhalation of Hydrogen Sulphide. A considerable quantity of
hydrogen sulphide is emitted from many sulphur springs. Sinece
1845 inhalations of this gas have been given at Amélie-les-Bains
and at le Vernet. The patient can remain in the inhaling-rooms for
several hours without experiencing any discomfort. Respiration is
not impeded, but the circulation is somewhat slowed.

At Allevard the gas given off from the sulphur springs contains
in every litre, hydrogen sulphide, 24.75 c.cm. ; carbonic dioxide,
97 c.cm. ; nitrogen, 41 c.em. To secure the escape of these gases
the water is allowed to fall over a number of superimposed vases,
The patients do not disrobe to enter the inhaling-chambers ; after a
sojourn of several hours a slight headache develops, which, how-
ever, disappears promptly on returning to the fresh air. The effect
of the inhalation at Allevard is sedative. At Saint Honoré the
hydrogen sulphide is made to mingle with the air by means of an in-
genious apparatus devised by Collin. The effeet is primarily seda-
tive, but after a time becomes stimulating,

Baths of hydrogen sulphide have also been employed. They are
administered in chambers analogous to those used for vapor-baths,
and have a calmative influence upon the nervous system and the
eirculation.

The Use of Carbonic Dioxide. The gas, the application of which
is the most varied, is carbon dioxide. The idea of its use in medicine
was conceived in France in 1834, by Goin, at Saint Alban, who
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devised apparatus for employing it in diverse ways. Its therapeutic
value has been thoroughly investigated in Germany, where numerous
stations have adopted its use, such as Marienbad, Carlsbad, Mein-
berg, Cronthal, Eger-Franzensbad, Canstatt, Kissengen, and Nau-
heim. Of French resorts employing the gas we may name Saint
Alban, Celles, Saint Nectaire, Vichy, and Royat.

The gas, emerging from fissures in the earth or escaping from
springs, is used either in the pure state or mixed with the atmos-
pherie air or hydrogen sulphide, or with the vapors of the mineral
springs,

It may be employed in the form of baths, douches, or inhalations.
The baths are administered in special bath-rooms. The head remains
in the normal atmosphere, the latter being frequently renewed.
Boxes similar to those used for ordinary vapor-baths may also be
employed. The patients generally are lightly clad, and cover them-
selves with warmer clothing on leaving the bath,

The duration of the bath is from ten to twenty minutes. Local
baths are given by means of the apparatus used for the ordinary
partial baths.

For the administration of douches and injections into cavities the
gas is conducted through rubber tubes terminating in special nozzles.
The delivery of the gas is regulated by means of stopcocks. The
nozzle in the case of the uterine and vaginal douche is passed through
a fenestrated speculum which fits into a rubber pad so arranged that
it prevents the escape of the gas.

By means of special contrivances, douches may be directed against
the eyes, into the ears, and into the nasal fosse.

For purposes of inhalation the carbonie dioxide should be mixed
with atmospheric air, in the proportion of 5 to 8 parts to 100 of air.

Special methods are necessary to obtain the proper mixture,

A erude method consists in the inspiration of the gas through a
tube from a gasometer or directly from its source, while pure air is
simultaneously inspired through the nose. In other cases the gas
is introduced into the open mouth and there mingles with the air.
These modes of inhalation are fatiguing, and also do not permit
exact dosage of the gas.

In localities where the inhalations are systematically practised they
are given in well-closed chambers, to which the gas is earried in tubes.
Small apertures in the conducting tubes permit the escape of the
gas and its diffusion through the atmosphere.
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The dosage is controlled by means of stopcocks and wvalves.
Quite frequently the air is rendered moist by a jet of water or by
steam. KEvery care is taken to prevent the presence of carbonic
dioxide in excessive amounts. The séance is short, about ten min-
utes, being progressively lengthened to twenty minutes.

The physiological properties of carbonic acid are well marked. A
stream projected against the skin first causes a sensation of coolness,
then one of warmth, and, finally, almost complete anzesthesia. Simi-
lar phenomena arve developed when the body is exposed to an atmos-
phere of CO,, the respiration at the same time being carried on in
the free air. Sweating may also be produced. According to Paalzow
and Pfliiger, the baths do not augment the nutritive processes. The
ability of the skin to absorb carbon dioxide renders the use of the
baths not entirely devoid of danger; their administration should,
therefore, be supervised.

Riéhrig has found that animals may be killed when immersed in
an atmosphere of CO,, although they are breathing the normal air,

In places where the treatment is systematically pursued, the fol-
lowing phenomena are normally observed :

There is at first a transient pricking sensation ( picofement) of the
skin, and at times pruritus ani ; then follows a feeling of heat, and
the skin breaks out in a copious sweat ; there is also a desire to
urinate, a certain degree of genital excitement, and an acceleration
of the pulse,

When the proportion of carbonie dioxide does not exceed 15 to 30
parts in 100 the bath produces a general stimulation of the system ;
but when too prolonged it gives rise either to a state of excitement or
to one of fatigue and prostration.

The inhalations are more dangerous. Carbonic dioxide is, indeed,
a very poisonous gas, and when present in the atmosphere to the
amount of 1 part in 100 is productive of more or less serious conse-
quences. When the proportion is greater and the respiration of
such an adulterated atmosphere is long continued, the blood becomes
surcharged with CO,.  After a brief stage of excitement paralytic
and asphyctic phenomena develop.

For these reasons the physician should earefully superintend the
inhalation. On account of the dangers incident to their use the
injection of gas into mucous ecavities has been abandoned. At
present the baths represent almost the only method in which ecar-
bonic dioxide is utilized.
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The Use of Nitrogen. In recent years the attempt has been made
to use the nitrogen which is contained in certain mineral waters for
therapeutie purposes.

Nitrogen is commonly regarded by physiologists as an inert gas ;
it is not deleterious, but simply unfit for respiration. Nevertheless
it possesses some physiological properties. It is not readily soluble
in water ; 25 c.em. in a litre—while blood holds in solution ten times
this amount. It is the red corpuseles that possess themselves of it,
for the sernm, according to Fernet, does not dissolve it. The analyses
of the blood-gases, made by Magnus, have shown that there is more
nitrogen in arterial than in venous blood, a fact which seems to in-
dicate that a certain quantity of the gas enters into the ecireulation
during the respiratory act. Liebig, Regnault, Planer, and Paul
Bert have, indeed, admitted that the atmospheric nitrogen is to a
slight extent absorbed by the lung. According to Regnault and
Reiset, the nitrogen of the blood is derived from the atmosphere and
from the nitrogenous food-stuffs. Reiset even believes that the skin
is capable of absorbing a small proportion of the gas.

That the atmospheric nitrogen plays an important part in vegeta-
ble physiology, especially in the processes of nutrition, can no longer
be doubted. Abundant proofs have been brought forward by the
ralnable labors of G. Ville and of Berthelot. But regarding ani-
mals and man the evidence of an influence on the part of nitrogen
upon metabolism is very limited. In spite of this, nitrogen is now
quite extensively employed as a therapeutic agent.

Its medicinal properties have been investigated by Nysten, and
very thoroughly by Lecomte and Demarquay, Lemoine, and Stein-
bruclk.

Inhalations have been used especially in phthisis, the patient
respiring an atmosphere to which from 2 to 7 per cent. of nitrogen
has been added. The first account of the results achieved was
given by Mermagen, in 1880. When the treatment was confined to
inhalations of nitrogen and the ingestion of nitrogenous waters the
results were not marked.

The principal studies of the method have been made by Rohden,
Hérliny, Briigelmann, and Zuntz, and by Spanish physicians at
Penticoza, Urberoaga, and Caldas di Oviedo. Of the Spanish writers,
Arnus and Gareia Lopez deserve special mention.

The nitrogen treatment has been highly developed at Lippspringe
and at Inselbald, where the water at the moment of its transfor-



MINERAL WATERS. 145

mation into spray by flowing over fagots gives off' its gases to the
atmosphere in which the patient breathes.

The systemic effects are sedative; the pulse becomes slower and
softer, respiration easier; the temperature tends to fall, cough and
expectoration diminish, the nervous irritability lessens, and sleep
improves, To secure the best results no more than 7 per cent. and
no less than 2 per cent. of the oxygen should be withdrawn from the
air. In the atmosphere thus lightly rarefied the lungs are subjected
to a mild form of gymnastic exercise. Whether the nitrogen itself
has any medicinal properties is uncertain, and the question is certainly
still sub judice, ;

Humage, Aspiration, Suction. A method somewhat analogons
to inhalation is that known as humage, aspiration, or suction. It
was first proposed by Lambron, at Bagnéres-de-Luchon ; at present
it is in use at several resorts. The patient, by means of an appro-
priate mouth-piece, aspires or inhales from a reservoir the gases,
spontaneously disengaged from the mineral springs, mixed with the
atmospheric air.

The effects produced by this practice have not been fully investi-
gated.

Atomization. The method of atomization consists in causing
solutions of medicinal substances to enter the respiratory passages
in the form of a fine spray. It originated at the sulphur springs of
Lamotte-les-Bains. Since the invention of portable apparatuses the
method has become an important element in ordinary therapeuties,
and is now applied to the use of medicinal solutions apart from
mineral waters.

It is unnecessary to describe the multiform apparatuses that have
been devised for securing the atomization of fluids. Most important
is the question of the value of the method.

In the first place we may ask, Do mineral waters subjected to
atomization conserve their properties ?

Of the sulphur waters . which are most commonly employed for
the purpose, some are markedly modified, others searcely at all.

The second point concerns the penetration of the atomized liquids
into the air-passages.

A commission, appointed by the Society of Medical Hydrology,
after some experimentation, coneluded that a small quantity of the
spray enters the respiratory tract, a conclusion that has been con-

firmed by more recent researches. Waldenberg estimated the quan-
10
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tity entering the bronchial tubes during an atomization of one minute
as ten to fifteen drops. It is scarcely possible to aseribe any thera-
peutic action to such a dose. Nevertheless this small amount suffices
for the production of changes, not only in the pharynx and larynx,
but also in the trachea and the larger bronchi. The method, like
that of inhalation, is employed almost exclusively in pulmonary
diseases.  Its most striking influence is upon the secretions and the
nervous system ; it diminishes congh and dyspneea, facilitates expec-
toration, and modifies its charaecter.

The method of irrigation of the nasal fossee with mineral waters,
according to the procedure known as Webers’ douche, should be
mentioned before closing this part of the subject.

Internal Use. By far the most important mode of employing
mineral waters is their ingestion internally. They are generally
taken in definite quantities, in the intervals between meals, on an
empty stomach., The effects depend upon a number of factors, the
principal of which are the quantity, the temperature, and composition
of the water ingested.

When the water is strongly mineralized the patient takes a com-
plex medicament in a more or lessdiluted state. At many watering-
places the mineralization is feeble, sometimes even less than in the
potable waters. It is best on this account to distinguish in the treat-
ment the common effects, those attributable to the ingestion of water
and the special effects arising from the peculiar composition of the
water.

Withont attaching too much importance to this distinetion, it will
be important, from the standpoint of the physiological study of
mineral waters, first, to inquire into the effects produced by the in-
cestion of a quantity of plain water. Despite its apparent simplicity
the question is far from being solved.

Two factors need to be considered in our inquiry—the mass or
quantity and the temperature. :

It is generally admitted that water taken into an empty stomach
disappears rapidly ; a part is absorbed, another is propelled into the
intestines.  What is the proportion that is absorbed? How rapidly
does absorption take place?  Very little is known on these points
with regard to healthy man. In disease, however, the ingestion of
water indubitably presents at times considerable variations, which
should be investigated by the physician prior to adopting a plan of
treatment. The gastrie absorption of water appears to be regulated
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in part by the phenomenon of osmosis, in part by the muscular
functions of the stomach. The conditions governing osmosis, quite
constant, we may suppose, in health, are, without doubt, very vari-
able in pathological states accompanied by modification in the strue-
ture of the stomachic mueous membrane or in the composition of the
blood. As regards the rapidity of the evacuation, it may be stated
that certain stomachs empty themselves of their liguid or solid con-
tents with great celerity, while others retain both for a long period
of time.

There are patients who can ingest large quantities of fluids without
producing gastric distention ; others, on the contrary, experience
pain when they introduce relatively small quantities, even very
slowly, into their stomachs. In the latter there is often dilatation ;
and in all of them abnormal conditions of funetional activity of the
stomach can usually be recognized,

The influence of the temperature is not definitely known, although
the belief prevails that tepid or warm water is more readily tolerated
than cold.

It is very important to remember that even in perfectly normal
conditions pure water when ingested excites a certain degree of
elandular activity, and, in consequence, true digestion. This subject
has so far been studied scientifically only in the dog, in the work of
M. Winter and the writer.

The intra-stomachic processes are doubtless modified by the addi-
tion of a small quantity of salines to the water ingested. Several
physiologists, among them Beclard, state that the presence of 2 per
cent. of sodium chloride suffices to render the absorption of the
water more difficnlt. This is practically the sum total of our knowl-
edge on this interesting and complex question, which deserves dili-
gent study, since in mineral waters we have represented solutions of
saline substances.

Such solutions are capable of modifying the osmotic processes as
well as the glandular action, the modifications depending upon the
proportion of materials in solution. We shall revert to this subject
when considering waters in detail. Arrived in the intestines, the
water continues to be absorbed. But as intestinal absorption proceeds
slowly, the water may, if in sufficient quantity, exert a laxative or
purgative effect even when it contains not a trace of any purgative
salt. Cold water is in this respect more active -than hot, although
water slightly warm is equally capable of exciting intestinal peri-
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stalsis. At some resorts, the waters of which are feebly mineralized,
the patients can drink without discomfort 2 or 3 litres in the space
of 24 hours.

Bouisson has claimed that in animals which arve forced to drink
large quantities of water the portal vein becomes turgescent. Bocker
admits that the absorption of water dilutes the blood, but the change
is transient, scarcely enduring longer than fifteen minutes, even after
the ingestion of a large quantity of water. In attempting to de-
termine the dilution of the blood by estimating the quantity of
hemoglobin by means of the spectrophotometer, Leichtenstern failed
to note any changes after the consumption of a quantity of water.
We may conclude from these researches that the blood disposes
rapidly of an excess of fluid. The discharge is chiefly by the kid-
neys. The diuresis varies with the temperature of the water; it is
more active under the use of hot water, and diaphoresis takes place
at the same time. It is likewise influenced by atmospheric condi-
tions, being greater when the weather is eool and moist than when it
is hot and dry. When flushing of the kidneys is desired it would,
therefore, be a palpable error to send the patient to the watering-
place during the hottest period of the year.

The kidney is not the only organ charged with the elimination of
water. In proportion as the latter enters the blood it diffuses itself
through the entire body and aets probably on all the tissue elements.
It may therefore modify all the secretions and execite disturbances of
nutrition.

Ferber, Mosler, and Weyrich have observed an increased loss of
substances through the skin, more marked after the ingestion of hot
than after cold water. Lehmann records the stimulation of the
parotid secretion ; Weimann that of the pancreas; and Bidder and
Schmidt, Nasse, Arnold, and Roéhrig that of the biliary secretion.

The study of the fluctuations in blood-pressure have not yielded
concordant data. Thus Winternitz holds that hot water diminishes
the pressure of the blood ; Kisch that it increases the pressure. The
ingestion of cold water diminishes the frequency of the pulse, but
this effect is transient. It is without doubt due to an influence upon
the branches of the pnenmogastric nerve, for it is noticeable before
the fall of temperature consequent upon the internal cooling mani-
fests itself.

Ungquestionably the most important effect of the ingestion of water
is that exerted upon the nutritive processes, Although the exact
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determination of the extent and character of this effect is not easy,
it has been much elucidated by studies upon the variations of the
urine and of the body-weight.

The majority of experimenters have found that the urinary losses
are augmented. Genth, Mosler, Beequerel, Chossat, Lehmann, and
Falk have observed that in addition to diuresis there is an increase
in the elimination of urea, of sodium chloride, and of phosphorie
and sulphuric acids,

The consumption of from 2 to 4 litres of water increases the ex-
cretion of urea about one-fifth. Recent observations have yielded
similar results, at least as regards the nitrogenous elimination.
Debove and Flamant are almost alone in their denial of an increase
in the exeretion of urea.

The increase in the elimination of nitrogen has been interpreted
in various ways. J. Maver and others, whose experiments were
made on animals, believe that the ingestion of a quantity of water
produces a sort of general lavage of the organism, whereby the waste-
material retained in the tissues is washed out. Others, as Robin,
while not denying this factor, hold that there is an increased oxida-
tion. This is plausible enough, if it is true, as Bordel claims, that the
weight of minerals diminish when the dietetic regimen remains unal-
tered and increases when no restriction is placed upon the appetite.

Genth and others have asserted that the urie acid disappears from
the urine after the ingestion of large amounts of water. But Schin-
dorff, by employing for the determination of the quantity of urie
acid the method of Salkowski as modified by Fokker, was unable to
observe any influence upon the elimination of uric acid.

Whichever of these various divergent views be correct, we can
safely say that the ingestion of water seems to stimulate intra-organic
activity. To this most important influence is added the therapeutic
effect produced by the constituents of the different waters.

At places where the water is deficient in mineral ingredients,
therapeuntic results are obtained by the ingestion of large quantities
of water. At others, where the water possesses medicinal properties,
small or even relatively insignificant quantities may suffice for the
production of therapeutic effects,

The mode of employment of the waters must, therefore, be varied,
and patients should not be allowed to drink as they list. Nothing
is more frequent than the accidents due to the abuse committed in
this respect by patients.
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It is impossible to lay down fixed rules regarding the treatment ;
every patient should receive individual study. We shall only ap-
pend a few general remarks.

As regards dosage, medical practice has been greatly modified in
recent years. The large doses formerly preseribed are now consid-
ered dangerous or unnecessary. The fact that smaller quantities
suffice is explained by some of the older physicians by assuming
that the contemporary class of patients is less robust and lest resistant
than that of former generations.

The active dose varies from two to four glasses a day. It is
customary and wise to begin with a small quantity and increase
gradually. This precaution is important, since some of the waters
contain sufficient gas to produce symptoms of intoxication.

Some of the waters, of feeble mineralization, can be ingested in
very large doses. These are the so-called lavage-waters, among
which are those of Contrexéville, Vittel, and Evian.

The amount is generally prescribed by the glassful. For this rea-
son it is evidently very important that all stations make use of a
standard glass, graduated in the decimal scale. More precise ideas
of the results achieved by the waters can then be obtained.

As a number of mineral waters can be transported to a distance,
the question has frequently presented itself whether it is indispensa-
ble to success that the waters be drunk at the springs or whether the
treatment can be carried out at the patients’ homes. We are con-
fronted in regard to this point by the conflicting statements of the
companies which solicit the employment of transported waters, and of
the resident physicians whose existence is endangered if the patients
do not visit the springs to drink the waters. The latter insist that
the waters, even in eases in which the chemical analysis demonstrates
that they are not modified by transportation, have special properties
when consumed at their source, and that they do not possess these
when taken at the patients’ homes. It is not necessary to mistrust
the physicians’ statements because they are interested ; indeed, we
believe their opinion is well founded, and are convinced of the supe-
riority of * the cure” in situ.

But we do not aseribe the advantage to any mysterious qualities
of the water at the springs, which it loses when bottled. Many fac-
tors, foreign to the quality of the water, are present in the treatment
carried out at watering-places, and it is to these accessory factors, as
they may be termed, that much importance must be attributed.
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Classification. Europe, and particularly Franee, is rich in min-
eral waters possessing a most varied composition and a great diver-
sity of therapeutic properties. It is obviously essential to adopt some
classification for the better study of the multitude of remedies which
Nature has prepared for us. Many classifications have been pro-
posed, the best being those in which the waters are considered as
drugs capable of producing certain therapeutic effects. The difficul-
ties in thus classifying the waters are great, by reason of the com-
plexity of many of the latter, and the insufficiency of precise facts
in regard to the elements upon which the effects depend. The classi-
fications, since that of the Annuaire des Faux minerales de la Franee,
have been subjected to many changes. It was Durand-Fardel who
first attempted to group mineral springs in such a way as to empha-
size the relationship existing among certain classes from the point of
chemical and therapeutic properties. His principle is the only one
which, in the present state of our knowledge, meets the exigencies of
practice,

Without deviating sensibly from the divisions established by
Durand-Fardel and adopted by the majority of specialists, we shall
make a few changes,

CLASSIFICATION OF MINERAL WATERS,

Groups. Clogees,

{ Sodinm sulphide waters,
I. Sulphurous and sulphuretted waters - Caleinm sulphide.
‘t Sulphuretted and chlorids waters.

I1. Spdium chloride waters Sulphuretted,

{ Pure sodinm chloride waters,
Carbonated.

Mixed sodinm chloride Z
IIT. Sodinm bicarbonate waters,

IV. Alkaline waters or calcium waters.
V. Bodium and megnesium sulphate ¢ Pure sulphates (bitter springs).

waters. . . . .+ +« .| Mixed Sulphates,
: arbonated.
'1. Ferruginois waters ’ § Car
ST RTE T L Sunlphates.
VIL. Undetermined waters, . , . { Simplemineralsprings,

Arid gaseous springs.

Complementary Groups,

Arsenical waters, iodine and bromine waters, lithia waters, nitrogenized waters,

In order to gain a systematic knowledge of the properties of these
waters, it is advisable to begin our study with those the constitution
of which is most simple. The mixed waters, having qualities de-
pending upon several principles, cannot be correctly understood until
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the simpler ones have been investigated. Thus, for example, the
study of the sulphuretted chloride waters presupposes a knowledge
of the simple sulphuretted and simple chloride spring.

The order in which we shall pursue our study is as follows :

A. Waters in which the action of one principle or of a group of
analogous principles predominates. Waters relatively simple.

I. Sulphuretted waters (sodium or ealeium sulphide).
II. Sodium chloride waters.
ITI. Sodium bicarbonate “waters,
IV. Alkaline earths or caleinm waters,
V. Sodium and magnesium sulphate waters,
VI Ferrugim:lls waters, -

VII. Undetermined (simple mineral and acid gaseous waters).

B. Waters the therapeutic effect of which seems to be founded on
the presence of several prineciples.

Mixed or complex waters:

1. Sulphuretted chloride or chloride sulphuretted waters.

2. Chloride bicarbonate waters.

3. Mixed sulphate waters.

4. Complementary groups: arsenical waters, iodine and bromine
waters, lithia, and nitrogenized waters,

Sulphur Waters. In considering the sulphurous or sulphuretted
waters we are at once confronted by some of the most difficult prob-
lems of medical hydrology.

The sulphur waters are remarkable for their complex composition,
although in the majority the sum of mineralizing principles is very
small.

The chemical element which chavacterizes them all is sulphur. It
is nearly always present in a form capable of producing, in small
doses, relatively potent effects, and is associated with other principles
which may synergize or attenuate and modify its action.

Sulphur may exist in the form of hydrogen sulphide or as an alka-
line sulphide (of sodium, ealeium, magnesium, and potassium). Apart
from it, sulphate of caleium, chlorides, carbonates, and silicates are
also present, as well as organic matter and gases; earbonic dioxide
and nitrogen ; sometimes traces are found of iron, of iodides and
bromides. A large number of sulphur springs are hot, others are
cold. Several authors have made this character their base of classi-
fication, but in spite of its interest the temperature appears to us a
factor of not sufficient importance to warrant such a division. It is



MINERAL WATERS. 153

more rational to base the classification upon the manner or character
under which the element sulphur presents itself.

The most simple division, that of Duarand-Fardel, comprises only
two great classes—the sodinm sulphide and the calcium sulphide or
sulphuretted hydrogen waters. ILe Bret distinguishes five classes—
sodium sulphide, sodium sulphide and hyposulphite, calcinm sul-
phide, hydrogen sulphide, sodinm sulphide and chloride springs.
It seems to us that, following the example of Durand-Fardel, we
may place the hyposulphites with the sodinm sulphides, and the
hydrogen sulphides with the ealeium sulphide springs.

We have, then, the following three classes: Sodinm sulphide
springs, ealeium sulphide and hydrogen sulphide springs, sulphur-
etted chloride springs. These have, however, certain important
subdivisions to be subsequently indicated.

Sodium Sulphide. The sodinm sulphide waters are those the
principal mineral constituent of which is sodium sulphide. They
are at the same time the most abundant, and, from the therapeutic
standpoint, the most important waters. The majority are warm
springs. They are found principally in France, where they are
distributed in two geographic groups of unequal value. The first,
by far the most important, oceupies the foot of the Pyrenean chain ;
the second is situated near to the Dauphin Alps and Savoy. A few
are also found at other scattered points.

Sulphur is always present in very small quantity, not exceeding
even in those most rich in it (Luchon) 0.077 gramme per litre. The
form under which it exists is still an obscure problem.

Without referring here to those springs which contain hydrogen
sulphide in the presence or absence of sodium, and which do not
properly belong to the class under discussion, we find in the sodium
sulphide springs proper sometimes a monosulphide (Filhol), some-
times a disulphide (Garrigon, Dahourcan). In the majority Berthelot
found the sulphide of an alkali, hydrogen sulphide, and free alkali
(sodium). These dissimilar results seem to arise from a change-
ability of many of the waters—a changeability depending upon the
complexity of their composition. The elements found in them are
capable, under certain conditions, of altering their original state.
Their appearance at the surface, the fall of the pressure to which
they were previously subjected, the disengagement of gases, the
change in the organic constituents, all these factors produce with
more or less promptness chemieal mutations.
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Returning to the principal points, according to the excellent de-
geription of Durand-IFardel, we find that the chemical changes pro-
duce the following results: They cause disengagement of hydrogen
sulphide, which ceases only when a hyposulphite is formed ; and
generally the alkaline sulphur waters are decomposed in giving birth
to ]‘lul:ri-sulphur compounds, to hyposulphites, to sulphites, and sul-
phates.  Polysulphuration is generally a transient phenomenon, but
it may persist, as at Baréges, and be a factor in producing special
therapeutic properties. In some cases a small quantity of sulphur
is set free, and, remaining in suspension, gives to the water a peculiar
color—at times white (Luchon), at times blue (Ax). In certain
springs the decomposition takes place rapidly, and gives rise to
modified waters possessing special properties.

Durand-Fardel believes that in practice the degree of alterability
of the sulphur water should be taken into acecount rather than their
percentage of sulphur. Besides the relative stability of the sulphur,
the greater or less disengagement of hydrogen sulphide, polysul-
phuration, and the presence of sulphites should be considered.

The quantity of sulphur is estimated by the sulphydrometric
method of Dupasquier.

The method depends upon the fact that when an aleoholic solution
of iodine is added to a sulphur water containing a little starch, the
blue color does not appear until every trace of sulphur has been
decomposed. The blue color persists from the moment all the com-
pound sulphur has disappeared (Pelouze). As one equivalent of
iodine replaces one of sulphur, it is only necessary to use a standard
solution,

The best sodium sulphide springs are all found in the Upper and
Lower Pyrenees. They issue from primitive rocks, or from those
at the limits of the primitive and transitional strata. Nearly all of
them are warm ; they all give an alkaline reaction, and contain a
nitrogenous organic substance which appears to have some share in
the effects. Their odor at the source of the spring is distinctly
sulphurous,

The changeable waters—i.e., those containing carbonates, hypo-
sulphites, sulphites, and alkaline sulphates—have also an alkaline
reaction, but possess neither an odor nor a taste of sulphur. They
contain, like the others, a trace of organie matter, and are found,
especially in the eastern Pyrenees, issuing from granitic strata of rock.
They form the class of sulphuretted hyposulphite springs of Le Bret.
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SUuLPHIDE WATERS.

Sulph- | & o e
Stations. Name of springs. | ide of }_I':‘E"} CE;:’.L. E:ERE;L MaCl. [Total Temp
sodinm -

Bagnéres-de-Luchon |]m5r-:n. 0.077 traces 0,022 | ... 0.082 0.227| 71.5°

Grotte superienre, | 0.031 [traces 0.057 | ... 0.072 0.248( 54.5

Cauterets . ; . | César, | 0.023 0.111 | 0.045 | 0.071] 0.260) 48.2

La Raillidra, | 0,017 0. 04 0.085 | 0,059 0.2189] &63.7
Mauhourat, 0.016 |azote 0.108 | 0.046 | 0.080 0. 258) 50

Bariges : . . | Tambour, | OO i 0116 | 0.066 | 0.072 0.296]) 44.1

| Entréa, 0084 | .. e | | St 0.030 .. |43.9

Barzun, 0. 033 0106 | L 30.5

Eaux-Bonnes . | Bource Vieille, 0. 021 0. 051 0.048 | 0,261 0,571 327
Baint Sauveur . . | Des Dames, 0. 021 0.086 0.032 | 0.06D 0.250 35

Eaux-Chandes . . | Le Clit, 0.008 tracez 0,030 | ..., | 0,089 0.314| 36.2

Ax. . - - . | Viguerie, | 0.020 0. 125 0.0d45 | 0. 085 rr.'_’l_:l T3 2
Le Vernet . 5 . | Ursule, 0.0z e il | o 0. 250 42
Amélie-les-Bains . . | Amdélie, 0, 25 SRR | 0.014 | 0,016 I.Il.‘.E_.'!i 'li
Moligt . g 2 : 0. 014 0. 007 0. 158] &7
Olette . - g g 0. 028 oy |l e 0,084 | 0,081 O.401] 75

La Preste . L 5 0012 R | We T 0, 242 4042

Caold springs :

At Bagnéres.de-Bigorer| Labassére, . 032 0.065 | 0.145 | 0,208 0.545) 12.3
Gazost . i : : 0. 031 ot A | b 0. 319 0,479 12
Zaint Boids . : 2 0. 130 0. 164 8. 443| 12
0. 510 14

Marlios . . . . 0. 020

The following is a description of the water at the springs of

Challes :

Temperature - ; : : : 5 : i - 2 i : 3pu
Sulphydrometric test . i i : . 5 2 : . - AL By g
Nitrogen - . . . . o - . . : . 4 . 24 ¢c.om.
Sulphite of sodium . : ¢ : : : : . c ; . 035900
Broming TR L e o A R . . DL0ETH
Iodine . : . : - . ; . - . - . f . 01255
Taotal - - . ¥ : 5 - L 5 . 1.21850

Beside the French resorts of this class we should mention Me-
hadia, in Hungary, which is warm; Lostorf, Stachelberg, Heus-
trich, in Switzerland, and Hohenstadt, in Bavaria, which are cold.

Calecium Sulphide and Hydrogen Sulphide Springs. The
calcium sulphide and hydrogen sulphide springs are mineralized
by ecalcium sulphide or by free hydrogen sulphide. The former
are generally cold ; the latter are either cold or warm. In addition
to the sulphides, the waters also contain saline substances—sulphates
and chlorides—in solution. They are less alkaline than the pre-
ceding group. The following are the French springs of this class ;
Aix-les-Bains and Saint Honoré, which are warm ; Enghein, Pierre-
fonds, and Allevard, which are cold. Switzerland has Schinznach
(warm), Lenk, and Gurnigel (cold). Trencin-Teplitz, in Hungary,
Langenbrucken, in Baden, and Neundorf, in Prussia, should also
be mentioned. The springs of Schinznach, in Switzerland, and of the
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Waldquelle, at Langenbrucken, are remarkably rich in free hydrogen
sulphide,

CALCIOM SULPHIDE AXD HYDROGEN SULPHIDE SPRINGS.

Sulphide el s Sulphate Chloride

Stations. of ;'!TQ’ ol of Total. TEEE??”'
calciom, o sodinm. | 2odium. 4
Warin springs :
Aix-les-Bains (sulphur) . 0.003 0o 0,030 0.493 449
s o (alum) ; 0,203 0,051 0,027 0, 4406 47
Zaint Honoré . . ; (032 L (e 0505 (L671 0=-33
Zchinznach 2 : : A 9., A0 | | e e | 36
Trencin-Teplitz . s : 15.0 1.00 0.17 44
Cold springs :
Enghien (du Nord) . 5 DRNE: G s 0.275 0,045 0.000 | 12
Plerrefonds . . - . 0015 0, (2 L 20 LIRLA 0349 | i 1]
Allevard -L . - 1 : M ce To [.298 0, 2. 205 | 10.7
Laneenbriicken, Baden ) r = >
(Waldquell) [ e L7 012 LUl | 18
Lenk . ; : . G | o 44.5 R e e | e | 8
Neundorf | : i o] | Comie 3.3 [ 036 1.01 11
Gurnigel | . : : 0,004 15.1 |y e ) e -}

Puysiorocic Errecrs or SurnpHUR WATERS. The aetion of
sulphur waters is due particularly to the hydrogen sulphide and the
alkaline sulphides present.

The reputation of sulphur is quite ancient ; it was called balsamum
peetoris, and was considered to be a diaphoretic and a deobstruant
of the portal vein, as well as a purgative and alterative. It has lost
much of its pristine renown.

Hydrogen sulphide, ILS, is a poisonous gas, capable of exercising
harmful effects, even in small doses, especially when it penetrates
into the economy by way of the respiratory tract. Clande Bernard
has shown that when it is absorbed by other channels, or even in-
jected into the veins, it is rapidly eliminated by the expired air, and
is consequently tolerated in relatively large doses.

It is a blood-poison, which, according to the studies of Hoppe-
Seyler, Prever, and Diakonow, reduces the hemoglobin, depriving
the red corpuscles of their oxygen. Roth and, later, Schonlein held
that the sulphur combines with the ivon of the red corpuscles in such
a manner as to exist in the portal blood in the form of the sulphide
of iron. This causes an increased formation and secretion of bile.
Stifft, at Weilbach, has observed a diminution in the volume of the
liver as the result of the treatment. According to the last writer, the
black eolor of the protective garments which the patients wear is not
due, as commonly asserted, to sulphide of iron, but to an increase in
the excretion of bile.
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Leichtenstern does not believe that the quantity of hydrogen sul-
phide absorbed by the patients from the water is sufficient to exert
any toxic action on the blood, In the presence of oxygen, which is
always in excess in the blood, the gas transforms itself into sul-
phurous acid. This view has been confirmed by Beissel, of Aix-
la-Chapelle, and by Dronck, of Schinznach, who found sulphurous
acid in the urine.

Kauffmann and Rosenthal attribute to the gas a toxic action on
the blood, but think that in small doses the agent influences only
the cireulation and the respiration. Stifft is of the same opinion,
and attributes to the hydrogen sulphide an action on the terminal
filaments of the vagus, and, reflexly, on the centres of the circulation
and the respiration.

The alkaline sulphur waters possess topical properties which may
explain the modifications that are produced on mucous membranes
and ulcerating wounds, They irritate the intestinal mucosa, and
may provoke diarrhecea. After their ingestion they are eliminated
either unchanged or oxidized into alkaline sulphates, which appear
in the urine. No special physiological effect 15 attributable to them.

The action of the sulphur-baths is stimulant to the cutaneous
nerves, They are distinguished from similar baths not containing
sulphur by the fact that during their duration the patients inhale a
small quantity of hydrogen sulphide gas.

Sulphur waters, as first noted by Bordeu, have exciting or stimu-
lant properties. Numerous observations leave no doubt of this.
Nowhere is thermal fever so common as at sulphur springs. An-
ginous attacks and nervous irritability are frequent accompaniments
of the cure at such places, Borden has compared the action of the
sulphur water to that of coffee. The phenomena of excitation are,
however, transient and terminate in a state of sedation,

Formerly it was held that the sulphur waters cansed an accelera-
tion of the pulse simultaneously with a reduction of the temperature.
Gerdy, Lambron, and Armieux, however, have noted a slowing of
the pulse, whilst Grimaud, at Baréges, found an elevation of tem-
perature at the time of the crisis, from the sixth to the twelfth day.

Cerebral activity is stimulated by the sulphur waters, even to the
extent of causing insomnia, .

The decomposed waters and those which become milky on ex-
posure to the air exercise from the beginning a sedative effect, which
renders them useful in special cases,
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The elimination of sulphur by the respiratory passages and by the
skin also explains some of the applications made of sulphur waters,

The calcium sulphide waters, being less alkaline, but richer in mineral
principles, represent an attenuated form of sulphur waters, and are
particularly valuable in irritative forms of disease.

The abundant escape of hydrogen sulphide from some springs
renders possible inhalations of this gas, which has a special effect
on the respiratory tract. At other springs the waters are employed
principally on aceount of their temperature,

It is not the plan of this work to treat in detail of the therapeutic
and clinical applications of mineral waters. These subjects are best
considered in chapters dealing with the treatment of the individual
diseases. We shall, however, give a brief outline of the diseases in
general that are amenable to the form of treatment now under dis-
cussion.

The multitude of articles published on mineral waters have largely
the appearance of prospectuses, and vaunt the particular water which
they describe as a panacea capable of euring all forms of chronie
disease. Yet clinical experience demonstrates incontestably that in
certain conditions one water is more useful than another. Nothing
would be of more service to the watering-places themselves than an
unbiased investigation into the special uses of their waters,

TnerarevuTic Usks oF SuLPHUR WATERS. The sulphur
waters are principally employed in chronic intoxications, as in
syphilis, in rheumatism, in chronie inflammations of mueous mem-
branes, in skin diseases, and in pulmonary tuberculosis. They
are useful in chronic poisoning by the heavy metals, especially
lead and mercury. The benefit derived from them has been attri-
buted by some to an elimination of the lead in the form of a sulphur
compound. Others, on account of the feeble mineralization of these
waters, believe that they act rather by their general properties of
stimulating the functions of the skin and the kidneys and by increas-
ing internal oxidation, than by virtue of any medicinal ingredients.

Prompter and surer effects are obtained by magnesium and sodinm
sulphate waters, which transform the lead into a sulphate in the in-
testines and cause its elimination by the purgation which they pro-
voke. Peyrou has studied the question experimentally and comes
to the conclusion that sulphate of sodinm is an antidote to lead and
mereury.

According to Astrié, mercury forms in the tissues albuminates,
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which are rendered soluble by the alkaline sulphates. The elimi-
nation of these compounds is favored by an active biliary secre-
tion.

Giintz and others have noted at Aix-la-Chapelle that in cases of
poisoning and in syphilitics mercury appears in the urine. Since
Frascator, in 1546, preseribed sulphur baths in syphilis, the number
of patients suffering from this disease is growing constantly at the
resorts in the Pyrenees, especially at Luchon.

The sulphur waters have the property of calling forth latent
specific lesions, especially upon the skin. Repeated hot-baths have
an analogous action. Syphilitic manifestations of the secondary period
are aggravated by sulphur waters, but the waters have been recom-
mended in the tertiary syphilis, particularly by Lambron.

The treatment has two purposes or objects: On the one hand, it
favors the rehabilitation of the health and the disappearance of the
cachexia. On the other, it serves as a touch-stone, so to speak, by
revealing latent traces of disease in cases where the malady is not
well defined. It is to be remembered, however, that the sulphur
waters have not antisyphilitie properties.

They frequently prove useful in eases in which it is desired to
employ energetic mercurial medication, and for this reason it is cus-
tomary at certain places to combine the mercurial treatment with
the use of mineral waters. Large doses of the drug can then be
made to pass through the system without danger of its accumula-
tion. There is a class of syphilitic patients who are cachectic, not
so much from the disease as from the abuse of mercury, and in these
the use of sulphur waters is eminently beneficial. The stations best
suited for syphilitic patients are Bagnéres-de-Luchon, Aix-les-Bains,
and Baréges. The last is preferable in cases in which there is a
scrofulons taint.

These waters are also useful in chronic rhenmatism, in atonic gout,
in paralyses and other affections of the nervous system; but the
question arises, Are the effects due to the hot-baths or the entrance
of the sulphur into the system ?

It is the fixed and deep forms of chronic rhenmatism, those ac-
companied by a general impairment of health, that arve especially
influenced by stimulant waters and by energetic balneotherapy and
hydrotherapy. The resorts recommended are Bartges, Luchon,
Cauterets, and Aix-les-Bains. Fungous forms of arthritis do best
at the first-named place. At Aix-les-Bains massage under a tepid
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douche is practised, and proves valuable in many forms of chronic
rheumatism and the slower varieties of’ gout.

Of skin disease the moist varieties, as weeping eczema, impetigo,
and certain types of acne, are almost the only forms treated with
sulphur waters. The influence of the latter appears in these cases to
be quite complex, To the topical effect is added that of the elimina-
tion of sulphur by the skin, as well as the modification of the general
health which the treatment is capable of bringing about.

In some instances, as held by Amsler, of Schinznach, it is not im-
possible that the sulphur exercises a parasiticide action. In the
choice of a spring the period of evolution of the disease should be
the guide. When the disease has a tendency to become acute the
weaker sulphurous or the calcium sulphide waters should be selected,
as Saint (Gervais, Saint Honore, Allevard, Enghien, and Moligt.
Chronie and obstinate diseases are best treated by stimulating waters,
as those of Luchon, Cauterets, and Baréges.

Sulphur waters are of special value in dealing with chronic inflam-
mations of the mucous membranes of the nose, pharynx, larynx,
trachea, and bronchi.

Under special conditions the sulphur waters produce a twofold
action : the one local, topical ; the other general. The development
of this combined effect is favored by inhalations and spraying, which
secure the passage of the medicinal agent directly to the diseased
parts,

Patients suffering from chronic pharyngitis and laryngitis are
sent to Cauterets, Eaux-Bonnes, Pierrefonds, or Enghien. Those
with chronie bronchitis to Allevard, Eaux-Bonnes, Cauterets, Saint
Honoré, Marlioz, Pierrefonds, Enghien, or Schinznach. Certain
forms of gastritis and chronic enteritis are also benefited by sulphur
waters, particularly those of Mahourat (Cauterets), of the Hontalade
spring at Saint Sauveur, of Saint Honoré, and Saint Gervais.
Uterine catarrhs arve successfully treated at Saint Sauveur, Faux-
Chaudes, Enghien, and Saint Honoré, while vesical catarrh is im-
proved by the waters of Olette and la Preste, and also those of
Enghien.

The discovery of the tubercle bacillus attracted attention to the
possible value of the inhalation treatment as a means of acting di-
rectly upon the diseased foci. Physicians at sulphur springs strongly
urged the use of hydrogen sulphide as an anti-bacillary agent, but
the expectations which their writings aroused were not fulfilled.
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The sulphur treatment may be of some value in tuberculosis, but its
application is quite difficult.

Phthisical patients, especially those presenting the slow, inactive
form of the discase, are sent to Eaux-Bonnes. As hemoptysis some-
times develops during the treatment at Eaux-Bonnes, “the cure”
should not be prescribed for irritative types of the disease nor in
cases subject to hemoptysis. Cauterets, Allevard, and Schinznach
are recommended in the slow form of phthisis, in which the lesions
are limited in extent. Amélie-les-Bains, le Vernet, and Gréoulx
should also be mentioned in this connection.

The sulphur waters are very useful in serofulous conditions. At
Bareges good results have also been achieved in the articular and
osseous forms of tuberculosis. This is also true of the springs at
Eaux-Chandes, Challes, and Schinznach.

Finally, the sulphur waters also have a favorable influence upon
indolent varicose uleers, fistulous tracts, old traumatic lesions, such
as luxations, fractures, and gunshot-wounds, Baréges is the station
of choice for these conditions.

Saline Waters. Various authors have grouped the saline
springs in one class. These waters undoubtedly present a certain
number of common characteristics. They are quite strongly miner-
alized, and contain a sodium salt which is not decomposed in the
economy, and the elimination of which is carried out by several
emunctories, chiefly by the kidneys. (Liebig, Wahler, Dumas.)

By reason of their saline constitution, these waters in their passage
through the digestive tract provoke a number of phenomena that
may be attributed, in a large measure, to a modification of osmotie
conditions, The authors in question are agreed that this great group
of saline waters may be subdivided into two classes—the chlorides
and the sulphates. We shall follow the example of Durand-Fardel,
who makes the sodium-chloride waters a large family, which appears
to us natural.

Sodium Chloride Springs. The sodium chlorides come from
the secondary strata which enclose deposits of rock-salt, of gypsum,
and of variegated sandstone. When they are charged with carbonic
dioxide they are generally derived from more or less recent voleanic
strata, viz., the basalt and lava rocks.

The temperature of these waters differs. The cold springs are
richer than the warm in carbonic dioxide. Their composition pre-
sents a large number of variations, which it is impossible to group

11
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under one head, but they are all characterized by the predominance
of sodium chloride. The other principles which are present are the
sulphates, carbonates, sometimes sulphides, iodides, bromides, and
iron. Of gases we find frequently a considerable quantity of car-
bonic dioxide and a small proportion of hydrogen sulphide or of
nitrogen. In certain countries, notably in Germany, the action of the
bath is re-enforced by the addition of mother-liquids which remain
after the evaporation of the saline waters in the preparation of salt
for commerce. These residues contain a considerable quantity of
soluble principles from which sodium chloride separates itself in
erystallizing. The sodium chloride waters are very numerous and
of a variable constitution. Durand-Fardel has established and de-
scribed the following classes, the chloro-sulphides, the chloro-bicar-
bonates, and the chloro-sulphates.

The division which we shall adopt is as follows :

Class 1, the pure chloride of sodium waters ; class 2, the mixed
sodium chloride, comprising the chloro-sulphides and the chloro-
bicarbonates.

The pure chlorides, the only ones with which we shall at present
deal, are either cold or warm ; generally clear, transparent, of a salty
taste, and produce npon the palate a sensation of heat. Those that
are charged with carbonie dioxide have a very agreeable taste and are
preferable for internal use. The proportion of sodium chloride
which they contain is very variable ; it oscillates between 1 and 25
per cent.; some of the richer ones are concentrated before use by
evaporation. Le Bret divides them into the gaseous and the non-
gaseons chlorides. This is of some importance, but the medicinal
properties of the waters seem to us to be controlled by their relative
richness in sodium chloride. We believe it is best to distinguish the
weak and strong sodium chloride waters (Soolen of the Germans).
The first—that is, the weak—are employed chiefly internally; the
others externally. In Germany it is customary to consider those
waters as weak that contain less than 10 parts of sodium chloride in
a 1000 ; as strong, those containing more than 15 parts in a 1000.
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FEeBLE CHLORIDE OoF SobpiuM WATERs (1 to 1000).

|
Stations, COy, NacCl. Total, | Temp,
s ] [
Bourbon-1" Archambanlt | ; 4 5 A 2.40 4. 35 [ 5 .
Bourbonne-les-Bains 2 O S b R < i 50 7. 60 o8
Halaruc . . - - 3 : G. 80 | 9.10 45
Lamotte 3. &0 7.40 | 59
Bourbon- Lum::. 8 x : 0 . 1.30 1. 80 =56
Creuznach (Elisenquelle) . e S e i 40 11. 70 :
Baden-Baden (Hauptguelle) . : 5 e |- 2. 10 2. 80 68
Niederbronun, Alsace : E ; Cl| BT 3.0 4. 60
Boden, Hauhnu (W nrmhrutl_:l ; 3 : 1015 2.4 | 4,70 3
Kiszingen (Eakoczy) = ' ; 1305 & B 8. 50
Wiﬂs.l.md-.,u Nassanl I:Fmﬂhrunn'l . - ol EEEr - 3. 40 4. 350 13
L] (Kochbrunn) . , 5 20 G, 80 8,20 68
Homburg {Elisabethenbrann) 3 2 ; 1039 9. 80 15.20
Pyrmont {‘:nlzquel]e} 5 E . . : T3l 7. ) 10. 70
Kronthal . : d : 4 : 1258 3. 30 | 4. 50

STroNG CHLORIDE OF %omum WATERS {111:-115 THAN 1 TO lt]l}{}}

SEtations. CO.. | HNaCl Total. Temp.
Balies-de-Béarn 2 . - : . e [ 245 000 15° C,
Balins (Jura) . . : 3 : 5 R i [ 22,740 10, 5
Salins-Moutiers i 2 : ; 7 . 12. 48 [ 11.317 o]
Rheinfelden (Argovie) . ; - . R I | 311.630 3188 10
Bex (Vaud) 5 5 . _ . : el | 156, 66O 170 2 15
Balzungen, Prassia . 4 . 4 . : 56, BiM) BE5. 0 12
Frankenbausen, Prussia - ; ; ; i 249 s 200. 3 15
Hall, Austria, Tyrol. ; > : 5 | s e 265, 500 263. 8 12
I=chl, Austria . - 3 3 ; 3 - 256, 100 245, 4 15

(FASEOISE,

Nanheim (Taunus) (Kurbrunmen) . o Il s 15. 400 18.7 21
Soden (Taunus) (Soolspradel . Taok 14, 500 16. 8 3, 3
Nouheim (Hesse) il-‘rie-r]rich-‘lﬂr'ilhcm-ﬁprudel;l o7k | ., 300 37.1 35

Rehme-Oeynhausen (Prussia) ; 705 | 24, 550 27-31

It is important to distinguish among the saline waters the warm and
the cold, the gaseous and the non-gaseous. Yet it is difficult to
classify the wvarious springs according to these distinetions; for we
frequently find in the same place cold springs and warm springs, gas-
ous and non-gaseous waters. The presence of iodides and bromides in
these waters should also be taken into consideration. It is especially
the mother-liquors which are added to the baths that contain these
prineiples in largest proportion,

Among the sodium chloride and iodide waters we shall cite Kreuz-
nach, in Prussia (0.08 of iodide of magnesium); Hall, in Austria
(0.058 of iodide of maguesium); Wildegg, in Switzerland (0.027
iodide of sodium); Heilbrun, in Bavaria (4.95 sodium chloride,
0.028 sodium iodide, 0.41 sodium bromide). The mother-liquors
contain chloride of sodium and calcium, rarvely of magnesinm. When
they are obtained from iodide and bromide waters they are naturally

rich in compounds of iodine and bromine.
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The prineipal bromine waters arve : Salies-de-Béarn, 1.050 bromide
of potassium ; Creuznach, 0.625 bromide of magnesium ; Bourbonne-
les-Bains, 0.005 bromide of sodium ; DBalarue, 0.032 bromide of
magnesinm ; Salins, 0,031 bromide of magnesium ; Wildegg, 0.030
bromide of sodium ; Heilbrunn, 0.410 bromide of sodium.

The mother-liquors of Hall contain nearly a 1000 grammes of
saline matters, of which 945 are sodium chloride, 2 magnesium iodide,
and 3.2 magnesium bromide,

Those of Krenznach contain 256.8 grammes of sodium chloride,
0.077 of potassium iodide, 6.814 of potassium bromide.

TuerarsvuTic EFFecrs oF SAaLINE WaTERS., The effects of
the chloride waters taken in the form of a beverage are similar to
those of sodium chloride. Let us dwell for a moment upon the
chief properties of this body, and first of all upon the part which it
plays in the formation of the juices and protoplasm of the body.
We take into our system on an averge 20 grammes per day, 4 to 5
grammes of which are again found in a litre of urine. During the
treatment at salt springs the consumption rises to 35 grammes in the
24 hours. What effect does this quantity produce? The ingestion
upon an empty stomach of moderate amounts of salines, especially
when this water is rich in carbonie dioxide, develops in the mouth
an agrecable sensation of freshness or warmth, while at the same
time the salivary secretion is stimulated. In the stomach saline solu-
tions produce unquestionably powerful effects. Moderate doses ex-
cite the secretion of the gastric juice, augment the total acidity, and
further the formation of peptones. For these reasons they are
capable under certain conditions of improving the digestion. DBut
when the stomach is diseased or irritable they are apt to lead to acid
hyperpepsia (hyperpepsia chlorhydrique). The internal use of these
waters, then, should always be regulated by the state of the gastric
mucous membrane. It has been asserted that sodium chloride stim-
ulates the movements of the stomach. This may be possible in the
physiological state, although it has not been fully demonstrated. In
cases of hyperpepsia the use of salt has for its commonest effect a
retardation of the evacuation of the stomach, and therefore aggra-
vates the dilatation, which is the consequence of such a distarbance.
When large doses of salt-water are employed the sodium chloride
passes into the intestines in sufficient quantity to set up a purgative
action, both by virtue of an inereased peristalsis and of changes in
the intestinal osmosis. It is very probable that the effects produced
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are not the same when the dose of salt is represented by a large
quantity of a feebly salt solution as when a relatively small amount
of a concentrated solution is ingested. The strong solution exercises
a more powerful influence upon the phenomena of osmosis. The
purgative effect produced by the use of mineral waters is sometimes
facilitated by the presence of a small quantity of sodium sulphate
or magnesinm sulphate. The sodium chloride stimulates not only
the secretions of the digestive tract proper, but also those of the liver
and the panereas.

This whole question of the influence of saline solutions upon the :
functions of the gastro-intestinal tract and its tributary organs de-
serves to be studied diligently by the aid of modern methods of
analysis. The researches of Barral, Kaupp, Voit, and Feder have
established that salt is eliminated principally by the urine, and that
this elimination to be complete requires several days. It is accom-
plished by an alkalinization of the urine (Salkowski). By facili-
tating the diffusion of fluids, the salines, when in excess, lead indi-
reetly to an increased disassimilation of albuminoids.

Bischoff, Voit, Kaupp, and others attribute to sodium chloride the
ability to inerease the nitrogenous exeretion; and according to Dehn
potassinm chloride has a similar action.

The small amounts of iodide and bromide contained in some of
the waters do not seem to exert any physiological action.

The Effects of the Baths in Saline Waters. The external pro-
cedures, particularly the baths, play a very important rdle in the
therapeutic use of sodium chloride. The baths generally con-
tain from 2 to 3 per cent. of sodium chloride, i.e., approximately,
12 to 18 pounds of salt to 300 litres of water. Sometimes the
quantity of salt is 8 to 10 per cent.; in other cases only 1.5 per
cent.

The saline baths give rise to phenomena of stimulation, such as
are produced by baths of mineral water in general. The skin at
first became pale, then red, and after several hours reassumes its
normal color. The bath, theretore, influences the distribution of the
blood and undoubtedly provokes reflex phenomena that may have a
certain therapeutic value. The most important physiological effects
are those bearing upon nutrition. Rohrig, Zuntz, and Paalzow have
studied the question from the standpoint of the respiratory varia-
tions. They have found that a bath containing 3 per cent. of salt
increases the absorption of oxygen and the exhalation of carbonic
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dioxide, the increase being 15.3 per eent. in the case of the former ;
25 per cent, in that of the latter. These phenomena are not observed
with baths of soft water, and are prevented in experiments on animals
by eurarization. Beneke has also observed an increase in the excre-
tion of nitrogen, The study of this question has recently been
resumed by several experimenters, especially by Keller and Gauly.
Keller, of Rheinfelden, has compared the effects of the simple bath
with those in water containing 3 per cent. of sodium chloride. The
results which he has obtained may be tabulated, as follows:

EALT-BATHS. ETMPLE BATHS,
Quantity of urine : ! . Increased. Diminished.
Chlorides . A " . Inereased. Diminizhed.
Phosphates : : . . Increased. Diminished.
Nitrogen . : : : . Diminizhed, Increased.
Sulphuric acid . : a . Increased. Increased
Body-weight ) ) p . Diminished. Increased.

The saline baths, contrary to that which was formerly believed,
diminished, according to Keller’s table, the excretion of nitrogen,
while the simple baths slightly increased it. The salt-baths aug-
ment the non-nitrogenous excretion. Gauly, in his experiments, in
which he followed the method of Robin, arrived at different con-
clusions ; but he made use of water richer in salt, The waters were
of the following strength : 6 per cent., 12 per cent., and 25 per cent.
of salt. These are the principal results he obtained. The bath of
6 per cent. salt water produced a diminution in the quantity of urine
and in the organic components, uric acid and nitrogenous extractives.
It had no influence upon the total solids and upon incompletely
oxidized nitrogen. It increased the inorganic substances, the total
nitrogen, the urea, the coefficient of nitrogen oxidation, the chlorides,
phosphoric acid, and the ratio of phosphorie acid to the total nitro-
gen.  The bath in 12 per cent. salt solution augmented all the
elements of the urine, but diminished the ratio of phosphoric acid
to the total nitrogen. Finally, the 25 per cent. bath caused a dimi-
nution in the incompletely oxidized nitrogen, in the nitrogenous ex-
tractives, in the urie acid, and in the ratio of phosphorie acid to the
total nitrogen. It increased the other elements. After the cessation
of the bath, the incompletely oxidized nitrogen and the nitrogenous
extractive matters, as well as the ratio of the phosphorie acid to the
total nitrogen, remained below normal, while the inerease in the other
elements became more marked. These experiments establish the fact
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that the effects of the baths vary markedly with the relative richness
of the water in salt; but they do not invalidate the conclusions of
Keller. Moreover, in spite of the care taken by the author, they are
not conclusive.

In some instances from 1 to 20 litres of mother-liguor are added
to the bath-water. The effects of this method are not fully deter-
mined. The same is true of the physiological action of such douches.

We may conclude from the facts here stated that the sodium
chloride treatment is stimulative and recuperative. By increasing
the combustion of the non-nitrogenouns elements it facilitates the
removal of an excess of fat. It produces also a general tonic action,
increases the appetite, and improves digestion ; it favors the recon-
struction of nitrogenous tissue, although there are recorded results
which point to a decreased assimilation.

SEA-WATER. The sea is in some respects an immense reservoir
of mineral water. It is the natural type of the sodium chloride
waters. Its chemical composition is very complex, for it contains
no less than 30 elements; but of these sodium chloride represents
three-fourths by weight. . Its richness in salt depends upon the lati-
tude. It diminishes in a fairly regular proportion toward the north,
as the following table will indicate:

SODIUM CHLORIDE IN A THOUSAND PARTS.

Red Sea : : : ; ; : ; : : . 42
Mediterranean : . : A : : . : . 40
Atlantic Ocean . : : : ; L " : . 38
Channel : : , ! A : : F 5 . 36
North Sea 5 ; 3 : : - ; : -
The Sound and Cattégat . : AT e ; L b
The Western Baltie . : ; : 3 p : et L
The Eastern Baltic . : ; : - : 2 o 438
The Bay of Kronstadt ; 2 : : . : i 561

Along the coasts the proportion of salt varies according to the
absence or proximity of water-courses. The other saline elements
differ markedly in different bodies of water. The most important
among them is the sulphate of magnesium. More of this salt is
found in the Mediterranean than in the Channel. Sea-water con-
tains, in addition, a peculiar fatty organic substance, designated mu-
cosin, and variable amounts of gas. The density of sea-water is
from 1025 to 1082; this increases from the poles to the equator.
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The mean temperature of sea-water during the summer, from the

21st of June to the 22d of September, is noted in the following
table :

In the Mediterranean : p ; : . TR REOTE
. In the Atlantic Ocean ] : : . A R e

In the North Sea . : . . : BN e

In the Baltic , : ; ; : i S L

In the Mediterranean the temperature suitable for bathing is
reached in June and persists until November,

In the treatment of diseases by sea-baths three principal factors
are involved—the air, the water, and the beach. The water is em-
ployed, as in the case of other mineral waters, in the form of bever-
age, bath, and douche. The internal use of sea-water dates back to
antiquity, for Pliny gives a prescription for sea-water,

The systematic therapeutic employment of sea-water is sometimes
attributed to Richard Russell (1750).

From the numerous treatises on the subject we may infer that sea-
water belongs to the class of strong chloride waters.

In the dose of two or three glasses it has in the adult a purgative
effect. In order to complete the marine cure some physicians are in
the habit of letting their patients drink a small quantity of sea-
water ; but the use of this water under such conditions i1s in no wise
comparable to that of the sodium chloride mineral waters, as gener-
ally used,

The experiments of Lisle with bread made with sea-water have
not been followed up.

External Treatment with Sea Water. The external treatment is the
most important. It comprises the baths in cold sea-water given in
establishments, moderate hydrotherapy, and, finally, the sand-baths,
During the treatment the patients are subjected to the action of the
sea-air, which exercises an appreciable influence upon the organism,
an influence which has in a measure been reproduced at those resorts
where the patients respire in a salt-laden atmosphere.

The factors of which it is necessary to take account in considering
“God's vast pond,” to employ an expression of Michalet, are the
density, the pressure, and the chemical composition of the water and
the mechanical action of the waves. The physiological effects pro-
duced are very analogous to those determined by cold baths, but are
more intense. They are difficult to analyze, because the patients,
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when in the bath, respire the sea air and sometimes also swallow a
little sea-water. The sea-baths should be taken at least three hours
after meals. It is best to choose the period of high tide; the beach
is then warm and the waves are strong. In the resorts of the North
the water and the air are never too warm, but they may become too
cold. The patient should enter the water rapidly and practise ener-
getic movements while in the bath, and it is preferable to seek the
waves. The first feeling is one of slight chilliness, which soon
vanishes ; but sometimes a second chill is experienced about five or
ten minutes after entering the bath. It should be avoided, if pos-
gible, and is the sign for leaving the water. After the bath the
patient should take light exercise on the beach. Those who are sub-
ject to headache after the bath can prevent it by taking a hot pedilu-
vium on leaving the water. Only one bath should be taken in the
day; and after a series of fifteen or twenty an intermission of a few
days is advisable. Forty to fifty baths comprise the season. The
cold sea-baths are not well borne by feeble and anemic individuals.
It is best to have recourse in such cases to bathing in a bath-room,
the sea-water being heated. This is a method which imitates the
baths taken at the watering-places. At some resorts it is customary
to make use of the douche, the effects of which have been especially
studied by Lemarchand. The simple eold douche, or the Scotch
douche may be used, too; rarely the tepid douche. (See Thermic
Agents,) The duration should be less than that of the douche with
ordinary water.

Sand-baths. At certain places it is customary to give sand-baths.
For this purpose a trench is dug on the beach and then, after the sun
has heated the sand, the child (for it is in children that these baths
are particularly useful)is placed in it and protected by a tent of white
flannel. - The duration of the sand-bath is from twenty minutes to a
half-hour. In Southern resorts it may be prolonged up to an hour.

Seaside Resorts. We have cited the winter maritime stations
which are frequented for climatic treatment. There remain yet to be
mentioned the principal summer resorts which are snitable for the mari-
timae treatment. There is a large number of winterstations that are well
adapted, and the treatment can there be prolonged until the antumn.
The watering-places of the northern European coast can be passed
over in silence ; they are of little interest. We shall merely name
a few, such as Scheveningen, in Holland ; Ostend, in Belgium ; the
resorts of Great Britain, such as Dundee, Leith, Dunbar, in Scot-
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land ; Newecastle, Whitby, Hull, and Yarmouth, on the eastern and
southern bank of the Thames; Ramsgate, Folkstone, Hastings,
Brighton, the Isle of Wight, Weymouth, Dartmouth, and Plymouth,
on the western coast ; Bristol, Cardiff, the suburbs of Liverpool, the
banks of the Clyde ; and in Ireland, Belfast, Dublin, and Cork. To
these resorts should be added those we have named when speaking
of climatic stations of Great Britain. The resorts of northern France,
while possessing the same advantages as those of the eoast of England,
are less warm and the temperature is less equable. They are, how-
ever, popular among the Parisians, who prefer them on account
of their freshness and proximity to Paris. We should mention
Berck-sur-Mer, an interesting place by reason of the hospital which
receives the little children coming from the hospitals of Paris,
Boulogne, Treport, Dieppe, Trouville, Deauville, St. Malo, and other
resorts. On the western coast we find Le Croisic and Pornie. In the
Bay of Gironde, Rovan and Avcachon. Toward the south, are
Jayonne, Biarritz, and Saint Jean de Luz. The prineipal resorts of
the South which have not yet been mentioned are Marseilles, Fréjus,
Porto Maurizio, Cogolito, (Genoa, Sestri-Levante, Pegli, Spezzia,
Viareggio, Livourne, Boeea d’Arno, Civita Veechia, Naples, and
Castellamare.  On the Adriatic Coast we find Ortona, Pesaro, Fano,
Sinegaglia, Rimini, Venice, ete.

Tur TaErRarevric UsEs oF SopiuM CHLORIDE WATERS.
The sodium chloride waters are useful in the treatment of serofula
and local tuberculosis, in certain forms of digestive disturbances, in
diseases of the genito-urinary organs, and in the paralytie affections
of the nervous system, in chronic rheumatism, ete. Their best use
is found in serofula, in which their effects are remarkable in children
and in adolescents possessing a predisposition, inherited or acquired,
to tuberculosis, Naturally, it is the wvisible manifestations, those
which are properly called serofulous, that are most readily influenced.
The articular and osseons lesions due to tuberculosis are more resistant ;
but even in these conditions amelioration and occasionally cure is
obtained. Clinieal experience has shown that in these cases the ex-
ternal treatment is more important than the internal. For this
reason the preference should be given to the strong sodium echloride
waters and to stations at which the balneologic features are good.
Those resorts where the mother-liquors are utilized, particularly when
the atmosphere is also impregnated with sea-salt are especially ap-
propriate to this class of cases.



MINERAL WATERS. 171

The treatment is very valuable in the severe forms of serofula,
when fever and the acute symptoms have subsided. Lifein the open
air and inhalation of the sea-air are important adjuncts to the treat-
ment. The treatment is efficacious only when sufficiently prolonged.

Where we have to deal with tuberculosis of the bones and of the
articulations, the patient should remain permanently on the sea-
coast, or at least until the treatment has given such results as we
expect.

The benefits which have been obtained from the treatment at Berck,
and which have been published in the report of Bergeron, are really
remarkable. During a period when the patients were not selected,
280 out of 380 cases were cured ; that is, 74 per cent. Since that
time Cazin and Perrochand have shown that even in suppurative
coxalgia good results may be achieved at Berck, although this station
is far from having the most advantageous conditions. The climate
is cold, the place is very sandy, and the atmosphere dusty.

The Italians have established along the coast of their country a
number of hospitals, which have rendered great service.

The watering-places best adapted to the treatment of serofulaare: in
France, Salins, in the Jura ; Salies, near Moutiers; Salies-de-Béarn
(Basses-Pyrenees), Bourbonne, Balarue, Lamotte-les-Bains ; in Ger-
many Kreutznach, Manheim, and Rheinfelden, and Bex-Lavey in
Switzerland, and Ischl in Austria. At Salies the waters contains
27 grammes of sodium chloride per litre; sometimes a small pro-
portion of the mother-liquor is also added to the water. DBoth the
external and the internal treatment are employed at Salies, and good
results are obtained in all the manifestations of scrofula. The waters
of Salies are particularly useful in the osseous forms of tuberculosis.
An establishment exists at Biarritz for the use of sodium chloride
waters. The other resorts are appropriate only for the superficial
and glandular forms of tuberculosis.

In diseases of the digestive tract the sodinm chloride waters are
employed, especially in the form of beverages. On this account the
waters easy of absorption are always chosen—that is, those contain-
ing a small or moderate amount of the salt. The particular affections
of the digestive tract amenable to the treatment have not been fully
determined. They are those commonly classed as atonic forms of
dyspepsia, both gastric and gastro-intestinal. But this is a vague
term. Among the diseases of the stomach the subacute catarrhal
gastritis and the chronie gastritis, with more or less advanced gland-
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ular torpidity, especially when accompanied by constipation, are dis-
tinctly benefited by the treatment. Of the affections of the large
intestine, constipation, and particularly the condition known as
““abdominal plethora,” are improved by the sodium chloride waters.
But it is important in constipated persons, whether obese or not, to
take into account the state of the stomach before preseribing saline
waters, Hyperpeptic gastritis should always be considered a contra-
indication to their employment. The prineipal resorts suitable for
the treatment of gastro-intestinal maladies are Kissengen in Bavaria,
Niederbronn in Alsace, and Bourbon I’Archambault. The Kissen-
oen waters contain from 2 to 5 grammes of salt. They are also
quite rich in gases and are somewhat ferruginous. The patients
frequenting Kissengen are subjected to a rigid dietetic regimen for
the treatment of obesity. The waters of Niederbronn, where the
reducing treatment is also in vogue, contain 3 grammes of sodium
chloride per litre. They are well borne, and the dose can be pro-
oressively increased until 8 or 10 glasses are taken in the day. The
water is particularly useful in chronic constipation. At Bourbon
I’ Archambault, the waters of which contain 2.2 grammes of sodium
chloride per litre, good results are obtained in gastro-intestinal atony.
The sodium chloride waters are also beneficial in some of the diseases
of the female sex, especially in the uterine catarrhs of scrofulous
persons. They have also been employed in metritis and endome-
tritis when acute exacerbations are no longer to be feared. They are
contraindicated by the existence of an irritability of the nervous
system and the presence of pain. Kreuznach, Salies-de-Béarn, and
Bourbon I’ Avchambault are the preferable resorts. In some instances
it 1= advisable to resort to warm sea-baths in bath-rooms, or even to
cold sea-bathing.

Krenznach and Salies have a favorable, but as yet unexplained
influence upon uterine fibromata, whether accompanied by metror-
rhagia or not. A number of instances of the expulsion and of the
atrophy of such tumors are recorded. In any case the hemorrhages
are either entirely arrested or distinetly lessened.

Several of the sodium chloride waters enjoy a great reputation in the
treatment of paralysis, especially those forms which have their origin
in a cerebral apoplexy. Some writers have claimed that they are
useful soon after the onset of paralysis, but undoubtedly they have
mistaken the spontaneous amelioration for a therapeutic effect. When
their use is postponed, as it should be, until the period of cicatriza-
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tion, the waters probably act by producing a derivative influence
upon the digestive tract by reason of their laxative effects, and also
by a reflex action, of which the cutaneous stimulation is the point of
importance. The patients at these stations are subjected both to the
internal and external treatment, sometimes to the latter alone. At
Balarue the douche plays an important part. Bourbon I’Archam-
bault, Bourbonne, and Wiesbaden are useful in this class of cases.
Some of the so-called functional paralyses, which are probably due
to peripheral neuritis, have been treated successfully at Wiesbaden.

All the various manifestations of chronic rhenmatism are amenable
to the treatment by saline waters. Bourbon I’Archambault, Bour-
bonne, Wiesbaden, Lamotte, and Salies can be recommended in these
affections. Other indications for the use of sodinm chloride waters
are traumatie lesions, such as fractures and malarial intoxication.

Bourbonne, it appears, hastens the consolidation of fractures,

The contraindications of sodinum chloride have not been definitely
established. Chlorosis, the scorbutic affections, and organic discases
of the heart and great vessels, and pulmonary tubereulosis are those
generally named. The action of these waters in chlorosis depends
naturally upon the condition giving rise to this disease. In true
chlorosis, in which the existence of hyperpepsia is frequent, the
employment of these waters, especially for internal use, is contra-
indicated. To prove that these waters are useful in scorbutus,
we have the interesting fact that after the Crimean campaign a large
number of the patients suffering from this disease were cured at
Balarue. It seems very probable, however, that the old practitioners
designated by the term scorbutic affections different forms of purpura,
a condition which contraindicates the employment of sodium chloride
waters. According to Rotureau, the sodium chloride waters pro-
voke heemoptysis, accelerate the breaking-down of tuberculous gran-
ulations, and impress upon the disease a more rapid course. It
will subsequently be shown that tuberculous patients bear well
certain mixed chloride waters.

Bicarbonate of Soda Waters. Sodium bicarbonate produces
such marked and peculiar effects npon the digestive tract and upon
general nutrition that the waters which contain it in sufficient propor-
tion to produce medicinal effects should be considered separately and
placed in a distinet group by themselves. These waters are saturated
with carbonic dioxide, and for this reason are termed by some writers
alkaline gaseous waters. They are either cold or warm, and their
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chemical composition is commonly very complex. Besides sodium bi-
carbonate other carbonates are found, such as the earbonate of iron ;
also sodium sulphate, sodium chloride, sodium phosphate, lithium, and
arsenic. France possesses the most noted resorts that belong to this
group. The bicarbonate waters are divided into the strong and the
weak, The most important of the French resorts of this elass is Vichy,
situated in the central part of France, in a district remarkably rich
in bicarbonate of sodium springs. Most renowned among the strong
waters are the Hdpital, Grand-Grille, and Celestins, at Vichy; the
Marquise, at Vals; the Souveraine and Clementine, at Le Boulou ;
the Pauline, at Vals; Andabre; while I.a Chapelle (Chiteauneuf)
belong to the weaker springs. Rohitsch (Ignatzbrunnen), in Styria;
Bilin, in Bohemia ; and Passug (Ulricusquelle), in Switzerland, be-
long to the strong waters. Fachingen and Apollinaris, in Prussia ;
Obersalzbrunn, in Silesia ; and Soulzmatt, in Alsace, are weaker.

2opIvM BICARBONATE WATERS.

Bicarb- L‘h]unde | ‘EulphulL

Blations., Springs. onate of Cis. Temp.
. sodinm., mdium | mdium.
Btrong : i
!Ini'ﬂ.ta] o 029 (. 518 . 201 1.067 | 31. T=C.
Vichy . - . . |= Grande-Grille, 4. 883 (. 5 0. 201 0.008 | 42 5
| Célestins 4. 101 0. 50 0. 214 1.209 | 152

Vals - - ; g Marquize, E 100 u.% L 0. S 2,600 | 13

: Eouveraing, [ .63 0 0. 260 2.200 | 13
Le Boulou % Clémenting, 6. 470 17

oG
Rohitsch (Styria) z Iﬁlmzbrmmen, 8. 600 (1. 300 0.348 | 13
Passnpg (Switzerland |, rin::'us.-tp.ln&llq:-r 5. 300 0. B | 0.9 | 8
Bilin {Bohemia) . 4. A (1. 300 0. 800 1.337 | 12
Feeble :

Valz . - . . Pauline, 1. 010 (. M0 0. 150 2. 138 | 15
Andabre A - P e 1. 520 {1, (rx0) 0, (10 1.135 | 10
Chateannenf s : La Chapelle, & 080 1. 430 0. 140 1. 650 | 17
Fachingen (Prussia) . & GO0 [, M) 0,945 | 10
Obersalzbrunn (Silesia) 2. 400 0. 100 0. 40 0630 | 7
Apollinariz (Frussin) . | oo e 1. 200 0. 400 (0. 300 1.0 | 21
Boulzmatt (Alsace) . | 0 e 0, 900 0, 100 0.972 | 10

All of these waters contain iron, particularly those of Mesdames,
Lardy, and Hauterive. Besides Vichy, Cusset is noted for its cold
and especially for its ferruginous waters, which have a variable rich-
ness of sodium bicarbonate, ranging from 2.35 grammes to 5.2
grammes. A large number of the waters of the distriet of Vichy
are used only for exportation. Some of these are even richer in
sodium bicarbonate than that of Vichy itself, as, for instance, that
of the Vesse, which contains 6 grammes, and that of Saint Yorre,
which contains 7} grammes. Vals is also the centre of a region
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having an abundance of waters of this kind, which emerge here
from granitic strata. The waters of Vals have a more varied com-
pusiti{in than those of Vichy. They, indeed, form a sort of scale
of mineralization. They are almost too variable and too numerous.
Exploited by zealous proprietors, they do not present that fixity of
constitution and of name, without which scientific study is impossi-
ble. While some of the springs contain as much as 9 grammes of
bicarbonate, others are almost entirely gaseous. ILa Dominique is
distinguished from all others. In it Henry found, in 1859, 1.3
grammes of free sulphuric acid. No analysis has been made since
his time.

