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PREFACE 

Of all the subsidiary branches of medicine, Medical 

Electricity is the one which has made the greatest ad- 

vances during the last few years. | 

Static electricity, and the Galvanic and Faradic cur- 

rents have long been used for treatment. Recently, how- 

ever, other forms of electrical energy, high frequency 

currents, sinusoidal currents, undulatory currents and 

others, have’ been introduced, and their therapeutic value 

abundantly proved. To these may be added the luminous 

and caloric radiations, the X-rays, and forms of radiations 

with every variety of wave length, from the slow vibrations 

of the Hertzian waves, up to high frequency currents, and 

the rapid oscillations of ultra-violet light. 

Medical radiology, of which Rontgen radiology is but 

a branch, has considerably extended the domain of the 

medical electrician. The use of the newer radiations can- 

not be dissociated from electrical practice, practically be- 

cause these radiations are usually generated by some 

form of electrical apparatus, and theoretically because all 

transverse oscillations of the ether are in reality elec- 

trical phenomena. Ma-wiell's electro-magnetic theory of 

light receives fresh confirmation every day. 

The medical electrician, therefore, must be as well ac- 

quainted with radiant electricity as with current elec- 

tricity. 

_ His knowledge, however, must not end here. It is not 

enough to be an electrician and an expert operator. He 

must also be a master of physical biology. All vital pro- 

cesses are connected with electric phenomena,—osmosis, 



pI ER Ag IS 

IETS A eeree = 

iM 

AY 

ORT EP RS 
eens 

SS 

eas 

ae PE 

SS SEE ks Ed ES Seth epee ryige ce se terete ae tare ieeties sit ots tag eee ie ASE 
= Bibs SicdbsSded belasete ib easiest et stb epatbe ge oe EE ees eSanresees petite ster te 
obese Eee tete ses bts scetersress stets tec sSr tse test eeiass ths seseetes Sebi Ss oi se gnsd SST SEL et ast st reset te ag see reenter eee aeetee seats 

iS Diet tS 

Vill PREFACE. 

alterations in surface tension, ionisation, the various 

chemico-physical processes connected with assimilation 

and catabolism, the functions of nutrition and ‘cell mo- 

tion, are all accompanied by the production of electricity. 

They are occasioned by differences of potential which 

may be demonstrated experimentally. 

If the progress of science finally enables us to master 

this force, which is the very essence of life, and to sub- 

jugate it, as steam has been subjugated to the service 

of mankind, we shall have ready to our hands the most 

potent curative agent ever imagined to modify the evolu- 

tion and ameliorate the condition of living beings. 
Unfortunately we have not yet arrived at this stage. 

None the less is it important for us to study all the facts 

which demonstrate the production of electricity by living » 

tissue. Quite recently a new group of phenomena has 

been discovered, which if they are confirmed by further 

investigation, will establish a new link between life and 
electricity. The newly discovered radiations of MM. 

Blondlot and Charpentier add one more evidence of the 

fact that all perturbation of living tissue is accompanied. 

by a difference of electrical potential, and creates around 

it a field of irradiation. Without anticipating discoveries 

still in a nebulous state, we may assert that medical elec- 

trology should embrace the study of animal electro- 
genesis which touches so nearly our very conception of 

life. 
The practitioner who endeavours to employ the various 

forms of electric energy without a knowledge of the laws 

which govern them, is but an artisan working by rule of 

thumb, incapable of improvement, and always liable to 

failure. : 

Each year brings to us a long procession of new dis- 

coveries. Medical sciences cannot afford to await matur- 
ee —ae 

PRUE 

PREFACE. 1X 

ity before being formulated. As new materials accumu- 

late in the laboratory, the whole of the raw material of 

past knowledge must be thrown into the furnace, and 

our scientific and medical theories must be recast. — 

I present this work therefore as a synthesis of our 

knowledge concerning the different forms of electrical 

energy. It has been written under the powerful impulse 

of Prof. Bouchard, and of a school which has done good 

services in all branches of medicine. 
Prof. Bouchard has ever insisted on the idea that medi- 

cine must tend more and more to take its place among 

the exact sciences. His observations have always been 

made “chiffres en main.” He is physicist, chemist and 

mathematician in turn. Hence he has ever welcomed 

with enthusiasm the advances of biological physics and 

medical electricity. 
It was in his laboratory that he foretold the part that 

X-rays would play in medicine, at a time when the X- 

rays were a mere object of curiosity. In a few months 
he demonstrated the wide role that Radioscopy was des- 
tined to play in medicine. The diagnosis of pleurisy, tuber- 
culosis, aneurism, and the influence of the Hertzian waves 

were studied at a.very early period in the laboratory of the 

_ Hépital de la Charité. 
These researches were continued when Prof. Bouchard 

placed in my hands the direction of the Laboratory. 

Some of my arrangements of apparatus have come into 

general use, such as my focus-tube stand with indicator 
of incidence, and my high frequency spirals. Others, 

such as the ortho-diagraph and the radio-cinematograph, 

have given useful results in the study of the thoracic 

organs. : 
It was in this laboratory, as long ago as 1860, that 

Prof. Bouchard did his work on the injurious effects of 
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coloured light of various wave lengths on the skin.” 

Erythema pellagreux was identified as a solar erythema, 

and the “coup de soleil” was shewn to be the effect of 

violet radiations of short period. 3 

Since then, whenever new. facts or hypotheses have 

appeared, whether X-rays, high frequency currents, the 

radiations of Blondlot, or the radiation of radio-active sub- 

stances, they have been received with enthusiasm, and 

subjected to a searching and critical examination. This 

work has been written with the dominant idea that medi- 

cine should draw as much assistance as possible from 

the accessory sciences, and more especially from physics. 

The theoretical study of electrical energy in the first part 

of my book should not discourage the student, nor should 

the study of physiological effects which I have treated 

in the second part. Both are the necessary prelude to 

the practice of electro-therapeutics. 

“With a knowledge of the science of electricity, the 

medical electrician will have a sense of intellectual satis- 

faction accompanying each step of his career, and will 

be duly armed, so as to be able to apply his art with 

precision and to mark out for himself new paths for 

conquest. 

A mode of treatment which has given such unlooked 

for results in Cancer—the most incurable of all maladies, 

—may certainly expect further triumphs. There is much 

work to be done, and we may be certain that the future 

of Electro-therapeutics reserves for us still further sur- 

prises, and for humanity still greater Services. 
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¥ 

-< 

INTRODUCTION 

Divisions.—This work is divided into three 

parts. 
« 

2 

4 Part II deals with the physiological effects of the vari-: 

ous forms of electricity, and with the other physical 

E 
‘@ 

ua 

, 

\ 

therapeutic agents in which electricity is the motive 

force. 

Part III contains the medical portion of the work. The 

electro-diagnostic and electro-therapeutic treatment of 

each disease are treated together. Electro-diagnosis was 

formerly confined almost entirely to a single division of 

¥ 

‘come greatly enlarged. The third part therefore forms 
¥ 

‘neuro-muscular pathology, but its scope has of late be- 

‘a sort of compendium. Under each pathological condi- 

tion are given firstly its diagnosis, and then the various 

methods of treatment. 



PART I. 

PHYSICS. 

Division of the subject—The medical electrician 

‘ Boys various forms of electrical energy. 

Not only is electricity employed directly as a thera- 

p eutic agent, but it is also used as a generator of motion, 

heat, light, Rontgen rays and physico-chemical reactions. 

It is also used indirectly for such purposes as the gene- 

ration of ozone. In the first part we propose to study 

briefly the physical facts which must be understood to 

€ enable us to utilise electrical energy in all its forms. 

We shall take them in the following order: 

e€ 

I.—Galvanic Currents. 

Se il.—Faradic Currents. 

4 _III.—Sinusoidal Currents. 

7 IV.—High-frequency Currents. 

4 V.—Electrostatics. 

. V1—Réntgen Rays. 

‘Vi! —Electro-cautery. 

VIII .—Ozonisation. 

MX —Electricity as a Generator of Motion in Vibra- 
4 tory Massage, etc. 

B es —Phototherapy and Thermotherapy. 

PX. —Magnetism and Electromagnets. 
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quantities, such as quantity of electromotive force, 

strength of current, etc., are derived from the fundamen- 

tal quantities L., M. and T., and are expressed as func- 

tions of L., M. and T. The units used in the measure- 

ments of these quantities are similarly derived from the 

fundamental C.G.S. units. 

Every derived unit has its own symbolic formula, com- 

posed of the letters L. M. T. with suitable indices. This 

formula is said to indicate the dimensions of the quantity, | 

or the relation which the unit bears to the fundamental 

quantities. Thus the measurement of area has for its 

dimensions L?, the product of two lengths. A velocity 

es : ae 
has the dimensions 7 or L T-, since it is a length, the 

distance travelled, divided by the time employed in trav- 

ersing the distance. 

The strength of a magnetic pole is V Leo Te. ,08 

L3/2M!/2T-1, for it is the square root of a force, LMT? 

multiplied by a length L. 

These symbols enable us to tell at a glance how a de- 

rived quantity will vary when we alter the value of one 

of the fundamental quantities from which it is derived. 

8 Derived Electro-dynamic Units.—Electro-dynamic 

quantities are measured by units derived from the funda- 

mental units. 

The units used in practise are generally multiples or 

sub-multiples of the theoretical units. Thus the ampere, 

the practical unit of current, is */;) of the C.G.S. unit. 

The electrical units in general use are those adopted 

by the Congress of Chicago in 1893. They are called the 

International C.G.S. units. De 

9. Intensity of Current I—The intensity of a current 

is the magnitude of the flow of electricity along a con- 

a | GALVANIC OR CONTINUOUS CURRENT q 

q ; ; x 
Mcror, its dimensions are leg Nite l ie) Phe C.G.S. 
aue ° . ‘i e 

Bait of intensity is the intensity of a current, which when 

un 
traversing 4 conductor one centimetre in length, bent 

jnto an arc of a circle one centimetre in radius, will exert 

iI Berorce of one dyne ona unit magnetic pole placed at 

tne centre of the circle. a. 
The ampere, or practical international unit, is one-tenth 

CGS. unit. The unit chiefly used in medicine is 
hs NAP 

1 

the milliampere, equal to —. ampere. 
{ A 

to. Quantity of Electricity Q.—When water flows 

iQ 
through a pipe, the quantity of water issuing from the 

‘pipe in a given time is a function of the strength of the 

‘current. The strength of the current may therefore be 

“measured by the quantity poured out in unit time, and 

‘the intensity of the current is therefore the quotient of 

“ihe total quantity of water divided by the time, 
Conversely, the total quantity of water obtained in a 

"given time is the product of the strength of the current 

into the time. In order to obtain the symbolic formula 

“for quantity therefore, we must multiply the expression 

‘for strength of current by the fundamental unit T. 

- In like manner the quantity of electricity is the product 

of the intensity of current by the time, and its formula 

is therefore L?/2M1/2T-? multiplied by T or |g aN Cy arta 

Be The C.G.S. unit of quantity is the quantity carried by 

unit current in one second. 

' The practical unit is the Coulomb, which is equal to 

one-tenth of a’ €.G.S. unit. 

11. Electromotive Force E.—The Electromotive force, 

| E.M.F,, is the physical or chemical cause which maintains 

‘a difference of potential at the two extremities of a cir- 

’ cuit, and thus causes an electric current to flow through 

fit. 
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A given quantity of water in falling will perform an 

amount of work proportional to the height through Dine substance of which it is made. 

wdiichvitefalls, When the quantity of waters Kept so® 4 The resistance ig measured by the ratio of the E.M.F. 

stant, the work done may be taken as a measure of the q | Bo the current through the conductor. It is the quo- 

height through which the water has fallen. q tient of an electromotive force by an intensity and is 

Similarly a given quantity of electricity will perform q "therefore represented by L8/2Mit/2T .. divided by 

an amount of work proportional to its difference of q 3/7M2/?T4, oF es: 

potential, or the electro-motive force which causes it to 4 : The C.G.S unit of resistance is the resistance of a con- 

move. This work is the product of the quantity into the | ductor through which unit electromotive force will cause 

electromotive force. Electromotive force is thus meas- q a unit current to flow. 

ured by work L?MT~ divided by a quantity of electricity “3 The Ohm, the practical unit of resistance iso, ©.G.o. 

L1/?M1/2, Its dimensions are therefore L*/ PNT el aac Wee anits of resistance. Itis represented by the resistance at 

The unit of electromotive force is the force which, ‘ 4 0° Centigrade, of a cylinder of mercury 106.3 centimetres 

when applied to unit quantity of electricity, will. produce a in height and weighing 14.4521 grammes. 

one C.G.S. unit of work (one Erg). q _ 14. Capacity C.—The capacity of a conductor is the 

The Volt, which is the practical unit of electromotive 4 ratio of its charge to its potential, V" Its dimensions 

force, is 10° C.G.S. units. re TL. (178 and 168.) 

12. Difference of Potential V.—The difference of q 4 When a conductor is such that unit quantity of elec- 

potential caused by an electromotive force is a direct " tricity increases its potential by one C.G.S. unit, that 

function of that force. 3 q conductor is said to have unit capacity. 

: _ The practical unit of capacity is the Farad. It is the 

j capacity of a conductor which when charged with one 

- Coulomb has a potential of one volt. A Farad is equal to 

: 7 Bio C.G.S. units. 

The dimensions of the difference of potential will be 7 ts Electric Energy or Work W.—The anit By 

S los 3/2 1 /27|*-2 x ; . 

the same as those of electromotive force, viz: L?/??M*/?T™. | “which all work is measured has the dimensions L2MT-2, 

a re also Pec amie ton ethene os potent and being the product of a force LMT into the distance, L, - 

for electromotive force. The practical unit for both is ee tia 

ee ole through which the point of application is moved. The 

2 » CGS. unit of work is the Erg, which is the work done 

13. Resistance R—The resistance of a circuit. is ee B by one dyne in moving its point of application through 

the obstruction which it offers to the passage of the ® 2 distance of one centimetre. The C.G.S. unit of elec- 

electric current. The resistance of any conductor is @ os : trical work is also the erg. The Joule, the practical unit 

a function of its cross section, its length, and a coef- 4 of work, is equal to 10" ergs. It is the work done in one 

a gcient called the resistivity, which varies according to 

For the definition of absolute potential the reader 

should consult paragraph 143 of the chapter on Electro- 

statics. | pe 

| 

ai nm gin 

\ 
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second, by a current of one ampere, in passing through 

a conductor Whose resistance is one ohm. . 

16. ‘Power P.—The power of a machine is its rate 

of doing work. Power is therefore measured by the 

quotient of the work done L?7MT~, by the time taken T, 

and its formula is therefore L?MT™’. 

The C.G.S. unit of power is the power of a machine 

which will do one erg of work per second. 
The practical unit of electrical power, one Joule per 

second, is termed a Watt. The watt is equal to 10° 

ergs per second. 

17. Relations between the Different Quantities.— 
(A) Ohm’s Law.—The intensity I of a current is equal 

to the electromotive force E, divided by the resistance of 

the circuit R. 

I 

whence 1D) 

and R= 

(B) The quantity of electricity is measured by the 

product of the current into the time during which it is 

passing. 
Oo iit 

(C) The work W, produced by a quantity of elec- 
tricity Q, is proportional to the electromotive force E 

which drives it. 

Ww On fit at 
(D) The power is the work done in unit time. It is 

therefore measured by the total work EIT, divided by 

the time.taken T.. 

q 
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{I. Production of Continuous Currents for Medical Work. 

. 1, FACTORS COMMON TO ALL FORMS OF ELECTRIC GENERATORS. 

a 

1g. Character of current suitable for medical purposes. 

__For medical work, continuous currents must be constant, 

4 ie. theit characteristic curve should be a straight line par- 
4.e:, 

allel to the time axis of the curve. The maximum electro- 

4 motive force should be from 40 to 50 volts, since the current _ 

: should be capable of variation from o to about 250 milli- 
* 

et 

amperes. Such a current may be obtained from a battery 

of primary cells, from accumulators, or from a dynamo; or 

if there is a continuous current supply from the public 

mains, this may be utilised directly. 

For the application of the current we need resistances, 

conducting wires, and various measuring instruments. The 

whole apparatus for measurement and regulation is gen- 

erally placed together on a distributing board or table. 

19. Constants of the Continuous Current Generator.— 

Whatever form of generator is used for the production of 

the current, we may consider it as possessing a definite elec- 

 tromotive force E, and an internal resistance r. 

a 

a 
f 

Oa 

% 

In a primary galvanic cell the electromotive force is de- 

termined by the chemical reaction which takes place on the 

surface of the metal plate. Its value is therefore constant 

_ whatever the shape and size of the cell may be. 
va 
W 

The current has, however, a certain resistance to over- 

a come while traversing the liquid in the cell, in order to 

_ reach the positive electrode. This resistance, which varies 

_ with the composition of the liquid in the cell, and with the 

distance between the electrodes, is termed the internal re- 

_ sistance of the cell. 

- 20. Current generated by an electromotive force E, 

“with internal resistance r.—lI{ the terminals of an electric 

ok "generator be connected by a conductor of resistance R, the 

be sens 



na i 
i is 

pat Satis i RR cm 

12 PART I-—-CHAPTER I 

current which will traverse the circuit is perfectly definite. 

We may determine mathematically its strength and power, 

and the difference of potential at the two terminals. 

21. Intensity of Current produced by a Generator 

with Constants E, andr, ina co
nductor of Resistance R.— 

The strength of a current is equal to the electromotive force 

E, divided by the total resistance of the circuit, i.e., by the 

sum of the internal and external resistances. This is ex- 

pressed by the equation: 

eae 
R-+r 

22. Power of the Current.—The power of a generator 

is given by the formula 

| Eee 

Po DE 

This power is composed of two portions, the useful power 

and the internal power which is dissipated as heat. 

(a) The external or. useful power; 1¢., the available 

power Py is given by 
: 

Bas Vel 

where V is the difference of potential at the terminals, and 

I is the intensity of the current. 

(b) The internal power Pé is given by Joule’s law, 

POST. 

Note—Pu= VI might also be written Pi = Ritz since 

We I. 

The internal and external power are, therefore, of the 

same nature, and in the equation P@ = rl?, the quantity rl 

may be regarded as the fall of potential between the point 

of origin of the current and the battery terminals. 

23. Difference of. potential at the Terminals.—The 

useful or effective difference of potential is the difference 

of a potential between the two external terminals of the 

ele | 
of potential originally set up by the electromotive force of 

" the generator. 

a be expressed as 
q ae generator, together with I the current in the circuit, 

‘ and R the external resistance. 

From the formula 

q the cell. Again 
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ctric generator. This is always less than the difference 

The effective difference of potential V may 

a function of E, r, the constants of the elec- 

P—=EI=VI-+1I° (22) we get 

(a) V=—E—rl. 

‘Now 11 is, aS we have seen, the drop of potential within 

Ee Re 

(b) Va pa ORE 
These eqtiations show that V, the difference of potential 

at the terminals, decreases as the strength of the current 

increases. WV also decreases with any decrease of the exter- 

nal resistance, reaching zero when R=0, ie., when the 

battery 1s short-circuited. As the current decreases and R 

increases, V approaches the value of E (the constant electro- 

motive force of the generator), only reaching the value E 

in the limiting case when I= 0, 1.e., when R becomes in- 

finite. This can only occur when the circuit is open. 

24. Relations required between R and r to give the 

maximum power—With a generator whose constants 

= are E and r, we know that the useful power Pu is the 

product of the available difference of potential V and the 

ecurrent I. 
wm Wile. 

: I may be expressed in terms of FE, r, and V. 

c= = (from (a) in paragraph 23), therefore 

V(E-V) 
od 
ee 

E f 
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(E-V is the factor which we have already met with as rl, 

the internal fall of potential.) 

From this expression we see that the value of Py increases 

with an increase in the value of V (E-V). Now this quan- 

tity is the product of two factors whose stm is a constant, 

since it is equal to E, the electromotive force of the gen- 

erator. (V+ (E-V) =E.) 

Such a product will have a maximum value when the 

2 
| R I : 

n thi _*\ = ~ and therefore R= 2. (23 b). 
In this case = aes : (23 b) 

‘Thus, in order to get the maximum power from a gen- 

erator with constants E andr, the resistance R of the exter- 

nal circuit should be equal to r the internal resistance. 

‘When this is the case we get 

ih ees = ; 
2r 

2s, Given an external circuit of non-variable resist- 

ance R, to vary the effective power by changing r the 

internal resistance.—This is a very important problem in 

medical electricity. The resistance R of the human body 

cannot be varied at the will of the operator, and therefore 

cannot be reduced so as to equal r. The problem thus re- 

solves itself into a choice of the best generator to obtain the 
: : s _maximum of useful power. 

Pius VE (par. 22, a,) 
V = RI (Ohm’s law) 
ee 

and, L.= Rue 

Py Re ns sli 
> CRE-t)? 
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mace E is ‘nvariable, and R cannot be varied at will, we 

must reduce t to a minimum in order to make Py as large 

as possible. pie ie 
26. Rules for obtaining the maximum effective 

nower-— With a generator whose constants are E and r, 

and a variable external resistance R, the useful power 

is greatest when R = fr, t.e. when the external resistance 

has been so adjusted as to be equal to the internal resist- 

a E2 
ance. When this maximum power, Pi == oP (par. 24) 

Bas been attained, if we can diminish the value of r, whilst 

still keeping R constant, we may still further increase the 

available power. The generator will now no longer be 

working under conditions of maximum efficiency, but the 

powet thus obtained is nevertheless greater than the maxi- 

mum obtainable when r had its original value. By dimin- 

ishing r, one of the constants of the generator, we have in- 

ereased the maximum power which it was capable of ren- 

dering. | 
Bit is due to a confusion between these two propositions 

that some authorities have recommended batteries with high 

internal resistance for medical work. 

27. Efficiency.—The efficiency of a generator is the 

tatio of the available power Pu to the total power P.. 
) ‘ Pa tbs VI oe Vi vi 

Poo eb 
k 
ed 

eT ne, 

= A generator working under conditions of maximum 

power has, therefore, an efficiency OF es 
\ 

“The maximum efficiency, ie., Pu = P, is only obtainable 

when V = E, i.c., when the circuit is open. The efficiency 
S greatest when the current is least. It is smallest when 

the current is largest, and approaches zero when the gen- 
etator is short-circuited, | 
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28, Grouping of generators.—Generators of electrical > 31. Mixed grouping of n generators with constants 

current may be coupled together in three different ways :— and p-—We may make t groups, each of q cells con- 

(1) In series:—The positive pole of one cell is connected “nected in parallel, and then connect up these groups in se- 

to the negative pole of the succeeding one, and so on. : "vies. Or we may get the same result by making q groups, 
: each consisting of t elements in series; and then connecting 

(2) In parallel:—All the positive poles are connected 

together, and all the negative poles are also connected 

together. 

(3) Mixed grouping:—Several cells are connected in 

parallel to form a group, and these groups are then con- 

nected together in series, or vice versa. 

29. Grouping in series of n generators whose con- 

stants are « and p.—In this case the group of generators 

has a total electromotive force of ne and an internal re- 

sistance of np. | 

The current in a circuit with external resistance R is 

given by 
ne 

= ipa 

The difference of potential at the terminals is given by 

I (par. 21) 

V = ne— npl 

30. Grouping in parallel of n cells with constants 

« and p.—The electromotive force of such a group is equal 

to «, and its internal resistance is Re 
n 

In a circuit with external resistance R, the current is, 

€ ne 
t= Ss 

pa Re pa ak 

and the difference of potential at the terminals is, 

ris given by 

up these q groups in parallel. 

The E.M.F. of this system is te. The internal resistance 

t 
r=-—p. 

The strength of the current through a circuit with 

q external resistance R, is given by the total E.M.F. 

divided by the total resistance 

te 
etq ne 

See iq ee 
tp axe 

I= -+R = ; q 

The difference of potential at the terminals is given by 
_ V=E.M.F.— (internal resistance X current) therefore 

t 
Viste —— pl. € q? 

32, Power of a current produced by a battery of gen- 

3 erators in a circuit of resistance R.—Let n be the number 

of generators, and let them consist of t groups arranged 

in series, each group being formed of q generators in 

parallel. | 

Since P, = RI’, then from the values found in par. 31, 

_ we have 
pei Re*n? 

ma tps dike 
When all the elements are arranged in series this 

_ formula becomes 
Re?n? 