The weaker French waters are almost solely used for exportation.
Among them may be mentioned Sail-sous-Couzan (Loire), Saint Ro-
main-le-Puy (Loire), Marcols (Ardeéche), Neyrax (Ardeche), and
Saint Sauveur de Montagut (Ardéche).

Prvysiorocic Errecrs or Sopium BrecarpoNaATE WATERS.
The sodium bicarbonate waters constitute a powerful medicament,
the effects of which may be not only profound but also remarkably
lasting. The bicarbonate of sodium certainly plays an important
role in this connection. But there exists a very appreciable difference
between the action of sodinm bicarbonate taken in the pure state and
that of the stronger bicarbonate waters, a difference which cannot be
clearly explained. A similar difference is exemplified by other min-
eral waters. We believe that the greater efficacy of sodium bicar-
bonate waters, notably of those of Vichy, when taken at their source,
depends on the one hand upon the complex composition of the waters
which facilitates absorption, and on the other upon the temperature
which acts in the same direction, and, moreover, furthers the action
of the water upon the liver. It is necessary, in addition, to take into
consideration the mode of administration of the waters and the pecu-
liar conditions under which the patients live at these resorts during
the treatment., In this respect much improvement could be made at
Vichy, where the patients are too much abandoned to themselves
and condemned to the barbarous régime of table d’hiote. The bicar-
bonate waters exercise their effects especially upon the digestive tract
and its neighboring glands and upon general nutrition. They inerease
the buccal secretion and tend to augment that of the stomach. In a
large number of eases, when taken npon an empty stomach, they meet
in the latter organ acid produets, the residue of the preceding meal ;
and the bicarbonate is then transformed, in part or entirely, into
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chloride of sodium, whilst the carbonic dioxide is disengaged and pro-
duces a peculiar tickling sensation in the nose. It is generally ad-
mitted that the decomposition of the sodium bicarbonate takes place
even in an empty stomach. The alkalies are capable of stimulating
the secretion of the gastric juice, the acid of which subsequently attacks
the bicarbonate salt. The question has not, however, been fully settled,
thongh this process, however, explains the rapid alkalinization
of the urine, which has been ascribed to the abstraction of hydro-
chloric acid which has been supposed to be contained in the blood.
The studies pursued by the writer and Winter show that the blood
furnishes dirvectly only sodium chloride. The phenomena which
follow the ingestion of bicarbonate waters depend upon complex
conditions even in the physiological state. They vary especially accord-
ing to the relation which the time of taking the waters bears to that
at which the meals are taken. When glandular atrophy of the
stomach-walls exists, sodium bicarbonate remains almost unchanged
in the stomach, and the alkalinization of the digestive tract and ot
the blood is rapidly produced. In other affections, although a part
of the bircarbonate may be decomposed in the stomach a part passes
on into the intestine.

Extended studies have shown that the principal effect of alkaline
medication is to shorten the process of gastric digestion. DBut it is
not possible to obtain a precise conception of the medicinal effects in
disease unless the disturbances in the progress of digestion, of which
the writer gave the first deseription, are taken into account.

The administration of sodium bicarbonate at a considerable dis-
tance from the meal, and the same no doubt holds good of mineral
waters, has for its principal effect the shortening of gastric digestion.
In patients subjected to this treatment analysis shows, even when
large doses are employed, that gastric digestion is stimulated. But
this is only apparent, although experimenters like Linossier have been
misled, as they have not taken into acconnt the modification in the
evolution of the digestive processes. The supposed excitation is due
to the fact that, the gastric changes proceeding more rapidly, the
maximum of chemical changes is reached sooner. In reality the
employment of sodium bicarbonate always decreases the secretion ot
acid and tends to depression of the stomachie functions—if not always
during the treatment, at least subsequently. If given several hours
after meals, it saturates the gastrie contents, cuts short digestion, and
excites the evacuation of the stomach.



e

rr—

MINERAL WATERS. 177

It is consequently the remedy par evcellence in that pathological
condition to which we have given the name dilatation,

Alkaline waters exert an influence upon the pancreatic and hepatic
seeretions, either reflexly or indirectly, after the carbonate has entered
the blood and has increased the alkalinity of this fluid of the body.

Regarding the influence of the alkalies in the nutritive processes,
results so far obtained are not concordant. Although we have as
yet no precise physiological facts, it is certain that the alkaline treat-
ment produces, in addition to a decrease in the acidity of the urine, a
diminution in the nitrogenous exeretion (urea and total nitrogen), and
frequently also in that of the phosphorie acid.

These effects, which persist for a greater or less period after the
treatment, appear to result from the alkalinization of the body-fluids
and the consequent changes in cellular protoplasm. Whatever the
explanation, the fact is undeniable—there is an inhibitory action on
the digestion of the albuminoids. It should be added, however, that
in certain patients who are not cancerous and have an abnormally
low nitrogen exeretion, small doses of sodium bicarbonate or of alka-
line mineral waters may, by stimulating appetite and digestion,
determine an increase, at least temporarily, of the nitrogenous elimi-
nation.

The alkaline treatment possibly favors the combustion of the hydro-
carbons, judging from the results obtained in diabetes and obesity.
Many of these facts, however, merit closer study.

An important question is, can an excess of sodium in the blood
and body-fluids produce an organie disintegration, a diminution in
the plasticity of the blood, an@mia and edema; in a word, the state
designated by Troussean as “alkaline cachexia?” The physicians
at various watering-places, notably at Vichy, have vigorously com-
bated this opinion, and have attempted to show that the sodium
bicarbonate waters are reconstructive and even favorable to the
heematopoietic processes, but the views of Trousseau nevertheless
contain a measure of truth.

It should be noted in the first place that at the period this opinion
was advanced the treatment at Vichy was vigorous and the doses
frequently excessive. The alarm sounded by Troussean eontributed
greatly to the reform of the internal treatment. In the second place,
the opinion of Trousseau applies to a certain number of cases, but
not to all. For, if it is true, as it undoubtedly is, that in some cases

the moderate use of Vichy water has a reconstructive influence, it is
12
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nevertheless true that in other cases the waters, even in moderate
doses, are harmful and absolutely contraindicated in a large number
of patients, who are, nevertheless, sent to Vichy or a similar resort.
In Trousseau’s time, when the patients drank large quantities of
water, they returned from the watering-places in a lamentable con-
dition. We have witnessed such effects, which might have been
avoided had proper attention been paid to the condition of the diges-
tive tract and to the state of general nutrition. These waters are not
to be prescribed without these precautions.

OFf the effects produced by the waters taken internally, a part is
ascribed to the carbonic dioxide, and consists in a mild degree of in-
toxication and in an increased activity of the cirenlation. The later
effect is sedative.

The bath is soothing and agreeable; it facilitates the treatment
when it is desirable to stimulate the skin functions and to exert a
sedative effect on the nervouns system. '

Trnerarevric Uses. The sodium bicarbonate waters are used
in a considerable number of morbid states, such as diseases of the
stomach, the liver, the mueous membranes, rheumatism, gout, diabetes,
albuminuria, obesity, und certain cachectic states. Patients suffering
from functional dyspepsia are nearly always sent to such waters, a
practice that is not always good. However, all forms of chronic
gastritis may be benefited to a certain extent by the alkaline waters
if a correct choice of the kind of water sunited to the stomach is made
and a proper mode of administration carried out.

Unfortunately, nearly all patients, whatever their form of disease,
are subjected to the same mode of treatment ; judging from the results
we have obtained with sodium bicarbonate, it is evident that the
treatment must vary with every variety of gastritis,

The strong bicarbonate waters, and especially large doses of these
waters, are beneficial only to patients with hyperpeptic gastritis.
When the evacnation of the stomach is delayed, as is generally the
rule in these cases, the water should be administered three or four
hours after meals. In the gastritis of the hypopeptie type light
mineral waters should be chosen ; their administration should take
place about an hour before meals. If the bicarbonate waters are
strong, then the dose should be small.

Intense hypopepsia and apepsia appear to contraindicate the alka-
line waters, unless their use is clearly demanded by the state of the
eeneral nutrition.
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Only patients with excessive nitrogenous excretion should be sent
to the stronger springs, and in certain cages the condition of the urine,
rather than that of the digestive tract, should determine the choice of
the water.

Organic diseases, as cancer and acute uleer, are contraindications
to the emplovment of alkaline waters, especially the stronger varie-
ties. In ulcer of long standing the waters may be useful ; at least
they are not contraindicated.

Chronic hepatie congestion and biliary lithiasis are the affections
of the liver amenable to the treatment by stronger alkaline waters.
In this respect Vichy is a formidable ri ival of Carlshad. Successes
would be still more frequent than they are if' arrangements could be
made between the physician and the hotel-keepers by which the
patients could be made to follow an appropriate regimen.

Because of their ability to increase the seeretions of all mucous
membranes the sodium bicarbonate waters are employed in all
chronic catarrhal inflammations. But in these conditions they are
inferior to the mixed chloride waters.

Uterine inflammations, whether complicated or not by neuroses,
are treated at the milder mineral springs, as at Andabre (Aveyron).
Rheumatism responds only in rare, and as yet ill-defined, cases to
the treatment of sodium bicarbonate waters. As to gout, the opin-
ions are conflicting. The strong waters (Vichy, Vals) appear to
modify the predisposition to gout and to retard the development of
gouty symptoms. They are especially applicable to those cases
presenting an excessive nitrogen excretion (excess of urea, total
nitrogen, phosphorie acid, and urates). In the frank forms of gout
they are indicated as long as the urine retains these characters.

When, however, there is a tendency to sub-excretion of nitrogen,
indicating chronic and atonic gout, recourse must be had to the
milder waters, or the use of these agents must be abandoned alto-
gether. Urie acid or oxalic acid gravel, as well as renal colics, are
manifestations of the same general state. They may be treated with
the strong or weak bicarbonate waters, preferably cold springs, such
as Celestins at Vichy. But they respond better to the diuretic waters,
soon to be considered. Diabetes is also amenable to the treatment by
sodium bicarbonate w atera, clinical experience has shown the favor-
able action of Vichy, Vals, and others in this disease,

The explanation of this effect is yet to be found. Perhaps it is
due to the improvement in the digestion, The fact that improve-
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ment oceurs in hyperpeptic as well as in h vpopeptic or apeptic states
is to be explained rather by a stimulation of the panereatico-duodenal
than of the gastric digestion. There may be a heightening of the
hepatic funetions,

The use of the stronger waters in diabetes is permissible only in
non-cachectic and non-tuberculous individuals,

The close relations existing between digestive errors and the
appearance of’ albumin in the urine explain the benefit which some
albuminuric patients obtain from the bicarbonate waters. The im-
provement is seen only in cases with gastric troubles or when the
albuminuria is related to the presence of urate infarets in the kid-
neys. Parenchymatous nephritis is a contraindication, and chronic
interstitial nephritis derives benefit from the waters only when it is
of uric acid origin. At certain springs malarial cachexia and dys-
peptic chlorosis are treated. In malarial cachexia associated with
splenic and hepatic congestion there exist digestive errors that are
favorably influenced by the use of the waters. DBut the change of
scene, the new hygienic conditions, and the external measures have
a large if not preponderating influence in the “ cure.”

Chlorosis, which is frequently combined with a hyperpeptic state,
may in some cases be benefited by the chalybeate sodium bicarbonate
waters, such as those of the Mesdames spring at Vichy.

Calcium Waters. Certain authors have deseribed quite properly
under the name of alkaline, earthy, or caleic waters a distinet group
of mineral waters, which comprises those waters that in the French
classification are designated as caleic and magnesium biearbonated,
caleie, sulphated, and mixed carbonated and sulphated waters.

The caleic waters have a number of marked characters in com-
mon. They are all cold and feebly mineralized ; and the contained
principles play so unimportant a rdle physiologically that the class
might be placed in the indeterminate waters.

The benefit derived from their use appears to be based more upon
the method of administration than upon any medicinal qualities,
Their composition is characterized by the presence and predomi-
nance of salts of calecium and the absence of other minerals. In some
springs bicarbonates of caleinm and of magnesium are found ; in
others, the sulphate of caleium. Two classes of springs might be
established, were it not that in many ecases both bicarbonates and
sulphates ocenr together.

Many of the waters are gaseous on account of the presence of car-
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bonie dioxide, Nearly all are employed internally by the method
of “lavage.”

ALKALINE EARTH, or Cancic WATERS.

Ricarbon-
ate of cal-| Enlphate
Name, cium and, of cal- | OO, Total. | Temp.
magne- | cinm.
sium.
FPougues, 5aint Léger : A A ; 230 | 2,11 gr. G400 | 129 G
Contrexeville, Povillon . ; ] ’ 3 0. 43 1. 160 o 2,380 | 10
YVittel, Grande Source - 0.79 0. 410 1. 789 (1. 0die.c. | 11
Capvern : ; ] 0. 05 1. 091 1. 604 | 22
Aulus . 0. 75 1.400 | 0.11 gr. 3. 610 | 18
R

Wildungen (Prussia), George Victor 1. 24 1. 522 1.440 01
Dribarg (Prussia), Heristerquelle . 1.51 1. 000 1. 043 27X | 10

Among the French waters Pougues deserves special attention on
account of the relatively high proportion of minerals.

We might also add to the list some of the less important waters,
such as Sermaize (Marne), Evian (Haute-Savoie), of which the total
quantity of dissolved minerals is less than 1 gramme ; Alet (Aude),
an export water of feeble mineralization ; Foucande (Hérault); Oriol
(Isére); Cransac (Aveyron), one of the most highly mineralized
waters; Encausse (Haute-Garonne), strong in caleium sulphate, ete.

Pavysiorocicar. EFFects.  The caleium salts are unimportant
physiologically, for although the fluids and solids of the body con-
tain a considerable quantity, enough for the needs of the system is
derived from the ordinary aliments. Some doubt exists as to the
action of the salts of lime on the digestion. The accepted view is
that the bicarbonate is decomposed in the stomach to form the chloride
and lactate of calcium, as well other salts of lime. Yet it need not
modify digestive processes ; it may merely act, if in sufficient quantity,
as an antacid. The question, however, is probably not definitely
solved.,

In studying the subject it will be necessary, first, to determine the
effect of very large quantities of feebly mineralized waters, accord-
ing to the mode of administration in vogue at a number of resorts,
as Contrexéville, Vittel, Capvern, Evian, etc. Secondly, it will be
important to investigate the influence upon digestion of waters of
comparatively high mineralization, such as those of Pougues, which
contain almost 5 parts of mixed principles per 1000.

This subject becomes the more interesting since the chemical
researches of Winter indicate that the caleium salts play a part in
gastric fermentation.
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The treatment at Pougues produces a slight stimulation of the
processes of digestion, and for this reason we agree with Bovet, who
advises the nse of these waters in hypopepsia.

Sulphate of calcium is indigestible ; its presence in pure sulphated
waters renders them laxative. The salts of magnesium, which are not
present in large quauntities, have a similar action, and are at the same
time antacid, like the bicarbonate of calcium. Yet many of these
waters, even the pure caleium sulphate waters, may be borne in large
quantities and exercise the same lavage effects as the less highly
mineralized waters. Several act in these doses on the intestines and
aid in their evacuation,

The action of calcium waters on nutrition does not differ from
that of ordinary water. This statement is not controverted by the
results of the researches of certain physicians of Evian and of Vittel.

The long-established and universal reputation of the lime waters
in calculous affections renders it probable that they possess a dissolv-
ing action on uric acid. This is the view recently advocated by L.
Lehmann (1889), whose studies were made with the Pavillon water,
at Contrexéville, and the bicarbonate spring Iéléna, at Wildungen.

Tuerarevuric Uses.  The diseases influenced by the lime waters
are few in number.

Of chronie gastric conditions it appears that those complicated
with chronic constipation are most markedly benefited. Intestinal
atony may be overcome, at least temporarily, at such springs as
Contrexéville, Chronic gastritis of the hypopeptic type may be
improved at Pougues, where only small quantities of water are taken.
It is possible that these waters have a medicinal action in these cases.
(The Pougues waters contain 2.995 grammes of various bicarbonates
of ealeium, sodium, magnesium, potassium, lithium, and iron.)

The special value of the less highly mineralized waters is to be
found in cases of gravel, especially those of urie acid, and in chronie
catarrhal affections of the urinary passages. The method of admin-
istration consists in the ingestion on an empty stomach of very large
quantities of the waters.

At Contrexéville, for example, the patients begin with three or
four glasses and gradually increase to eight or ten ; then the quantity
is again decreased. This brings abont diuresis and has also a laxa-
tive effect; sometimes constipation is observed.  According to
Treuille, the urine exceeds by one-third the amounnt of water ingested.
Rodet, of Vittel, contents himself with saying that the diuresis is
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proportionate to the amount of water consumed. Not rarely small
caleuli are expelled with the urine,

In cases of vesical caleuli the treatment develops the characteristic
signs of the disease and thus becomes a diagnostic agent,

The expulsion of calculi and the free flushing of the urinary pas-
sages brings about an improvement or cure of the complications of
gravel, such as eystitis, prostatitis, or pyelitis.

At Vittel the waters contain an abundance of carbonic dioxide,
which renders them sedative in irritable patients. In chronie in-
flammations of the urinary passages secondary to gravel or calenlous
states the waters of Evian seem to be particularly useful.

Many gouty subjects, as well as such as are merely predisposed to
gout, are sent to these watering-places on the belief that free flush-
ing of the kidneys and a greater elimination of uric acid cannot but
be of advantage in such cases. The recent researches of Chiais
tend to render these somewhat vague indications more definite.
At these resorts, where it is eustomary to drink large quantities of
the waters (Vittel, Contrexéville), the nitrogenous excretion is in-
ereased. According to Chiais, patients who have presented an
excessive nitrogen execretion shonld not go there. The treatment at
such places should be reserved for those with defective nitrogen
exeretion, or in whom the nitrogenous substances are not completely
oxidized.

Researches of the nature of those of Chiais cannot be too highly
encouraged, for a large number of such data are required before
we can place the indication for the use of mineral waters on a sound
basis.

Sulphate Waters. The fifth group of mineral waters cnmprises
the sodium and magnesium sulphate waters,

Magnesium and sodium sulphate have a special effeet on the diges-
tive tract, which is generally attributed to the modification in osmosis
that is brought about by all saline solutions.

Many writers, as we have already stated, make a single group of
all the saline waters. But if we disregard the effects of large doses
on the intestines and compare the influence exerted by moderate
doses, especially on the stomach, we shall find that the sulphate
waters differ widely in their action from the sodinm chloride waters,

The sulphate of magnesium and sodium waters may therefore be
taken as a type of a natural group. This group is divisible into
sub-groups. First, the pure sulphates, or bitter waters of the Ger-
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mans, which are true mineral waters, and, secondly, the mixed sul-
phates.

The pure sulphate or bitter waters only cause purgation ; they are
largely exported.

According to the greater or less abundance of salts they may be
classified as strong and mild. They contain sulphate of sodium and
of magnesinm and small quantities of sulphate of caleium, carbonate
of magnesium, chloride of sodium, and in some instances free car-
bonic dioxide. The majority are highly mineralized.

The most famous, such as Piillna, Seidlitz, and Saidschiitz (Bohe-
mia), are obtained by an artificial process; these waters, therefore,
belong to the class of lixiviated waters. At Piillna, for example,
the rain-water percolates through layers of marl, containing various
salts, and is collected in wells of about three yards’ depth, lined
with wood. At Friedrichshall the waters traverse secondary strata
containing masses of basaltie rocks, and are also collected in wells.
They contain as mueh sodium chloride as bitter sulphates,

The variability of the strata throungh which this class of waters
passes explains the diversity in composition. The waters of Bir-
mensdorfl, in which, as in those of Seidlitz, magnesium sulphate pre-
dominates, emerge from reservoirs, where masses of this salt have
been found in the neighborhood of deposits of gypsum.

PURGATIVE SULPHATE WATERS.

Sulphate Su]p}mle'g loh Chloride | Chloride
Name, of mag- of Sulphate of of mag-
nesium. | sodiom. of lime. sodinm, | nesium.

=
=
&
=

Montmirail {Vaucluse) . - 3 . 0. 20
Miers (Lot) . . . . : . 5 267 0. 93 LB 0. 70
Rubinat-Condal ( Spain 5 K

Victoriaquelle ( Austria) : 32.4 L REL | 1. 60
Franz-Josephoguelle { Aastria) M. 6 24. 0D 1. 85 1. 67
Hunyadi-Lazlo { Austria) .2 330 1. B
Hunyadi-Janos (Austria) Lol o 5l 1. 30
Birmenzdortf (Switzerland) . 21.1 6.7 0. 40
Beidlitz ( Bohemin) - 18. 5 1.40 | (. 40
Piillna (Bohemia) . 121 16. 10 0, 30 210
Saidschitz (Bohemia) . ; 10 9 0. 10 30 | 0. 30
Friedrichshall (Saxe-Meiningen) il . (N 1. 30 | V.60 3. 90

The only French water that can rival the foreign purgative waters
is that of Montmirail-Valqueyras.

All the waters of this group are transportable, but can all be
replaced by an equivalent dose of neutral salts ; as purgatives they
are merely a luxury.
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Their abuse, as also that of the purgative salines, leads to chronic
gastritis and apepsia.

The only pure sulphate spring at which treatment may be carried
out is that of Miers. It would be of great importance to know
what effect the waters at Miers produce on digestion, for sodinm sul-
phate is certainly one of the most energetic stomachic agents.

Chalybeate Waters. In many mineral waters there exists a
small quantity of iron—enough, indeed, to be of some influence. As
an example, we may cite the Mesdames Spring at Vichy, which is,
strictly speaking, a sodium bicarbonate chalybeate spring.

Under the name of chalybeate waters we include only those in
which the iron is present in sufficient quantity to produce some thera-
peutic action, while the other mineral principles are present, from the
therapeutie standpoint, in nominal amounts,

According to Gerdy, chalybeate waters are found wherever iron is
found in a finely divided state in association with mould or decaying
vegetable matter. The iron is dissolved especially by waters super-
saturated with carbon dioxide in contact with strata rich in the oxide
of iron.

A carbonate of iron is produced which, in the presence of alkaline
bicarbonates, forms, as shown by Lefort, soluble double salts,

Besides earbonated chalybeate waters, others are found, such as
those containing ferrous sulphate, usnally in association with alkaline
sulphates.

Berzelius has shown that certain springs regarded as carbonated
really contain the crenate of iron. The chalybeate waters have been
divided into three classes—the bicarbonate, the crenate, and the
sulphate waters, a classification adopted by Le Bret.

It seems to us unnecessary to establish more than two classes, the
first comprising the bicarbonate and crenate waters, the two being
frequently associated ; and, secondly, the chalybeate sulphate waters,
which differ sufficiently from the preceding to warrant their being
placed in a separate class,

All chalybeate waters proper are cold. A certain number of warm
springs employed externally should be classed with the indeterminate
waters. :

The chalybeate waters are feebly mineralized, the best known con-
taining only 6 to 7 centigrammes of the carbonate of iron per litre.
In many the quantity is 3 or 4 centigrammes, or even less.

The chalybeate sulphates are relatively rich in mineral prineiples,
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A few springs contain arsenic in the form of arsenate of iron.

There is in many chalybeate waters a sufficient amount of carbonic
acid to render them acceptable and easy of digestion.

Among the other substances found in chalybeate waters may be
named carbonate of caleium, of sodium, and of magnesium, which
are found in small quantities normally. There are, indeed, waters
the fixed principles of which are scarcely above 0.5. The sulphate
waters must be excepted, as they may contain 5 grammes.

: CARBONATED FERRUGINOUS WATERS,

Carbonate o0

N, Secondary elements,

of iron. -
Le Bauche (Savoy) - : - : 0.14 0.08% Crenate of lime and carbonate
of magneszinm
Orezza (Corse) . 012 1.28e.c.
Forges-les- Eaux 1_‘;1.:!15; Inf. ], 5. Cardi- 0, 065 0. 22 ey,
neale,
(Crénate.) L
Neyrac (Ardiche), = des Bains . . 0. 014 Alkaline bicarbonates.
Benlaigue (Puy-de-Dime) 0. 0= 1. 895 c.c. . Alkaline bicarbonntes.
Bussang (Vosges), 5 des Demoiselles | 0.029 0,960 gr. Bi](jurlmﬂnte:i of sodinm and of
ime.
Zaint Pardoux (Allier) . : . . 0. 02 1. 245 ¢.c.
(Crénate.) e
Keenig Ottobad (Bavaria) . . . 0.79 0,952 | Alkaline carbonates
Elmpatak (Prussia) - = 0,29 1.2564 | Ibid. =
Spa (Belgium), 2. du Pouhon : g 0. 19 1.2588 | Carbonate of sodium.
Cudova (Silesia), 5. Trinkquelle . 11 1. 300
lii polsdan  (Prossia), s, 3 i,nmqlwlte 0.11 i, 550
chwalbach (Prussia), . Stahlbrunnen 0, 105 1. 570
I’:. rmont (Prussia), 5. Haupiguelle 0. 07 1. 271
Snaint Moritz (S3witzerland), =" Para- 0,03 1. 515
celsusguells,
FERRUGINOUS SULPHATE WATERS.
Name. S‘:_li'-' Eﬁ}e Secondary elements.
Autenil | L ; 1 ! : : 0715 Tm;jmls snlphates, sulphate of aAlnmina and
of irol,
WVals (Ardéche), 2. Dominique . : Arsenic,
Farad (Hongrie), Alaunguelle . - 4.400 | Various sulphates,
Hermannsbad {Saxony) : - ] 4.1%0 | Various sulphates,
Roncegno (Tyrol) . : 2, 350 Various sulphates.
Alexlsbad (Prossia), Selkebrunnen . 0,030 | 010 of chloride of iron, various sulphates.

Prysiorocicar, Errects oF FErrUuGINOUs WaATERS, Having
briefly considered their chemical characters, we may now take up
the physiological and therapeutical properties of the ferruginous
waters, The eclass we shall begin with is that of the bicarbonate
waters, These are clear, transparent, non-odorous, and have an
astringent taste recalling that of iron, but corrected by the presence
of carbonic dioxide.
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Special researches on the absorption of the iron of mineral waters
and upon the effects which it produces upon the digestive processes
have not been made. It is, indeed, one of the numerous lacunz
which a more complete study of the action of mineral waters should
fill. The sulphate waters which contain the alkaline sulphates, alum,
and sometimes arsenic (Dominique de Vals), have a more pronounced
astringent taste than the others and should only be taken with cau-
tion, and as a rule diluted. It is interesting also to determine the
effects which they have upon the digestive tract,

The chalybeate waters arve also employed in the form of baths.
Although the important factor is the disengagement of carbonie di-
oxide, they determine effects which differ from those of the baths
containing free carbonic dioxide. They are more stimulating.

TuerareUTIC UskEs ror FErRrUGIiNoUs WATERS. Since iron
is the specific remedy for chlorosis, the transportable ferruginous
waters have been preseribed for this disease, and patients have often
been sent for treatment to chalybeate springs. What is the value of
this practice? The first question to be determined is whether
chlorosis can be cured by their use; for, as we have observed, and
according to the opinion of* others who have published treatises on
mineral waters, particularly Le Bret, the use of chalybeate waters
does not cure chlorosis. Indeed, some cases are aggravated by their
employment,

Let us see why these waters, which are known to contain iron, fail.
The following are the principal reasons : First, the ferruginous waters
are digested with difficulty. Caulet, who has studied the subject
thoroughly, divides individuals who use the waters into two cate-
gories : those who digest them and those who do not tolerate them
well.  Among the latter the use is followed by a feeling of weight
in the epigastrium, and then by a plethoric state and constipation.
The evacuations assume the characteristic black color.

In those who seem to digest the waters the following phenomena are
produced : First, congestion of the head ; sometimes sufficiently pro-
nounced to necessitate revulsive agents for the purpose of moderating
them. Then an increase of appetite, even up to bulimia. There is also
increased diuresis, though the dejecta preserve their normal color, a
fact which indicates that the iron is absorbed. Nevertheless if the
doses are increased the feces become black. Eventually at the end of
a variable period, the continuance of the treatment leads to a satur-
ation of the system, which manifests itself by fatigue, lassitude,
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malaise, cephalalgia, and by aversion to the waters, and then by fur-
unculosis and acneiform eruptions. We may interpret these interesting
results as follows : The chalybeate mineral waters exercise a marked
action upon the digestive tract. In those cases where they appear to
be digested (and they are the exception) they sooner or later excite
phenomena of intolerance,  Further, all the chlorotics present abnor-
malities of digestion, and the majority of them do not dispose at all,
or imperfectly, of the ferruginous waters. Scheuer recognized the
fact that many of the chlorotic patients do not digest the waters of
Spa. He attributes this to dilatation of the stomach, a condition
which, at the time he wrote, was considered as the disease upon which
all forms of dyspepsia depended. But dilatation is only one of the
symptoms of the gastropathy of chlorosis. It is generally associated
with a more or less pronounced hyperpepsia with increase of the secre-
tions and slowness of digestion, a state accommodating itself neither to
iron nor to the waters, taken upon an empty stomach. The second
cause of the failure of the ferruginous waters in chlorosis should be
attributed, it seems to us, to the feeble intensity of their medicinal
action. To repair the diseased condition of their blood, chlorotic
patients need a fixed and rather large quantity of iron. It should be
remembered that in pronounced chlorosis the deficit of iron in the
blood is very considerable. Estimating the total amount of iron in
the blood of a healthy adult as three grammes, the proportion in a
case of chlorosis, with moderate anzmia, sinks to 1} grammes. In
more pronounced cases, it may fall to one gramme, or even to 0.75.
This is a very interesting pathological fact. The ferrnginous waters,
even those most strongly mineralized, contain only 0.7 gramme of
iron, that is to say, a very small proportion. These are, therefore,
incapable of furnishing a sufficient quantity of iron even if we admit
that all of the metal which they contain is absorbed and fixed by the
blood, which is far from probable. The pharmaceutical preparations
are far superior. They offer the advantage of permitting the intro-
duction of a large quantity of iron, and of being tolerated for a
longer time, at least until the restoration of the blood is complete,
The third reason of the non-sucecess of the treatment at chalybeate
springs depends upon the fact that the extrinsic conditions obtaining
at the stations are more harmful than useful. Whilst in a large
namber of morbid states the cure at watering-places acts favorably
by virtue of the extrinsic conditions arising from the change of air,
the exercise, and the alteration of the regimen, in chlorosis these
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diverse factors play a rather harmful rile, at least, in the majority
of cases. Thus chlorotic patients who are at the same time neur-
asthenie, not only do not support exercise and fatigue, but frequently
need absolute rest, particularly at the beginning of the treatment,
On the other hand, by reason of their dyspeptic state, many of them
should be subjected to a very severe regimen which differs essentially
from that at hotels. Finally, baths and hydrotherapy are means
which should be employed only at an epoch when the restoration of
blood is already fairly advanced, when strength has returned suffi-
ciently to make a reaction possible,

A long experience permits us to formulate our conclusion as follows :
Chlorosis is treated better at home than at climatic resorts or chaly-
beate springs. In a number of eases where certain forms of mediea-
tion claimed as useful had been vainly tried, we sueceeded easily and
quite rapidly without removing the patient from his habitual sur-
roundings, Being given a well-marked case of chlorosis, the first thing
to do is to impose absolute rest in bed for two or three weeks. The
necessity for this repose is greater the more pronounced the ansemia,
and the more marked the neurasthenic state. In the second place, a
severe alimentary regimen should be insisted upon, being always con-
trolled by the state of the stomach, and the latter should always be
determined by the analysis of the gastric juice. The diet which is
best suited consists of milk and raw meat. This is, moreover, indi-
cated by the hyperpeptic state of the stomach, so common in chlo-
rosis. The complete rest and the dietetic regimen are very grateful
to the patients, who nearly always have been over-exercised and over-
fatigued. The two measures indicated are almost alone sufficient to
bring about a certain decree of amelioration. When at the end of
about eight days the dyspeptic state, as revealed by palpation, by
percussion, by the determination of clapotage, and by the chemical
analysis, etc., is such as one generally finds in these cases, that is to
say, a moderate degree of hyperpepsia, with slow digestion and begin-
ning dilatation, the administration of iron may be begun.

The preparation to which we give preference is the protoxalate
(oxalate of the protoxide of iron), which is easily soluble in the pres-
ence of the hydrochlorie acid of the gastric juice.  We prescribe it in
doses of from 3 to 6 grains, taken at the meal. The preparation does
not constipate. If constipation exists, it is combated by mechanical
laxatives, such as the mucilaginous cereals, or by enemata. The
general regimen is maintained, but little by little, as the improve-
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ment progresses, the patient is permitted to resume a more normal
diet. At the end of fifteen days or a month, according to the nature
of the case, the patients regain their color, recover their strength,
and are able to get nup. They may then be allowed to take short
promenades in the air, and after five or six weeks the cure will be
far advanced, if’ not achieved. In those cases where the gastric con-
dition is accentuated, the treatment of chlorosis is more diffienlt.
We have then to deal with two opposing states : On the one hand,
hyperpepsia with hyperacidity and pronounced dilatation, perhaps
even complicated with uleer; on the other hand, a condition of
chronic gastritis of the hyperpeptic type, arising from various causes,
such as badly regulated diet, the use of agents depressing the activity
of the stomach, ete. In both of these conditions the patients are
markedly dyspeptic. Before being placed on iron, which is often
badly borne, they should be treated as eases of simple dyspepsia.
The iron should only be given at the time when a sufficient improve-
ment of the gastric state has been obtained. When a persistent
hypopepsia exists, hydrochloric acid may be used to assist the diges-
tion of the iron. The latter is then given before meals; the hydro-
chloric acid after meals.

This mode of treatment has always been crowned with success in
our hands, and we can, therefore, confidently recommend it.

From what has been said, it follows that chlorosis, and especially
chlorosis with marked dyspepsia, are not indieations for the use of
chalybeate waters. We should, however, not conclude that these
waters are without value in an@mias or even in certain mild forms
of chloresis, but the indications for their use are not precise and
depend upon very variable circumstances. They will, in our opinion,
remain obscure as long as the physiological and pharmaco-therapen-
tical effects, particularly those upon the digestive tracts, are not better
understood.

According to clinical observations certain forms of dyspepsia, espe-
cially those complicated with chronic diarrheea, are benerted by
chalybeate waters, Thus the physicians of Forges and a number of
other resorts have as their elientéle a large number of dyspepties. In
these cases the air, the exercise, the balneotherapy and hydrotherapy
play an evident part in the effects of the waters. DBut we still lack
precise data concerning the conditions in which the iron-containing
waters are useful. It is possible that we shall in the future find
chronie or hypopeptic gastritis, with or without mucous transforma-
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tion of the glandular apparatus of the stomach, amenable to this form
of medication.

Another indication for chalybeate waters is secondary anemia, such
as post-hemorrhagic and puerperal angemias, those secondary to trau-
matism, the anmmia of convalescence, and all other conditions in
which the restoration of the blood tends to take place spontaneously,
or at least needs only good hygienic conditions.

Certain uterine affections, as dysmenorrheea and the metrorrhagias
with secondary anwemia should be included. In these conditions the
indication is not to cure the ansemia but to remove the cause, and for
this purpose the chalybeate waters are inferior to many others. Cer-
tain neuropathic conditions and different forms of chronic rheumatism
are sometimes improved at ferruginous springs. But here the ex-
ternal treatment is the more active agent.

We may conclude the consideration of the pure chalybeate waters—
that is, those employed as beverages—Dby stating that they have no
precise indication. Kither they are useless or inadequate, as in true
chlorosis, or they act simply as ordinary mineral waters—i. e., chiefly
through extrinsic conditions. It is, therefore, unnecessary to insist
at this time upon a specialization of the various resorts. The sul-
phated waters appear to be appropriate to the treatment of chronic
diarrhoeas, and even, according to some writers, to the treatment of
chronic gastric catarrh and gastric ulecer. These assertions, however,
are not supported by sufficient proof.

Indeterminate Waters. Under the name of indeterminate waters
(Durand-Fardel), simple mineral waters (Le Bret), and other names,
we understand those feebly mineralized waters which seem to aet
chiefly by reason of the mode of their administration, and very fre-
quently also by their warmth. We also include in this group the
gaseous acidulated waters of certain writers,

The group then comprises two classes, the simple mineral waters,
thermal or not thermal, used especially or execlusively for external
use, and the gaseous acidulated waters. The simple mineral waters
are waters the temperature of which varies from 90° to 130° F. They
are generally warm, feebly mineralized, and sometimes contain even
a smaller amount of fixed principles than potable water. The ele-
ments found in them are especially sodium bicarbonate and sodium
chloride. The absence of lime and magnesium gives them a marked
softness, so that they may be taken as beverages or employed as
baths. The gases found in them are oxygen and nitrogen. Carbon
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dioxide is not :lhumlaut. Sometimes traces of' hydrogen sulphide
and of organic matters are found. Minute quantities of arsenie, of
lithium, and of iron may be present.

Puvsiorocican Errecrs orF INDETERMINATE WaTers, It
is characteristic of these waters that they produce therapeutie effects
which eannot be clearly ascribed to any medicinal or chemieal action.
The majority of the hydrologists consider, however, that these
waters differ from the ordinary potable waters. They attribute
to them a physiological action and therapeutic virtue of a special
kind distinet from that obtained from all other waters. But to what
factors are these effects due? We have already examined this ques-
tion, and we have seen that the electric state of mineral waters has
been invoked in explanation of these effects. The action of electricity,
the value of which is perhaps great, should not make us neglect the
other physical or mechanical factors capable of exerting an important
influence. The temperature appears to be at times the most active
of these factors. On the other hand, the special arrangements at cer-
tain stations appear to contribute, by the originality of their dispo-
sition, to the success obtained. Mud-baths and special methods of
bathing, such as prolonged immersion or the bath in running water,
are employed, and no doubt play a part. It appears, then, very
probable that in a certain number of cases, at least, the beneficial
effects of the cure should be aseribed not to any special physio-
chemical effect, but to the peculiar modes of treatment in vogue. We
should add that the climate and the accessory conditions, of which
mention has been made when speaking of the treatment by mineral
waters in general, may become important factors, especially in moun-
tain resorts.

INDETERMINATE WATERS,

Name, Temperature, Total. Altitude,
Aix (Bouches-du-Ehine) . ] : 2 ) ST 0,57 LI E
Zail-les-Bains (Loire), 5. Duhamel . ; . M (L42 250
Uszzat (Ariege) . 5 : 0 o a2=10 137 428
Mont-Dore { Puy-de- t:l dme) i : : . 10544 1.60 1046
Bainz (Vosges) . - 5 e L] 0,50 B
Bagniéres-des-Bigorre | llti_h,. j"'. rénées) . " M=l 295 aabh
Luxenil (Haute-Saine) : - ! . . BR-515 o4 404
Néris (allier) 3 - . . ; - . 43=38 1.26 2060
Dax (Landes) - : - ; ; . R 1 i ] 1.2 211
FPlombitres (Vosges) . g ! - : . H-068.G 0,32 i |
Chaudes-Aigues (Cantal) . : ; : . 3l-R2 067 Gl
La Malou (Hérault) . . . . 3 . 21.5=18 L.30-1.75
Saint Amand ( Nord) . : . . - . o3 1.50
Barbotan {Gers) ; 5 ; : . M35 0.151
Zaint Christau (Basses-Pyréndes) | : . 13.5=-14 01,30 $00

=)
]

Badenweiler (Forét Noire) : ; : . X4 0.33 1
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Name. Temperature, Total, Altitude,
Sehlangenbad (Hesse-Nassau) . : PR .ol 8 0.33 313 M.
Ragatz (Switzerland) . . : : . . 3.3 0.29 521
Plaeffers (Switzerland) : ; 5o . 375 020 =" Gl
Rimerbad (Styria) . . ; : . . B7 0.08 o7
Wildbad (Wirtemberg) . . ; : . 33.7-39.5 .54 430
Lippspringe {Frussia) . . . . - -kl 240
Inselbad (Prussia) : : e . . 18 1.38
Weissenbourg (Switzerland) . . . . 26 1.39 878
Bormio (Italy) . . . - - . . Bil 0,95 1448
Bath (England) . . 3 5 2 i . 4847 1.9
Gastein (Austria) : : 5 . .. 43487 0.32 1047
Teplitz (Bohemin) . . ; . o . 2849 0, 64 230
Lougche (Switzerland) . : : ; B o7 1.9 1500

The number of stations belonging to this group is very large, and
it could be increased, for a number of waters classed in other groups
might properly be included in this. The incorporation of certain
waters tolerably rich in mineral constituents, such as Bagnéres-de-
Bigorre and Lippspringe, is explained by the definition which we
have adopted. All the waters employed for external application,
even when they are strongly mineralized, cannot be placed elsewhere.
For this reason we include La Melou, Saint Amand, and Saint
Christau.

We shall not dilate upon the physiological and therapeutic effects
which can be obtained by means of the indeterminate waters. It is
only necessary to repeat here that which has been said regarding the
general subject of mineral waters. Depending upon the means em-
ployed, upon the temperature, and also, perhaps, upon the physical
properties of the waters, phenomena of stimulation or of sedation are
produced. Frequently the latter result is only achieved after the
termination of a period of more or less intense excitation. This is
the case, for example, at Néris,

THERAPEUTIC UsEs oF INDETERMINATE WATERS. Considered
in their totality, the indeterminate waters are appropriate in the treat-
ment of all chronic diseases. Nevertheless, among the many stations
belonging to this class we can recognize certain special features, which
in some instances depend merely upon the peculiar methods adopted.

Among the diseases amenable to this form of treatment rhewmatism
in all its forms stands first. The majority of the thermal stations
may be utilized in these cases, but even they should not be placed
upon the same rank. Those should be chosen in which the manage-
ment is the best, while the different forms of rhenmatism should
always receive special attention. Unfortunately, in regard to this
last point, the importance of which is readily apprehended, the em-
pirical facts collected up to the present time are far from affording

13
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us satisfactory enlightenment. When the rhenmatism is acute, frank,
or manifests itself by repeated attacks which leave no articular lesions
behind them, the thermal treatment is generally of restricted utility.
Yet if there is no cardiac lesion, or if’ only a slight one exists, the
attempt can be made to modify the rhenmatic diathesis. The patient
should, under these circumstances, be sent to stations the waters of
which have a sedative action, such as Chateauneuf (which has been
placed in the class of bicarbonate waters, but at which the treatment
consists solely of the pool-baths), where good results are obtained,
but which is not provided with the necessary comforts; also to
Bains-en-Vosges, Aix-les-Bains (classed among the sulphurous
waters), Bourbon-Laney (classed among the chloride waters).

Very irritable persons in whom it is important to secure a calm-
ative effect should be sent to Néris, Plombieres, Bagnéres-de-Bigorre,
Bourbon-Laney, or Ragatz-Pfeffers. Néris is the principal French
resort. It enjoys a salubrious climate, and the various methods of
external treatment in use appear to possess some importance, The
water of Néris, which is hot, is reduced to 102° by means of a cur-
rent of cold water condueted through a tube surrounding the conduits.
Exposed to the air, the water becomes still cooler, the temperature
falling to 94°. The treatment consists in the more or less continued
employment of warm baths (90° to 94°). Sometimes these baths
are greatly prolonged, having exceptionally a duration of four to five
hours., The treatment, at first stimulant, becomes finally sedative.

Plombiéres, one of the most important stations by reason of the
oreat abundance of springs and its excellent arrangements, is suited
to sanguine and irritable persons. The treatment is particularly
useful in the painful forms of rheumatism, and in those imperfectly
understood manifestations to which the name of chronic visceral
rhenmatism has been applied. In the atonic forms of chronic rheu-
matism, when a strong stimulation is not to be feared, Saint Amand,
Barbotan, and Gastein are the stations of choice.

Dax, to which reference has already been made in connection with
the mud-baths, has an especial infloence in these cases. Where
chronie rheumatism attacks a lymphatie subject, the mud-baths of
Saint Amand and Barbotan are perhaps less active. Gastein is a
remarkable resort. With its waters, the mineralization of which is
pmutif.-all}r nil, very marked effects are obtained. The baths are
short in duration, and are taken in small pools or ponds, with the
water at a temperature of 100° to 102°. The patients experience at
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first a sensation of well-being ; their appetite increases and their
morale improves. But about the twentieth or twenty-fifth day they
are seized with diverse morbid econditions in the bath, consisting in
chills, nausea, often excitement, insomnia, anorexia, thirst, slight
fever, and nervous erethism. The general result of the treatment is
ultimately manifested by an improvement of the health. Among
the stations appropriate to the treatment of chronic rhenmatism we
should also mention Teeplitz-Schonan, Louéche, and Wildbad.,  All
the nervous manifestations associated with the disease, as neuralgias,
both peripheral and visceral, and the so-called rheumatic paralyses,
are treated at the resorts named.

(Gout, which may be placed beside chronic rheumatism, lends itself
to the same mode of treatment. The stations of choice are Chiteau-
neuf, Teeplitz, Bath, ete.

The largest elientéle of the indeterminate springs is perhaps taken
from those afflicted with the various forms of newropathy. The most
renowned stations in the treatment of the neuroses are Nérig, Dax,
Ussat, La Malou, and Gastein. Hysteria is treated chiefly at Néris.
Gastein has acquired a reputation in the treatment of the depressing
forms of neuroses. Remarkable results have been attained there in
nervous exhaustion consequent upon cerebral overwork, in the
debility resulting from venereal excesses, in hypochondriasis, persist-
ent insomnia, and spermatorrhoea ; in short, in all the diverse varieties
of neurasthenia, particularly in the primitive form, that are not
symptomatic of visceral disease. The neuropathies characterized by
irritability and excitement find at Dax sedative influences, due proh-
ably to the constaney of the temperature as well as the balneological
procedures to which they are subjected.

At Ussat, in Aridge, a resort situated 1500 feet above sea-level,
cool baths are employed, by mesns of which a very pronounced
calmative effect is procured.

The indeterminate waters which exercise a local influence are suit-
able for external applications in chronie skin diseases. The moist
affections, eczema and impetigo, are treated at Lougche-les-Bains and
at Avéne. At the former, which is situated at an altitude of about
5000 feet, the patients are subjected to a special form of treatment.
This consists in pool baths of progressively inereasing length, taken
at a temperature of 95° I'. Beginning with a sojourn of one-half to
one hour, the duration is prolonged until the patient eventually
remains five to six hours per day in the bath in two séances. After
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leaving the bath he lies down for half an hour or more. When the
effect determined by this mode of bathing has appeared, the patient
is subjected to baths of a progressively decreasing length. The effect
consists in a more or less generalized erytherha, complicated at times
by the production of pustules and of fever of variable intensity.
When this reaction fails, the treatment rarely succeeds. Apart from
eczema and impetigo, good results are also obtained in psoriasis and
acne, The dry cutaneous affections are treated at Néris, Plombiéres,
Bagnéres-de-Bigorre and Saint Amand.

The indeterminate waters are also preseribed in dyspepsias asso-
ciated with painful phenomena, as gastralgia and enteralgia. It
should be remarked, however, that these symptoms are very often
dependent upon organic disease, which should be first recognized and
treated. The employment of balneological and hydrotherapeutic pro-
cedures—that is, of revulsive measures—is frequently indicated in
the chronic form of diseases of the digestive tract, and the results
which have been obtained in certain cases, as at Plombiéres and anal-
ogous resorts, are often due as much to the resolving effects of the
treatment as to a more or less indeterminate action exercised upon
the nervous system.

The waters have also been employed in the treatment of affections
of the genilo-urinary organs.

The uterine diseases of subacute character, and complicated by
great nervous irritability, may be modified by the waters of Néris
and of Ussat. In the chronic and asthenic forms preference is given
to Plombiéres, Bagnéres-de-Bigorre, DBagnoles de 1'Orne, Avéne,
and Bourbon-Lancy.

Gaseous Acidulated Waters. The name gaseous acidulated has
been given to the waters having no fixed principles, but rich in car-
bonic dioxide gas. Carbonate of sodium, chloride of sodium, and
arbonate of lime are the chief elements. The carbonic acid gas
varies in proportion from 500 to 1500 cubie centimetres. The majority
of these waters are cold ; some, as those in Auvergne, have a some-
what elevated temperature. Nearly all possess an agreeable and
piquant taste resulting from the presence and disengagement of a
part of the carhonic dioxide.

PaysioLocic EFrFEcTs oF (GASEOUS ACIDULATED WATERS.
The physiological effects depend upon the gas. The waters stimu-
late the stomach, the stimulation being general, affecting at the same
time the mucous membrane and the glands, the nerves and the mus-



MINERAL WATERS, 197

cular coat. It would be interesting to verify this stimulation by
experiment. The carbonic dioxide ingested is in part eliminated, in
part absorbed. The proportion absorbed is, according to Quincke,
very small, because of the high tension of the carbonic dioxide in
the blood. This absorption is, however, demonstrated by the fact
that the use of gaseous beverages, particularly of those which con-
tain the fixed gas (the gaseous bicarbonated waters), determine phe-
nomena of intoxication. The gaseous waters are also diuretic, a
property which Quincke explains by the rapidity of absorption of
the water in the presence of carbonic dioxide.

All these waters are agreeable table beverages, which can be
utilized in cases of nausea and loss of appetite. They also appear to
have the power of diminishing the duration of digestion. Have they
anti-fermentescible properties? It is not definitely known, for the
physiological and pharmaco-therapeutic effects determined by the
transient or prolonged use of these gaseous waters have not been suffi-
ciently studied. This, too, is one of the lacun® in our knowledge
which the future must fill.

The baths in gaseous waters produce a cutaneous stimulation which
stands intermediate between that resulting from the employment of
saline baths and that produced by water at high temperature. They
apparently do not excite any central action; at least, their effects
upon the heart are unappreciable. There is, moreover, no absorp-
tion of carbonic acid gas by the skin.

We should mention, in order to complete the subject, the existence
of artificial gaseous waters, which are distributed in large quantity and
sold often under the name of “ natural waters.” Durand-Fardel has
called attention to the fact that these artificial waters do not retain
the carbonic acid gas with the same tenacity as the natural waters.
He inveighs against the excessive use of the gaseous acidulated
waters, whether they are natural or artificial, But it is not yet
known in what way they become prejudicial to health,

AsEOUs WATERS.

Names. Free COy.
Desaignes (Ardéche) . 5 : ] 5 z : g ; : . . 1525 c.em.
Saint Galmier, source, Noél x . . . : : : : A .
Saint Pardoux (Allier) . d - > - : : i : : . . 1243
Chiteldon (Poy-de-Dime)’ . . . . . . . . = . . 116
Bussang (Vosges), 5, de la Salmade . : . - : : 2 : o 700
Condillae {Drine) T L 5 : A 3 5 ; A 5 . A0
Schwalbach (Prussia), Lindenbrunnen . z 3 X L : z . 1390

Apollinaris (Prussia) . : : . e b A . . : 5 . 1521
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Names. Free Cos,
Reinerz (Prussia), Kalteguelle | : 2 P : ; ; ; g . 1465 e.cm.,
Wildungen (Waldeck), Georg-Victorguelle . 4 : . . ; . 1322
Cudowa (Silésia), Oberbrunnen . - 5 5 | : . - : R
Passug (Switzerland), Belvedraquelle : : . : : : 5 . 1076
Fidéris (Switzerland) . : - o 5 . . . : 3 . . GBB

Mixep ComMrLEX WATERS,

Apart from the waters in which the action of a medicinal prinei-
ple predominates there exist quite a number of other interesting
waters, the therapeutic properties of which seem to be dependent
upon several principles. These waters can be ranged in a small
number of groups, the study of which is generally taken with that
of the relatively simple waters. We have given a list of these in
classifying the mineral waters.

SULPHURETTED CHLORIDE AND CHLORIDE SULPHURETTED
Warers., The first of these groups is formed by the springs contain-
ing active amounts of sulphur compounds and chloride of sodium.
Sodium chloride exists in small proportion in a large number of
sulphurous waters ; generally it plays no rile, but when it attains a
proportion of more than a gramme to the litre it contributes in part
to the therapeutic action of the water. In some of these springs the
quantity of salt becomes so large that the water presents the medi-
cinal properties of the sodium chloride springs. It is this character-
istic upon which the name of chloride sulphuretted water is based.
Sulphuretted chloride waters are usually ealeium sulphide or hydro-
gen sulphide. They also contain sulphates, and are distinctly more
mineralized than the pure sulphuretted waters. In these springs
where sodium chloride predominates the sulphur compound may be
either hydrogen sulphide or sodium sulphide; at times both may be
found.

SULPHATED CHLORIDE WATERS.

Eu]plm!c | Eulphate
Names, H,5 of Trl ﬁfig’ of NaCl. | Total. | Temp.
caleinm, sudmm.

eo0m,
Gréoulx, Guibert . ; « | 0.0cHD 0. (M4 0480 | 0148 1.200 | 2.2600| 189.C.
Baint Gervais, Torrent . . | 5040 1.100 | 1.688 | 1.7i6 | 5028 | 39
Urlage . . : . .| T.844 1. 500 6. 000
[ Sulphate
! | of | .
adia @ o spdium. |
Mehadia (Hungary), Hercua-
lesbad : gt 0. 080 3. 8520 &
Aix-la-C hnp-l:lh, Is.a:wn!uc]]f_ 0. 310 0. 010 0, 270 2, 580 i
Baden (Sw lt:-:cr[and]-‘ z 0. 0y | 1.350 | 0. 250 1. 620 4 ol
Prussia), rietoria-
Bﬂr'ﬁ::'lt: [. : ; 5 3 0.001 | 0.270 2. 670 GO
Helouan {Egyi Yo : o | 4700 0. 210 3. 200 30
Lostorf quut::er and) . « | 0120 0.230 | 3. 020 14

La Puda (Spain) (froide) 5 [
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THERAPEUTIC UseEs. At the diverse stations where these waters
are found the same diseases are treated as at the sodium chloride
springs, but particularly certain rebellious skin diseases, manifesta-
tions of scrofula, and the graver forms of syphilis. They are more
strongly indicated in scrofula than the waters that are richer in sodium
chloride. Uriage is especially appropriate to this class of cases. The
same resort, the most important among the French stations, has also
acquired a reputation in the treatment of the severer forms of syphilis.

Abroad syphilitic patients are generally sent to Aix-la-Chapelle,
where they are also subjected to mercurial inunctions. All we have
said concerning the use of sulphuretted waters in the treatment of
syphilis also applies to the treatment by chloride sulphuretted waters,
especially those of Aix-la-Chapelle.

Chloride Bicarbonated Waters. The chloride bicarbonated
waters are represented by those in which the proportion of bicar-
bonate of sodium is equal to or greater than that of chloride of
sodium. Durand-Fardel establishes also another group of bicar-
bonated chloride waters, but these do not, it seems to us, form a
distinet class,

BreAreoxATED CHLORIDE WATERS,

Chloride | Chloride Biecarbon- Sulphate

hames, of of mag- | ale of L’:'lr?fi"m Temp.
sodinm,. | nesinm, | sedium., | sodinm. oy
Baint Nectaire, Pare . . . 2. 54 2.127 0, 168 0.683 |192 C
=, intermitt . 2 - z o (e 1.7 0. 133 0.457 | 45
Rovat, Fl.l*rétlh:: P . o i 1. 728 1. 349 35
Vig-le-Comte . : : . ; 2. (W0 2. D) 1. 200 16-34
YVie-sur-Cére . 5 : . 1. 350 2,135
Ben-Laronn (Al geﬂ 5 3 s
Chitel-Guyon, Gubler . . . 1. 552 1. 583 2. 250
Bicarbon-
ate of
lime. o.0m.
Emeg, Kesselbrunnen 1. (0 1. 980 553 48
Sxczawnica (Gallicia), Mngdalnm-
enguelle i A & 4. M) E. 400 Tl 11
Vinecenzbrunnen 2, 00 4. 200 16587 ]
Gleichenberg (Styria), " Constan- |
tinsquelle . . : - ; 1. Bl 3. B0D 1172 17
Selters (Nassan) ; : - ; 2,500 1. 0} 1139 81

The chloride bicarbonate waters are in part cold, in part warm ;
at some stations both varieties are present at the same time. The
majority are rendered gaseous by the presence of a more or less
considerable proportion of carbon dioxide. They differ sharply by
reason of their composition from the pure chloride of sodium and

the pure bicarbonate of sodium waters. Their uses are likewise
different.
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The French springs are characterized by a moderate mineralization,
of sufficient strength, however, to endow them with well-marked
properties. They contain scarcely more than 5 grammes of fixed
principles, sometimes even less. Among them Chitel-Guyon oceu-
pies a special place, first, on account of its richness in chloride,
divided equally between sodium and potassium chloride. Secondly,
on account of the fact that the bicarbonate of sodium is replaced by
the bicarbonate of lime, La Bourboule should also be named ; it is
likewise a chloride bicarbonate water, but the presence of a large
proportion of arsenic is its chief characteristie.

Several of the foreign waters, as those of Ems and Selters,
resemble those of France in the moderate amount of minerals they
contain. There are others, however, notably those of Szezawnica,
in Gallicia, which contain more than 8 grammes of sodium bicar-
bonate.

Puvsionocican, Errecrs. These waters are characterized chiefly
by their action on the digestive tract, but they also exert an influence
upon general nutrition,

Upon the digestive tract the action is essentially one of stimula-
tion, as we have had the opportunity of observing in patients taking
these waters, especially those of Saint Nectaire. This action renders
the waters appropriate to the treatmeut of chronic gastropathies,
characterized by a manifest hypopeptic state. The results produced
must be aseribed, we think, to the combined effects of the small doses
of bicarbonate and chloride of sodium.

The effects upon general nutrition have been but imperfectly inves-
tigated ; we know of no physiological experiments with these waters.
The clinical facts which we have observed indicate that the waters of
Saint Nectaire increased the excretion of nitrogen.

The waters are also said to possess the power of influencing the
bronehial secretion, an effect probably dependent upon the sodium
bicarbonate.

TrerarrevTic Uses. The diseases for which the chloride bicar-
bonated waters are suitable are certain affections of the gastro-intes-
tinal tract, various disturbances of general nutrition, and a few
morbid conditions of the mucous membranes.

In France the chronic dyspepsias of the minus-hydrochlorie-acid
type are with advantage sent to Saint Nectaire, the waters of which
have at the same time a beneficial influence upon the general nutri-
tion. This resort has also acquired a reputation in the treatment
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of albuminuria, which, as is well known, may have its origin in
digestive disturbances. We believe that the waters of Saint Nec-
taire are of signal value in the albuminuria of chronie interstitial
nephritis.

In cases of pronounced constipation the preference should be given
to Chitel-Guyon. These waters are transportable, as are also those
of Vie-sur-Cére and Vie-le-Comte,

Serofula, in its lighter forms, is benefited by these waters ; like-
wise the dermatoses, particularly certain forms of eczema.

For chronic inflammations of the bronchial mucous membrane,
and even for tuberculosis, Royat and Ems are the resorts most highly
recommended. Chronic uterine affections are also treated there,

Mixed Sulphates. While the pure sulphates are almost without
exception used only for export, being in the proper sense not mineral
waters at all, the second class of sulphates, the mixed sulphates, com-
prises an interesting series ot waters, which have all the characters
of true mineral waters, It is convenient to place in this group all
the waters in which other active principles besides sulphates are
found. Sodium bicarbonate and sodium bichloride are the most im-
portant of these constituents. The composition of these waters is,
as a rule, very complex. In addition to the agents mentioned, we
also find bicarbonate of lime, of magnesium, and of potassium, sul-
phate of lime and of iron, carbon dioxide, and nitrogen. These
are the so-called polymetallic waters. They generally issue from
voleanic rocks and traverse deposits of marl and gypsum. The
majority are cold. They are rare in France, the most important
being found in Austria.

MIixXED SULPHATE OF SopivM WATERS.

Sulphate |Bicarbon- Carbon-| Sul- | Chloride
Names, of ate of | ate of phate of COs. | Temp.
godium, | sodium. | lime. of lime. sodium.

C.CT.
Brides (Savoy) 1.16 1.71 1.83 3. 5°C,
&sﬂtllelm} {Cite- d‘Ur] 5. lith-
: 2.0 0.3 0. 80 o, 63 19
Car]s'l:uud Miilbbrunnen 230 2,00 1. 00 150 57
t-prud:::l 3 ; 2. 30 1. G0 1. 00 14 | 73
Tarasp (Sw itzerland), Boni-
faciengnelle - 2. 20 0., 90 1263 G
Luciusquelle . 2,10 3. A0 155 3. 60 1112 1]
Marienbad [Huhemm], l-erdl- |
nands . 5, (0 1.98 2,00 1527 9
Kreugbrunnen . 4, 90 ][] FE | e Errh | (R [ ] D02 11.8
Franzenshad, \‘n:esemumlle 3.80 1. 20 1.21 1204} 10
Bohémia, Sul.cqur.-!lle 2,80 1.10 i 1.14 540 |11
Elster (Saxony), Salzquelle . 5.20 1. 60 i, =0 LT 9
Roobitsch li!:lj'na}. z‘%em;;n}l-
brunnen 200 1,00 | LT 1 [T 1129 | 10
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The mixed sulphate waters are excellent medicinal agents, but
have not been sufficiently studied. The association of sodium
sulphate with the bicarbonate and the chloride of sodium, which
characterizes some of these springs, notably that most important
one of all, namely Carlsbad, constitutes a combination that is capa-
ble of influencing very markedly the processes of gastric diges-
tion.

In small doses these waters stimulate the secretion, and probably
also the movements of the stomach. Large doses, or the prolonged
use of moderate doses, depress the gastrie functions and may lead to
the development of a state of apepsia.

The warm waters of these groups also engender an increased
secretion of bile,

Very little is known of the effects which these waters determine
upon general nutrition. Aeceording to Fulzer, they produce a dimi-
nution in the exeretion of phosphorie acid, sulphuric acid, magnesia,
and the chlorides. Seegen, on the other hand, explains in part the
therapeutic action of the waters by stating that they increase the
oxidation of the hydrocarbons, a theory that has not, so far as we
know, been substantiated by experiment.

From the observations that have been recorded we infer that the
mixed sulphate waters in their therapeutic properties resemble the
strong bicarbonate waters, and are particularly useful in cases pre-
senting an increase in urea and urates in the urine. Those waters in
which the proportion of sodium chloride is high, as in the lithium
spring of Santenay, have probably a slightly different action from
those in which the quantity of that salt does not exceed two parts in
a thounsand.

TrerapevTic Uses. The mixed sulphate waters are employed
in dizseases of the digestive tract and of the liver, as well as in
affections characterized by disturbances of general nutrition.

The sufferers from gastric affections are sent chiefly to Carlsbad
and to Marienbad. The only resorts in France that can approach
these are Brides and Miers. The waters of Brides-les-Bains are
easily digested ; they purge in doses of five to six glasses, and rival
chiefly those of Marienbad.

The water of Miers is a pure sulphate, but too feeble to figure
among the purgative waters. It is a true mineral water, useful in
gastralgic affections, and deserving more exiended study.

The liver diseases amenable to the treatment by mixed sulphate
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waters are those associated with biliary lithiasis. In this condition
Carlsbad is facile prineeps.

The intimate relations existing between chronie affections of the
stomach and of the intestine and those of the liver enable us to
understand why these waters are beneficial in both classes of diseases,
and, indeed, the sulphates succeed best in chronic engorgements of
the liver (chronic congestion, cirrhosis, ete.) secondary to chronie
gastritis and enteritis. The good effects achieved in biliary lithiasis
are more difficult of explanation. They are often very remarkable,
and may go so far as to lead to the evacuation of the caleuli almost
without pain. Whether this is the result of a simple increase in the
biliary seeretion, or of a change in the character of the bile, or of a
reflex action, we do not know.

It is difficult to give a positive answer. The antiphlogistic action
of the treatment appears to play a part in some cases in the pro-
duction of the therapeutic effect. The removal of duodenal and
hepatic congestion, the suppleness of the bile-passages, and the in-
creased fluidity of the bile are all active factors in the expulsion of
caleuli.

The waters under consideration are also employed in diabetes and
in obesity.

Carlsbad is most popular among German sufferers from the former
disease, and rivals Vichy; but the results obtained are somewhat
doubtful, for Kiilz, Kratschmer, Kretschy, Riess, and P. Guttmann
did not observe any diminution in the sugar in the urine ; in some
cases the treatment even aggravated the disease.

Since the waters of Carlsbad have a more pronounced influence
upon the functions of the digestive tract, particularly of the stomach,
than the strong sodium bicarbonate waters, their use should never be
counselled without having first ascertained the condition of the gastro-
intestinal tube, whether the patient complains of indigestion or not.
This precept holds good for all cases of diabetes and obesity.

The sulphate waters of Bohemia are, in a sense, specialized ; they
attract the majority of obese patients, and everything—the regimen,
dietetic and hygienie, and the methods of application—conduces to a
reduction in the bodily fat. This reducing treatment is carried out
especially at Marienbad.

As obesity has not a uniform cause, it is unwise to prescribe the
reduction treatment indiscriminately to all cases.

In recent years the effort has been made to set up Brides as a rival
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resort of those of Bohemia. It is possible to obtain at Brides
therapeutic results, but we must not conceal the fact that almost no
exhaustive studies have been made upon all these waters, the mineral-
ization of which is both high and powerful. With the exception of
a few researches on the influence of the Carlsbad waters upon the
functions of the stomach, the whole question of the physiological
action of the mixed sulphate waters remains obscure.

These waters are also employed in the treatment of paludal
cachexia and of certain neuropathic states, The chronic engorge-
ment of the spleen of malarial origin is relieved by the waters of
Carlsbad or Marienbad ; while the neuropathic conditions, particu-
larly those depending upon uterine diseases, are benefited by the
treatment at Fran zenbad, the effect of which is both tonie and sedative

Before concluding it is proper to refer briefly to a few groups of
waters which without constituting separate classes differ sufficientiy
from those previously considered to warrant their special mention.

Arsenical Waters. The arsenical waters, although considered
a distinet class by some hydrologists, notably by Le Bret, do not
constitute such a natural group as the chalybeate waters. They are
few in number and very complex in composition. The most re-
markable of the group is La Bourboule, which, by reason of the
large quantity of arsenate of sodium that it contains (0.028, cor-
responding to 0.007 of arsenic), stands apart from other springs. It
is rich in bicarbonate and chloride of sodium, and in that respect
resembles Saint Nectaire and Royat. Cransac is next to La Bour-
boule, containing 0.009 of sulphide of arsenie, representing 0.0063
of arsenic. We should also mention Hammam-Meskoutine, in
Algiers, with from 0.0025 to 0.005 of arsenate of sodium ; la Dom-
inique of Vals, Bussang, and Bouquet (Vichy). The waters of
Plombitres and Mont-Dore are too feebly mineralized to rank in
this group. A number of arsenical waters are found abroad, the
richest being the chalybeate sulphate waters of Roncegno and of
Levico, in the Tyrol. The first contain nearly 0.10 of arseniate of
sodium ; the second from 0.09 to 0.80 of arsenious acid.

The water of Court-Saint-Etienne, in Belgium, contains about
0.0097 of arseniate of sodium.

The arsenical waters are reputed to possess the same therapeutic
properties as the pharmaceutical preparations of arsenic. This is a
theoretical view, and is not in accord with the results of the researches
of Danjoy. The latter showed that the waters of La Bourboule,
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administered in large doses, did not produce the toxic effects following
the use of equivalent doses of arsenic. In reality, the composition
of these waters is so complex that every station possesses its peculiar
and distinctive properties,

At La Bourboule a large number of morbid conditions is treated,
in some of which the administration of arsenic is certainly indicated.
The usefulness of the waters of this resort is, however, very exten-
sive, and depends, in part at least, upon other principles, and upon
the temperature, which rises to 60°. At La Bourboule all forms of
secrofula are treated, but the results are due rather to the sodium
chloride than to the arsenic. Of dermatoses, the dry forms of
eczema and psoriasis are especially benefited.

Among the diseases of the respiratory tract asthma, both the dry
and the moist, is favorably influenced by the waters of La Bour-
boule. They are also of great value in disturbances of the h@ma-
topoietic apparatus, in the grave anemias, and in Hodgkin’s disease,
Lastly, they are also employed in the treatment of diabetes,

Nitrogenized Waters. Nitrogenized waters comprise those which
serve for the inhalation of nitrogen, described in a previous chapter.
They are very feebly mineralized. In the absence of precise knowl-
edge of the rdle of nitrogen it is premature to establish a class of
nitrogenized waters, the existence of which seems at the present time
to be admitted only by Spanish authors,

Iodo-bromide Waters. The iodo-bromide waters might be
grouped with sodium chloride. Yet if this were done, it would
be necessary to place apart certain waters, which are free from sodinm
chloride, but contain, in a total of 0.948 of fixed principles, 0.11
iodide of caleium and of magnesium (0.00937 of iodine), and 0.04
of bromide of caleium and of magnesium (0.0824 of bromide).

Evidently it is searcely possible to establish a special class with
this as the single member. The Saxon water, which is largely
exported, is employed in tuberculosis and in certain skin diseases.

Lithia Waters. The lithia waters comprise a rather large class
of waters, having a variable composition and belonging to different
groups. Lithinm was disecovered by Truchot in some of the waters
of Auvergne, especially in that of Royat. As this base plays an
important part in the treatment of gravel and of gout, and, in
general, in all the pathological states depending upon uricemia,
various hydrologists have attributed to it a large share in the
results obtained in certain stations,
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The following list is in part abstracted from the table of Truchot
and Fredet.

EsTiMATION OF CHLORIDE OF LITHIUM.

Milligrammes.

Santenay (s. lithinm) . 5 4 5 : . - - - - - . - 111
Royat (Saint Mart) . . - . . o . - - 5 - - - . 35
Chiteaunenf . g - : : ;i . ; : 2 : : : ; . Bb
Lez Roches . . ; : . : . . . . = ; . . 33
Baint Alyvre : - . : : . . . N : - . . - 31
Médagne, ean de 1'Ours . : . - : f 2 3 - ; . . &0
Chitel-Guyon . 4 ; : 3 - 5 5 : . : ; : : - 28
Saint Nectaire . ; - ] : s 3 : % . - ; ‘ . ik
La Bourboule . . : - 4 3 : A . ; - - : ; s
Mont Dore = : : A : : & - o ; £ : £ -

Salzechlirf (Hesse) . . . . o 5 - . g _ : . 160 (ehlor.)
Salvatoi (Hongrie) . . - 5 - - . - 5 . . o e | g e

Luelques sources de Baden-Baden : : : : : . : L

Klaugen et Szliacs : . . ; : . - . ; ] . 3% (carbon)

[AMERICAN MINERAL WATERS.

There is no country in the world which possesses as many mineral
springs as do the United States, nor does any other region possess
so varied an assortment. It is estimated that there are more than
four hundred springs for which active medicinal power has been
elaimed, but of this total only a few, comparatively speaking, have
been generally recognized by the public or the profession. It is
hardly necessary to add that the therapeutic measures employed in
the application of these waters are practically identical, at least in
general principles, with those of the Kuropean resorts.

While the mineral springs of the United States are numerous they
are by no means equally distributed, certain regions having a large
number while others have none. Many of them are to be found in
close relation with the Appalachian Mountains in New York, Penn-
sylvania, and particularly in the Virginias,

The mineral springs of Maine belong to the so-called alkaline,
saline, and chalybeate waters, the last largely predominating. Some
are sulphuretted and a few contain carbonie acid gas, but no thermal
springs are found in this State, the average temperature varying
from 40° to 46° F. It is also worthy of notice that very few of the
springs of Maine contain large amounts of mineral matters, nearly
all of them being chemically indifferent. In New Hampshire the
springs supposed to possess medicinal activity are not numerous,
and, like those of Maine, contain small quantities of mineral water,
In Vermont only a small number exist, and of those sulphuretted
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springs are most abundant. There are no springs of any great im-
portance in the State of Massachusetts, the most noteworthy perhaps
being the Berkshire Soda Springs. One moderately thermal spring
is found in Williamstown. There are no medicinal springs in Rhode
Island, and those in Connecticut are of very little if any importance,
owing to their feeble amounts of mineral. Most of them are chaly-
beate and very feebly sulphuretted. In New York there is a larger
number of mineral springs than in almost any other State in the
Union ; and not only is this true, but the springs are of very great
raviety : many of them are sulphuretted, still others contain large
amounts of mineral ingredients, such as salines and chalybeates, but
there is no spring, so far as we know, which has a temperature
above 75°. The most noteworthy sulphurie acid springs in the
United States are found in New York. In New Jersey there are
practically no springs of any medicinal value., In Pennsylvania the
most noteworthy springs contain iron, alum, and maguesium. The
springs of Delaware and Maryland are not worthy of note, but the
springs of Virginia are numerous and strongly mineralized. These
springs are chalybeate or sulphuretted as a rule, as are also those of
West Virginia, these two States containing an equal number of
springs, practically, with the State of New York. The springs of
North Carolina are also chiefly sulphuretted and chalybeate waters,
but none of them are of very great importance. This is also true
of South Carolina, Georgia, and Florida. Alabama contains few
mineral springs, and these are most of them chalybeate or sulphur-
etted ; very few are employed for medicinal purposes. This is also
true of the springs found in Mississippi and Tennessee, although in
the latter State they are much more numerous than in those just
named. In Kentucky there is a large number of springs which are
also of very considerable medicinal value, the most celebrated being
the Blue Lick Water, which is sulpho-saline, and the Crab Orchard
Springs. The springs of Arkansas are not worthy of note except
the celebrated Hot Springs, which are of the greatest possible value
in the conditions for which thermal hydrotherapy is indicated. The
quantity of water which is discharged from these springs is prac-
tically unlimited, but the mineral ingredients which they contain
have little to do with their efficiency. The springs of Louisiana and
Texas have not been developed. In Ohio the springs are very
numerous, but none of them are particularly efficacions. In Indiana
the waters are mostly chalybeate or sulphuretted, and this is also
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true of the mineral springs of Illinois. In Michigan saline and sul-
phuretted springs predominate, while in Wisconsin they consist chiefly
of alkaline, chalybeate, and calcic waters. The mineral springs of
Missouri are very numerous and of considerable variety, In some
portions of this State there are strong salt springs which have been
used for the preparation of ordinary salt.