Sao 
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made of some substance which is not acted upon by the : | 

liquid in which it 1s immersed. 
q 

36. Constants of the cell_—In common with all other 4 

forms of electric generator, the primary cell has two con. — 

stants, its electromotive force and its internal resistance, : 

The electromotive force is a characteristic of the special 1 

chemical action set up at the electrode, and does not de- 

pend on the area of the electrode. It varies with changes q 

of temperature, since this also affects the intensity of © 

the chemical reaction. The snternal resistance depends q 

on the nature of the liquid employed, the distance be- 

tween the electrodes, and the area of their surfaces. 4 

37, Conditions required in the construction of bat-— 

teries for medical use.—l wo variet
ies of battery are re 4 

quired for medical purposes, one stationary and the other : 

portable. In the latter variety it is of importance to havem 

the cells as small as possible. 
| 

The principal requirements 

(ay: Vie electromotive force 

large as possible, so as tG*re 

required. 

(b) The ‘nternal resistance should be small (25). 

(c) There should be no liberation of noxious gases. 

(d) There should be no polarisation (28). 

38. Polarisation.— Polarisation 
is a phenomenon set 

up while a cell is in action, tending to decrease its ef | 

for a medical battery are: q 

of each cell should be asil 

duce the number of cells J 

ficiency. 
7 4 

It is due to the deposit of hydrogen on the positive pole,” 

forming a non-conducting sheath around it. It is also” 

caused by the nascent hydrogen reducing the zinc sulphate 

formed in the cell, or by any other inverse chemical action 

which tends to set up an electromotive force in the opposite 

direction. It may sometimes be due to exhaustion of the — 

exciting liquid. 

: er is man 

onsis 

ts internal resistance .25 ohm. Certain modifications of 

he Daniell cell are also used. The chief drawback of this 

ell is that the chemical action does not cease when the 

ircuit is broken. (Gaiffe, Remak, Callaud, Onimus.) 
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on may be avoided by the use of depolarisers, 
P olaris ati 

general substances capable of fixing the 

hich are in 
Barocen. 1 hese may be either liquids, solutions or in- 

sluble solids. 

30. Galvanic cells employed in medicine.—The cells 

ast frequently employed for stationary batteries are the 

flowing: The Lalande and Chaperon cell. This con- 

ists of zinc plates immersed-in a 30 or 40 per cent. solu- 

n of caustic potash, with copper peroxide as a de- 

Its E.M.F. is .8 to .9 volts. 

The Bergonié CELL consists of a zinc plate in a 3 to 5 

er cent solution of ammonium chloride. The depolar- 

ganese dioxide. The E.M.F. is 1.45 volts, and 

‘qnternal resistance with a 4 per cent solution is I 

hm. The Junius cell, whick is recommended by Bordier 3 

ts of a zinc plate in a solution of caustic soda, with 

nese dioxide as depolariser. Its E.M.F. is 1.6, and 

The principal portable cells are those of the Warren de 

la Rue, and the Marie-Davy types, the former containing 

nloride of silver, and the latter sub-sulphate of mercury 

itl zinc and carbon electrodes. Their internal resist- 

nce is greater than that of the cells already described. 

: hey are usually fitted up with a contrivance by which 

he zinc may be removed from the liquid when not in use. 

40. Arrangement of the cells.—For medical use the 

ls are connected in series so as to obtain the greatest 

sible power (33). The current may be taken from 

ae terminals of the battery, in which case a rheostat or 

potential reducer must be inserted in the circuit to 

late the current (91); or the battery may be fitted i 

iC 

* 

oy 

> ih 

va 
a 
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with a collector which enables the number of cells in 

circuit to be varied at will (41). | 

4t. Collectors——The collector is a device by which 

any number of cells can be introduced into the circuit 

by simply turning a handle. The following formula gives 

the increase of current caused by moving: the indicator 

from one stop to the next. 

pes (n—TI)e 

sap R | OCB) pa 
n is the number of cells in use. 

etthe EMF. of each cell. 

p the internal resistance of one eell: 

R the external resistance. 

Since R is some thousand times as large as p, the dif- 

ference between the two denominators is less than an 

of their value, and this difference diminishes as n in- 

creases. We may therefore regard the two demoninators 

as equal, so that rR fepresents the increase of cur- 

rent as the indicator is moved from one stop to the next. 

If « = 1.5 volts, p = 1 ohm, and R = 1000 ohms, then 

on moving the indicator from 0 to I, we shall get a cur-— 7 

rent of 1.5 milliamperes. On changing from 39 to 40 

cells, the increase in current will be about 1.4 milli- 

amperes. The rapid increase of current caused by moy- 

ing the indicator is very appreciable to sensitive patients 

even when the E.M.F. of each cell is only .8 volts. Col- 

lectors are therefore only suitable for portable batteries, 

where weight has to be economized. 

3.—CONTINUOUS CURRENTS DERIVED FROM. ACCUMULATORS. 

42. Definition—An accumulator is an indirect trans- 

former of electric energy, the intermediary being a chem- 

ical action, the result of polarisation. 
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n electric current passes through water it de- 
Benen a ~ “Whe t, the hydrogen collecting at the negative pole 
‘composes 1 
and the oxygen at the positive pole. As this goes on, the 

strength of the current gradually decreases, since the 

hydrogen and oxygen cause an E.M.F. in the opposite 

direction, which partially neutralises the E.Mer. of ‘the 

3 This back pressure constitutes the phenomenon of 

polarisation. 

| When the primary current is cut off, the E.M.F. due 

a polarisation will cause a current in the reverse direc- 

tion. This is called a secondary current. 

Every electrolyte, as a liquid capable of being decom- 

Maced by a current is called, absorbs during decomposi- 

tion a quantity of electric energy proportional to the 

quantity of electricity which passes through it, and to 

the back E.M.F. caused by the decomposition. If Ep be 

this back E.M.F. and Q the quantity of electricity pass- 

ing, then W, the energy in Joules is given by 

7 W=Q Ep 

| This energy is given out by the accumulator as a sec- 

ondary current. 

" Most accumulators consist of two plates of lead, or ~ 

‘ome salt of lead, immersed in dilute sulphuric acid. 

Other combinations, however, are occasionally used. 

S43. Charge and discharge of an accumulator.—The 

) charging of an accumulator consists in furnishing it with 

electric energy. This is done by connecting the positive 

and negative poles of the accumulator with the positive 

and negative poles respectively of some convenient source 

of electricity. Rules for charging accumulators are given 

in par. 40. | 

" Anaccumulator is discharged by closing its circuit, and 

allowing a current to pass. 



At Stt Maite tieiasty: sit hy ise rie thayy 7 shi he iiiheresig’ tress 

iy fetiessts 4 Siig racer! 

7 cea an ee nae i — 

sae ae 

Ss aaaeanaanaty 

94. PART I—CHAPTER I 

44. Phenomena of charge and discharge of an ac- 

cumulator.—We shall here only consider the case of ac- 

cumulators with plates of lead or lead sults. 

In 1860, Planté discovered that when two plates of © 

lead are immersed in water accidulated with H,SO, and 

connected to the two poles of an electric battery, the 

liquid is electrolysed. The lead plates are chemically 

altered, the positive plate being oxidised, and the negative 

one reduced. A peculiar property of this reaction is, 

that the oftener the process is repeated, the more readily 

does it occur. The negative pole assumes a greyish tint, 

whilst the positive pole shows the puce coloured lead 
oxide. In the original apparatus devised by Planté, the 

accumultor was formed by repeatedly charging and dis- 

charging two large sheets of lead. The area of the elec- 

trodes may be greatly reduced, and the E.M.F. of the dis- 

charge increased, by making accumulators of certain salts 

of lead. 
If we examine an accumulator which has been formed 

by repeated charging and discharging, we shall see that 

the negative plate is of a spongy or porous appearance, 

an allotropic modification of lead possessing peculiar re- 

ducing properties. This spongy electrolytic lead is very 

readily oxidised. The positive lead plate is found to be 

coated with lead peroxide PbO,. 

When the accumulator is discharged a current passes 

externally from the positive to the negative plate, and 

internally from the negative to the positive plate. We 

therefore get oxidation at the negative, and reduction at 

the positive plate. The oxidation at the negative plate 

results in the formation of oxide of lead, which combines 

with the sulphuric acid to form sulphate of lead. Ii the 

liquid in the accumulator be analyzed after discharge, it 

will be found to be less acid than before, and the missing 
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a 
ic will be found on the negative plate in the form of 

Bopate of lead. 

At the positive pole the peroxide is reduced to a lower 

side of lead. 

When the accumulator is recharged, the current passes 

Bie opposite direction. The reduction at the negative — 

jate decomposes the sulphate and reprecipitates the 

netal, while the oxidation at the positive plate restores 

he . oxide to a peroxide. 

Construction of accumulators.—The principal dif- 

erence in the various types of accumulators is in the con- 

ti tution of their electrodes. Instead of forming the elec- 

ode naturally by the action of the accumulator, salts of 

cad which have been previously prepared are employed. 

The lead plates are used only as a support for these salts. 

This method was first adopted by Faure in 1880. The 

cad plates are usually alloyed with two or three per cent 

f antimony, to render them more resistant to the action 

ia f the acid, 
The positive pole is generally formed of minium, Pb,O, 

ad the negative of litharge, PbO. During the process of 
harging the minium is oxidised to lead peroxide. 

q Pb,O; + 2.0 = 3-Pb ©.. 

At the same time the litharge is reduced to spongy lead. 

PbO+2H=H,0-+ Pb. 

I Electrodes are said to be autogenous, when formed natu- 
ily by the alternate charging and discharging of the ac-. 
imulator, whereas they are said to be heterogenous when 

rmed artificially from lead salts. The former is the 
lar oe type, the latter the Faure type. Ee 
n the new Edison accumulator the negative electrode is 

1 iron, and the positive electrode consists of an oxide “of 
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nickel with the approximate formula NiO,. The electro. q 

lyte is a twenty per cent solution of KOH. 

46. Accumulator cells.—The accumulators used for 

medical purposes do not need to be of very large capacity, 

They should be made as light. as possible, so as to be porta- 

ble. For this purpose celluloid cells are convenient. They 

are transparent and are at the same time lighter and less 

breakable than those made of glass. For greater security 

several such cells may be enclosed in a wooden case. Cells 

are also made of ebonite. | 

The plates of the accumulator should not touch the bot- 

tom of the cell, lest pieces of lead becoming detached from 

the plates and falling to the bottom should short-circuit the 

current, The plates are supported by some insulating mate- 

rial such as caoutchouc, glass, ebonite or porcelain. 

The liquid in the cells is distilled water acidulated with 

sulphuric acid. The density of the liquid should be from 

1.16 to 1.26, which corresponds to 20 to 30 of Baumé’s 

hydrometric scale. (H ospitalier, “Manuel de l Electricité.” ) 

47. Installation——The accumulators should be placed 

where they can be easily seen. They should be examined — } 

from time to time to see that there is no oxidation of the 

terminals, buckling of the plates, or internal short-circuit- 

ing from lead flakes which have fallen off the metal plates. 

Moreover, they should be carefully insulated by placing 

them in a box of sawdust supported by porcelain feet. 

48. Charging of accumulators.—If a public electric 

main of a private source of electricity is available, the ac- 

cumulators can be charged without removal. Otherwise 

they must be sent away to be charged. When they are to be 

charged on the premises, the terminals of the series of accu- 

mulators should be connected to a commutator which, when 

in the charging position, will connect the positive pole of 

aM ot s 
« = 

4 
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tor with the positive pole of the electric source, 
the accumula 
¥ tive pole of the accumulator to the negative 
Pad fae megative 

Fole of the electric source. 

| An amperemeter and a rheostat should be interposed be- 

Fyeen the commutator and the electric source. These are 

only of use whilst the battery is being charged, since the 

rent used in medical work is only of the order of a milli- 

a pere. There should always be a cut-out fuse between 

the accumulators and the commutator, since accidents due 

fo shortcircuiting may occur during charging or discharg- 

ing. It should be an absolute rule always to use a bipolar 

cut-out, when working with a source of electric energy capa- 

ple of giving a large discharge. The fuse should be as 

close as possible to the accumulator. Boxes are often made 

with spring contacts, in which case the accumulator is 

merely placed in the box, when the connections are made 

automatically. 

q AQ. Methods of charging accumulators.—There are 

several different methods of charging accumulators. 