There are no springs in America, so far as we know, which com-
pare in strength or efficacy to the sulphate of magnesium and sodinm
springs of Europe. Those springs which contain these salts are nsed
for the relief and cure of chronic constipation and the ailments asso-
ciated with it, such as hepatic torpor, gastro-duodenal catarrh, and
ohesity. They are also sometimes employed for the relief of kidney
complications by unloading the system of impurities through the
bowels and by the diuretic power which they possess. They are
drunk freely, to the extent of several pints a day, in many cases, the
most marked purgative effect being obtained if they are taken freely
before breakfast and with exercise; whereas, if they are taken at
various times during the day, in small amounts, the purgative effect
is lessened and the diuretic effect is increased.

Sulphur springs contain in addition to sulphuretted hydrogen,
sulphate of lime and bicarbonate of magnesium in large quantity,
with free sulphur, which is formed by the action of the oxygen of
the air upon the gas, thereby producing the milky turbidity of the
water (W hite Sulphur Springs). In Canada the Sandwich Spring and
Charlottesville Spring contain remarkable amounts of sulphuretted
hydrogen. The sulphur springs are much resorted to by persons
suffering from obstinate catarrh of the gastro-intestinal tract, and
are, without doubt, most efficient in many cases. Even in catarrhal
states of the respiratory and genito-urinary tract they are of wvalue,
and are employed by drinking, bathing, and atomization,

The saline waters are employed in the treatment of gout, rheu-
matism, and the urie acid diathesis in general and whenever an active
diuretic water is needed. The types of the springs supplying such
waters in America are to be found at St. Catharine’s in Canada (a
chloride of sodium spring), which is one of the strongest springs in
the world, its total salts amounting to 450 grains to the pint; and at
Saratoga in the Kissingen and Vichy,

Chalybeate springs are found at various places and often strongly
impregnated with alum or sulphurie acid in addition to the iron
which they contain. They are useful in cases of anemia and debility,
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and when containing alum are peculiarly efficient when diarrheea
complicates the case,

The springs of the United States which are used for laxative and
purgative properties depend upon numerous mineral ingredients. As
has already been stated, there are no springs of great prominence in
the United States that depend for their influence chiefly upon the pres-
ence of sulphate of magnesium and sodium in the sense that many of
the foreign waters depend upon these ingredients. There are many
laxative waters, however, the most celebrated being those of Saratoga.

There still remain two classes of waters to be considered, namely,
those which depend for their activity upon the heat which they con-
tain, and those which act by virtue of their purity and so wash out of
the body many impurities by dissolving effete materials and flushing
the kidneys.

The thermal springs of the United States are used chiefly in the
treatment of syphilis and skin diseases and for the relief of rhenmatic
affections. They are found in many places, but those most worthy
of note are at Hot Springs, Arkansas ; Glenwood Springs, Colorado,
and Hot Springs, South Dakota. Those at the former place have a
temperature of from 90° to 150° F., and both here and at Glenwood
Springs there are ample bathing facilities and other means of obtain-
ing the results sought after in similar resorts in Europe.

The pure water springs of this country are used to flush the kid-
neys and dissolve effete materials in the system,

It is manifestly impossible to name or give the analysis of all
American springs, but a number of the better known may be
mentioned.

The springs containing the largest amounts of Epsom and Glau-
ber’s salts are the Crab Orchard Springs, of Lincoln County, Ken-
tucky, which are not only used at their point of origin, but also em-
ployed in coneentrated form in many parts of the country. An analy-
sis shows them to contain, as the chief ingredients, from 20 to 26 grains
to the gallon of magnesium sulphate, from 2 to 7 grains to the gallon
of sodium sulphate, and from 3 to 7 grains to the gallon of carbonate
of lime. The Magnesium Springs at Bedford, Pennsylvania, contain
39 grains per gallon of sulphate of magnesium, 100 grains of sul-
phate of calcium, and 10 grains of carbonate of caleium as their most
prominent ingredients. Spring No. 1 at Oak Orchard, New York,
contains 35 grains of sulphate of magnesium and 75 grains of
sulphate of calcium to the gallon, but in addition contains alum,

14
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iron, and sulphuric acid in very large amounts, so that it ought not
to be classed as a purely purgative spring.

The saline purgative waters not depending upon sulphate of mag-
nesium or sodium are very numerous, and because of their composition
possess considerable diuretic power in many instances. They are
typified by the Saratoga waters, which arise from about thirty springs,
several of which greatly exceed the others in medicinal activity and
size. The principal springs are the Champion, Congress, Hathorn,
Carlsbhad, and High Rock Springs. The Champion Spring contains
as its most active ingredients 702.24 grains of sodium chloride to the
gallon, 227.7 grains of calcium biearbonate per gallon, and 193.91
graing of magnesium carbonate per gallon, the other ingredients being
present in such small quantities as to be unworthy of notice. The
Congress Spring contains 334.4 grains of sodium chloride per gallon,
being therefore a much weaker spring in this salt than the Champion.
The Hathorn Spring occupies a mediate position between these two.
It contains 509.97 grains per gallon of sodium chloride, 170.65 grains
per gallon of caleium bicarbonate, and 176.46 grains per gallon of
magnesium bicarbonate. The High Rock Spring contains 390.13
orains per gallon of sodium chloride, 181.74 grains per gallon of
ealcinm bicarbonate, and 54.92 grains per gallon of magnesium
bicarbonate. One of the most interesting of these springs is the
so-called Geyser Spring, which contains a large amount of carbonic
acid gas, and which spouts with very considerable force. It contains
562.8 grains of sodium chloride to the gallon.

The method of drinking Saratoga water varies to some extent with
the spring which is used and the individual case, but the general
rule when a cathartic effect is desired is to drink two or three glasses
leisurely early in the morning, then to take a brief walk, followed
by another glass of water, and half an hour later to take breakfast.
Should an alterative influence be desired, a glass of the water is taken
onee, twice, or thriceaday. Should the patient suffer from catarrhal
conditions or febrile movement, care must be taken that the waters
of the Columbian, Pavilion, and other of the Saratoga Springs con-
taining iron in considerable quantity should be avoided.

The following table from Irwin’s Hydrotherapy at Saratoga gives
the relative strengths of the various springs.

It will be noted that all these springs contain carbonic acid gas,
thereby rendering their taste agreeable. The Kissengen and Vichy
are less laxative than the Champion, Congress, and Hathorn.
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At Ballston, New York, there are no less than six springs which
may be employed, one of which contains iron. The chief mineral
ingredients are : sodium chloride, from 400 to 750 grains per gallon ;
caleium bicarbonate, from 170 to 240 grains per gallon; sodium
bicarbonate, from 11 to 95 grains per gallon ; and lithiom from 6.75
to 7.75 grains per gallon. The waters at Ballston are used for prac-
tically identical purposes with those at Saratoga.

Of the chloride of sodium waters, the most powerful, as we have
already stated, is that of St. Catherine’s, in Canada, which is most
commonly employed for purposes of bathing in the treatment of
rheumatism, gout, and serofula. Nearly every means of employing
water in therapeutic measures are obtainable at this resort.

The sulphur waters may be represented by the Greenbrier White
Sulphur Springs of West Virginia, which contain as their chief active
ingredients from 70 to 80 grains per gallon of caleium sulphate and
from 20 to 35 grains per gallon of magnesium sulphate, in addition
to sulphuretted hydrogen in considerable quantity, and are used for
their purgative and alterative influence. They also possess some
diuretic power. Other springs of a similar character are the well-
known Sharon Springs in Schoharie County, N, Y., which contain
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calcium sulphate from 76 to 85 grains to the gallon, and sulphate of
magnesium from 18 to 22 grains to the gallon, in addition to con-
siderable quantities of sulphuretted hydrogen. They are used for
practically identical purposes as the Greenbrier Spring, although,
when a cathartic effect is desired, other more powerful purgatives must
be associated with them. Other sulphur springs of considerable im-
portance are found at Richfield, Otsego County, N. Y. One of them
is the White Sulphur Spring, which contains large quantities of sul-
phuretted hydrogen (nearly 15 cubic inches to the gallon), and as its
next most prominent ingredient about 112 grains to the gallon of
calcium sulphate.  Another of the springs at Richfield contains still
more sulphuretted hydrogen, namely, 24 cubie inches to the gallon,
but only small amounts of other mineral ingredients.

In iron, alum, and sulphuric acid springs the United States excels
Europe, the most notable being found at Oak Orchard, New York ;
Rockbridge Alum, in Virginia, and Bedford Alum, in Virginia.
The iron generally oceurs in association with alumina, as in the
Rockbridge water, or with sulphuric acid, as in the Oak Orchard
acid water. These waters are particularly useful in cases of chronic
diarrheea, with ansmia, especially of the chlorotic type. Analysis
of the Rockbridge water, which is derived from springs Nos. 2 and
4, shows the presence of 42 to 72 grains of alumina to the gallon,
while the iron varies from a trace to nearly & grains to the gallon,
and the sulphuric acid from a trace to 15 grains to the gallon. Ae-
cording to Mallet’s analysis, the proportion of sulphate of alumina
in the gallon of spring No. 7 at Rockbridge equals over 81 grains,
the sulphuric acid nearly 5 grains, and the iron nearly 6 grains, The
dose of these waters is about half a glass several times a day. The
Oak Orchard acid water contains extraordinary amounts of sulphuric
acid, in some springs amounting to 135 grains to the gallon, in asso-
ciation with large amounts of iron, as much as 32 grains to the gallon.
Not more than two or three wineglasses of this water should be taken
in a day.

There still remains a large number of waters which possess dis-
tinet diuretic properties, largely depending upon their purity for
their activity. They are chiefly useful in the uric acid diathesis,
Chief among these should be mentioned most of the so-called lithia
waters, many of which contain lithia in very small quantities in many
instances. The most valuable of these pure domestic waters is prob-
ably the Poland, of Maine, and the Londonderry Lithia Water of
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New Hampshire. There are two springs at Poland, one of which
contains only 3.95 grains per gallon of solids in the gallon. The
other contains as its chief medicinal ingredient chloride of sodium
in the proportion of 4.85 grains per gallon, carbonate of iron 2.24,
calcinm carbonate 2.33, and potassium sulphate 0,90 ; altogether the
proportion of solids equals 14.29 grains per gallon. The London-
derry Water contains about 12 grains of calcium sulphate and 7
grains of lithium bicarbonate to the gallon, according to Satterlee.

Still other springs of this class of pure waters possessing diuretic
properties are the Capon Springs of Hampshire County, West
Virginia. The springs here are known as the Main and Beanty
Springs. The first contains as its principal ingredients caleium car-
bonate in the proportion of 8.33 grains to the gallon, sodium earbo-
nate 0.59, calcium sulphate and silica 0.70, and 1.44 of magnesium
carbonate. The second, or Beauty Spring, has 8.36 of calcium car-
bonate, 0.63 of sodium carbonate, 1.27 of magnesium carbonate, and
0.67 of silica. The water is also highly charged with carbonic acid
gas, has little or no taste, and possesses a natural temperature of
about 66°,

Another spring of this class is the Bethesda Spring at Waukesha,
Wis., which contains calcium bicarbonate, 17.2 grains per gallon,
and magnesium bicarbonate 12,39 grains per gallon, as its chief in-
gredients.—EDp. ]

Coxcrusron.  We shall coneclude this rapid survey of mineral
waters by a few general considerations on the importance of the
treatment by these agents.

This treatment by the complexity of its component elements is
apable of producing profound and lasting modifications of general
nutrition.

The success of the therapeutic effect renders the choice of a suita-
ble place a problem of great gravity, for we must not forget that an
error may entail deplorable econsequences.

In order to choose wisely the following are indispensable data: a
thorough knowledge of the patient, a precise diagnosis, and a clear
conception of the value of the different resorts.

In studying the patient great care should be taken to ascertain
the state of general nutrition and that of the digestive tract, as well
as the power and character of the reaction of the patient’s nervous
system.
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These are the three most important suggestions from the practical
standpoint that have found place in this volume.

As regards the stations the choice is great, and more could be
named than those already mentioned. In our opinion, it is far
better to acquire a thorough knowledge of the principal resorts than
to burden the mind with the entire list of mineral waters. There is
a great advantage in a sojourn at a station of the first rank, of which
the effects are best where the arrangements are the best, and where
the patients can find comfort, diversion, and, above all, competent
medical advice,

It is important to consider earnestly the specialization of each
statfon. While, considered alone, it appears that every resort is
applicable to a great variety of diverse conditions, it is none the less
true that in reality it is superior only in a restricted number of cases ;
sometimes it is especially appropriate to a certain form or develop-
mental phase of a chronic disease. In rheumatism, in gout, and in
scrofula and tuberculosis the cures vary with the different epochs of
the evolution of these diseases.

After the choice of a resort has been made the direction which the
“cure” is to assume must be decided.

Unquestionably the mode of administration of the waters and, in
general, the conduct of the treatment are of the greatest importance
in the results obtained. The same waters, according to the manner
in which they are administered, intra ef extra, are capable of deter-
mining in the same individual very different results.

The physician who is consulted in regard to the selection of a
watering-place will be able to indicate the character of the effects
desired ; but the immediate direction of the treatment, the details in
regard to choice of methods, doses, ete., concern solely the physician
of the station, whose supervision is always indispensable.



PART VI.
ELECTRICITY.

IN electro-therapeuties, as in every other branch of therapeutics,
our knowledge of empirical facts has always been in advance of
scientific explanation, and to-day, in spite of the progress that has
been made in physiecs, only a partial explanation can be given of the
facts observed in electro-physiology and electro-therapy.

We must, nevertheless, take account of these facts, even if they
are not perfectly understood. We have, in fact, reached a sort of
transition period. Electricity is better defined mathematically and
physically than it used to be. Our armamentarium, or the instru-
ments which we use in electro-physiology and in electro-therapeutics,
has been much improved, and thus we are enabled to state more
and more precisely the conditions under which the reactions of the
organism are manifested in response to electrical excitation.

But, on the other hand, the eomplexity of the subjeet is such that,
in spite of this improvement, the different problems of pure physies
have not yet been perfectly solved, and consequently the laws gov-
erning organic reactions cannot be expressed as definitely as we
ghould desire.

This state of things, however, does not deter us from the study of
electrization ; but, on the contrary, if' possible, increases the interest
of the subject. The physician, in fact, is accustomed, even more
than is the man who studies pure science, to take account of empir-
ically observed facts. The situation will merely oblige us to reserve
our judgment with regard to certain explanations, which may be
considered as still rather premature, of the complex phenomena
developed by the application of electricity to man.

We shall therefore consider electricity solely from the point of
view of a practitioner of medicine, and simply cite those facts which
shall be sufficient to enable us to make a judicious use of one of the
most remarkable of therapeutic agents. :



216 PHYSICAL AND NATURAL THERAPEUTICS.

The tendency at present, especially in large cities, is to leave the
application of this agent to specialists, who naturally are better
acquainted with the management of the various forms of apparatus.
While not condemning this practice, which has certain advantages,
it is to be remembered that it is not necessary to be a professional
electrician in order to apply, properly and usefully, the different
methods of electrization. It is necessary for practitioners in small
cities and in the country to be able to put these methods into prac-
tice, and their patients ought not to be deprived of the resources
which such methods frequently offer, and which are sometimes of
considerable importance.

Confining ourselves to the field of therapeuties, the facts that we
discuss will relate mainly to electro-dynamics and electro-therapeutics
properly so-called. We shall not have to dip deeply into the diffi-
cult and rather special questions of electro-physies and electro- physi-
ology, for the two branches before mentioned will suffice to give us
all the facts that the practitioner needs, for the latter has to think of
electricity as a sort of medicine, whose principal properties it is his
business to be acquainted with, It is furthermore indispensable
that he should know how to use a definite dosage, and one propor-
tionate to the effects which he wishes to obtain.

We must know enough of electro-physics to understand the prop-
erties of electricity, and the proper apparatus for obtaining, regulat-
ing, and measuring this agent in its different forms.

Every modification of the characteristic properties of matter is pro-
duced by some immediate canse—that is, in the language of physicists,
by some energy-change. If we study the subject carefully, we see
that every force, or modifying influence, originates from the trans-
ference or transformation of some form of energy that was previously
manifest. All these forms of energy are capable of transformation,
one into the other, according to a mathematical law which we have
already cited in speaking of thermic agents. Take, as an example,
the heat derived from coal, which, when transformed through the
agency of a steam engine, becomes the energy of mass-motion. This
energy expended upon a dynamo-electric machine gives an electrie
current which, according to the bodies upon which it is made to act,
is capable at will of producing motion, generating heat, light, and
causing chemical combination or decomposition. Such transforma-
tions are daily realized and made use of in industry.

Before attempting to define electricity it will be found desirable to
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give as clear an idea as possible of what is called the ether. We
know matter by its properties, as perceived by means of our senses ;
in other words, the existence of any form of matter is to us only an
inference from the phenomena to which it gives rise. By evidence
of precisely similar nature we are led to believe in the existence of a
medinm called the ether, pervading all space and penetrating between
the molecules of matter, which are imbedded in and surrounded by
it as the earth is surrounded by its atmosphere. We cannot see,
hear, feel, taste, smell, exhaust, weigh, or measure it, and yet all
this, paradoxical as it may seem, furnishes absolutely no proof that
it does not exist. Briefly stated, the proof of its existence is this :
It furnishes the basis of the sole conceivable explanation of very
many physical phenomena,

These phenomena occur just as they would occur if all space were
filled with intangible and invisible mediums capable of transmitting
motion and energy, and we can account for all these phenomena on
no other hypothesis ; hence our belief in the existence of the medium.
The evidence of the existence of ether is as strong and direct as that
of the existence of air. The eye is an ether sense-organ just as the
ear may be called an air sense-organ. The ether transmits energy
in the form of waves set up by the vibrations of molecules and atoms
of ordinary matters. The small portion of ether energy capable of
producing the sensation of sight we cail light. That the medium
surrounding a body charged with electricity plays an important part
in the phenomena was shown by Franklin in 1748. It has since
been shown in many ways that the various non-conducting medinms
called dielectries are really far more important than the conductors ;
and that when a body is charged with electricity the ether in the
vieinity is in a strained state, the character of which depends on the
conditions,

The idea that electricity is an incompressible fluid is found in
the writings of Cavendish, but Maxwell by his investigations made
the idea a part of scientific belief.

Lodge offers a provisional hypothesis that the ether consists “ of
electricity in a state of entanglement similar to that of water in a
jelly.” But later he says: “ We now proceed a step further, and
analyze the ether into two constituents—two equal and opposite con-
stituents—each endowed with inertia, and each connected to the
other by elastic ties; ties which the presence of gross matter in
general weakens and in some cases dissu{ves. The two constituents
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are called positive and negative electricity, respectively ; and of these
two electricities we imagine the ether to be composed.”

We define electrification as a special condition of a body associated
with or brought about by a separation of the ether constituents. In
all cases of electrification, therefore, we may assume the electric ether
to be in a strained condition, from which it tends to recover by
reason of its very great elasticity.

The hypothesis of an ether and of the effect of its stress in pro-
ducing the electric state allows us to use the term electrie fluid, which
is convenient for describing certain phenomena. We must not attach
to this hypothesis more importance than it deserves, for a certain
number of phenomena ill accord with it.

What it is important for us to keep in mind is that every body
the electric state of which is not zero possesses potential energy, and
that in this condition it is in a position to accomplish work.

Take, for instance, a battery furnishing a eurrent of considerable in-
tensity. In connection with the wire forming the external cireuit is
placed a fine platinum wire. When a current is passed through the
circuit thus formed the platinum wire becomes heated and presently
you will see that it becomes incandescent. The electric current has
met with an obstacle, viz., the resistance of the fine wire; from this
there results a transformation of energy at the point of obstruction.
The energy of the current has been changed into heat and light in
this case, while under other conditions the same energy will give rise
to the phenomena of motion or of chemieal action.

But whatever may be the theory as to the nature of electricity. the
law of the conservation of energy is all that is requisite for the com-
prehension of electrogenesis ; that is to say, of the various means of
producing the electric state in bodies. These means are of three
kinds—mechanical, chemical, and physical. Moreover, since the
human organism is constantly the seat of physico-chemical phe-
nomena, it must itself be considered as a source of electricity. From
this fact arises the great complexity of the phenomena observed both
in physiology and therapeutics when an eleetrified body is placed in
relation with the organism.

All the sourees of electricity arve utilized in medicine. Let us briefly
indicate the different kinds of apparatus based upon the ditferent
methods of producing the electric state.

In the first place, we inay mention static machines, in which the
electric state is obtained by mechanical action (friction), reinforced
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f “influ-

frequently by a physical action known under the name o
ence.”

In the second place, we employ varieties of apparatus giving rise
by chemical action to a current (battery current), which is utilized
either directly or after it has produced the physical effects denoted
by the name of induction.

Finally, we employ varieties of apparatus which produce induc-
tion phenomena directly, and without the intervention of a chemiecal
action—i. e., do so by physical action (magneto-electrical apparatus).

Let us now consider, for the present, in a general way only, the
characters of the electric states which these instruments produce.
We will thus take a brief survey of the principal qualities of this
remedy which are placed at our disposal. If we attempt to appre-
ciate these qualities by some of the effects which they produce, we
observe the following facts :

The static machines give rise to a wide diffusion of the fluid or by
its discharge to effects having mainly a powerful mechanical action.

The galvanic or battery eurrents produce mainly chemical effects.
Thus we can see how the current produced by two large Gaiffé
elements steadily decomposes the water in a voltameter.

The induced currents have almost no chemiecal action, while they
produce an intense mechanical action, which is clearly manifested in
excitation of the nerves or musecles. Thus with an induction-
machine we can excite energetic contraction in the leg of a frog by
means of an agent which produces no effect upon the voltameter.

It would then seem at first sight as if electricity was capable of
appearing in various disguises and of placing in our hands agents
which are manifold and distinet from one another. This, however,
is not true. The electric state is always the same as far as its nature
is concerned, but it is marked by a certain number of physical prop-
erties, which, considered with respect to one another, are more or
less predominant, according to the manner in which the electrie state
has been produced. In other words, the predominant properties of
the electric state vary with the source of the electricity.

When we have recourse to mechanical action (friction), as in the
static machines, the electricity spreads over the surface of bodies,
and if they are good conductors it leaves them with extreme rapidity.
Hence it is necessary to insulate these bodies upon which the elec-
tricity accumulates, and from which it tends all the time to escape.
The dominant property in this case is fension.
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When we make use of chemical action the electricity produced is
started, as we may say, with but little energy ; its transmission along
the eircunit is arvested by a comparatively slight resistance. DBut, on
the other hand, chemical action develops a great quantity of elec-
tricity, which may become the origin of other chemical actions. The
dominant property here is quantity.

In electric states which originate an induction the qualities are
intermediate. 'We obtain by this means more quantity than when
we employ mechanical action as our source of supply ; but still the
tension is by far the predominant property, even in this case.

Let us stop for a moment in a general consideration of this sub-
ject, to examine more particularly these terms fension and quantity,
which it is of the greatest importance for us thoroughly to under-
stood.

The word tension is no longer used in physics; the term potential
is employed in its stead. To the physicist potential is a mathe-
matical function defined by means of an integral. DBut this defini-
tion is abstruse; there is no reason why we should despair of forming
a precize idea of what potential is.

Various comparisons can be of assistance to us in this regard. In
the first place, we can grasp the idea of the difference between the
terms quantity and potential by comparing a river with a slight,
gradual fall to a torrent. The latter has a small delivery under
a high pressure; the former, in spite of its great delivery, shows a
low pressure. The pressure in this case gives you our first idea of
potential.

Again, when we connect with each other two vessels full of water,
but showing a difference of level in the two, this level is soon re-
stored, whatsoever be the shape of the vessels; so, also, when two
bodies of different potentials are connected with each other, a move-
ment of positive electricity from one to the other is always produced.

Potential, then, is to electricity what difference of level is to
hydrodynamics. It is evidently independent of mass or quantity.
We may then speak of electric level or of potential.

If we take an electrified body and attach it by a long slender
wire to a gold-leaf electrometer, the indication which the latter fur-
nishes will be the same, whatever point of the electrified body is
touched by the conductor, provided the conditions remain the same.
This indication is independent of the amount of the charge at the
point touched. It varies only with the electrical state in which the
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body may be. Hence it serves to characterize a particular state of
the body, a state which manifests itself by that something that we
call potential.

Potential, in other words, marks this electrical state in the same
way that the temperature marks the calorific state; and the electrom-
eter serves to define potential numerically just as the thermometer
defines the temperature.

We take as the zero the potential of the ground, although the
electrical state of the latter may vary under certain influences.
When above zero the value is said to be positive ; when below zero,
negative. Every potential is thus denoted by a number which is
affected with the sign + or —. The scale is an arbitrary one, just as
that of the thermometer is. T'wo bodies at the same potential are in
a state of electrical equilibrium,

It is also possible to define potential in terms of work.

Lastly, it must be noted that electrical phenomena depend upon
difference in potential. In reality, these differences take their origin
from the electrogenic force—that is to say, the mechanical, physical,
or chemical action which disturbs the state of electrical equilibrium,
or, in other words, which combats the return of the electrified body to
a state of equilibrium. This force is called electromotive force. Keep-
ing up our comparison of electrical with hydrodynamic phenomena,
we may say that this force is analogous to that which produces the rise
of water in a pump, and, consequently, depends upon a difference in
level or a hydraulic pressure.

The electromotive force depends essentially upon the nature of the
action exerted upon bodies in order to break up their state of elec-
trical equilibrium. In the case of chemical action it varies with the
affinity of the bodies for one another, and, consequently, with the
internal composition of the bodies present. It results from this that
for a given metal and the same acid solution—that is, for the same
chemical action—the electromotive foree is invariable whatever is
the amount of surface immersed in the liquid, or, in other words,
whatever the quantity of electricity produced. So, too, the same
stroke of the piston always determines the same difference in level of
the liquid, although the quantity of the latter will vary according to
the diameter of the body of the pump.

The current produced in a galvanie battery results from a differ-
ence in potential between the positive and the negative pole. Now
if the positive potential is denoted by -+ e and the negative potential
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by — e, the difference, 2 e [= (+ ¢) — (— )], represents the electro-
motive force.

Quantity, electrically considered, represents a totally different
quality from potential. It is proportional to the guantity of me-
chanical or chemical energy expended in order to set the electro-
motive force in action,

Having considered these premises, let us return to the subject of
electrical apparatus; we shall now be prepared to understand better
their special characters.

In an electrostatic machine the mechanical action which serves as
the generator of electricity gives rise to a very high electromotive
foree, and since the electrie fluid spreads with great ease over the col-
lector, and the latter offers no resistance, we get from the electromo-
tive force a maximum effect—i. e., an electrie state of high potential,
The result of this is that violent mechanical effects are produced, in
spite of the very slight quantity of electricity involved. Moreover,
the machine can be discharged nearly instantaneously. For these
reasons we call the static machines “ tension apparatus.”

Induced currents have analogous properties. They have a high
electromotive foree, but the quantity of electricity which these cur-
rents represent is very slight.

In the galvanic battery, on the contrary, the mechanical action
gives rise to a weak electromotive force, and all the weaker, because,
for reasons that we understand later, we try to make use of very
weak chemical affinities in constructing the batteries. Consequently
the current of a galvanie battery has a very low potential. But the
chemical action develops a considerable quantity of electricity, the
latter depending, not upon the energy of the electromotive force, but
upon the quantity of the material consumed in the process. We may,
therefore, compare the battery current to a stream of liquid flowing
down a gentle slope.

When we use dynamo-electric machines, we find that they also fur-
nish quantity currents, the quantity in this case depending upon the
amount of mechanical energy expended.

[f we interrupt the external cireuit traversed by the battery current
by separating the two ends of the wires by even the slightest dis-
tance, the flow of electricity is stopped at once ; and, per contra, it is
possible to draw sparks several centimetres in length from a static
machine which is incapable of decomposing a single particle of water.

Induction machines manifest properties analogous to those of the
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static machines. For example, 2 Ruhmkorft coil can generate sparks
of some length without being able to accomplish any chemical work
appreciable by the voltameter.

This rapid review of the properties of the apparatus which we
have at our disposal shows us that the galvanic battery is a vast res-
ervoir with a low pressure, and that the electrostatic machine is a
reservoir of little capacity, but of high pressure. The electrical
phenomena with which we have to deal depend upon these different
conditions under which the electric current may be manifested.

In order to make the reader understand the use that we make of
these different varieties of apparatus, we must supplement the facts
that we have already acquired by some ideas with regard to resistance,

When we make use of the galvanic current, the intensity of the
work obtained depends, not only upon the factors already examined
(tension, quantity), but also upon the resistance that has to be over-
come,

A comparison, which we shall borrow from Niaudet, enables us
to grasp readily what is meant in electrophysies by the term resist-
ance. Let us imagine the case of a windmill. IHere there are two
mechanical elements present: on the one hand, the motor force, or
wind pressure; on the other, the resistance involved in the work
done. In this sort of machine there are two causes of resistance,
The first is represented by the useful work (the grinding of the mill);
the second results from the mutual friction of the parts of the ma-
chine set in motion. This latter sort of resistance is called passive,

‘We shall find the same factors in the galvanic battery. An electro-
motor force is generated in the battery ; the energy produced is used
up in overcoming passive resistance and in doing useful work, vary-
ing according to the manner in which the current is applied. The
passive resistances are those which the current encounters in its pas-
sage through different parts of the circuit. When the latier is con-
tinuous with itself, or when the current is not made to pass through
any form of apparatus adapted for doing work, there are no resist-
ances, except those of the passive kind, which include the resistance
in the external cireuit and the internal resistance of the battery.

To these various data we must add one more, that of intensity.
By the term intensity of a galvanie current is meant the quantity of
electricity passing through a conductor in one unit of time, . e., in
one second.

Owing to the determination of what are called the electrical units,
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the different factors which we have just reviewed can be expressed
by values, in regard to which there is now a universal agreement,
Electricity is thus a remedy which has become easy to measure the
dose of.

The work of agreeing upon the electrical units, begun by the
British Association for the Advancement of Seience, was completed
in the year 1881 by the Congress of Electricians which met at
the Paris Exposition. These units have been chosen in such a
way as to facilitate caleulations, based upon the law of the con-
servation of energy. They are derived from what is called the C,
G. S. (centimetre-gramme-second) system. It is indispensable that
thes physician should become familiar with the following units, at
least :

The unit of electromotive foree, known under the name of the volt
(from Volta), is nearly equal to the electromotive force in a Daniell’s
cell. In batteries used in medicine, the eleetromotive force varies
from about 0.9 to 15 volts.

The unit of resistance, or ohm (from the name of the physicist
Ohm), represents the resistance offered by about 100 metres of tele-
graph wire, 4 millimetres in diameter, or by a column of mercury
having a section of 1 square millimetre, and a length of about 106
centimetres (about 1 metre).

The unit of intensily, which formerly bore the name of Weber, is
now called the ampére (from the name of the I'rench physicist).
The ampére is the intensity of a current furnished by an electro-
motive force of one volt acting against a resistance of one ohm ; so
that the unit of intensity corresponds to the unit of electromotive
force and the unit of resistance. A current of one ampére being ex-
tremely strong, we reckon in electro-physiology and in electro-therapy
by thousandths of an ampére, The thousandth of an ampére
(milliampére) is, then, as far as we are concerned, the true unit of
intensity.

To this list T will add some units, which practitioners have less
use for, but which are employed all the time in electro-physiological
research.

The wunit of quantity, ov coulomb, is the quantity of electricity
delivered by one ampére in one second. Thus one coulomb per sec-
ond represents a current of one ampere,

The unit of capacity, or farad (from Faraday), is the capacity of a
condenser, which, when there is a difference of potential between its
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terminus of one volt, receives a charge of one coulomb. In physi-
ology we reckon by mierofarads.

The wunity of work, or joule, is of equal interest. In dynamics,
work is reckoned in ergs. The erg is the work produced by the unit
of foree, or the dyne, when the point of application of the latter is
displaced through one centimetre. The joule is the amount of work
represented by the product of 1 volt by 1 coulomb; it is equal to 107
ergs, or about {; of a kilogramme-metre.

Power or activity is defined as the rate of doing work. If we take
the time into consideration, we get the idea represented by the watt,
or unit of power, or activily. The watt corresponds to the activity
when work is done at the rate of one joule per second. If it has
not been possible for the reader to grasp all these preliminary, purely
physical facts, he need not be alarmed, for we shall return to the more
important of them later, and study them more in detail.

We are now about to become acquainted with the principal forms
of electrical apparatus, and you will reeall the physical principles
upon which they are constructed.

Static Electricity. Slafic electrization represents the method
that was the earliest known and made use of. After having been
given up for some time, it has come into favor again. This renewal
of favor seems really to be based upon sufficient proofs of its utility,

In medical machines the kind of electricity called static—an im-
proper term, as you will see—is obtained both by mechanical action
(the bringing of two bodies in contact and separating them) and by
influence.

The contact and subsequent separation of two dissimilar bodies
destroy the equilibrium of the ether, and thus electrify the bodies.
This is a law which holds good generally, applying to all substances.
The latter, however, are divided, according to the way in which they
behave when electrified, into good and bad conductors. The former,
which include substances like the metals, communicate their electri-
fication to other bodies that may be in contact with them ; the latter,
including substances like resin and glass, do not do so. 1In the for-
mer the electricity is diffused over the surface; in the latter it
remains where it is at first developed.

It follows from this that, in order to collect frictional electricity,
we must insulate good conductors by means of bad ones. The best
insulator is glass, covered with shellae, and this is the material that

18 nsed in the electrical machines,
15
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The human body itself may be electrified, when it is insulated by
being placed upon a stool with glass legs, Mere rubbing of it is
enough to produce a charge, especially if the rubbing is done with
cat’s fur. Certain people, indeed, possess a special predisposition to
be electrified in this way, so that sparks ean be drawn from them.

When a poor conductor, such as glass or resin, is electrified by
rubbing, we notice that it has acquired the property of attracting
light bodies. This very old and fundamental experiment proves two
things :

1. An electrified body exerts, even at a distance, an influence
upon one that is not electrified. 2. Two bodies similarly electrified
(i.-e., in a similar electrical state) repel each other, while two bodies
differently electrified (i. e., in an opposite electrical state) attract each
other. It is not worth while to enter into details with regard to
these well-known faets.

An electrified body then acts upon neighboring bodies and pro-
duces a disturbance in their state of electrical equilibrium. It thus
vives rise to new electrical states by producing the phenomenon
known under the name of influence, or induetion. This phenomenon
of influence is made use of in the best machines employed in medi-
cine,

If an insulated eylinder is brought near an electrified body, and,
after tonching the end of the eylinder, withdrawn again from the
body, you can see by the aid of the gold-leaf electroscope that the
eylinder which has been subjected to the effect of influence has re-
mained electrified. As the electrified body has not lost any of its
charge, we may conclude that with a given electrical mass we can
obtain a great quantity of electricity.

Faraday has taught us that the quantity of electricity produced
by influence is equal to the quantity of electricity that causes the
latter; but, as, in order for this law to hold good, we must take into
consideration all the neighboring influences, the charge of the body
electrified by influence is always less than that of the electrifying
body.

The electrophorns, the most ancient of the induction machines, is
based upon this principle of influence. It is illustrated in Fig. 22.
You should certainly know the way in which it is used and the
theory of its action. By beating the cake of sealing-wax with a cat’s
skin, we can charge the former with negative electricity. This flat
wooden cover, lined with tin, to which is fitted an insulating handle,
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rests by one face upon the cake of sealing-wax; its electrical equi-
librium is disturbed, and the positive electrical fluid is drawn to the
under side of the cover, while the negative is repelled to the top. If
we touch the surface of the cover to draw off into the ground the
negative electrification, we can then lift the cover by means of the
insulating handle. It remains positively electrified. This cover re-
presents the collector of a static machine, from which we can produce
a discharge. We can repeat this manceuvre several times and obtain
a series of discharges as long as the sealing-wax remains electrified.

Fiag. 22,

In addition to presenting these very simple principles, attention
must be called to the facts regarding the distribution of electricity
upon the collectors. The charge remains upon the surface of the
latter and spreads over it, its method of distribution being regulated
by the shape of the collector. The latter is almost always eylindri-
cal, and, in this case, the electricity accamulates at its ends, If the
collector has a projecting point, the electrical density (the quantity
of electrification per unit area) becomes indefinitely great at this spot
and the charge then eseapes into the air. The layer of electricity, in
fact, is kept upon a conduetor only by the fact that the surrounding
air acts as a bad conductor. It is just as if this layer sought to
escape on account of its self-repulsion, and was exerting a constant
pressure upon the air about it. This is what we call electrostatic
pressure. Experimental facts have shown that at any point of the
collector this pressure is proportional to the square of the electrical
density. When the air is dry it is a bad conductor, and conse-
quently it allows the charge to stay where it is, except at spots where
there are projecting points, But when the air is moist, it becomes a
good conductor. This is the reason why static or induction machines
can do their work well only under certain atmospheric conditions ;
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that is to say, when the air is sufficiently dry,and when the machine
has a certain temperature. When the air is damp, and when the
conductors are cold, aqueous vapor condenses upon the latter, and
the charges escape.

Static Machines. Frictional static machines show, then, an irreg-
ularity of working; they are, so to speak, subject to caprices, and,
for this reason, we have been led to employ the principle of influence
in constructing machines,

Medical electriec machines are, therefore, of two kinds: frietional
machines and influence-machines.

It is needless to say that all of these machines require mechanical
work to be expended upon them ; i. e, the intervention of an assist-
ant or of some machine to work them (gas or water-power, electric
motor), which costs something, and is more or less in the way.

Machines which work by friction alone, and are constructed upon
the type of the Ramsden machine, are rarely used. They are of
great height, and consequently require a good deal of space; they
often get out of order and lose their charge readily. Nevertheless,
Arthuis prefers a machine of this class, the construction of which he
has perfected, because from it we can get a high tension while using
only a weak charge.

Most practitioners resort to the dielectric machines ; that is, those
working by double influence, the two principal types of which are
represented by the Holtz machine and the Carré machine. The for-
mer has been practically employed only in establishments devoted
particularly to electro-therapentics. The tendency nowadays is to
replace it by machines of the Wimshurst type.

We will, therefore give a deseription of the Carré and Wimshurst
machines.

The former is numbered 0, 1, 2, and 3, according to its size. The
No. 2 model is most generally used ; it is efficacious, while of com-
paratively moderate size. This machine is seen in Fig. 23. A sne-
cinet description of it will suffice. As to the theory of its action,
this is complicated, and need not be mentioned here.

The body of the machine is composed of a wooden frame, two up-
rights, two plates, one of glass (1), the other of ebonite (B), and a
large metal eylinder (¢). Between the uprights arve placed two steel
axles, the lower for the glass plate, which is the smaller of the two,
the upper for the ebonite plate.

Upon these axles are pillows. One of these (a), which is pro-
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vided with a winch and which turns the glass plate, is so arranged
that the ebonite plate makes six revolutions while the lower plate is
making one,

The glass plate passes between two friction cushions, which are
attached to the wooden frame.

Between the two axles, and on the opposite side of the ebonite
plate, is attached a copper comb (E), which is connected with a small
jointed conductor.

FiG. 25.

Carré’s Machine.

A second copper comb (¥) placed higher up on the same side is
connected with the evlinder of the large conductor by a bearing to
which is joined a supplementary inductor of ebonite, placed upon the
other side of the caoutchoue plate.

The machine being thus arranged, it is easy to understand how it
works.

The glass plate, being partially electrified, produces induction in
the first comb, E, throngh the ebonite plate. The negative fluid
flows off by the points of the comb over upon the ebonite, while the
comb remains positively electrified.

The ebonite plate, being now negatively electrified, exerts an in-
duetive action upon the second comb, ¥, and its reinforcing plate.
The positive fluid which escapes from the points of the second comb
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neutralizes the negative fluid of the plate, and finally the large con-
ductor, ¢, remains negatively electrified.

I'f now the small conductor, T, is connected with the ground, and
the large conductor is connected with the patient, the latter will be
subjected to the action of negative static electricity., The reverse
arrangement may also be adopted.

The Wimshurst machine, modified by Gaiffé, is gaining in favor,
It is arranged as follows (Fig. 24):

F1a. X,

Wimshurst Machine,

Two vertical ebonite disks, placed parallel to each other and a
short distance apart, turn quite rapidly and in opposite directions,
Each disk bears metallic sectors, with a metal tongue in the centre
of each.

Two conductors run diametrically across the disks perpendicular
to each other and inclined 45° to the horizon, and in each a brush is
so arranged as to rub against the metal tongues of the disks. These
conductors are connected with the ground.

The collectors are represented by metal combs which closely em-
brace the disks at either end of the horizontal diameter of the latter ;
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they are attached to cylinders of large surface, mounted upon glass
legs.

The machine is self-charging, it works at all times, and does not
require any repairs. One of the collectors is charged positively, the
other negatively.

Let us now return for a brief space to the subject of the properties
of the static machines. You are already aware that sources of elec-
tricity, like friction and influence, develop great electromotive force,
but little quantity. Static machines, then, are machines of high
potential, a property upon which depends the recombining power of
the charges which is manifested in the production of sparks.

For the same machine, when revolving with a uniform speed,
the length of the sparks varies with the surface of the power con-
ductors. When this is small, the spark is long, slender, sinuous,
and frequently repeated ; but, when large, the spark is short, broad,
straight, and less frequent.

With a machine like that of Arthuis, which is of the Ramsden
type, and acts by friction alone, the sparks are long, but are not
capable of producing any great mechanical effect. The machines just
described furnish a greater quantity of electricity and give rise to
larger and more frequently repeated sparks.

The spark, therefore, gives us an empirical idea with regard to the
tension and the rate of delivery of a static machine. Its length
increases in a simple ratio with the electromotive force, and the fre-
queney with which it is repeated depends upon the rate of delivery
of the machine.

This fact is the more important, because it is difficult to measure
the charge of a static apparatus. For the latter purpose, in fact, it
is necessary to have recourse to electrometers (Thomson’s or Mas-
cart’s), apparatus which require delicate manipulation, and which can
be used only by skilled experimenters,

When we make use in therapeuntics of a eontinuous application of
the electric fluid (improperly called the electrostatic bath), we can
measure the current employed by means of a very sensitive galva-
nometer, an instrument which is likewise little adapted to practical use,
I’ Arsonval, in experimenting with this, found that, with a Holtz
machine having four disks, the subjeet who is placed upon an insu-
lated stool is bathed, so to speak, by a current of electricity which
has a negative potential of 3000 volts, but whose intensity reaches a
value of only 1:40,000 to 1:25,000 of an ampére.
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Thomson, using the Carré machine, has found that the sparks
may represent an electromotive force equivalent to that which a
battery composed of about 80,000 Daniell elements would give,

In connection with static machines we sometimes use condensers,
These are apparatuses constructed upon the principle of the con-
denser of Aepinus. Two plates separated by an insulating disk
(Fig. 25) represent two conductors arranged so that the capacity of
one is increased to a considerable amount, which can be readily cal-
culated. This is done without any increase of potential,

FiG. 25, Fic. 26.
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The form of condenszer which iz usually used in static electrization
is the small Leyden jar (Fig. 26). The electricity accumulated in
this little device penetrates into the interior of the glass, so that we
often obtain a succession of discharges rather than a single discharge.
In order to prevent the spark from passing between the armature
on the inside and the tin coating on the outside, the glass must be
carefully varnished. It will also be well to select a jar having a
long neck. [The Leyden jar consists of a glass bottle lined within
and without to a short distance from the neck with tinfoil. Through
a cork in the neck of the jar passes a brass rod, one end of which
is in contact with the inner coating of the jar, while the external end
is in the form of a knob. Through this knob the interior of the jar
receives positive electricity from the prime conductor of an electrical
machine; and as the result of induction the surface of the jar is
charged with negative electricity. The jar is discharged by connect-
ing the inner and outer parts of the jar by a connecting rod.—ED. ]

The electrical machines which we have considered require but
little care. They ought to be kept carefully in a dry chamber and
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be well dusted. For the cushions of the Carré machine and also for
those of machives of the Ramsden type, bisulphide of tin (mosaie
gold, bronze powder) is used, thereby increasing the electromotive
force and the quantity. Neat’s-foot oil is used for lubricating the
metallic surfaces which rub upon each other.

In the rooms where the machines are placed it is well, if con-
venient, to attach the chain that connects the apparatus with the
eround to a water-pipe.

The Carré machine needs to be taken to pieces and cleaned from
time to time. In doing this, we make use of petroleum for the plates
and naphtha oil for the axles,

The stool which serves to insulate the patient should be wvery
carefully attended to. As to the other accessories, their deseription
will come in better in the discussion of electro-therapeutics, when we
shall learn how to apply our different kinds of medical apparatus,

Galvanic Electricity. The most important method of generating
an electric current is represented by chemical action. It is realized
in the galvanie cell, the invention of which, due to Volta, dates from
the beginning of the century (1800).

Without giving a demonstration of the theory of the galvanic cell,
we should, nevertheless, recall to the mind of the reader in a sum-
mary manner the principles upon which the construction of this form
of apparatus is based.

When a zine rod is plunged into a solution of sulphuric acid,
hydrogen and electricity are evolved ; with the ordinary commercial
zine the action is lively and the bubbles of hydrogen appear upon the
zine, from which they soon rise to the surface of the liquid. If, on the
contrary, we use pure zine, the chemical action is weak, and the bubbles
of gas being less numerous remain attached to the surface of the zine.

If we proceed to immerse a plate of platinum or of copper in the
same solution, and in such a way that the second metallic plate
touches the zine, the action becomes energetic, as in the case of impure
zine, but the bubbles of gas are deposited upon the platinum or cop-
per plate.

As soon as the two metal plates are separated this action ceases.
From this first experiment we may conelude that the effect produced
by the contact of the two metals explains the energy of the reaction
in the case of impure zine. Each molecule of the latter constitutes
a little battery by itself.

Let us now arrange the two metal plates in such a way that they
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touch each other—not in the solution, but ountside of it. We see
that the action becomes as energetic as when the contact takes place
between two parts that are immersed.

If we place the tongue between two immersed metal plates, the
latter gets an impression of a sligcht sensation accompanied by the
development of a peculiar taste.

If we place on the zine a paper soaked in a solution of potassium
iodide, and touch the paper with the second plate, a blue spot is pro-
duced due to the liberation of iodine.

The effects thus obtained remain the same when, instead of working
with the plates directly, we make the same experiments by interpos-
ing even quite long metal wires. And in this case, if we join our
two wires and place them near a freely suspended magnetized needle,
we obtain at onee a deviation of the latter.

We may conclude, from these different experimental facts, that our
wires are the seat of a peculiar phenomenon which is the cause of
these different actions, including a physiological action upon the
tongue, a chemical action upon the potassium iodide, and the physi-
cal action upon the magnetic needle. These phenomena are due to
the action of the electric current,

When, then, two bodies capable of acting chemically upon each
other are placed in contact an electric current is produced at their
surface of contact.

The bodies which are charged with electricity by this means have
charges of opposite signs.  In the example given the zinc has the
positive charge, and the acidulated water the negative charge. The
zine being a good conductor, the electricity produced upon it can be
collected directly. To collect the positive electricity we immerse
in the liquid a conductor which is not attacked by the acidulated
water ; for example, a plate of platinum, silver, or carbon.

We thus obtain an electrogenic couple, to which we give the name of
cell. A number of cells in combination is called a batlery. The two
bodies which act upon each other are the elements ; and sometimes the
name element is improperly applied to the couple.

We are in the habit of calling by the name of electrode both of
the plates which are immersed in the liquid, one being the anode and
the other the kathode.

The ends of the electrodes form the polar surface, and the wires
which start from them are ealled the rheophores or conduetors.

Quite often in electro-physiology and electro-therapeutics the name
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of electrode is given to the parts of the apparatus in the cirenit which
are placed in contact with the tissues; in order to avoid all confusion,
it is better in the latter case to speak of rheophore-plates or rheo-
phores, and to call the poles of the battery the electrodes.

The sum total of the parts traversed by the current constitutes the
battery cireust. It comprises the internal circuit and external cireuit.
In the course of the latter any apparatus upon which the current is
to act—the tongue, iodized paper, ete.—is interposed.

When the continuity of the conductor is interrupted or broken
the cireuit is said to be open; when the conductor is continuous the
circuit is said to be elosed or at work., Finally, the cireunit is said to
be short when the conductor has little resistance, or one that may be
neglected.

Theory shows that the current in the exterior circuit passes from
the positive pole—i. e., from the collecting plate—to the negative pole
—i. e., the zinc or other metal attacked by the liquid. Within the
cell, on the contrary, the current passes from the negative to the
positive pole—i. e., from the zine to the collecting plate.

It must be noticed that the plate from which the current flows
within the cell is called the electro-positive element, while the plate
toward which the current flows in the liguid is the electro-negative
element. On the other hand, the positive pole of the cell is the ter-
minal of the electro-negative plate, while the negative pole is the ter-
minal of the electro-positive element. Thus the positive pole of a
Zn-C cell is the C terminal, the current running from this point
through the external eireuit to the Zn terminal, and thence from the
Zn plate within the cell to the C plate, the Zn being electro-positive
to the C.

When the collecting plate is a sheet of copper we find the condi-
tions that Volta had before him when he made his discoveries ; we
have a voltaic couple.

The hydro-electric couple, of which we have just given a general
idea, is almost the only one used in medicine. We shall confine our-
selves here to the task of making ourselves acquainted with the dif-
ferent kinds of cells employed in electrotherapy and with the principal
properties of galvanic eurrents,

In practice we should try to secure for galvanic batteries two chief
good qualities, namely, regularity and economy.

So many canses hinder resularity of action in a battery that it
seems worth while to point out the most important of them.
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In the first place, we find impurity of the zine. This source of
irregularity has been demonstrated by De La Rue’s experiment.
As already stated, the action of pure zine differs from that of zine
that is not pure. With the former no local current is produced
between points upon its surface, and all the current that is generated
passes into the interpolar cirenit, the hydrogen being evolved upon
the collecting plate.  With impure zine, on the contrary, almost the
whole of the hydrogen is evolved upon the zine, and a large part of
the chemical action is wasted. The action of the cell, however, keeps
on whether the cirenit is open or closed ; the zine is consumed with-
out accomplishing any useful work,

There are very serious reasons, then, in favor of using pure zine.
But pure zine is very expensive and cannot be employed. Very
fortunately, an English physicist, Kemp, has discovered that amal-
gamated zine possesses the same properties. [Amalgamation con-
sists in coating the zine with a film of quicksilver—Ep.] The use
of the latter is of the utmost importance in maintaining a regular
and economical working of the battery, and it is now adopted by all
manufacturers.

The two other causes of lack of constaney in the action that are
serious enough to require a remedy are the progressive diminution
in the strength of the acid contained in the liquid, and the deposition
upon the copper of a layer of hydrogen, which causes the polarization
of the electrode. The result of this phenomenon is, that when the
cirenit is closed the current at once begins to diminish in intensity,
and this occurs the more rapidly in proportion as the resistance of the
circuit is less. When at rest the couple regains its original intensity.

If we seek for the cause of this phenomenon, we notice that while
the battery is working hydrogen is deposited upon the copper. This,
on the one hand, increases the internal resistance in each cell, and, on
the other hand, diminishes the electromotive force because electro-
motive force also develops at the surface and gives rise to a counter-
current (a current having a direction opposite to that of the battery
current),

When cells are joined together so as to be arranged either for
tension or for quantity—an arrangement which we will deseribe
presently—the progressive weakening of the current due to the
polarization of the electrode not attacked is even more noticeable
than in the case of separate cells, each cell being then traversed by a
stronger current than that which itself produces.
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Manufacturers have directed their main efforts at removing this
defeet, and have effected it either by surrounding the collecting-plate
with a special medium having the power of absorbing the hydrogen,
or by causing the latter to enter into a fresh chemical combination at
the instant it is liberated. The carrying out of this latter method
has given rise to cells with two liguids.

But in spite of all efforts the problem has been solved only in an
imperfect fashion ; there is as yet no cell that is altogether above
reproach.

We should select for medical batteries cells which work only when
the ecircuit is closed and in which the polarization is reduced to a
minimum. But besides these, we shall deseribe some others which
are set apart for certain uses.

The best types of cells for medical batteries are those of Daniell
and Leclanché, more or less modified.

The Daniell eell (Fig. 27) is a two-fluid cell, the arrangement of
which has been varied in several ways. Generally there are placed

Daniell Cell.

in the jar amalgamated zine and a solution of sulphuric acid.
In the centre of this is set a porous jar filled with a concentrated
solution of copper sulphate in which is immersed a copper plate
surrounded by a casing filled with ecrystals of copper sulphate. In
practice pure water is simply pumped into the outer jar. The chem-
ical action consists in the oxidation of the zine, the hydrogen thereby
set free passing through the porous jar and displacing the copper
from the solution, this latter being deposited upon the copper plate
without altering the nature of the collecting-plate.
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In this cell no polarization is possible. This combination, then,
is a very good one, and, as a matter of fact, the Daniell cell is very
constant,  As its electromotive foree is approximated equal to unity,
it often serves as a unit for the comparison of other cells,

Together with these advantages it has its disadvantages. The
solutions placed in the porous jar and in the outer jar begin at once
to mix, so that a deposit of copper is formed upon the zine, and as
soon as this happens the cell begins to work even when the cirenit is
opened. Again, after a certain time, the state in which the solutions
are saturated is replaced by that in which encrusting salts are formed,
which cannot be prevented even when the edges of the jars are coated
with paraffin,

The modified Daniell cell, nevertheless, may be employed by elee-
tricians, and we can cite the combinations devised by Trouvé as
capable of doing good service,

FiG. 28.

=
=

Trouvé has modified this cell by omitting the porous jar invented
by Callaud, and has obtained a cell remarkable for its simplicity and
its cheapness. (IFig, 28.)

In the centre of a glass jar (a sort of crystallizing jar) is set a
copper wire, one end of which, rolled into a spiral, rests flatwise upon
the bottom of the jar, and the other end forming an upright pro-
jecting tip, which is insulated by being surrounded with a tubular
glass protector. The zine is set in the edge of the jar in the form
of a large ring. Crystals of copper sulphate are then put in and the
jar is filled with water. At the end of a certain time the lower part
of the solution is saturated with copper sulphate and the upper part
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with zine sulphate, which is lighter. Nevertheless, in spite of the
difference in density of the two solutions, a partial mixture takes
place by diffusion, so that some copper is deposited upon the zinc,
and the cell works all the time, whether the circuit is open or shut.
In spite of this disadvantage, the cell does good service when it is
intended to be worked continuously or nearly so.

The second kind of Trouve cell that is derived from the Daniell
cell is the moist battery (Fig. 29). The electrodes, zine and copper,

FiG. 29,

are separated from each other by a series of wads of’ bibulous paper.
The set next to the copper is impregnated with a strong solution of
copper sulphate ; the wads on the zine side are wet with a weak
solution of zine sulphate.

A central shank made of red copper, soldered to the lower or
copper electrode, passes through the wads, from which it is insulated
by a covering of caoutchoue, and is suspended from a cover of slate
or ebonite, or simply from a cork stopper. A lateral rod communi-
cates with the zine.

When the eell is dry it is quiescent. To set it in action we dip
the whole collection of electrodes and wads in water, then let the
latter drain off, and close the jar. The cell thus keeps damp for
quite a while. It shows great constancy and lasts for a long time.
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But it has greater resistance than cells with a free liquid, a resistance
which, however, we can vary at will by increasing or diminishing
the distance which separates the electrodes.

In Germany the Daniell cell, as modified by Siemens and Halske,
is quite often used. This combination has the disadvantage of pre-
senting a very great resistance.

The Leclanché type of cell is one with a single fluid ; it is very
extensively used and is very well known (Fig. 30). The main jar
contains a concentrated solution of ammonium chloride (sal ammoniae
of commerce) and a rod of amalgamated zine. In this jar is introduced

Fi1G. a0,

FiaG. 31.

a porous jar containing a piece of gas-carbon, surrounded by granu-
lated binoxide of manganese well heaped up, Quite often the
porous jar is replaced by plates of binoxide of manganese called
agglomerates, by which the carbon is surrounded.

This cell presents the disadvantage of producing inerusting salts,
which only partially disappear when the edge of the jar is coated with
paraffin. But it works only when the circnit is closed, and so is
quite economical. Theoretically, there isa formation of zine chloride,
ammonia, and hydrogen; but, as a maiter of fact, the chemical
action is more complex. The evolution of ammonia is a disadvantage.

The Leclanché cell has been modified advantageously by Clamond
and Gaiffé. In the Gaiffé model (Fig. 31) the zine rod is immersed
in a 10 per cent. solution of neutral zine chloride free from lead.
The agglomerate porous jar of the ordinary battery is replaced by a
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hollow earbon cylinder, which serves at once as a porous jar and a
collecting-plate, and which contains superimposed layers of binoxide
of manganese and powdered carbon. The annular space included
between the glass jar and the porous cylinder is closed by mastic,
except at the point where the zine penetrates. The carbon jar, being
open, can be emptied and recharged whenever the binoxide of man-
ganese is exhausted. A simple washing out with hydrochloric acid
restores its porosity by freeing it from the oxide of zine which has
been deposited npon it.

The chloride of zine is very soluble and deliquescent ; there is no
formation of incrusting salts. Moreover, this deliquescence, com-
bined with the fact that the glass jar is stoppered, prevents almost
altogether the evaporation of the liquid, and thus insures a regular
working of the cell for quite a long time, Oxide and oxychloride
of zine are formed if the zine is well amalgamated.

Fig. 32,
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The electromotive force of this cell is 1.35 wvolts; its internal
resistance is 6 to 8 ohms, which falls to 2 or 8 in the medium-sized
models.

The battery of Warren de la Rue, modified by Gaiffe (Fig. 32), is
composed of small cells, constructed as follows: An ebonite jar, s T,
is closed by a serew-top, @ H, to which are attached the elements of
the couple, consisting of amalgamated zine, z, and a plate of fused
chloride of silver, v, contained in a cloth bag or a silver basin. A

cushion of bibulous paper, soaked in a 5 per cent. solution of zine
16
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chloride, or ammonium chloride, is placed between the plates, thus
serving to keep them the proper distance apart. The moist paper
may be replaced by a liquid, which is thrown away after the oper-
ation. This latter variety of cell is filled at the time of unsing with
the liquid, which in this case may be brine.

This very portable battery may be used to supply the primary
eurrent for an induetion apparatus; but the model which has no
freely cireulating fluid, requires to be used frequently.

Marie-Davy has shown that mercuric sulphate can be used to
make cells of great service, but small size. It is on this principle

Fia. 33.

that Gaiffe has constructed the little tray-bat-
tery which is used to run his small portable
induction apparatus. This battery (Fig. 33) is
composed of two or three very small cells, made
of carbon and zine, with platinum connections,
and mounted in a small hard-rubber tray. A
pinch of sulphate of mereury and a little water
supply the charge for each cell, a charge which
has to be renewed at each application of the :
battery, but which allows of a period of work
lasting for more than half an hour. f o

Trouvé has likewise utilized the sulphate of
mercury in his hermetical or inversion battery
(Fig. 34), which is very portable. A hard-rubber
eylindrical case is closed by a screw-cap, to which
is fitted the zinc. To the wall of the upper part of the case is
attached the other element (carbon or platinum). The case is half-
filled with a saturated solution of acid sulphate of mercury. When
the cell is set right side up it is quiescent, the zine being outside ot
the solution ; but when the cell is turned upside down it is ready for
action,

Among the bisulphate of mercury cells we shall cite Chardin’s
apparafus, used by him in the construction of his medical batteries
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(Fig. 35). It is so arranged that the zine and carbon elements are
immersed in the liquid only at the moment when use is to be made
of them. A rod serves to raise the platform upon which are the
jars containing the solution of sulphate of mercury. This prevents
the consumption of the latter in the intervals between the applications.

Furthermore, the jars contain a cork eylinder, which, when they
are not working, closes their upper orifice and prevents evaporation.

We have yet to describe the bichromate of potassium cells devised
by Poggendorf. They are used for various purposes.

The Grenet cell, or bottle-cell (Fig. 36), which is a good deal used
for running induction apparatus, is closed by a hard-rubber screw-

FiG. 33. Fig. 36,
T

cap, A, bearing a pair of carbon-plates, . Between the two earbons
is the zine, attached to the sliding-shaft, T, which passes through the
centre of the cap. The zine is immersed in the battery fluid at the
moment of using, by pressing on the button, T, so as to slide the
shaft down into the bottle ; the shaft being raised again after each
application of the cell. The following solution is used as a battery-

fluid :

Water - : . : : ; 2 . 1000 grammes,
Bichromate of potassium . - ; . 100 to 105 :
Sulphuric acid . - - : : . 200to 250  ©

A coneentrated solution of chromie acid may also be employed, and
this enables us to avoid any manifestation of the sulphuric acid.
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The Grenet cell is really a two-fluid cell. It has great electro-
motive force (more than 2 volts), but becomes easily polarized and
runs down quickly, so that we use it only when we wish to produce
quite a strong effect for a short time.

Chardin has devised a small cell which is convenient for running
an induction apparatus, (Fig. 37.) It is divided into three water-
tight compartments : one, A, is designed for the reception of the zine
when the battery is not working ; another, B, contains the carbon,
C, and a battery fluid resembling that of the Grenet cell. When it
is desired to stop the cell from working the zine is placed in its
special compartment, and a rubber stopper seals hermetically the
orifice of the compartment containing the fluid.

FiG. 37. Frg. 3%,

Chardin also uses for bichromate cells an arrangement, which he
cells a cireulation cell. (Fig. 38.) Two jars—one above containing
the elements of the cell, and one below containing the battery fluid—
are connected by a tube, which starts at the bottom of the upper jar
and dips down into the fluid. The lower compartment communi-
cates with the external air by a shaft, to which is fitted a rubber
tube, that may or may not be furnished with an inflating bulb and
stopcock.  Ivery charge of air driven into G acts upon the fluid in
the lower jar and makes it rise into the upper compartment, where it
comes into contact with the elements of the cell. This rise of the
fluid can be cheeked at any point whatever.

We will point out later those batteries composed of bichromate

cells that are designed to furnish quantity currents.

e sl i
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We have now become acquainted with the principal arrangements
for utilizing chemical action directly. Some years ago investigators
made an important step in advance by devising an apparatus which
admits of utilizing the polarization of the electrodes as a source of
electricity.

The name of acenmulator is given to the secondary cells in which
the current is developed by polarization of the electrodes. These
accumulators, the construction of which has recently been much
improved, are of serviee in cases in which we require calorific or
lnminous effects. The principle upon which they are based is that
which we discussed when speaking upon the subject of the polariza-
tion of electrodes. [They are often called storage batteries. |

Every time that we produce chemical work in a cell a process of
polarization is set up upon the surface of the electrodes. Suppose,
for instance, we make a galvanic current act upon a voltameter, and
at the end of a certain time connect the electrodes of the voltameter
with a galvanometer. We shall then be able to detect the existence
of a current the direction of which is opposite to that of the original
current. The wvoltameter, accordingly, has been charged, and its
electrodes consequently ave capable of developing a eurrent.

In a general way an accumulator is such a voltameter. The ele-
ments, which are thus liberated upon the surface of the electrodes,
recombine when the latter are put in connection by closing the cir-
cuit, and then give up the electric energy which they had absorbed
at the moment of their decomposition.

The first accumulators were voltameters with platinum electrodes.
In 1859 Planté made a considerable step in advance when he dis-
covered that we get much better results if we use lead plates for
electrodes.

The Planté accumulator (Fig. 39), which is still made use of by
Trouvé, is composed of two leaden plates rolled spirally and parallel
to each other and kept apart by rubber-bands, which are rvolled in
with them. The plates dip in a bath made of a 10 per cent. solution
of sulphuric acid. In the lid is a hole which serves to renew the
liquid and to allow the escape of gas which may be evolved during
the passage of' the charging current. The charge is obtained by a
current from any source not too strong and having an electromotive
force of more than 2 volts. The current, by decomposing the solu-
tion, causes a deposition of oxygen upon the positive plate and of
hydrogen upon the negative plate. In the former case peroxide of lead
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(PbO,) is formed ; in the latter case, on the other hand, any oxide
which may be present upon the surface undergoes reduction. We
prepare the cell—i, e,, impart activity to it—by passing through it
successive charges in opposite directions, ending by sending a cur-
rent through it which has the same direction all the time, Such a
cell keeps charged for several days.

The accumulators at present employed are in general made with
lead electrodes, which, by being melted and run into moulds, are
given the shape of an open-work grating. In each of the compart-
ments of the negative plate is placed some minium (red lead), while
those of the positive plate ave filled with litharge. The plates are
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set vertically in jars composed of some insulating material (glass or
hard rubber), and are separated from each other by sticks of cane or
by rubber rings. The jars are filled with a 10 per cent. solution of
sulphurie acid. While the apparatus is being charged the hydrogen
produced goes to the positive plate and reduces the litharge, with the
formation of metallic lead, The oxygen coming into contact with
the red lead upon the negative plate, converts it into lead dioxide.
The accumulator is fully charged when free gas is evolved, instead
of being taken up by the electrodes.

It takes less time to prepare and charge these accumulators than
it does for the previous variety of Planté.
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Cooice 0oF A MEepicaL, BarrEry. These being the various
elements which may be employed in the construction of batteries
designed for different medical purposes, it now remains to select from
them such as are suitable for each of these purposes, and to arrange
them into different forms of apparatus whose properties and value we
shall be able to ascertain.

In practice electricity is used either for making applications to the
human body, the resistance of which it has to overcome ; or for the
production of calorific or lnminouns effects. These two distinet ob-
jects are attained by means of distinet forms of apparatus. Let us
consider first the question of the medical battery, properly so-called.

In order to select our elements properly and to arrange them in such
a way as to secure the effects we desire we must acquaint ourselves
somewhat more thoroughly with the properties of the electric current,

Let us take the case of a cell.  When the cireuit is open the poles
of the cells have a certain potential difference which depends upon
the electromotive force, I, and which we can determine by means of
the electrometer. If we close the circuit by interposing a tin-foil
condenser—an apparatus which we shall describe later—a rapture ot
equilibrinm is produced until the difference in potential of the two
armatures of the condenser is equal to the electromotive force ot
the cell.

A rupture of the state of electrical equilibrium can also be obtained
by connecting the poles by means of a conductor. But in this case
the equilibrium is not re-established, the conductor tends to effect a
disappearance of the difference of potential, while the electromotive
force tends to maintain this force.

The conducting wire, hence, acquires new properties ; it becomes
the seat of a current, the direction and intensity, I, of which can be
defined.

Furthermore, the current meets in its passage a certain resistance,
R, depending on the length, size, and material of its conductor, so

_that there is a gradual fall of potential from one pole to the other
when the circuit is closed.

Designating this resistance by R, Ohm’s law, the intensity equals
electromotor force, E, divided by the resistance, expressed by the
formula

I=E
It

or
E=1R.
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This is the most important formula of electrical science. Using
the practical units previously defined, we may express this formula
in the following terms: the intensity of a current expressed in
ampéres is equal to the quotient of the electromotive force expressed
in volts, by the resistance of the ecircuit expressed in ohms,

Suppose that the resistance is invariable and the current constant.
Then in each unit of time the electromotive force will, so to speak,
raise a quantity of electricity to the height, K, and will perform an
amount of work equal to EI.  This work done per second represents
a power, I’  That is, I, expressed in watts = EI, or, substituting
the ;nlue of E=1IR, P =1I°R. As has been already pointed out, this
is determined, as in the case of the power developed by a fall of water,
by two factors, the volume of discharge (I) and the height of fall (E).

The quantity, Q, being the amount of electricity delivered in
a second of time, T ; Q=1IT, or the quantity in coulombs, is caleu-
lated by multiplying the current strength, expressed in ampéres, by
the time, in seconds,

When the cell is connected simply with itself—i. e., has a short
eircuit, the resistance of the conductor is practicaliy zero; then the
resistance, R, is represented by the internal resistance of the cell.

But when things are so arranged that a certain amount of external
work is done, the current encounters in the external cirenit a more or
less notable resistance,

The factor, R, combines, then, two terms, which are usually denoted
by », or the internal resistance of the cell, and R for the external
resistance of the circuit,

If we take these two fractional parts of the total resistance into
account, Ohm’s formula becomes

I= 2.,
i+ R

The introduction of resistance results, therefore, in a diminution
of the intensity, and this resistance may become great enough to
reduce the intensity practically to zero, i.e., to make it insufficient
for the performance of any work.

We can make this fact obvious by cnnnectmg a cell alternately
with a galvanometer and a voltameter.

Suppose we put a Daniell cell in connection with a galvanometer.
We get a deviation of the needle indicating an intensity of 125
M. A. (milliampéres). Now let us pass the current through both a
galvanometer and a voltameter. The galvanometer needle is then



ELECTRICITY. 249

deviated scarcely at all, and there is no electrolysis produced in the
voltameter,

As a matter of fact, this is what happens. The internal resistance
of the cell being 8 ohms, and that of the voltameter 1000 ohms, we
have from the preceding formula (the electromotive force of the
Daniell cell being 1) :

Tl udal
8 -+ 1000

or less than 1 milliampére.

The resistance offered by the human body being greater than that
of the voltameter, it is necessary to have forms of apparatus capable,
when there is a certain resistance to be overcome, of furnishing the
proper electromotive force for the purpose.

This is the object that is effected by the various arrangements of
cells. The formula shows that this coupling, when employed for
medical purposes, ought to be so done as to produce relative increase
in the electromotive force as compared with the resistance. The de-
sired effect is obtained by means of the arrangement in series, i. ¢.,
that in which the positive pole of one cell is joined with the negative
pole of the next.

If we connect in this way two cells which, taken singly, are with-
out action upon the voltameter, we may now get an energetic chemi-
cal action. What have we succeeded in securing by means of this
arrangement ?

By coupling the cells in series we multiply the electromotive foree
by the number of cells; a force, E, for one cell becomes n E for a
eells. So, too, we multiply the internal resistance by the number of
eells; » becomes nr. But R remains the same. . Henece we have

o Tt E
ar+ R

= 0.000992 ampere,

or
Al
 r+ R’
n
The denominator having become smaller, there is produced a
notable increase in the value of I.

In the example that we selected, we have

2 e
Ii= TSN 0.0019 ampére ;

i. €., nearly 2 milliampéres, instead of less than 1.
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A second method of coupling is represented by the arrangement
for quantity. This is produced when we join like electrodes, i. e.,
zine with zine, and copper with copper. This is ealled arranging in
multiple are.

The same formula shows us that this kind of coupling gives a dif-
erent result from the former. Here the electromotive force remains
the same, but the internal resistance is divided by the number of cells.
The coupling for quantity is equivalent to the employment of a single
cell of the same electromotive force, but of larger surface. In this case

E
r -+ R’

1l

—

It in this case the external resistance be great. we shall get, using

the example that we had before (of a Daniell cell) :
1 o
I = 8§72 1+ 1000 0.000995 ampere (= 0.995 M. A.).

With a single cell we had 0.992 M. A. Hence the inerease of in-
tensity in this case is insignificant. It is no longer so when the ex-
ternal resistance is slight, For simplicity let us neglect this resistance,
R. Then in the coupling for tension we get

n 5

I=—

n R

or the intensity remains the same; in the evup.ing for quantity we get

E

= ===
=
n

The intensity is here considerably inereased ; it is doubled when
we use two cells instead of one; from } of an ampére it becomes }
—i. e., from 125 ML.A. it rises to 250 M.A.

We may conclude from this that when we have to use our battery
for overcoming a large external resistance we should arrange the
cells in series, and that, on the other hand, the arrangement for
quantity must be chosen when the battery will have to overcome
only a weak resistance. In certain cases we might need a mived
method of coupling, which consists in arranging groups of cells in
geries, the cells of the separate groups being arranged for quantity.

By the aid of these data it is possible to show what properties a
medical battery ought to possess when it is designed to accomplish
a certain known result and at the same time overcome quite a great
external resistance,
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Let us consider once more the formula

_ nKE
~ w+R’

This shows, in the first place, that the cells of a medical battery
should have a certain electromotive force, in order that the number
of these cells shall not become too great and the battery itself con-
sequently too cumbrous.

In the second place, it renders apparent the necessity of choosing
cells which do not have too great a resistance, since in this case, too,
the number of cells would have to be large. There are, in fact, cells
of less resistance which, for the same number of them, afford the
greatest current strength.

The resistance of the human body being great, the battery, in order
to obtain a current whose intensity can be varied at will from 1 to
about 35 milliampéres, must contain quite a large number of elements.
Writing our formula in the second way, we have
v
~ r+R

n

It can be seen at a glance that if’ the external resistance be large
compared with the internal, the intensity will increase nearly with
the number of cells, since the denominator becomes smaller in pro-
portion as n becomes greater.

The number of cells necessary will be smaller in proportion as the
internal resistance of each cell is weaker. And, indeed, the smaller
r is the greater will be the intensity of the current for the same
number of cells.