(a) From the public main with constant current. — 

 (b) From public mains with alternating current, either 

monophase or polyphase. 

4 (c) From voltaic cells, or small motors. 

' (d) By sending the accumulator to a charging station. 

£0. General rules—The most important point is to 

| determine the polarity of the terminals of the electric 

source. When using a constant current from the public 

mains this may be done by plunging the leads into water, 

and inverting a test tube filled with water over each wire; 

thus forming a simple voltameter. Bubbles of hydrogen 

will appear at the negative pole and will rise up in the 

tube, while the positive pole will become oxidised. Pole- 

finding test-papers are also sold; turmeric paper, for in- 
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stance, turns red at the negative pole, and ferrocyanide 

paper becomes white, owing to the liberation of potassium, 

The number of accumlators placed in series should not 

be so great that E’, the E.M.F. of the battery, will be 

greater than E, the E.M.F. of the source. The value of 

E-E’ ie 
the current R must always be positive. 

The most convenient charging current is one which gradu- 

ally decreases in intensity as the accumulator becomes 

charged, i.¢., as E’ the counter-electromotive force increases. 

As a general rule this charging current should vary with 

the surface of the plates. In the same type of accumulator 

therefore, the intensity of the current should be proportional 

to the weight of the cell. For any one type the best current 

intensity can be given in terms of the weight of the elec- 

trodes. | : | 

This optimum charging current should be marked on the 

accumulators. 

s1. To determine when the accumulators are properly 

charged.—The signs that an accumulator is charged are 

the following: | 

(a) The voltage of each cell reaches a value of from 2.4 

to 2.6 volts, whereas before charging it was only 1.8 volts, 

and during charging 2.1 to 2.2 volts. 

(b) The liquid begins to bubble. The gases liberated by 

the electrolysis of the water are no longer used up by the 

chemical reactions occurring at the electrodes. 

(c) The density of the electrolyte remains constant, since 

no more acid is liberated by the electrodes. 

Those who are familiar with accumulators can often 

judge of the acidity of the liquid by tasting it. 
For the medical electrician the first two methods are the 

most convenient, A voltmeter should be used for testing 
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E. accumulators when. full, and for indicating when they 
% 4 recharging. The voltage should never be allowed to 

“pall below 1.8. 

p 2. Recharging accumulators from the constant cur- 

rent mains.—li the public electric supply is employed 
a driving a Ruhmkorff coil, for X-ray work or the like, 

ihe same supply may be used for charging the accumulators. 

a With a pressure of 110 volts, the rheostat required to 

cend a current of 8 amperes through the coil, will also serve 

for charging the accumulators. Theoretically, to use a cur- 

ent of 110 volts most economically, 30 to 40 accumulators 

‘should be charged at once. Practically, we generally charge 

from 10 to 20 accumulators only, the surplus energy being 

“dissipated in the rheostat as heat. 

Tf, however, there are only one or two accumulators to 

‘he charged, or if they require frequent recharging, they 

‘may be introduced into a shunt circuit with one or more 

‘incandescent lamps in the main circuit to act as resistances. 

53. Charging an accumulator from the alternating cur- 

‘rent main.—The problem of charging accumulators from 

an alternating main is much more complex. Several meth- 

ods may be employed. | 

_ (1) The current may be converted into a direct current 

‘by means of a rotating transformier. This may be either 

a motor-dynamo, 1.¢., a motor driven by the alternating 

current, coupled to a generating dynamo; or a current con- - 

‘yertor, which transforms the current directly. 

_ (2) The alternating current may be converted into an 

‘uni-directional oscillating current by means of a Villard 

current rectifier. (55.) : 

© (3) The current may be transformed by interposing an 

electrolytic valve. The Wehnelt interrupter is one form 

of such a valve. | 

" 
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54. Rotary transformers.—In the motor-dynamo the 

electric generator is connected to the motor either by a a 

belt or by a flexible shaft. The motor is the ordinary alter- 

nating current motor. The size of the dynamo is deter- 

mined by reference to the uses to which it is to be put. If 

it is only required to charge accumulators, it need only be 

large enough to give the necessary voltage and amperage 

for this purpose. When direct transformers are used the 

same considerations will determine the constants of the 

apparatus chosen. 

We do not recommend this method of charging for medi- 

cal work for several reasons: 7 

(1) The motor causes too much noise and vibration. It 

is heavy and cumbrous and needs special supervision. 

(2) It is too expensive an apparatus to be used merely 

for charging accumulators for electrolysis and galvanisation. 

(3) The current from the main is useful for so many pur- 

poses that it is better to adapt it for charging the accumu- 

lators, rather than to install a separate apparatus. 

ss, Villard’s current rectifier—This apparatus, which 

is particularly applicable to monophase alternating currents, 

is very suitable for medical use, since it can be also used as 

an interruptor for X-ray and high frequency work. 

It consists of a vibrating spring L L’, magnetised by a 

coil B which encircles without touching it. This coil is 

connected through a self-induction coil to a branch cur- 

rent from the alternating main. The end of the vibrating 

spring passes between the poles N. and S. of a permanent .@ 

magnet. As the phase of the current alters, it is attracted 

to either pole alternately. By this means the oscillations of 

the vibrating spring are rendered synchronous with the 

period of the current. : 

The amplitude of the oscillations is controlled by a small 
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Siston which dips into water. The extremity of the vibrator 

+. attached to a mercury break interposed in the main cir- 

Bit of the alternating current. ; 

‘By suitably regulating the plunger, the vibrator and the 

celf-induction of the exciting circuit, the apparatus may be 

so adjusted as to break the circuit at any desired point in 

the current curve, thus allowing only one phase to pass. 

4 To drive a Ruhmkorff coil the contact should be broken 

at the maximum point of the curve; when used for charging 

accumulators it should be broken at the zero point. 

Hy 

Bor 32. 
ay 

The phase of the vibrator is always slightly behind that 
% 

of the current. This retardation can be increased by vari- 

ous means. : 

fi. Increasing the self-induction of the exciting current. 

) 2. Raising the level of the mercury and thus causing the 
plunger to travel further before contact is broken. 
3. Increasing the length of the plunger by means of the 

screw adjustment. 
“The retardation of phase may be diminished by— 
'1. Decreasing the self-induction. 
2. Lowering the mercury level. 
"3. Shortening the length of the plunger. 
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We must remember that by increasing the depth to which 

the plunger dips into the mercury we increase the mean am. 

perage of the current. When the break occurs at the zero q 

point the interruptor works silently. a 

When it gets out of adjustment we are warned of the 

fact by an alteration in the note. For a complete descrip- 

tion of this apparatus we must refer the reader to the 

Archives d@’Electricité Médicale de Bordeaux of April 15, 

1902. 

By using this rectifier we can charge 15 to 20 accumula- 

ill Ht 

elias 4-4 

SS 

if 

Fig. 3. Villard interruptor and current rectifier. 

tors in series. If more than 20 accumulators are required 

at once the best plan is to divide them into two equal series 

and connect the two series together in parallel. : 

6, Charging accumulators from the alternating cur- — 

‘rent by employing electrolytic valves.—lf the two ter @ 

minals of an alternating current are connected, the one to ~ 

a plate of charcoal or lead and the other to a plate of porous — 

aluminium, and these two plates are immersed in an a q 

line solution, the current can only pass in one direction; — 

Such an arrangement is called an electrolytic valve. By 
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means of this apparatus a continuous current may be ob- 

tained from the alternating mains. Four valves are used, 

arranged in the form of a Wheatstone bridge. Wehnelt’s 

saterruptor is based on the same principle. 

“This method will undoubtedly come into favour, but as 

yet it has not been quite perfected for general use. 

ey, Charging accumulators by means of galvanic 

Pells.— Lhis method is not to be recommended. If, how- 

a er, no other source is available, and a considerable current — 

Ft low voltage is required, as, for instance, for electro-cau- 

ery, the accumulator may be chatged from a battery of 

cells. | 
_ For galvanisation and the like, when a pressure of 30 

to 50 volts is required and only a few milliamperes of cur- 
s 

rent, it is more advantageous to work directly from a bat- 

tery of primary cells. 

58, Charging accumulators by means of a dynamo.— 

When we require various forms of electric energy and no 

public electric supply is available, it will be better to invest 

in a small dynamo, This may be driven by gas, petrol, 

steam, compressed air, water, wind or any other agent 

available. 
~The dynamo will also serve to furnish electric light, and 

should be capable of supplying all the electric energy 

required, at once economically and conveniently. 

_ When charging accumulators, if the E.M.F. furnished 

by the dynamo is much larger than that of the accumulators, 

the charging should be combined with the lighting system. 

For electrolysis and galvanisation we require from 15 to 

25 storage cells of small capacity. This means a maximum 

BF. of from 40 to 60 volts. Since the best size for a 

dynamo for general use is one which gives about 70 volts, 

there will be but little waste when it is used in this way. 
; S | 

Nee Sega 
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We shall return to this question when we come to discuss 

the use of the dynamo for the production of a continuous 

current, It will, however, generally be found more con- 

venient to use it to charge accumulators rather than to work 

directly from the dynamo. 

When charging accumulators from a private dynamo we 

should be careful that the rheostat, amperemeter anda cut- 

out fuse are included in the circuit. | 

59. Charging stations.—When the accumulators have 

to be sent out to be charged, it is better to have two sets 

of batteries. At the charging stations they are unwilling ~ 1 

to charge only 15 or 20 cells at a time, since it is much 

more economical to charge a large number at once. We 

are, therefore, often kept waiting for several days before 

the batteries are ready. Also the constant shaking and 

displacement soon spoil an accumulator. 

- Accumulators of large capacity should be used for X-ray 

and high frequency work when a high potential is required. 

For other purposes, such as galvanisation and electrolysis, a 

battery of primary cells may be used with advantage. 

60. Accumulator constants.—The constants af an ac- 

ctumulator are the same as those of a primary cell, i.¢., the 4 

electromotive force and internal resistance. With accumu- 

lators we have another important consideration ; viz., their 

capacity. The relation which the power and capacity bear 

to the weight of the plates is of great practical importance. 

In the Edison accumulator with iron negative and nickel 

positive plates, the power per unit weight is very high. 

The electromotive force of an accumulator during dis- 

charge varies from 1.9 to 2 volts. It may rise, when fully 

charged, to 2.5 or even 2.8 volts, but this is for only a very 

short time, and it soon decreases. When the discharge is 

nearly completed the voltage falls to 1.8, or even lower. 

The Edison accumulator gives only 1.1 volts. 
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As the internal resistance is very low, a large amuont of 
& rent is obtainable. The current should not, however, 

“be allowed to exceed about .8 ampere per kilogramme of 

4 ectrode, otherwise the cells rapidly deteriorate. This 

current corresponds to about 1.4 watts per kilogramme of 

electrode. 
_ The capacity of an accumulator is the quantity of elec- 

tricity which it will furnish before being completely dis- 

charged. This quantity is expressed in ampere-hours. 

_ The capacity is proportional to the surface, and there- 
fore for a given type it will be proportional to the weight 
‘of the plates. Each type of accumulator has a definite 
‘capacity per kilogramme of plate. 

4 For the production of continuous currents we do not 

“need accumulators of very large capacity, since the current 

‘required is small. Comparatively light cells may, there- 
fore, be used for this purpose. 

The average capacity of an accumulator is 6 to 10 ampere- 

‘hours per kilogramme of plate. 

_ 61. Capacity efficiency.—The capacity efficiency is 
=, Oa: . : 
given by One 1.é., the ratio of the quantity of electricity 

Qs, given out when the accumulator is discharged, to the 
‘quantity QO. required to charge it. This ratio is about 90 

‘per cent, but since the capacity varies with the rate of dis- 

charge the efficiency of the accumulator will also vary with 
this factor. The lower the rate of discharge the greater will 
De the efficiency. Hence accumulators are very economical 
when used to furnish galvanic currents. 

62. Energy efficiency.—The energy efficiency is the 
tatio of the energy of the current of discharge Wa, to the 
energy of the charging current W.. 
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This value is given by the expression 

Sherenl a Wastla are the time of discharge, the difference 

of potential and the intensity of current during discharge, 

and ‘Iso Wie; le, the time taken, the difference of potential, 

and the intensity of the current during charging. 