We may therefore enunciate the following conclusions :

To make up an ordinary medical battery we should select cells
having quite a considerable electromotive force (from 1 to 2 volts)
and a weak internal resistance, and should arrange these cells in
series or multiple are in sufficient numbers to obtain a current of the
desired intensity.

Theoretically it would seem advantageous for the cells selected to
have a great electromotive force. But in practice it is necessary for
us to be able to vary the intensity of the current progressively while
the resistance remains the same. The reader will understand that
ordinarily we vary the intensity by bringing into use a constantly
increasing number of cells, and that often the switches take on these
additional cells in pairs (i. e., 2 by 2).

1

I
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If the electromotive force of each cell were too great, it would be
impossible to increase the intensity of the current gently and withont
shocks.

It still remains to say a word about what are called * tension bat-
teries,” the use of which has been recommended by some specialists,
The latter at one time thought that in order to obtain the maximum
useful effect from a galvanie eurrent they had to select cells of weak
electromotive forece and great internal resistance. What should we
think of this sort of arrangement? This question has been already
decided. Our preceding formula shows that elements of weak elec-
tromotive force and great internal resistance, when arranged in series,
give a current of weak intensity. Such cells, when the circuit is
closed and offers more or less resistance, ean furnish a current of
appreciable intensity only when grouped in considerable numbers,
But the properties of an arrangement of this kind are somewhat
peculiar, and this fact should be known.

When the battery is composed of a great number of cells of weak
electromotive force and of great resistance it presents the peculiarity
of having in open circuit a high potential-difference between its poles
and of producing at the moment of closing the ecircuit a very great
fall of potential. Hence at each closure of' the circuit there are pro-
duced discharging efteets which are more marked than in the case of
cells having the opposite properties. It is perhaps for this reason
that certain practitioners have aseribed to this kind of battery a very
marked physiological activity.

The formulee with which we have become acquainted will show
this fact clearly.

If we denote by e the difference of potential between the terminals
of a battery of n cells in series, this value is equal to n E; or, accord-
ing to Ohm’s formula,

. nE
— R
ore=nE=1Inr+ IR. :

This means that the total electromotive force may be considered
as partly employed in driving the eurrent through the external
resistance R, and partly in driving it through the internal resistance
r. This latter part is called by Thompson the lost voils; the
remainder being the useful volts, which would be measured by a
voltameter set between the terminals, If we call the available
volts e/, we may write /= IR ; whence e — e’ = Inr, or the dif-
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ference between e and e’ will increase in proportion as n and r
hecome greater,

If we wish to obtain discharging effects, secured in this case by
the fall of potential ocenrring when the circuit is closed, it would be
better, as will be seen, to make use of condensers or some forms of
induction apparatus. The medical battery adapted for producing
the effects that we wish to get in a closed cirenit should be composed
of cells having the properties previously enumerated.

The best cells from this point of view that are in use in I'rance
are Gaiffe’s (of medium size), Chardin’s bisulphate cells (of medium
size), and Callaud-Trouvé’s,

The ordinary zine-carbon cell in which an aeid solution of bichro-
mate of potassium iz used has an electromotive force of about 1.7
volts, and will be found efficient. Care must be taken to keep the
zine out of the solution except when the battery is in action.

[As an American cell the “Axo” is acknowledged to fulfil the
requirements for medical use best. It is an improved modification

Fia, 40. Fig, 41.

“Axo cell complete, “AXO0 porous cup.

of the Leclanché cell, furnishes an electromotive force of 1.6 volts
with constant and low internal resistance, and is closed to prevent
evaporation ; its power diminishes very slowly and recuperates
rapidly when at rest. A battery composed of 50 or 60 of these
cells may be used constantly for office-work for at least one year
without requiring any attention, if care is taken to prevent short
circuiting by having the switches always turned off and the con-
ducting-cords removed when not in use.—Eb. |
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A medical battery is frequently composed of 20 to 40 cells, It is
indispensable that these should be connected with an apparatus
enabling us to make use of a variable number of these cells.

In most cases we can, without inconvenience, pass from a current
intensity furnished by n cells to that which n 4 1, or even n + 2,
cells afford, provided that we can do this without interrupting the
current.

With this object in view we make nse of an accessory apparatus
known by the name of a collector. The collector may be either single

Fic, 42,

or double, The latter, or double switeh, is usually so arranged as to
admit of a progressive reversal of the direction of the current with-
out any shocks being produced.

The simple or rectilinear switch is composed of a frame of wood,
upon which are placed a set of buttons, marked 0, 1, 2, 3, ete., or
0, 2, 4, ete. A metallic bar is fixed over the buttons and is con-
nected with them by a slide, which can be pushed back and forth
with the hand.

By placing ove of the conducting-wires at the end marked 0 and
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the other wire from the positive pole, at the end of the metal bar,
we can, by pushing forward the slide, introduce the cells into the
circuit, one by one. The slide is so made as to come in contact with
one button before it has quite broken contact with the button before
it, an arrangement which insures the continuity of the current. The
switch can be so arranged that the cells are introduced, two by two.

Fia. 43,

The double switch is a combination of two simple switches, accord-

ing to the annexed plan (Fig. 42). In most office-batteries the
switch has a eircular arrangement (Fig. 43).
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In the switch made by Gaitfe the negative pole always corresponds
to the button marked with the lowest number,

The cells can be introduced into the circuit either one by one or
two by two, according to the way in which the wires of the battery
are attached to the buttons. Usually the second method is the one
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adopted. But the plan of Fig. 42 shows the arrangement which
allows of the introduction of the cells one by one.

One of the pointers being upon the button marked 3, and the other
upon the button marked 9, we have the current given by 6 cells. In
Trouvé’s double switch (Fig. 44) two gronps of cells can be intro-
duced in succession and one by one into the cirenit. The medical
batteries of Chardin have an analogous switch,

The double switch has the advantage over the single one of enab-
ling us to bring into the circuit any section whatever of the battery,
an arrangement which, when only a limited number of cells is put
into action, prevents us from being obliged to use the same cells all
the time.

[ By far the best current-controller is that known as the Massey-
Flemming current-controller (Fig. 45), which, however, cannot be

Massev-Flemming Current-controller.

reversed. Its funetion is to vary the current at will by rapidly
increasing or decreasing the resistance of the circuit, from a fraction
of a milliampére to the full strength of the battery without shock.
It consists of a poreelain plate, provided with a sickle-shaped econ-
ducting area of graphite (soft pencil), broadening and thickening up
to the terminal, where the graphite unites with a metallic surface,
which is in direct contact with the battery without any material
resistance. When the erank (1) (Fig. 45) is placed to the right of
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the hard-rubber bridge (2), the contact comb of the crank rests
entirely on the porcelain and the current is broken; moving it
slightly forward it soon touches the sickle-point, and the graphite
mark permits the least amount of current to pass through, since the
current must pass over the whole area of graphite. By turning
the crank slowly and steadily onward there is a gradual increase of
current without shock until, finally, the metallic surface is reached,
when the whole power of the battery is turned on. A reversed
action turns the current off. If the motion is made slowly, the
increase and decrease are exceedingly gradual and the meter-needle
points constantly to the exact current strength of the moment with-
out oscillation. DBy its use a more economical wear of the cells results,
as all cells are worked alike. It may be used with a small or large
number of voltaic cells or in connection with an incandescent light
circuit for medical galvanic work, but cannot be used for actual
cautery.

Special attention should be paid to the following points in using
this instrument :

1. Always place the turning-crank on the bare poreelain, as shown
in the engraving, before applying the electrodes to the patient, so as
to be sure that the full resistance is interposed ; otherwise an unpleas-
ant or even dangerous shock to the patient might result.

2, After the electrodes are in place turn the crank down and
toward the broader end of the graphite slowly until the meter shows
the desired strength of the current.

3. If using an incandescent current, never bring the metallic parts
of the conducting-cords or electrodes together unless the crank is on
the thinnest part of the graphite.

4. Keep the apparatus free from dust.

5. Renew the graphite covering on the porcelain plate as often as
marks of wear are visible by rubbing graphite over the circumseribed
‘area from a very soft pencil. If the current is too strong at the very
point of the graphite, rub some off and recoat it more lightly.—Ebp.]

With the switch two other accessories are almost always asso-
ciated: a commutator, which allows of a sudden reversal of the direc-
tion of the current, and an interrupting-button (Fig. 44).

One of the commutators most used for medical batteries is that of
Ampere. [A very useful commutator, more largely used in America,
is the ““ De Watteville” Current Combiner and Commutator (Fig. 46),
It is a convenient arrangement of switches for the simultaneous ad-

17
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ministration of galvanic and faradie currents, whenever both of these
currents are useful. They may be elicited simultaneously by placing
the double switch in a parallel position so as to rest its right portion
of the one switech-spring on the flat plate marked with letter G (gal-
vanic) and the left portion of the other switch-spring on flat plate
marked ¥ (faradic). The faradic apparatus is started, and all switches
pertaining to the galvanic as well as to the faradic apparatus must be
set for actual work. The two currents are then to be regulated each
by its own controller until the desired degree of strength of each
eurrent is reached ; the galvanic by the graphite controller and the
faradie by the controlling-screw which moves the outer helix of the

Fia, 46.

Du Bois-Reymond coil (see Fig. 69), and by placing the double
switch on the button P or 8 (prim. or second), respectively. For
using the simple galvanic current move the double switch to the
extreme right, so as to rest one part of the double switch on flat plate
i, and the other on the button in the middle. For faradie currents
move the double switch to the extreme left so as to rest on the flat
plate ¥, with the button in the middle.

The second double switch is the commutator or pole-changer with
index ~ always pointing to the negative pole, whether it be turned
to the left or right terminal post (conducting-cord) or whether used
in simple or combined currents.—ED. |
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We rarely, however, have to produce an abrupt reversal of the
current ; on the contrary, it frequently occurs that we have to avoid it.
The double switch and current-controller (Figs. 44 and 45) allows of
the current being reversed in a progressive manner. The pointer
directed upon the button marked with the highest figure is left in
place and the other is turned around the dial ; the instant that the
latter pointer reaches the button marked with the same number as that
occupied by the other the current is reduced to zero ; when the pointer
is carried still further the eurrent becomes appreciable once more, but
has the opposite direction.

We may also carry the former pointer backward to the point where
the current becomes zero, and then turn the outer pointer forward.

Complete medical batteries provided with galvanic and faradic ap-
paratus, current-controllers, commutators, milliampéremeters, ete.,
may be set in cupboards or in special cases, it makes little difference

Electro-therapentic-gynecological Apparatus.

which, provided that they are protected from evaporation and pro-
vided with the necessary accessories (Fig. 47). We shall have occa-
sion to return later to some of these,

For other purposes, such as galvano-cautery, the production of
luminous effects, or the working of motors, we have recourse to cells
of high electromotive force (bichromate or chromic acid cells). [Such
a battery as the universal battery, shown in Fig. 48, is capable of
performing all this work,

This battery consists of two systems of ten zine and carbon plates.
Each is suspended from two hard-rubber platforms (Fig. 48, f and
") placed side by side in the top of the box. A brass spring is con-
nected to each plate by a serew passing through the platform, and
presses against a eylindrical commutator, by turning which the plates
can be connected for quantity—i.e., all carbons and all zines con-
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nected together, each lead to a binding-post, d ¢, ¢’ and d’ ; the car-
bons of the first system being connected with the zines of the second
system by the strip of brass connecting the binding-posts ¢ and e’;
or for intensity—i. e., zincs and carbons being connected with each
other alternately. Alongside of the platform f is another one, upon
which are mounted the binding-posts ¢ and ¢/, which are connected

Fia. 48,

by flexible cords earrying pins with the plates of the system in such
a manner that the cord from the post ¢’ leads to the spring marked o,
the pin being inserted in a hole drilled into the head of the screw
connecting the spring with the plate below the platform. The other
post ¢ carries a double cord, the pins of which may be inserted
into any of the screw-heads of the systems of plates, and thus any
number of pairs from one to twenty may be brought into action with-
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out interrupting the current. The posts b and &’ serve to connect
the cords leading to the electrodes. Upon the same platforms are
also mounted a polarity-changer and a two-point switeh for inter-
rupting the current if it is desirable; these appliances being used
where an intensity of current is made use of. At the end of the box
a galvano-faradic apparatus is inserted, which may be removed and
used separately, and away from the battery.

In the lower portion of the box are two movable platforms, which
may be raised or lowered by a treadle, to which they are connected
by cords running over rollers. Upon these platforms are placed
two hard-rubber cups, partitioned off into ten compartments each,
and in these the exciting liquid, a mixture of bichromate of’ potash,
sulphuric acid, and water, is contained. These cups being immediately
beneath the system of plates, suspended from the platforms, when
raised by the treadle cause the plates to be immersed in the fluid,
and thus a current is established which varies in strength according
to the amount of surface of plates exposed to the action of the acid,
A ratchet hook at the bottom of the box, by engaging in the bar of
the treadle, will keep the cups at any desired height, so that the foot
may be taken off; and by disconnecting the cords of either one or
the other of the movable platforms, either one or the other of the
cups alone may be raised when only a comparatively weak current is
desired. Below the faradic apparatus are drawers for containing the
instruments, connecting-cords, etec. The size of the box containing
the whole apparatus is twenty-eight inches long by twelve inches
wide and sixteen inches high, and is, therefore, not too large to be
easily mowved.

When a more simple apparatus is desired for the purpose of using
galvanic currents for medicinal purposes, we may employ an appa-
ratus such as is employed in Figs. 49, 50, 51, and 52.—Ep. ]

We may now recall the fact that the practitioner will require one
or two cells in order to work his induction apparatus. For this
purpose the trouble is in making a choice. The portable forms of
apparatus contain the battery for furnishing the current. For the
office we make make use of a bottle-cell, of one Grenet cell {medinm
or large size), or one of the other cells which we have previously
described, such as the Gonda Axo cell, Figs. 40 and 41.

[ The storage battery has become so generally used, chiefly for illu-
minating and cautery purposes in medicine, that a deseription of the
principle on whieh it is constructed is in place, although this has
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Fii. 51.
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Non-portable Cautery Battery,
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Bichromate Battery, with Millampéremeter, and Controller,
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oxygen gathers in the positive plate and hydrogen in the negative.
When the external cell is completed these gases recombine to form
water and generate an electric current, so that the electric energy is
set free by chemical recomposition. The Planté storage battery is
the one upon which all electrical apparatus of this kind is based.
When acidulated water is decomposed by lead electrodes, the oxide
of lead coats one and hydrogen the other. If the lead plates be
now connected, a recomposition takes place, and a new electric cur-
rent in an opposite direction is developed. Finally the plates are
reduced to plumbic oxide on both sides, and this being acted on by
the agid is reduced to plumbie sulphate. When the battery is charged
a second time the plumbic sulphate is decomposed and dissolved
and the lead plates can now take up the oxygen and hydrogen again.
The original Planté storage cell is now obsolete, as it is very slowly
charged and otherwise diffienlt in practical use, and is supplanted
in principle by Faure’s modifieation, which consists in covering the
sheets of lead with a paste of red lead and sulphuric acid. The
paste is held in place by means of parchment and felt, and the paste-
covered sheets are then immersed in an acidulated water. Electro-
lysis with an alternating eurrent is now employed, and in a short time
the red lead, P’b,O,, or minium, is changed to PbO, on one plate,
and spongy lead on the other. The connection of the lead sheets
causes recomposition with the development of an electric current.
There are many modifications of the minor details of storage batteries
made by different manufacturers. The storage battery of to-day is
imperfect, and all of them get out of order with provoking irregu-
larity. It is said that many hundred patents based on these princi-
ples have been issued, none of which have accomplished all that is
necessary for their success.—ED.]

It only remains for us to become acquainted with the tinfoil con-
denser, an instrument introduced into electro-therapy some years
ago. Its object is to enable us to produce with the galvanie current
discharging effects approximately equal to those caused by induced
currents.

The instrument in question is of very simple construction, but of
quite delicate workmanship. Sheets of tinfoil are superimposed
upon one another, being kept separate by means of paraffin paper,
which plays the part of an insulator. One edge of each sheet projects
a little beyond the paraffin paper. The rims thus left free are super-
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imposed in sets of two, in such a way that we have a tier of sheets
in pairs alternating with a tier of sheets that are not paired (see Fig.
53).

The whole is compressed, immersed in boiling paraffin, and after
cooling is inclosed in a box, the lid of which has two terminals con-
nected with the edges of the sheets of foil.

The instrument, while differing altogether from the electrostatic
condenser in its comparatively small size, presents a very consider-
able surface for condensation, and, consequently, has quite a great
capacity. For physiological and medical use it is arranged so as

to have a capacity of at least half a micro-farad or oftener of one
micro-farad, being divided or not into fractions of 0.1 to 0.5 micro-
farad.

Guillemin has demonstrated that a tinfoil condenser can be
charged almost instantaneously to the point of saturation by means of
an ordinary battery, owing to the large quantity of electricity which
the latter is able to furnish in an extremely short period of time.
This instrument has received various applications. Its use was
introduced into medicine some years ago by Boudet, of Paris.

Knowing now the various forms of apparatus designed to furnish
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a galvanic current, we have left to us the task of determining the
physical conditions under which we are to work them.

Ohm’s formula ( e oF: - ) enables us to solve various

R mr+R

problems ; but in praetice caleulations of this sort are got rid of|
thanks to the use of different sorts of measuring-apparatus, which
should be considered as indispensable accessories to medical batteries.

The electromotive force of the cells which we employ is important
for us to know, and might be deduced from the above formula. But
as it varies only slightly, it may be determined once for all, and
most. books and catalogues give a table of the electromotive forces of
the prineipal cells and sometimes also of their resistances,

Following are some data regarding the cells which we have de-
seribed :

TABLE oF ELECTROMOTIVE FORCES.

Daniell cell : : . . : . . 1079
Calland-Trouvé cell t ; : i SO S ]

Graiffe cell : : : - ; 2 ; . L35
Bisulphate of mercury cell . . : ‘ . 1.526
Bichromate of potassinm cell . . : . 19to2.026

The most important measurement, that of the intensity of the
current, is furnished by the galvanometer, an indispensable instru-
ment, which ought to be annexed to every medical battery. For a
long time galvanoscopes were the only instruments made use of.
The employment of the galvanometer, properly so-called, has been
possible only since the time when an agreement was reached with
regard to electric units,

The first medical galvanometers, constructed by Gaiffe, were based
upon the principle of Nobili’s multiplier.

Let us recall Oersted’s experiment. When a galvanic current
passes through a wire situated in the plane of the magnetic meridian
and in the neighborhood of a magnetic needle which is movable in a
horizontal plane, the needle is deflected and tends to place itself at
right-angles to the direction of the current.

Ampéere has compared the electric current to a man lying on his
back and looking at the needle while the electric current passes
through him from his feet or his head. W hile the current is passing,
the north pole (N.) of the needle is always deflected toward the man’s
left hand. We can make use of this law to determine the direction
of the current in practice,
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Schweigger inereased the effect produced upon the needle by pass-
ing the current through a wire covered with silk and wound upon a
frame of wood, ivory, or, still better, of copper. Lastly, Nobili re-
placed the single movable needle by two magnetic needles connected
with each other by a piece of metal and arranged parallel to each
other with their opposite poles adjoining (i. e., with the north pole of
one next the south of the other). These needles represent an astatic
system. One of the needles being more strongly magnetized than
the other, the system is hung by a thread of raw silk, and, while one
needle is surrounded by the multiplier, the other is placed outside of
the latter and turns upon a dial so as to indicate the deflections
taking place in the system during the passage of a current through
the multiplier. The amplitude of the deviation depends upon the
intensity of the current.

It is by the aid of a system of this kind that there have been con-
structed medical galvanometers empirically graduated in milliamperes.
By giving the frame which supports the wire coils a certain curvature
it is possible to make the divisions of a uniform size. This form of
galvanometer, however, is for various reasons being gradually aban-
doned. It is influenced by the magnetic masses which are present
in all our modern houses. Moreover, this galvanometer is not
graduated so as to admit of the employment of very intense currents,
which are now in very frequent use.

The new Gaiffe galvanometers start from the galvanometer of
Despres and d’Arsonval. This latter instrument (Fig. 54) is based
upon the reciprocal action of a magnet and a current. It comprises a
powerful horseshoe magnet, A A/, having its axis vertical, and between
its branches a tube of soft iron, B, which is fixed like the magnet,
and which, becoming magnetized under the influence of the latter,
concentrates the lines of force of the magnetic tield upon the coil.
Within the donble magnetic field thus formed moves a frame wound
with an insulated copper wire. This frame is suspended by fine
silver wire, which itself is hung from an upright. A thumb-screw
enables us to raise the frame and to put it in the right position with
regard to the magnetic field. A mirror, immovably fixed to the
frame, enables us to read the deflection by the mirror method. By
projecting upon this mirror a ray of light in such a way that it is
reflected upon a scale placed at a distance upon the wall of the room,
the slightest deflections of the frame become apparent. Below,
this frame has a platinum wire which dips into a cup containing
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mercury, above which is a layer of water containing potassium cya-
nide. One of the ends of the wire wound upon the frame is attached
to the suspending wire, J H, and is thus in electrical contact with the
upright, 3, and the terminal, k. The platinum wire, dipping into the
mercury, puts the other end of the wire forming the movable frame
in contact with the terminal, ., by means of the screw, 8. The cur-
rent to be measured, entering through K, ascends along the upright,
M, descends through the suspending wire, HJ, passes through the

frame, cc, and leaves the latter by b, to end in the screw, E, and
the terminal, .. The silver wire, i J, is about 0.05 mm. in diameter.
It serves at once as a conductor of the current, as an axis of rotation
for the coil-frame, and by its torsion as a spring antagonizes the
foree which deflects the frame. Hence the torsion may be used to
measure this force.

This instrument cannot be influenced by terrestrial magnetism nor
by magnetic bodies in the vicinity. Tt is furthermore aperiodic and
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instantaneous, so that when traversed by a current the movable con-
ductor takes its position of equilibrium at once without any oscilla-
tion. And, lastly, it is very sensitive,

[In Flemming’s vertical milliampéremeter the scale is divided into
ten units from zero in either direction (Fig. 55). When the double
switch, M, at the base of the instrument points to the figure 1 in
front of it, the figures of the scale indicate a milliampére each. If
this switch be moved to button 10, the scale-reading is to be multi-
plied ten times. If it points to 100, the scale-reading is to be mul-
tiplied one hundred times. Thus, if the switch points to 1 and the
needle indicates 3 on the scale, there is a current of three milliam-
peres in the circuit ; if the switch points to 10 and the needle to 3,

Flemming's Vertical Milliampéremeter.

there are thirty milliamperes ; if the switch points to 100 and the
needle to 3, there are three hundred milliampéres. When using a
current of less than ten milliampéres, therefore, the switch, ar, should
be placed on button 1; when less than one hundred are to be used,
it should point to 10, and when over one hundred, it should point
to 100. Before turning on the current always be sure that the needle
swings perfectly freely.—EDb.]

In another instrument, bearing the name of d’Arsonval, the
mass of soft iron of the d’AIsumal galvanometer is suppressed.
The coil is mounted upon a steel axle, the ends of which are highly
polished and revolve in caps of hard stone, while two spiral springs,
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made of some non-magnetic metal, serve at onee to bring the coil
back to the zero-point and to conduct the current.

The galvanometers thus obtained are sensitive, aperiodie, and
have a scale with uniform divisions. Hence, different models are
made. The first two are small, portable, and must be laid flat when
used. The third (Fig. 56) is large and with a vertical dial ; it is
mainly intended for laboratory experiments. During the whole time
that the current is being administered one ought to be able to con-
sult the galvanometer and to know the intensity of the current used
without having to make any caleulation.

Fre. b,

It is, moreover, necessary when we are using the continuous cur-
rent, to know the quantity of electricity that has been employed
during the sitting. _

If the current maintained the same intensity all the time, the
quantity of electricity used in any time whatever would be known
from one of the formulwe already given, namely, Q = I t (where { is
the number of seconds); but the external resistance being wvariable
during the course of the same operation, a caleulation of this sort 1s
almost impossible.  Practically, it is rendered superfluous by the use
of the voltameter.

This instrument is a happy application of Faraday’s laws of elec-
trolysis. Let us recall these laws,
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1. The electrolytic action is independent of the relative positions
of the battery and of the electrolyte. Hence the voltameter may be
introduced at any point whatever of the external cirenit which in-
cludes some portion of the body. &

2. The amount of electrolyte decomposed is proportional to the
quantity of electricity which passes through the circnit. A coulomb
always decomposes the same amount of water ; it, consequently, sets
free a definite known mass of hydrogen. As there is the same number
of coulombs passing through all portions of the circuit at the same
time, all the chemical actions which are produced during the same
time in different parts of the circuit are proportional to the electro-
chemical equivalents of the electrolytes. This law admits of no
exception,

Hence, every time that the same volume of gas is produced in the
voltameter, the chemical work and the quantity of electricity ex-
pended will be determined. You will nevertheless observe that we
do not in this way get a measure of the total energy employed.

It is important that the reader should be made to understand the
sort of indication that the voltameter furnishes.

Suppose that we introduce into a cirenit a human body so as to
send the current continuously through the latter, and that with n
cells we obtain a current, the intensity of which is I. Let us now
place in the circuit a voltameter, everything else remaining the same.
By so doing we shall increase the external resistance and the work.
In order that the current shall maintain the same intensity, I, we
must make use of a number of cells, n’, greater than n. The elec-
trical energy developed will become n’'EIt, which is greater than
nElI{. This increase in the energy will correspond to the electrolysis
produced in the voltameter; it will afford a proportionate measure of
the work accomplished in the remainder of the circuit—that is to
say, in the body—by a current of an intensity, I, during the time, ¢,
or, if you will, a measure of the quantity of electricity which during
this interval of time passes through all parts of the circuit.

Gaiffe’s voltameter (Fig. 57) is composed of two concentric glass
tubes, one of which (¢) in the centre surrounds the platinum elec-
trodes, and is gradunated so as to serve for the collection and measure-
ment of the mixed gases (H and o) evolved. The other tube (T) is
a reservoir for the liquid. The two tubes communicate by means of
the little tubes (0 0”). After each measurement, the only thing that
we have to do, in order to fill the central tube again with liquid, is
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to lift the stopper (b) of the latter by means of the ring (a).
Formerly, this central tube was divided into cubic centimetres.

Boudet, of Paris, has drawn up a table which shows at once, for
sittings lasting ten minutes, the quantities of electricity that corre-
spond to the different volumes of gas which accumulate in the voltam-
eter. Gaiffe has also made the scale read coulombs directly, and
has given to the instrument the name of coulombmeter. Each
division, which is divided into tenths, is equal to 0.1740844 c.cm.,
and represents, at a temperature of 0° C. and a pressure of 76 c.cm., a
work of one ampére per second, i. e, of a coulomb. The galva-
nometer and the coulombmeter are, it will be seen, the two most
indispensable complements of galvanic batteries.

Fig. 57.

The instruments designed for measuring resistances are of less prac-
tical utility. They may, however, fulfil certain important purposes.

In general, we make use in practice of resistance-coils or rheostats,
formed of coils of German-silver wire insulated with silk or paraffin,
and so arranged that one or more of them can be intercalated in the
cirenit, so as to add to the latter a known resistance, varying from
1 to 40,000 ohms (Fig. 58).

In Gaiffe’s medical rheostat (Fig. 59) all that we have to do is to
unscrew one of the buttons of the metallic circuit attached to the
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frame of the box in order to make the current pass through the cor-
responding coil.

The same instrument is used to measure the resistance of auy part
whatever of the human body under determinate conditions, or to
oraduate the intensity of the current by progressively changing the
resistance. In the former case we operate by what is called the

FiG. b8,

substitution-method.  After having observed, by means of the
galvanometer, the intensity of the current when passing through the
body or a part of it, we substitute for this resistance a rheostat, the
resistance in which we vary until the galvanometer indicates the
same current-intensity as before. The resistance marked upon the
rheostat gives the value sought for.

The rheostat is principally used to graduate the current in a
gentle, progressive manner, a thing which is indispensable in appli-
cations made to certain regions, notably the head.

Fig. 59,
M B b B L:ﬁ: o, (0, Eg, @€
T T e e W &E?‘E—?m L
N \-., i‘_.ﬂl.l il b0 1004 g SB0 10000 290S0 5 - D

In certain cases we may make use of a liquid rheostat. This little
instrument allows of the passage of a current through a column of
liquid of variable length. There are also other rheostats which act
by graduating the current in certain special forms of apparatus.

Before ending the physical part of our study of the galvanic cur-
vent, we must consider the question of the density of the current.

We have already spoken of electrical density in the part of our
18
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discourse relating to what is called static electricity. This term,
when applied to the galvanic current, expresses the ratio between
the intensity of the current and the size of a cross-section of the
conductor, Practically, the question of the density of a current is
of as much importance as that of intensity. It has been well treated
of by Boudet, of Paris, whose works upon this subject will serve as
our main guide.

In electro-therapeutic applications the cirenit is composed, first, of
conducting-wires ; second, of the rheophorie plates or pads placed in
contact with the skin, and, lastly, of some part of the body. The
density of the current consequently varies at each of these points of
the circnit. Upon the surface of the skin, which is a sensitive
surface, the density should be such that during the entire period of
the sitting the patient should feel no pain of any account. It is
furthermore necessary that there should be no possibility of the pro-
duction of an alteration in the integument, such as might take place
without pain in cases of cutaneous ansmsthesia,

We infer from this important law that the surface of the rheophore-
plates ought to be in proportion to the intensity of the current.

At the point of contact of the rheophores with the skin the section
of the circuit is measured by the active surface of the rheophore-
plate. Calculation shows that, the intensity of the current being
equal, the density varies considerably, according as we work with a
plate having a large surface or with a small pad. The following
example of this is given by Boudet, of Paris :

If a patient is immersed in a bath in the water of which dips one
of the poles of the circuit, and if we apply to the part not immersed
a plate having a surface of 500 square centimetres, we shall get with
a battery of 20 Gaiffe cells a current of about 25 milliampéres, and
a current-density of 0.05 milliampére for each square centimetre
of surface. If we use a pad 2.5 centimetres in diameter, and the
conditions are otherwise the same, it will be necessary, in order to
get the same intensity of current, to use forty-four cells in place of
twenty, and the density will increase to 5 milliampéres for each
square centimetre, i. e., it will become a hundred times as great.
Under these conditions an intolerable pain will be produced, and if
the application should be kept up the skin would soon suffer great
injury.

If we consider what has taken place in this experiment, we shall
see that the diminution in size of the surface of the rheophore pro-
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duces an increase in the resistance, which has to be overcome by
multiplying the number of cells.

The density for the unit of surface increases in an enormous ratio,
although the quantity of electricity passing through the cireuit does
not vary, as the intensity of the current remains the same.

It will be necessary, therefore, in order to avoid accidents of any
sort or pain, to be satisfied with a current of weak intensity when we
are using a rheophore having a small surface.

From this we see that in order to send a large quantity of electricity
into the body, it is indispensable that we should make a proportional
increase in the size of the surface of the rheophore plate.

In practice, unfortunately, we cannot have a unit of density, We
must be satisfied with the knowledge that the density ought to be
diminished in proportion as the intensity of the current which is used
becomes greater.

But we may seek to determine experimentally the value which
can be given to the density by employing rheophores of different
areas, with variable current intensities. This is what Boudet, of
Paris, has done for currents from 1 to 25 milliampéres, applied for ten
minutes each. This work might be carried out, also, for currents of
the great intensities now used.

The mean values obtained by this observer are indicated in the
plates, under the form of geometrical curves (Figs. 60 and 61).
By means of these plates we can ascertain the current intensity which
we can employ with rheophores of known area when used by uni-
polar application. The plate indicates the surface of the active
rheophore ; and it shows what this surface should be for any given
current intensity which we propose to obtain. We see, for instance,
that in order to use, without danger, a current intensity of 25 milli-
ampéeres, we should use a rheophore the surface of which is 500 square
centimetres.

It seems to me that in general the areas for the rheophores found
by Boudet, of Paris, are a little exaggerated. It is a question, to be
sure, of averages, and we know that the tolerance for electrical density
may vary with the individual and also with the region of the
application. We may say, however, that it is almost always easy to
make a current of 25 milliampéres endurable when using rheophores
of an appreciably smaller area, i.e., of about 180 to 200 square
centimetres.

Induction. The third source of electrical energy to which we have
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recourse is induction. We denote by induction currents or induced
currents those which are produced by the physical action to which
other currents or to which magnets give rise.

Before describing an induetion apparatus it seems indispensable
to recall the general facts regarding induction.

We owe our knowledge of induction to Faraday (1831), and this
is the reason why the use of induced currents for medical purposes
bears the name of faradization.

Let us, in the first place, consider the action which a circuit tra-
versed by a current exerts upon a neighboring circuit. Suppose we
place alongside of a conducting wire connected with a battery another

Fi1a. 62,

eircuit, near the former but not touching it, and containing a galva-
nometer in its course (Fig. 62). While a uniform galvanic current is
passing through the first wire nothing in particular shows itself in
the second. But if we interrupt the galvanic cireunit, we observe at
once a deflection of the galvanometer-needle, which then returns to
the zero of the seale. Now, when we re-establish the galvanie cur-
rent—i. e, make a closure (C)' of the circuit—the galvanometer-
needle is deflected once more, but now in the opposite direction and
to a less degree than before, and then it again returns to zero.

These facts show that at the opening of the galvanic cirenit a

1 In the nomenclature of electrical reactions the translator has replaced the French abbre-
viationg F (fermetuse), N (negative), P (pozitive), and C {contraction), by C (clogure), Ca
(cathade), An (anode), and Cl (clonus), which are usually employed in this country.
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current is produced in the second wire. This is denoted by the name
of the induced current. From the galvanometer we see that this
induced current is in the same direction as the galvanie or primary
current, but of short duration.

These facts prove, furthermore, that at the closure of the primary
another induced current is produced, but in the opposite direc-
tion. This closure current is apparently weaker. We shall, how-
ever, see later that these two induced currents are equal in quantity,
but that the opening form of wvariation is more rapid than that of
closing,

We must then distinguish an inducing current or inducing agent,
and two induced currents, namely (1) the opening or direct induced
current, and (2) the closing or inverse induced current.

By means of some very simple apparatus we demonstrate the fol-
lowing propositions :

Whenever the primary current is diminishing in intensity or re-
ceding from the secondary eirenit, the current in the latter cirenit is
in the same direction as when the primary circuit is opened, i. e., the
induced current is said to be direct.

On the other hand, if the primary current increases in intensity
or approaches the secondary circuit, the induced current in the latter
is in the same direction as when the primary circuit is closed, i. e.,
inverse.

The inductive action is at a maximum when the wires are parallel ;
it becomes zero at the instant when the wires cross each at right-
angles,

A third cirenit placed alongside of the second is likewise influ-
enced, according to the same laws, at the moment when the induced
current is produced or interrupted in the second circuit. We may,
therefore, have induced currents of the first order, second order, ete.
In practice we make use only of induced currents of the first order.

Faraday has likewise observed that induced currents are set up in
the inducing circuit itself at the opening or closure of the carrent.
This is the phenomenon constituting self-induction. These currents
are called infra-currents.

The opening, or direct, intra-current is added to the battery cur-
rent and hence reinforces it, and consequently reinforces, too, the
inductive action. The elosing intra-current is weak for various rea-
sons. The variation produced at the closure is slower than that pro-
dnced at the opening, and, as the current is in the opposite direction
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to that of the battery current, it tends to diminish the action of the
latter.

The intra-currents are of little importance when the wires are
straight, even if the latter are quite long, and this is the case when
we make interruptions of the current during the treatment of a
patient. The intra-currents, on the other hand, become strong when
the circuit is wound in the form of a helix. In this case induction
of one spiral by another takes place.

Whatever be the rapidity with which the electric fluid traverses
the conducting-wire, the first spiral when reached by the fluid causes
induction in the second, the second eaunses induction in the third, and
so on. The same takes place when the current stops ; the current
has come to a stop in one spiral while it is still passing in those which
follow. We give the name of extra-currenfs to those currents pro-
duced by the induction of one spiral by another. They behave
like the intra-currents, of which they form only a special case.

It is to take advantage of this arrangement, which enables us to
reinforce the inductive action, that we wind the wires of the indue-
tion apparatus, covered by some insulating substance, either upon the
same or upon different spools, which ean be placed one within the
other.

Suppose that we place in the centre of a spool a bundle of soft iron
wires. Now if we pass a current through the cirenit of this spool,
we shall see that during the passage of the current the iron core is
magnetized, mutually attractive. When we break the current the
demagnetization is nearly instantaneous. This action gives rise, in
the cirenit upon the spool, to an induced current having the same
direction as the opening extra-current which it reinforces.

The soft iron then thus placed in the centre of the spool has the
important property of reinforcing the inducing current and conse-
quently the induced current also. This property is utilized in most
of the apparatus. In some it serves as a means of graduating the
extra-currents and induced currents, for the action of the soft iron
can be annulled by interposing in the magnetic field of the coil a
metallic eylinder as a shield, which then, as is readily seen, can be
used as a graduoator,

Finally, in order to finish the statements regarding the principles
of induction, we must recall to your mind the fact that magnets act
in the same way as solenoids, and that they can consequently be made
use of to produce induced currents. The way in which the soft iron
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was in the instance just cited magnetized and demagnetized has
already proved this fact to you. If we connect with a galvanometer
an insulated coil, in the centre of which we may place a piece of
soft iron to reinforce its action, we have only to approximate a mag-
net to the coil or withdraw it from the latter in order to produce a
current (Fig. 63). The current is inverse when the magnet is
brought near, direct when the magnet is made to recede.

Fra., 63.

So, too, when we make a magnetic pole or when we increase the
intensity of a magnetic pole already made, the pole so made or so
altered acts in the same way as a pole which we approximate to a
coil. -

This inductive action is at its maximum when the axis of the
magnet and that of the coil coincide.

If we denote by the same general name of magnetic field the
sphere of action of a current and a magnet, all the phenomena of
induction follow a general law enunciated by the Russian physicist,
Lenz.

All these phenomena, in fact, have this feature in common, that
they correspond to a modification of the magnetic field in which a
secondary, or induced, cireunit is found, this modification being due
either to exterior currents or magnets, or to the current which is
passing through the cirenit itself. Lenz’s law, or rule, relates to
the direction of the secondary current, and may be expressed as
follows :

The direction of the secondary current is always one which, by its
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electro-magnetic action, tends to oppose the act to which it was due,
e. g., the relative motive of the magnet and coil.

The facts regarding induction may be summed up in a table which
we borrow from Hospitalier.

—

Inverse induced current produced by Direct induced eurrent produced by
A ourrent A current
when it is being brought nearer, when it iz made to recede,
Indue- when it begins, when it stops, S -
ing 1 when it iz inereasing in intensity. when it iz diminishing in intensity.
agen
A magnet A magnet
when it is being brought nearer, when it is made to recede, :
when its intensity is being increased. when its intensity is being diminished,

All this may be summed up briefly as follows :

1. A decrease in the number of lines of force which pass through
a circuit induces a direef current in the eircuit ; while an inerease in
the number of lines of force induces an inverse current,

2. The total induced electromotive force throughout a closed
circuit is equal to the rate of decrease in the number of lines of force
which pass through the circuit.

These principles will be sufficient to enable us to comprehend the
deseription of various forms of induction apparatus, and to appreciate
the properties of the latter. However varied in form these appliances
may be, they are all derived from the same type, 7. e, that afforded
by the Ruhmkorff' coil. We shall consider the parts of an analogous
apparatus to which all the others may be referred.

FiG. 6.
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The subjoined schematic plan (Fig. 64) shows how the primary
and the secondary coils are arranged, and in what way the former is
connected with the battery, This is of low electromotive force, and
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is connected with the primary cireuit or inducing coil (B) by a wire
which is quite large and quite short, so as not to offer a useless
resistance to the passage of the current. In the axis of the coil is a
bar of soft iron, or, still better, a bundle of iron wires (c), which
lessens the delay in the production of magnetization and demagneti-
zation observed when a single bar is used. This soft-iron core in
the inducing coil has several uses. Among other things, it enables
us to produce automatic interruptions in the apparatus, by means of
an arrangement due to Neef {(of Frankfort), and represented here in
its simplest form (E). The second, or secondary coil, iz made with
a finer and longer wire. It forms a ecireuit which is completed by
the lead wires attached at »’ and ~’. TItis at these latter points that
we get our induced current. Lastly, the wire of the primary, or
inducing coil, is double at the ends, so that, while connected only
intermittently with the battery, it ean also be completed at P and ~
by lead wires, representing a derived ecireuit which can be kept per-
manently open or closed. The terminals P and N are used for col-
lecting the extra-currents.

The physical phenomena produced are quite complex, but are easy
to understand.

At the moment when the circuit is closed by the spring of the
interrupter (E) resting upon the point (n’) which establishes contact
between the cirenit and the battery-wire and a connection between
the coil and the battery, we get a commencing current. There is con-
sequently produced in the secondary coil an inverse induced current,
and in the primary coil itself an inverse extra-current. At the same
time the soft iron becomes magnetized, and thus we have a magnetic
field quickly developed. This action determines an inverse induced
current in the two coils, or, in simpler terms, produces a reinforce-
ment of the inductive action.

But as soon as the bundle of soft-iron wires becomes magnetized
it attracts the mass E, and draws it away from »n’, and consequently
the eircuit becomes open.

This opening of the eirenit produces an interruption of the current,
and consequently in the secondary wire a direet induced enrrent and
in the primary a direct extra-current. At the same time the demag-
netization of the iron core produces the effect of a rapidly receding
magnet, which determines a still further reinforcement of the in-
ductive action, i. e., of the direet induced current and the direct
extra-current.
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ProrERTIES OF INpDUCED CURRENTS. Itis not enough to know
the manner in which an induection apparatus is constructed, it is also
necessary to have some ideas in regard to the properties of induced
currents,

These currents, being the result of an inductive effect exerted by
the primary coil, are dependent partly upon this coil and partly upon
the conditions set up in the secondary coil.

Other things being equal, the intensity of the induced current
varies with that of the inducing current, and with the length of the
inducing circuit. As has been cited, the induced currents are alter-
nating, i. e., alternately inverse and direct. They are the result of
the variable stage of the primary current at the instant when it is
being established, and when it comes to a stop. This current
starts from zero, increases until it reaches a permanent state, and
then, starting from this point, decreases until it becomes once more
Zero. ;

When the interruptions are very frequent, the breaking of the
current is effected before the end of the variation, i. e., before the
permanent state is established, so that too frequent interruptions
impair the inductive effects.

The direct and inverse currents upon the same secondary eoil
represent the putting into action of an equal quantity of electricity ;
but the currents, considered in relation to each other, have neither
the same intensity nor the same electromotive force. In fact, the
difference of potential which is established in the secondary coil, and
hence, also, the intensity of the current, vary in inverse ratio to the
time of the inducing action. Now, the opening variation in the pri-
mary coil being shorter than the wvariation of closing, the direct
induced current corresponding to the opening of the cireuit has a
higher electromotive force and intensity than has the inverse current,
which is produced by the closure.

The causes of the difference in the duration of the variable state in
the primary coil are several. The prolongation of the variation at
the closure of the circuit appears to be due simply to the production
of the inverse extra-current. The phenomena at the opening of the
cireuit are more complex. The direct extra-current which makes
its appearance at this instant gives rise to a spark which tends to
prolong the variation, and consequently to diminish the difference
between the duration of the two variations. The current diminishes
before coming to a stop, and the soft iron becomes demagnetized less
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suddenly., These causes of impairment of the inductive action may
be, to a great extent, avoided by means of an arrangement devised
by Fizeau (1853). It consists in connecting this point of the cireuit
on both sides of the interrnpter with a tinfoil condenser, the function
of which is to draw off the extra-current and to diminish the spark
(Fig. 65).

Fia. Ga.
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The medical forms of apparatus are not provided with this con-
denser,

Let us now consider the influence exerted by the construction and
location of the secondary coil, without, however, going into the
questions of pure physies which are raised by this rather difficult
subject.

The induced current produced by a given inducing current, pre-
senting determinate periods of variation, depends, from a practieal
point of view, mainly upon the length of the wire in the secondary
coil.

Under the conditions under which the forms of apparatus used in
medicine are constructed, the predominant property of coils with a
coarse, short wire is quantity. The current-strength in this case is
high, but the electromotive foree is comparatively weak. In coils
made with a finer wire, and containing consequently a greater number
of turns, the property which gets to be predominant is the difference
in potential between the terminals or the electromotive foree.

The current-strength in this case is comparatively small. In
practice, therefore, we ought to choose coils with long, fine wire in
all cases in which we shall require to produce effects which are de-
pendent upon electromotive force ; and, on the other hand, we shall
give the preference to coils with a coarse wire.

In general, in medical apparatus the wire of the primary coil is
from 1.5 to 2.0 mm. in diameter and from 6 to 35 metres long, and
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that of the secondary coil has a diameter of about 0.16 mm. and a
length of 1000 to 1800 metres. DBut we shall see that certain forms
of apparatus enable us to use coils made with wires of various diam-
eters and a greater or less length.

Lastly, we may add that the situation of the coil may serve as a
means of graduating the current, since the inductive effects diminish
progressively as the coil conveying the secondary carrent is carried
further away from the primary coil ; and are, on the other hand, at
their maximum when one coil covers the other.

We have seen that the two extremities of the wire of the secondary
coil correspond to the two metal terminals, p/, N’ (Fig. 64). These
are the terminals of the coil. If we consider both induced eurrents,
namely, that produced at the closure and that produced at the open-
ing of the circuit, each of the terminals is alternately a positive and
a negative pole ; but in most medical and physiological applications
the closing induced current can be ignored for reasons that we have
now become acquainted with.

Practically, then, we take into account only the breaking current.
When a finger is applied at each terminal the pole which provokes
the most painful sensation is the negative one.

Induced currents, except for their alternation and the brevity of
their duration, obey the general laws governing other currents, and
are capable of producing the same physical effects as the latter. To
show this we need only commute the direction of the inverse currents
s0 as to get them all together in the same direction, as we do in the
case of dynamo-electric machines. It can then be seen that induced
currents possess the same chemical properties as do the primary cur-
rents. As to calorific effects, this is not necessary in order to estab-
lish the fact of their production, since the quantity of electric energy
in a cirenit is independent of the direction of the current.

From a physiological point of view, an induced current as its
specific characteristic, presents great differences of potential, which
are associated with a comparative weak eurrent strength, a condition
which is very different from the characters presented by the primary
current, We may also add that, as induced currents have a very
short duration, they cannot give rise to reactions which, in a normal
or pathological state, require excitation lasting for a certain time.

In practice we do not measure induced currents. We concern
ourselves only with the number of interruptions, which in appa-
ratus of the better make can be varied at will, so as to have a defi-
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nite number of shocks, rendered more or less energetic by means of
various methods of graduation. Hence, the Congress of Electricians,
held in 1881, has recommended the use of a normal coil, which, when
set in action by a eurrent of constant intensity, will enable physiolo-
gists and physicians to put themselves under conditions that are
always identical, and thus to have results that are comparable with
one another. Unfortunately, manufacturers have paid no heed to
this advice. Fach one always tries to show the difference between
himself and the rest by the differing character of his model and
- theirs.

If for the precise experiments of physiology we should wish to
estimate the energy of induced currents, we might make the caleula-
tion by sending a discharge into a ballistic galvanometer and com-
paring the effect with that emitted by a condenser of known capacity.

FiG., 66,

Gaiffe's bisulphate of mercury pocket batiery.

FiG. 67,
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The kinds of induction apparatus used in medicine are too numer-
ous for us to be able to deseribe all of them., They differ mainly
in their size, in the way in which the interruptions are made, and in
the method of regulating them.

In the small forms of apparatus and in some of medium size,
constructed mainly with the view of being portable and not very
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costly, the interruptions are obtained by means of a Neef vibrator,
and in general there is but one coil of fine wire, which is fixed, and
which covers the inducing-coil. These small forms of apparatus are
run by a bisulphate of mereury tray battery (Figs. 66 and 67). In
these we can to a certain degree modify the number of interruptions.
Moreover, the regulation of the intensity of the currents is obtained
by means of a brass cylinder, which moves back and forth parallel
to the axis of the apparatus between the core and the inducing-coil.
When we wish to utilize the effects of a coil with a short and coarse
wire there are generally special terminals which enable us to collect
the extra-currents of the inducing-coil.

The medium and large-sized models have the advantage of pos-
sessing a vibrator which can give a variable number of interruptions
and of having multiple coils, nsually mounted on a sliding-stand,
analogous to those of Siemens and Halske’s model, used for the first
time by Du Bois-Reymond. When these forms of apparatus occupy
a stationary position in a physician’s office an outside battery is used
to run them ; but some are arranged in a portable box. In America
such apparatus as those illustrated in Figs. 68 and 69 are commonly
employed.

Fia. 68,

Flemming's Du Bois Reymond induction-coil, with or without interehangeable multiple
~ coils, rapid and slow interrupters adjustable to variable rhythms to an absolute zero: also
provided with rack and pinion device for governing current strength, commutator, and
division-scales. May be run by two Axo cells or one Grenet bottle-cell,

In Trouvé’s clock-work interrapter (Fig. 70) a cylinder divided
into twenty-five parts in the direction of its length is moved by
clockwork, the rapidity of the movement being governed by a fly-
wheel regulator, so that the eylinder may be made to describe any
desired number of revolutions a second.  Each portion of the eylinder
is provided with a certain number of frets or pegs, the number of
which increases regularly, forming a series of integers. There is a
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style which can at will be moved parallel to the axis of the cylinder,
and which can thus be placed in contact with each series of frets in

Du Bois-Revmond induetion-battery, the same as Fig. 68, in portable form, with or without
interchangeable multiple coils,

FiG. 70.

succession. The current is interrupted as many times as there are
frets.
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Many other systems have been proposed for producing an inter-
ruption in the inducing-current. We will mention, in addition to
those that we have deseribed, only the use of tuning-forks, whose
specific vibrations are kept up by means of an electro-magnet, placed
in series with the primary coil, or actuated by a eurrent furnished by
a special battery. For precise experiments, electric tuning-forks
have the great advantage of furnishing interruptions which are
absolutely regular, whatever their rapidity may be; but they can
only be used in cases in which we wish to have very rapid induced
currents. Boudet, of Paris, made use of two tuning-forks, one
having 60 and the other 215 double vibrations a second.

The forms of apparatus with superimposed coils, which, as we
have seen, are graduated by means of a brass cylinder, have the dis-
advantage of not giving an absolute zero. They cannot, therefore,
be utilized for physiological researches, which often require the use
of currents having a minimum energy. Hence, what are called the
sliding-stand forms of apparatus have been devised, which enable us
so to graduate the induced currents by means of the greater or less
degree of separation of the two coils—primary and secondary.

These latter forms of apparatus offer the additional advantage of
enabling us to take the ordinary secondary coil away completely,
and to replace it by another of the same diameter, but having a wire
differing from the first coil in length and thickness.

It is to Tripier that we owe the first medical apparatus of this
sort.

Tripier’s large apparatus, constructed by Gaiffe, possesses three
secondary coils ; one with coarse wire, the resistance of which is
about 1 ohm ; a second with medium-sized wire and having a
resistance of 15 ohms; and, lastly, a third with a long and slender
wire, the resistance of which reaches 1300 or 1400 ohms. From
what has been already stated, it can be seen that with the same
inducing-coil we have in this apparatus the means of varying the
tension according to the variouns requirements that may arise in its
practical application.

There is, besides, a Tripier’s apparatus which is smaller and which
is inclosed, along with its generating-battery, in a portable box,
although it may also be run by a battery outside (Fig. 71). The
sliding-stand carries two secondary coils, one with a coarse, the other
with a fine wire. To make the use of either one of two coils we

have only to reverse the mechanism which supports both.
19
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We may likewise employ the opening extra-current taken from
the induecing-coil. To graduate this extra-current we connect the
secondary coil with itself by means of a small wire. It then acts
like a regulating-cylinder. We may, furthermore, intercalate a
water-rheostat in the circuit.

The wibrators giving a variable number of interruptions, the
description of which we have just given, are generally fitted to the
large or medium-sized sliding-carriage form of apparatus. All
manufacturers now offer apparatus of this sort of various sizes.

Formerly, before the invention of Ruhmkorfl’s coil, physicians
ordinarily used magneto-electric machines. At the present time
these are seldom used, because of the necessity of having a third
person to turn the handle when they are employed. These instru-
ments have, however, a real value, and afford in certain cases some
advantages. The medical magneto-machines all start from the
types furnished by those of Clarke and of Page.

In Clarke’s machine (Fig. 72) an armature of two coils of wire
is so arranged that it can be turned in front of the poles of a per-
manent fixed magnet. During the rotation of the armature the
lines of force of the magnetic field are cut in such a way that currents
are induced in the coils.

Fi1G. 73.

After Guriel.

Let s and N (Fig. 73) be the two poles of the magnet, and B, B/,
B/, B'" the different positions of a coil revolving about the centre, o,
in the direction indicated by the feathered arrows, and suppose, for
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the sake of simplifying the explanation, that when the coil is in the
vicinity of one of the poles that pole alone is active.

Let us first take the coil facing ~, and in the act of receding from
it with a uniform motion. There will be produced in the cirenit,
of which the wire of the coil forms a part, a current having the
direction indicated by the unfeathered arrow. The current, at first
strong, will progressively diminish ; but soon the coil will approach
the point P, and the action of the pole s will begin to make itself
felt. The pole s corresponds to a specific enrrent having a direction
opposite to that of ~; but, inasmuch as the coil is approaching s,
an induced current will be produced having a direction opposite to
that of s, and consequently the same as that of the current first set
up. The latter will be kept up, but the moment the coil passes s
the current will suddenly change its direction. The same effects
are reproduced for this second half of the revolution, and it can be
seen that we thus obtain alternating induced currents.

FiG. 74.

e —

A special arrangement of that part of the apparatus which eol-
lects the currents enables us either to get currents which alternate—
i. e., as they are given by induction—or to get currents whose direc-
tion is always the same.

In Page’s machine it is the poles of the magnet that are furnished

with the coils.
We may combine the two systems, as Gaiffe has done, by placing
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the helices both upon the armature and upon the magnet, and thus
obtain an apparatus which, though of small size, has a considerable
power.

The models, however, that are the most commonly employed in
medicine, particularly in England and America, are all similar to
the Clarke machine.

Gaiffe makes a Clarke machine which he has rendered very
practical by supplying it with an appliance which serves at once as
a rectifier of the direction of the current, an interrupter, and a
graduator. (Fig. 74.) The graduation of the current is obtained
by varying the interruption from the minimum to the maximum
point of the curve of intensity of the induced current; a simple
sliding of the brushes along the collector gives this result.

This apparatus, in spite of its small size, furnishes currents of

FiG. T5.

rather high electromotive power analogous to those of the induction-
coil ; and, furthermore, puts into action a considerable quantity of
electricity, which cannot be obtained with the induction-apparatus.
It also has the advantage of giving currents constant in direction,
Very recently d’Arsonval devised a new magneto-machine, capable
of furnishing regularly alternating currents. This machine (Fig.
75) consists of a movable magnet revolving in front of and very
near a fixed electro-magnet. The magnet, instead of being horse
shoe-shaped, is circular. It is formed of several disks of steel,
magnetized separately to the point of saturation and attached to one
another. The two poles are at the extremities of the same di-
ameter, Ns. The magnet is mounted upon an axle, aa’, which is
set in motion by means of a pinion and toothed-wheel, . The
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cores of the fixed coil, E, are the same distance apart as are the
poles of the movable magnet.

During the rotation of the magnet there are produced in the coil
induced currents, which change their direction with each half-revo-
lution. These currents do not have their directions rectified, and
can produce a continuous excitation, which is regularly alternating.
We vary the electromotive force, and consequently the intensity, ot
the induced currents either by varying the rapidity of the rotation
or by bringing the fixed coil more or less close to the magnet. The
intensity of these currents may be represented by the ordinates of a
sinusoid (the sine curve), the abscisse representing the times; hence,
these currents are sometimes called sinusoidal currents,

At present Gaiffe is working upon a machine designed for medical
use, and furnishing, by means of a dynamo analogous to that used
in electric motors, a sinusoidal current which it is easy to graduate.

Lastly, we will mention an apparatus devised by Dr. Fontaine-
Atgier, and which he has denoted by the name of volta-gramme
machine. Two coils placed opposite to each other are separated by
a vibrator, which is at once a commutator and a switch. The sepa-
rate parts placed in and upon the coils are too complex to be de-
scribed in detail, but, in general, are so arranged that one of the
coils is in the electric state exhibited by the closing form of varia-
tion, while the other is in the state exhibited by the opening form.
We may then collect the direct induced currents without loss of
time, so that a subeutaneous excitation is furnished ; or may collect
alternating currents in the opposite direction, also, without any loss
of time, in which case the execitation set up presents a certain analogy
with that which d’Arsonval’s apparatus produces. In reality we get
in this way undulatory eurrents, which are not absolutely continuous,
and which are more like ordinary induced currents than continuous
currents from a battery.

I should also point out to you that it is possible to associate the
induced and galvanic currents. To apply this method, which has
been used in recent years by some practitioners, we intercalate in the
circuit of the secondary coil, by means of a de Watteville current-
combiner, a galvanic battery like those which we make use of for
producing continuous currents. When, then, we connect the positive
pole of this battery with the negative pole of the induction-battery,
even two cells acting in the former will produce an intense effect by
adding to the tension-eftects produced by the induction-apparatus a
certain quantity of electricity ; on the other hand, when the gal-
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vanie battery is connected with the coil by poles of the same name
(positive with positive), the tension-effects due to the induced current
will be found to be annulled, even when only three or four ecells of
the battery are employed.

This method of electrization gives rise to quite complex physical
conditions. According to some authors, including Boudet, of Paris,
it should offer great advantages in some cases of muscular atrophy.

Animal Electro-genesis. We have borrowed from electrophysics
simply those facts which it was indispensable for us to know if
we wish to understand the different kinds of medical apparatus and
to make use of them with some degree of precision. So, too, in
taking up the second part of our subject, which relates to physiology,
we shall concern ourselves only with questions which may have prac-
tical importance.

To Galvani (1786), whose celebrated experiments are well known,
is attributed the discovery of neuro-muscular excitability—a dis-
covery which is one of the most remarkable in physiology. This
observer, at the same time, discovered animal electricity.

Sinece this epoch this important chapter of physiology has been the
object of very many researches, notably on the part of Mattencei
and Du Bois-Reymond (from 1840 to 1843). The experiments of
this latter physiologist, owing to the conditions under which they
were performed, have been more productive in the demonstration
of facts.

In order to prove that animal tissues are electrogenic it was, in
fact, necessary to avoid the generation of electric currents at the
points of contact between these tissues and the instruments employed.
Du Bois-Reymond succeeded in doing this by borrowing from J.
Reynauld the idea of using non-polarizable electrodes formed of
amalgamated zinc immersed in a saturated and perfectly neutral
solution of zine sulphate and applied to the tissues through the
medium of a saline solution.

The first researches made in this direction revealed some interest-
ing facts which, unfortunately, became the starting-point of very
questionable theories, so that for a long time electro-physiology
remained one of the most obscure branches of science. Ewven at
present it can scarcely be regarded as more than outlined. It ig,
moreover, a difficult study, requiring special apparatus which has
only very recently arrived at some degree of precision.

In electro-physiology it is alone of all things indispensable to
work with really non-polarized electrodes and with good galva-
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nometers, The electrodes used at present are those of d’Arsonval,
They consist of a silver wire coated with fused chloride of silver
and kept in a glass tube filled with a 1 per cent. solution of sodium
chloride. It is easy to make them one’s self and to give them a con-
venient form and size. But it is well to be warned in advance that
they are sensitive to light.

We can thus in a very simple manner, by acting upon the silver
serre-fines with chlorine, form electrodes suitable for seizing the tis-
sues, and especially the muscles, directly.

Two principal divisions of electro-physiology are to be distin-
guished : that treating of animal electrogenesis and that treating
of the action of electricity upon the organism and upon its various
parts.

The former has served as the theme of a great number of theories,
the result of which has been to make its history very complex and
rather confused. From a practical point of view it presents only a
very limited interest. The second, on the other hand, is of great
importance for us, for it should serve as the foundation of all rational
therapeutical applications,

We should not, however, remain indifferent to facts regarding
animal electrogenesis, and a short account of it is of value, taking as
a guide the interesting considerations which have been developed with
respect to this subject by d’Arsonval.

The body and detached living fragments of the body are electro-
generators, i. e., producers of currents.

Among the electric manifestations which take their origin from
the tissues we may distinguish those which are continuous, or the
currents of rvest, and those which are momentary, or the currents of
action,

We malke the existence of these currents evident by using a frog’s
leg properly prepared. The sciatic nerve is carefully isolated, the
skin removed, and the nerve and leg detached by division of the mus-
cles and the bone in such a way as to have a certain length of nerve
free. We thus have the galvanoscopic leg or physiological rheoscope.

If with a glass hook we turn the nerve over so as to bring its cut
surface in contact with the surface of the muscle, we see that a single
but energetic muscnlar contraction takes place; this is the fact dis-
covered by Galvani ; the leg thus prepared is at once a source of elec-
tricity and a galvanoscope. Careful study of this phenomenon shows
that there is a current which passes from the body of the muscle to
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the tendon as long as the muscle remains alive. The surface of the
musele is positive with relation to the section of the nerve which is
negative.

The same is true of the nerve, but at this point the current is
weaker. It is the sudden variation produeed in the case of the pre-
ceding experiment, by contact of the cut surface of the nerve with
the surface of the musele, that determines the muscular contraction.

To show the existence of the current of action, we use two galvano-
scopic legs. The nerve of the second is upon the muscular mass of
the first, and at the moment when the muscle contracts by being put
in contact with the extremity of this nerve, or by mechanical excita-
tion of this nerve, a contraction is observed to take place in the
second leg. Mattencei has given to this phenomenon the name of
induced contraction.

If, on the other hand, we stimulate the nerve of a galvanoscopic
leg so as to get a tetanization of the muscle, we see a great decrease
take place in the current of rest. This last phenomenon constitutes
Du Bois-Reymond’s negative variation. When we study what hap-
pens upon the stimulated nerve we find that the same thing occurs,
It is the sudden variation in the electric state that is the cause of the
stimulation of the nerve of the second galvanoscopic leg in the
experiment of induced contraction.

It is not necessary to dilate upon these well-known facts. The
question which is of real importance is whether the phenomenon
observed upon detached portions of an animal’s body is not the
consequence of the alterations which vivisections produce in living
tissues. This objection has been raised by physiologists of good
standing. Hence Du Bois-Reymond has attempted to demonstrate
the phenomenon of a negative variation in uninjured animals and
in man. This physiologist has experimented upon the arm and
has shown that the current of rest diminishes at the instant that
the subject experimented upon contracts his muscles. It has been
remarked that under these conditions there were causes of error
due to the production of currents set up by variations in the state
of the skin. But it can be demonstrated that every contraction
of the heart is accompanied by this same phenomenon of nega-
tive variation. This fact may be established not only for the heart
of the frog or tortoise which has been exposed to view, but also
for the dog’s heart which has been left in sifu and into which our
chloruretted needles are plunged. A. Walher, by applying his in-
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struments to the surface of the chest, has demonstrated the negative
variation produced by the cardiac contraction in man.

We are then justified in supposing that the current of rest really
exists and that it is not simply the result of the lesions that have
been produced which render it manifest. But how should we
interpret these phenomena which we have just now briefly recalled
to mind ?

Among the numerous theoretical explanations which have been
given of these facts, we will cite only the recent and ingenious
hypothesis enunciated by d’Arsonval. This hypothesis is a dedue-
tion from the interesting experiments of Lippmann upon what is
called surface-tension.

It is admitted that the force of cohesion of the molecules of
every liquid contained in a wvessel develops a certain amount of

FiG. 76.

tension upon the surface of the layer of liquid. When two liguids
of different density are placed in the same wvessel a double tension
layer is produced at the surface of contact of the two. Lipp-
mann experimented with mercury and with water acidulated with
sulphuric acid. From numerous experiments which he made he
concluded that the surface-tension or capillary constant at the surface
separating the two liguids is a function of the difference of electrie
potential of the latter. He also saw that the surface-tension and
this potential difference undergo simultaneous variations, and upon
the basis of these laws he has devised the electrometer which bears
his name. It is worth while to point out the principle of this in-
genious apparatus. A eapillary tube, A (Fig. 76), communicates by
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one end with the under vessel, ¢, containing mercury, and by the
other with the vessel, B/, containing acidulated water, which lies upon
a layer of mercury. The two masses of mercury are connected respec-
tively with the platinum wires, A’ and B.

When the two wires are connected directly the potential of the
two masses of mercury is the same, and the mercury always stops at
the same point, 3, in the eapillary tube. This is not so, when, after
separating the two wires, A’ and B, we impart to them a difference in
potential by means of any exterior source of electricity whatever.
The level of the mercury changes and now occupies a new position
of equilibrinm which remains absolutely constant for the same dif-
ference of potential between the wires, A" and 5.

The converse of the law which has just been enunciated, and upon
which is based the capillary electrometer, is likewise established by
experimental facts, and may be stated as follows :

When the surface separating two liquids of different density is
disturbed by mechanical means a state of electrification is created,
the character of which is such that the corresponding surface-tension
opposes a continuation of the movement.

We may mention one of the experiments by means of which we
demonstrate this proposition. Two vessels, v and v’ (Fig. 77), each
containing mercury covered with a layer of acidulated water and
placed side by side, are connected by means of a wisp of cotton, c.
A galvanometer, G, is connected with the masses of mercury. As
long as the two vessels are kept still, no current passes through the
galvanometer ; but if we suddenly incline one of the vessels (v'), the
needle is at once deflected and indicates the existence of a current
which passes through the liquid of the tilted vessel to the wvessel

which has been left upright.
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Starting from these experimental facts, d’Arsonval has devised a
sort of artificial muscular fibre capable of giving shocks.

A caoutchoue tube (A B, Fig. 78) is divided into a series of com-
partments by porous disks of bamboo or of earthenware, the tube
being tightly corded wherever these disks occur. Each compartment

Fic. 74.

is filled with a layer of mercury covered by a layer of acidulated
water. If we hang the tube up by its upper end, and, after grasping
its two ends, stretch it suddenly, we feel a shock. If we hang from
B a weight which we make oscillate from above downward and back
again, so as to make the apparatus take successively the forms A B
and A'B', we get alternating ecurrents, Finally, if after having
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attached the end, B, to the centre of a diaphragm, we conneet a and
B with a telephone, or, better, with a microphone, the apparatus will
reproduce speech.

We see, then, that mechanically produced derangements of shape,
however slight and however rapid, modify the electric state; and,
conversely, variations in electrie state, however slight and however
rapid, are accompanied by a derangement of shape.

According to d’Arsonval, we observe the same phenomena in all
liquid or semi-liquid bodies, either of organic or inorganic origin,
which present a surface of contact that can be distorted mechanically.

These physical properties would furnish the explanation of the
physiological phenomena previously deseribed.

The negative variation occurring simultaneously with the con-
traction of a striated muscle would be due to the variation in the
surface-tension, and, consequently, in the electric state, which is the
consequence of the internal meehanical distortion oceurring in every
living tissne which is undergoing a spontaneous change of shape.

Du Bois-Reymond, moreover, has shown that the negative varia-
tion can still be observed when the musele is imprisoned in plaster.

The electric organ of fishes (the torpedo, for instance) pre-
sents a great analogy to muscle. The discharge from this organ
is probably due to the same cause as is the negative variation of
musele.

Whatever may be the truth of the theoretical explanation offered
by d’Arsonval, the fact of the electricity of muscles seems to be well
established. This electricity is bound up with the life of the pro-
toplasm of the cell, and should be regarded as one of the modes of
transformation of the chemical energy expended in a cell which is
alive—i. e., In a state of nutrition.

D’Arsonval even thinks that the heat resulting from the nutri-
tive processes is only the consequence of a second transformation.
The musele would, according to this, be an electric and not a
thermic motor. In the spontaneous play of muscle-tissue the energy
would first take the chemical form, under the influence of cellular
nutrition, and then the mechanical derangement in shape of the pro-
toplasm would evolve an electric energy, itself’ changing afterward
into the form of heat.

The theoretical views enunciated by d’Arsonval cannot yet be
regarded as demonstrated, but it is well to be acquainted with
them, because they apply to well-established physical facts, and
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they have the advantage of representing living matter as the seat
of phenomena in which there is an opportunity of allowing for
the transformation of the wvarious kinds of physical energy into
one another. In this living matter, in fact, we see the phenom-
ena of mechanical energy, electric energy, and heat making their
appearance, and we may say that the laws which govern these dif-
ferent manifestations are without doubt the same as for inorganic
bodies.

We should conclude from this that the phenomena produced in
living matter at the moment when physical agents, and especially
the electric agent, exert their disturbing action, are of prime impor-
tance. But the study of these facts is at present complex and
very obscure, for we know nothing of the relations that may exist
between the different forms of vital and of physical energy. What
could we say, for instance, regarding the possible relation between
electric energy and what is understood in physiology by the term
newrilily or nervous force? :

All that we can now assert is that electrical phenomena are mani-
fested constantly during vital actions, and that electricity appears to
be normally one of the agents necessary for the production of the
manifestations that are called physiological.

Application of Electricity to the Body. Applied to the body
electricity acts upon it differently as its mode of application creates
a permanent, fixed state, such as is set up by the passage of a con-
tinuous current, or creates a variable state represented by interrupted
or periodical currents.

We know already that the wvariable state is more particularly
adapted for producing excitation of the nerves and musecles. The
physiological manifestations to which it gives rise are very apparent
and are comparatively easy to analyze.

The continuous flow of the galvanie eurrent produces work which
is more diffused, more deep-seated, and more difficult to grasp—one
which seems to be mainly associated with chemical energy, and of
which, so far, we have not been able to give a precise account.

We must likewise regard the procedure denoted by the name of
the electrostatic bath as one of the means of applying electricity con-
tinuously. We will begin our description by stating the effects
produced by this kind of application.

Static EvEcTrRIZATION. The body of a subject is insulated by
being placed on a stool and put in communication with a static ma-
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chine, or not insulated, and receiving, by means of the appliances
‘that we shall deseribe, what is called the electric wind, is traversed
by a constant current of high potential which leaves the surface of
the body through the air, the latter playing the part of an external
cireuit.

The intensity of this current is really very slight, and yet the
physiological phenomena produced by static electrization are notable.

The effects of atmospheric electricity have been known for a long
time, and in the last century men began likewise to suspect the
influence which static electricity exerts upon the general state of
the body.

However, the methodical employment of static electricity goes
back scarcely fifteen years, and we are still but imperfectly acquainted
with the physiological phenomena to which it can give rise.

All observers have noticed the bristling of the hair and the cob-
web sensation which spreads over the surface of the body. Many,
also, agree in recognizing the modifications produced in the cireula-
tion. As early as the eighteenth century Jallabert and Sauvages
had remarked the increase in rapidity of the blood-current and the
acceleration of the pulse—facts which were rediscovered by Stepa-
now, Vigouroux, and Eulenburg. Stepanow observed that while
the electrostatic bath lasted there was a more marked elevation in
the sphygmographic tracing, and that the dicrotism was increased.
Damian has confirmed this observation. According to this, there
should be a diminution in the vascular tension, but in a patient of
Charcot’s, who had just been bled, the flow of blood which at first
had stopped, reappeared under the influence of the electrostatic bath.

Jallabert has noted an increase in the temperature, a fact which
was also remarked by Stein and Vigouroux. According to Danion,
this effect belongs to only the electropositive bath, the electronegative
bath producing no wariation in temperature, and negative sparks
causing a slight reduction of the latter.

According to the older authors, static electrization increases all
the secretions. The increase effected in the perspiration is a fact
that has been often observed. According to Stepanow, the sweat
diminishes at the points that are being electrified and increases over
the rest of the body. The same author has also observed an inerease
in the quantity of urine passed in the twenty-four hours. Danion
observed this increase in the quantity of urine only with the negative
bath.
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General sensibility is certainly more or less modified, but in a
manner varying according to the subject of the experiment. Most
observations upon this point have been made upon sick people, and
are, consequently, not adapted for giving us information as to the real
physiological effects of the electrostatic bath. In a general way, the
latter produces rather a sedative effect than one of excitation ; some-
times it even tends to cause sleep, and it is not a rare thing to see
patients overcome with sleep while still upon the insulating-stool.
In this connection we must take into account the action of the
ozone which is evolved in abundance in the atmosphere of the room
where the machine is being worked.

A more or less marked increase in the appetite at the end of a
certain number of sittings has been noticed, as well as the develop-
ment of some menstrual disturbances, particularly a doubling of the
number of menstrual periods.

As to the question whether there is any difference in action
between the positive and the negative bath, authors have given con-
tradictory opinions. According to Eulenburg, Benedictow, and
Vigouroux, the two kinds of bath produce sensibly the same effects.
On the other hand, according to Stein and Larat, the positive bath
is sedative and the negative bath execiting, and we have just seen that
Danion believes that ecertain physiological effects depend on the
nature of the bath. We may add that Schliep, in studying the
effects of atmospheric electricity upon the body, has found that a
positive atmospheric tension produces effects of excitation, while a
negative tension causes a state of marked depression.

The general phenomena observed by the electricians of the last
century should attract the attention of the authors of the present day
to the modifications which static electrization may effect in the gen-
eral nutrition.

[Y Arsonval, in studying this question, has constantly observed an
inerease in the respiratory combustion, independent of the effect pro-
duced by the ozone. On the other hand, Danion has demonstrated
an increase in the excretion of urea in the urine, particularly after
the positive bath. Static electricity, therefore, would appear to have
the property of increasing the nutritive processes.

It is interesting to compare these phenomena observed in man with
the influence which electricity exerts upon vegetation.

The Abbé Nolet noticed that an influx of electricity favored the
development of vegetables. Then accurate experiments made with
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the galvanic current have enabled Berthelot recently to establish
- the action of electricity upon vegetation ; and analogous observations
have been made by Armand Gautier,

But to confine ourselves to our subject—that is, to the effect of
static electricity—we will adduce in particular the experiments made
on a large scale by Spechnew. This experimenter planted here and
there in wheat-fields wooden posts tipped with a metal point and
representing lightning-rods, connected with the ground by a conduct-
ing-chain. In this way the surface of the ground was placed con-
stantly in electric equilibrium with the atmosphere, and was, on the
whole, permeated with a more abundant flow of static electricity than
when in the normal state. The yield of cereals from the electrified
fields was considerably greater than that of the fields adjoining.

When the electric fluid, instead of being diffused over the whole
surface of the body, is applied to certain parts, and particularly the
head, by the electric douche, for-example, special phenomena may be
seen to supervene that are consequent, probably, upon a modification
of the hemispheres of the brain. But the most remarkable phe-
nomena, such as the loss of memory, or, on the other hand, the return
of memory when it has deteriorated—facts which have been noted
by Benedict—fall under the category of therapeutic effects rather
than of physiologieal manifestations.

We will point out later the excitation phenomena produced by an
instantaneous flow—i. e., by sparks.

ConTiNvOUs GALVANIZATION. Let us continue our examina-
tion of the facts regarding the continuons method of applying elec-
tricity. The second way is by the galvanic eurrent, a method denoted
ordinarily by the name of confinuous galvanization. In this we apply
rheophores to the skin, and by means of a suitable battery we send
through the cireuit, which includes the subject under electrization, a
current which, starting at zero, should ultimately become of a certain
intensity, and then gradually return to zero. The electrization is said
to be continunous when everything is so arranged that the establish-
ment of the current and its increase in intensity, and likewise the
gradual return to zero, take place without shocks. In this way we
suppress the mechanical effects of the galvanic current—i. e., the
electric waves or impulses resulting from the variations produced by
making and breaking the circuit,

We do not mean to say, however, that the current even in this
case is absolutely constant and invariable. For, when we apply a

20
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galvanic current to any part of the body whatever, this current in-
evitably undergoes changes of intensity. The intensity, in fact, with
the same number of elements, depends partly upon the resistance of
the circuit, partly upon the condition of the battery. Now we shall
see that, other things being equal, the resistance to the passage of the
current varies at different times during the same electrization. On
the other hand, however perfect the battery is, the current which it
produces is always in a state of slight variation. The term consiant
current, therefore, is applied to a state in which there is an averaging
of the effects produced by the slight and rapid oscillations of the vari-
able state. And the characteristic mark of continuous galvanization
from a physical point of view is the absence of sudden and great
variations, such as those that result from the opening and closure of
the eireuit.

This method of electrization gives rise to phenomena that are
peculiar to itself. It is logical for us to inquire about them in the
first place, for in discontinuous or interrupted galvanization these
phenomena are never absent, special effeets due to the discontinuity
of the application being superadded to them,

We shall begin by trying to find out how the galvanic current
passes through the body or through one of its parts, and in what way
it is distributed. It is evident that this question presents great prac-
tical interest. Hence it has given rise to quite a number of researches.
Nevertheless, it is far from being solved.

The human body in its various parts, from skin to skin, or
from mueous membrane to mucous membrane, or from skin to
mucous membrane, offers a comparatively great resistance to the
passage of a current. This resistance is due to the fact that there is
interposed between the rheophore plates a mass of tissue which, in
spite of the size of the section, is composed of parts that are compara-
tively bad conduetors. When the rheophore plates arve sufficiently
far from each other, and particularly when one is applied to one sur-
face of the body and the other plate isapplied to the surface opposite,
the resistance to the passage of a current is regarded as representing
the total resistance of the human body. We shall see shortly that it
is sensibly that of the two epidermic layers which the current has to
traverse in order to pass from one electrode to the other.

The measurement of the resistance of the body is a question of
pure physics, presenting special difficulties which do not seem to us
to have been as yet overcome. Here we need only concern ourselves



ELECTRICITY, 307

with the results obtained and with the data which the practitioner
can turn to account in the existing state of affairs,

The first observers made use of the substitution-method. To the
results which Ritter obtained in animals have been added those
collected in regard to man by Remak, Kohlrausch, Runge, Leng,
and others. When expressed in terms of Siemen’s units of resist-
ance they excite remark by their extreme diversity. Thus, while
Runge, for instance, gives for the resistance of the human body the
numbers 2000 to 5000 Siemen’s units, Weber estimates this same
resistance at 900,000 units.

Recently Giirtner, Rosenthal, Eulenburg, Jolly, Harris, and Lau-
rence, have made use of the method of Wheatstone’s bridge. In this
way these observers have found that the resistance of the human
body is much greater than one would have believed. The numbers
which they give vary greatly, and we will content ourselves with
mentioning those of the authors last named. Harris and Laurence
used electrodes of 50 square centimetres held in the hand; they esti-
mated the intensity with a mirror-galvanometer and determined the
intensity in ohms. Their observations were made upon ten persons
of various classes; and in some the hands were dry, in others wet.
When the hands were wet—that is, under the conditions which ordi-
narily obtain in electrization—the resistance wvaried, other things
being equal, from a maximum of 25,000 to a minimum of 3900
ohms. This discrepaney is considerable, and casts doubt upon the
value of these experiments.

It is probable, however, that the resistance varies much from one
individual to another, and also in the same individual according to
the conditions under which one is placed. It was formerly supposed
that the resistance reached its maximum at the points where the skin
is the thickest—as on the palms of the hands and the soles of the
feet. According to Giirtner, on the contrary, the maximum of resist-
ance is observed in the region of the face and temples.

Be that as it may, the determination of the resistance of the body
or of a part of it has no longer the same practical importance now
that it had before the use of the intensity galvanometer. As the eye
can be fixed upon this instroment during the whole course of the
ealvanization, we no longer need concern ourselves with the resist-
ance that has to be overcome, Nevertheless we will add a few words
in regard to the variations that take place in the resistance during
the course of the galvanization.
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Variations in the Resistance. One of the reasons for the discrep-
ancies in the estimates of the observers who have endeavored to
measure the resistance of the body depends upon the fact that the
resistance, though very great at first—i.e., at the beginning of the
galvanization—rapidly diminishes. When galvanometers were used,
the needle of which oscillated a certain time before reaching a posi-
tion of equilibrium, the resistance measured was one which had
already been modified by the physical and physiological actions which
accompany the passage of a current. At present, by using other
instruments, we measure the initial resistance and we find it very
sensibly greater.

I'f we suppose that the resistance in the battery remains constant
during the sitting—which ecannot be rigorously true—the variations
in the intensity of the current for the same number of cells will be
in proportion to the variations in the resistance offered by the tissues.
Now all experimenters have observed a more or less rapid diminu-
tion in the resistance, or, what comes to the same thing, an increase
in the intensity after the passage of the current. This modification
is produced more or less rapidly according to the region to which the
eurrent is applied and aceording to the intensity of the current used,
In general it is more marked and more rapid in proportion as the
intensity of the current increases. If we look at the needle of the
galvanometer during the electrization, we see that the intensity of
the current increases rapidly at first, and soon afterward more slowly
until it reaches a certain maximum. According to Boudet de Paris,
Stintzing, Groeber, and Dignat, if the duration of the sitting is
prolonged after matters have reached this stage, the intensity some-
times tends to decrease once more, but never gets back to its initial
point. Prolonged electrization, then, would at a certain moment
create an increase in the resistance. :

Giirtner, Silva, and Pescarolo have observed that interruptions of
the current (closures or openings) have no influence upon the degree
of resistance. But if we proceed to reverse the direction of a cur-
rent, an inerease in the intensity, which is often considerable, will be
observed at once. Erb, Giirtner, de Watteville, ete., are all agreed
upon this point, and it is important to remember it when we change
the direction of the galvanization in the course of the same sitting.
Lastly, we may note that von Ziemssen and some others have demon-
strated a diminution in the resistance after a preliminary faradization
has been done.
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The reasons for these variations in the resistance are partly physi-
cal, partly physiological.

Besides moistening and soaking of the epidermis there are other
modifications which we will deseribe presently, and which tend to
diminish the resistance of the skin.

According to Giirtner, this physico-chemical action which is ex-
erted upon the epidermis would suffice to explain the diminution in
the resistance. He bases his opinion upon experiments made upon
cadavers, experiments in which he removed the epidermis by means
of hot water. But according to Erb and most of the other ob-
servers, we arve likewise to take into consideration the cutaneous
hyperemia and the secondary excitation. After the application of
revulsives or after the sudorific action of pilocarpine the resistance
of the skin is diminished. As to the effect on the blood-flow, this
has been studied by Dubois, of Berne, By eooling with a current of
cold water the rheophore applied to the skin, this observer demon-
strated an increase in the resistance produced by entaneous an@mia.
Some have invoked the polarization of the electrodes to explain the
increase in the intensity of the current after reversal of the direction
of the latter. De Watteville refutes this explanation, since he has
determined an increase in the intensity, not immediately, but some
moments after the reversal. According to Silva and Pescarolo, the
diminution in resistance is produced mainly in the vicinity of the
rheophore-plate connected with the-positive pole. The inerease, then,
in the intensity of a current after its reversal may depend partly
upon the lack of equality in the surfaces of the two electrodes. If
the observation of these latter authors is accurate, the increase in in-
tensity should be appreciable chiefly in the case when the small rheo-
phore-plate was connected before reversal with the positive electrode.

The galvanie current penetrates into the depth of the tissues, and
npon contact with the anatomical elements produces an abundant
flow of electricity, giving rise to a comparatively large amount of
chemical energy. It was necessary for us, first, then, to concern our-
selves with the way in which the galvanic current penetrates and
passes through the body. We have, therefore, learned that the body
offers a very great resistance to the passage of the enrrent, a resist-
ance, however, which varies according to certain conditions, and
markedly during the course of a single application of the galvanic
current.

Conductivity of the Tisswes. This resistance is a function of the
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conduetivity of the tissues which are to be traversed by the gal-
vanic current. At present, then, we have to concern ourselves with
the conductivity of the different tissues; and the facts which relate
to this point will enable us to understand the principal laws regulat-
ing the method of distribution of the current to the interior of the
animal economy.

It was recognized a long time ago that the skin possesses only a
slight conductivity for the galvanie current. This depends mainly
upon the resistance which the epidermis offers to the passage of this
current. Hence the dry epidermis of a cadaver is destitute of con-
ductivity. When moist the epidermis is a better conductor; vet,
even in this state it represents the principal factor of the resistance.
This is what Giirtner observed in the experiments previously cited.
When the skin of a cadaver has been deprived of its epidermis the
variations in the resistance of which we have spoken disappear
almost abzolutely. Jolly calculates that the resistance of the tissues
interposed between the two epidermic layers may be ignored in com-
parison with that of the epidermis. The latter, then, constitutes a sort
of protective varnish ; it forms a kind of barrier. Onee this barrier
is passed, the galvanic current meets with layers that are much more
conductive,

The attempt has been made to determine the conduetivity of the
different tissues, and for this purpose it was necessary to work chiefly
upon the cadaver. The data thus acquired give us but imperfect in-
formation, for certain experiments tend to show that the conductivity
of the living tissues is not the same as that of tissues that are dead.
Thus, according to Ranke, living muscle would offer greater resist-
ance than that of the cadaver, whilst other tissues, such as those of
the nerves and nerve-centres, according to Munk and von Ziemssen,
have less resistance in life than after death.

From a practical point of view we may admit with Erb that in
the living subject the soft tissues all possess about the same conduc-
tivity. The bones, as Eckhard has shown, have the least conduetiv-
ity. Danion represents by 1 the conduetivity of the museles, which
may be regarded as the best conductors. Aeccording to him, the ten-
dons are at least as good conductors as the muscles ; then come the
panniculus adiposus, the cerebral substance, and the aponeurosis,
the conductivity of which is 0.93, while that of the bones is only
0.60.

Since the current is always able to twist its way about the bones
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to follow the path furnished by the masses of muscle, it will in the
interior of the body meet with masses having about an equal resist-
ance in every direction.

This being granted, let us see how the galvanic current will
behave after having passed the epidermis. This question should
obviously be regarded as of the first importance. Unfortunately, as
we shall see, it is far from being decided with any degree of pre-
eision.

Let us consider the case of some moist rheophore plates applied
to the skin—one upon the front of the body, the other upon the
back of it. We now know that they will be insulated with respect
to each other by the epidermis. There will not then be even a trace
of an external current tending to connect the two plates by passing
round the surface of the body. It is consequently necessary for the
galvanic current to be strong enough to overcome the resistance ot
the skin ; or, in other words, of the two opposite layers of epidermis.

After having passed through the epidermis, the current behaves
according to physical laws; it will then be distributed among the
conducting tissues in inverse proportion to their resistance. Most
specialists think that a kind of fan-like distribution takes place, the
current starting from the surface of the rheophore and widening out
in the depth of the body, then contracting again near the second
plate. According to them, when there are given resistances to over-
come a large part of the current will tend to connect the plates by
the shortest way, provided, at least, that it does not in its passage
meet a girdle of bone, which forces it to make more or less of a
detour. This is the way in which Erb, von Ziemssen, and de Watte-
ville have interpreted the behavior of the current in the interior of
the body. KErb, to give a better notion of his idea of it, makes a
picturesque comparison. Ile represents the current under the form
of a head of hair, the number of hairs in which vary according to
the density of the current. For a small rheophore surface a eurrent
of some intensity would be a head of hair composed of numerous
hairs close together, so as to form a sort of tress or switch. Then,
in the depth of the tissues, these hairs will spread apart, as if the
whole mass of them had been set loose from one another and rumpled
up ; and then they will once more come together to form again a
thick tress, which will pass on to join the other rheophore plate.

DerivED CUrRrRENTS. The most seattered and eccentric hairs—
i.e., those which follow the longest path—form what are called
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derived currents. A knowledge of the existence of a derivation of
this sort is important in praectice when we wish to avoid exciting
very sensitive organs, It has been possible to demonstrate their
presence experimentally ; and this has, moreover, been put beyond
doubt by varions phenomena that oceur in the course of certain
kinds of electrization in man.

Thus the application of the rheophores in the vieinity of the eye,
and even to the head, at some distance from the former organ, causes
the development of phosphenes; electrization of the neck causes
vertigo; and the application of the rheophore plates at a certain
distance from the mouth (a distance which, when the current is
intense, may be quite considerable) is accompanied by the develop-
ment of a metallic taste,

Using this mode of distribution of currents as a principle, elee-
tricians have made rules for the application of the electrodes, varying
according to the regions acted upon, and they have supposed that
they are able to localize the effects of the eleetrization in certain
organs by making such physical arrangements as shall be in accord-
ance with the end in view.

They have, for example, enjoined that a small electrode should
be placed at the affected point when this is a superficial organ,
and that an electrode of large area should be placed at the point
opposite.

Danion, who has recently taken up this question once more, has
been led to regard as dubious the rules hitherto accepted. This
electrician, from experiments made in vifro with regard to the method
of distribution of the current in basins containing a saline solution,
and which, according to him, represent the organic mass before it
has been traversed by the current, arrives at the conclusion that we
deceive ourselves when we believe that we reach a point, situated
even a very slight depth below the surface of the body, with a
current-density which is greater in proportion as the electrode nearest
the point aimed at is smaller. His idea is that we should use large
electrodes, which would enable us to utilize great intensities, which
the pain excited by the small electrodes would render impracticable
in their case,

You will understand how important it is to come to a decision
with regard to the practical point raised by this discussion.

Danion aims to show that the eurrent is diffused in the mass of
tissue almost as in a mass of water containing a small amount of
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salt (6 parts per 1000). Accepting this view, let us see what will be
the conduetivity of such a mechanism.

According to E. Beequerel, if the conductivity of silver is repre-
gented by 100,000,000, that of a half-saturated solution of sodium
chloride is only 23.08 ; that of a weaker solution should be sensibly
less, since the conductivity of a saline solution increases with the
proportion of salt present in it.

If the human body were a mass of metal, the density of a current
passing through it should be sensibly uniform at all points of it.
In a mass which is three or four million times less conductive, the
propagation of the electric flow will assuredly be much more influ-
enced by the distance to be traversed ; and it is with reason that all
the classical authors have supposed that the flow tends to go by the
shortest route. It seems evident to us, therefore, that in the interior
of the body the electric density should he higher along the direct
line of passage between the electrodes than at points remote from
this line.

These considerations enable us to estimate approximately the in-
fluence which the surface of the rheophore plates exerts upon the
density of the current in the deeper parts.

Every useful electrization should convey to the tissue or organ
which it is intended to modify an electrie flow of sufficient density
to enable the electricity to exert an action of more or less amount.
This rule should be regarded as fundamental. Accordingly, the
injunction has been laid down to choose electrodes of such a character
that, from the manner in which the electric flow is distributed, the
current shall acquire its maximum density on the side where the
diseased organ is situated. So when we wish to obtain great density,
by applying an electrode of small area near the diseased point, we
are forced to use a current which is much less intense than would be
the case if the electrode had a more extended area. But, on the other
hand, if we believe it useful to secure great intensity, it is indispen-
sable that we have recourse to large electrodes, and we must inquire
what density the flow will have under these conditions when it reaches
the affected organs,

Let us suppose, in the first place, a very simple case, that of the
electrization of a segment of the body by means of electrodes of the
same area situated at two opposite points, and let us make use of
the determinations made by Boudet de Paris, Suppose, moreover,
that we use at first small electrodes of 5 centimetres on each side, or



314 PHYSICAL AND NATURAL THERAPEUTICS.

having an area of 25 square centimetres, Under these conditions,
the current intensity that could be used would, according to Boudet
de Paris, be only 7.5 milliamperes. The density of this current for
each square centimetre would be 0.30 milliampere. If, now, we
suppose that, in accordance with the mode of distribution admitted
by most electricians, the diffusion of the current takes place in the
tissues with a certain degree of obliquity, so that a centimetre dis-
tant from the plate the area of diffusion is 7.5 instead of 5 centi-
metres, the surface of section of the flow will at the distance of 1
centimetre be about 56 square centimetres, and the density will be
about 0.13 milliampére.

Let us now replace this plate by a very large one of 22.5 centi-
metres on a side, or having an area of about 506 square centimetres.
With the same angle of diffusion as before, the sectional area of the
flow will, at a depth of 1 centimetre, be 625 square centimetres.
But in this case we can use a current of 25 milliampére. In spite
of this increase in intensity, the density of the current for 1 square
centimetre will be only 0.05 milliampére, and this density at the
depth of 1 centimetre will become 0.04 milliampére.

Let us put these fizures down in tabular form :

AT SurrAacE oF Bopy,

Sectional area Intensity iu Density in

of flow. milliamperes. milliam peres.
Rheophore A, 25 8. cent. 7.0 (.30
s B, o ¢ 25.0 .05

AT DeEPrH 0OF ONE CENTIMETERE.

. 0.13

Rheophore A, : o 8. cent. i
BB 25.0 (0L04

B, 6

In both cases the density of the flow will diminish with the depth,
but more rapidly in the first case (A), where the electrodes are smaller,
than in the second (B). At a certain depth, in this instance T centi-
metres, the density of the flow will be equal in both cases, or 0.005
milliampere. But with the small plates it will then affect a surface
of 500 square centimetres; with the large plates a much larger
area, namely, 1600 square centimetres.

These caleulations evidently can be only approximate, since we
cannot determine with precision the degree of obliquity of the dif-
fusion-cone, and since, moreover, the electric density is greater in the
centre of this cone than in its periphery. DBut, such as they are,
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these estimates seem, from the faets afforded by current observation,
to be quite close to the truth, and we may, hence, draw from them
important practical conclusions.

In the first place, we see clearly that large electrodes, while
enabling us to make use of a current-intensity which is much greater
than in the case of small ones, supply a flow of electricity of much
less density, even on the surface of the body (in the proportion in
the case cited of 0.30 to 0.05 milliampére. It is evident, then, that
when we wish to aet with a certain intensity of current upon a
superficial, subeutaneous organ, there is every advantage in our using
electrodes of small area, in spite of the necessity of using in this case
a current of low intensity. The organ in question, if of small
volume (nerve, ganglion, muscle, ete.), and if separated from the
rheophore by only a minimum thickness of tissue, will receive, even
with quite a weak current, a denser flow of electricity than from an
electrization made with very large electrodes and with a much more
intense eurrent.

When, on the other hand, it is a question of acting upon a large,
but still superficial organ (upon the stomach, for example), there will
be certain advantages in using a pretty largs electrode ; not too large,
however, since those of very large size afford only a diffuse flow of
electricity of low density. These latter come in advantageously only
when it is necessary to convey electricity either to an organ having
a very extensive area or to a ]arge group of organs situated at some
depth from the surface.

We shall presently deseribe the effects of the excitation of nerves
and museles produced by discontinuous experiments made for this
purpose ; small electrodes are placed at the site of the organ that is
to be stimulated, and a current of low intensity is employed. The
results obtained would be incomprehensible if the current, after
~ passing through the skin, were diffused equally in every direction.

When the rheophore plates are of equal area we speak of the elec-
trization as bipelar. This method of application is often made use
of in continuous galvanization.

As in the external cireuit the flow of electricity takes place from
the positive to the negative pole, special attention has been for a
long time paid to the direction of the current, with the idea of
determining the effects produced by this factor upon the part sub-
jected to eleetrization. The name cenfrifugal current has been given
to that which is obtained when the positive plate is, for example,
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placed upon the root of a limb and the periphery of the latter.
The opposite arrangement would give a centripetal eurrent.

For some years past all that was formerly said regarding the influ-
ence of the direction of the eurrent has been transferred to the polar
action, i. e., to a predominance of action at one of the poles.

We have just seen that when electrodes of unequal area, one very
large the other comparatively small, are used, the current, if the
intensity remains the same, will show a much greater density on the
side where the rheophore of small area is situated than at the site of
the other rheophore. The pole connected with the small electrode is
called active, the other being considered as indifferent. Under these
conditions the electrization is said to be unipolar or simply polar.

The differences observed between the effects of bipolar and of polar
ealvanization are chiefly pronounced at the times when the current
is made or broken, They are likewise appreciable during the course
of a continuous galvanization, under certain cirenmstances which we
shall have to define. .

The different considerations which we have diseussed enable us to
mark out the principal rules that should be followed in order to
practise electrization in a useful and rational manner, while avoid-
ing the disadvantages springing from an exaggerated density of the
carrent.

When we wish to localize the action of the galvanic current in a
superficial organ of small area and only slightly below the surface of
the body, such as a superficial ganglion, a subcutaneous muscle, ete.,
we will use the polar method, which enables us to get rid of any
effect upon the neighboring points, and to diminish, to a certain
extent, owing to the large dimensions of the indifferent electrode, the
total resistance of the body. The situation of what we call the
inactive electrode is not always without importance. For continuous
galvanization we should, in almost every case, select this situation
in such a way that the current shall pass through the part to be
affected with the greatest possible density. Thus, if we wish, for
instance, to confine the action to a limited part of the spinal cord,
we will apply the small electrode as near as possible to this part, and
will make this electrode rather large, so as to be able to make use of
a sufficiently strong current ; then we will place the larger electrode
upon the opposite side of the body over the abdomen, so that the
current shall pass through the splanchnic nerves on its way to the
spinal cord.
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In all these cases the negative pole will be selected, according to
the effect which we wish to obtain, our knowledge of the effect of
polar actions bheing our guide.

To apply electrization to a large superficial organ, the better plan
ordinarily will be to place an electrode of medium area at each end
of it. When the diseased part is subcutaneous and quite extensive,
as in the case of a joint, we shall do well to cover it completely with
a suitable electrode.

Electrization of the nerve-centres has given rise to some difficulties.
The low conductivity of bone has led to the belief, for some time
prevalent, that it was not possible for a current to pass through the
brain. Von Ziemssen, among others, shared this view up to 1866.
In the following year Erb showed that currents having the intensity
ordinarily used in therapeutic applications can pass through the
brain and spinal cord.

Erb’s researches were confirmed by Burckhart and Briickner,
when Von Ziemssen, having taken up this question again himself,
became convinced that the galvanic current can be made to pass
through all the internal organs, including the nerve-centres. The
medulla is particularly accessible to the current, because of the
incompleteness of its osseous envelope, and because it is surrounded
by muscular and fatty tissues.

Erb places one electrode upon each temporal fossa, and thus gets
at the brain by using currents of weak intensity. Danion proposes
to reach the brain by way of the orbit,

The spinal cord being protected by its envelope of bone and by
masses of muscles, along which the current runs readily off, it is
quite difficult to make a carrent of sufficient density run through it
for its whole length. Irb places two large electrodes at the two ends
of the vertebral column. It seems to us that under these conditions
the current would have but little tendeney to penetrate into the in-
terior of the spine. According to von Ziemssen, the vertebral col-
umn must be covered almost completely by means of a long, narrow
electrode, the second electrode being placed upon the sternum or in
the hollow of the epigastrium. Danion, to get at the cord, uses a
large bifurcated electrode, the two plates of which are applied to the
post-trochanteric regions at the points of emergence of the sciatic
nerves, the other eleetrode being placed upon the arch of the neck.

No one has insisted more than von Ziemssen upon the use of large
electrodes. For electrization of the limbs he uses troughs, 40 to 50
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centimetres long and 8 to 10 centimetres broad. Large articulations,
like the elbow, knees, shoulders, ete.,, he surrounds with suitably
shaped electrodes. These injunctions of his are perfectly proper
when it is wished to convey the effects of a galvanic current to a
large and superficial organ.

PHYs10LOGICAL Errecrs PRopUcED BY THE GaLvaxic Cur-
RENT. We are now going to describe the effects produced during the
course of a continuous galvanization. Apparently they are very
simple, for they consist only in the development at the rheophore
plates of a more or less marked sensation, which at first is like a
tickling, then a prickling, which increases with the intensity of the
current. This intensity ought never to be great enough for the
sensation to become painful.

It seems at first sight, therefore, as if this method of electrization
were sensibly less active than the others. You are aware that the
chief promoters of electro-therapeutics did not have recourse to it.
Duchenne made use almost exelusively of induced currents. Dur-
ing the same period Remak popularized the use of the galvanie cur-
rent, applied by what is called the labile method, which is only
one variety of discontinuous galvanization. Continuous galvaniza-
tion, properly so-called, is of a comparatively recent date. But it
has rapidly won great favor, and for quite a long time back it has
been regarded as capable of producing very marked effects.

The galvanic current is, as you should remember, in reality a
current of quantity, generated by a comparatively large amount of
chemical energy.

Let us, therefore, examine attentively the different effects that may
result from it. We shall, in the first place, demonstrate the presence
loeally of eertain marked physico-chemical phenomena,

After sending for a quarter of an hour a current of 20 milliam-
peres through a portion of the body by means of electrodes of
medium size, we see that at the site of the electrodes the surface
of the skin has become red, as though treated with a mustard-
plaster. DBy connecting the electrodes and joining them by conduct-
ing-wires to a galvanometer measuring electromotive foree, we make
a small battery, the electromotive force of which, according to Boudet
de Paris, equals 0.6 volt. By connecting them under the same
conditions with a galvanometer measuring current-strength, we get
a deflection of the needle indicating 8 milliampéres. Hence, during
the course of the galvanization the electrodes have become charged ;
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they have undergone polavization, as the poles of a voltameter might
have done, and have consequently been converted into the two
elements of a small secondary cell.

This chemical and electrolytie action is not limited to the rheo-
phore plate, but doubtless is continued into the skin, and we shall
see later that when we place the electrodes in direct contact with the
tissues, such as the blood, muscles, ete., there is produced at the site
of the electrodes an energetic chemical action causing an alteration
in the tissues. The general result of this chemical action is evineed
in a transfer of the organic acids to the positive pole and of the bases
to the negative pole.

This is the principal cause of the local, or cutaneous, effects. If]
with a current of medium intensity, we prolong sufliciently the
duration of the application, a more or less lively sensation of burn-
ing succeeds that of prickling ; the skin becomes intensely red and
covered more or less extensively with papules. If the application is
suspended at this moment, the lesions remain superficial, and are fol-
lowed at the end of some days by desquamation of the epidermis.

Moreover, a desquamation like that resulting from repeated thera-
peutic applications is usually produced even when the intensity of the
current has never been raised to the point of exciting a sensation of
burning.

Intense eurrents, particularly those which exceed the limit of the
currents generally employed, give rise at once to phenomena that
are more accentuated and more painful. At the negative pole, where
a deposition of bases is produced, the vessels contract and the skin
orows pale, and then takes on a rosy hue, while at the same time it
rises so as to form a projecting patch, resembling that of urticaria,
This elevation of the skin is due to a sort of cedema, which disap-
pears quite rapidly, leaving in its stead a persistent redness. At the
electrode which is connected with the positive pole, and at which the
acids are deposited, the skin at once assumes a red color, which
rapidly becomes intense and produces a dusky hue, and we observe
here, instead of an cedematous infiltration, the production of small
projections. The redness persists after the electrization, and is fol-
lowed, after the lapse of some time, by an abundant desquamation
of epidermis.

When the galvanization lasts a long time the chemical action pro-
duced upon the skin is so intense that disorganization of the derma
and a more or less deep eschar result. It is very important to know
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that mortification of the skin may take place as the result of any
application that is sufficiently prolonged, and this, even when cur-
rents are used that are not very intense; and to know also that the
production of this result is considerably facilitated by a bad con-
dition of the electrodes.

It has been said that eschars are formed mainly at the negative
pole or at the spot where the bases are set free. This proposition
has been found to be inaccurate by Boudet de Paris. When the
current is intense and has been applied sufficiently long, an eschar
is formed, at each of the two poles. If only one eschar is formed its
site is in the part in contact with the positive electrode. At this
point the acids produce a coagulation of the albuminoid substances,
and the eschar is hard and dry, while on the opposite side, at the
point where the bases exert their action, the eschar is moist and soft,
and requires for its production a more intense or a more prolonged
action. The positive electrode, then, is, on the whole, the more
dangerous of the two.

As the result of multiple and frequently renewed applications,
made with currents of medium intensity, the skin becomes sensitive
and irritable; it is covered with small papules, which become ex-
coriated, thus rendering the application more painful. It then
becomes necessary either to suspend the application or to shift the
electrodes so as to apply them at the adjacent spot, which is quite
intact.

The chemical action makes itself felt in the electrodes also, and
wears them out. The best electrodes are covered with very supple
chamois-skin. Under the influence of the chemical effect of which
we have been speaking this skin becomes hard and dry, and then
gets perforated. The surface of the patient’s skin may then come
into direct contact with the metallic surface. Our attention is
usually called to this fact by the development of a violent pain ;
but if the entaneous sensibility is blunted, the bad condition of the
electrode may remain unnoticed and the formation of an eschar
speedily results.  The condition of the electrodes, therefore, should
be looked upon with the greatest care.

IxtErRPOLAR ELEcTROLYSIS. The great majority of physicists
and of electricians think that the galvanic current when it penetrates
into the tissues produces there a chemical action proportional to its
intensity. In other words, the mass of tissues is regarded as an
electrolyte in which the current circulates, doing chemical work.
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From a theoretical point of view the decomposition of the electrolyte
represents the very cause for the conductivity of the tissues. It was,
moreover, demonstrated a long time ago that every separate portion
of tissue interposed in the circuit becomes polarized and causes the
development of a force opposing the electromotive force. This last
has been shown to exist by means of the same kinds of apparatus
that serve to measure the electromotive force. We may refer in
regard to this point to the experiments of Chaperon.

But under the conditions ordinarily present in electrization the
chemical effects of the galvanie eurrent can be recognized only upon
the surface of the skin. Hence physicists, and among others Gariel,
think that in the interior of the body there are produced a chemical
decomposition and recomposition, from molecule to molecule, all
along the ecirenit, in accordance with the well-known theory of
Grothus.

Since the tissues may in a general sort of way be regarded as a
sponge impregnated with the salts of sodium and potassium, the
polarization of such an electrolyte would produce ultimately a dispo-
sition of the electro-positive bodies, like hydrogen, potassium, and
sodium, at the negative pole, and of the electro-negative bodies, such
as oxygen, chlorine, iodine, ete., at the positive pole.

A very simple experiment of Parsons seems to make this way of
interpreting the chemical work in the interpolar cirenit appear rea-
sonable.  Vessels containing a selution of potassinm iodide are
connected together by means of two pieces of wicking, passing re-
spectively from the first to the second and from the second to the
third. A strong galvanie current is then passed through the whole.
The iodide is decomposed in the first and third vessels, but remains
intact in the second.

Nevertheless, this theoretical view has not been accepted by all
experimenters. A certain number of them will have it that the
polarization of the tissues is the origin of more or less profound
modifications in the latter. According to them, there are produced
in the interior of the tissnes phenomena analogous to those which
develop at the points in direct contact with the electrodes, but the
former phenomena are less intense than the latter, because the cur-
rent which passes through the tissues has only a weak density and
meets with a comparatively slight resistance in its passage. As a
matter of fact, when the resistance in the portion of the course lying
within the organism gets to be greater the chemical action becomes

21
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appreciable. At least this is what an experiment made by Erb tends
to prove. The two forearms are placed against each other, and the
electrodes are applied to the opposite external surfaces of the two.
After having sent a galvanic current through them for some time
when they are thus placed, we shall find more or less rubefaction
existing at the spot were the forearms were in contact—that is, the
double layer of skin at this spot has set up a resistance to the passage
of the current, and hence the electrolytic action of the latter has
become manifest there,

As the current in the interior of the tissues necessarily meets with
some resistances, some physicists compare the mass of tissues to an
electrolyte divided off' by partitions, and hence arranged in a favor-
able way for producing electrolytic decomposition.

E. H. Weber and Tripier have cited the effect produced upon
taste as a proof of the electrolysis of the tissue. When the positive
pole is applied to the tongue we get an acid flavor, while the appli-
cation of the negative pole develops an alkaline taste.

Tripier places the positive and the negative electrode alternately
upon one of the cheeks, The first gives rise to an acid, the second
to an alkaline taste. The author draws the conclusion that the chem-
ical disturbance produced is spread over an extended area. If now
the cireuit is closed by the application of both electrodes to the cheek,
the taste perceived is neither acid nor alkaline, but simply metallie.

According to Rosenthal, in these experiments there is nothing but
a simple excitation of the nerves of taste. He has called attention to
the fact that the gustatory sensations persist sometimes for hours after
the galvanization, and that consequently they cannot be referred to
the chemical action due to the passage of the current.

Lastly, there is alleged as a chemical proof of the same thing the
result obtained by Drechsel, who, by making alternating eurrents act
upon a solution of ammoninm carbonate, demonstrated the production
of a certain amount of urea.

In order to decide this debated question, some direct proof of
interpolar electrolysis has to be given, This has been supplied by
an experiment which we owe to G. Weiss. This physicist electrified
a frog’s leg with a current of 1 to 2 milliampéres for five minutes,
As a result of the electrization the muscles of the thigh were found to
be altered, and at the end of some days it could be demonstrated micro-
scopically that they exhibited important lesions. If it is asked why,
then, the muscles remain intact in man, the answer is that a current
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of 1 milliampére for a frog’s leg represents a current of more than
an ampére for the thigh of a man, which is over a thousand times
greater in bulk, It would be simply a question of the density of the
current.

From these facts it is admitted that after galvanization the body
when left to itself is found to be, as a result of polarization, charged
like a secondary battery. To this idea Danion has raised the objec-
tion that it iz impossible after an electrization to demonstrate by
physical means the existence of a contra-electromotive force emanat-
ing from the parts that have been electrified ; but it may be stated
that if there is a polarization this phenomenon must of necessity be
followed by a depolarization, and, if it is impossible to demonstrate
the existence of the latter, this fact may depend upon the special con-
ditions present when the polarization is accomplished. In fact, the
process of depolarization must advance slowly on account of the rela-
tive degree of resistance offered by the intra-organic medium, and the
electric flow to which it gives rise must be diffused over a consider-
able number of anatomical elements, and at the skin must meet with
a resistance which prevents it from eollecting outside. In other
words, we must either admit that polarization and depolarization of
the tissues both take place or deny the existence of both phenomena,

Certainly there are many points relating to this important ques-
tion that have yet to be cleared up. But we may say—and physi-
cists and electro-therapeutists are almost unanimous upon this point—
that the chemical work of the galvanic current must be apparent
somewhere, and that in the present case it is represented almost
wholly by the polarization of the tissues.

CararHORESIS. The galvanic current produces also another in-
teresting physical phenomenon known under the name of cataphoric
action. Cataphoresis consists in the transportation or conveying of
liquids and of minute particles which the latter hold in suspension.
Obgserved for the first time by Porret, the transportation of liquids
has been studied by Beequerel and by Wiedemann, who made known
the laws governing it. This action of transportation, which is like-
wise manifested in the case of solid bodies, takes place sometimes, as
Jurgensen has observed, in a direction opposite to that of the current.
Sometimes, as Quincke has shown, in the same direction. The salts,
which are subjected to electrolysis, are themselves objects of trans-
portation.

(5. Weiss demonstrates the transportation of solid bodies in the



324 PHYSICAL AND NATURAL THERAPEUTICS.

following way : A U-shaped tube 15 centimetres long is filled with
solidified gelatin and placed astride of two vessels containing a solu-
tion of eosin. A current of 0.10 miliampere is sent through the
system, and in less than a week the branch of the tube connected
with the negative pole is colored all the way through, while on the
site of the positive pole the gelatin shows a colored part scarcely a
centimetre long. If the experiment is repeated with methylene-blue
instead of eosin, the positive branch is the one that becomes colored ;
i.e., the transportation this time has taken place in the same direc-
tion as the current, although we know no reason for this difference
in the two cases.

Owing to the small size of the anatomical elements, similar facts
may occur in the interior of the tissues under the influence of the
galvanie ecurrent.

In recent years the attempt has been made to utilize these phe-
nomena of electrolysis and of eataphoresis with the idea of making
certain medicines penetrate into the body. This matter will find its
proper place in the part relating to the deseription of methods of
electrization.

The reader has already been informed that a part of the energy of
the current is expended in the production of heat. This production
is almost nil in those parts of the circuit where the resistance can
be ignored ; it becomes appreciable at all points where the resistance
is increased. Here the electrodes get warm where they are in con-
tact with the skin; but under ordinary conditions, with the elec-
trodes well moistened, the inerease in temperature is only 1° to 1.4°
C. for currents of 20 to 22 milliampéres. We do not, therefore,
have to take this class of effects into consideration.

Vesicant Errecrs.  We shall see later on that the thermic ef-
fect of the current is used to produce galvano-cautery; but just at
present it is only necessary to point out the effects of rubefaction and
vesication, to which electrodes placed directly in contact with the
skin give rise.

Boudet de Paris has devised a small instrument (Fig. 79), known
under the name of the concentric stimulator and composed of a metal
disk surrounded by a metallic ring of equal area. These two parts,
which are separated by a slight groove, are mounted upon an ebonite
plate, and are connected, one with the negative, the other with the
positive pole. The stimulator being applied to the skin, it is only
necessary to press upon the button in the handle to make the current
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pass. Acute pain is at once produced ; the skin reddens and then
becomes vesicated as though by an application made with a Mayor’s
hammer. It is a very active revulsant agent, which, according to
the inventor, is an application of the thermie action of the current.
This interpretation has been doubted, and Bardet, among others, he-
lieves that there is an exaggeration of the chemical action analogous
to that which is produced when the chamois-skin of an ordinary
electrode is perforated and allows the metallic part to come into
direct contact with the surface of the skin.

Fic. 79.

Paysiorogicar, EFFECTS PROPERLY S0 CALLED.  Apart from
these physico-chemical effects, is the galvanic current capable of set-
ting into action the specific properties of the anatomical elements or
of determining modifications in these properties?

We may, with absolute certainty, answer in the affirmative ; but at
the same time it must be noted that the question thus put is the most
obscure of all that electro-physiology is concerned with, most experi-
menters having followed an anatomical or physiclogical order in
studying organie reactions without taking sufficient thought of the
physical conditions under which they placed themselves when in-
vestigating the various organs.

In particular there have been confounded in a one, common, de-
seription effects which are due to the action of the continuous cuor-
rent and those which are the result of the passage of waves which
are more or less instantaneous,

We must try to separate these two orders of facts, and for the
present confine ourselves to examining the phenomena that are at-
tributable to the passage of the continuous current. Let us first take
up the reactions of the muscles and the nerves,

Aection Upon the Muscles. When a continuous current is sent
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for an instant through the gastroenemius of a frog we get (Fig. 80)
a making (or closing) contraction followed by a less marked break-
ing (or opening) contraction. Between these two contractions the
muscle-trace shows that the state of shortening of the musele has
persisted during the continuous stage of the current. This phe-
nomenon is known by the name of galvanotonic shortening or eon-
traction.
Fia. 80.

After the current is broken, the line of descent shows that the
muscle regains its former length slowly, because of there being a sort
of residual contraction.

Aetion Upon the Motor Nerve. If, instead of making the applica-
tion directly upon the muscle, we act upon the nerve with a current-
intensity sufficient to give us a reaction at both the time of making
and breaking, we get a sensibly different trace (Fig. 81). During
the continuous stage of the current the muscle returns almost abso-
lutely to its original state.

Fii. 81.

How should we explain this difference? Should the persistent
contraction of the muscle during the passage of the current in the
first case be referred simply to a sort of residue of’ the primary con-
traction, which residue is absent in the second case? To solve this
question, observers have applied electrization to a curarized frog, and
by means of a rheostat have sent through the muscle a eurrent which,
starting from zero, increases very slowly and then diminishes in the
same way. It is then observed that a galvanotonic contraction is
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produced which increases little by little with the intensity of the
current, and diminishes, too, in proportion as the current grows
weaker. The contractions due to the variable state are thus sup-
pressed.

The same experiment performed upon the nerve gives no museular
reaction at all.

We may from this draw the conclusion that a continuous flow of
electricity without sudden variations does act upon the muscle, but
is not adapted for exciting muscular contraction by stimulating the
nerve, _

Somewhat analogous effects may be observed when galvanization is
performed upon man. When the galvanic current reaches a certain
intensity the muscles tend to become tetanized, even though there are
no abrupt variations in the intensity of the eurrent. This result is
observed only with quite strong currents which it would be diffi-
cult for the patient to bear ; hence, they are not produced under ordi-
nary conditions. The negative pole is more active in this respect
than the positive. Inany case, the tetanization due to galvanotonic
contraction never has the wide extent or the energy of the tetanus
produced by waves of electric action recurring in rapid succession.

Electrotonie  Action.  Although the galvanic eurrent is not
adapted for exciting an indirect contraction of a muscle—i. e., a con-
traction produced by stimulation of the supplying nerve—it, none the
less, exerts an important influence upon the physiological properties
of the nerve through which it passes. The phenomenon in question,
observed by Du Bois-Reymond, has been denoted in Germany by
the name of electrostatic action. It has played a very important
part in the various theories enunciated with respect to electric exci-
tation.

Confining ourselves to a simple statement of facts, we shall under-
stand by the term electrostatic action :

1. Manifestations indicating a modification of the specific excita-
bility of the nerve.

2. Electric manifestations.

We owe to Pfliiger a study of these manifestations, which has
become a classic ; we will, however, content ourselves with enunci-
ating the principal facts discovered by this physiologist, and verified
a great many times since.

The passage of the galvanic eurrent through a nerve results in a
change in the way in which the nerve responds to the action of
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stimuli. This modification is produced directly upon the passage of
the ecurrent. It makes itself felt through the whole extent of the
nerve, but chiefly in the vieinity of the poles.

At the negative pole and in its vicinity, both above and below,
the excitability of the nerve is inereased. This phenomenon is known
under the name catelectrotonus (from the word cathode, which is
used to denote the negative pole).

On the other hand, at the positive pole and its vicinity, both
above and below, the excitability of the nerve is diminished, a phe-
nomenon which constitutes what is ealled anelectrotonus (from anode
—positive pole).

Between the two poles there is an indifferent zone, in which the
physiological properties do not undergo any modification.

The effects produced by the passage of the current are proportional
to the duration and intensity of the latter, and they persist for a
certain time after its cessation. However, all observers are not
agreed upon this latter point; according to some, the phenomena
produced are instantaneous, and appear and disappear with the
current.

It has also been noted that while these manifestations last there is
a modification produced in the ability of the nerve to conduct
stimuli coming from another point of the nerve. The results, how-
ever, obtained by different observers have been contradictory upon
this point. Hermann, who has taken up the study of this question,
has found that, synchronously with the modifications in the physio-
logical properties of the nerves produced during the passage of the
current, the electrified nerve is the seat of electric manifestations
attributable to polarization.

The French electricians, d’Arsonval and Boudet de Paris, refer
what are called electrotonic phenomena likewise to polarization of
the tissues. However, this question, although already so much
discussed, cannot be regarded as definitely settled.

The nerves are not the only organs whose physiological properties
are affected by the passage of the galvanie current; phenomena
analogous to those which we have just described are likewise dis-
played in the muscles, but the passage of the current must last a
much longer time in order for these phenomena to become appreciable,

The sensory nerves of the skin show after electrization an increase
in this excitability. If after galvanization of some minutes, made
with a current of some intensity, the direction of the current is
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reversed gradually and without the production of any shocks, the

patient experiences acute pain, and can scarcely bear a current a
fourth or a third weaker than the first. It is only at the end of
several minutes that we are able to get up to the same current-
intensity again. We may conclude from this that the polarization
produced in one direction renders the cutaneous nerves more excita-
ble the moment the direction is changed.

We will class with these observations those relating to what is
called the fatigue-action exerted by the continuous eurrent.

When, as a result of repeated excitations, the muscle of an animal
contracts but feebly—when, in a word, the muscle is fatigued, we may,
as Heidenheim has shown, restore the original excitability of the
organ by sending a galvanic current through it for several minutes.

To remove fatigue, or restore a muscle, it is necessary to use a cur-
rent opposite in direction to the first, i. e., it is necessary to depolarize
the muscle. De Lyon has shown that this effect is observed in the
muscle of a living man. Poore likewise has observed that the mus-
cles of man, when exhausted by continuous exercise, can have their
vigor restored by means of galvanization.

The continuous current exerts a large number of stimulating effects
in addition to those deseribed. These, however, are not so clearly
marked in their development as the latter, inasmuch as they have
been observed under conditions that are more or less complex.

The current appears to exert a special action upon the unstriated
muscles, doing so either directly or perhaps rather through the
medium of the sympathetic motor nerves. This property has been
put under contribution by therapeuties.

The galvanic current is furthermore a stimulant of all the nerves
of the great sympathetic, and particularly of the vasomotor nerves,
The modifications in the circulation produced by it were observed
by Remak, who used what are called labile currents. Since then
they have been likewise observed as a result of the application of
the continuous current. They explain in part the trophie effects pro-
duced by this method of electrization.

The special senses are likewise very sensitive to the action of the
galvanic current, but in this case it is impossible to separate the ef-
fects due to the passage of the current from those which are set up
by the abrupt variations produced by its continuous action.

The same remark may be made regarding the phenomena observed
with respect to the secretions. Nevertheless, it seems well estab-
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lished that continued currents are able to render most of the secre-
tions more active.

The cerebrum is markedly affected by the passage of the continu-
ous current. DBut there again the facts that have been observed
in man are difficult to interpret on account of their complexity. In
fact, when we apply electricity to the brain we at the same time stim-
ulate the sensory nerves (of sight, taste, and more rarely of hearing)
and various vasomotor nerves, the setting into action of which may
disturb the cerebral circulation.

The characteristic phenomena produced upon the brain by the
repetition of the eurrent consist in the development of vertigo, accom-
panied by a sensation of cerebral malaise and disturbances of con-
sciousness, and sometimes also by a sensation of external objects
being displaced. When the currents used are sufficiently intense,
there are produced, as Hitzig has shown, associated movements of
the eyes, oscillations of the body, and attacks of vertigo. There have
been also noted under these conditions vomiting, pallor of the face,
somnolence, and syncope. According to other observers, the con-
tinued current is also capable of producing symptoms of cerebral con-
gestion, eclamptie convulsions, and even hemorrhage into the brain.
Feinberg has observed modifications of the temperature, dependent,
no doubt, upon vasomotor disturbances.

Usually the supervention of vertigo is avoided when the electriza-
tion is performed parallel to the sagittal suture, i. e., from one
temple to the other. Oscillations of the body become apparent only
when interruptions are made in the current. We may also mention
the fact, of which Duchenne has noted an instance, that blindness
may possibly occur after an application to the head.

The spinal cord appears likewise to be subject to impressions pro-
duced by the passage of the electric current. But here again the
conditions of observation are very complex, for it is difficult to single
out the phenomena due to excitation of the vessels and nerve-roots
and to distinguish them from those referable to excitation of the sub-
stance proper of the cord, which many physiologists regard as in-
capable of responding to an electric stimulus.

However it may be in regard to the obscurity from a physiologi-
cal standpoint of the facts that we have been citing, it is none the less
certain that electrization of the nerve-centres (brain and cord) pro-
duces therapeutic effects in disease.

From this collection of faets it would seem as if the continued
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current ought to exert a notable effect upon the general nutrition.
And vet the researches followed out by d’Arsonval with regard to the
influence of various methods of electrization upon the processes of
respiratory combustion have turned out negative as far as the con-
tinued current is concerned.

In the experiments of this author made both upon man and upon
animals the products of respiration were analyzed either immediately
after electrization or twenty-four or forty-eight hours later.

It would be interesting to take up the investigation again and to
verify the results announced by d’Arsonval, making in addition re-
searches upon the modifications which may be produced in the urine.

The principal facts with regard to the action of the current may
in the present state of our knowledge be summarized as follows :

The galvanic current penetrates into the depth of the tissues and
is diffused through an area the extent of which depends upon the
intensity of the current and the physical conditions under which it
exerts its action.

Through the whole of its course the phenomena produced are de-
pendent upon the density of flow when the current reaches the several
organs, and is proportioned to the specific excitability of the latter,
But while there is this tendency for certain specific phenomena to be
brought into play, there is at the same time a general effect produced
in common upon all the tissues through electrolytic molecular polar-
ization.

This physico-chemical work stirs up, so to speak, all the organic
molecules, and, owing to depolarization, is followed by molecular
work of another kind.

These are the effects of a chemical nature which constitute prob-
ably the principal and specific action of continuous electrization. If
those who doubt their existence were correct, the therapeutic indica-
tions of this method of electrization would be considerably reduced.

It is likewise admitted by most physicists, and practitioners agree
in recognizing the same fact, that when a material lesion is in ques-
tion preference should be given to the galvanic current.

One of' the probable consequences of this physico-chemical action
consists in those modifications of the properties of the nerves, and to
a less extent of the muscles, which correspond to the phenomena
known under the name of electrostatic action.

The galvanic current is a stimulant of the sensory nervous system,
and may in this way give rise to reflex action. It is a stimulant of
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the great sympathetic nervous system, and doubtless also of smooth
muscular fibre and of glandular organs,

By these various means it may set up vaseular and secretory modi-
fications, which take a large share in producing the trophic effects
which are admitted to spring from it.

Furthermore, the indication is for us to have recourse to it in cases
in which we wish to act upon the living organs called vegetative.

Finally, the galvanic current either directly or indirectly modifies
the central nervous system (brain and cord), and exerts upon these
organs effects of stimulation, or, on the contrary, of depression,
according to the pathological circumstances present, and also accord-
ing to the way in which it is applied.

In a word, it cannot be contested that in it we possess one of the
most powerful of therapeutic agents.

Variation Mernop. Having made a physiological study of the
continued method of applying electricity, we are now to take up the
effects produced upon the organism by temporary currents or electric
waves. We shall have to distinguish between single waves and those
that recur periodically.

The questions regarding the physical conditions produced by
means of these methods of exeitation, and the physiological data
relating to the same subject, are still at present the object of theo-
retical discussions. It will be necessary for us in the main to take
cognizance of well-established facts, without concerning ourselves for
the time being with the explanations of them which may be adduced.

In order to produce stimulation by means of electric waves we use
in practice discontinuous electrization, discharges from a tinfoil
condenser, induction currents, and the static discharge, We will
complete our statement by summing up briefly the data recently ob-
tained with respect to the effects produced by sinusoidal alternating
currents, ;

The discontinuous or interrupted eurrent produces the effect of the
continuous current, and, in addition, those which the variable state
exerts upon the nerves and muscles.

Working, as we ordinarily do, with medical batteries or the kinds
of induction-apparatus employed in practice, we find the physical
conditions complex and perhaps as vet not sufficiently defined. And
yet it is under these conditions that we most often use electric waves,
not only in order to obtain a therapeutic effect, but also to investi-
cate the state of the nerves and muscles from a diagnostic point of
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view. We keep in mind, however, as the main thing, that with the
continuous current in particular the action produced is the result
both of effects due to the permanent state and of those due to the
variations.

In practice the time during which the eurrent passes through the
organs is always much greater than the time taken up by the varia-
tions of making and breaking. Now we have just seen that the
passage of the current, or the continuous state, produces modifica-
tions in the physiological properties of the muscles and nerves pro-
portioned to the intensity of the current, the duration of its applica-
tion, and the depth at which the organ affected is situated. We must
hence expect to obtain quite variable results by very reason of this
variability in the conditions of observation. As most electricians
at present admit that the continuous eurrent entails a polarization of
the tissues, we may say, in a general sort of way, that the effects of
the variations of which we are going to speak, are complicated by
the modifications produced by polarization of the tissues.

In reality we find ourselves at present confronted by empirical
observations the interpretation of which is still very obscure, and
which, nevertheless, it is our business to be acquainted with, because
of the practical services which they daily afford.

Let us, in the first place, start with the facts regarding the exci-
tation of the motor nerves.

Physiologists who have studied this question npon mutilated ani-
mals have used sometimes the polar, sometimes the bipolar method.
Although at present we make use in practice only of the polar
method, it is proper to call attention to the results which Pfiiger
obtained by uvsing the bipolar method. These results are known
under the name of the law of contractions. We may represent them
under the following form :!

Dezeending current. Agcending current.
|
' - = +
- | (muscle), - - -|— (musecle),
e — e — e
I. Weak current . : : . : : . C Cl.
o 0 o.
II. Medinm current : : 3 : 3 A | C CL
O Cl 0 ¢l
II1. Strong current . . - . . : « CClorC Te C 0.
iy 0 CL

I Here and elsewhera in the book C denotes clogure ; O, opening ; ¢l, a weak clonic contrac-
tion ; Cl, CI", C1", ete., clearly marked clonie contractions of successively increasing intensity ;
and Te, Tonus. We thus see that with the weak current we get, if it iz descending, a slight
contraction, and, if it iz ascending, a well-marked eontraction npon closure of the eircenit,
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We see that the results obtained vary with the intensity of the
current and with its direction. Most of them are easy to understand
if' we take into consideration the difference between the character of
the variation of the current at the moments of opening and closure,
and also take into account the following propositions :

The excitation is greater at the point at which the current leaves
the body than at the point by which it enters it. This law appears
to be the corollary of what is called electrotonic action.

The reader will call to mind the fact that at the moment of closing
the cirenit the establishment of the current is supplemented by the
addition of a certain intensity, due to the fall of potential (difference
between potential of the open and the closed cirenit), while at the
moment of breaking we have simply the cessation of the current.

Nevertheless when we endeavor by means of these data to inter-
pret the experimental facts recorded in the table, some of the results
are such that there is room for various theoretical explanations,

The laws of unipolar excitation have been studied by Chauveau
by means of experiments which go back to 1859. About this time
Baierlacher was also busy with this same question.

A little later the unipolar method was applied to the diagnosis
and treatment of diseases of the neuro-musecular system by Brenner,
whose studies were completed by Filehne, Erb, de Watteville, ete.

Chauvean placed animals or man in a bath, the better to insulate
the active pole, and arranged the results which he got under the form
of eurves, He has thus established for the excitations produced by
closure of the circunit that there is a certain current-strength (in gen-
eral, a moderate one) with which we get contractions equal in size
and duration at both poles. With greater current-intensities the
negative pole is the more active, with less intensities the positive
pole is the more active. When the intensity of the current is in-
creased the action of the positive pole increases with it, often in a
regular manner, being then represented in the graphic construction
by an oblique straight line more or less ascending, while in other
cases it is represented by a line more or less curved. The action of
the negative pole at first increases with the intensity of the current,
then the increase takes place more slowly or the action becomes
stationary, and sometimes even shows a slight decrease.
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We thus get
CaC > AnC;
then CaC= AnC;
then CaC < AnC.

Excitations due to the breaking of the current give the contrary
results. The negative pole has but a slight tendency to excite con-
tractions at the moment of opening the circuit ; hence, with a mod-
erately strong current, we simply observe an AnOCI, later on the
action of the two poles becomes equal, and then the action of the
negative pole increases in proportion as that of the positive pole
erows weaker., We hence have :

Ca0 < AnO;
then Ca0O = AnO;
then CaO>= AnO,

The observations of Chauveau have been confirmed by various
authors, and have been completed in certain points by Boudet de
Paris.

In Germany, in order to obtain unipolar excitation in man, they
apply a large or inactive electrode, as it is called, to a spot that is not
very sensitive, such as the sternum, tibia, or vertebral column. We
may also immerse the lower limbs up to the mid-leg in a tub of warm
water. To get results that shall be comparable with one another it
is necessary to secure all of them under the same conditions.

What is called the active electrode is represented by a pad placed
in the immediate vicinity of the nerve, e. g., just above the epi-
trochlea when it is designed to stimulate the ulnar nerve at the elbows,

Helmholtz states that this arrangement brings about physical
conditions analogous to those of bipolar execitation.

By looking at the schematic drawing (Fig. 82) we see that there
are formed over the course traversed by the current poles which Erb
has denoted by the name of virtual poles.

In the present case, for one positive pole we have two wvirtual
negative poles, i. e., two segments at which the current comes out
the nerve with a certain density.

The predominant action of a pole which is applied close to a nerve
is determined by the density.

1 AnC, AnQ, mean the reaction taking place at the positive pole (anode) at the elogsing and
opening of the circuit; CaC, Ca0, the reactions at the negative pole. AnCCl, AnOCL, CaCCl,
Ca0Cl, might be substituted for these expressions. as has been done in the tables later on,

where also it is regarded as worth while to indicate the greater or less intensity of the
reaction.
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The results obtained in man by Brenner under conditions of this
nature have been verified by Erb. They may be summarized as
follows :

In the first place, we notice that the negative pole gives shocks
mainly at the closure of the cireuit, the positive pole mainly at the
opening of the latter. This general law agrees with Pfliiger’s law of
shocks, when we take into consideration what are called virtual
poles, and also agrees with Chauveaun’s law.

Fig. 82

The action of the negative pole is much more marked than that
of the positive pole. When we use this pole the shoeks are abrupt
and instantaneous until we get to the point where tetanic contractions
are produced.

The first effect obtained, then, is CaclO, and to get other effects
we must increase the intensity of the current. Frb gives the three
following successive degrees of action according to the strength of
the current :

Degree of Current, Effect Produaced,
1. Weak current : . CacO.
2. Medium current . . CaCCl4; AnCCl, AnOCI.
3. Strong current . . CaCTe, AnCCl’, AnOCl", CaOCI.

The variations from this scheme that may be observed in man
are referable to the greater or less depth of the nerve below the
surface.

By increasing still more the intensity of the current we should
see AnOTe develop. This result cannot be obtained in the healthy
man.
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For the same nerve, and the physical conditions of the examina-
tion remaining always as nearly identical as possible, the results
obtained are constant. They can, therefore, serve as a guide to the
diagnosis,

In the tables which Erb has drawn up the intensity of the currents
used is not noted in milliamperes. The following table is one in
which are summarized several examinations made upon the ulnar nerve
of man by means of a current of increasing intensity, measured in
milliamperes :

Intensity in Positive Pole after
Milliam peéres, Negative Pole. Pozitive Pole, Polarization.
I. 4to 5 CaCel or CaCel”
B CaCCl AnCel AnOecl.
II. 9t 10 CaCCl’ AnCel” AnOcl’.
12to 13  CaCCl*” AnCel’, AnCcl AnOcl”.
III. 14 to 15 CaClTe, CaOecl AnCel”, AnOcl” AnOCl, AnCCl,
18to 20 CaClTe, CaOcl’ AnCCl, AnOCI AnOCl", AnCCl.

Above 20 milliampéres (an intensity which it is difficult to get the
patient to stand), an OCl= CCl up to 25 milliampéres.

Erb has justly observed that the examination of a nerve made
for purposes of diagnosis should be performed according to a fixed,
invariable method. He proceeds in the following manner :

He begins at the negative pole with a current of low intensity and
determines three times in succession the value of the current, which
gives CaCCl. Then he increases the intensity of the current until
he succeeds in producing AnOCl.  This done, he changes the pole
and tests for AnCCl and AnOCl. When he wishes to get the
breaking contraction at the positive pole, he is careful to let the
current go on for some time so as to increase the excitability of the
nerve., The intensity of the current should be progressively in-
creased until a tetanic contraction is produced. Normally, the
single contraction Cl (which is denoted by cl when it is very slight)
is followed by successively stronger contractions, which may be de-
noted by CI'CI"’CI’"",

The conditions of examination are fortunately favorable when it
is possible to make upon the same subject a comparative test of both
the sound and affected sides

The author uses a sensibly different method. He begins in the
same way—i. e., by placing the negative pole upon the nerve, since
this pole always gives the first reaction—and, after having repeated
two or three times with a low current-intensity the making and break-

22
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ing excitations, and noting the results of examination, he reverses the
current and, using the same current-intensity, tests the positive pole.

It is only after making these successive tests of the two poles with
the same current-intensity, and for both the closing and the breaking
of the circuit, that the intensity of the current is increased ; then he
once more beging manipulating with the negative pole, afterward
takes the positive pole, and so proceeds.

This reversal of the current seems to me to do away with the
effects of polarization more effectively than does Erb’s method.

The results recorded in the last column of the table are those
which we get when the circuit is broken after electrization of the
nerve has been carried on for some time.

Muscles are endowed with contractility, and this property is pecu-
liar to them. But in the normal state we cannot act upon muscles
without at the same time acting upon their nerves.

The stimulant action of the electricity, therefore, is exerted upon
a complex tissue, and the effect which results from it is, in some
measure, a resuitant and not a simple action. Hence, in certain
pathological cases in which the nerves are altered we observe modifi-
cations in the musecular reactions.

Most physiologists, among whom I will mention von Bezold,
Hering, Engelmann, and Biedermann, think that for excitations of
the muscles there is a law analogous to that which governs the exci-
tations of the nerves. According to Wundt, this law holds good
only when the electric stimulation is applied to the upper part of the
muscle. It is no longer exact when the whole length of the muscle
is contained in the cireuit.

The facts observed in man or in an animal that has not been
vivisected are distinet according as the excitation is bipolar or uni-
polar.

When we perform bipolar excitation, by means of electrodes
placed outside of the points where the motor nerves make their
entrance, we get a contraction limited to the parts comprised between
the two poles and the parts in their vicinity. The making variation
is the only one that is active ; the contraction at the breaking of the
circuit is either absent or occurs as a rare exception. The musecular
contractions are less abrupt than those which result from stimulation
of the nerve.

In the case of unipolar excitation, the reaction CaCCl is not much
more intense than AnCCl, a result which, according to Hering, is
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the consequence of the anatomical conditions presented by the muscle.
For in this case, especially when the application is made to large
masses of muscle, he holds that multiple virtual poles are formed,
which prevent what is called the active pole from having any marked
superiority of action.

It is important to remember that the muscle remains tetanized
during the passage of the current, and that this peculiar state may
render the effect of breaking the circuit less appreciable; yet if we
work upon an animal and take tracings of the contraction, it is easy
to demonstrate, by beginning with the production of a breaking
variation, that the effect due to closing of the eireuit is the prepon-
derant one.

Following various physiologists, Wundt and Boudet de Paris, who
made a comparative study of the effects of direct and of indirect
stimulation of a muscle, have shown that when of equal intensity
galvanic excitations do not act in the same manner upon a nerve and
upon a muscle. A stimulus that is incapable of producing tetanus,
when acting through the mediom of a perve, can, when applied to
a muscle, produce tetanie (electrotonic) eontraction. The two poles
show themselves equally active in this regard.

We shall have to return later on to the probable canses of these
differences between the muscular and the nervous reactions.

Unipolar stimulation of healthy muscles in man has given re-
sults which may be presented in tabular form as follows :

Intensity in
Milliamperes. Negative Pole, Pogitive Pole,
Hto 6 CaCCl AnCel.
8 to 10 CaCCl” AnCel”.
12 to 15 CaCCl” AnCl, ANOecl.

Physiologists generally agree with Pfliiger in the belief that the
reaction of the sensory nerves obeys the same laws as those which
regulate the motor nerves. In regard to this matter we may point
out only the results obtained in man.

The first reaction observed is that which the negative pole produces
at the moment when the current is established. We hence have to
start with CaCS', when the sensation represented by the symbol S is
brief and resembles a prickling.  When the current becomes stronger
this sensation is more accentuated and more persistent, but is loeal
and eccentric. It disappears gradually during the passage of the
current.

1 B for sensation,
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The intensity of the ecurrent must be increased still more to pro-
duce AnOS, which gives rise to a rapid sensation, and then AnCS,
manifested by a sensation which, though slight, persists during the
passage of the eurrent.

If, with intense currents, after having obtained CaCS, we wait
until the sensation produced by breaking the eirenit has disappeared,
CaOS gives a weak but still distinet sensation. During the whole
duration of the test the patient experiences a sense of burning at the
point where the electrode is applied.

It is seen that for sensory, as well as for motor nerves, the negative
pole mainly produces reactions at the time of closing the ecirenit;
that, on the other hand, the positive pole gives rise to reactions when
the circuit is broken; and that in this case also the negative pole is
still the more active of the two.

The nerves of special sensibility are very readily affected by the
current. We possess results upon this poiat, many of which have
been obtained by wvarious physiologists upon themselves.

The eyes are particularly sensitive, a fact which explains the de-
velopment of luminous sensations and of the flashes of light that
occur, as we have seen, under the influence of induced eurrents pro-
duced in the course of electrization of the neck or even of the chest.

The first observers—Volta, Ritter, and Helmholtz—have de-
seribed the effects of galvanic currents, without taking account of the
polar action and without distinguishing the effects of the continuous
state from those which are referable to the variable state.

We owe to Brenner (1862) the statement of the laws governing
the phenomena produced by polar stimulation. This observer found
that each interruption of the current (O or C) excites an abrupt,
luminous sensation, accompanied by the production of a rapid,
lightning-like flash, but with a hue varying according to the pole
employed. Thus:

Flash.
With CaC . : : ; : . reddish or pale yellow.
L ORE ! . : 2 . bluish or blue.
*“ AD@: . : . : . . bluish or blue.
AN 3 : : : . reddish or pale yellow.

The use of intense currents generate in the field of vision a brilliant
figure, taking the shape of a parallelogram or a polygon, surrounded
by a pale aureola, likewise varying in color according to the pole
that is acting and the nature of the variation (O or C). DBut the
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color-effects vary according to the subject ; the flash always showing
the same hue in the same person, but varyirg from one person to
another.

These luminous phenomena result from the stimulation of the
retina or optic nerve, it not being possible to localize their point of
origin more precisely than by this general statement. To obtain
them the inactive electrode is applied to the nape of the neck or to
the sternum, the active electrode being upon the closed eyelid or upon
the temple. The subject should be placed in a dark room.

It is likewise Brenner’s observations that have made us acquainted
with the law of stimulation of the auditory nerve. This nerve ap-
pears to behave like a motor nerve. For here, again, the negative
pole shows its superiority of action over the positive pole and pro-
duces effects mainly at the making of the cirenit, while the positive
pole acts mainly at the moment when the cireuit is broken.

Currents of medium intensity give CaCAu,' when they are stronger
we get 1CaCAu’ (when Au’ represents a more intense sensation). To
obtain AnOAu, Erb advises that before breaking the circuit the
current be allowed to flow for some time, so as to polarize the nerve,

The quality of sound perceived varies according to the subject, most
generally in the healthy state; the sensation produced is compared by
the persons subjected to the test to a whistling, a buzzing, or a bub-
bling, when the currents are of moderate intensity ; strong currents
cause, under the same conditions, a more intense, more musical sound.

Formerly, in order to make an electrical test of the hearing, a
special electrode was introduced into the external auditory canal.
This troublesome method has been given up ever since Erb showed
that the results obtained are sensibly the same when a small pad-
electrode is applied somewhat foreibly to the tragus, the other elec-
trode being held against the nape of the neck.

We have already had occasion to speak of the great execitability
of the nerves of taste, so we shall not need to return to this subject
at present.

The reactions of the olfactory nerve, which have been but little
known, have been studied recently by Aronsohn under the direction
of E. Remak. To obtain them this observer fills the nasal cavities
with a weak saline solution at a temperature of 38° (., and intro-
duces into the nose an olive-shaped electrode, while a large electrode
is placed against the forehead. The effects produced are analogous

1 Aun—auditory sensation (gonnd),
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to those which Brenner has noted with respect to the auditory nerve,
The subjects experienced with CaC and AnO specific sensations,
which did not, however, recall, as some have said, an odor of phos-
phorus. Very weak currents of 0.1 to 0.2 milliampére suffice to
produce these sensations,

The effects cansed by execitation of the secretory nerves have been
little studied in man. Nevertheless, it is certain that electrization,
and especially discontinuous application, can increase either by direct
or by reflex action the activity of the various secretions. It is, for
instance, possible to excite an abundant secretion of saliva by means
of continuous or discontinuous electrization of the parotid region.
The author has been able by this means to bring back the buccal
secretion in an old woman convalescing from a gastro-intestinal af-
fection from which she had derived a marked dryness of the tongue
and mouth,

From experiments that have been made upon animals, the effects
of electrization of the parotid region may be referred in part to stimu-
lation of the chorda tympani. In man there is perhaps reason for
invoking as the chief’ means of aceounting for them a reflex action
taking place through the medium of the gustatory nerves, whose
excitability is quite great,

A great number of experiments made upon animals have shown
that electrization of the great cervical sympathetic produces impor-
tant vasomotor effects. But in almost the whole of these experiments
the induced eurrent has been made use of. No inference, therefore,
can be drawn from them with regard to the phenomena which can
be produced in man by electrization of the sympathetic in the neck,
a method with which physicians have been actively working for some
years back. Moreover, it is impossible in this method of electriza-
tion to limit the action of the current {o stimulation of the sympathetic
alone ; we at the same time stimuolate the vagus and brachial plexus,
and certainly, too, excite various reflex actions.

In experiments made by G. Fischer upon horses and cats, electri-
zation of the sympathetic in the neck, performed through the skin,
as in man, produced modifications of the cerebral circulation. These
effects can be referred as well to centripetal stimulation of the vagus
and of the cutaneons sensory nerves as to stimulation of the cervieal
sympathetic.

In man the phenomena observed are very complex. There have
been obtained various pupillary reactions and disturbances of cireu-
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lation in the fundus of the eye, disturbances which are manifested
sometimes by hypersemia, sometimes by an@emia. Beard, Bulenburg,
and Schmidt have noticed a lowering of the arterial pressure, a dimi-
nution in the number of pulsations, and hence corresponding modifi-
cations in the sphygmographic trace. These effects are probably the
result of stimulation of the vagus. The same method of electrization
may also, according to A. Meyer, determine an elevation of tempera-
ture, showing itself usually in the corresponding arm, and an excita-
tion of the secretion of sweat, visible at the tips of the fingers and in the
palm of the hand. Adamkiewicz has, it will be recollected, obtained
analogous sudorific effects by stimulating the cerebro-spinal nerves,

We may also note among the results of the electrization of the
neck somnolence, vertigo, and various disturbances of the peripheral
or eentral circulation.

It has been asked if the heart is affected by the passage of the
current or by variations in the latter. The question has been studied
in man by Von Ziemssen in a case in which, owing to a resection of
the ribs, the heart beat directly beneath the skin.

The current-variation due to making the cirenit (CaC), the con-
tinuous current (the negative pole being placed upon the heart), and
successive reversals of the galvanic current, result in an increase in
the number of heart-beats. Intense currents and slow excitations
produce a slowing of the heart’s action. According to Von Ziems-
sen, the cardiac muscle may, as regards its selective reactions, be
placed in a similar category with other striated muscles,

Stimulation of the phrenic nerve produces contractions of the
diaphragm, which are not painful and which obey the law governing
the motor nerves.

The stomach, intestines, urethra, bladder, and uterus—in a word,
all hollow organs containing smooth muscular fibres, appear to be
very sensitive to the action of the galvanic current; but so far we
lack precise and decisive experiments upon this point.

From observations made upon man by Boudet de Paris, the most
distinetly marked intestinal reactions oceur when we reverse the cur-
rent, and when we interrupt it after having produced polarization
by means of the continuous current kept up for some time. The
same perhaps is true for all the other organs containing smooth mus-
cular fibres.

It is to Chauveau that we are indebted for the first studies of the
polar stimulation of nerves by means of induced currents. This ob-
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server was the first to make the important observation that induced
currents being of high electromotive foree, whose polarizing effect can
he ignored under ordinary conditions, afford more regular results,
particularly when we make our applications to animals whose spinal
cord or whose nerves are divided,

The facts observed in man are simpler than with the galvanie cur-
rent. In faet, we have only to consider two varieties, that of closure
being too weak to produce an appreciable stimulation ; the variation
produced by the breaking of the current is, for the physical reasons,
the only one that is active; and the stimulation of nerves, by means
of the induced current, accordingly, is less interesting from the point
of view both of diagnosis and treatment.

With weak currents the reaction produced at the negative pole is
the only one that is followed by an energetic contraction, no reaction
being obtained with the positive pole. The result remains the same,
whatever be the direction of the current ; i.e., whatever be the plane
of the inactive pole.

When the currents are stronger both poles are active, but the reac-
tion produced when the negative pole is used is always more intense.

Stimulation of a nerve by induced currents hence presentsa certain
analogy with that obtained by means of the interrupted direct cur-
rent. The physiological reaction, however, shows an important
difference,

When we use a galvanic current, an increase in the intensity of
the latter causes, as has been seen, constantly stronger and more sus-
tained contractions until finally tetanus is produced.

With the induced current the contractions are rapid and isolated,
It we proceed to increase the intensity of the current, we get stimula-
tion throngh a more extensive zone; the contraction, to a certain ex-
tent, takes in more territory, but it does not give rise to tetanus.