This efficiency varies with the rate of charge. In practice 

‘ts maximum value is about 80 per cent. | 

63. Mode of arrangement of accumulators.—For ob- 

taining galvanic currents, accumulators should be connected 

in series, for the reasons described in the article on primary 

cells. A current collector should never be used with ac- 

cumulators; the addition of two volts to the circuit, each 

time the handle is moved forward, would cause an unpleas- 

ant shock to the patient. 

4.—CONTINUOUS CURRENT FROM A DYNAMO. 

64. Disadvantages.— Lhe medical practitioner whe ] 

has no public electric supply at his disposal, but who only 

requires a continuous current, will content himself with 

a battery of primary cells. If, however, he requires elec- 

tricity for other purposes, either medical or domestic, he q 

must have recourse to a dynamo. 

It is not advantageous to use the current from the dy- 7 

namo directly for galvanisation for several reasons. 

I. Any sudden change in the current in other branches j 

of the supply, as when an electric light is turned off, will © 

cause a sudden alteration of the galvanic current, which 7 

will give a shock to the patient. 
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. The dynamo may require to be run merely to fur- 
o> 

> 

Wish the continuous current, an expenditure of power 
; : ut of all proportion to the electromotive force required. 

E 3. The motor of a dynamo requires constant atten- 

tion whilst at work. 

] The current from a dynamo is not a typical con- 

tinuous current, the curve which represents it is of an 

undulating character. 

Meror these reasons it is preferable, when a dynamo is 
employed for lighting purposes, to charge a battery of 

paccumulators whilst the light is in use, and to use these 

paccumulators for the production of the galvanic current 
We will, however, give a description of the principle and 
“management of a dynamo and the method of employing 

it to furnish a continuous current when necessary. : 
: 6s. Principle of the dynamo.—When a closed conduc- 

mor moves 1n a magnetic field, so that the number of lines 
of force passing through the circuit varies, a current of 

electricity 1s induced in the conductor. 

The directi is gi . tion of the current is given by Lenz’ law; we. 
q e ie of the induced current is such that the 

lines of torc ich 1 care a e which it produces, oppose the variation in 

at x ux of force which induces the current.” 

. Chara i a 2¢ 5 an induced current.—The electromo- 

- ae y a given change of the flux of force, 
dep e rapidity of the change; 1.e. the induced 
E.M.F is pr 
‘time. proportional to the change of flux per unit of 

a , the other hand the total quantity of electricity 

5 ed round the circuit, depends on the change in the flux 

e force and on the resistance of the circuit 

aes 
Q=R 
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The intensity of the induced current at any moment 4 : 

is measured by the quotient of the quantity of electricity q 

produced, into the time taken to produce it. 

nS a Be 
Pi dt Ret 

67. Magneto-electric machines and dynamos.—A mag. q 

neto electric machine differs from a dynamo in that the ; 

former is excited by a permanent magnet, whereas the 7 

latter is excited by an electro-magnet. Dynamos are now q 

almost universally employed for practical work. 

‘The soft iron core of the electro-magnet is bent so that @ 

its two poles are opposite each other. In Fig. 4, BB 

are the magnetising coils encircling the iron cores nn’ of ~ 

the magnet; NS are the two polar pieces. 

The polar pieces are hollowed out so as to form a 

cylindrical opening between them, in which is placed the 

secondary coil for the induced current. This coil is — 

wound on a soft iron core termed the armature. 

The armature will as far as possible complete the mag- ‘ 

\ netic circuit, becoming itself magnetised with its north ~ 

q pole OP 

versa. 
; wee 

that it is rotated about an axis perpendicular to the plane 

moe the electro-magnet and passing through the line join- 

; ing the centres of the two poles of the electro-magnet. 
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posite to the south pole of the magnet and vice 

It will preserve this polarity in spite of the fact . 

Whether the armature is at rest or revolving, its poles. 

: will always occupy the same position relative to the 

oles of the electro-magnet. In Siemens armature the 

induction coil is wound round the core of the armature 

mn layers covering it completely. In other forms, the 

; ring or drum armatures, the spirals are arranged in dif- 

ferent ways around the periphery of the ring. 

68. Induced current.—Consider a loop of wire wound 

jongitudinally round the cylindrical core of a Siemens 

armature like that shown in Fig. 4. The maximum 

change of flux will occur when the coil is crossing the 

polar plane NS: 

The minimum change of flux will occur when the coil 

is passing the perpendicular position XY, “Its ttue that 

in this position the coil cuts the greatest number of lines 

of force, but a small alteration of its position will not 

ereatly alter the number of lines cut. In this region the ro- 

‘ ‘tation of the armature during a small interval dt will pro- — 

Bm duce the minimum change in the value d®. In the plane 

XY, this change will be zero. 

This line XY in which the induced electromotive force 

_ is zero is called the neutral line, or line of commutation. 

_ The latter term is given because, in accordance with 

Lenz’ law, the direction of the induced current will change 

at that spot, being in one direction while the generatrix 

I passes from Y to X, and in the other direction while 

the generatrix is passing from Mesto. Ye 

, 69. Form of the induced current.—lfi we consider the 
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loop, I, F ig. 4, rotating with constant velocity, we see that 
the E.M.F. of the induced current will increase from the . 

neutral line X to the polar line NS, and then decrease 
again from NS to XY. In the quadrant YN, the E.M.F, 
will increase with the sine of the angle between the loop 
and the neutral line. In the quadrant NX, it will de 
crease with the sine of the angle between the loop and the 
neutral line. A curve may be drawn as in Fig. 5 to show 

Fig. 5. 

the change of current with time. The abscisse repre- 
T 

senting the time will be of the form dt, and the ordi- T1, 

nates representing the E.M.F. of the form (~ 49, The 
v1, dt 

current thus obtained is called a sinusoidal current. Such 
a form is useless where a continuous current is re- 

quired; we shall therefore consider the method of con- 

verting this variable current into a continuous one. 

70. Rectification of dynamo currents.—A continuous 

current may be obtained in the following manner. Let 

the coil be cut at a point on the axis of the armature, and 
the ends connected to two semicircular metallic rings on 

the axis of rotation. The current may be collected by 

means of two brushes, each brush being placed so as to 

touch one ring of the commutator only so long as the 

current is flowing in one direction. By this means the 
current collected by each brush will be always in the 

same direction, but of an oscillatory character. If there 
are several coils on the armature, the sum of the currents 
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induced in all the coils will become more and more con- 

poet as the number of coils increases, since the phase of 

‘the current in each coil is different. This is the principle 

& the constant current dynamo. It does not give a 

"strictly constant current, but a slightly oscillatory one, 

which approximates to the constant current as the num- 

per of coils is increased. | 

71. Types of dynamos for producing a continuous 
4 "current. —The method of exciting a dynamo and the mode 
of winding it varies in different types. 

(1) Classification according to mode of excitation. 
The current which excites the electro-magnet may be 

derived from the induced current or it may be independ- 

3 ent of it. The former method, which is termed self- 

exciting, is the only one used in medicine. Of this there 

4 are three varieties. 
(a) Series excitation, where the whole of the induced - 

q current passes through the electro-magnet. 

(b) Shunt excitation, where a part only of the in- 
duced current passes through the electro-magnet. 

(c) Compound excitation, which consists of two dis- 

tinct windings to the electro-magnet, one in series and 

' the other a shunt. 
(2) Classification of dynamos according to the method 

a winding the armature. 

(a) Siemen’s winding, already described in par. 67. 
This method is not suitable for obtaining large dif- 

_ ferences of potential; the different wires bearing the in- 
duced currents are too close together where they cross 

one another at the closed end of the armature. 

(b) Gramme winding, in which the coils are wound 
“tound a ring which revolves between the poles, each 
coil being connected to one sector of a collector placed 
on the axis. Fig. 6. 
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(c) The drum winding in which the secondary wire © 

is wound on a series of cylinders fixed around the core 

of the armature. 

Fig. 6. 

72, Adjustment of the brushes.—The induced current 

is taken from the collector by means of copper collecting q 

brushes. If there were no self-induction, the brushes 

might be placed on the neutral line of the collector where 

the induced E.M.F. is zero. (68) 

Owing to the retardation due to self-induction the ; 

brushes must be placed behind the zero line, in order to © 

prevent sparking at each break of contact. 

This displacement from the neutral line is called the ' 

lead, and the angle which the line of the brushes makes 7 

with the neutral line is the angle of advance. 

73, Dynamos for medical use.—In sttidying the cure | 

rent from a direct current dynamo, we have to consider ~ 

its intensity I, the difference of potential at the terminals — 

V, and the electric power Vik: 

The rate of rotation of the armature, or its angular veloc- q 

ity, is measured in revolutions per minute." 

1The C.G.S. unit of angular velocity is the radian per second. — 

This is the velocity of a cylinder which revolves about its axis — 

through one radian in one second. The radian is the angle sub- — 

tended at the centre of a circle by an arc equal in length to the — 

radius of the circle. 

One revolution per second is equal to an angular velocity of Om 

27r 

radians per second, and one revolution per minute is Gj OF 1047 | 

radians per second. The practical unit of angular velocity, one 7 

revolution per minute, is therefore equal to .1047 C.G.S. units of 7% 

angular velocity. 

circuit is t 

q inte 

and varies with the power of the dynamo. ‘The internal 

energy tl XI, or thermic energy, is dissipated as heat, 
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; The E.M.F. driving the current through the secondary 

he sum of the external difference of potential V 

and the fall of potential in the induction coil itself. This 

rnal fall of potential rI occurs in all electric generators 

causing an increase in the temperature of the generator. 

+ ePerl <°. : : 
= The ratio T, i.e., the ratio of the internal fall of potential 

to the total electromotive force, and therefore also the ratio 

of the internal power to the total power, is generally about 

06 for a dynamo of 2000 watts, .055 for one of 4000 watts, 

_ and so on, decreasing as the power of the dynamo increases.. 

From this it follows that, having calculated the theoretical 

electromotive force of a dynamo with N turns in the sec- 

ondary coil, having an angular velocity » and magnetic flux 

@, we must deduct a variable fraction of the value thus 

obtained in order to determine the available voltage. 

The medical electrician does not, as a rule, need to trouble 

himself with these theoretical calculations. He need only 

remember that the induced E.M.F. is proportional to N 

the number of turns in the winding of the armature, to o 

the angular velocity, and to ® the flux of magnetic force 

through the circuit.? 
a 74. Choice of a dynamo.—The first point to consider 

_ when choosing a dynamo is the maximum power which it 

will be required to furnish. To determine this we first find 

the maximum voltage required. : 
Thus if it is to be used to drive a 15- to 20-inch Ruhm- 

1 For details of dynamo constants, the reader should consult Hos- 
pitalier’s “le Manual de 1|’electrician.” 

The emul for the E.M.F. is | 
__ No. @_,-g volts for induction coils with windings 1 

ee Gp ae parallel. ae 
7 ING Gs: a 2 zo 2 

where p is the number of sections on the commutators, 

0-8 volts for coils wound in series. 
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the variation in the electric efficiency, which is about 75 % 

in a 1000 watt dynamo, and rises to 827% in a 2000 watt 

dynamo. 

In order to drive a 1000 watt dynamo (about 1.33 horse 

power) the motor must have a power of at least 1000 X ee 

watts, nearly 1660 watts, or 1.66 poncelets. 7 

_ With smaller machines the power of the motor must be 

double or even triple the number of watts furnished by the 

dynamo. | 

Instead of the poncelet, which is 100 kilogramme-metres 

per second, manufacturers usually use the horse power of 

75 kilogramme-metres per second as the unit of measure- 

ment of power. One horse power is .75 poncelet, or 750 

watts, and one poncelet is 1.33 horse power. . 

Since the efficiency of small motors is very variable we 

should be guided by the maker in the selection of a motor 

of suitable power. 

5. THE USE OF THE CONSTANT CURRENT FROM THE PUBLIC 

MAINS FOR MEDICAL PURPOSES. 

76. Form of the continuous current supplied from 

the mains.—Like all currents generated by dynamos, the 

current from the public mains is not strictly constant. In 

a diagram of the current the intensity will not be repre- 

sented by a straight line parallel to the time axis. 

It approximates, however, very closely to the constant 

current form, in consequence of the large number of wind- 

ings on the armature used. Such a current may, therefore, 

be used for galvanisation. 

77, The constant current from the. mains.—The con- 

tinuous current from the public main may be used for gal- 

vanisation either directly or indirectly. | 

78. The direct use of the public supply for galvanisa- 

tion.—There are several objections to the direct use of the 
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j current from the mains for galvanisation. Some of these 

have already been mentioned in paragraph 64. ‘To these 

Bm must be added the danger of short circuiting from the elec- 

‘ trode to earth through the patient’s body. It is, therefore, 

absolutely necessary to insulate both patient and operator 

"from the earth by a wooden stool with glass feet, or some 

j such means. | 

79. Indirect use of the constant current mains.—The 

continuous current from the mains may be used indirectly 

' for galvanisation in several different ways. 

(1) It may be used to charge the accumulators for the 

~ supply of the galvanic current for medical purposes. (52.) 

(2) It may be transformed into a continuous current of 

{ jower voltage. For this purpose a small dynamo is used, 

_ driven by an electro-motor supplied from the mains. This 

_ method has been described in paragraph 64. 

Since the dynamo is required only for the production of | 

a galvanic current, it should be of small power. The maxi- 

mum voltage required is about 40 volts, and the maximum 

current 250 milliamperes. 

(3) The galvanic current may also be obtained from the 

continuous current mains by using a direct transformer in 

 hieu of a motor and dynamo. 

A transformer consists of an armature with two wind- 

ings, one of which receives the current from the mains, 

: while the other supplies an induced current of low tension. 

The lightness and cheapness of this apparatus, and the 

_ absence of sparking make it a very convenient mode of 

_ obtaining a galvanic current. 

80. Use of the alternating current main for produc- 
‘ ing continuous currents.—In order to use the alternating 
supply for the production of a continuous current, the alter- 

“hating current must be rectified either by accumulators or 
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The same considerations teach us to use thick wires for 

supplying the current to electric cauteries, lamps, etc. 

84. Intensity of currents in parallel circuits—Use of 

resistances. When a circuit is completed by means of 

two conductors connected in series, the total resistance is 

equal to the sum of the resistances of the two conductors. 

When the circuit is completed by two conductors which 

are connected together at both ends, the conductors are said 

to be connected in parallel, In this case a portion of the 

current passes through each conductor. 

The intensity of the current in either branch is given 

by I = where Viis the difference of potential between 

the ends of the conductor and R the resistance of the con- 

ductor under consideration. 

The total current in the circuit will be the sum of the 

currents in each branch—that is to say, the circuit will act — 

like a single circuit with a resistance less than the resist- 

ance of either branch. 

In this way an equivalent resistance may be found which 

will replace the series of parallel conductors. 

85. Calculation of equivalent resistances. —The cur- 

rent passing through the various branches of two or 

law 

hence the total current 

aN Eas Gag 8 A Bee tel Ne +2 ae 

The equivalent resistance is the a resistance which 

may be substituted for the set of conductors without 

altering the current. If R be this resistance 

more conductors connected in parallel is found by Ohm’s © 
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Vy a 
Re V(=r) 

a I 
R eee ee de and therefore 

7—ilt 

Fig. 7. 

The reciprocal of the equivalent resistance is equal to the 

sum of the reciprocals of the resistances of the different 
branches. 

86. Lines of flux in a broad conductor.—When a cur- 
rent passes from a filiform conductor, such as a metal wire, 

into a conductor of considerable thickness, such as the 

human body, it spreads out. The lines of flow spread out 
around the direct line, joining the two points of juncture 
with the wires, becoming further apart and therefore less 
dense as they get further from these points, (Fig. 8.) 

The current will produce its greatest effect on the body 
at the points of application of the wires, where there is the 
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greatest intensity per unit of cross section. This’ ‘energetic 4 

action at the points where the current enters and leaves the @ 

body is called the polar action of the current. 

87. Conductors for medical galvanisation—The con- 

ductors employed for galvanisation. should be such. that the 
fall of potential along them may be as small as ‘possible, 

and therefore their resistance should be small compared 
with that of the body. / 

The resistance of a conductor varies directly as its length, 
and inversely as its area of cross section, Thin wires may, 

therefore, be used when only short conductors are required, 

but thick wires should be employed when the conductor is 
long. : 

All metals are not equally good epidacors The 
specific resistance, or resistivity of a metal, is the resistance 

of unit length of a bar of that metal of unit cross section. 
The resistivity of a een metal varies with the tem 

perature. 

If p, be the resistivity at 0°, and p the resistivity ata 
temperature 6, we get apeominitcls po = pO (1 + a6) 

where a is the coefficient of temperature and varies with 

the metal considered. 

The conductivity of a metal is the reciprocal of its _ 

Soe ote I : 
resistivity om The conductance of a conductor is the 

° ° D } 5 I 

reciprocal of its resistance — 
R ae 

88. Choice of conductors.—There are two cases to be 

considered. | 

(1) We may desire to connect a distant generator of 

electricity to some intermediary apparatus placed close 

to the patient, such as a current reducer, a rheostat or a 

current collector. ; 
(2) A flexible conductor may be required to connect 
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3 ie Fe eninals of utilisation to the electrodes which are 
applied to the patient. 

In the first case we have merely to supply an adequate 

path for the current; in the second, flexibility, Mises 

and convenience are also to be considered. 

89. Electrophores.—No fixed rules can be giver for 

- the conductors used to connect different pieces of 

q apparatus. } | 

Copper wire I mm. in diameter has a resistance of 2 

ohms per hundred metres and weighs 700 grammes per - 

joo metres, or about 14%4ib per 100 yards. This will 
serve aS a useful basis from which to reckon. Suppose 

we wish to pass a galvanic current through a minimum. 

- resistance of 100 ohms, with a maximum current inten- 

sity of 200 milliamperes, and that the generator is 50 

metres from the patient. 
Since V = IR, the difference of potential V at the ter- 

minals of the generator will be (100+2) ohms X.2. 

amperes — 20.4 volts, if we are working with primary 

cells and a collector, and without any adjustable resist- 

ance so that there is no resistance besides that of the 

wires and the patient to be accounted for. 
The difference of potential V” at the points of utilisa- 

tion will be given by 

: eae 

and will therefore be 20.4 xX = 20 volts. The fall 

of potential in the leads will be .4 volts per hundred 

metres. : 

The diameter of the wire employed will vary with the 

: length required and with the resistance of the other por- 
tions of the circuit. As a rule it is better to use thick 
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wires, those used for movable electric lights are a very 
convenient size. 

The insulation of the conductors is of great importance 
In moist situations such as cellars, etc., cotton or silk 
should not be used as an insulating material. Vulcanised 
rubber is the best substance for such use. When the 
conductor is placed underground, a lead tube should be 
employed in addition to the insulating material. 
The most elementary precautions of insulation are 

often neglected on the plea that the difference of poten- 
tial is small and the currents weak. The loss from such 
causes may nevertheless be considerable. There is also 
a danger that badly insulated wires may come into contact 
with the wires of the electric light service, or other high 
potential wires. Insulated wires should always be used, 
and if of any great length, they should be protected by a 
wooden moulding. Where several different conductors 
are placed close together, as in passing through a hole 
in a wall, the leads should be insulated with rubber tub- 
ing as carefully as if they were wires of high potential. 
Many accidents would be avoided if these simple pre- 
cautions were employed. 

90. Flexible conduevord=“ FiLHb ie conductors are 
made of metallic braid, or of several fine copper wires 
covered by some insulating material, the ends being 
soldered to a suitable contact piece. Flexible conductors 
are very liable to break, and when there is an interrup- 
tion of the current, the flexible conductors should always 
be examined first. — 

QI. Resistance.—Rheostat.—Potential-reducers.—Ex- 
cept in the case of a galvanic battery with a current col- 
lector, the strength of the current.is usually regulated 
by means of a variable resistance introduced into the 
circuit, 
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Two methods of introducing a resistance into the cir- 

cuit are shown in Figs. 9 and Io. : 

i 

R e 

Fig. o. i Fig. Io. 

‘The resistance may be simply connected in series with 

the circuit of utilisation, as in Fig. 9. This is the ordi- 

nary rheostat arrangement. 

In the potential reducer arrangement, shown in Fig. 10, 

the resistance only is introduced into the main battery cir- 

cuit, and the circuit of utilisation is joined up in parallel 

with the resistance. 

These distinctive terms, potential reducer and rheostat, 

though commonly used in medical electricity, are not 

altogether satisfactory, since the result in both cases is to 

diminish the difference of potential at the terminals of © 

utilisation and the term rheostat is often used for any 

form of adjustable resistance. 

In the application of a galvanic current to the human. 

body, the use of the potential-reducer is much to be pre- 

ferred. 
When the rheostat arrangement is used,* the intensity 

*Let R, be the resistance of the body. 
__E, the E.M.F. of the generator. 

r, the internal resistance of the generator. 
rh, the resistance of the rheostat in series. 
D> the resistance of the portion of the potential-reducer in parallel 

with the circuit of utilisation in Fig. 10, 
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of the current passing through the body will be given by | 
ee 

=F pth PR 
In order to pass gradually from zero up to a current of 

I milliampere by merely varying rh, rh must be indefin- 
itely large. This is very difficult to obtain when the-rheo- 
stat consists of wire resistances. 

By using the potential-reducer, however, the current 
I passing through the patient’s body is a a fraction of 
the total current I, 

fa jes 
oR ae 

The total current is itself the quotient of E by the sum 
of the internal battery resistance r,, the external resist- 
ance rh,, and the equivalent resistance of the two con- 

ductors in parallel 

The advantage of this ee is that we can gradually 
increase the current through the body from zero to 1 
milliampere by altering p sufficiently to increase the 

fraction _? | of the current which passes through the 
P 

body, instead of having to alter the total current. 

The portion of the current passing through the resist- 
ances in the parallel circuit is of course wasted; this is, 
however, of no practical Ge guaiee: 
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| 92. Rheostats .—Rheostats or variable resistances 

may be either metallic or liquid. In Lewandowski's 

rheostat the resistance is formed of a tapering bar of 

graphite. 

Liquid rheostats are more generally employed. In 

that devised by Duchenne of Boulogne, the resistance | 

consists of a long tube filled with water. One rheophore 

4g connected to the bottom of the tube, and the other is 

attached to a movable rod which dips into the liquid to 

any desired depth. 

In Bergonié’s model a very high resistance is obtained 

by employing as electrodes carbon rods terminated by glass 

capillaries through which the conducting liquid has to 

pass. This instrument is very useful for medical galvani- 

sation, where it is important to avoid a shock on starting the 

current. The U-shaped rheostat, designed by Bergomé and 

Bordier, is on the same principle. In order to alter the 

resistance the U-tube is raised or lowered, the electrodes 

trodes remaining fixed. 

93. Potential-Reducers.—These may be either liquid 
q or metallic. Gatffe’s circular metallic potential-reducer is a 

convenient form. 

The instrument should be so constructed that when the 

current in the circuit of utilisation is zero the useless cur- 

rent passing through the resistance shall be also cut off. 

94. Instruments for measuring galvanic currents.— 

The instruments required for measuring the galvanic cur- 
rent are the voltmeter and the milliamperemeter. In ex- 

ceptional cases we may also require apparatus for meas- 

uring the resistance. 

The resistance of the human body is measured by a 
special process described in paragraph 257. 
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95. Measurement of current—Galvanometer—Electro- 

dynamometer—Milliamperemeter—When an _ electric 

current passes along a conductor parallel to a magnet, the 

magnet tends to place itself at right angles to the current, 
in such a manner that the north pole of the magnet will be 

on the left side of the current. (Ampere’s law.) 

If the magnet be so suspended that there is a constant 
mechanical force tending to restore it to its original posi- 

tion, the amount of the deviation will be a measure of the 

current passing in the wire. The galvanometer is an instru- 
ment in which this repulsion between a current and a mag- 

net is made use of in order to measure the current. In the 

original form of galvanometer the circuit was fixed and 

the magnet movable. ‘The oscillations of the magnet 
needle caused this method to be abandoned in favour of a 
fixed magnet. 

Aperiodic galvanometers are now used, in which the 

Wire carrying the current is wound round a frame which 
rotates about a fixed magnet. An index attached to this 

frame shows at once the number of amperes or milliam- 
peres without any preliminary oscillation. 

An electrodynamometer is an instrument in which the 

fixed magnet is replaced by an electric circuit wound as a 
solenoid. The movable circuit is arranged in the sar 
way as in the galvanometer and is connected in series with 
the solenoid so that the current to be measured passes 

through both. The solenoid will change its poles as often 
as the current changes its direction. The deviation will 

thus always be in the same direction whichever way the 

current flows. An electro-dynamometer is, therefore, capa- 

ble of measuring an alternating current. 