With the kinds of induction-apparatus used in practice a contrac-
tion commonly oceurs, whether we use the positive or the negative
pole as our active pole; but when we have got a clearly marked reac-
tion with the latter, we have to increase the intensity of the current
a little in order to exeite an equivalent reaction with the positive pole,

Excitation of the muscles by the indueced current is more interest-
ing in practice than that of the nerves. The reader is aware of the
important part which, since the labors of Duchenne, it again plays
as a therapeutic method. It also renders great service from a diag-
nostic point of view.
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The bipolar and the polar methods are employed.

To perform bipolar stimulation we place both electrodes along the
course of the muscle. Duchenne has recommended that they be ap-
plied as near as possible to the points where the nerves enter the
muscles. If we follow this advice, we find ourselves in the midst of
complex conditions, which may, however, have their practical utility.
We get at the breaking of the current a well-marked instantaneous
contraction, which is transformed into a tetanus as soon as the inter-
ruptions reach the number of 40 a second.

When we employ unipolar stimulation the negative pole still shows
itself more active than the positive. Under the conditions ordinarily
found in practice we get at the breaking of the circuit a contraction
both with the positive and with the negative pole, but in the latter
case the effect is more energetic.

The determination of the current-intensity absolutely necessary to
excite a well-marked contraction is very important, both for purposes
of diagnosis and treatment. For diagnosis we thus get a better
estimate of the modifications which may oceur during stimulation by
the induced current, and in treatment we, by this means, avoid the
disagreeable effects resulting from overstrong excitations. This
object can be readily attained when the form of apparatus with a
sliding-stand is used.

The sensory nerves are strongly stimulated by the induced currents,
and these currents might be utilized oftener than they are in practice
when it is a question of determining the condition in which the
cutaneous sensibility may happen to be.

In describing the phenomena, we must distinguish between the
effects produced by stimulation of the cutaneous nerves and those
which are cauged by stimulation of the nerve-trunks.

In the skin each induced wave gives rise to a sensation which is
compared to a slight prickling. When the spring of the interrupter
vibrates freely we get a continuous sensation, and even a painful
sense of burning, especially if we make use of the current from a
coil with long fine wire.

When the skin and the electrodes are dry the painful sensation
becomes one of the most distressing that we can have ; it reaches its
greatest intensity when the electrode is a metallic brush.

After excitation, the cataneous sensibility remains modified for
some time. Directly after the application the tactile sensibility is
diminished ; later, on the contrary, it is sligchtly exalted. If the
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metallic brush is used, the diminution in sensibility which follows is
more persistent, and is replaced but slowly by a hypereesthesia which
sometimes lasts for a whole day. When application with the brush
has been renewed several times the resulting hypersesthesia may last
for several days. Hence, Rumpf, Englinder, and Vulpian have
utilized this method in order to combat cutaneous ansesthesia.

The application of the electrodes in the region of the nerve-
trunks gives rise to a sensation of prickling and numbness, which
radiates toward the periphery. The negative pole is in this case
more active than the positive. Lastly, the pain is the more intense
the more frequent the interruptions are,

Stimulation of the cutaneous nerves by induced currents is a pow-
erful means of producing revulsion, which, since the time of
Duchenne, has often been made use of. Of the remote phenomena
produced in a reflex way we will mention only the most important,
Feinberg has observed, as a result of stimulating the skin with the
metallic brush, cerebral anemia followed by cerebral hypersmia.
In the experiments made by Rumpf the hyperemia is produced in
the cerebral hemisphere of the side opposite to the point stimulated.
According to von Basch, excitation of the skin of the abdomen with
the metallic brush causes abdominal plethora, and a cerebral anzemia
which may induce syncope,

To complete what has been said upon the subject of general sensi-
bility, it is necessary to recollect the fact that, according to Du-
chenne, there is a muscular sensibility proper, or rather an electro-
musecular sensibility. At the moment when the muscle contracts,
under the influence of the electrical stimulus, the subject experiences
a dull, deeply situated sensation, the intensity of which is in propor-
tion to the energy of the contraction. When the muscle is tetanized
this sensation is, in general, the same as that of a painful eramp.

The special senses have been studied only with the galvanic enr-
rent. There is, therefore, nothing of interest to speak of regarding
the faradic reactions of the organs of special sensibility.

Some observations made upon the secretory and vasomotor nerves
deserve mention. Cutaneouns faradization performed with a metallie
brush gives rise to local sweating, more or less marked according to
the region affected. TIs this the result of the direct stimulation of the
sudorific nerves? As has already been said, faradization with the
brush constitutes one of the most active of revulsive measures,
and hence the sweating may be produced in a reflex way, and in
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estimating the result we must take this property of the application
into account, even when it seems to be solely a question of a local
effect.

However this may be, we have already, when studying thermic
agents, cited facts which prove that the sudorific nerves respond to
faradic stimulation. Thus, Adamkiewicz obtained abundant sweat-
ing in the plantar region by faradizing the tibial nerve in the pop-
liteal space.

Numerous experiments made upon animals authorize the belief
that it would be easy to stimulate various secretions by means of
faradization. As regards the lacteal secretion, it has been increased
by weak currents, as has been done by H. Pierron, the negative
pole being placed beneath the breast, and the positive being placed
upon the nipple and carried to and fro over the gland.

The effects of faradization upon the vasomotor nerves has been
but little studied. Tripier made observations showing with abso-
lute certainty that faradization of a determinate region is accompanied
by over-activity of the circulation and the development of arterial
pulsations, and that these phenomena cease as soon as the electriza-
tion is interrupted. But in such cases the effects are complex, for we
act upon several organs at once—namely, upon both vessels and
nerves, while at the same time we stir up reflex actions. It is prob-
able enough that it is by means of this last-named mechanism—i. e,
by a reflex channel—that we produce vaso-dilatation.

The effects observed upon the blood-pressure and the general
circulation appear likewise to be of reflex origin,

When we perform faradization in the region of the neck we get
dilatation of the pupil upon the corresponding side and a modification
of the temperature, that of the cheek becoming somewhat lowered
after from two to twelve minutes. Stimulation of the nerves of the
limbs, such as the ulnar and peroneal nerves, likewise, as Eulenburg
and Przewoski have demonstrated, causes a lowering of temperature in
the corresponding limbs, soon followed by an elevation of 0.5° above
the normal.  All these effects seem to result from the stimulation of
the sensory cutaneous nerves rather than the direct stimulation of
the vasomotors. They come, therefore, at least in part, under the
head of revulsion.

In the neck we find, moreover, the vagus and phrenic nerves.
These can certainly be affected by the faradic current.

Stimulation of the vagus may produce a contraction of the mus-
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cles of the larynx and cause movements of the stomach and intes-
tine. Brenner has seen vomiting or efforts at vomiting occur.
Gerhardt has sueceeded in stimulating the laryngeal branches. If
we place the active electrode upon the level of the superior cornu of
the thyroid cartilage, we can readily set the superior laryngeal nerve
into action. It is more difficult to reach the inferior laryngeal nerve,
although we can do it by applying the electrode at the level of the
inferior border of the same cartilage. Nevertheless, extra-laryngeal
faradization is efficacions enough to serve as a substitute for intra-
laryngeal faradization, and the numerous therapeutic results obtained
by many practitioners now put this fact beyond doubt.

It is important to know that through the medium of the vagus we
can reach the heart and cause it to stop beating, for this constitutes
one of the dangers in performing faradization of the phrenic in the
neck (H. A. Hare and Edward Martin), a procedure which has been
often resorted to in cases of chloroform asphyxia.

But while the heart may be influenced indirectly through the me-
dium of the vagus, it may, according to the observations of von
Ziemssen, be regarded as itself insensitive to induced currents.
These observations were made upon a subject whose ribs had been
resected, the conditions being, therefore, those under which, as we
have seen, the galvanic current produces an effect.

The stomach and intestines are often subjected to faradic stimula-
tion. External faradization properly made is certainly able to excite
contractions of the stomach. Nor is it without effect upon the in-
testine also, although in general the latter organ reacts less distinetly
than does the stomach.

Internal faradization gives more complete results. We can get mani-
fest and rapid reactions at the rectum or sphineter ani, and it is also
established that the stomach responds distinetly to stimulation carried
directly into its cavity.

A diminution in the size of the spleen has been obtained in
animals by faradization, either of the nerve trunks distributed to
it or of certain peripheral nerves (Mosler and Jerusalimsky). Among
the latter may be mentioned the sciatie, which has been previously di-
vided (Tarchanoft’), and the vagus (Oehl). In man faradization of
the splenic region, done with a therapeutic object, has given incon-
stant results, Side by side with various froitless attempts, quite a
large number of successes have heen enumerated.

The urethra and bladder are sensitive to faradization. The same
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is true of the uterus, although the latter organ appears to be more
readily stimulated by the interrupted galvanic current.

Faradization always entails an increase in the size of the contracted
muscle, whether the latter be striated or smooth. At the same time
it causes an elevation of the temperature of the musele, even when
it does not cause a sharply marked contraction. Galvanization, on
the other hand, produces heat only when there is a contraction of the
muscle.

As a correlative of this, d’Arsonval has observed exaggeration of
the respiratory combustion following faradization, while, it will be
remembered, galvanization remains inactive in this regard.

Thus a very gentle faradization, when generalized, may entail a
modification of tissue-metamorphosis and increase the production of
heat when the conditions are such that no apparent muscular con-
traction is seen to be produced. This is what is particularly observed
as a result of the faradie bath, which produces a simultaneous stimn-
lation of the muscular and the sensory nervous system.

When the muscular contractions are extensive and tetanie, the
elevation of the central temperature may be considerable. Electrical
tetanus may thus, as Charles Richet has shown, even result in death
through hyperthermia.

There is a certain difference between the physiological properties
of the extra-current and those of the induced current. The results
obtained by Duchenne in this respect are as follows :

The induced current differs from the extra-current in its more
lively action upon cutaneous sensibility, its superiority in produe-
ing reflex contractions and stimulation of the retina, and by the
greater depth of its penetration into the tissues, when the rheophores
are moistened,

The extra-current has the advantage over the other when it is a
question of stimulating certain superficial organs, such as the mus-
cles or mixed nerves and the testicles, or various hollow organs, such
as the bladder and rectum.

The difference between the two is the more appreciable in propor-
tion as the intermissions are more rapidly repeated.

Duchenne used very frequent intermissions, At present we often
make use of intermissions that are less frequent, and it has been dis-
covered that the latter are better adapted for performing faradization
of muscles and of some organs containing smooth muscular fibres.
For instance, Danion does not care to have more than from one to
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three intermissions a second in order to stimulate the intestine and
bladder.

Cuno Weil has stated that there is no marked difference between
the electromotive force of coils with fine wire and coils with coarse
wire, the self-induction diminishing greatly the electromotive force
of the long-wire coil. The coarse-wire coil, the resistance of which
is low, should, according to him, be preferred in all cases in which
there are no great resistances to overcome, and hence is to be employed
for stimulating the motor nerves and the muscles where moist elec-
trodes are nsed. On the other hand, the fine-wire eoil must be used
for overcoming great resistances, e. g., for stimulating the cutaneous
sensibility by means of dry electrodes.

ErrEcTs PropUcED BY STATICc CURRENTS.  Static charges from
the Leyden jar or in the form of sparks from static machines produce
effects analogous to those which we have just described in speaking
about induced currents. We may, with the electricity of the static ma-
chine, as well as with that of the coil, get modifications of cutaneous
sensibility and exeite direet or indirect contraction of the musecles,
Static electricity presents, moreover, the advantage that contractions
can be had when the electrization is made through the clothing. It
constitutes, as Schwanda has stated, the surest means of reaching a
muscle without the stimulus being propagated to the neighboring
museles, Lastly, the muscles in certain pathological conditions still
respond to the static discharge, although their faradic excitability,
and sometimes their galvanic excitability, too, have disappeared.

We have just studied the effects obtained by the variable electric
states produced by means of the galvanic current, the various kinds
of induetion-apparatus, and the various kinds of static apparatus.

The facts that we have enunciated with regard to the stimulation
of nerves and muscles seem to show that the effects of this stimula-
tion vary with the source of the electricity. This question, which
has for a long time occupied the attention of physiologists, has given
rise in recent years to some interesting works. These tend to demon-
strate that the effects of the stimulation of nerves and muscles are
dependent, on the one hand, upon the physical method of applying
the electricity, and, on the other hand, upon the modifications pro-
duced in the tissues by the passage of the current or by the con-
tinuous state established in the interval between the passage of
multiple charges.
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D’Arsonval has denoted the physical method of applying the
current by the name of stimulation-characleristic. By means of an
ingenious apparatus he has succeeded in obtaining a graphic trace,
in the form of a curve, of the excitation produced by any method
whatever, and of recording beneath it the physiological reaction.
He has drawn from his researches various conclusions, the chief of
which are as follows :

When we stimulate nerves and muscles we may induce the same
physiological reactions, whatever be the source of electricity em-
ployed, provided that the discharge has the same form in the given time.

The excitability of a nerve is set in action mainly by the rapidity
and amount of the variation in the potential, the quantity of elee-
tricity in this case playing only a secondary part. A muscle, on the
other hand, requires a less abrupt variation of potential in order for
it to begin acting. If it is necessary to use a more intense current
for its stimulation than for that of the nerve, this depends, according
to d’Arsonval, upon the fact that the muscle, being a better con-
ductor than the nerve, requires the calling into action of a greater
quantity of electricity for the same difference of potential between
the extremities of the tissue stimulated.

It can be seen that, from d’Arsonval’s point of view, the stimula-
tion takes place at the point of application of the positive or negative
electrode. . Weiss has combated this opinion. He thinks that he
has demonstrated that the stimulation is produced at all points through
which the current passes,and that, consequently, it is necessary to know
the intensity that the current possesses at each instant. From d’Arson-
val’s point of view,the important element to consider in the case of the
electric stimulation of the nerves and muscles is the potential and its
variations at the point of application of the electrodes ; from Weiss’s
point of view the important element is the intensity of the current
and its variations.

However it may be with this point of pure physies, which is still
under discussion, with regard to the manner of caleulating the value
of the agent which is made to act upon the nerves or upon the mus-
cles, it is admitted that all discharges obtained with the galvanic cur-
rent or with induction-apparatus modify the properties of the nerves
by producing polarization. This important fact, already called in by
various physiologists to account for the phenomena, has been demon-
strated by the researches of Charbonnel-Salle. It is through this
polarization of the tissues that it becomes possible to explain the
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apparent contradictions noticed in the laws previously formulated,
and especially in those of Pfliiger,

The induced current is less of a polarizer than is the galvanic
enrrent ; but it has the disadvantage of being more difficult to
measure, Hence Marey, Chauveau, d’Arsonval, and Boudet de
Paris have tried to replace it by discharges from the tinfoil con-
denser. The last-named electrician has used the condenser upon
man, and has drawn up a table which enables one to discover the
energy of the discharge without its being necessary to make any
calculation. At present ganged condensers are made so as to admit
of their capacity being varied in a determinate manner. One is then
supplied with tools that enables him to work either for physiological
researches or for medical applications under conditions which are
very precisely mapped out.

When we wish to make a unipolar stimulation in man with the
condenser we place a large plate connected with the positive pole
upon the dorsal region and apply a small plate or a pad having an
area of about twenty square centimetres, and connected with the
negative pole, to the region occupied by the organ to be stimulated.

According to Boudet de Paris, discharges from the condenser do
not give rise to polarization. When he stimulated a frog’s muscle
with discharges repeated every ten seconds, the tracings showed that
the last twenty exeitations gave the same result as the first twenty.

IFFurthermore, to render any kind of chemical polarization impos-
sible, Boudet de Paris has devised with the aid of two condensers an
arrangement which enables us to make the discharges alternating.

I’ Arsonval has denied the advantages possessed by the condenser.
According to him, the value of a given stimulation would not be
sufficiently determined when simply the capacity of the condenser and
the difference of potential between the armatures are known. We
do get, it is true, with these data the measure of the energy set free
by the apparatus at the instant when it is discharged. But there is
no relation between the energy (work) of an electrical excitation and
of the muscular contraction which results from it. It is possible to
demonstrate this interesting fact in various ways.

D’Arsonval charges a condenser having a capacity of ; with a
potential of 10, and discharges it into a frog's leg arranged as a
calvanoscope. IHe gets a violent contraction. He repeats the ex-
periment, using this time a condenser having a capacity of 10, but
charged with a potential of 1. The discharge in this case gives rise
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to but a slight contraction, and may even remain without effect. Yet
the energy of the excitation is the same in both cases.

On the other hand, it results from the experiments of Charbonnel-
Salle that the discharging currents produced by condensers do not
abrogate polarization. Every discharge taking place in a determin-
ate direction has the property of acting upon the nerve in the same
way as does the galvanic current. This would be the case for a
single application of electric action, and, & fortiori, would be true when
successive applications in the same direction are brought into play.

We must state, however, that these remarks apply to stimulation
of a nerve, while the researches of Boudet de Paris bear upon the
stimulation of muscle, which appears to be polarized less, or at least
to be less modified under the influence of a weak polarizing action.

However this may be, d’Arsonval has devised two arrangements
which suppress all polarization effects, and to which he attaches
great importance, even from a potential point of view.

In 1881, when seeking to solve the problem of how to stimulate
nerves, he conceived the idea of passing the discharge of the con-
denser into the primary wire of an induction-coil deprived of its
soft-iron core. The instantaneous current induced in the secondary
wire serves for the stimulation of the nerve.

It is easy to understand the physical change that takes place dur-
ing the discharge of the condenser, the primary cirenit (indnetor) is
traversed by a wave of electricity, which, starting from zero, rapidly
increases, and at the expiration of a very short time falls to zero
again. There are, hence, produced in the secondary wire two induc-
tions in an opposite direction, the first during the period of inerease
of the current, the second during the period of decline. The nerve
thus in a very short time is traversed by two waves of electricity, a
positive and a negative one. The excitation no longer takes place
in the same direction ; polarization is suppressed, or, to speak more
precisely, two polarizations are produced to neutralize each other.

This procedure, which has been put into practice by Mendelsohn,
has the advantage of suppressing any development of fatigue and of
furnishing contractions that are regular and equal, whatever their
number.

The second arrangement devised by d’Arsonval would solve the
problem of how to produce stimulation of a musele. The discharges
of induced currents, being very brief and of high potential, are

particularly adapted for stimulating the terminations of the sensory
23
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and motor nerves. Their duration in the ordinary forms of appa-
ratus does not exceed three-tenths of a second. If we proceed to
prolong this discharge, we get to a point at which, in accordance
with the propositions previously enunciated, we can no longer pro-
duce excitation of nerve-tissue ; while, on the other hand, we get
conditions that are the most favorable for excitation of muscular
tissue.

This being granted, suppose we take a coil with quite coarse wire,
so as to have quantity, and we retard its discharge. With this end
in view we intercalate, as a derived circuit in the secondary coil, a
condenser having a capacity of a mierofarad. We thus get con-
traction of a muscle without its causing pain, an effect which we are
accustomed to require of the galvanic current.

D’Arsonval attaches great importance to this procedure, either
when it is our intention to produce stimulation of the muscles with-
out causing pain, or when our object is to study the modifications of
muscular excitability for diagnostic purposes.

The only thing left in order to complete the stndy of this subject
is for me to point out to you the principal effects produced by alter-
nating sinusoidal currents.

I¥ Arsonval’s apparatus, which we bave previously described, has
been made use of by Tripier. When rotated gently by hand it
does not excite any sensation at all during the passage of the current.
When the rapidity of rotation of the wheel is accelerated the subject
feels pricklings of the skin. 'When the rotation becomes still greater
vague muscular sensations are superadded, which may become quite
l‘.ll'ﬂn{l“nﬂf_‘{],

The sensations and the contractions produced are a function of the
rapidity of rotation.

When working upon animals we may get a contraction of the
smooth muscular fibres, even when we cannot produce any apparent
reaction in the striated fibres. We may also remark that this kind
of electrization, according to experiments which have been made by
d’Arsonval upon man and animals, is followed by a marked in-
crease (one of more than one-fourth) in the amount of respiratory
combustion, and that even when the passage of the current gives rise
neither to any apparent muscular contraction nor to symptoms of
pain.

The question of the employment of sinnsoidal currents is still
under study. Gautier and Larat, in order to obtain currents of this
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sort in their office, have conceived the idea of utilizing the eurrents
furnished by the dynamo-electric machines designed to supply the
electric lights of the city.

Electrotherapeutics. Being now acquainted with the principles
of electrophysics and electrophysiology, we may now start upon the
study of how to apply the different procedures for producing electri-
zation.

The first attempts were made, as you know, with frictional elec-
tricity, which enabled those who used it to get very diverse results,
and even general modifications of nutrition.

Later, this variety of electrization was given up, and was re-
placed in Germany by discontinuous galvanization, championed by
Remak, and in France by faradization, which was carried to a high
degree of perfection by Duchenne. In recent years franklinization
has been restored to honor, and at present it occupies an important
place among therapeutic procedures,

FrankrLiNizaTioN. The instruments necessary for applying static
electricity consist of a good influence-machine, an insulating-stool,
and one or more conductors and dischargers of various shapes,

We have already recommended for medical uses the Carré machine
or that of the Wimshurst type, modified by Gaiffe. These machines
may be run by hand. But the physician should avoid having re-
course to an assistant, whose presence is often inconvenient. It is
necessary, therefore, to obtain the mechanical energy that we need
as far as possible from a motor.

At La Salpétriere a steam motor, placed in the cellar, runs a
dynamo-electric machine, which works an electric motor set within
the glass case that protects the machine. Such an appliance is too
expensive for the practitioner who treats only a limited number of
patients with electricity. It is much simpler to have a battery of
bichromate cells, or of accumulators, to work a small electric motor,
which is connected with the pulleys that turn the plates. We may
also employ a water or air motor.

The work that we wish to produce being only 5 or 6 kilogram-
metres, there is no use in employing a gas motor giving half a horse-
power.

In localities where the physician can make connections with a
central electric plant, an electric motor connected with the system
of wires extending from the works will supply him in a very simple
manner with the power that he needs.
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The insulating-stool is formed of a single board, with well-rounded
edges, mounted on legs made of glass and covered with shellac.
These legs, particularly in damp weather, onght to be wiped off with
warmed cloths, We may also follow Danion’s advice and insulate
the patient by means of a thick plate of caoutchoue,

The stool upon which the patient is placed is connected with the
machine by means of conductors. The form and dimensions of the
conductors vary with the needs of practice. Most often we make
use of brass rods ending in hooks, which enable ns to attach the
rods to a ring mounted on the collector of the machine,

The dischargers are the accessory instruments which enable us to
draw sparks from the patient’s body, or to produce friction, the
breeze, and the aura.

The ordinary discharger may subserve variouns ends. With this
object, it is composed of a shaft of insulating substance (glass, hard
rubber), ending in a metal cap which carries a hook and a serew-

Friz. 83,

thread. (Fig. 83.) We may attach to the hook a trailing chain,
which passes through a metal ring mounted on an insulating shank.
Upon the end of the discharger may be serewed spheres or points
of metal or wood, according to the requirements of the case.

The electrician holds the discharger in his right hand, and by
means of the shaft bearing the ring, which is held in his left hand,
directs the ground-chain of the machine so as to prevent its touching
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his body or the patient’s. Dischargers of wood are preferred when
it is wished to moderate the intensity of the effect.

In order to get sparks having always the same length, Boudet de
Paris has had a discharger constructed (Fig. 84) formed of a char-
coal knob, covered with moist chamois-skin, and connected with a
metal ball which is lodged in a glass tube. A second ball, mounted
on a shank, can be plunged more or less deeply into the interior of
the same tube, so that the distance between the two balls can be
modified at will. The shank which carries this second ball is con-
nected with the ground. In ease it is desired to produce the aura,
the ball is replaced by a blunt point.

Fia, 84,

Benedikt uses a special discharger, known under the name of the
electric bell. It is composed of a hollow hemisphere with sharp
edges, connected with the ground, and placed over the head of the
patient, who is insulated by being placed upon the stool. The
borders of the bell act like points. Hence, Chardin has replaced
the bell by a metal disk provided with many points,

Under some circumstances it is necessary to subject a certain region
of the body to the prolonged action of electricity. The dischargers
are then kept, by means of insulating supports, in the vicinity of
the points to be electrified.

The different kinds of electrization that we can get by means of
these instruments were described by Mauduyt in his treatise, which
is dated 1784. All that has been added is the electric douche.

The procedures employed are the electric bath, the static breeze or
the soufHe,' sparks, electric douche, electric friction, and concussion.

For the electrie (or electrostatic) bath the patient is placed upon
the stool, which is connected with one of the poles of the machine
by means of a conductor, the other pole being connected with the
ground. We must recollect that the electricity thus produced is not
in equilibrium, but in motion. When the connection is made with
the collector of positive electricity a continuous current is established
from the machine to the stool, from the stool to the patient, and from

1 A feeling of coolness by bringing a metallic ball within six inches of a person charged
with static electricitv.—ED,
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the patient to the air about him and to the ground. The direction
of the current is opposite when the bath is electronegative. The
escape of electricity is facilitated by the numerous points presented
by the surface of the patient’s body.

According to R. Vigoroux, the resistance of the patient will be a
factor here as in galvanic electrization—i. e., the less the resistance
the greater is the intensity of the current, other things being equal.
In Basedow’s disease this resistance is greatly diminished ; patients
with this affection cannot stand the electrostatic bath, while hysteri-
cal subjects, whose resistance is great, can remain in connection with
the machine for hours. Hence, R, Vigoroux advises that the elec-
trical resistance of the patient should be determined before any
treatment is employed. These remarks are of practical interest ; but
they presuppose that static electricity passes through the body in the
same way as does the galvanic current, and this does not seem to us
to have been proved.

The positive bath is the one most generally employed. The dura-
tion of the sitting varies from a few minutes to an hour, depending
upon the nature of the disease that we wish to combat and upon
the impressionability of the subject.

When the sitting is finished we stop the machine, or, better, put
our foot upon the stool so as to bring its potential back to zero, thus
avoiding the discharges or sparks that might be produced at the
instant when the patient gets down from the stool.

The electric wind or breeze is obtained in the following way : while
the patient is on the stool, which is connected with the machine, we
bring toward him, on a level with the part upon which we wish to
act, the discharger, which is furnished with one or more points, and
is kept at a distance of 3 to 5 centimetres. The electrified air is re-
pelled by the point and attracted by the patient, who is charged with
electricity of an opposite sign. There is thus produced a movement
of air or a breeze, giving a sensation of a draught of air. According
to R. Vigoroux, the positive pole produces this sensation more readily
than does the negative pole. It would be better, then, in cases in
which one makes use of this method to give the patient an electro-
negative bath. When the application of the breeze is going to be a
prolonged one, the discharger is put in position and attached to the
support previously described.

The electric breeze possesses incontestable sedative properties. It
is employed principally in painful diseases.
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When, with the patient arranged as in the preceding case, we carry
toward his body a wooden or metallic point that is blunt instead of
sharp, we get what is called the aura. The point is kept at a dis-
tance of 2 to 3 centimetres, and the aura, which is visible particu-
larly in the dark, varies according as it is positive (when it has a
violaceous gleam) or negative. The violaceous gleam is accompanied
by a peculiar crackling ; it has a rubefacient action, adapted for pro-
ducing revulsion.

When the discharger ends in a ball and is close enough to the
body, we see a spark leap across between the ball and the patient.
The quantity of electricity which is present in the discharge is in
proportion to the size of the ball. We can vary the amount of energy
employed, and, consequently, the effects produced, by varying either
the distance of the discharger or the size of the ball. If we desire to
weaken the effect produced, we can withdraw a part of the charge
from the patient by carrving the point or the chain of the discharger
nearer the stool, '

The spark discharge is principally used to produce excitation of
the nerves and muscles, The knob-discharger of Boudet de Paris is
to be recommended when we wish to get a well-localized action.

If we proceed to pass the ball of the discharger over the surface of
body (resting it upon the clothes), we get electric friction. Sparks
which are very short, but are quite often very painful, leap between
the discharger and the skin. A burning sensation results, which is
the more acute the slower the friction is performed.

The form of application known as concussion, which was used by
the first promotors of static electrization, is now abandoned.

The electric douche, which has been made nse of mainly by Bene-
dikt and Stein, is in reality only a variety of the electric breeze. The
bell should be placed above the head and high enongh so that no sparks
shall be thrown out. German physicians attribute to this procedure
sedative effects particularly adapted for combating persistent insomnia,

The physician possesses in the various methods a sort of sliding
scale of measures, enabling him to get effects that are more or less
intense. He should make all of them cautiously and in a gradually
progressive manner. At the outset the sittings should be short, last-
ing not more than from three to five minutes. Some practitioners
go on,and finally bring their patients up to the point where they can
stand the electrostatic bath for hours. It is rarely proper to pro-
long the duration of the sitting beyond half an hour.
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At the outset of the treatment the sittings should be had daily.
Later, when the effect produced is lessened, or when the amelioration
becomes marked, the sittings are placed further and further apart,
only one or two being had a week. It is usually advised to suspend
the treatment during the menstrual period, except when the treat-
ment consists simply in the administration of the electrostatic bath.

(GALVANIZATION forms at present the means of applying electricity
that is most often made use of in medicine,

We have already studied the subject sufficiently to be able to
describe in a few words the different procedures which it com-
prises.  These methods are: continuous galvanization and inter-
rupted galvanization, the latter including the labile method of the
Germans, and interraptions, properly so-called, produced by making
and breaking the current. With these various procedures must also
be grouped the employment of abrupt reversals of the current—i. e.,
what are called Volta’s alternating currents,

The reader is acquainted with the instruments required for apply-
ing galvanization under good physical conditions. The only thing
left to speak of particularly is the electrodes, which we have had no
occasion as yet to deseribe in detail.

The electrodes which are most extensively in use are the cushion
and the plate electrodes.

The cushion electrodes are screwed on an insulating-handle of wood,
hard rubber, or celluloid, which is held in the hand (Fig. 85), and

FiG. 85,

which is furnished with a metal eap in which is hollowed the cavity
for the reception of the end of the rheophore. This cap ends in a
screw whose nut forms a part of the electrode proper; there is some-
times added to it an interrupting-button, which when pressed upon .
breaks the eurrent. The ordinary eushion has a knob made of car-
bon, which is a good conductor, attached to the nut that is screwed
into the electrode-handle. This carbon is covered with very supple
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chamois-skin. Its dimensions vary greatly. We may give it a
mushroom-shape and cover it with sponge, which is preferable to
using a sponge inserted in a metal tube.

. To get electrodes of very small surface we serew into the handle a
metal shank curved upon itself, covered or not with some insulating
material, and ending in an olive-shaped knob of carbon covered by
chamois-skin. Bare metal electrodes are rarely used.

F1i. 86,

FraG. 87,
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The plate-shaped electrodes are almost always placed upon a fixed
handle (Fig. 86). They are formed of a sheet of tin, usually pierced
with holes, which render it easier to moisten the electrodes, and they
are covered with chamois-skin or sponge. The tin plate bears a small
metal cap which is perforated and furnished with a screw to which
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is fitted the end of the rheophore wire (Fig. 87), or, better still, it is
attached to a bifurcated end.

The forms and dimensions of these plates vary greatly according
to circamstances ; but it is indispensable that we should know their
surface in square centimetres, so as to be able to estimate the density
of the current at the point where they are applied.

The electrodes should always be well moistened before being ap-
plied to the skin. With this end in view, they should be dipped
some minutes before they are used in warm water,

In cases in which we wish to perform labile galvanization we
make use of a roller-shaped electrode (Fig. 88), so mounted that it
can be moved about over the surface of the body.

FIG. 88.

The indifferent electrode may be replaced by a basin or tub of water,
in which the patient plunges his hand or foot, the water being con-
nected with one of the poles of the battery by means of the rheophore
wire.

A great number of other electrodes have been devised having
special uses, which we shall presently describe.

Continunons galvanization comprises the bipolar and the polar
methods.

In the bipolar method the electrodes have the same area, and are
so placed as to make the current pass throngh a segment of the body
or of one of its members, We have already pointed out the prinei-
ples which should serve as our guide in this kind of electrization.
Sometimes we make the current take the same direction during the
entire period of the sitting ; sometimes we reverse the current at a
certain moment and thus make an alternating electrization.

When it is impossible, even with large electrodes to make the cur-
rent reach the entire extent of the organ that we wish to modify, we
advance by sections, changing the place of our electrodes at the end
of some minutes,

To employ the polar method we place a large plate, called the
indifferent electrode, upon a point, such as the sternum, tibia, or epi-
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gastrium, that is not very sensitive, or, better still, we immerse one
of the limbs in a basin, while the active electrode, which is small; is
applied in the vicinity of the point where we wish to localize the
action.

In all cases we should take care to begin by applying well-moist-
ened electrodes and to satisfy ourselves that the contact is uniform in
all parts before we send the current through the circuit. To hold
the electrodes in place we use bands or straps. Sometimes we may
cover them with a napkin, upon which the patient presses strongly
with his hand. We start the current, when at the expiration of some
minutes the skin at the site of the electrodes is well moistened, and
we advance by degrees and without caunsing shocks until we have
reached the current-intensity that we wish to use.

To change the direction of the current we first bring the latter
down to zero and then slowly increase its intensity, but, for reasons
that have already been stated, do not pass all at once to our
former pitch of intensity. Similarly, when there is an occasion for
performing electrization of successive parts of the body we should
reduce the current to zero before changing the place of the elec-
trodes.

The name of labile galvanization is given in Germany to a method
which consists in passing one of the electrodes over the surface of the
part to which we are making an application, the other electrode being
kept fixed upon a point of election. The rolling electrode, which is
more or less large and varies in shape, ought not to leave the skin-
Hence. no effects due to breaking and closing the circunit are pro-
duced, but the displacement of the electrode causes a constant varia-
tion in the intensity of the current and gives rise to a variable state,
which, to be sure, is ill-defined and whose effects are intermediate
between those of continuous and of interrupted electrization. In fact,
this kind of electrization produces at the same time a stimulant action
upon the muscles and nerves, and a more or less intense trophic
action (catalytic action of R. Remak).

If we have to perform labile galvanization of a part (on the ex-
tremities, for example), we apply a large fixed electrode either upon
the corresponding segment of the spinal cord or at the site of the
nerve-plexus supplying the affected limb. This electrode is connected
with the positive pole. The negative pole under the form of a rolling
electrode is passed along the nerves or over the muscles and the
motor points. We thus carry the electrode upon the region to which
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we have to apply the electrization in thirty or forty different radiat-
ing direetions without ever breaking contact with the skin,

Interrupted galvanization consists essentially in the production of
openings and closures of the cireuit made during the course of a con-
tinuous electrization. This method is most often employed in the
polar application, since it is of especial service in stimulating nerves
and muscles,

The interruptions may be produced in various ways, either by
raising the electrode from the skin and then replacing it, or by break-
ing the eirenit with an interrupting-button, the breaking being fol-
lowed by a renewed closure when we stop pressing upon the button.

When working with fixed electrodes we can have the circnit made
and broken at regular intervals by means of the metronome,

Interrupted galvanization represents the method of election when
it is desired to combine the chemical effects produced by the continu-
ous state with the stimulant action due to the variable state. It may
be applied in quite different ways, according to the nature of the case
in hand.

We have seen that in using the galvanic current we must neces-
sarily conecern ourselves quite as much with the density as with the
intensity of the current; i. e., with the conditions expressed by the
formula
I .

Sl
(D, the density of the current; I, the intensity in milliampeéres ;
and 8, the surface of the electrode in square centimetres).

The author has already pointed out what, according to Boudet de
Paris, should be the minimum area of the active electrode for any
given current-density, and the data empirically determined by this
skilful electrician may serve as our guide in practice. But we ought
still to regard this question from quite another point of view, in re-
gard to which we must now speak a few words.

It has been asked what would be the most suitable density to use
in various cases. This question has been discussed mainly by C. W,
Miiller. According to this author, the mean current-density ought,
under ordinary conditions, to be f¢, or 1 milliampére for an active
electrode of 18 square centimetres. The densities {5, =%, *p 75 wo
1hg, ete., being equivalent, it is easy to establish a relationship be-
tween the area of the active eleetrode and the current-intensity for the
case in which we wish to apply electrization with a mean density of .

D=
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C. W. Muller advises us to work with a greater density, such as
T4 T OF even 1, in torpid cases; e. g., when we wish to modify the
character of a chronic arthritis.

If it is a question of stimulating the peripheral nerves with the
positive electrode, we shall make use of a density of [, and we may
employ a higher density still in cases of lumbago.

For labile or interrupted galvanization of the upper extremities,
the suitable density is } ; it may be carried as high as ] for the same
manipulations when performed upon the lower limbs, particularly
when there is quite a large resistance to overcome. Stimulation of
the genital nerves requires a density of .

In cases of nervous erethism (hysteria, neurasthenia) or in inflam-
matory lesions, and certainly when the subjects are very sensitive to
the action of electricity, we should use only weak densities (of 4! to
&

Lastly, we may add from the same author the following values for
the densities which are to be used in certain regions: For electriza-
tion of the brain the density ought to be from 4 to 'y ; for elec-
trization of the medulla oblongata from 5 to 55 ; and for electriza-
tion of the neck the density should be from 4; to 5% ; and the dura-
tion of the sitting from 30 to 40 seconds. When we wish to get
cerebral ansmia and sleep, on the other hand, the density should be
increased to } and kept up from 2 or 3 minutes in cases when we
wish to secure vascular dilatation.

For electrization of the head, Lewandowski recommends still
lower densities.

When we perform electrization with electrodes of the same or
almost the same area, the current-density is determined by the area
of one of the electrodes, if this is applied near a diseased point that is
situated superficially. In the opposite case, when the diseased point
is deeply seated, and also when both electrodes are applied to points
at which the morbid conditions are appreciably the same, we take, in
order to determine the density, the arithmetical mean of the arcas of
the two electrodes.

While these data are empirical, it is important to keep them in
mind, for the general tendeney is to use currents that are too
intense. ' ;

The duration of the electrization is subordinated strictly to the
density of the eurrent employed ; it should be the shorter the greater
the latter is, and vice versa.
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For electrization of the brain and of the sympathetic, Lewan-
dowski thinks that the duration of the sittings should be one minute ;
for electrization of the cord, three minutes. Labile galvanization
should last the length of time that it takes to pass forty times over
the affected region.

In the other methods of electrization the duration of the sittings
varies according to different circumstances; it is most frequently
from five to ten minutes. We shall have oeccasion to return to this
point when considering the procedures which are left for us to de-
scribe.  For the present we will simply say that currents of short
duration act as stimulants and restoratives; and that, on the other
hand, eurrents of long duration are paralyzers or anti-spasmodies,

The frequency of the applications should in general bear a rela-
tion to the mode of development of the disease. In the case of
neuralgias or rheumatic manifestations, one or two sittings a day
are indicated. When the cases are acute and of rapid development,
five or six sittings a week may be had ; while in chronic cases, from
two to four sittings are sufficient.

Farapization. We do not need to dwell upon the way in which
faradization is applied.

Among the varieties of medical apparatus which have been de-
seribed, one must select, as far as possible, one with a sliding-stand,
which will enable him to graduate the intensity of the currents better
than other kinds will, and to make use of currents furnished by
wires of different sizes and lengths. In default of an apparatus of
this sort, we must at least be able to avail ourselves of the extra-
current and the current of a coil with a fine long wire. We must
likewise be able to vary the number of interruptions at will. For
infrequent interruptions a metronome is the most precise instrument
and the one least subject to derangements,

Fia. 8%,

Bipolar faradization is performed with two knob-electrodes of
medium width, which are applied at but a short distance apart, and
may often be held in one hand. In place of these electrodes hollow
metal cylinders, called hand sponge-holders (Fig. 89), may be em-

ployed.
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Polar (or unipolar) stimulation is performed in an analogous way
to that which we have described for galvanization. The indifferent
pole is in general connected with a plate that is not so large as that
used in galvanization. The active pole may be connected with a
small plate or a knob-electrode.

When used for stimulating the motor nerves and the muscles the
plates are moistened. They should be left dry when the attempt is
made to stimulate the sensory nerves of the skin and to get an eflect
by reflex action. We obtain more powerful effects still by means of
the electric brush. In this kind of stimulation we place a damp
plate-clectrode upon an indifferent spot and keep it fixed there, and
pass a dry knob-electrode or the brush over the region whose nerves
we wish to stimulate. It is well to dry the skin, and, with this end
in view, to sprinkle it with a little starch powder.

We should have at our command electrodes of different shapes in
order to be able to work upon different parts, such as the stomach,
intestine, bladder, uterus, etc. In certain ecases, for acting upon the
face, the hand is used as an electrode. The patient holds one hand-
electrode in his hand, while the physician holds the other electrode
in his left hand and with his right applies electricity to the face.
To spare the physician the inconvenience of having the current pass
completely through him, C. W. Miiller advises that a rather large
plate should be attached to the wrist of the hand which is to serve
as the electrode.

Enough has now been said with regard to the various methods of
electrization. In addition to these latter, the subject of general
electro-therapeutics comprises the determination of the therapeutic
effects produced by electricity and of the most suitable means for
utilizing each of these effects,

The number of diseases in which the assistance of this powerful
physical. remedy has been invoked iz considerable, and at present no
one can entertain the idea of throwing doubt upon the great value of
electro-therapeutic methods. It would also be idle to try to make a
distinction among the methods of electrization from the point of view
of their general efficacy and of their relative practical importance.
All the methods are useful and find indications for their employment.
But the reader has been able to see that our knowledge is still not
far enough advanced for us to think of formulating in a precise way
the mode of action of electricity upon the organism. The only cer-
tain thing seems to be that this action is very complex, even where
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it is exerted upon a healthy organism. A jfortiori, it is still more
obseure and more difficult to define when we are working in a thera-
peutic way—i. e., by applications upon parts modified by disease or
upon parts whose manner of reacting deviates more or less widely
from the normal.

Moreover, under a great many circumstances, we are ignorant of
the real conditions under which we are introducing the electric agent.
We are almost absolutely ignorant of the pathological physiology of
the neuroses and of most of the diseases of the nervous or neuaro-
motor system, diseases which are precisely the ones in which electri-
zation scores its most incontestable successes,

It would be useless, therefore, for us to lay any stress upon the
various theories upon which observers have thought to base the
rational employment of’ electricity. Empirical results are so far the
only ones that can serve us as a guide.

When we place ourselves upon the groundwork of clinical expe-
rience we are led to observe that electrization is apparently able to
produce three main kinds of therapeutic effects, referable respectively
to a stimulant action, a sedative action, and a trophie action,

To tell the truth, when we affirm the existence of these different
modes of action we split up in a somewhat arbitrary fashion the
effect of our therapeutic procedures, which is always really a com-
plex one. Nevertheless, this classification is applicable with suffi-
cient strictures to the results of local applications; and it has the
advantage of serving to fix attention upon the principal object that
is sought after by some of these applications.

The stimulant or stimulating action of the application is mani-
fested by a return of physiological properties that have been anni-
hilated by the disease or simply by an exaltation of these same
properties when they have been lessened. It may be obtained both
by local and by general applications. The local applications are the
most numerous and are used particularly for stimulating the different
kinds of nerves and striated and smooth museles.

Stimulation of the sensory nerves of the skin comprises several
methods.  As there is no use in having a penetrating action in order
to secure this stimulation, we have recourse principally to methods
in which electricity acts by its high potential—i. e., either to the
faradic or the static method.

We already know that, in order to stimulate the sensory nerves
by means of the induced current, we have to make use of a coil with
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a fine and long wire, and the intermissions must be frequent. The
maximum effect is obtained with the dry knob-electrode, or, better
still, with the brush.

The magneto-electric apparatus may also be utilized. In this case
alternating currents opposite in direction are employed.

These methods produce marked excitation of the sensory nerves,
and, consequently, a return of sensibility in cases of anwsthesia. This
action is not confined simply to the nerves directly affected, for it is
often sufficient to apply electricity to a part only of the cutaneous
surface to get, as Vulpian has shown, a return of sensibility over an
extended area. A modification of the whole nervous system, there-
fore, seems to be produced by the reaction of this kind of electrization
upon the nerve-centres.

The static method may likewise serve to stimulate the peripheral
sensory nerves. The measures that are the most active in this regard
are sparks and friction.

The effects obtained by these different means are complicated by
reflex actions, to the consideration of which we shall have to return.

The stimulant method acquires a great importance mainly when
applied to the motor nerves and the voluntary musecles. At a cer-
tain period in France, owing to the influence of the works of Du-
chenne, recourse was had to faradization in order to stimulate nerves
and for therapeutic purposes. At present all practitioners are agreed
in preferring to employ discontinuous galvanization. In order to
understand better this modification that has taken place in practice,
it is necessary to consider the prinecipal conditions under which we
are made to do our work. We may, therefore, discuss briefly the
modifications induced in the excitability of the motor nerves and the
muscles in certain pathological cases.

The questions of semeiology and diagnosis which we are going to
touch upon present great importance for the therapeutist. It par-
ticularly eoncerns an assemblage of facts known under the name of
reaction of degenerafion.

In 1859 Baierlacher noticed that in peripheral facial paralysis the
muscles lose their faradic contractility, while preserving their galvanic
contractility. This interesting fact had already been observed by
Hallé. More recently Erb, Leegaard, and many others have made
a thorough study of it.

The reaction of degeneration, commonly represented by DR, is

said to be complete when all the characters that distinguish it can be
24
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made out ; it may also be incomplete or partial. When it is com-
plete, we are usually dealing with a motor paralysis due to alteration
of the corresponding nerve. In order to get an accurate knowledge
of it, we must take into consideration the facts revealed by testing
the nerve, on the one hand, and the muscle, on the other,

As regards the nerve, we observe the following main faets :

For a period ranging from about twenty-four to forty-eight hours
after the onset of the nervous lesion the electric excitability of the
nerve is increased. Toward the third or fourth day a diminution
of the faradic and galvanic excitability is observed, a diminution
which is progressive. At the end of one or two weeks the electric
excitability is completely lost. The duration of this state wvaries,
being short in cases in which the affection of the nerve is a slight
one, prolonged when the latter is serious, and indefinite in the in-
curable cases.

When the excitability reappears it shows itself first in the viecinity
of the lesion, and afterward extends peripherally. The return of
the electric excitability of the nerve becomes gradually more marked
and pursues a more or less rapid course of development. Quite
often voluntary excitability is re-established in the muscle before the
nerve is capable of reacting under the influence of electricity, a fact
certainly interesting from a physiological point of view.

As regards the muscles, the evolution of the phenomena is as
follows:

The faradie excitability behaves in the same way as in the nerve.
It hence diminishes progressively and then disappears. Later on the
return of this property takes place, but more slowly than in the case
of the nerve, and it remains a long time impaired.

The galvanic excitability is at first diminished ; it then undergoes
various qualitative modifications affecting the form and fashion of
the contractions. At the time when the faradic contractility disap-
pears the galvanic contractility rapidly increases. It sometimes be-
comes extreme and then is appreciable with currents which scarcely
impart any deflection to the galvanometer-needle. At the same time
the musenlar contraction takes place in a sluggish manner, instead of
being abrupt; it becomes analogous to that of smooth muscular
fibres. This modification constitutes the most important phenome-
non ; it is made very apparent when a comparative test of the sound
and the diseased side 1s made.

To these modifications must be added those referable to modifica-
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tions of the law of contractions, We have AnCCl=CaCCl, or even
AnCCl > CaCCL' Furthermore, the opening contractions are more
readily obtained than in the normal state, and they become equal or
in excess for the negative pole, which is the opposite of what is ob-
served under physiological conditions.

Later, at the end of from three to eight weeks, according to the
case, the galvanic excitability diminishes. We are then obliged to
have recourse to stronger and stronger currents in order to generate
a reaction.

When the cases are incurable, we continue, in spite of the pro-
oressive diminution of the galvanic contractility, to get for a long
time, and sometimes for years, a reaction with the AnCCl excitation,
The case is less serious when it is the CaCCl that persists.

In the cases of cure the return to normal always begins with the
nerve.

The reaction of degeneration necessarily presents numerous de-
grees and varieties.  When it is diminished it is mainly characterized
by the slowness of the contraction upon galvanie stimulation, and by
the predominance of the effect produced at the positive pole by closure
of the circuit (AnCCl) over that produced at the negative pole
(CaCCl).

The cases in which the reaction of degeneration is met with in
some degree at least are numerous. We may mention traumatic
paralyses or those produced by impression of the nerves, paralyses
due to neuritis, the paralyses called rheumatic (particularly facial
paralysis), paralyses of spinal origin (acute or chronic inflammations
of the gray matter, tumors of the cord), saturnine paralysis, the
paralyses due to diphtheria and to acute diseases, and syphilitie
paralyses.

To sum up, we may say that the reaction of degeneration is the
consequence of a secondary alteration of the museles of central or
peripheral trophic origin. It is, so to speak, the proof of the trophic
degeneration of the muscles, and it is probable that all the peculiar-
ities that it presents are the consequence of the anatomical condition
of the nerves and muscles whose physiological properties have been
modified. :

The complete reaction indicates in general an alteration of the
peripheral nerves. When the alteration producing the reaction is

1 More than is represented by =, less than by <.
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central (spinal) this reaction is commonly incomplete or partial; but
there may be other causes still for the reaction being partial.

The reaction of degeneration is, then, of capital importance with
respect to the anatomical diagnosis of the lesions of the nerves and
muscles ; but it does not by itself enable us to discover whether the
origin of these lesions is central or peripheral.

The facts revealed by the study of the reaction of degeneration
explain why it is preferable in a great number of pathological cases
to have recourse to galvanization. As a matter of fact, galvanic
currents are the only ones which, under these ecircumstances, can set
into action the neuro-muscular excitability, or the excitability of the
muscles alone.  We may add that the trophie effects of galvanization -
are, as we shall presently see, much superior to those which the other
modes of electrization are able to exert, and that hence the use of the
galvanic eurrent very probably facilitates the process of repair in- the
degenerated organs.

For all these reasons we should place galvanization at the head of
the means used for stimulating the nerves and museles,

The oldest of the measures used consists in the employment of
Remak’s labile currents. For producing these, a fairly large elec-
trode is attached to an indifferent point and is connected with the
positive pole. The negative pole is connected with a large pad elec-
trode, or, better, with an Amussat roller, which is carried slowly back
and forth over the nerves and muscles. The current should have
an intensity just sufficient to excite distinet contractions. Remak
also connected the movable electrode with the positive pole.

The effect produced is moderately intense in ordinary cases, but
very active when the muscles are in a state of advanced degenera-
tion.

According to Erb, the markedly stimulant action of this manipu-
lation does not arise from the fluctuations which show themselves in
the force of the current, for almost no fluctuation is seen in the indi-
cations of the galvanometer. During the movement of the electrode
from place to place successively new portions of the nerves and the
museles would come under the influence of the eurrent and would
thus be stimulated.

Since the works of Chauveau and Brenner appeared preference is
often given to polar stimulation. It should be employed over the
muscle during the period when the excitability of the nerve is lost.
The active electrode is most often connected with the negative pole ;
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in grave cases, however, when AnCCl becomes predominant, the
positive pole is utilized.

The interruptions of the current, which are regulated by a metro-
nome, should be carried up to & number that varies with the way in
which the muscles contract ; they should be less frequent the slower
the contractions.

In the case of a central lesion with preservation of the excitability
of the nerve we may have recourse to unipolar stimulation of the
motor nerve ; but it must be understood that this procedure can be
applied only when the lesion is limited to a particular nervous de-
partment.

In these various cases the number of interruptions will be 60 or
more a minute for sittings of from five to six minutes.

When the muscular atrophy resulting from the nervous lesion is
old, the amount of stimulation produced by these various procedures
is sometimes unable to give rise to a reaction. It is then possible in
some cases to get muscular contractions by modifying the excita-
bility of the muscles through the preliminary use of a continuous
current. In general we use the positive pole for this purpose. After
having passed a current through the parts for some minutes, a cur-
rent whose intensity is very gradually increased, we make interrup-
tions, or, still better, we slowly reverse the current, and, the negative
having now become the active pole, we make our interruptions.
Sometimes we use the voltaic alternating current—i. e., abrupt re-
versals of the current—after polarization for some minutes with the
positive pole. This painful method is now almest abandoned.

In diseases in which the muscles retain their faradic excitability
we may make use of induced currents. We will then be careful to
choose for the muscles currents of weak intensity, namely, the extra-
currents or the currents provided by coils with short, coarse wire, so
as to avoid too strong a stimulation, which might be followed by
contracture,

For stimulating organs containing smooth muscular fibres we
make use either of interrupted galvanization with infrequent inter-
missions, or again of extra-currents produced by coarse-wire coils
and having infrequent intermissions (three to four a minute).

In recent years discharges from the tinfoil condenser have been
used to produce stimulation of the musecles. Preference should be
given to this procedure in all cases in which a muscular reaction can
be obtained.
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We may also recall to the reader’s mind the use of combinations of
continuous and faradic currents. The indications for them have not
yvet been perfectly defined.

Lastly, we may note that stimulation of the muscles may also be
produced by means of static discharges. The latter sometimes con-
stitute the only means that is active. In some very serious cases
static discharges give a reaction only after a preliminary polarization
of the region by means of the galvanic current.

We have already pointed out that local stimulation of the sensory
nervous system by the electric agent forms one of the group of re-
vulsive agents. It is possible, therefore, to obtain sedative effects in
an indirect or reflex way by acting upon the sensory nerves of the
skin with the stimulant methods that we are already acquainted
with, and particularly with faradization by the electric brush. The
therapeutic results of this kind of revulsion are mainly appreciable
in the case of pain. In this connection it seems proper to call at-
tention to Boudet de Paris’s revulsive disk, which enables us to pro-
duce an instantaneous blister by means of the galvanic current.

Revulsive faradization has been very frequently employed against
neuralgias, lead colic (Briquet), and hepatic colic. The mode of
action of the faradic current in this last-named condition is quite
difficult to explain, but nevertheless the author has several times had
occasion to soothe the violent erises of hepatie colie by faradization
of the epigastric region with moist electrodes or by antero-posterior
faradization, a knob-electrode being placed in the hollow of the epigas-
trinm and a plate-electrode being attached to the back.

The sedative method, recommended by Frommhold, consists in the
use of weak faradic currents, whose intensity is steadily increased,
then steadily diminished. In a great number of cases the galvanic
current is used to produce a sedative effect, and is even preferred to
the faradic current.

The procedures which are capable of reducing the excitability of
the sensory nervous system have not yet been clearly defined. Con-
sequently we are sometimes forced in practice to feel our way in
working. In this connection we have to consider the effects attri-
butable to the intensity of the eurrent, to its direction, and to polar
action.

It has often been said that weak currents heighten excitability,
while intense currents are sedative. In reality there is no absolute
rule about this. The intensity of the current ought to vary prinei-
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pally in accordance with the seat of the painful phenomena. In the
region of the head or neck, and in spots where the current meets
with very sensitive organs, it is important, as we have already said,
to use weak currents, while the latter should be comparatively
strong when we are acting upon the trunk or the limbs,

For a long time great importance was attached to the direction of
the current. In recent years it has been determined that the in-
fluence of the direction is by no means absolute. A pain may be
annihilated as well by means of a descending as of an ascending
current. Hence the admonition, in case one does not succeed with
one of the two, to try the current having the opposite direction.

The polar method produces the most constant results. When we
wish to get a sedative action, we place the positive electrode in the
vicinity of the painful spots and use a continuous current of steadily
increasing intensity and duration.

Great care must be taken to establish the current slowly, and take
the same precaution in bringing it back to the zero-point. It is
probable that the modification produced is a consequence of the
polarization of the tissues, and that the action is analogous to the
phenomenon previously described under the name of electrotonus.

Remak and several practitioners since have recognized the utility
of treating the pressure-points in this fashion. Under this name
are denoted points which are painful to pressure (neuralgic points),
or which become so under the influence of the current, when an
electrode connected with the negative pole is applied for an instant
at the spot where they are situated. The procedure is successful not
only in neuralgias, but also sometimes when the pains are symp-
tomatic of a central affection (ataxia, hysteria, neurasthenia). Cur-
rents that are weak or of medium strength should be employed, these
being generally more useful than the intense currents. Sciatica,
however, often requires the use of comparatively strong currents,

The same procedure is applicable to some of the pathological
phenomena that are referable to a state of abnormal excitability of
the motor sphere. The author alludes to writers’ cramp, what are
called essential contractures, tic douloureux, ete.

The methods of treatment that are especially applicable to motor
disorders—Ilike tonic or clonie convulsions—are not so well defined.
Duchenne extolled faradization of the antagonistic muscles. We
may likewise act upon the muscles by means of discontinuouns gal-
vanization.
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Sometimes continuous galvanization with weak currents has been
tried over the rigid muscles themselves. The results of this pro-
cedure are not so constant.

Eleetrization by the static method likewise affords local procedures,
the result of which is manifested in sedation. Thus the local stimu-
lation produced by sparks and by electrie friction is complicated with
reflex actions, the effect of which may be sedative. This is why we
can succeed in assuaging by these procedures the pains of neuras-
thenics and hysterical subjects as well as, or sometimes even better
than, by faradization.

But the procedure that is the sedative one par excellence, and one
whose action is probably direct, consists in the use of the electrie
breeze. This remedy is efficacious in a large number of neuralgias.
As in the aura, it has an action that is sometimes sedative, some-
times stimulating. It produces, moreover, only a very slight degree
of revulsion.

We have said, in speaking of the physiological effects of electric-
ity, that the different methods of electrization have different effects
upon the vasomotor nerves, the bloodvessels, the lymphatics, the
processes of molecular metamorphosis, and sometimes also upon the
general nutrition ; and the galvanic current in addition gives rise to
phenomena of electrolysis and cataphoresis. It is to the sum total
of these influences, some of which, to be sure, are still but little
known, that the name of catalytic effects has been given in Germany
since the time of Remak ; and these effects form the distinguishing
marks of what we have denoted under the name of trophie action.

It is very probable that in most cases the therapeutic effect is
referable to this sort of action, which, although still obseure and not
well made out, is certified to by a number of clinical observations.
It is this trophic action that we seek to secure when, instead of de-
riving our indications from the symptoms, we go to the cause of the
disease and endeavor to modify the lesion itself. Thus, in an affec-
tion of the spinal cord, for example, we may by electrization either
attempt to reawaken movement and sensibility in the limbs—and
this has been the object aimed at in the procedures so far studied—
or we may try to modify the spinal lesion itself. It is this latter
indication which is fulfilled by those measures which give rise especi-
ally to trophic actions.

The use of these measures is indicated in diseases of the nervous
system with material lesions ; in diseases of the nerves and muscles ;
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in subaeute and chronie affections of the mucous membranes and
lymphatic system; and in diseases of the joints, skin, et

In general, we should preferably have recourse to the galvanie cur-
rent, and should be obliged to do so in all cases in which it is neces-
sary to get at the deeper organs. The faradie currentz could not
modify anything but the superficial lesions. The most simple pro-
cedure consists in passing a continuous current of sufficient intensity
through the diseased region without altering the direction of the
current.

Quite a number of observations tend to prove that from the stand-
point of the atrophic effects produced the direction of the current is
a matter of indifference. It has even been discovered that it is
advantageous to change the direction of the current from time to
time. At the same time we shall have no occasion to concern our-
selves with any polar action. As it is simply a question of produc-
ing polarization of a whole region, the polar action is theoretically a
matter of indifference, and, if in practice we sometimes observe a
therapeutic action that varies according to the character of the active
pole, this depends upon the fact that in reality the effects produced
are always complex. As regards interruptions of the current, they
may be useful in some cases ; for instance, when we wish to act upon
the muscles, upon the vascular nerves and vessels, ete.

Alongside of this procedure, producing what Remak has called
direct catalysis, there are means of acting which give rise to trophic
actions at remote points through excitation of the nerves supplying
a diseased region. These latter procedures constitute indirect catal-
ysis,

The most interesting of the means capable of producing trophic
effects consists in the galvanization of the great cervical sympathetie.
It is a sort of general method of treatment, with regard to whose
application we must cite the names of Remak, Benedikt, Moritz
Meyer, Erb, ete.

It will be noticed that when we endeavor to apply electricity to the
sympathetic in the neck, we at the same time produce by diffusion of
the current in the neighboring parts a stimulation of the vagus, the
carotid, the nerves at the base of the skull, and probably, also, stim-
ulation of the brain and medulla. It is really a question, therefore,
of a procedure which is quite complex in its effects. Henee Erb has
given it the name of galvanization applied to the neck, and de Wat-
teville the name of subaural galvanization.
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Either the method of Moritz Meyer or of Benedikt may be
employed.

Moritz Meyer places a narrow electrode, connected with the nega-
tive pole, at the angle of the maxilla near the hyoid bone, and
directed upward and backward toward the vertebral column. The
positive pole, in the form of quite a large plate, is applied at the oppo-
site side against the spinous processes of the fifth and sixth cervical
vertebrae, The current used should be of medium intensity, and may
be either continuous or interrupted. We may also reverse its direc-
tion. The application is short, lasting from one to three minutes.
We may treat one side or both sides alternately.

In Benedikt’s method the positive pole, in the form of a button-
shaped electrode, is applied at the site of the jugular fossa, and the
negative pole is applied at a point corresponding to the superior cer-
vical ganglion. No action is exerted upon the cord in this way, and
Moritz Meyer’s method is for this reason preferred.

Galvanization performed in the neck has been applied in very
different cases. It has been proposed in hemiplegia of central origin,
neuralgias of the trigeminus, migraine, paralyses and contractures
of the muscles of the face, neuro-retinitis and atrophy of the optic
nerves, Basedow’s disease, epilepsy, progressive muscular atrophy,
chronic deforming rheumatism, scleroderma, and certain chronie
skin affections, such as prurigo and eczema.- The favorable results
that have so far been published require confirmation.

We should likewise cite among trophic actions the effects which
may be produced at a distance while we are making use of some
measure capable of stimulating strongly the sensory nerves of the
skin,  Many of these reflex effects simply produce temporary vaso-
motor phenomena analogous to those which we have mentioned in
speaking of revulsion and other kinds of cutaneous stimulation.
They are no less important to know, since it seems as if one should
refer to them, at least in part, the therapeutic results obtained in the
treatment of certain congestive or inflammatory diseases of the cen-
tral organs, in which we confine ourselves to stimulating certain
regions of the skin, especially by means of faradization.

In the application of the principal local measures which we have
just described it is necessary in order to suceeed in accurately loca-
lizing the electric action, to pay attention to the precepts given
by Duchenne and by von Ziemssen. A rapid sketch of the facts
that are the most important to be acquainted with in practice will
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It is useful in most cases to look, in the first place, for the trunk of
the nerve. 'We get at it by means of a slender electrode, which we
direct in front of the external auditory meatus against the posterior
border of the inferior maxilla (Fig. 90). When the current is
strong we get a complete and well-marked contraction of the whole
facial region.

For the other branches of the nerve Erb shows three principal
rami, or rather three ramifications—the upper branch, which corre-
gponds to the muscles situated above the palpebral fissure ; the mid-
dle branch, which supplies the muscles situated between the eyelids
and the mouth; and the lower branch. In other details and for the
muscles the schematic plate (Fig. 89) will tell more than any deserip-
tion.

The points of stimulation of the muscles vary much according to
the subject. We should look for them with a very slender elecirode,
which is lightly applied, and with a current of the lowest possible
intensity, for this exploration is rendered painful if we meet with
branches of the trigeminus.

In the neck we find a great number of important nerves and va-
rious muscles,

The hypoglossal nerve may be stimulated by means of a slender
electrode carried deep in, above, and behind the corner of the hyoid
bone. A strong current must be used. The muscles of the tongue,
of the velum palati, and of the upper regions of the isthmus may be
stimulated directly by means of a suitably curved electrode.

The spinal aceessory is accessible in the greater part of its course ;
the two muscles which it innervates (sterno-cleido-mastoid and trape-
zius) can readily be stimulated separately. The same is true of the
splenius and levator anguli seapule muscles. We shall less fre-
quently have occasion to make the current act upon the hyoid
muscles ; it is, however, possible to get at them.

In the supra-clavicular fossa are found the brachial plexus, with all
its branches, and the phrenic nerve, This latter cannot be reached sepa-
rately. It must be looked for along the external border of the sterno-
cleido-mastoid, a slender electrode which slides smoothly being used on
account of possible contraction of the scalenus. Erb advises the use
of a slender bifurcated electrode attached to the negative pole. Stimu-
lation of this nerve produces an abrupt inspiratory movement, accom-
panied by rising of the epigastrium and an inspiratory laryngeal
sound. Rhythmic faradization of this nerve, aided by artificial res-
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piration—a method pointed out by Duchenne—has been used with
suceess by Von Ziemssen and various practitioners since, to combat
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asphyxia and the accidents occurring in the administration of chloro-
form,
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With a little care it is easy enough to get at the various branches
of the brachial plexus (see the schematic plan, Fig. 89). By placing
the electrode upon a circumseribed spot, about two or three centi-
metres above the clavicle and a little to the outer side of the posterior
border of the sterno-mastoid, at the level of the transverse process of
the sixth cervical vertebra, we can produce a simultaneous contrac-
tion of the deltoid, biceps, brachialis anticus, and supinator longus,
and also of the subseapularis and supra-scapularis. This spot, known
by the name of Erb’s point (or the supra-clavicular point), has some
practical importance,

In the region of the upper limb we note on the flexor aspect (Fig.
91) the ulnar and median nerves, which can be stimulated through
their whole course along the internal border of the biceps muscle.
The point where the ulnar nerve can be stimulated most readily is
situated a little above the internal condyle ; the stimulation-point of
the median nerve is situated at the bend of the elbow, at the spot
where the nerve lies quite horizontally upon the muscular bundle of
the flexors.  'When these nerves are stimulated the arm ought to be
kept slightly flexed and the museles should be relaxed as completely
as possible. A weak current should be used.

The musculo-cutaneous nerve is readily got at near the anterior
border of the axilla, between the coraco-brachialis and the biceps.

FiG, 92,
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On the forearm the ulnar and median nerves are accessible a
short distance above the wrist, the ulnar nerve being very close to
the tendon of the flexor carpi ulnaris, and the median nerve being
situated between the tendons of the flexor carpi radialis and of the
palmaris longus and brevis. (Fig. 92.)



ELECTRICITY. 383

As regards the stimulation of the museles, the points marked upon
the schematie plan give sufficient information. In stimulating the
biceps we must take care to avoid the median nerve. It is difficult
in the region of the forearm to stimulate separately the muscles sub-
serving flexion ; moreover, this is rarely useful. In the hand we
readily get excitation of the muscles of the thenar and hypothenar
eminences ; it is not so easy to succeed in producing stimulation of
the lumbricales.

In the hollow of the axilla the nerves which can be got at sepa-
rately are the axillary, the radial (musculo-spiral), and the lateral
thoracie, stimulation of which causes contraction of the serratus
magnus,

On the posterior aspect of the upper limb (Iig. 90) the only nerve
that can be stimulated is the musculo-spiral, at the instant when it
turns about the bone. The operation is quite difficult to perform.
We should look for the nerve at about the middle of a line connect-
ing the insertion of the deltoid with the external condyle, between
the processes of the supinator longus and the brachialis anticus,

The museles, with the exception of the supinator brevis, can be
readily stimulated.

In the trunk stimulation can be made of the muscles only.

FiG. 93.
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For producing stimulation of the nerves and museles of the lower
limbs the indications shown in Figs. 91 and 93 are sufficient.

It is necessary to have certain other facts in order to make some
kinds of loeal stimulation. For electrization of the skull, which can
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be made only with weak continuous currents, without any interrup-
tions being employed, it is necessary to know the points which ecorre-
spond to the deep parts. The region of the third frontal convolu-
tion is reached at a point a little in front of’ and above the ear; the
region of the central convolutions extends back from this point
toward the vertex.

The medulla oblongata is found between the mastoid processes and
the two auriculo-mastoid fosswe; the region of the great basal ganglia
corresponds to the temples, ete.

According to the position of the electrodes, a distinetion is made
between median galvanization, from the middle of the forehead to
the middle of the occiput; right or left unilateral galvanization, from
one frontal eminence to the corresponding occipital protuberance ;
and transverse galvanization, either frontal, temporal, or occipital, ete.

The galvanization should be made in such a way that the lesion
shall be situated in the course of the shortest line connecting the two
electrodes,

In the region of the spine we should consider the site of the cer-
vical enlargement, extending from the third and fourth cervical to
the second dorsal vertebra ; and of the lumbar enlargement, extend-
ing from the tenth dorsal to the second lumbar vertebra.

Although it is better to confine the text to a summary description
of the general methods of treatment by means of the electrical agent,
the subject of the local applications cannot be passed by without giv-
ing some supplementary information with regard to the method of
making local applications. Certain organs and certain regions of the
body, as a matter of fact, require a special outfit and a special way
of working, of which we have not yet had oceasion to speak. The
author will, however, be very brief in this part of the study, for we
have already had occasion to say something upon this subject in
speaking of certain kinds of medieation, and we will also return to it
when we shall be considering the matter of treatment.

In the first place, there is a special form of stimulator, which we
owe to Boudet de Paris. In making localized applications of the
galvanic current we are often troubled by the formation of derived
eurrents, This disadvantage is particularly marked when we work
upon the face, the walls of the cranium, or in the region of the
neck. The concentric-pole electrode puts a stop to any danger of
this kind. It consists of a metal ring (Fig. 93), which is covered
with chamois-skin and screwed upon a handle with an interrupting
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button, and which is connected with one of the poles of the battery.
A bent arm, insulated from the rest of the apparatus by means of a
hard-rubber plate, supports the active pole, represented by a carbon
knob covered with chamois-skin. This electrode has been utilized
mainly by Boudet de Paris for galvanization of the nerves and mus-
cles of the face (paralyses of the facial, neuralgias of the trigeminus,
tic douloureux).

Fic. M.

It is not necessary to speak of the special electrodes that have been
devised for acting upon the sensory organs, for these details belong
to special practice. Dut it seems worth while to give some indica-
tions with regard to theapplications that the physician is called upon
to make in the internal cavities and in organs containing smooth
muscular fibres.

W
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Stimulation of the uterus is most often made by means of faradic
currents. We may perform faradization in the vagina alone or an
intra-uterine faradization. In both cases, especially the latter, we
should take antiseptic precautions. For vaginal faradization we
make use either of Tripier’s vulvo-uterine electrode (Fig. 95), or of
Apostoli’s bipolar vaginal electrode (Fig. 97). When the latter in-
strument is used it is introduced gently into the vagina and applied
lightly to the part to which we desire to localize the action. To
employ uterine faradization we use either Tripier's single uterine

23
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clectrode (Fig. 96) or Apostoli’s bipolar electrode (Fig. 97). In
Tripier’s method the circuit is closed by means of two large pad-

F1e. 96,

@

Monopolar Flexible Intra-uterine Electrode.

electrodes, terminating in a bifurcated rheophore wire, which are
placed upon the abdomen just above the pubis. Apostoli’s method
brings both poles together within the uterus itself.

Fia. 47.

Bipolar Vaginal Electrode,

In both cases the electrode should be introduced gently and asep-
tically as far as the fundus of the uterine cavity, the cervical region
being more sensitive to electrization. This kind of application,
the duration of which should not exceed more than from three to five
minutes, is useful mainly in uterine inertia and the hemorrhages
which result from it,

Fia. 98.

For uterine galvanization, which may be made either by the con-
tinuous or the discontinuous method, we introduce into the vagina a
sponge-electrode, such as that of Chdron (Fig. 98), the inactive pole
being represented by a large plate applied over the umbilical region.

Fia. 99,
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The bladder may be stimulated by analogous means. For fara-
dization Duchenne devised a double vesical rheophore, composed of
two flexible metal shanks introduced into a double-current eatheter.
It is simpler to use Guyon’s exploratory sound (Fig. 99). This is
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composed of a small metal mandrin having an olive-shaped ex-
tremity, and screwing upon the end of a metal wire. Devised for
the purpose of determining the size of strictures, it represents the
most practical instrument for effecting faradization either of the
urethra or of the bladder.

For applying the galvanic current in the bladder, Boudet de Paris
has made use of an arrangement analogous to that which we shall
deseribe in speaking of electrization of the intestine. The hollow
vesical sound (Fig. 100) encloses a single platinum wire and thus

Fra. 100.

preserves all its flexibility, while at the same time it can be made
as thin as may be desired. To this sound is fitted a short, hollow,
branched mandrin ; connected with one of the branches is a tube
which enables us to empty the bladder and to replace the urine by a
certain quantity of water. As it is of importance to estimate the
intensity of the wvesical reaction, the other branch of the mandrin
terminates in a water or mercury manometer. We may thus, in
imitation of the method devised by Mallez for studying the energy
of the vesical contraction, observe and measure the smallest contrac-
tion of the bladder.
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Boudet de Paris’s ingenious method for obtaining energetic con-
tractions of the mass of intestines is also devised from the preceding
method. To avoid the production of eschars of the mucous membrane,
to which the use of the strong currents that are necessary in some
cases might give rise, Boudet de Paris makes, by means of a special
arrangement, a sort of liquid electrode of very large surface. A large
rubber sound (Fig. 101) is introduced into the rectum, It is pro-
vided with a tubular metal mandrin whose end does not reach quite
up to the eye in the side of the sound., This mandrin is attached

Frg. 101,

by a conducting-wire to one of the poles of the battery. By means
of a rubber tube it is connected with the canula of an irrigator or ot
a syringe, and in this way the rectum can be filled with water con-
taining a small amount of salt. The other pole of the battery termi-
nates in a large plate, which is placed either in the dorsal region or
upon the abdomen. The most effective method consists in sending
a current increasing steadily in strength up to 10 milliampéres, the
positive pole corresponding to the rectal electrode; then at the end
of two or three minutes reversing the direction of the current. Some-
times strong peristaltic contractions are generated. They may be
produced by means of interruptions made at very long intervals.

In quite a large number of cases the object of the electrie treatment
is not to act upon a limited portion of the body, but to produce a
modification of general innervation or nuatrition. We then have
recourse to methods eapable of producing an impression upon the
whole organism and giving rise to complex effects. These are the
various measures for producing general electrization.,

The electrostatic bath, although the gentlest and least stimulating
of these measures, is endowed with an undeniable therapeutic action,
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which makes it valuable in quite a large number of cases. It has
been successfully employed in most of the nenroses by Mund, Stein,
Benedikt, Charcot, ete.  In neurasthenia Stein recommends the posi-
tive air-bath. The same kind of bath has been employed by Féré
in electric neuroses—i. e., in subjeets giving sparks at the ends of the
fingers, or experiencing a state of fatigue attended with vasomotor
disorders, and attributable to an excessive loss of electricity. The
static bath has also been used in anmmia and in certain forms of
dyspepsia referred, rightly or wrongly, to the presence of a neuro-
pathie condition.

The other methods of producing general electrization which we
have left to describe are general faradization and galvanization, cen-
tral galvanization, and the electric baths.

For the general faradization of Beard and Rockwell the patient
is placed on a moist and warm copper platform, which is connected
with the negative pole, or, better still, is seated upon a large wet
sponge attached to the same pole. The physician applies the elec-
tricity either with his hand or with a sponge-electrode, The active
electrode is carried first over the forehead, head, and nape of the
neck ; then with stronger currents over the vertebral column, the
neck in the region of the sympathetic, the vagus, the phrenic nerve,
ete. Afterward we pass to the region of the epigastrium, and stop
there for a certain time. The sitting is ended by energetic stimula-
tion of the musecles of the limbs.

This procedure causes quite an intense general excitation, which
is capable of giving rise to malaise, tremor, and sometimes even
syncope. At the end of some days it produces fatigue, musecular
pain, cephalalgia, and insomnia. But after a certain number of
sittings all these phenomena disappear, sleep returns, the appetite is
increaged, the cireulation goes on with renewed activity, the volume
of the muscles increases, the paing disappear, and a feeling of well-
being succeeds the malaise of the first days of the application. In
reality, therefore, the effect obtained is a sedative and restorative
action. Hence, the procedure has been recommended in cases of
general neurasthenia and in the state of exhaustion following a long
and difficult convalescence. It has been employed successfully by
Maienfisch, by Moebius, and by quite a large number of other phy-
sicians.

General galvanizalion was conducted by Viiter von Arteus in the
following manner : The patient is connected with a large fixed nega-
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tive electrode, as in general faradization, and the active positive
electrode is represented by a large sponge having an area of 30 square
centimetres. This electrode, while being constantly moved about,
ought never to break contact with the integument. It is allowed to
rest upon certain spots, Viiter makes two circuits above, two cireuits
below, a cephalie cirenit, and a spinal circuit. In making the upper
circuit the sponge is placed between' the fifth and seventh cervical
vertebre, and remains fixed there. The operator adjusts the current,
which should be weak, and then passes the electrode slowly over the
lateral portions of the neck as far as the auriculo-maxillary fossa ;
then, following the anterior border of the sterno-cleido-mastoid,
descends upon the sternum, and, passing transversely outward, re-
turns over the brachial plexus, and from there over the pectoral
muscles and upon the arm, following the bicipital groove. He next
passes along upon the median nerve, the motor points of the ulnar
nerve, then upon the flexor muscles of the forearm down to the
lower border of the nlna, over npon the hand, then upon the radial
side of the forearm upon the motor point of the musculo-spiral
nerve, and upon the triceps and deltoid, finally returning to the
starting-point in the supra-clavicular fossa. The other arm is treated
in the same way,

After making the second upper circuit, the operator passes the
electrode several times from above downward, and from below
upward, along the vertebral column.

The cephalic cirenit consists in placing the electrode upon the
nape of the neck, and then upon the mastoid process of one side,
From this point the operator makes the circuit of the ear and passes
over upon the temporal region and the forehead, then upon the
temporal region of the opposite side, and so on back again to the
starting-point.

The two lower circnits begin in the lumbar region ; from this
point the operator directs his course toward the lateral portions of
the abdomen, and from here again proceeds so as to stimulate the
lower limbs, beginning with the erural nerve, and working as in the
case of the upper limbs.

Each superior and inferior circuit lasts two or three minutes ; the
cephalic circuit half a minute or more; the spinal circuit half a
minute. The current should be weak, particularly when passing in
the vicinity of the nerve-centres, the plexuses, and the great nerve-
trunks,
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The central galvanization of Beard, or paracentral galvanization of
Viiter, consists in applying a large fixed negative electrode to the
abdomen, and in passing a positive sponge-electrode, having an area
of 30 square centimetres, over the parts corresponding to the nerve-
centres. The operator begins by passing over the forehead from one
side to the other, then over Beard’s cranial centre—i. e., the vertex
of the skull midway between the ears, the hair being well wet when
this is done. From this point he goes toward the occiput, then
toward the auriculo-maxillary fossa, from which region he descends
upon the lateral portions of the neck as far as the fifth or seventh
cervical vertebra, in such a way as to cover the cilio-spinal centre,
and finishes the sitting by making friction along the vertebral col-
umn. The current should be weak and the duration of the whole
operation from ten to fifteen minutes.

The effects of general galvanization are sensibly the same as those
of general faradization,

Central galvanization is said to produce chiefly improvement in
sleeping, increase of the appetite and the muscular force, reawakening
of intelligence, and the disappearance of fatigue. An increase in the
body-weight 13 not observed after this treatment, this being pro-
duced only by general faradization.

The indications for the general measures are numerous. They
comprise, apart from the neuroses, those diseases that are associated
with disorders of nutrition and involve, from their long duration, a
more or less intense wasting of the organism.

It is conceded that in cases in which it is desired to act specially
upon the central nervous system preference should be given to gen-
eral galvanization ; and that general faradization has a more marked
action upon the skin and the muscular masses, and that it is particu-
larly adapted for producing a general tonic action.

As to central galvanization, Beard used it especially in neurasthenic
states associated with but slight impairment of' the general nutrition
and of muscular power. In these cases he gives the preference to
general faradization.

General electrization is also obtained by means of electric baths,
the use of which is comparatively recent.

According to Bouillon-Lagrange, the idea is due to Moretin (1864).
In 1866 Séré presented to the Academy of Seciences a model of an
electric bath of a cement bath-tub, at the ends of which were ar-
ranged two carbon plates which conducted the current. Several trials
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of these baths were made at this time in the Hospital Saint-Louis.
Since then the electric bath has been made the subject of researches
by Paul (1871 and 1880), and more recently has been studied in a
scientific manner by Stein, Eulenberg, Lehr, ete.

The electric bath has several forms, The local bath has been given
up, and, hence, what is now meant by the term is a bath in which
the patient’s entire body is immersed in the water. This bath can be
given with the galvanic current or with the induced current. We
have, therefore, a faradic bath and a galvanic bath, and either one
may be unipolar or bipolar, Finally, Stein has devised a particular
form of administration to which he gives the name of the electric
douche.

It is interesting to consider what are the physical conditions that
are created by the immersion of the body in water.

The moment the patient is immersed in the bath the resistance of
the external cirenit diminishes, so that the intensity of the current
increases.

Thus, for a certain number of cells, we have :

T

r+ R’

r being, as always, the internal resistance of the battery and R the
external resistance represented by the water of the bath, This re-
sistance, X, becomes much smaller when the patient is in the water,
We get, other things being equal :

Tt e 0O,

r 4+ R—R”

R’ representing the quantity by which the resistance of the cireuit is
diminished.

Lehr has proved that the diminution of the resistance does not
spring from the increase in the sectional area of the agqueous condue-
tor produced by the immersion. In fact, this diminution is main-
tained when the level of the water is reduced to the former height.
This experiment in itself’ alone would tend to prove that the body is
traversed by the current.

Various other considerations of a physical nature and several
experiments made by Weisflog with the induced current and by Stein
with the galvanic current have rendered it possible to establish the
fact that the body when immersed in the water forms an integral
part of the external cireunit, and is not, as some authors have believed,
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in parallel cirenit with the water. Chauveaun’s researches, too, upon
unipolar stimulation, made some time ago, have left no doubt what-
ever upon this point.

It results from this that the monopolar bath has the disadvantage
of producing a current of too great a density over the part which is
situated ontside of the water and which forms the connecting-link in
the cirenit.

In general, preference is given to the bipolar bath, and a greater
number of plates than two are used. By thus increasing the sectional
area of the conductor, we facilitate the passage of the current through
both the body and the water. The plates should be of equal area.
Otherwise the current would become too dense at the site of the
smallest electrode, and the patient would experience a sense of prick-
ing if the galvanic current were employed, or a museular contraction
if it were the faradic current. Stein has finally fixed upon the fol-
lowing arrangement : The positive pole is connected with a hollowed-
out plate placed near the head, and the negative pole corresponds to
two plates, one situated at the feet, the other between the legs. The
patient’s hands ought to be applied along the thighs.

The bipolar bath has been charged with being the seat of polari-
zation phenomena, partly at the surface of contact between the elec-
trodes and the water and partly at that between the water and the
surface of the body. These phenomena would give rise to inverse
currents, opposing the principal current. When the electrodes are
large the density of the current is low and the polarization phe-
nomena are reduced to a minimum. It is precisely the opposite in
the unipolar bath ; the current becomes very dense at certain points
at which the polarization reaches its maximum. There results from
this a very disagreeable sensation in the wet hands, which serve to
form the connecting link in the cireuit outside of the water; and
this is particularly the case when the positive bath is employed. We
must not try to make the water a better conduetor by adding =alts
or acids to it, for we shall thus oppose the very end which we are seek-
ing to attain; that is, we shall prevent the passage of the current
through the body.

Owing to the fact of immersion, the resistance of the epidermis is
considerably diminished, and the faradie current can, under these
conditions, act more deeply than by any other method.

Stein’s electric douche is administered in the following manner :

A large receiver filled with a saline solution and placed some dis-
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tance above the patient communicates by a pipe with an apparatus,
by means of which either a jet-bath or a shower-bath can be given.
To this apparatus is soldered a terminal to which can be attached
the positive or negative rheophore of the battery or of the induction-
apparatus. The patient, seated in the bath, is in connection with the
pole of opposite character

When the stopcock of the hydrotherapeutic apparatus is opened,
the water emerging from the ball of the shower or from the orifice
of the jet-tube, and striking the patient’s skin, closes the circuit and
produces marked excitation similar to that which is caused by the
electric aura. The mobility of the douche-pipe enables us to localize
the stimulant action, which is, moreover, reinforced by that of the
water.

Stein’s method presents a further interesting peculiarity. This
consists in the production of a sort of electric massage by means ot
a roller electrode, at the moment when the patient is about to leave
the bath. This application is made while he remains standing in
the water, which thus serves as an electrode.

For the faradic bath, which is the kind most often made use of, a
coil with very coarse wire is employed, which gives quantity, and
which is run by two bichromate cells or by two accumulators. The
galvanie bath requires the use of an intensity-battery, for instance, of
a battery of 30 to 40 bisulphate cells, as the resistance to be over-
come is quite considerable.

The electric bath produces modifications of the pulse, respiration,
temperature, and farado-cutaneous sensibility ; it furthermore effects
the excitation of the motor nerves and muscles and influences the
general nutrition,

According to Eulenberg, the frequency of the pulse diminishes by
from 8 to 12 pulsations in the faradic bath, and from 10 to 30 in the
galvanie bath. Lehr has seen palpitation and arhythmia oceur with
currents of great intensity.

The frequency of respiration is likewise diminished (Eulenberg),
and this phenomenon is more marked in the bipolar than in the uni-
polar bath (Lehr).

The body-temperature is reduced in all cases, whether the bath be
faradie or galvanic (Lehr).

The excretion of urea is increased distinctly by the galvanic or
bipolar faradic bath, very slightly by the negative unipolar bath.

The action of the electric baths is, on the whole, according to the
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results obtained by Eulenberg and Lehr, very similar to that of the
stimulant thermal or chemical baths, They may, at the end of some
time, result in producing a general sedative effect.

These baths have been employed empirically in all cases in which
the usefulness of’ general electricity has been recognized, i.e., in neu-
roses (hysteria, neurasthenia, hypochondriasis, Basedow’s disease,
ete.) and in certain chronie affections (arthritis deformans, chronie
gout, obstinate dyspepsia, etc.). The indications for them are sensi-
bly the same as those for general electrization. It is, indeed, nothing .
else but one form of general electrization, and often the only one
whose use is tolerated when the patient is of the female sex.

The effects produced are likewise those of general electrization :
improvement in sleeping, rapid and permanent return of the appe-
tite, especially in cases of dyspepsia; regulation of the intestinal
functions, heightening of the general nutrition, and, as a consequence,
increase in the body-weight, ete.

According to Lehr, the duration of the electric bath should be
short—from ten to fifteen minutes—when it is desired to produce a
sedative and tonie action. It may be carried up to thirty minutes
in cases in which we wish to get a diminution of sensory and motor
excitability (tremors, spasms, contractures, ete.). The temperature
of the water is 32° to 35° C.; it should be higher for rheumatic
patients than for others,

The passage of a galvanic current through a saline compound
tends, is known to decompose it; at the same time, when two
solutions are separated by a membrane, a movement of translation is
set up, either in the same direction as the current, or in the opposite
direction, according to the substances upon which we are acting.
These phenomena with which we have had to do when speaking of
electrolysis and of cataphoresis have been utilized in therapeutics. In
particular it has been sought to facilitate, by means of the galvanic
current, the passage of certain medicines through the uninjured skin.

The first experiments, made by Munk, B. W. Richardson, and
Onimus, had given rise to the hope that we had become possessed of
a new and efficient method of introducing medicines into the organ-
ism, when Lauret submitted the question to the test of accurate ex-
perimentation.

Lauret made use of a high and narrow block-tin bucket, having
soldered to its walls a metal terminal for the reception of one of the
rheophores of a battery.
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The patient immersed his forearm in this buecket, which was filled
with a medicinal solution, and the galvanic circuit was closed by
means of a large electrode applied to the arm and connected with the
other rheophore of the battery. The results of this eonscientious
observation, which were announced in 1885, are very interesting.
Lauret showed that the number of medicinal substances whose ab-
sorption through the skin ean be facilitated by the current is very
limited ; that these substances are not absorbed undecomposed ; that
some of their elements, set free by the electrolytie action, are the only
ones capable of being absorbed ; that, for instance, the use of solu-
tions of the iodides, bromides, and sulphides may be followed by
absorption of the iodine, bromine, or sulphur; and, lastly, that the
amounts absorbed are too insignificant to make it possible for this
way of introducing medicines to be of any great efficacy. He ob-
served, however, that the application of this measure is sometimes
in practice followed by therapentic results.

Sinee that time experiments of this sort have not been greatly
multiplied ; still we may quote the method which Edison proposes
for dissolving tophi in gout. This great physicist immerses the
patient’s hands or feet in two vessels, one of which contains a solu-
tion of a lithinm salt (lithium chloride), the other a solution of salt
(sodinum chloride) ; the first vessel is connected with the positive pole
of the battery, the second with the negative pole. Examination of
the urine has shown him that under these conditions a notable pro-
portion of lithium passes into the general circulation. We may also
add that Imbert de la Fouche has proposed to treat rhenmatism and
oout by eataphoresis by using a procedure which had been already
mentioned by F. Peterson, and which consists in applying large
sponge-electrodes, one of which, connected with the positive pole, is
impregnated with a medicinal solution. The operator in this case
has to make use of high intensities and increase graduoally until he
reaches 80 to 100 milliampéres.

These various kinds of partial applications certainly cause but a
small proportion of the active substances to penetrate into the body.
This is not the case apparently when we act upon the whole cuta-
neous surface, as Gaertner and Ehrmann propose doing.

Gaertner has had constructed a bathtub divided into two com-
partments by means of a diaphragm. The latter may be fitted almost
hermetically to the human body. The walls and bottom of the tub
are lined with electrodes formed of plates of copper and zine covered
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with a perforated strip of wood. One of these compartments is
connected with the positive, the other with the negative pole of the
battery, and they communicate with each other by means of the
patient’s body, the diaphragm being constructed of some insulating
substance, and the water passing from one compartment to the other
only by fissures that are almost capillary in size. Under these con-
ditions the greatest part of the current, the intensity of which is
measured by the galvanometer, passes through the body, and, further- |
more, the density of the eurrent is equal in all the points submerged.
By means of this contrivance the authors have administered baths ot
corrosive sublimate. They placed four grammes of sublimate in the
lower compartment, which was connected with the positive pole, and
used an intensity of 100 milliamperes. In all their experiments a
very notable elimination of mercury by the urine took place after
the bath.

The time has not yet come for pronouncing upon the value of these
various procedures. The one last described seems to be capable of
giving more marked results than do the local applications, but no
certain proof of this has been, as yet, afforded.

G. Gaautier has thought of another method which he proposes to
call the electro-chemical method. Instead of utilizing the properties
of the current in order to render endosmosis more energetic, he has
conceived the idea of making use on the spot of the produets of the
electro-chemical decomposition of the medicines. The following is
an example of one of the operations that he has performed. He
withdrew 150 grammes of pus from a purulent sac by puncture, and
injected an equal amount of a solution of iodine or an iodide; then,
leaving the positive pole of the battery in the sac, he passed a cur-
rent through the latter. The solution used had the following
formula :

Water . - g : % 3 - ! . ] o ]
Potassinm iodide . 3 : g . 1 h ; e
Glycerin : : : . - : ; ; . oy g

Iodine, in the nascent state, is produced capable of exerting a
microbicidal and ecicatrizing action upon the walls of the cavity,

G. Gautier appears to have treated in this way with success lupus,
actinomycosis of the face, fungous arthritis, tuberculous abscesses,
sycosis, ete.

There is now one more method to be studied.

This method is derived from the chemical galvano-cautery or
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voltaic chemico-cautery of Tripier, which has been used for quite
a long time,

It will be recollected that the galvanic current produces in the neigh-
borhood of the electrodes chemical phenomena the intensity of which
is proportioned to the density of the current. When the electrodes
are metallic a current that has comparatively little density is sufficient
to produce eschars, which are dry at the positive pole and moist at
the negative pole. If] for example, we plunge two gold needles into
the tissues of an animal, some centimetres apart, and connect each
needle with the poles of a battery, we shall, if' we pass through them
a current of 15 to 20 milliampéres, see the skin at first grow pale at
the point where each needle is inserted. The effect produced is more
pronounced at the negative than at the positive pole. If we con-
tinue to pass the current through the parts for some minuntes, a small
circular eschar will be formed about each needle. The eschar pro-
duced by the positive needle is brown, dry, and takes a long time
before it is detached; the eschar formed at the negative needle is
white, soft, and followed by ecicatrization which progresses twice as
fast as in the other case. The former is identical with the results of
the cauterization of the integument by acids, the latter with those of
cauterization by caustic alkalies.

Suppose now that we act upon blood, or, more simply, upon a
solution of albumin (white of egg), and plunge our needles into one
or the other of these. At the end of some minutes we notice about
the needle connected with the negative pole a sort of frothy mucus
resulting from the action of the alkalies and the evolution of gases;
about the positive needle we see a sort of solid coagulum without froth,
which assumes an ochre hue when the needle is made of iron,

Such are the chemical effects which it is our object to produce
when we make use of medical electrolysis—i. e., of chemical galvano-
cautery (voltaic chemico-cautery of Tripier). The latter may be
defined as the sum total of the operations made by means of the gal-
ranic current and with electrodes which are very good conductors,
and which are placed directly in contact with the tissues with the
object either of producing a partial or complete destruction of the
latter, or of causing a chemical modification in the tissues and liquids
in contact with the electrodes,

In some of these operations there is reason for taking into account,
from a therapeutic standpoint, the modifications which are produced
in a more or less extensive zone in the neighborhood of the points



ELECTRICITY, 399

directly touched, and which are manifested in the tendency to dis-
appear displayed by certain lesions. Tripier has given to this thera-
peutic action, representing the remote result of electrolysis, the name
of electro-resolution. This term does not comprise all the results
that may follow electrolysis. For example, in the treatment of
aneurisms, electric applications give rise to quite complex effects
which eannot be placed in the category of a resolvent action.

In a certain number of cases the destruetion of the tissues should
be complete. Such should be the result of electrolysis when applied
to the treatment of strictures of the urethra or of the cervix uteri,
fistulse, malignant tumors, ete.

Under these cirenmstances we seek only to establish rapidly a
channel or way of communication between the exterior of the body
and certain deeply-placed swellings—ecircumuterine or perinephritic
abscesses, hydatid eysts, ete. This sort of operation has received
from Tripier the name of tubular cauterization.

The outfit necessary for performing these various operations will
vary according to the object to be attained. Any medical battery
may serve the purpose; but it is necessary to take into account the
resistance to be overcome, and to select the cells used, and the num-
ber of the latter accordingly. The ordinary methods of operating
do not require the use of great intensities. The latter are brought
to bear only in the operations devised by Apostoli for the treatment
of certain diseases of women. In these cases it would be necessary
for the operator to have at his command quite a powerful battery,
a galvanometer capable of indicating a considerable intensity (up to
300 milliampéres), and a current-selector that will enable him to take
the cells one by one, or, in default of this, a rheostat.

The special form of outfit is represented in the main by different
kinds of electrodes.

In a large number of cases one of the poles is inactive. As it is
often necessary to use an intense current, the attempt must be made
to prevent the formation of eschars near the indifferent electrode by
giving the latter a large surface—i. e., by rendering the current less
dense at that point. With this object in view, Boudet de Paris has
proposed placing a large plate, 20 centimetres square, over each
thigh, and often, too, a third plate over the kidneys. These three
plates connected together represent a total surface of about 12 square
decimetres, which enables us to get great intensity with a compara-
tively small number of cells.
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Apostoli has for the same purpose devised a special electrode,
which is at present used in gynecological operations that require the
employment of great intensities. This electrode is made of clay,
and it is a good thing for the physician to be able to make it himself.
The elay ought to be as plastic as possible and free from sand. It
should be very soft, so as to be able to stick to the skin and to be
moulded acenrately to the parts to which it is applied. This region
is generally the abdomen.

To make this electrode it is enough to have a rectangular wooden
or iron frame, 30 centimetres long by 18 broad and 1} high. To
this is applied a piece of wide-meshed tarlatan, which has been pre-
viously wet, and thus a space is formed in which the clay is placed
in the form of a very wet cake. The projecting edges of the tarlatan
are pressed down and the clay cake is lifted from its mould. To its
surface is applied a large metal electrode, which is pushed into the
clay a moderate distance.

FiG. 102, FiaG. 108,

ERAMING, PHILA,

0. Fl

Electrolytic Needles,

The active electrodes are in most cases needles of gold or steel.
Their length is necessarily very variable; their diameter ranges
between the extreme limits of a third of a millimetre and a milli-
metre. (Fig. 102.)
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When the electrolysis must be made deep down (in the treatment
of aneurisms, for example), we must be careful to cover the needles,
except at their points, with a thick coating of insulating varnish for
a length of several millimetres. This varnish is for the purpose of
protecting the skin and the tissues in contact with the needle from
the chemical action which, without this precaution, would take place
along the whole length of the needle, and would cause the formation
of eschars, which might often be very dangerous. Buij has proposed
to enamel with glass the protected portion of the needles.

To nsert and to draw out the needles we use the instruments which
Dujardin-Beanmetz has had constrocted for the electrolytic treatment
of aneurisms. By means of the needle-plunger (Fig. 102) the needle
an be thrust rapidly and by a single motion to the desired depth,
The needle-retractor (Fig. 103), construeted on the model of the
perfected corkserew, enables the operator to avoid all the accidents
to which he had been exposed after positive cauterizations when he
nsed the foreeps. The instrument takes its bearing from the skin
about the needle, and the latter, being gripped in a nut provided
with a serew-thread, 1= withdrawn without effort or without oscilla-
tions, and follows the same direction that it had when entering the
tumors,

The needles should be connected with the battery by means of
very light and slender rheophore-wires, which end in a small serre-
fine that is fastened upon the free end of' the needle.

When it is simply a question of destroving a superficial tumor, a
nevus, for instance, or of performing epilation, the destruction of
chalazia, ete., the needle is simply placed in a needle-holder, and can
thus be manipulated with precision (Fig. 104).

In the region of the face the preceding arrangement must be
modified, on account of the deviation effects that may be produced.

Frc. 105.

Experiments by Boudet de Paris have shown to his satisfaction that

the dangerous zone has for its lower limit a circular line passing

along the level of the mastoid processes and the ale of the nose.

The eheek, nose, eye, temple, and forehead are comprised within
26
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this zone. For tumors situated in this region, all accidents may
be avoided by making use of the concentric electrode of Boudet de
Paris, with which we have already become acquainted. In the
present instance the carbon plug is replaced by a needle (Fig. 105).

We may operate in this way upon neevi, sebaceous eysts, and
chalazia. For erectile tumors we may make use of a plate, pierced
in the centre with quite a large orifice, lodging several needles.

Strictures of the urethra, which have been successfully treated by
electrolysis (Tripier, Mallez, Jardin, Fort), require the nse of a
special urethrotome (Jardin’s urethrotome). It is an ordinary
urethrotome in which the blunt knife is connected with the negative
pole of a battery.

The treatment of hypertrophy of the tonsils is performed by
means of a special electrode, which we also owe to Boudet de Paris.
The gland is transfixed with a positive needle, and is surrounded by
a negative metal ring.

Tubular canterization is performed with a trocar of varying
length and diameter. The instrument may be of steel, gold, or
platinum. In spite of the disadvantages that steel has when we
make a positive cauterization (which is not the one ordinarily used),
the steel trocar has the advantage of being sharper and of making
a better puncture.

Numerous electrodes are used in gynecological practice.

The electrode to be preferred is the platinum hysterometer of
Apostoli. (Fig. 106.) It ends at one extremity in a rounded and
polished surface, like an ordinary hysterometer, and at the other

Fre, 106.

Apostoli's Monopolar Intra-uterine Electrode.

extremity in a trocar, so that the same instrument may serve for
surface cauterization and tubular cauterization. A part of its shank
is enclosed in a celluloid insulator.

In a certain number of cases preference is given to the carbon
electrodes of Apostoli or of Brivois, which are used to perform
intra-uterine cauterizations. The ordinary carbon electrode measures
2 centimetres in length, and is of variable thickness in accordance
with the varyving dimensions of the uterine cavity. It is mounted
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on a long copper handle, covered with a caoutchoue or celluloid
insulator. Divisions every 2 centimetres, representing the length of
the carbon attachment, are marked on the handle by notches visible
to the eye and appreciable to the touch, so that when withdrawing
this electrode from the fundus of the uterine cavity in order to carry
it to another part that has to be cauterized we can estimate the
amount of displacement. The length of the carbon may be in-
creased according to the indications to be fulfilled (Fig. 107).

The number of affections treated by means of the chemical gal-
vano-cautery is considerable. To those which have already been
mentioned may be added goitre, stricture of the lachrymal pas-

Fre. 107.

sages, abscesses oceurring in ganglions and in the labia majora and
about the margin of the anus, various kinds of eysts, both cutaneous
and deep, lipomata, fibrous tumors, ete.

For details concerning these operations the reader is referred to
special treatises.

The author desires, before closing, to speak of galvano-thermics,
confining himself to stating its principles and to showing the ordinary
outfit for it.

The name of electric cautery or of galvano-cautery is given to an
instrument in which ecalorific energy is derived from the galvanic
current. We owe its introduction into surgery to .J. Marshall,
Nélaton, Mitteldorf, and the younger Amussat,

At the time when the voltaic thermo-cautery was devised it formed
a considerable step in advance, although the importance of the latter
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has been diminished by the discovery of the Paquelin cautery. But
this latter has not completely dethroned it, for the electric cautery
lends itself to special uses and possesses peculiar properties.

To apply the voltaic thermo-cantery it is necessary to use as one
source of electricity the quantity batteries which have been previously
described. At present a current furnished by accumulators is gener-
ally made use of.

As it is necessary that the temperature of the active part of the
cautery should admit of being varied at will, the intensity of the
current should be regulated by means of a rheostat. The total
resistance being here very low, small variations in the resistance
introduced artificially into the eivcunit suffice to produce a very appre-
ciable variation of the intensity of the current. Henece, we may use
a very simple rheostat, such as that of the Trouvé polyscope, sup-
plied with German-silver spiral wire, the length of which can be
varied. We may also use as a rheostat a test-tube, containing mer-
cury., The current, for example, may enter in the lower part of the
mercury column and make its exit throngh an iron shank which can
be slid into the stopper closing the tube.

The ordinary form of galvano-cautery comprises an insulating
handle(Fig. 108); a conducting portion, formed of shanks of gilt brass,

F1G, 108.

Universal Cautery Handle,

having a large sectional area and consequently a resistance which can
be ignored, and the cautery-point proper. The shanks traverse the
insulating handle. They may consist of a single piece or of several
serewed or attached to one another. In the interior of the handle
one of the shanks is formed of two portions, which are separated
from each other when the current is not passing. Contact is estab-
lished by means of a button at the moment when the instraument
is set in action. There is a bolt which can keep the circuit closed
when the operation is to last some time,

The cautery point proper may have an infinity of forms. In all
cases it is made of platinum. It is sometimes a flattened blade (gal-
vanic knife), sometimes a platinum wire of small sectional area, to



ELECTRICITY. 405

which may be given any shape that may be wished. This may be
wound in the form of a loop when it is intended to divide the pedicle
of certain tumors ; it is given the shape of a more or less blunt point
when it has to penetrate in a narrow passage, ete, (Fig. 109).
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Cautery Points.

Sometimes it is necessary to vary the length of the loop during
the operation. This loop then forms part of a long platinum wire,
whose ends are coiled about a windlass, or, better still, are attached
to movable pieces, which the operator can readily slide from one
place to another and stop when he wishes (Fig. 110).

Most authors advise keeping the temperature of the cautery-point
at a dull-red heat during the course of the operation. Onimus has
called attention to the fact that when the temperature is too high the
point cuts like a bistoury, a circumstance which prevents the latter
from acting with the slowness necessary to secure coagulation of the
blood. Hence, for operations which are performed upon pathologi-
cal tissues of quite large size, the necessity of being able to vary the
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intensity of the current by means of the rheostat during the course
of the operation itself should be remembered. The operator will do
well, therefore, in order to guide himself, to try the cautery-point first
upon a piece of meat having the thickness of the tissues that he has
to go through, and to observe the various resistances that are to be
cot by means of the rheostat when the section is made under good
conditions,

Fia, 111,

AT e BORA
Kyle's Eleetric Lamp.

Galvano-thermy presents weighty advantages. It enables us to
introduce and to withdraw the cautery-point when cold, and either
to keep the point at the same temperature during the whole opera-

Frz. 112,

tion, or, on the other hand, to vary the temperature at will. It
brings into play an instrument to which any shape can be given, and
which is hence adapted to all kinds of uses. Finally, the galvano-
cautery point loses but little heat by radiation, and when it has the
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form of a loop it possesses at once the advantages of a cautery iron
and of a linear écraseur.

The applications of the galvano-cautery in cavities necessitate the
use of illuminating apparatus, in which case the light may be derived
from the luminous effects of electricity.

Any practitioner having in his office the necessary outfit for vol-
taic galvano-cautery may at the same time run the illuminating
apparatus of which he may stand in need.

FiG. 113.

It is only necessary to speak of the various models of incan-
descent lamps. Here is one (Fig. 111) fitted to a laryngoscope.
Another forms the principal part of an instrument designed ainder
the name of photophore by Hélot and Trouvé; this apparatus may
be attached to the forehead of the operator like a little light-house,
the rays of light from which can be directed upon the point which it
is desired to illuminate (Figs. 112 and 113).

[ Very useful head-lamps, to be attached to the storage battery or
galvanic battery, can now be obtained from most of the manufac-
turers of electrical apparatus in this country. Many of them are,
however, very expensive. A very useful chloride of silver battery,
designed for the purpose of supplying light for a small hand-lamp,
is the Dow portable battery.—EDp. |
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A CCUMULATORS, or storage balteries, 245
43 description of, 246
Action, electrotonic, 327
Adirondacks, advantages of their climate, 78
Adrial currents, 42, 43
conditions producing, 43
Aerotherapy, 17
methods of, superior to altitude, 17
Williams's monograph upon, 72
Aerotherapeutic methods, See acrotherapy,
puenmotherapy, inspiration of com-
prezzed and expiration into rarefied air.
therapeutic application of, 36
Affusions, 114. See hot and cold aifusions,
administration of, 114
general and local, 114
generally painfal, 115
African desert, 72 ; stations, 68 v
Agants, thermic, #1. See thermic agents.
Aigle, 70
Afr, See atmosphere:; use as a therapeutic
agent, 97 ; douche of Dupout, 98
Alr-baths, dry, 124: hot, 33
Aix-les-Bains, 155
Ajacecio, 57, 58
Alassio, G0
Alet (Aude), 181
Alexandria, 60
Algiers, 57
Alicante, 60
Alkaline cachexia of Trousseau, 177
Allevard, 141, 153, 160
Alps (French, Bavarian, and Tyrolese), 71
Alternating currents, Volta's, 360
douche, 126 ; effects of, 126
Altitude, 17, 41 ; an important fmetor of climate,
17, 41
Amalfi, 680
Amalgamated zine of Kemp, 236
Amelie-le-Bains, 69; inhalation of hydrogen
sulphide at, 141
American climatie treatment, 74
mineral waters, 206
skeleton analysis of, 211
Ampere, 224 ; milli, 24
Anelectrotonus, 328
Animal electrogenesis, 295
Annuaire des Eaux Minerales de la France,
151
Anode, 234
Anorexia, perziztent, an indication for leaving
& high altitude, 65
Antibes, 60, 61
Antiphlogistic influence of compressed air, 36
Anti-trade winds, 42
Apostoli, platinum hysterometer of, 402

Appalachian Mountains,
with, 20

Apparatus, Chardin's, 242

Cohen's portable, 32
for compressed air, 26

Apennines, 71

Application of electrieity to the body, 302

Applications made with confervaceous alge,
139

Arcachon, 57, 68 owes its climate to the Gulf
Stream, o8

Arequipa, 68

Artificial musenlar fibres of d'Arsonval, 300

Arsenical waters, 204

Asheville, 78 ; climate of, 79

Asiatic stations, 68

Aspiration, humage, suetion, 145

Aszzam, the rainiest spot on earth, 75

Atlantic Ocean, temperature of water in, 168

Atmosphere, 47; ammonia in, 50; atsea, 62;
composition of, 47 ; dry and moist, 48 ; elee-
trieity in, 47, 55: evaporating power of, 49 ;
foreign particles in, &0 ; purity of, 51; re-
newal of, 51: saline particles in, 50; =olid
particles in, 31

Atmospheric pressure as a therapeutic agent,
17

Atomization of mineral waters, 145 ; origin of,
at Lamotte-les-Bains, 145

Auditory nerve, stimulation of, 3417 Brenner's
observations upon, $41

Aura, electrie, 359

Avine, bathe at, 195

Axenstein, 71

“AX0 " battery, the Lest American oell for
medieal use, 253

Azores, 56

springs in relation

BAGNI-:HES-I}E—LU(.'H(J?:, 135
Balarne, 164
Balearean Islands, G0

«Balkan Peninszula, 57

Ballston, springs at, 211

Balneotherapy, 81

Baltic, temperature of the water in, 168

Baths, 116. See hot and ecold baths. Cold
(graduated, half, of Brand method), 116 ;
carbonated, 136 ; compressed air, 17 ; dry air,
124 ; electrie, 3537 ; ferruginons, 136 ; half, 117 ;
hot air, 122 ; indifferent, tepid, or temperate,
120 ; mineral, 135 ; mud, 138 pool, 117 ; Kus-
=ian, 126 ; =alt, 135 ; sand, 169 ; sea, 169 ; =itz ;
111 ; Turkish, Moorish, or Roman, 127 ; va-
por, 120

Baths in saline water, effects of, 165
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Bath, Keller's study of, 166
Barbotan, 138
Baréges, 160

Battery, 234 ; Dow's portable, 407 ; Gaffe's tray, |

242 fluid for, 543 ; hot air, 83 ; moist, 239;

tension, 252: Trouvé's inversion, 242; uni- |

versal, 250

Bay of Naples, 6

Bear Creek Canon, 76

Beaulieu, 60

Bedford Alum Spring, 212

Belfast, 70

Belt of Dumontpallier and Galante, %

Benedict, discharges of, 357

Beneke, 56

Berck, treatment of, 171

Berck-sur-Mer, 170

Berkshire soda springs, 307

Bethesda springs, 213

Bex, 70

Biarritz. 57 ; influence of the Gulf Stream on
the elimate of, 58

Bicarbonate of potazh cell of Poggendort, 243

Birmensdorf, 154

Bloemfoulein, 69

Blue Lick water, 207

Boeea d'Arno, 170

Boceabruna, G0

Bonehurch, )

Bonnal, 103

Bora, 44

Bordighera, 60

Boute, or great cell, 243

Botzen, 70

Boudet de Paris, concentric electrode of, 324,
401 ; discharger of, 337; electrode for en-
larged tonsils, 402 ; tinfoil condenser of, 265

Boulder, 76

Boulogne, 170

Bourbon ' Archambanlt, 172

Lancey, 135

Bourbonne-les- Bains, 164

Brachial plexus, stimulation of its nerves, 582

Brain, electrization of, 366

Brand method, 129, 130

Breezes, mountain, 43

Erebmer, sanitarinm founded by, 70

Hrighton, 170

Bristol, 170

Budleigh-Salterton, G

Bute, I=le of, 60

1ADLE, 57
Caleic waters or alkaline earth, 181
Caleinm, sulphate of, 182
Caleium sulphide and hydrogen sulphide
springs, 155 ; table of, 156
Caleinm waters, 180: administration of, at
Contrexaville, 181 ; composition of, 180 ; phy-
siological effects of, 181 ; therapeutic uses of,
152 : varieties of, 180
Canaries, b
Canigou, 70
Canmnes, 60 the best of the Riviera stations, 6
Canstatt, 142
Canton of Vaud, 68
Cape Colony, 63
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Capon Springs (Main and Beauty), 213
Capri, Island of, 60
Carbon dioxide, eliminated during the appli-
cation of pneumotherapy, 35 ; in the atmos-
| phere, 47 ; large amount of, excreted at high
levels, 63, time of sdance with, 142; use of,
141
- Cardiff, 170
| Carlshad, 142; waters of, 203, 210
Carpathian Mountaing, 71
Carré machine, 228
| Castellamara, 60, 170
Catalvsis, direet, 377
| Catania, GO
Cataphoresiz, 323, 395 ; Gaertuer’s, bathtub for,
396; Lauret's experiments with, 395; value
of, 356
| Catelectrotonus, 328
Cathode, 254
Cauterets, 160
| Cautery, galvano or electrie, 403 ; points, 404 ;
|  Universal, 404; voltaic thermo, 404
Cauterization, tubular, 399, 402
trocar for, 402
[ Cell, Daniell’s, 237
[ Celles, 142
| Cophalie ¢irenit, 390 ; douche, 113
Cerebrum, action of the galvanic carrent upon,

30
Cervical sympathetic nerve, stimulation of, 342
| Challes, gprings of, 155
Chalybeate waters, 185, baths of, 187 ; bicarbo-
nate (crenate and sulphate), 185 ; carbonated,
183 ; composition of, 158 ; containing ferrous
sulphate, 155; physiological effects of, 156;
tables of, 1586; therapeutic nses for, 1587
Champion 2prings, 210
| Chamber, pneumatie, 13
Chamounix, 70

| Chemical galvano-cautery, or voltaic chemico-

cautery (Tripier), 398

Cherbourg, 42

Chest, increased in size by a sojourn in the
mountains, 66

Charbonnel-Salle, researches of, 551

Chardin’s cell for ranning induction apparatus,
244 .

Charlotteville Spring, 208

Chitel-Guyon, springs at, 200

Chauvean's law, 336; study of the reaction of
nerves o indueed currents, 343

Chiloride bicarbonated waters, 199

table of, 19

Chloride of lithinm, estimation of, in different
walters, 206,

Chloride sulphuretted and sulphuretted chlo-
ride waters, 108 ; composition of, 198

Chlorophyll, influence of sunlight upon, 32

Choiee of mineral waters and stations, 213;
consideration in the, 213, 214

Circulation ¢cell, 244

Cirenits of a battery, 235; opened, closed, and
short, 25

Civita Vecchia, 170

Clarens, 649

Clarke's medical-magneto machine, 291

Climate, 39 ; atmospheric pressure, its relation
| to, M: change of, 39; continental, 42; defi-
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nition of, 59 ; electrical effects, influences of,
upon, 33; from the medical standpoint, 39;
geographical selection of, 41; influence of for-
ests upon, 46 ; influence of trade winds upon,
42; latitude in, 40; maritime, 42 ; meteoro-
logical conditions which determine, 40;
peculiarities of soil in, 44; relation of atmos-
pheric humidity to, 45 transition from, to
another, 30 ; vegetation in, 47 ; winds, influ-
ance of, upon, 55

Climates, particular, 55; American, of high,
low, and medium altitude, 74; eold, some
patients benefited by, 54; Colorado, 74; hot
climates, 72 ; Enropeans embarrassed in, 53 ;
land climates, 64 ; mouniain, 64, and plain,
72; maritime, 55; dry, 60; wvery humid, 56,
and warm, 57 ; moderately humid and cool,
39; Upper Engandine, of, 65; (Veraguth's
studies upon), 66

Climatic treatment, American, 74 |

Climatology, medical, 49 ; miny days in, 49 |

Clouds, 45

Clyde, banks of, 170

Cogolito, 170

Cohen's apparatus for pnenmotherapy, 29

apparatus for medicating compressed air, 32

Cold, employment of, internally, 96

Cold applications, anmsthesia, local, prodaced
by, 84; antiphlogistic influence of, 129;
diuresis under, 93 ; combination of, with
hot, 99 ; chills during, 92; effects of, 86 ; fric-
tion and massage with, 94 ; law for general,
&7 nutrition influenced by, 9 ; oxygen-con-
suming during, 91; summary of the influ-
ences of, upon temperature and the vascular
system, 88 ; temperature changes in, retarded
by corpulence and voluntary movements, 88

Cold baths, 116; contraction of the uterus
caused by cold fool-paths, 93 ; counter-reac-
tion to, 95; duration of, 116; of the Brand
method, 116; temperature of, 83: friction
during, 116; graduated, 117

Cold douche, contraction of the bladder pro-
duced by, 93: exercise or friction increase
reaction to, 90; syncope produced by pro-
longed, 87; tissue-waste in the application
of, 5

Cold sound, 97

Cold water, rectal injection of, 97

Collectors for medical baiteries, 254

Colombin, 63; Banta-Fe-de-Bogota in, 65

Colorado, climate of, 74 ; effect of, upon the cir-
culatory apparatus, 76: rain in, 75; tem-
perature-changes in, 56

Colorado Springs, 75

Comacha, 57

Commutators, 257 ; of Ampire, 257

Compresses, 119; abdominal, articular, and
cervieal, 119 :

Compressed air, inspiration of, 35 ; an antiphlo-
gistlic measure, 36 ; phenomena produced by,
43 ; pulse during, 38 ; vital capacity increazed
by, 53

Compressed air, the bath of, 17 ; contraindica-
tions to use of, 26 ; duration of, 25, effects of, |
2 ; history of, 17 ; indications for the cessa-
tion of, 25; influence of, upon the nervous |
gyvsiem and the general health, 23, 24;
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mechanical and chemical effects of, upon
disease, 20

Condensers, 231 ; in medical electrization, 352 ;
fin-foil, 264

Conductors, good and bad, 225, 234

Conduetivity of tissues, 309

Conette, 87

Congress Spring, 210

Conservation of energy, law of, 214

Continental elimates, 42

Contréxeville, 150

Cork, 170

Cornwall, 59

Costebello, 60

Coulomb, 224

Coulombmeter, 272

Currents, eleetrie, centrifugal, and centripetal,
315, 316 ; continuous, 305 ; density of, for eles-
trization of different regions, 865; derived,
$11; direction of, often unimportant, 375 ; di-
rection of, within and without the cell, 25
induction or indueced, 277: labile, 312; of
action, 206; of rest, 206 ; slight variations in
continuous currents, 306 ; used in disease,
373

Current combiner and commutator of De Wat-
tewville, 257 ; rules for use of, 257

Cutaneous nerves, stimulation of, a powerful
revulsive measure, 346

Crab Orchard Spring, 207

Cranszac, 181, 204

Crenznach, 164

Cronthal, 142

“ Urossed effect'” of BEdwards, 55 ;
action, B7

a reflex

U;‘L}IIELL CELL, 237 ; Trouve's moditication
of, 2358 ; Simens and Halske's modification
of, 240

Danion's study of carrents, 312

Danjoy, researches of, 204

Dangerous zone, 401

Darjecling, 69

Dartmouth, 170

Davos, 67

Davos-Discfli, 67

Davos-Frauenkirch, 67

Dawlish, 60

Dax, 73 ; mud baths at, 135

Deanville, 170

Degeneration. reaction of, 869 ; complete and
partial, 369

Denvyer, 76 ; smoke from the furnaces of, 76

Derived currents, 311

Devonshie, 50

Dielectries, 217

Dieppe, 170

Dizehargers, Sa6

Diurnal variations in temperature, 41

Douches : Air of Dupont, 88 ; electric (3tein’s),
393 ; hot and cold alternately, 124 ; pressure
of, 108 ; Scottish, 125 ; temperature of (cold,
very cold, cool, temperate, and hot), 85 ; va-
rieties of, 108 (shower, 108; colummn, 103;
dauphin, 109; of concentric layers, 100 ;
bell, 110 ; cirele, 110 ; mobile jet, 110 ; needle,
110 ; local, 111) ; Webers's, 146
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Douche chamber, management of, 105

Dublin, 170

Du Bois-Reyvinond, experiments of, 25
coil, 258

Dunbar, 169

Dundes, 169

Dupont's respirntion bottles, 19, 20

F,'LLT}:—‘EUE':{EH, 160

4 Eaux-Chaudes, 160

Eger-Franzensbad, 142

Egypt, G

Ehrenberg, researches of, 51

Electric action, precepts of Duchenne and Von
Ziemss=en, for accurately loealizing, 378

Electric-aura, 359

Electric baths, Z2ee clectrostatic baths,

Electric brush, faradization with powerful re-
vulsive measure, 346

Electric cautery, 403

Electric douche, 359

Eleetric fluid, 218

Electric organ of fishes, 201

Electric wires or hresze, 303, 258

Electrieal density, 273 ; importance of, in elec-
tro-thernpeutics, 274

Electrical units, 223 ; history of, 224

Eleetricity, 215; applied to the body, 302 ; dom- |
inant properties of, 219 ; catalytic effecls, or |
trophic action of, 376; galvanic, 233; influ- |
ence of, upon vegelation, 3M ; negative and
positive, 218 ; static, 225; sources of, in medi-
cine, 218

Electrification, definition of, 218

Electrified bodies, 226

Electrization, bipolar, 315; dosage, a neces-
sary consideration in, 216 ; duration of, 365 ;
of the brain and cord, 17 ; specialization not |
necessary inapplying methodsof, 216 ; static,
302 ; unipolar or polar, 316

Electrodes, 234, active, 400; Apostoli's, 400,
402 ; d'Arsonval's, 295;: carbon, in certain
cases, 402 ; concentric, 402 ; cushion, 360 ; for |
gynecological practice, 402; intestinal (Bou- |
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Electro-therapeuties and electro-physiology, 215
Electro-therapentics, 274, 355 ; application of,
274
Electro-therapy, 215
Electrotonic action, 327
Elestrotonic phenomens, 32
Elements, 234
Energy-changes, 216
Enghein, 155, 160
Engelberg, 71
Erb, method of diagnosis, 337 ; tables of, 357
Ether, 217
Evian, 150, 151
Exmonth, 60
| Expiration into rarefied air, See rarefied air, 33
Expiratory forees, See forces, 20
Extra currents, 279
| Eves, sensitiveness of, to indueed currents, 340,
| Brenner's statement of laws relating to the,
| 3dl

ACTAL NERVE, stimulation of, 330
Falkenstein, sanitarinm at, 70

| Fano, 170

| Farad, 224

| Faraday, laws of, 271

| baradization. internal, 348; faradization, gen-
eral, 289 ; as conducted by Viiter von Arteus,
359 : mal-effects of, 339 ; faradization, medi-
cal, 366

Fatigue, action of the galvanic current, 329

Fanres” modification of the Planté storage cell,
264

Fenwick's ice eradle, 97 ; production of cold by
the evaporation of water from the body sur-
face, 115

Ferruginous baths, 136

Fibres, sweat, 102

Flemming's vertical millinmpéremeter, 269

Florida, springs of, 207

Fogs, 47, 48

Folkstone, 170

Fontaine’'s modification of Labarie's appa-
ratus, 18

det de Paris), 38%; plate-shaped, 260 ; roller- | Fontaine-Atgier's volta-gramme machine, 204

shaped, 365 ; small versus large, 312 ; special, |
for cavities, ete,, 385; Souge (Charon), 386G

Electro-chemical method of Gautier, 307

Electro-d ynamics, 216

Electrogenic couple, 254

Electrogenesiz, animal, 295

Electrolyte, 320

Electrolysis, medical, 394
needles for deep, 401 : special apparatus |
necessary for, 309

Electrometer, Lippman’s, 231, 298

Electromotive force, 221, 266 ; table of, 266

Electrophorus, 23

Electro-resol ution, 399

Electrostatie action, 327

Electrostatic or electric baths, 231, 304, 357, |
#88: duration of, 395: effects of, 392, 305 |
electro-negative and positive, 357, 358 : forms
of, 392 ralvanic and faradic, 3 with the
body immersed, 392

Electrostatic machine, 222 : care of, 232

Electrostatic pressure, 227

interpolar, 320; |

Foot douche, 113

Forces, inspiratory and expiratory, 20; in.
ereased by breathing compressed air, 33 ; in-
fAuenee of air-bath upon, 23 ; method of esti-
mating, 20 ; relation of, 22

| Forests, as barriers to winds, 46 ; humidity in,

46 ; influnence of, npon climate, 46; preva-
lence of rain in, 47 ; goil of, 46; temperature
of the air in, 46

Formula of von Ziemesen and Immermani,
115 j

Foucanude, 181

Frankland, 64

Frank's study of revulsives, 96

| Franklinization, instruments necessary for ap-

plying, 355
Franzenshad, mud-baths at, 1538
Fredericqg, experiments of, 31
Frictional machine, 228
Friedrichshall, 1584 ; waters at, 154
Frahlich,
Funchal, =ee Madeira, 56
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VAIFFE, salvanometer of, 267, modification
of Wimshurst’s machine by, 280 ; switchof,
233 : Tray battery, 242

Galante, spirometer of, 19
Galvanic battery, 22, 285 ; causes for irregular
action in the, 236 necessary qualities of, for

practice, 235

Galvanic cells, 233 ; principles of, 235, 234
Galvanic cantery, 403
Galvanic electricity or galvanism, 233 ; action
of, upon muoscles, 225; upon nerves, 326;
action of, in fatizue, 329 ; effect of, upon nu-
trition, 331; labile, 318; methods of apply-
ing in medicine, 363; physiological effects
of, 315, 325: physico-chemical phenomena
produced by, 3158 ; superiority of, in medi-

cine, 372 ; vesicant effects of, 524

Galvanization, 360 ; continuous, 305; inter-
rupted, 364 ; labile, 368 ; paracentral or cen-

tral, 391 : variations in resistance during, 508

Galvanometers, 231, 266 ; ballistic, 256 ; Despres

and d'Arsonval’s, M7, 268 ; Galffe's, 267

Galvano-thermics, 406 ; presents weighty ad-
vantages, 406

Gartner, experiments of, upon the cadaver,
S

Gaszeous acidulated waters, 196 ; artificial, 197 ; I

baths in, 197 ; elements in, 196; physiologi-
eal effects of, 196 ; table of, 197

Gaseots substances, diathermons, 52

Gasometer, Waldenburg's, 27

Genoa, 110

Georgia, springs of, 207

Geographical gelection, 41

Glengarifl, 60

Glenwood Springs (Canada), 209

Gioosellesh, 59

Giitbersdorf, 70 ; sanitarium at, 70 ; 2eason at,
70

Gradiswerke, 140

Grange, 60

GGrape cure at Vevey, 60 ; at Montreux, 69

(irasse, 69

Green Brier White Sulphur Springs, 211

Gzrénet or bottle cell, 243

Greoulx, 69

Gries, 70

Giroedel, 101

Grothus, theory of, 321

Gulf Stream, 43; influences exerted by the,
upon the climate of Arcachon, Biarritz, Wes-
tern Irelardd, and England, 59

Gurnigel, 150

Gympoastics, pulmonary. =Hee inspiration of

compressed and expiration intoe rarefied air, |

26

H..JEMI:}ELUBIN, influence of sunlight upon, |

53
Hemostatic value of hot applications, 104
Hammam-Meskontine, 133
thermal springs at, 133
arsenic in the, 133
Hastings, 170
Hathorn Spring, 210
Headlamps, 407
Heart muscle, Von Ziemssen's study of its re-
action to electric stimuli, 343
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Heat dyspnoea, 102
Heat, radiant, 51.
| Heilbrun, 163
| Hersen, 54
| Heustrich, 70, 155
| High Rock Spring, 210
Hilly regions, 44 ; temperature in, 41; abrupt
changes of temperature in, 43
| Himalayas, the, 60
| Hohenstadt, 155
Hontalade Spring at Saint Sauveur, 160
Hot applications, 99; action of, upon the
nerves and vessels, 99, 100 ; erossed effect in
applying locally, 99 effects of, 14 ; hoemo-
static value of, 14 ; syncope produced by
prolonged, 100
Hot baths, temperature of, 55, 104,
Hot douche, 118
Hot (dry and wet) packs, 118
Hot water, 115
Hot Springs, of Arkansas, 207
of South Dakota, 200
Hull, 170
Humage, aspitation, suction, 145
Human body, resistance offered to eurrents
by, 306
Humidity, absolute and relative, 458 ; influence
of, on the Mmnetiong of the skin, 49; influ-
of, upon nutrition, 50; of the air in foresis,
46; of the atmosphere, 4%; relation of, to
climate, 45
| Hydrogen sulphide, 141 ; baths of, 141 ; inhala-
tion of, 141 ; poisonous properties of, 156
Hydrotherapy, 81; eontraindications for, 96 ;
therapeutic effecis of (stimulative, sedative,
and revulsive), 129
Hydrotherapeutic reaction, 88
Hydrotherapeutic regimen, 128
| Hydrotherapeutic measures, 107 ; clinical ap-
plications of, 125 ; collapse under the use of,
10% ; conditions in which they may be em-
| ployed advantageously, 107 ; precautions to
be observed with, 107; simple and com-
pound, 107
Hyeres, 60, 61
Hypoglossal nerve, stimulation of, 380
Hysterometer of Apostoli, 402

Zgee solar heat,

See baths.

| TCE-BAGS, 97 ; vaginal. ete, 97

! Iee-eradle, 98

| Idaho Springs, 76

| Incandescent lamps, 407

Indeterminate waters, 191; composition of,
191 ; physiological effects of, 192; resulis
with, are often due to peculiar treatments,
192; simple, simple thermal, and gaseous
acidulates, 191; table of 192 193: thera-
peutic uses of, 193

Indiana, springs of, 207

Indifferent zone, 325

| Induced contraction, 207

Induction. =ee induction or indoced eur-
rents, 226, 275

| Induetion apparatus, schematic plan of, 281 ;
kinds of, 286

| Induction or induced currents, 257 ; associa-
tion of, with galvanic currents, 294 ; break-

| ing, are most important, 255 ; closing or in-
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verse, 378 ; eoils, primary and secondary, for,
281 ; coils to be chosen for, 284 ; intensity of,
2233 intra, 278; of first and second order,
275; opening or direct, 278; physical phe-
nomena produced by, 282; properties of,
23; reaction of nerves to, 848; study of,
277 ; versus extra currents, 349

Induction phenomena, 219

Influence machines, 228

Inhalation of hydrogen sulphide, 141 influ- |

ence of, upon nutrition, 177

Inselbald, 144

Inspiration of compressed air. See compressed
air, 33

Inspiration of compressed and expiration into

rarcfied air, 26; alternating method for, $5; |
earbon dioxide eliminated during, 35 ; chem- |

ical action produced by, 25; intermittent
oxvgen absorbed during, 85; should always
be supervised medically, 35

Inspiratory force. =See forces, 20,

Insulating stool, 356

Internal faradization, 348

Interrupted galvanization, 364

Interrapter, Trouveé's clock-worle, 287

Intestinal electrode (Boudet de Paris), 888

Intestinal reaction to electric stimuali, 343

Intra-thoracic pressure, increased, opposes an
abstacle to the circulation, 32

Iodo-bromide waters, 206

Irrigated soil, 45

Izchia, Island of, 60

Ischl, 140

Island of Capri, 60

Island of Ischia, 60

Islandsz, Balearian, G0

Islands, Scilly, 59

Isle of Bute, G0

Isle of Wight, 60, 170

Isobarie lines, M

Izothermal lines, 41; annual, 41 ; of summer |

and winter, 41

ACCOUD, 64
Jardin, urethrotome of, 402
Joule, 225
Jourdanet, 65

K.-u-:::.m-:}wsm. L
Katzanrow, 100

Kemp, amalgamated zine of, 236

Kentucky, springs of, 207

Kimberly, 65

Kissingen, 142, 172

Koch and H. Martin.
&3

Kolditz, Oertel's study of the Turkish baths
at, 128

Kronberg, 70

Kreunznach, 163

See tubercle bacillus,
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Lake Geneva, 69

Lake of Thun, 70

Lakewood, New Jersey, 79

Lamps, incandescent and head, 407

Langenbrocken, 155

Land, drained and undrained, 46: peat and
turf, 47 :

Landwasser, gorge of, 68

La Preste, 160

Latitude, 40; parallels of, 40 relations of tem-
perature to, 40, variations of temperature in
the same, 40

Lavage water, 150

Law of coniractions (Plliiger's), 3335

Le Craisic, 170

Leg douche, 113

Leith, 169

| Leclanehé cell, 240; modification of the, 240
method for. 35; mechanical effect of, 34;

Lenk, 70, 155
Lenz's law, 280

| Le Vernet, 69, 141

Levden jar, description of, 232
Leysin, 68

| Lichtenfels, 96

| Liebermeister, 87, 96
| Lindsley, 63

| Lines, izobaric, 54

isothermal, 41
Lippmann's electrometer, 298
Lisbon, 57
Lithia waters, 205; in America, 212
Liverpool, suburbs of, 170
Livourne, 170
Lodge, hy pothesis of, 217
Lombard, 65
Londonderry lithia water, 213
Los Angeles, California, 79
Lostorf, 155
Luchon, 160
Lugana, 70

'1.' ACHINES, dielectric, 228; frictional, 223 ;
4 influence, 228

| Madeira, climate of, 56, season at, 57
| Magnets act as solenoids, 279

Magnesinm (Bedford) Springs, 219
Maine, mineral springs of, 206

| Malaga, 60, 61

Malarial poisons in swampy lands, 47 N
Maloja, 68

Malta, 60

Maniton Springs, 76

| Marcet, 65
| Marcols, 175

Marey's law, exception to, 87
Marienbad, 142
Maria Sils, 63

| Marlioz, 160

Marseilles, 170

Marting, observations of, 44
Masey-Flemming current controller, 256
Maury's deseription of Turkish baths, 127

A BOURBOULE, 140 ; arsenic in the waters | Mean monthly temperature, 41

4 of, 24
Laconium, 127
La Corogne, 67
Lake Balaton-Fired, 158

Medical batteries, 247, 250 ; best (Gaifle's, Char-
din's, bisulphate, Callaud-Trouve's, the
“Axo"), 253 ; complete, 259

Medical electrolysis, 308
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Medical magneto-machines, 201; (Clarke's,
201 ; Papge's, 202 ; d'Arsonval's, 203)

Medicated inspired air, 36

Mediterranean, 60; temperatare of the water
of the, 168

Mehadia, 155

Meinberg, 142

Mentone, 60, 62

Meran, 70 ; grape cure at, 70

Mermod, 65

Metronome, the, 366 ; electrodes in, 266

Metallie taste, due to galvanization, 312

Michigan, springs of, 208

Miers, 185

Miguel's method for determining foreign par-
ticles in the air, 51

Millinmpére, 224

Mineral baths, 135; effects of, 135, 136; gases
and volatile substances absorbed in taking,
136 ; influenee the body through the nervous
gystemn, 137 ; peculiat action of, 135; physi-
cal and chemical properties of 137: salk,
135 ; thermie fever, produced by, 137

Mineral springs, emergence of, 132; selection
of, 131 ; temperature of, in the Pyrencees, 133 ;
{Carrere and Le Grand)

Mineral waters, 131 ; acids in, 131 ; American,
206 ; analysis of, real and hypothetie, 13;
atomization of, 145 ; bases in, 132; classifica-
tion of (Author's and Durand-Fardel's), 131,
152 ; definitions of, 131 ; doses of, 150 ; efect
of donches with, 139 electric conditions of,
134 ; empiricism in the use of, 135 ; external
use of, 135 ; gazes in, 133 ; history of the use
of, 131 ; bumage of, 145 ; internal use of, 135

{effects produced by, 145) ; inhalation of va- -

pors of, 139 ; mixed or complex, 152 ; physio-
logical and therapeutic use of, 135 ; rarer sub-
stances in, 133 ; relatively simple, 152 ;sofiness
and hardness of, 137 ; unctuosity of, 134, 137

Missouri, springs of, 208

Mistral, 44

Mittledorf, 408

Mixed complex waters, 198

Mixed sulphate waters, 201; effects of, 202;
therapeutic employment of, 202

Moizst battery, 230

Maoist packs, 115; at Priessnitz, 115

Monaco, 62

Monnetier, 70

Mont Blane, 7

Mont Dore, 133, 140 ; inhalation of vapors at, 140

Monie Carlo, 62

Montreux, 60; grape cure at, 69

Moorish baths. See Turkizh, 126

Mornex, 70

Mother liguids, 162

Mountain breezes, 43 ; origin of, 43

Mountain climates, 64 ; characters of, 64, in-
fluence of, upon the svstem, 65 ; ea.rl_r,: and
late effecis of, 63

Mountain stations, characterized by great in-
tensity of madiant heat and light, 58, 64 ;
summer, 70 ; winter, 66

Mountains, as barriers to winds, 45

Mud-baths, effects of, 188 ; stationz foradmin- |

istering, 138 ; stimulation of the skin by, 139 ;
temperatures of, 138
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Mud zprings, 75 ; mineral and vegetable, 135

Miiller, diseussion of density by, 364

Multiple are, 258

Muszeles, action of continuous currents upon,
825 : excitation of, by induced currents, 244 ;
law governing excitation of, 338 ; oxidation
in, during application of eold, 92; stimula-
tion of arm, trunk, and leg, 353; tabular
resultz from unipolar excitation of, 830
tetanized with galvanic currents, 327

Mustapha Sapérienr, 57

\:APLES, 1700; Bay of, 60

+V Nasse 97

Nauheim, 142

Needles for deep electrolysis, 400

Needle-holder and retractor of Dujardin-Beat-
metz, 401

Neel vibrator, 287

Negative pole, bases set free at the, 310

Miéris, 135, 136

Nerves, action of continuous currents upon,
3

Keuralgic points, 375

Neurility, or nervous force, 302

Neurc-muscular excitability, 205

Newceastle, 170

MNew Hampshire, springs of, 206

New York, mineral springs in, 207

MNew Zealand, 57

Nevrax, 175

Nice, 60, 62

Niederbronn, 172

Nitrogen, 144 ; derivation of, 144 ; in the blood,
144 ; medicinal properties of, 144 ; physiologi-
cal properties, 144 ; studies with, 144 ; sys-
temic effects of, 145

Nitrogen excreted, influence of compressed
air upon the amount of, 24

Witrogenized waters, 305

Nobili, magnetic needles of, 267

Nocturnal variations in temperature, 41

North Carolina, spring of, 207 -

North Sea, temperature of the water in, 165

AK ORCHARD SPRING, 209
Oersted's experiment, 266
Ohm, 224
Ohm's law, 247
Olette, 160
Olfactory nerve, reaction of, to galvanisin, 341
Orange Free S.ate, 68
Oriole, 181
COrtono, 170
Ostend in Belgium, 169
| Dxyegen absorbed, 65; altitude affectz Lhe
amount of, indirectly, 65 ; during the appli-
cation of pneomo-therapy, 35 ; nutritive pro-
cesses govern the amount of, 65
Oxygen in the atmosphere, 47
Ozone in the atmosphere, 47; influence of,
upon sleep, 45

JACKS, 118 ; various forms of, 119:
and cold packs.
Page's magneto-machine, 202
' Palermo, a7, 5%

See hot
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Panticosa, 71

Paguelin cautery, 44

Paris, climate of, 42

Parkes, &

Partculur climates, 55

Pasadena, California, 59

Pan, 73

Peat and turf Jands, 47

Pediluvium, hot, 100, 101

Pegli, 170

Pennsylvania iron, alum, and
springs, 207

Penzance, 59

Perineal douche, 112

Pesaro, 170

Phosphenes causzed by electrization near the
eve, 312

Photophore of Helot and Trouve, 407

Phrenic nerve, stimulation of, 343

Pierrefondt, 160, 155

Pisa, 73

Plain, climate of the,
warm and moist, 73

Plante acenmulator, 245

Platte canon, 76

Plombicres, 140

Pluviometers, 4%

Flymounth, 170

Ponenmatic chamber, 15

Ponenmometer, 20

Fnemo-therapy, Cohen'’s apparatus for, 29 ,

Fnenmotometer, 20; deseription of, 20, 21;
errors in the use of, 21 ; Marchal's, 20

Poggendorf, bichromate of potassium cells of|
M3

Points, nenralgic, 375

Poland water, 212

Polar stimulation, 372

Polyscope (Trouve), 404

Pontresina, 63

Fornie, 170

Popischil, ™

Portable apparatus, 26; construction of, 26;
diagrams of, 29, 30 ; effects it should enable
us to produce, 26; 5. Solis-Cohen's, the best
im use in this country, 27

Portugalete, 57

Porto Maurizio, 170

Positive pole, ormanic acid aceumulates at the,
320

Potential, 23):
in the, 221

Piillna water, 154

Pulmonary gymnastics, 26, 35; apparatus for
the application of, 26 ; history of, 26, 27

Pyrenees, 71; sodinm sulphide springs in the,

1
[ UANTITY, 222

J (Jueenstown, G
it G5

g nesium

Ll b
12

dry and hot, 72;

definition of, 220 ; differences

] i;LUL*.HT heat, 52
Ragalz, 63

Eain, 48 ; good effects of, 50; prevents out-door
exercise, 50

GENERAL INDEX,

Rainy days, their relation to mediecal clima-
toloey, 49

Ramsgate, 170

Rarefied air, expirations into, 38 ; phenomena
pm{iluu;:etl by, 33 ; vital capacity increased by,

- od

Reaction, hydrotherapeutics, 88

of degeneration, 869 ; diseases in which it
is found, 371
Resistance, 223
Resorts in Switzerland, 60

| Regorts, summer mountain,  See stations, 70

Respiratory movemenis, 33

Eevulsive disk (Boadet de Paris), 374

Revulsives, study of, W

Rbeophores, 234

Rheophore plates, 230

Eheostats as rezsistance coils, 272 ; Gaitle's maed-
ical, 272 indispensable in applying enrrents
to the head, 273 ; liguid, 273

Richiield Springs, 212

Rimini, 170

Riviera, Levantine, 57

di Ponente, G

Rockbridge Alum Spring, 212

Eohrig and Zuntz's experiments with salt
baths, 135

Roman baths, See Turkish, 126

Rome, 73

Rostrevor, 60

Rothesay, 60

Eoyat, 140, 142

Eubmkortl coil, 24

Russian baths, 126G

TAIDSCHUTE water, 184
Saleombe, Gl
Salies-de-Bearn, 164

| Balines, 164

Sailing vessels preferable for medicinal zea-
voyages, 62

Saint Amand, 135

Gervais, 160

Honore, 155

Neotalre, 142
Romain-le-Puy, 175
Bauveur de Montagut, 175

Salerno, G0 :

Saline particles in sea-air, 50; tonic effects of,
1]

Salt or sea air, 140 ; at German and Austrian
resoris, inbalation of, 140; effects from in-
haling, 140

Salt baths, effeets of, 135

Sanitarin at Bournemouth, 60; Canigow, 70 ;
Falkenstein, 70 ; Girbersdorf, 70 ; Leysin, 65 ;
Moritz, 62

Sand baths, 1640

Sandwich Spring, 205

| San Diego, 79

Remao, 62
Zanta Fe de Bogota, 65
Zantander, 57
Zaratoga, Iaxative waters of, 200
Scheveningen, 1639
Schinznach, springs at, 163
Sehwanmn, researches of, 51
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Scilly Islands, 59

Ecottish douche, 125

Sea, the, its influence upon climate, 41

Sea-baths, 168; directions for, 169 ;. effects of,
1689 ; factors involved in treatment with, 168

Seashore, 43, winds near, 43

Spagide resorts, 169

Eeasons, 47

Bea-vovages, 62 effects of, 62 ; favorite, 63 ; for
Europeans, 63 ; long, 63 ; Peter, investigations
of the effects of, 62 ; sailing vessel better for,
62 superiority of, over seashore residence,

Sea water, 167 ; bread made with, 168 ; com-
position of, 167 , sodium chloride in, 167 ;
sulphate of magnesium in, 167 ; temperature
of, 168

Secretory nerves, excitation of] 342

Seidlitz, 1584

Selection, geographical, 47

Sensory nerves, influence of induced currents
upon, 345 ; stimulation of, 368

Sermaize (Marne), 151

2estri-Levante, 110

Sharon Springs, £11

Sheet, wet, 114

Slemen’s and Halke's modification of the
Daniell cell, 240; vibrator, 287

2imoon, 44

Sinusoidal currents, 354

2ion, 70

Birocco, the, 44 ; in Algiers, 57

Sitz bath, 111

Enow as a reflecting surfaee, 45 ; effects of, 50

Soden, 70

Sodinm chloride springs, 161

Spdinm bicarbonate waters, 173 ; physiological
effects of, 175; strong and weak, 174 ; table
of, 174 ; therapeutic uses of, 178

S2odium chloride or saline walers, 161 ; chief
(feeble and strong), 163 ; classes of, 162 ; so-
dinm chloride in, 161 ; other principles in,
162 ; table of, 163 ; temperature of, 161 ; thera-
peutic effects of, 164 ; uses of, 170; warm
and cold, 163

Sodinm sulphide springs in the Pyrences, 153

Bodium sulphide waters, 153, composition of]
153

20il, 44 ; absorbing power of, 45 ; configuration
and composition of, 44 ; influence of, upon
temperature, 45; influence of vegetation
upon, 46; irrigated, 45

Zolar heat, 51 ; not to be confounded with at-
mospheric warmtih, 52 ; physiological effects
of, 52

Solstice, 40 ; summer and winter, 40

Sorento, 60

Sound, cold, 97 ; Guyon's exploratory, 386

South Carolina, springs of, 207

Spanish coast, GO

Sparks and friction, 360

Special winds, 44

Epectrophotometer, 145

Spezzia, 170

Spinal accessory nerve, stimulation of, 330

cord, action of galvanic ¢urrents upon, 380

Spiral coils, 47

Spirometer (Galante), 19
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springs, Colorado, 76 ; Idaho, 76 ; Maniton, 76 ;
mineral, see mineral springs; mud, 134;
thermal, at French mountain resorts, 69
gt. Albans, 142
2t. Beatenberg, 71
5t. Gervais, 70
2t. Jean de Luz, 170
=t Malo, 170
St. Moritz, 68
5t, Sebastian, 57
Stachelberg, 155
Btatie currents, effects produced by, 350
Static electricity, 225 ; see static electrization
experiment showing its effect upon vegeta-
tion (Spechnow), 505
Static electrization, 302; phenomena observed
during, 805 ; sittings nnder the employment
of, 339
Static machines, 218, 228 : properties of, 231
Stations, See special climates, Maritime, 56 ;
summer and winter, 56; summer, of the
mountains, 70; summer, of the temperate
zone, 5 ; winter, of the mountaing, 66 ; win-
ter, of the tropics, 34
Stimulation, characteristic (d'Arsonval's), 357
Stimulator of Boudet de Paris, 384
Ztool, insulating, 356
Storage batteries or accumulators, 245; de-
seription of, 261 ; mechanism of, 245
Subaural galvanimtion (de Watteville), or gal-
vanization applied to the neck, 377
methods of applying, 378
Substitution method, 307
Suction, aspiration, humage, 144
2udatorium, 147
Sulphate waters, 183 ; magnesinum and sodinm,
158; pure, 1584; purgative, 154; table of,
184
Sulphate waters, mixed, 201 ; constituents of,
M)l ; table of, 201
Sulphated chloride waters, 195; table of, 193
therapeutie use of, 199
Sulphur springs in America, 208
Sulphur waters, 145 ; or sulphide waters, 135
alkaline, 157
atomization of, 146
classification of, 153
effects of, 146
hydrogen sulphide in, 156
table of, 155
therapeutic uses of, 158
Sulphuretted chloride and chloride sulphur-
etted waters, 193
Bummer resorts of the mountains, 70
in the Alps, 70
in Switzerland, 70
Sunlight, 52
abrupt changes from, to shade, 53
beneficial effects of, 52
deleterions to micro-organisms, 53
influences exerted by, upon chlorophyll
and hemoglobin 52
nervous excitement increased by intense,
b
Superior and inferior circuits, 3950
Superiority of * cures in sifu,” 150
Supra-clavicular fossa, stimulation of the
nerves in, 380

27
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Burface tension, experiments (Lippmann’s)
upon, 245

Swamps, 47
fogs not common in, 47
malarial poisons in, 47

Sweat centres and fibres, 102

Switches, donble and single, 254
advantages of the double, 256
Gaiffe's, 255

Switzerland, 69
resorts in, 69

Sydmonth, G0

Syracuse, Gl

ASMANIA, B8
Teigurmonth, 6
Temperate baths, 32, 13
nutrition stimulated by, 120
Temperate zone, 40
Temperature—
altitude, its influence wpon, 41
climatie effects of, upon the organism, 51
diurnal and nocturnal variations in, 41
extremes of, destroy organisms, 51
in billy regions, 44
its relation to latitude, 40
mean monthly, 41
mean summer and winter, 42
of baths, 52, &1
variations in, 40, 42
Temperature, bodily—
changes in, during application of cold,
a7
influence of compressed air upon, 24
Teneriffe inferior to Madeira, 57

Tension, 219, apparatus, 222 . batteries, 252
Therapeutic application of #erotherapeutic
methods, 36
Therapeutic results from galvanizing nerve-
centres, 331
Thermal springs, definition of, 133 ; at French |
mountain regorts, 69 [
Thermic agents, 81
air and water as representative, 32
combining different forms of, 53
depressant or sedative effecis of, 52
law which regulates physiological re.
action to, 81
local and remote effects of, 51, 52
secondary phenomena produced by, 88
stimulant or tonic effects of, 52
Thermic points of Blix and Goldscheider, 84
Thermogenesis, 41
nervous apparatus for regulating, 91, 92
Thomasville, Georgia, 79
Tinfoil condenser, 373
Tigsue, conduction of, 319
Tissue-waste, itz relation to cold, %0
direct and indirect method of estimal-
ing, 91
Tongue, application of positive and negative
poles to, 322 |
Torguay, a4
Torrid zone, 40
Toplitz, sitz baths at, 103
Trade winds, 42
anti, 42
direction of, 43

GENERAL INDEX.,

Trade winds, Hally's explanation of, 42
influence of, upon climate, 43

Traubenberg, 97

Transvaal, 68

- Tréjus, 170

Trencin-Teplitz, 155
Treport, 170
Tripier's apparatus with superimposed coils,
280
Trouvé, elock-work interrupter of, 2587
inversion battery of, 242
modifications of the Daniell cell by, 235,
230
photophore of Helot and, 407
polyscope of, 404
Trouville, 150
Tubular canterization, 399, 402
Tuning-forks as interropters, 289
Turkish baths, 126
diaphoresiz in, 125
in England, France, Germany, and the
United States, 127
Maurin’s description of, 177
massage with, 128
Oertel’s study of, 125
Tyndall, researches of, 51
L*I'-:IJE[{E:LII-'F, Gl
Unetuosity of mineral waters, 134
Univerzal battery, 259
Universal cautery handle, 404
Ulnar nerve, table of examinations of the, 337
Urea, exeretion of, when amounts of water
are imbibed, 149
Urethra, bladder, and uterns, faradization of,
348
Urethrotome (Jardin®s), for dividing strictures
by electrolysis, 402

\/AGINAL ELECTRODE, bipolar (Apostoli’s
38

| YVagus, stimulation of the, 347

Valencia, G0, 61
Vals, waters of, 175

| Value, relative, of maritime and mountain

resorts, 67
Vapor baths, 120
exeretion of urea in, 105
temperature of, 121
time of, 121
weight lost in, 121
Vapor douche, 122
Vapor, watery. See walery vapor.
Variation method, 332
application of the, in practice, 332
Variations in resistance during galvanization,
A&
Vasomotor nerves, faradization of, 347
Vegetation, 46
as an indieation of climate, 47
characters of, 46
influence of electricity upon, 34
influence of sunlight upon, 52
itg influence upon climnate, 46
protects soil from solar rays, 46

Venice, &7, 53

| Ventnor, the best English sanitarinm at, 60
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Veraguth's study of the Upper Engadine cli-
malte, b
Vermont, mineral springs of, 306
Vernet, 69
Vertigo, results from the application of elec-
trodes to the neck, 312
Vesical rheophore, double (Duchenne's), 336
Vesical sound of Boudet de Paris, 357
Yevey, 69
grape cure at, 69
Viarregio, 170
Vibrator, Neef, 287
Vichy, 142
waters from the district of, 174
Vienna, climate of, 42
Vigo, 57
Villafronea, 60
Villaneave, 69
Virginia, springs of, 207
YVitul capacity, 19
inereased by inspiration of compressed
air, 33
influence of air-baths npon, 23
methods of estimating, 19, 20
Vittel, 150
Yolt, 224
Yoltaic chemico-cautery (Tripier) or chemical
galvano-caitery, 393
Voltaic thermo-cautery, 404
Voltameter, 219, 270
Gaiffe's, 271
YVolta's alternating currents, 360
Volta-gramme machine, Fontalne-Atgier's, 204
Volte, useful and lost, 252
Volumnometers, 85
Yon Ziemszen and Immermann, formula of,
115
YVoyvages, sea, 62
on the Nile, 73
Vulpian, 102
Vulvo-uterine electrode (Tripier), 385

1,‘ TALDENBURG'S gazometer, 27
Waldequelle, springs of, 156
Warren de la Eue, battery of, 241
Gaiffe's modification of the, 241
Water, hot, use of, 118
plain, 146
effects produced by the ingestion of,
146"
elimination of, 148
excretion of urea when amounis of,
are ingested, 49
2ea, 167. See sea-water,
Waters:
arsenical, 204
bicarbonate of soda, 173
chemical composition of, 174 -
caleium, 180
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| Waters :
| chalybeate, 185
| gaseous acidulated, 196
| indeterminate, 191
iodo-bromide, 205
lavage, 150
‘ lithia, 205
! mineral. See mineral waters, 131
| mixed eomplex, 198
| mixed sulphate, 201
=aline, 161
sulphur, 152
Watery vapor, 43
excess of, produces a depressing effect, 49
in the atmosphere, 43
prevents radiation of heat, 49
Watt, 225
Weber's douche, 146
Weisenberg, 70
Weiss, experiments of], 322, 323
Wet sheet, 114, 115
zedative, tonie, and antipyretie influences
of, 114
| Wet wrappings, partial, 117
| Wevmouth, 170
| Wheatestone's bridge, 307
| White Sulphur Springs, 208
Wiezen, 67
climate of, 68
Wight, Isle of, 60
Wildegg, 1638
| Willinms, monograph on derotherapy, 72
statisties of, 63
Willinmstown, thermal springs at, 207
Wimshurst machine modified by Gaiffe, 230
description of the, 280
Winds, 55
' forests as barriers to, 46
influences of, 42
[ moisture and warmth carried by, 43
[ mountains as barriers to, 45
sea-shore, 43
special, 44
trade and anti-trade, 42
variations in climate produced by, 55
Windlass for the thermo-cantery loop, 404
Winternitz, £7, 101
Winter rezorts, 66
Winter stations of the mountains, 66
at zgreat and moderate altitudes, 66
French, 69
Wisconsin, springs of, 208
Wrappings, partial and wet, 117

Y ARMOUTH, 170

ONE, dangerous, 408
temperate, 40
torrid, 40






THERAPEUTIC INDEX.