The milliamperemeter is a very delicate aperiodic gal- 

vanometer or electro-dynamometer constructed to measure 

~— 
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thousandths of an ampere. It is usually graduated to 

measure from I to 75 milliamperes. 

Some instruments are provided with a shunt by means 

of which a current up to 250 milliamperes may be meas- 

ured. The shunt is a resistance placed in parallel with the 

movable coil, so that 4-5 of the current will pass through 

it, and only 1-5 through the coil. 

When the shunt is in use the total current will, there- 

fore, be five times as great as that registered by the index. 

In some instruments two different shunts are provided. 

96. Measurement of difference of Potential—V olt- 

meter.—Differences of potential in a galvanic circuit are 

measured by means of a voltmeter. A voltmeter is a gal- 

yanometer or electro-dynamometer of very high resistance, 

introduced in parallel with the main circuit, and connected 

to the two points whose difference of potential it is desired 

to determine, 

AR 
Fig. 11. 

In Fig, 11 E.r. is the galvanic battery and mh the body of 

the patient. The circuit pmhh'n consists of three parts, 

the conductors pm, h’n, whose resistance is negligable ; 

the body of the patient, mh, and the milliamperemeter A. 

The fall of potential along the circuit will be irregularly 

distributed in accordance with the varying resistance of 

i at cea ES TT EIT —- -- 

aot oeeetiieeeteatieel 
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its several parts. The difference of potential to he meas- 
ured is that between m and h. The voltmeter is, therefore, 

introduced into the circuit between these two points, as 

shown by the continuous lines in the figure. 
The act of introducing the voltmeter will in itself dimin- 

ish the difference of potential between m and h, for the cur- . 

rent now has two routes of resistances R and p’, where 

originally it had but one, R. 3 

The difference of potential was originally 

_ This now becomes E 

ne ne Seg 
—— p’ an 

The quantity by which the potential difference is dimin- 

ished will decrease as p’, the resistance of the voltmeter 

circuit, increases. 

When p’ is infinitely large Pp becomes 0 and the 

difference of potential will be unaltered by the introduction 

of the voltmeter. : 
Even with a voltmeter of 10,000 to 20,000 ohms’ resist- 

ance, the change of potential due to its introduction is con- 

siderable. We are unable in medical work to use the volt- 
meter as is often done under other circumstances, by intro- 

ducing it into the circuit, reading the voltage, and then cut- 
ting it out again. The resistance of the human body is of 

the same order as that of the voltmeter, and when the volt- 

meter is cut out there is an instant rise of potential between 

the terminals of utilisation. oe 
An amperemeter placed at A will indicate the total cur- 

rent, only a portion of which passes through the patient’s 

body, the remainder passing through the voltmeter only. 
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The portion passing through the body will be a fraction of 

hole represented by —“.. the w Pp y re 

In order that this fraction should approximate to unity, 

»’ would have to be infinitely large compared with R. 

This is impossible when R is the human body, even if we 

have a voltmeter of 20,000 ohms’ resistance, such as that 

used by Bergonié. 

To remedy this defect we may connect the voltmeter to 

the points m and h’. In this case the milliamperemeter will 

give the true current, but the voltmeter will no longer give. 

the true voltage between the terminals of utilisation, but 

will indicate the total difference of potential between m 

and h’; i.e., the fall of potential in the patient’s body plus that 

in the amperemeter. I (R-+p). 

In medical galvanisation there is no method of measur- 

ing both the voltage and the amperage accurately. Even 

when the resistance of the milliamperemeter is very low and 

that of the voltmeter very high, 10,000 to 20,000 ohms, the 

two measurements when taken together will be inexact. 

When we have a voltmeter in the circuit we must be content 

with an approximate measurement of the current by means 

of the amperemeter. 

The milliamperemeter in general use has a resistance of 

6 to 3 ohms when the shunt is in use, and 3 to 5 ohms 

without the shunt. 

In consequence of the impossibility of determining I 

and V simultaneously, we are unable to calculate the 

resistance of a body by the direct application of the 

etormula R= MU of Ohm’s law. All we can do is to cal- 
I 

culate the total resistance of the portion nh’ of the circuit, 

and subtract from this the known resistance of the milli- 
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THE FARADIC CURRENT. 

I. General Considerations. 

99. Definition —A faradic current is the current in- 

duced in a conductor when placed in a magnetic field, the 

strength of which is rapidly alternating between its maxi- 

mum value and zero. 
| 

The faradic current was discovered by Faraday, in 1831. 

It is usually obtained by means of the induction coil in- 

vented by Ruhmkor#f in 1851. 

100. The Ruhmkorff coil—This instrument is shown 

in Fig. 12. The primary or inducing coil is a coil of thick 

8 

Fig. 12. 

insulated copper wire wound spirally round a core of soft 

iron, or a bundle of soft iron wires. NN’. 

Around this primary coil is wound the secondary coil of 

thin insulated wire. 
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A current from a source of electricity, A, is passed 

¢hrough the primary circuit and is suddenly stopped and 

restarted at regular intervals. 

_ These periodic interruptions are made automatically. One 

Boe the simplest means of doing this is shown diagram- 

"matically in Fig. 12. 

When the two parts of the interruptor I are in contact the 

current passes through the primary circuit, magnetising 

i NN’ which attracts the iron hammer M and thus breaks the 

“contact; M ‘s then brought rapidly back to its original posi- 

tion by the spring R, contact with I is re-established and 

the process is repeated. 

q {I. Production of a faradic current in an induction coil. 

ie 

jor. Theory of the magnetic circuit and the magnetic 

“feld.—The magnetic flux in a magnetic circuit is analo- 

gous to the electric flux in a conductor of electricity through 

which a current is passing. 

The magnetic vircuit is the term applied to any metallic 

system which includes a magnet or an electromagnet. An 

‘ordinary horseshoe magnet and its armature forms a simple 

“magnetic circuit. | 

_ Even when there ‘5 no armature we still speak of a mag- 

“netic circuit, the armature being replaced by the layer of 

air between the poles, through which the lines of force pass 

q to complete the circuit. 

A magnetic circuit is said to be closed when it is entirely 

composed of. metal. It is said to be open when there is an 

_ air space in the circuit, or a gap in the magnetic ring. 

_ Abar magnet, or the core of a Ruhmkorff coil, forms part 

of an open magnetic circuit, the lines of force spreading 

out at the ends and bending back to join and close the cir- 

cuit in the surrounding air. 

The whole of the space, whether metallic or non-metallic, 

5 

: 
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which is traversed by lines of magnetic force, is called the 
Magnetic Field. ‘ 

Fig. 13.—Lines of magnetic force in a magnetised bar and in the 
surrounding air. 

102. Laws of the Magnetic Circuit.—In any magnetic 

circuit, whether closed or open, the lines of magnetic force 

form closed curves. The magnetic flux along these lines of — 
force is analogous to the electric current. 

There is also a magnetic resistance of the circuit termed 

its reluctance, which is analogous to the resistance of a, 
conductor of electricity. 

The magnetic flux is caused by a magnetomotive force, 

just as the flow of the electric current is caused by an elec- 
tromotive force. 

These three quantities: riaeneromorive force F, mag- 

netic flux ®, and reluctance Rare related to one another by 

q ‘bility. 
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1 the equation ® te which is analogous to the equation 

' l= zp of Ohm's law. 
R 

The unit of magnetic flux is the Maxwell, that of mag- 

7 neto-motive force is the Gilbert, while the unit of reluctance 

is alg an Oerstedt. 

I maxwell = eee 
I cerstedt 

The reluctance of a magnetic circuit is proportional di- 

rectly to the length of the circuit, and inversely to its cross 

section and its magnetic permeability. 
The magnetic permeability is a property of the particu- 

Jar substance of which the circuit is made. The reluctivity 
of a substance is the reciprocal of its magnetic permea- 

103. Generation of magneto-motive force—Electro- 

magnets.— The usual method of generating magneto-mo- 
tive force is to pass an electric current through a wire sole- 

noid surrounding an iron core. © 

The magnetic force generated in the iron core is propor- 

i tional to I the strength of the electric current, and to n 

_ the number of turns of wire in the solenoid. 

If I is measured in amperes, the magneto-motive force in 

gilberts is given by ==. Avorn: 

The product nI is termed the number of ampere-turns 

in the system. 

The magnetomotive force generated by one ampere- -turn 

is .47. The magnetic flux # measured in gilberts is, 
therefore .47 times the number of ampere-turns. One 

: gilbert is thus .4r ampere-turns, and one ampere fury is 

47 gilberts. 
In practice we do not measure the magneto-motive force 

_ by means of its proper unit, the gilbert, but by the ampere- 
_ turn, a unit which belongs to the generator of the force. 
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induces a current of self-induction in the primary circuit as 

well as an induced current in the secondary circuit. 

From Leng’ law it follows that these two induced currents. 

will tend to cause a flux of force in the core in a Dactiom 

opposite to that of the original flux. 

We require to study the character of this ona flux, 

in order to estimate the retardation it will cause in the 

primary increase of magnetic flux. 

When the primary circuit is broken, the suppression of the 

magnetic flux induces a current in both circuits in the same 

direction as the current in the primary. This induced evrtra 

current in the primary will spark across the gap of the 

interruptor, causing the spark of rupture or the extra cur- 

rent spark. 

While this spark is passing it acts as a conductor across 

the gap of the interrupted circuit, thus prolonging the 

duration of break. As the resistance of the spark is un- 

known, it is impossible to know how the magnetic flux 

varies during its passage. 

107. Character of induced currents.—In order to un- 

derstand the formulz which apply to induced currents, we — 

must consider several factors. 

(1) Factors relating to the electrical induction produced 

in a conductor by a variable magnetic field. 

The quantity of electricity forced round the circuit is pro- 

portional, directly to the change in the magnetic flux and 
1 

inversely to the resistance of the circuit; a ae 

® and ©’ being the value of the flux before and after the 

change, both measured in the same direction. 

The electromotive force driving the electricity through 

the conductor is a function of the rate of change of the 

d®& 
flux of force. E = aE 
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The intensity of the current is given bys , and there- 

fore 

ees eal 
R dt 

These three formule express algebraically what has 

already been stated in par. 102. 
(2) Factors relating to the current induced im one circuit 

by a current passing through a neighbouring circuit, 1.e., to 

the phenomenon of mutual induction. 

The induction developed in a straight wire by a cur- 

rent passing through another wire parallel to it, is com- 

pletely analogous to induction caused by a magnetic 

fleld. This will be readily understood when we realise the 

identity between a bar magnet and a solenoid, and then 

regard the straight wires as a portion of one turn of the coil. 

Let I be the intensity of the primary current circulat- 

ing through one of the wires, and © the flux of magnetic 

force intercepted by the second wire. For a given pair 

d®é 
of wires the ratio — will be constant. In other words 

a change dI in the primary current will always produce 

_ the same change d® in the intercepted flux. 
Ds ae : 

This ratio, ar’ 8 the coefficient of mutual imduction 

of the system of wires, and is represented by the symbol 
_ d® 

Pm a GEE | 
The quantity of electricity induced in the second cir- 

3 
a ae : 6—® 

cuit is given by , so that as the flux changes 

from zero to a maximum or vice versa, the quantity of 

electricity induced is given by QO oe I 

A knowledge of the coefficient of mutual certo hb 1S 
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of great importance in the construction of induction coils, 
In many cases this coefficient can be calculated from the 

dimensions and position of the wires. : 

For two parallel wires of length 1, with a distance d be- 

tween them, the coefficient of mutual induction is given by 

Be = af tog, soo ees | : | 

For two equal parallel circles of radius r, separated by a 
distance d 

ia Aer og, — tr — 2.45 

For two concentric coils, the external coil being of N 
turns and length 1, and the internal coil of N’ turns and with 

a sectional area S’. 

4aNN’S’ 
Se i 

(3) Factors due to self-induction, i.e., to the mduced 
current produced in a circuit by IESE in the current cir- 
culating in that circuit. 