ABSCESS.

Electrolysis in abscesses in ganglia, or near the
anus or labia majora, 403

Electro-chemical method of Gautier in tuber-
culous abscesses, 397

ALBUMINUREIA.

Bicarbonate waters when due to indigestion
or uri¢ acid infarcts, 130

Hydrotherapy may inerease physiological form
of, 03

Saint Nectaire waters of signal value when
due to chronic interstitial nephritis, 301

AGE,

Extremes of, contraindicate mouniain cli-
mate, 71
Sea-voyages contraindicated in advanced, 63

AN AMIA. |
Arsenical waters in grave, 206
Chalybeate waters in secondary, 191
Climate of the Riviera in, 61 ,
Compressed air of doubiful value in, 25 |
La Bourboule, M5
Mountain climate for simple and paludal

forms, 71 |
Sea-baths, cold, not well borne in, 169

Sunlight in, 53
Use of the static bath in, 350

ANAETHESIA.

Electricity in the treatment of, 369
Electric brush to combat cutaneous, 346

ANEURISM.

Patients with aortic aneurism may do well at
maoderate levels, 71
Electrolysis in the treatment of, 401 |

ARTHRITIS. '

Electric baths in arthritiz deformans, 395 |

Electro-chemical method of Gautier in fun- |
gous arthritis, 3097 |

Galvanie currents of great density in ahronie,
b i)

ASTHMA. I
Colorado in, when emphysema is absent and
the heart is not dilated, 76
Mountain climate in, 71 |
Sep-voyages in dry forms of, 63
Waters of La Bourboule in, 204

ATAXIA.
Polar methods of faradization in the pains of, 375

ATELECTABIS.

Comprested air in the atelectasiz of bron-
chitis, 36

ATHEROMA.

Compressed air contraindicated in, 37
Mountain climate contraindicated in, 71

ATONY.

Waters of Bourbon 1"Archambanlt in gastro-
intestinal, 172

EASEDOW'S DISEASE.
(See EXOPHTHALMIC GOITRE.)

BRONCHIECTASIS.

Expiration in rarefied air, contraindicated

in, 37
BERONCHITIS.

Algiers, 58

Cairo in chronie cazes with emphysema, 73

Colorado eontraindicated in, 76

Compressed air in, 25, 36

Contraindicated by acute inflammations, 37

Expiration into rarefied air in chronic, 36

Humidity of the atmosphere decreases irrita-
tion of the respiratory mucous membrane ,
14

Madeira for chronie, 57

Mountain climate in, 71

| Mustopha Superienr, 57

Riviera for chronic forms of, 61
Royat and Ems, waters of, for chronic, 201

CALCULI.

Expulsion of, under treatment with caleic
waters, 183

CARDIAC DILATATION.

Colorado econtraindicated except in young
patients with slight, 76

Mountain climate contraindicated, 7

Pnenmotherapy of doubtful value in, 71

Turkish baths contraindicated in, 128

CATARRHS.

Cold dry climates predispose to, 50

Colorado contraindicated in catarrh of the
stomach or bowels, 77

Maderia for laryngeal, 57

Mountain elimate in chronie pharyngeal or
bronchial, 71

Pau for irritable cases with dry cough, 74

Riviera for chronic, 61

Sulphur waters for chronie respiratory, 160
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CEREBEREAL CONGESTIONS.
Patients with, should aveid Pan, 7

CHALAZRIA.
Electrolysiz for the destruction of, 401

CHLOROSIS.

Best treatment of, 189
Chalybeate springs produee indigestion, con-
tain insuflicient iron, ete., 189
Contraindicates uzge of zodium chloride waters,
173
Mountain climate indicated, 71
FPoeumothernpy of doubtful value in, 57
Protoxalate of iron in, 159
BRestin bed, with milk and raw meat diet, in,
180
COLIC.

Hot baths in bepatic and nephritic, 104
Revulsive faradization for lead and hepatie, 874

CONSTIFPATION.

Mineral waters of Saratoma, 209, 210
FPurgative sulphate waters in, 154
Sodium chloride waters in, 172
Waters of Chitel Guyon, ete., 201

CONTRACTURES.

Faradization of use in essential and writers'
cramp, 375

CONVULSIONS,

Electric measures for chronic and tonie, not
well defined, 375

CYBTS (SEBACEQUS).
Electrolysis in, 402

DEBILITY.

Climate of the Riviera, 61

Mountain elimate contraindicated in consti-
tutional, 71

Persons with, should spend the summer at o
moderate altitude and the winter in a tem-
perate or warm climate, 52

Sea-vovages contraindicated when
debility is present, 63

DELIRITIM.

Cold affusions in, 116
Hea-vovages contraindicated
companied by, 63

DEVELOPMENT, RETAREDED.

Mountain elimate for children with, and for
cases of thoracic non-development, 71

DIABETES.

Amenable to treatment with alkaline waters,
179

Cairo in, 73

Climate of the Riviera in, 60

Cold applications contraindicated, 30

Compressed air in, 25

Mixed sulphate waters in, 203

Waters of Bourboule in, 205

Waters of Vichy and Vals act well in non-
cachectic and non-tuberculous cases, 180

marked

in diseases ac-

THERAPEUTIC INDEX,

DIAREBH®EA.

‘Algiers in ehronie forms of, 58

Alkaline sulphur baths may produce, 157

American iron, alum, and sulphurie acid
waters in  diarrtheeas accompanied by
angEemia, 212

In plain-dwellers, 15 sometimes relieved by
altitude, and vice versa, 78

Increased atmospheric humidity conduees to
the development of, 50

Madeira is likely to produce, 57

Thermal cures in chronie, 104

DROPSY.

Compressed air not to be used when dropsy is
present, 37
Pulmonary gymnastics, 35

DYBSENTERY.
Algiers benefils cases of, 57

DYSPEPSIA.

Bicarbonate waters in eertain forms of, 1758

Cairo, 73

Caleium waters in hypopepsia, 1582

Chalybeate waters in certain forms of, 190

Eleetric baths in obstinate, 395

Indeterminate waters in painful forms, 194

Mixed sulphate waters in, 203

Mountain elimate, 71

Saline waters should not be used when the
stpmach is irritable, 164

Saint Nectaire, water of, in hypopeptic forms,
200

Sea-voyages contraindicated
forms of, 63

Sodinm chloride waters, 170

Static bathe in neuropathic forms of, 339

Winternitz method of partinl application in
cases with cardialgia and vomiting, 126

EMPHYSEMA.

Algiers a suitable climate for, 58

Colorado dangerous in, 76

Compressed air in, 25

Expiration in rarefied air in, 34, 36

Madeira, when expectoration is not profuse, 57

EPILEFSY.

Galvanization in the neck in. 378
Mountain climate contraindicated in, 71

EXHAUSTION.
Cairo in exhaustion from overwork, 73

EXOFHTHALMIC GOITRE.

Eleciric bath in, 395
too severe for patients with Basedow's dis-
ease, 308
Galvamzation in the neck in, 378

FEVERS.

Cold affogions in malignant ernptive, 116

Cold bath (see Typhoid Fever).

Compressed air is used in moderate fever, but
not in high or hectic types, 26

Thermal fevers at sulphur eprings, 157

Use of eold in, 129

in  rebellious



THERAPEUTIC INDEX.

FIEROMATA.

Electrolysis, 403

Erenznach and Salies, treatment at, exerts a
powerful influence over uterine fibromata,
172

FISTUL.A.

Zulphur baths in the treatment of fistulous
tracts, 161

Electrolysis for, 309

GASTRIC DILATATION.

Sodium bicarbonate the remedy par creellence,
173

GABTEIC ULCER AND CANCER.

Alkaline waters, especially the stronger ones,
contraindicated in, 179

GASTRITIS AND ENTERI'TIS.

Abuse of purgative sulphate waters leads to
gastritis and apepsia, 185

Bicarbonate waters, after meals in hyperpeptic
gazstritis, before meals in hypopeptic forms,
178

Bodium chloride waters in some forms, 170

Sulphur baths for, 160

Waters of Pougues in hypopeplic gastritis, 182

GENITO-URINARY DISEASES.

Baths of sodium chloride in, 170

Caleic waters 1m, 153

Indeterminate waters in disease of the genito-
urinary organs, 196

GOITRHRE,
(B¢ EXOPHTHALMIC GOITRE.)

Electrolysis in, 403

GOUT.

Cairo in, 73

Caleic waters are of value in (Vittel and Con-
trexeville), 53

Climate of the Riviera in, 60

Edizon's method for dissolving tophi in, 596

Electric baths in, 305

Indeterminate springs, 195

Kissingen and Vichy waters at Saratoga in
b | L]

Lithia waters in the treatment of gout and
uricemis, 25

Fau, 74

St Catharine's in Canada. 208

Sulphur baths in atonic, 159

Turkish baths in, 128

Water of Vichy and Vals in, 179

GRAVEL.

Bicarbonate waters in oxalie or uric acid, 170
Caleium waters in, 182
Lithia waters in, 205

HAMOPTY SIS.

Expiration into rarefied air contraindicated
when a tendency to exists, 37

HEADACHE.
Cephalic donche in rebellious, 114

HEART DISEASE.

Cairo in forms accompanied with chronic
catarchs, 73

Cold contraindicated in chronie, or dizease of
the vessels, 130

Compressed air contraindicated when the myo-
cardinm is weak, 26

Bodinm ehloride waters are not to be used in
chronie diseases of the heart and vessels,
173

Mountain climate contraindieated in, 71

HEMIPLEGIA.

Galvanization performed in the neck, 375

HEMOEERHAGE.

Cold or vigorous applications of heat and cold
to control, 130
Sitz bath in internal, 104
HEMOBREREHOIDS.

Patients with flux shonld aveoid Pau, 74

HEPATIC CONGESTION.
Amenable to treatment with the stronger alka-
ling waters (Vichy and Carlsbad), 179
HODGEIN'S DISEASE.
Arsenical waters of Bourboule in, 205

HY FOCHONDRIASIS.
Electric baths in, 395
Mountain climate, 71
HYSTERIA.

Eleetric baths in, 358, 395

Faradism in pains of, 875

Galvanic currents of weak density, 365
Mountain climate in light forms of, 71
Népeg, 195

IMPOTENCE AND SEMINAL
EMISEIONS.

Cold sonnd in, 97

INFLAMMATIONS.

Currents of weak density in inflammatory
lesions, 365,

INSOMNIA.
Maritime climates may increase, 56
INTESTINAL TORPOR.
Cold climates in, 54.
JAUNDICE, CATARBEHAL.

| Rectal injections of cold water in, 97

LARY NGITIS.
Sea-vovages for, 63
LIPOMATA.
Electrolygiz in the treatment of, 403

LITHIASIS.
(See GRAVEL.)

| Alkaline waters in biliary, 179



424

LIVER DISEASE. :
Carlsbad for those associated with biliary lith-
insis, 205
Compressed air-baths opposed on theoretical
grounds, i
Mixed sulphate waters in ¢irrhosis and ehrenie
congestion, NG

LUMEAGO,

Electric eurrents of great density in the treat-
ment of, 365
MALARTA,

Absence of, in Venice, 58

Alkaline waters in the cachexia of, 1580
Carlsbad waters in paludal cachexia, 24
Hodiom chloride waters in, 173

MIGRAINE.

(Zee HEADACHE.)
Galvanization in the neck in, 378

MUSCULAR ATROFPHY.
A combination of galvanic and induced cur-
rents in, 295
Galvanization in the neck in progressive mus-
cular atrophy, 295

NAEVUS.
Electrolysis in the destruction of, 401

NEFPHRITIS.
(See ALBUMINURIA.)
Caire in chronie, 73
Cold applications contraindicated in, 130
Cold dry climate contraindicated, 50
Colorado contraindicated in, 77
Compressed air opposed on theoretical grounds,
o6

Turkizsh baths relieve the kidneys, 128

NERVOUS EXCITEMENT.
Intensze sunlight of mountainous regions pro-
duees, 53
NERVOUS DISEASES.

Diverse forms of hydrotherapeutic treatment
in 130

THERAPEUTIC INDEX.

Galvanization performed in the neck in tri-
geminal, 378

Mountain elimates in rebellious forms of, 71

Revulsive faradization for the relief of, 374

NUTRITION, DISEASES OF.
Hydrotherapeutic measures of value in, 130

OBESITY.

Hydrotherapentic treatment in, 96

Mixed sulphate waters in the treatment of,
203

Turkish baths may be used in some caszes of,
128

[ PARALYSIS,

|
| Funetional forms are cured at Wiesbaden, 173
Galvanization in the neck in paralysis and
contractures of the facial muscles, 378
| Bodium chloride watlers in some forms of, 172

PABALYSIS, GENERAL.
Cold applications contraindicated in, 130

PHTHISIS.

Adirondacks and Asheville in, 75

Algerian climate benefits cases of, 58

Angtralia beneficial for =ome cazes, if the site
is carefully chosen, 6

Cairo in the early stages of, 73

Colorado in, 73, 76

Compressed air in some cases, and where a
predispozition to, exists, &5, 36

Diesert life unwise in advanced cases of, 72

Diminution of, follows the establishment of
drainage, 46

Gurbersdorf, 70

Himalayan climate too rainy for, 69

Madeira for irritable forms of, 57

Moderately humid, cool stations are better for
the gerofulous and predizposed than for
confirmed cases of, G0

Mountain climate in the predisposed or estab-
lished, 71; in slow torpid types of, 71; in
erethismic forms, forms with nisht-sweats,
ete., 72 coutraindicated in intestinal, lar-
yogeal, or the forms following diabetes, 72

New Zealand should be avoided in, 58

Indeterminate springs in the treatment of | Panticosa, 71

neuropathies, 195
NEURASTHENIA.

Colorado, 57

Eleetric baths in, 395

Faradism for forms of, 375

Franzenbad, 204

Galvanic eurrents of wesk density in, 365

Galvanization, general and central (Beard) in,
389, 391

Precautions must be observed between vovages
[ in, 63
| Pulmonary gymnastics in those predisposed,
a6
| Riviera, the, for non-irritable cases, but con-
traindicated in the nervous or in florid
| forms, GL
Sanatoria, English, 60
Sea vovages in, 62, 63
&St Leonards and Hastings not suited for, 60

Mountain climate wvaluable when gleep is | Sulphur batbs in, 158

sonumnd, 66
Positive air-bath im, 389

NEURALGIA.

Cairo in rebellious, 73
Electric breeze in, 376
Galvanism in, 366

| hEmoptysis & r_:uul_mindicﬂ.tinn for, ll'.‘rll_. :
| Use of cold applications usunally contraindi-
cated, 130
Use of nitrogen in, 144
Warm moist climates sometimes unsuited for,
o
| Winter mountain resorts in, 70
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FLETHORA.

Mountain climate in abdominal, with a ten-
deney to hemorrhoids, 71
Sodium chloride waters for abdominal, 172

PLEURISY.

Colorado during convalescence from, if the
patient be vigorous, 77

Compressed air after the subsidenee of the in-
fiammatory proeess, 25, 36

Mountain climate for pleuritic exudates when
non-purulent, 72

Sea-voyages during convalescence, 63

PNEUMONIA.

Colorado in convalescence from, 77
Compressed air in chronic forms of, 25
Mounntain climate for chronic apieal, 72
Sep-voyages during the convalescent period, 63

POLYURIA.

Mountain climate in nervous forms of, 71

PULMONARY CONGESTIONS.
Pau should be avoided by patients with, 74

RHEUMATISM.

Barbotan, mud-baths at, for the treatment of,
158

Cairo in chronic, 73

Climate of the Riviera, 60

Cold affuzions in cerebral, 116

Cold, dry climate predisposes to, 50

Compres=ed air in, 25

Ferruginous springs in chronic, 191

Frank rhenmatism without heart lesions may
be treated at Chateauneuf, ete. ; irritable
cases at Néris, whilst in ehronie forms,

Zaint Amand, Barbotan, ete., are siations |

of choice, 194
Galvanism for rhenmatic manifestations, 366
Galvanism in the neck in, 376
Glenwoeod Springs, Colorado, in, 200
Hot Zprings of Arkansas and South Dakota,
204
Kissingen and Vichy. at Saratoga, 208
Pau, 74 7
Spdium bicarbonate waters in, 179
Sodinm chloride baths in, 170
Eaint Catherine’s Spring, 208
Sulphur baths in, 158, 159
stations for, 150
Turkish baths in, 128

SBEA-BICENESS.

Long voyages contra-indicated where exces-
sive tendency to exists, 63

BCIATICA.
Strong faradic currents in, 375

SCLERODERMA.
Galvanization in the neck in, 378
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SCORBUTUS.

U'se of sgdinm chloride waters said to he con-
tra-indicated, but bave proved of value in,
173

SCROFULA.

Arsenical waters of Bourboule, 205

Lighter formz of, are benefited by the ehloride
bicarbonated waters, 201

Stations of the Riviera, 61

Stations for treatment of, 171

Sulphur bathe very useful in, 159

Uriaze, waters of, in, 199

SKIN DISEASES.

Baths, simple, medicated, vapor, and tepid,
are useful in, but cold water and sweating
by means of a lamp should not be used,
150

Chloride bicarbonated waters in eczema, 201

Douehes, hot, in, 130

Dry forms of eczema and psoriasis are treated
at Bourboule, 25

Galvanization in the neck in chronie, 378

Indeterminate waters in, 195

Iodo-bromide waters emploved in, 205

sulphated chloride waters in rebellions caszes
of, 199

Sulphur baths in eczema, impetigo, and acne,
154

Thermal springs of the United States in, 209

SPINAL-CORD DISEASE.

Compressed  air, opposed
grounds, 26

STRICTURES.

| Chemical galvano-cantery in strictures of the
laghrymal passages, 406
Electrolysis in urethral strictures, 399, 402

on  theoretieal

| SYPHILIS.

|
Aix-la-Chapelle, sulphated chlorated waters
of, in, 199

Sulphur baths in, 158

in cachexia of, 159

combined with mercury in, 159
Etations for the administration of, 159
Thermal springs of the United States, 209

TONSILS, HY PERTEOFPHIED.

Special electrode (Boudet de Paris) for re-
moval of, 402

TRAUMATIC LESIONS.

Sulphur baths for old luxations, fractures, and
gunshot wounds, 161

TUBERCULOSIS.
(See BCROFULA AND PHTHISIS.)
Electro-chemical method of Gautier for lupus
and tanberculous abscesses, 397

Iodo-bromide waters employed in, 305
Rovat and Ems for, 201

28
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TUMORS, MALIGNANT. UTERINE DISEASES.

Electrolysis in, 399 Chalybeate waters in dysmenorrhoea and me-
Seashore, patients should remain permanently | trorrhagia, 191
when the bones or joints are affected, 171 | Chronie, are treated at Royat and Ems, 201
Mineral gprings at Andabre, 17%
TYFPHOID. | Faradization in uterine inertia and resulting
Brand method of treatment, 129, 130 | hemorrhage, 856
Ice-cradle in, 98 '
VENOUS STASIS.

ULCERS. Cold climate of value in, 54
Sulphur baths useful in indolent varicose, 161 | Compressed air contraindicated in, 37
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SYNORSISHOF TEHERAPEUTICS

ARRANGED FOR THE USE OF PRESCRIBERS :

WITH POSOLOGICAL TABLE AND AN ARRANGEMENT OF THE POISONS.

By R. S. AITCHISON, M.B. Epin.

(1886.)

EXTRACT FROM THE PREFACE.

The object of this short work has been to collect and to group in synoptical
formn, the agents comprising the Materia Medica. Instead of a natural history
or alphabetical arrangement, a therapeutic classification has been adopted. This
consists in grouping the drugs, according to their physiological action and their
uses in practice—a plan which has the obvious advantage of enabling the pre-
scriber readily to see the various remedies available for any morbid condition,
and to make his selection accordingly.

= s == .

8ve, Cloth, pp. x., 220, with o illustrations, Price 7s. 6d.

THE

TREATMENT OF EPILEPSY.

WILLIAM ALEXANDER, M.D. F.R.C.S,

HONORARY SURGEON, ROYAL SOUTHERN HOSPITAL, LIVERPOOL § VISITING SURGEON,
LIVERFOOL WORKHOUSE HOSPITAL; ACTING HONORARY COMSULTING
SURGEON, EFILEPFTIC INSTITUTION, MANOR HOUSE, MAGHULL.

(1889.)

EXTRACT FROM PREFACE.

A deseription of the effects of removal of the cervical ganglia of the sympathetie for epilepsy
forms the chief feature of this book, and is the cause of the book being written. Other
methods of treatment are, however, touched upon, but only as far as the light of my own
experience enables me to speak. The tenth chapter I consider of great importance, and I
trust it may be useful in bringing about in Britain a more organised, rational, and successful
method of dealing with epileptics.



FOR SALE BY SUBSCRIPTION ONLY.

in Three handsome volumes, Royal 8vo, containing about 1000 pages each, with
Jully 1700 elaborate fllustrations, Price 308, per volume nelt.

THE AMERICAN SYSTEM OF

DENTILS I

IN TREATISES BY VARIOUS AUTHORS.

EDITED BY

WILBUR E. LITCH M DESDES

PROFESSOR OF PROSTHETIC DENTISTRY, THERAFEUTICS, AND MATERIA MEDICA,
IN THE FENNSYLVANIA COLLEGE OF DENTAL SURGERY, FHILADELFHIA.

EXTRACT FROM THE PROSPECTUS.

“Dentistry, although as old as history itself, yet owes its practical and
scientific advancement mainly to the labours and researches of the last two
generations. Within this brief period its progress has been so rapid that to
understand and expound the whole extent of the subject is far beyond the
powers of any single mind and pen. To the further dissemination of dental
learning, the gathering of this widely scattered mass of knowledge into a com-
pact and orderly body is essential, and a work which will accomplish this end
promises to mark an era in the science by reflecting its present position and in-
dicating the direction in which future research is likely to prove most successful.

“Such a work—Tae AMericaAN SysTEM oF DenTisTRY—has for some years
been in preparation, under the co-operation of a large corps of writers, and its
publication places the profession throughout the world under renewed obligations
to the Authors.

“The distinguished editor has chosen those men who, by long experience
in practice, teaching, or original research, have proved themselves abundantly
competent to treat their several subjects, and a consideration of the plan as a
whole will show that the scope and arrangement of the work are such as to
present a complete and systematic exposition of the entire Science and Art of
Dentistry. So vast has been the amount of indispensable material obtained,
that it has been impracticable to present it in less than three extra sized octavo
volumes of about 1000 pages each. The series of Illustrations, numbering
about 1700 Wood Engravings, have been executed under the supervision of the
Authors themselves, and may be relied on for entire accuracy. In every par-
ticular of Type, Paper, Printing, and Binding, the Publisher has studied to make
the work a pleasure to the reader, and a lasting ornament to his library.

“In short, ‘TaE AMERIcAN System’ forms a complete Encyclopadia of the
whole Science and Art of Dentistry.”

A Detailed Prospectus will be sent to any address on application.



For Sale by Subscription only. Re-issue in monthly volumes.

In 8 very handsome volumes, Royal Bvo, Cloth, of about 400
pages each, fully iliustrated with Engravings and
Coloured Plates, Price 125. 6d. each.

SYSTEM OF

CYNECOLOGY & OBSTETRICS

BY AMERICAN AUTHORS.

EDITED BY

MATTHEW D. MANN, A.M., M.D,

FROFESSOR OF OBSTETRICS AND GYNECOLOGY IN THE MEDICAL
DEPFARTMENT OF THE UNIVERSITY OF BUFFALD, N.¥.

AND

BARTON COOKE HIRST, M.D,

ASSOCIATE FEOFESSOR OF OBSTETEICS IN THE UMIVERSITY OF PEMNSYLVANIA
OBSTETRICTAN TO THE PHILADELPHIA MATERNITY HOSPITALS;
GYHECOLOGIST TO THE ORTHOPAEDIC HOSFITAL.

EXTRACT FROM THE PROSPECTUS.

The Publisher has much pleasure in announcing to the Profession that
this enterprise, which has been long and carefully elaborated, is now eompleted.

The subjects treated are those which American Medicine has made
peculiarly its own, and in which it has won its greatest triumphs.

That the time has arrived for the presentalion of these subjects is showwn
by the readiness with which the foremost men of the country engaged to
contribute to this work, so planned as to call forth their best efforts. It was
thus possible to frame a scheme embracing all departments of Gynecology and
Obstetrics, and to assign each topic to the authority recognised by universal
consent as most competent to treat it. In developing the various subjects it
has been the aim of the Authors and Editors to make the articles complete
monographs, to which the practitioner may at all times turn with full certainty
of finding what he needs in its most recent aspect, whether he seeks information
on the general principles or minute guidance in the practical treatment of
special disease.

No expense has been spared in presenting the system in a dress worthy of
a work of so great importance. The arts of the Engraver and Chromo-
lithographer have heen generously employed wherever illustrations would really
serve to illustrate the text, but no space is occupied by superfluous pictures.
Each volume is copiously indexed and the final volume of each section contains
a general index to the entire subject.

The success which has attended the original issue has induced the
Publisher, at the request of many members of the Profession, to re-issue the
work in divisions at monthly intervals.

The first volume is now ready and subscribers’ names can be received.

A Detailed Prospectus will be sent to any address on application.
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Second edition, 8vo, Cloth, pp. viii., 374, with 408 fllustrations, finely engraved
on Woeod, and 4 analytical fables, FPrice 55.

GENERA-L' BOTANY

Dr. W. J. BEHRENS.

TRANSLATION FROM THE SECOND GERMAN EDITION.

REVISED EY

PATRICK GEDDES, F.RS.E,

PROFESSOR OF BOTANY IN THE UNIVERSITY OF DUNDEE

(2893.)

EXTRACTS FROM PRESS NOTICES.

“The work now before us is written in such a plain and simple style, and withal is so
interesting, as to invest the study with a charm which makes it difficult for one to put down
the book ; and we are not surprised to hear that it has rapidly attained wide circulation. Tt
only requires to be known to become a popular class-book."—Students’ Journal.

“ A most useful addition to the list of text-books on this subject, and one that may be
highly recommended to teachers of the science. The illustrations are original and exceedingly
good."—Journal of Microscopy.

“We have no hesitation in sl.ating our belief that this is the best Botanical Text-Book
for medical students in the English language.”—Bristol Medical Journal,

“To a rare faculty for simple exposition the author adds a wide acquaintance with the
latest developments of the science, and he contrives to earry the student along with him from
the enunciation of its most rudimentary phemomensa and prineiples to the consideration of
its highest problems. These characteristics of the work have been faithfully preserved in the
present translation. . . . Altogether the work is not only an execellent text-book, but is
admirably adapted to serve the purposes of the lay reader.” —Scotsman.

* A fascinating book om a fascinating subject is Mr Geddes' translation of Dr Behrens'
*Text-Book of Botany." The author of this volume has contrived to invest its learned aspects
with something of the romance attaching to its sentimental associations. He builds up the
geience from its elementary facts to its most complicated problems in 4 manner interesting tc
follow and easy to master. The fertilisation of flowers forms the subject of a delightinl
section. Those who care nothing for Botany as a science can scarcely fail to enjoy the account
of such things as given in these pages ; while students of the science may rest assured that,
popular as the style of this work is, it is yet thoroughly trustworthy.”—ZLiterary World.

“In every respect the work is an exeellent class book, and we have no doubt that it will
speedily find favour with teachers and students."—&Flasgow Hepald,

Crown 8ve, Cloth, pp. xii., 83, Price 35. 6d.
THE ELEMENTS OF

OPHTHALMOSCOPIC DIAGNOSIS,

FOR THE USE OF STUDENTS ATTENDING
OPHTHALMIC PRACTICE.

BY
GEORGE A. BERRY, M.B, F.R.C.S.Eb,

OPHTHALMIC sURGEON, EDINBURGH ROVAL INFIRMARY j LECTURER ON
OFHTHALMOLOGY, ROVAL COLLEGE OF SURCEONS, EDINBURGH.

(18g1.).



Second Edition, 8ve, Cloth, pp. xvi., 730, thoroughly revised and
illustrated with many additional coloured plates, Price 258.

DISEASES OF THE EYE.

A PRACTICAL TREATISE FOR STUDENTS
OF OPHTHALMOLOGY.

BY
GEORGE A 'BERRY,  M.B., F.R.C.S.Epn,,

OFHTHALMIC SURGEON, EDINAURGH ROVAL INFIRMARY [ SENIOR SURGEOHN,
EDINBURGH EVE DISFENSARY ; LECTURER ON OFHTHALMOLOGY,
ROYAL COLLEGE OF SURGEONS, EDINBURGH.

(Pentland's Medical Series—Volume Second.)
(18032.)

PRESS NOTICES OF THE »rihs1 EDITION.

“This is a good book, written by a competent man. It presents the
novelty of coloured illustrations introduced into the text. On the whole the
illustrations are good. In regard to the text, the usual topographical arrange-
ment is followed. Special chapters are devoted to the important subjects of
Glaucoma, Foreign Bodies in the Eye, and Sympathetic Ophthalmia. The
operations are relegated to the end of the volume. We have much pleasure in
recommending Mr. Berry's work, considering it to be a valuable addition to
Ophthalmie literature.”—The Lancet.

“This handsome volume is one of the most atiractive, both externally and
internally, of the many text-books of Ophthalmology which adorn our book:
shelves. With very few exceptions the drawings are the best that we are able
to find in any corresponding handbook. . . . We wish to recommend this book
a3 one which can be read with both pleasure and profit, not only by the
student beginning the subject, but also by the specialist practising Ophthal-
mology. It must be regarded as a decided and creditable addition to Brltlsa.h
Ophthalmie literature.”—Dublin Medical Journal.

' We have no hesitation in saying that in many respects this is the most
advanced text-book which has yet appeared in this country in the department
of medicine of which it treats.

“The clinical descriptions are clear, and for the most part well pro-
portioned to the practical importance of the subjects treated. One of the best
chapters is that on Glaucoma. The various forms of this mysterious affection,
and the symptoms and signs upon which the diagnosis rests, are all carefully
passed in review ; in each case their causation is explained or discussed ; plates
illustrative of the typical, external, and ophthalmoscopic appearances, ‘aa well
as a characteristic chart of the field of vision, are judiciously introduced.

Not less interesting is the chapter on Amblyopia, Amaurosis, and other
anomalies of vision.

“Section II. treats of Errors of Refraction and Aceommodation, Affections
of the Oculo-Motor Muscles, and the Examination of the E]f& The concluding
section is devoted to operations. The descriptions are concise and thoroughly
practmaL Mr. Berry has succeeded in cﬂn?aylng his meaning in direct and
vigorous language, and the whole work is one which must add fresh lustre to
his already dist—inguished reputation as a scientific surgeon.—Edinburgh
Medical Journal.



{n two very handsome Imperial 8vo volumes, containing about 1600 pages.
Price 5OS. netl, carriage free.

THE NATIONAL

MEDICAL DICTIONARY

Including English, French, German, Italian, and Latin Technical Terms
used in Medicine and the Collateral Sciences, and a Series of
Tables of useful data.

By JOHN S. BILLINGS, A.M., M.D,,

LL.D., Harv. and Epin, D.C.L.,, OxonN.,

HEMAEH OF THE NATIONAL ACADEMY OF BCIENCES, AURGEON . 8. 4., ETG

WITH THE COLLABORATION OF

W, 0. ArwaTer, M.I. Jasies M. Frist, M.D. B. M. Brerxert, M.I. H. O, Yarrow, M.D.
Fravk Daker, M.D. R. Lonixi, M.D. J. H. KippER, M.D. WiLLiam Lee, M.D.
Q. 8. Mixor, M.D., WasHINGTON MoTTHEWS, M. I, W. E. Cousciiaras, M. D,

(1890.]

EXTRACTS FROM PRESS NOTICES.

From Tue Lawoer, 5th Aprid 1890.—* There is, perhaps, no medical scientist in the
civilised world more competent for the task of undertaking a work such as the one under
notice than the accomplished author wheose name stands first upon the title-page of the
‘National Medical Dictionary.’ That Dr. Billings, whose ripe scholarship and familisrity
with general medieal litersture are universally acknowledged, should bestow his imprimatur
upon & work, especially of the class to which this belongs, is eufficient to guarantee its

xcellence. The object of this Dictionary, as set forth in the Freface, is to furnish to
students and practitioners of medicine a clear, concise definition of every medical term
in current use in English, French, German, and Italian literature, including the Latin
terminology of all these languages.’" Its scope, therefore, is one which will at once satisfy
the student, and meet all the requirements of the medical practitioner. Clear and com-
prehensive definitions of words should form the prime feature of any dietionary, and in
this one the chief aim seems to be to give the exact signification, and the different meanin
of terms in use in medicine and the collateral sciences, in language as terse as is compatib
with lncidity. The utmost brevity and conciseness have been kept in view., The work is
remarkable, too, for its fulness, dealing, as it does, with the definitions of no less than
84,844 words and phrases, of which number 25,496 are Latin, 9158 French, 16,708 German,
and 6514 Italian. The enumerations and subdivisions under each word-heading are strik-
ingly complete, as regards alike the English tongue and the languages chiefly employed by
ancient and modern science, It is impossible to do justice to the Dictionary by any casual
illustration. Apart from the boundless stores of information which may be gained by the
gtudy of a pood dictionary, one is enabled by the work under notice to r intellipently
any technical treatise in either of the four chief modern languages. There cannot be two
opinions as to the great value and usefulness of this Iicticnary as a book of ready reference
for all sorts and conditione of medical men. So far as we have been able to see, no subject
has been omitted, and in respect of completeness it will be found distinetly superior to any
medical le:imnf:: published."

From THE ERNATIONAL JOURNAL OF THE MEDIOAL So1ENCES, 4 pril 1880.—" Without
disparagement of the other valuable medical dictionaries already in use, this one may be
fairly said to be the most desirable for possession and referemce by both students and
practitioners. Dr. Billings would have been the choice of the profession for such a task,
could it have been submitted to suffrage; not omnly because of his ability and medieal
scholarship, recogmised with the highest honours at home and abroad, but also because the
immense experience of the superintendence of the Index Medicus has afforded a a-iem!.l'
preparation for thin worls, ¢ judiciousness of his selection of collaborators is shown
by the genmeral excellence of the definitions given throughout the two volumes. Cardinal
virtues in & dictionary are clearnces and sufficient fulness, without redundance. Generally,
the definitions in this work are clear. . . . Proportion has been, almost throughout, w
preserved ; it does not, a8 some others have done, show a constant ambition to grow into a
cyclopedia. With very little exception, indeed, the orthopraphy and pronuneistion of
medical terms in this Dictionary are beyond question. We could render no higher com-
pliment to such a work than to give it a minute, if it even seem a hypercritical, examina.
bion. It is well worthy of ib; as it is also of a place near the elbow of every mediecal
student, and on a low-down shelf in the library of every practitioner.”

A detailed Prospectus will be sent to any Address on applicalion.



Large Bvo, Cloth, pp. xvi., 783, Price 2585. [llustrated with 226 Wood
Engravings, and 68 pages of Lithograph FPlates, exhibiting
91 Figures—317 Jllustrations in all, Price 258,

DiSEaESSOETHE  HEART
AND THORACIC AORTA.

Br BYROM BRAMWELL, M.D., F.R.C.P.Ep,

LECTURER 0N THE PRINCIPFLES AND PRACTICE OF MEDICINE, AND ON PRACTICAL MEDICINE AND MEDICAL
DIAGKOAEIS, IN THE EXTRA-ACADEMICAL BCHOOL OF MEDICINE, EDINBURGH &
ABSISTANT PHYSICIAY, EDINBURGH ROYAL INFIRMARY.

(1884.)

In one Handsome Volume, Crown gfo, Cloth, bevelled boards, pp. xii., 344,
Hllustrated with numerous Wood Engravings and full page
Lithograph Plates, some Colowred, Price 125. 6d., nett.

STUDIES
CLINICAL MEDICINE.

A Record of some of the more Intevesting Cases observed, and of
some of the Renwavks made, at the Author's Out-Palient
Clinic in the Edinburgh Royal Infirmary.

By BYROM BRAMWELIL, M.D., F.R.CP.Ep,

ASSIETANT PHYSICIAN TO THE EDINBEURGH ROYAL INFIRMARY ; LECTURER ON THE
FRINCIPLES AND PFRACTICE OF MEDICINE IN THE EXTRA-ACADEMICAL
ECHOOL OF MEDICINE, EDINBURGH.

va, Cloth, pp. xvi., 270, with 116 fllustrations, Price 14s.

INTRACRANIAL TUMOURS.

By BYROM BRAMWELL, M.D., F.R.C.P.Ep.,

LECTURER 0N THE PRINCIFLES AND FRACTICE OF MEDICINE IN THE EXTRA-ACADEMICAL BCHOOL OF
MEDICINE, EDINBURGH i ASSISTANT PHYSICIAN TO THE EDINBURGH ROYAL INFIRMARY.
(1838.)

Crown 8vo, Cloth, pp. 154, with 5 [llustrations, Price 4s. 6d.

DISEASES & INJURIES OF THE EAR:

THEIR PREVENTION AND CURE.
By CHARLES HENRY BURNETT, A.M., M.D,

AURAL SURGEGH TO THE PRESEVTERIAN HOSPITAL; ONE OF THE CONSULTING AURISTS TO THE
FESXSYLVANIA INSTITUTION FOR THE DEAF AND DUME; LECTURER ON OTOLOGY,
WOMEN'S MEDICAL COLLEGE OF PENNSYLVAMIA, IN PHILADELPHLA,

(1880,



Crown 8po, Cloth, pp. xvi., 520, illustrated with Charts. Price 10s. 6d.

DISEASE IN CHILDREN:

A Manual for Students and Practitioners,
By TAMES CARMICHAEL, M.D., F.R.C.P.Ep,,

FOYSICIAN, ROTAL HOSPITAL FOR SICK CHILDREN | UNIVERSITY LECTURER ON
DISEAREE IN CHILDREN, EDINBURGH,

(Pentland's Students’ Manunals.)

(1892.)

In Press, 8vo, Iliustrated with numerous Wood Engravings throughout the Text.

DISEASES - OF. SEHE ] OTNES:

By W. WATSON CHEYNE, M.B, E.RS:., FERC.S;

—— ——————

Crown 8vo, Cloth, pp. xvi., 198, Price 3s. 6d.

THE TREATMENT OF WOUNDS,
ABSCESSES, AND ULCERS.

By W. WATSON CHEYNE, M.B., E.R.S,, ER.C.5,

PROFESSOR OF SURGERY, IING'S COLLEGE, LONDON.
(1894.)

8vo, Cloth, pp. xil., 102, with 4 Lllustrations, Price 58,

SUPPURATION AND SEPTIC DISEASES.

THREE LECTURES DELIVERED AT THE ROVAL COLLEGE
OF SURGEONS OF ENGLAND,

Bv W. WATSON CHEYNE, M.B, F.R.S, F.RCS,

FPROFESSOR OF SURGERY, KING'S COLLEGE, LONDOM,
(1889.)

To be issued in Fascicwli at Intervals of Two Months, Fasciculi I-VIIL
now ready, Price 218. each.  Sold only by Subscription.

ATLAS OF THE
DISEASES OF THE SKIN,

IN 4 SERIES OF ILLUSTRATIONS FROM ORIGINAL DRAWINGS
WITH DESCRIPTIVE LETTERFPRESS.

Bv H. RADCLIFFE CROCKER, M.D., F.R.C.P,,

FHYBICIAN TO THE DEFARTMENT FOR DISEASES OF THE SKIN, UNIVERSITY COLLEGE HOSPITAL ;
PHYSICIAN TO THE EAST LONDOM HOSPITAL FOR CHILDREN ; EXAMINER

I MEDICINE AT APOTHECARIES" HALL, LONIDON,

*.Y Subscribers’ Names can now be received.



Royal yto, illustrated with a series of 27 Coloured Plates from Original Draw-
tngs, and numerous Figures throughout the lext. Price 50S. nefl.

[LLUSTRATIONS OF THE NERVE TRACTS

IN THE

MID AND HIND BRAIN

AND THE

CRANTAL NERVES ARISING THEREFROM.
Bv ALEXANDER BRUCE, M.D, F.R.CP.Ep,

LECTURER ON PATHOLOGY IN THE SCHOOL OF MEDICINE; EDINBURGH § ASSISTANT
PHYSICIAN {F‘DRMEEL\" PATHOLOGIST), EDINEURGH ROYAL INFIRMARY
PATHOLOGIST TO THE ROYAL MOSPITAL FOR SICK CHILDREN.

(1893.)

P — — e ———

8vo, Cloth, pp. xii., 245, with Characteristic Illustvations of the Disease.
Price 10s. nett.

BE RT-B E 'R 1:

Its Etiology, Symptoms, Treatment, and Pathology.

By ARTHUR ]J. M. BENTLEY, M.D., M.R.C.5,

FORMERLY COLONIAL SURGEON, STRAITS SETTLEMENTS} MEDICAL ADVISER TO THE
JOHORE GOVERNMENT, ETC

(1893.)

In 2 Vols., Crown 8ve, fully Illustrated with Wood Engravings. Vol I— .
Upper Limb ; Lower Limb ; Abdomen. Vol Il —Thorax; Head
and Neck. Price per Volume, 12s. 6d.

MANUAL

oF

PEtseric AL, ANATOMY

By D. J. CUNNINGHAM, M.D, F.R.S,,

FROFESSOR OF ANATOMY AND CHIRURGERY, TRINITY COLLEGE, DUBLIN.

({Pentland's Students’ Mannals.
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THE - “COMPEND™ SERIIES

A Series of Handbooks to assist Students preparing for Examinations.

Compend of Human Anatomy, Including the Anatomy
of the Viscera. By SamuiL O. L. Porter, M.D., M.R.C.P. (Lond.),
Cooper Medical College, San Franeisco. Fifth Edition, revised and
enlarged, Crown 8vo, pp. 233, with 117 engravings and 16 full-page
plates, Price bs.

Compend of the Practice of Medicine. By Danier E.
Hucues, M.D., late Demonstrator of Clinical Medicine in the

Jefferson Medical College of Philadelphia. Fourth Edition, re-
vised and enlarged, Crown 8vo, cloth, pp. 328. Price 7s. 6d.

Compend of Obstetrics. By Hexry G. Laxpis, A.M., M.D.,
late Professor of Obstetrics and Diseases of Women in Starling
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Price 4s. 6d

Compend of General Pathology and Morbid Anatomy.
By H. Newsery Harr, Ph.G.,, M.I).,, Professor of Pathology and
Medical Chemistry, Post Graduate Medical School ; Surgeon to the
Emergency Hospital, &e., Chicago. Crown 8vo, Cloth, pp. 204, with
91 Illustrations. Price 4s. 6d

Compend of Surgery. By OrviLLe Horwirz, B.S., M.D.,
Chief of the Outdoor Surgical Department, Jefferson Medical
College Hospital. Fourth Edition, revised, Crown 8vo, cloth,
pp- 272, with 136 illustrations. Price bs.

Compend of the Diseases of the Eye, Including Refrac-
tion and Surgical Operations. By L. WEBsTER Fox, M.D,
Ophthalmiec Surgeon to the Germantown Hospital, and GEORGE
M. Govrp, M.D. Second Edition, thoroughly revised, Crown 8vo,
cloth, pp. 164, with 71 illustrations. Price 4s. 6d.

Compend of Gynacology. By Hexrvy Morris, M.D., late
Demonstrator of Obstetries and Diseases of Women and Children,
Jefferson Medical College, Philadelphia. Crown 8vo, cloth, pp.
178, with 45 illustrations. Price 4s. 6d.

Compend of Diseases of Children. By Marcus P.
HarreLp, A.M., M.D., Professor of Diseases of Children, Chicago
Medical College. Crown 8vo, cloth, pp. 186, with coloured plate.
Price 4s. 6d.

Compend of Dental Pathology and Dental Medicine.
By Gro. W. WaRrREN, D.D.S,, Clinical Chief, Pennsylvania College
of Dental Surgery. Crown 8vo, cloth, pp. 109, illustrations,
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In 8 Vols. Royal 8ve, of about 500 pages each, Illustrated with
Wood Engravings in the Text, and numerous jfullpage Plales.
FPrice 125. 6d. per Volume, Carriage Free.

CYCLOPADIA

OF THE

DISEASES OF CHILDREN,

MEDICAL AND SURGICAL

THE ARTICLES WRITTEN ESPECIALLY FOR THE WORK BY
AMERICAN, BRITISH, AND CANADIAN AUTHORS.

EDITED BY

JOHN M. KEATING, M.D.

HE aim of the Editor of these volumes has been to present

a Practical Work, aPljeu]ing to the Practitioner who

comes in daily contact with disease in all its forms, as

well as a Cyclopedia, embodying in its many articles the

Science of Medicine and Surgery so far as they relate to the
subjects in view.

Authors on both sides of the Atlantic have written articles
on the subject with which they are most familiar, and their
views will be accepted as the latest expression of scientific
thought and practical knowledge. The endeavour throughout
has %)een to present valuable material in a well-digested,
practical style, written to entertain as well as instruct the
reader. A brief consideration of the subject-matter will at
once show that the general plan of the work has been so
framed as to render it a complete and invaluable Text-book,
as well as an unfailine Work of Reference, to whieh the
Practitioner may at a%l times turn with the certainty of
finding what he needs in its most recent aspect.

The Contributors have been allowed to introduce such
[lustrations as they have considered would add to the value
of their contributions. These have been reproduced in great
part from original drawings and photographs, and have been
printed upon a specially prepared plate paper and inserted as
separate sheets. A lar;[;le number of original Illustrations and
Diagrams are aizo included in the text.

3‘13 a work of which every Physician may feel proud, and
in which every Practitioner possessing 1t will find a safe and
trustworthy counsellor in the daily responsibilities of practice,
the Publisher reasonably anticipates a large demand.

Detailed Prospectus on application.



Royal 8vo, Cloth, pp. xx., 1016, Fllustraled with 7 Full-page Plates, some
Coloured, and 97 Engravings throughout the fext. Price 31s. 6d.

HYGIENE AND
DISEASES OF WARM CLIMATES,

IN A SERIES OF ARTICLES BY EMINENT AUTHORITIES.

EDITED BY

ANDREW DAVIDSON, M.D., F.R.C.P.Ep.,

LATE VISITIRG AND SUFERINTENDING SURGEOGN, CIVIL HOSPITAL; PROFESSOR OF CHEMISTRY,
ROYAL COLLEGE, MAURITIUS ; AUTHOR OF "' OEOGRAPHICAL PATHOLOGY."

(1893)

SUMMARY OF CONTENTS.
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M.I», F.R.C.P., SBurgeon Superintendent, General Hospital, Caleutta,

CrapTER II.—Hypgiene of the Tropics. By J. Laxeg Norrer, M.A., M.D., Professor of
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In 2 Volumes, large 8vo, Cloth, gp. xvi., 1008, illustrated with Maps and
Charts. Price 31s. 6d.

GEOGRAPHICAL“PATHOLOGY.

An Inquiry into the Geographical Distribution of Infective
and Climatic Diseases.

By ANDREW DAVIDSON, M.D. F.R.C.P.Ed,

LATE VISITING AND SUFPERINTERDING SURGEON, CIVIL HOSFITAL ; PROFESSOR
OF CHEMISTRY, ROVAL COLLEGE, MAURITIUS.

(18g2.}

EXTRACTS FROM PRESS NOTICES.

“In these two larpe handsome well printed volumes Dr. Davidson essays a laborious and
difficult task, viz., a general survey of the distribution of infective and climatie diseases
throughout the globe. Only those who have personally worked in this field of imtuiry oA
adequately realise the immense difficulties which beset the task to which Dr. Davidson has
addressed himself, difficulties arising out of scanty, imperfect, and often untrustworthy
sources of information, different methods of registration, anomalies in medical nomenclature,
and from other causes. We have carefully studied Dr. Davidzon's volumes, and we regard
them as an important contribution to the study of a vast and complex subject, and likely
to find & useful and honourable place in medical literature. The style is easy and clear,
the information iz well marshalled, the writer seems laudably free from bias, and the
printing and appearance of the work leave nothing to be desired. . . . He has made a
very substantial contribution to the study of the geographical distribution of disease, and
has need (20 far as we know) the best work on the subject hitherto published in the
English language."'—The Lancel.

*“The gigantic task—how gigantic this is, those who have engaged in similar studies alone
can form any conception—Dr. Davidson set himself has been admirably carried through.
His work is a credit to English medical literature. The labour involved in the preduction
of this work must have been prodigious; no less remarkable are the literary skill, the
seientific spirit, and the temperance and clearness of judgment in collecting and arranging
material and drawing inferences.. Dr. Davidson may be congratulated, not only on having
written a very learned work, but also on having written a very useful one, whose place on
the bookshelf is, beside Hirsch, to which it forms a worthy and very necessary companion. ™
— Practitioner.

EXAMINATION QUESTIONS

Set jor the Professional Examinations in Edinburgh University
during the past ten years, selected from the Calendars.

By W. RAMSAY SMITH, M.B., B.Sc

NATURAL HISTORY, arranged and annotated, price 1s.
BOTANY, arranged and annotated, price 1s. 6d.

CHEMISTRY, answered and annolated, price 2s.

ANATOMY, answered and annotated, price 2s.

MATERIA MEDICA AND THERAPEUTICS, answerea and

annotaled, price 28.
PHYSIOLOGY, answered and annotated, price 2s.

MIDWIFERY AND GYNZAECOLOGY, answered and annotated,
price 1s. 6d.
SURGERY, answered and annotated, price 2s.

PRACTICE OF PHYSIC, answered and annotated, price 2s.

*.* Oraer VoLuMEs To FoLLow.
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To be issued annually, Sve, pp. xvi., 650 or thereby, handsomely
printed, illustrated with full-page Plates and Engravings.
Frice per Volume, 128. 6d. neff. Carriage free.

EDINBURGH

HOSPITAL REPORIS.

Published under the supervision of an Editorial Committee elected by the Medical
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G. A. GIBSON, M.D,, D.5c, C. W. CATHCART, M.A, M.B,
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EXTRACT FROM PROSPECTUS.

S in the case of other hospitals actively engaged in medical education,
many original observations are made, and much original research is
carried out every year in the teaching hospitals of Edinburgh. Many of the
resultz of these investigations are laid before those studying in connection with
the different departments of the hospitals, and become in this way part of the
current teaching of the day. A certain, but variable, proportion of this work
finds its way into medical literature by means of the professional and scientific
journals, or through the medium of the medical societies. There is, however,
always a considerable residue of observation and investigation of real value
which never reaches the general medical publie, and it is the aim of the Edin-
burgh Hospital Reports to provide a means of bringing such results before a wider
circle, and to furnish an opportunity of placing them permanently on record.

The contributors to the Reports comprise past as well as present members
of the Edinburgh School, oceupied in many fields of scientific work, and the
results of their labours should be of wide interest to the medical profession.
Their contributions will be rigidly arranged according to the nature of their sub-
jects, and there will thus be a systematic grouping of the contents of the volume.

The statistics of the hospitals, embodying the classification of the diseases
and the results of the treatment, have not hitherto been accessible to the publie,
or available for comparison with those of similar institutions; but, owing to
the enlightened liberality of the Managers of the Royal Infirmary, of the
Directors of the Royal Hospital for Sick Children, and of the Directors of
the Royal Maternity and Simpson Memorial Hospital, complete statements of
these facts will be presented in the forthcoming volume.

With regard to the production of the Reports, no effort will be spared to
make the volumes in every way worthy of their contents. The text will be
printed in a beautifully clear type, from a new fount specially cast for the
purpose. Many of the contributions will be accompanied by drawings and photo-
graphs of clinical and pathological appearances, as well as by diagrammatic
sketches, explanatory of the facts stated or views held by their authors. These
illustrations will be reproduced in the best manner possible, so that their merit,
from the artistic point of view, will be such as their intrinsic value demands.

In the publication of the Reports, Contributors and Editors have worked
loyally together, under the supervision of the Editorial Committee, to bring
out a work representative of the most modern teaching, and the Publisher
submits the first volume to the Medical Profession with the confident expectation
that it will meet with their approval and support.
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EXTRACTS FROM PRESS NOTICES.

“This is the first volume in Pentland’s Medical Series. It does credit to the anther,
snd is an excellent book of its kind, sound in matter, thoughtful, and practical. The work
i8 especially noticeable for the exml]ent style of the author’s writing, and for a more complete
exposition of the uses of many remedies and methods of treatment brought forward in recent
years than is to be found in any other work. Dr. Jamieson is an enthusiastic supporter of
Unna's methods and preparations, and not without good reason. The author’s experience
on this matter will be very acceptable to the nmuu in these islands. After a careful
perusal of the work, we can heartily recommen: —TaEe Laxogr.

“The chief charm of the work, as a whole, is its literary style. It is refreshing to read
such vigorous, lucid English, without one lmhiﬁdouu line. It reminds us more of Watson's
Physic than any more recent work. 'We have the greatest possible pleasure in reading
this book. It was Lord Bacon who said that ‘some books are to be tasted, others to be
ewallowed, and some few to be chewed and digested.” This classical work, by Dr. Jamieson,
is one of the last class, and as such we strongly recommend it to the profession.'"—BriTisE
MEDIOAL JOURNAL.

“ Dr. Jamieson's work on [fhMseases of the Skin appears as the first volume of Pentland’s
Medical Series, and it is diffienlt to imagine that & series of medical mannals eould have been
introduced more suceessfully and with greater promise. So many manuals on diseases of
the skin have lately been published, that a new ome, to possess any claim to be read, muat
afford evidence of individuality. A strong claim to individuality may successfully be made
in conneetion with the book before us. Whilst one of its leading features is that it contains
references to the most recent works on dermatology, even up almost to the very date of
publication, it also illustrates types of skin disease methods of treatment that have been
observed and studied by Dr, Jamieson himself. It was becoming that the Edinburgh school
should produce a work of this kind, and the industry and ability of the author have con-
tributed- to the production of a book which does that ancient school of medical learning
credit. We must refer the reader to the work itself, which we cordially recommend to his
consideration and study.”—PRACTITIONEER.

“ Dr. Allan Jamieson is well known to all our readers by his most valuable periscope of
Dermatology, which so often adorns our pages, as well as by much excellent original work.
The book seems to fulfil, in a very admirable way, all the pnrp-um for which it is intended.
It is full, yet concise en-al:l.gh not to be unwieldy. It is arranged in & thoroughly scientific
manner, and yet is severely practical. Without undewu.lumg e labours or neglecting the
classifications of other writers, Dr. Jamieson gives his own opinions, and in his own way.
Excellent illustrative cases give a personal interest to the descriptions, and each variety of
disease is s0 carefully pa.mt&cﬂ.n words as to render recognition easy ; and then the treatment,
both local and constitutional, of each is given in the plainest and easiest terms. We ocon-
gratulate Dr. Jamieson and the Edin Scheol, in which he is such a favourite teacher,
on his admirable work." —EDINBURGH DAL JOURNAL.

“If the practitioners library ie to contain only one book on diseases of the skin, it
would be well furnished with this book." —EBrisror MEDICAL JOURNAL.

“In the limits of a ghort review, it would be impossible to do full justice to this im.
mnt treatise on dermatology. We can strongly recommend the work as a standard text-

on diseases of the skin, and one which will not only prove useful to the student, but

will also serve as an excellent work of reference for the practitiomer. All the illustrations
are well executed.” —Liverroor MEDIcAL JOURNAL.
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EXTRACTS FROM PRESS NOTICES.

““ Dr. McPBride's views on many points connected with the subjects embraced in the
title of this book are so well known and valued for the authoritativeness with which they
are expressed, that all will welcome a text-book from his pen. We expected something
above the meagre average of similar productions, and we are not disappointed. The general
appearance of the work reflectz great credit upon the care of the printers and the liberality
of the publisher. The paper and typography could not be better ; and although these are
very small matters in discussing the value of a work, yet accuracy and elegance gemerally
prove as attractive to the reader as they doubtless are to the author. We hope to see many
editions of this valuable book."—Lancet.

‘In this handsome and well-printed volume, the author has gathered together under
one cover all the main facts of modern laryngology, rhinology, and otology ; and it is obvious
that such an arrangement will present many distinot advantages to the students and
practitioners for whom the work is primarily designed. In the main, Dr. MeBride gives a
complete account of all methods which he has found to be beneficial in his own experience
with cases ; and at the same time, while showing an impartial consideration for the opinions
of other authorities, he is careful to point out any procedure which he himself holds to be
either unnecessary or harmful. The whole work iz well and clearly written, and may be
commended to all those who desire to have a sound and judicial guide to the present state of
our knowledge in these branches of medicine.” —Practitioner.

“The third volume of Pentland’s Medical Series appears under the above title, and bids
fair, we think, to have a success equal to, or greater than that obtained by the previocus
volumes on the skin and the eye. The author is well known to our readers as a shrewd
observer, an original thinker, and a man who has established a reputation, both in this
country and abroad, as an able writer and a successful practitioner ; and it is not too much
to say that anything coming from his pen iz sure to be worth reading. But this volume is
of special interest, for it is, so far as we know, the only manual that has appeared by one
writer dealing with all three subjects—the throat, the nose, and the ear. The coloured
plates are in most cases excellent, and they are conveniently placed throughout the text.
The whole book is written in clear and vigorous atyle, and the writer conveys his meaning
in forcible, lucid, and intelligible language. We congratulate the author and the publisher
respectively on the contents and the appearance of the volume"—FEdinburgh Medical
Journal,

“ Lecturers on diseases of the ear, throat, and nose, will welcome Dr. McBride's Iatest
volume. To recommend a text-book to students engaged in the study of the diseases
affecting those closely associated organs has hitherto been a difficulty with teachers. This
volume solves the difficulty. In some 600 pages of a clearly-printed book, we have the main
facts of laryngology, rhinology, and otology placed before us. The book is written u? to
date, and is by no means a replica of other works dealing with the same subjects. Of 38
illustrations given, the majority are in colour, and are original ; and for the most part they
are not only beautiful pictures, but very accurate representations of the diseased conditions
described. It will prove to be not only a useful text-book for students, but a convenient
and reliable guide to those regions for the graduate.”—lasgow Medical Journal,
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THE
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TuE work is an eminently practical one, deals with diseases from the most modern scientific
standpoint, and iz in every way thoroughly up to the times. In it the etiology, symptoms,
diagnosis, prognosis, treatment, and pathology of diseases are fully set forth, making it one
of the most thorough and scientific text-books on the subject ever presented to the profession.
Dr. OsLER'S reputation as a writer, clinician, and teacher insures to the reader of this work
a fund of information so arranged and classitied as to make it easily available.

OFINIONS OF THE PRESS.

“ The English-speaking student has been fortunate in his text-books of medicine, both in
this and in the past generation. Still, the number of such text-books of the first rank is
limited, and the ammouncement that Dr. William Osler had a systematic work on general
medicine in the press raised expectations that we might be presented with another real text-
book, The reviewer is supposed in theory to come to his task with a perfectly unbiassed
mind, but with Dr. Osler this is not quite possible. He has done such good work that the
reader ig prejudiced in his favour; we expect a masterly production. Have we received
such a work? Only time can answer this question, but we suspect that the reply will be in
the affirmative.

¢ Dr. Osler has written throughout from the standpoint of modern pathology and of the
most modern methods of elinical examination. . . . There are not many novelties of classi.
fication, which is well, but there are some not without significance. For instance, we find
tuberculosis treated, as a whole, under one heading, and placed, as it ought to be, among
specific infections diseases. In this way, the reader, whether student or practitioner, finds a
complete picture of this vastly mmnt disease placed before him in a continuous essay.

“As a rule, the style of the iz business-like though distinetly readable, but the
anthor allows us to see that he is not wanting in a feeling for literary form. :

% Diseases of the Nervous System are fully treated. The customary mode of arrange-
ment has been generally followed. There are good articles on cerebral and spinal localisa-
tion, and altogether this part of the book is of a thoroughly practical character, well suited
to the needs of the working physician.

“The book is provided with a copious index, and appears to be very free from misprints
and errors of arrangement."—British Medical Journal.

“ The publication of few books of recent times has been awaited with so much interest
as that of the present volume, and few works npon medicine have so well satisfied those who
consulted their pages,

“ A dedicatory tribute to the memory of his teachers gives evidence of the author's
appreciation of the value and responsibility of the relation of teacher and pupil. He strikes
the key-note of his own methods in Medicine in the platonic statement which says * that
this i8 an art which considers the comstitution of the patient, and has prineiples of action
and reason in each case.' He then proceeds at once to the discussion of the specific infec-
tious diseaszes, and firat of these typhoid fever. His treatment of this subject is a fair illus-
tration of his method in others. The definition and history are followed by etiology, and
then comes a description of the specific germ and its modes of conveyance. The morbid
anatomy of the disease is considered with reference to 64 autopsies conducted by the author,
and also the records of 2000 at Munich. Tt is rare to find a more satisfactory picture of
disease than that afforded by these

“ For those who wish to know the facts of Modern Medicine, a3 such are attained h]r
skilful observation and logical deduction, this is the most interesting and valuable book in
the English language,

“Dr. Osler has laid those in the profession, who find enjoyment in the study of Medicine
upon & rational basis, under & lasting obligation in the present volume."—International
Journal of the Medical Sciences.
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EXTRACTS FROM FPRESS NOTICES.

“We have read this book with great interest. It is altogether a work of much practical
value, and will well repay perusal by the practitioner.” —The Practitioner.

“We can heartily recommend this work." —Birmingham Medical Review.

“The translator has succeeded in rendering available to English readers a manua
most useful for their guidance, and which has long been a desideratum. It is handsomely
produced, and is furnished with a very good index.”—Hospital Gazette.
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The favour with which this book has been received in Germany, and
its eminently practical and concise manner of dealing with the different
important points in diagnosis, seem to justify its translation into English.
It has been brought down to the latest acquisitions of science, thus repre-
senting the most advanced views. For the sake of claarne.sa the fi
relating to weight, measure, length, etc., as well as the dose table at the
end of the book, have been modified to conform to the system used in
England and America
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This book is & companion to a course of Systematic Zoology. In it the student will
find illustrated by Diagram or Drawing, the structure of forms selected from all the great
classes of Vertebrates and Invertebrates, and the illustrations arranged in systematic
order. Our design is to help the student of Comparative Anatomy in the most important
and most difficult part of a systematic course of lectures.
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T has been felt for some time that the want in this
country of a Journal dealing specially with General
and Experimental Patholocy has militated most seriously
against the free interchange of ideas, not only between
English-speaking pathologists, but also between British and
Foreign workers. i
Although the Transactions of the Pathological Society
deal with communications which are brought before its
members, there 1s no medium in which longer articles, and
especially those from workers throughout the United King-
dom and abroad, can be brought before a less limited circle
of readers. It has been thought desirable, therefore, to
found a Journal specially devoted to the publication of
original contributions on General Pathology, Pathological
Anatomy, and Experimental Pathology, including Bacterio-
logy. These articles will, of course, be mainly from British
Laboratories and Hospitals; but the co-operation of many
distinguished Continental, American, and Colonial Patho-
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logists has been obtained, and papers written or edited by
them will be placed before our readers.

. In order to increase the interest and extend the useful-
ness of the Journal, it is intended that, in addition to original
articles, critical summaries of work done in special depart-

ments of Pathology and Bacteriology

ghall from time to time

be published. All articles appearing in the Journal will be

signed.

The Journal will appear at least four times a year, but
1t will be issued more frequently if necessary, in order to
ensure publication of all papers as early as possible after

they are received.

The numbers issued throughout the year will form a

volume, royal 8vo, of about 500

pages. It will be printed

on good paper, and will be freely illustrated with Woodcuts

and Chromolithographs.
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PRACTICAL PATHOLOGY.

A MANUAL FOR STUDENTS AND PRACTITIONERS.
By GERMAN SIMS WOODHEAD, M.D, F.R.C.P.ED,

DIRECTOR OF THE LABORATORIES OF THE ROVAL COLLEGES OF PHYSICANS (LONDON)
AND SURGEONS (ENGLANDL

PUBLISHER'S NOTE.

The recent advances in Pathology have rendered it necessary that in the third edition of
this work the scope should be somewhat enlarged and altered in several important respects.

The Chapter on Methods has been brought well up to date ; a Chapter on Inflammation
and HEﬂliTlg of Wounds has been added, and much new matter, especially as regards the
naked eye appearances of dizseased tizsues and organs, has been incorporated with the other
sections ; greater attention has been paid to the arrangement of deseriptions and details ;
repetition has been avoided as much as possible ; and the references to methods of hardening,
preparing, and staining, have been so arranged as to interfere as little as possible with the
continuity of the descriptions. The whole work has been revised ; much of it has been
re-written and so recast as to make it available for both practical class-room work and home
study. Many of the old plates have been re-drawn, and the number of illustrations has been
increased from 162 to 195.

EXTRACTS FROM PRESS NOTICES.

* There is no better index of the progress of science than that which is afforded by the
successive editions of a Standard Text-book. The author of such a work, if he wizhes his
book to maintain its popularity, is eompelled to keep pace with advancing knowledge, and
must perforce enlarge the limits of his manual. To do this well requires much skill and judg-
ment, a2 well as an intimate acquaintance with the growing literature of his subject, and
practical familiarity with modern methods. Those who remember the advent of Dr.
Woodhead's manual nine years ago, and the freshness with which the details of morbid
histology were described and illustrated, will find in the latest edition a considerable ampli-
tication and revision of the text, as well as many new coloured engravings, which form a
notable feature of the book. Thus the work has much increased in bulk, without losing any
of its characteristic points, In a word, the book cannot fail to be of the greatest service te
the worker in the pathological laboratory, and Dr. Woodhead may be congratulated upon the
suceess with which he has managed to render it one of the most useful and practical manuals
of its kind.”—LZLancet.

“The merits of Dr. Woodhead’s Practical Pathology are already so well known to the
profession that but few words are required on our part to commend it anew to their atten-.
tion. The present edition retains all the good features of its predecessors, with a number of
additional good gualities of its own. Great care has cbviously been taken throughout in its
preparation. It has been almost entirely re-written, much of it altered and re-arranged, and
a great deal added.® It forms now a volume of 652 pages, as compared with the 484 pages of
the first edition. A notable feature of this work from the very first has been the great beauty
of it coloured illustrations. In this respect, also, the merits of the book have suffered no
abatement in the present edition. A large number of new illustrations have been added ;
and in every case where new ones have replaced those in the earlier editions, the change is
an improvement. Both author and publisher are to be specially congratulated on this
portion of their work. We can confidently recommend this work as one of the best practical
treatises dealing with the subject of morbid histology that have appeared in this or any
other country.”—British Medical Journal.

* Woodhead's Practical Pathology has become one of the standard text-books for students
of human pathology ; indeed it may be said to have oceupied that position ever since ita first
appearance nine years ago. For some time past the work has been out of print, and that
fact must have ¢aused consziderable inconvenience to medical students, inasmuch as there is
not in the market any book at all approaching it in usefulness as a guide to practical
pathology. The scope of the work has been enlarged, the matter has been partially re-
arranged, and the illustrations have been improved and increased in number. Taking text
and illustrations together, the book is a model work of its class, and medical students of the
prezent day are to be congratulated on having at their disposal such an admirable aid to the
practical study of pathology. We strongly recommend it to both veterinary practitioners

and students as the best book on the subject that is obtainable in the English language,"—
Jowrnal of Comparative Pathology and Therapeutics.


