The coefficient of self-induction L, is the ratio: of the 
variation of flux intercepted by a circuit to the variation of 

intensity of the inducing current in that circuit, Ls = — 

For a linear conductor of length | and radius r 
~ 

1 logs 2 76 
For a solenoid of length 1, and cross section S, with one 

layer of N turns, anN?2S 

Saale: 
The practical unit of mutual induction and of self-induc- 

tion is the Henry, which is equal to 10° C.G.S. units. It is 
the induction in a circuit of which the induced E.M.F. is 1 
volt, when the inducing: current varies at the rate of I am- 
pere per second. 
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108. The time constant of an induction coil—There 
is one constant of a Ruhmkorff coil which medical elec- 
tricians will find of great importance. This is the time con- 
stant, the ratio of the coefficient of self-induction of the 

primary to its resistance = . When the primary circuit 

is closed the self-induction in the primary and the induced 
current in the secondary both tend to oppose the increase of 

the magnetic flux, and thus delay the starting of the induc- 

ing current. Considering only the retardation due to self- 
induction, we can determine approximately the duration of 
the change of flux during “make.” For this purpose we 
may use Helmholtz formula for If, the strength of the cur- 
rent at a time after the closing of ie circuit. 

, E nes Ro t 
i, == al I—e- ee } 

In this formula R, the quotient of the E.M.F. by the re- 
sistance, gives the maximum strength of the current when 

it has attained a steady state. 
L, is the coefficient of self-induction of the primary in 

Henrys, t is the time which has elapsed since the closure 

of the circuit, and e is 2.7183, the base of the Naperian loga- 

rithms. | 

From this formula we see that the greater the coef- 

ficient of self-induction L, the smaller will be the term 

[re = and therefore the greater will be the 

time required by the current to reach its maximum 

value = . On the other hand, with the same selt-induc- 

tion, the greater the resistance R, the shorter is the time 

required for the current to attain its maximum value. 

1 Note. For further details see Hospitalier, Manuel de !’Electricien, 
ee { 
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The point of importance is that for every circuit there is _ 
a certain definite time required for the current to increase 

from zero to a given fraction of its final value, and this 
time will always be the same whatever the final value of the 

current employed may be. | | 

For any one coil then we may determine the time required — 
for the current to reach = of its maximum value; 3 being 
any fraction we choose. The fraction used in practice is 
.6343, for this is the value of 

For a given induction coil then, the question resolves itself 
into this. What is the time required for the current to in- 
crease from zero to the value for which 

E f 

cere 

R 

This time will be Wee since it is the value for which 
bd 

a = Ie This value a is called the time constant of the 

8 

coil. 

109. Forms of the induced current.—The induced cur- 
rent has two phases. In the first phase, the current at “make,” 
it is in the opposite direction to the inducing current; in the 

second, the current at “break,” it is in the same direction. 

(Lenz law.) In all electric transformers, and also in induc- 

tion coils, the electromotive force in the two coils is approxi- 

mately proportional to the number of turns in each coil. 

If the secondary coil has 500 turns and the primary coil 50 

turns, the induced E.M.F. will be approximately 10 times 

that of the inducing current. 

Fig. 14 shews values of the electromotive forces. The 

thick line represents the E.M.F. of the primary current, 
We 
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while the dotted line e« shows that of the induced current. 

The thin line o is the E.M.F. in the primary due to self- 
induction. 

Fig. 15 is a diagram of the ordinary faradic current on a 
larger scale. It differs from the foregoing in the length of 

fo 

8 

i] 

a2 

time during which the primary current remains constant. 
The duration of this period increases with the slowness of 

vibration of the interruptor. 

Large coils are usually furnished with condensors to sup- 



= 

: 23 s - | 

zee | 
ie | 

sil) | 

i 
: i 4 | 

MB am aA i 8 it yd gla a | Den a ola a BA le Re ay a tee Se be Le Bt ht — 

a oe — 

= owes sd nih tathiiten ath = = Soe SSS = 

6 PART I-—-CHAPTER Ii 

press the extra current spark. (106.) When the condensors 

are used there occurs in the primary circuit, at the moment 

of break, a series of synchronous oscillations of period 

2nr\/LC (where L is the coeff. of self-induction and C the 
capacity of the condensor). These oscillations, which rap-— 

idly die down, are reproduced in the secondary circuit. | 

III. Technique of Faradisation for the Medical Electrician. 

110. The Induction Coil—The induction coils em- 
ployed for the production of a faradic current for medical 

purposes are of the type represented diagrammatically in 

Fig. 12, page 64. , 

They may be driven by primary cells or accumulators, or 

from the electric mains. | 
In order to avoid the production of Foucault currents the 

solid iron core is usually replaced by a bundle of iron wires. 
There are various forms of interruptor of the “trembler” 

type in which the rate of oscillation can be regulated at 
will, We need not enter into further details of their con- 

struction. 
The intensity of the induced current may be regulated in 

two ways. A sledge coil may be used in which the sec- 
ondary coil slides over the primary, or an adjustable metal 

cylinder may be employed as a shield between the two coils. 

We will now turn our attention to the various methods of 

exciting and of regulating the induction coil. 
111. Mode of excitation of an induction coil.—(1) 

Special batteries—Portable Ruhmkorff coils are generally 
supplied with small bichromate cells, containing a liquid 

composed of 
Potassium bichromate |... ». .: -;100 erammes 
SULPNUcIC acid... ae, COO, PhaMminess 
NVC a Oe 800 grammes 
(2) Galvanic Batteries—lIt is not advisable to use the 

same batteries for the induction coil and to furnish the gal- 
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vanic current for medical purposes. It will be found very 

unsatisfactory to drive the coil by the current from a few 

cells of the galvanic battery, since their capacity is but 

small, and it is well to avoid using the cells of a battery 

unequally. If, on the other hand, the whole number of 

cells is used and the current cut down by means of the cur- 

rent-reducer, the greater portion of the current will be 

wasted. It is both simpler and more economical to employ a 

special battery for driving the coil. | 

(3) Accumulators.—Accumulators are well adapted for 

use with an induction coil. There is, however, the incon- 

venience of recharging them, and even an accumulator of 

small capacity is of considerable weight. 

(4) Battery of Accumulators—The coil may be conve- 

niently driven by the battery of accumulators used for sup- 

plying the galvanic current. It is, however, better to have 

two batteries, one for the coil and the other to supply the 

galvanic current. These may be charged at the same time 

by using a suitable system of commutators. 

(5) Continuous current supply.—lt is very convenient ta 

drive the induction coil from the continuous current main. 

The current is passed through a 60-candle power lamp, of 

through three 24-candle power lamps in parallel. The cur: 

rent then passes through a rheostat of 2 to 5 ohms’ resist: 

ance, placed in parallel with the induction coil. This ar- 

rangement is that of the potential reducer; by its use the 

extra current spark is almost entirely suppressed. 

112. Mode of regulating the faradic current—The 

intensity of the induced current is regulated by altering the 

strength of the magnetic field inside the secondary coil. This 

may be done in two ways. 

(1) By employing the du Bois-Reymond sledge coil. 

The secondary coil can slide in a direction parallel to its. 
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axis, so as to surround the primary coil either partially or 

entirely, thus varying the intensity of the magnetic field | 
within the coil. 

(2) By inserting a movable metallic cylinder ekg eee the 

two coils. In this cylinder Foucault currents will be pro- 

duced, i.e., induced currents which are entirely confined to 

the metal cylinder itself. The energy absorbed by these 

eddy currents is dissipated as heat. By interposing such a 

screen between the coils we diminish the magnetic induction 

in the secondary. The induced current will be a minimum 

when the inner coil is entirely covered by the screen. 

113. Bergonié’s apparatus for rhythmic faradisation.— 

Faradic currents are employed to produce a sort of muscular 

gymnastics resembling the normal physiological contraction. 

When the faradic current is suddenly turned on it is found | 

that the muscular contraction is more forcible than volun- 

tary contraction. The muscle thus soon becomes fatigued 

if the application is prolonged without intermission, Ber- 

gonié has, therefore, devised an apparatus which produces a 

faradic current which will not cause this excessive fatigue. 

The current gradually increases in strength up to a given 

value, remains constant for some time at that value, and 

then gradually decreases again to zero. This process is 

repeated periodically. 

The rhythmic variations are obtained by passing the 

secondary current from an induction coil through a 

_ rotating rheostat, which gradually decreases the resis- 

“tance in the circuit from infinity to a given minimum, 

keeps it at the minimum value for a certain time, and then © 

increases it again to infinity. Another method may be 

employed for the same purpose; we may use a sledge 

coil which is made to oscillate backwards and forwards 

rhythmically. 

THE FARADIC CURRENT "79 
* 

114. Watteville currents. Galvano-faradisation. — 
It is sometimes desirable to combine the galvanic with 

the faradic current. This may be done by introducing 

ia) ]t | 

Fig. 16 

an induction coil into the galvanic circuit, the secondary 
circuit of the coil being connected in series with the 
galvanic circuit. It should be joined up so that the 

AB 

Fig. 17,—A.B. Terminals of utilisation. 
_ Position 1. Faradic current only. 

2. Galvanic current only. 
3. Galvano-faradic current. 

&é 

principal current, the current of break, is in the same 
direction as the galvanic current; the positive pole of the 
battery being connected to the negative pole of the 
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secondary and vice versa. The electrodes, A B, Fig. 16, 

may be inserted at any point in the circuit. 

To avoid the danger of connecting the wires up 

wrongly, a combined apparatus such as that designed by 

Watteville is generally use. (Fig. 17.) 

The switch can be moved so as to give a simple faradic : 

current, a galvanic current, or a galvano-faradic current. 

Galvano-faradic currents are occasionally employed 

with the two currents opposed, i.e., with the current of 

“break” in the opposite direction to the galvanic current, 

CHAPTER IIf. 

SINUSOIDAL CURRENTS.—_UNDULATORY CURRENTS. 

115. Definition—When a metallic circuit, such as a 

: Giemen’s coil (67), revolves with uniform velocity in a 

magnetic field, the current collected by the brushes is 

sinusoidal, 1.e., the intensity of the current is proportional 

to the sine of the angle between the plane of the coil and 

! 

Fig. 18. ‘ Fig. 19. 

Sinusoidal current. Undulatory current. 

the line of commutation (67). A similar current which 
does not change in direction is called an undulating cur- 

rent. 

The nature of these currents will be more readily 

grasped if the following simple method of producing 
‘them is studied. 

In Fig. 20, E is a tube filled with water, with two elec- 

trodes, P and N, one at the top and the other at the bot- 

tom of the tube, which are connected to a battery. 

a and b are another pair of electrodes, one of which, 
a, is fixed, while the other, b, is moved up and down by 
an insulated rod T, attached to an eccentric B, moved 

by the wheel R. 

6 
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In the first place let a be placed midway between — j sine (w -+ K), where K is a constant depending on the posi- 
and N, and level with the middle point of b’s path, 7 : tion of a. 

Since the fall of potential between P and N is uniform, — s In the first position of a we get an alternating sinusoidal 
it is evident that the difference of potential between a and 3 current; in the second position we get an undirectional un- 

b will be approximately proportional to the sine of o, the ff dulatory current. | . angle which the crank moving B makes with the horizontal. 2 _ These currents were first introduced into medicine by 
4 Prof. d Arsonval. : 

_ 116. Generators of sinusoidal and undulatory currents. 
—Sinusoidal and undulatory currents may be obtained by 
means of apparatus with a variable resistance, working on 
the principle described above (115). They may also be 
produced by the use of Leduc’s oscillating rheostat, but as a 
rule magneto-electric machines or dynamos are used, such as 
those designed by Bergonié and d’Arsonval. Bergomeé’s 
machine consists of a double hexagon of fixed coils, between 
which revolves a double hexagon of movable coils. : 

In the dynamo designed by d’Arsonval a Gramme ring is 
used (G, Fig. 21). This has on one side the collector brushes 

2 St lau et mea aca 2c cant dl, ud li aaa a ie a ae tie, 

ate 

NA 
ht 

is, 20.—mp = utilization. 

The difference of potential between a and 6 will also 

be of the same sign as the sine of the angle w, since when 

b and a are in the same horizontal plane, their polarity 

will be reversed. At that point sine »=0, and in the 

next quadrant the sign of sine will be reversed. E 

If now we depress a, so as to be level with the lowest = _ BB’, and on the other two metallic rings, one of which is 

point reached by 0b, the form of the current will be the | q connected to each half of the Gramme ring. These brushes | 

same, the ordinates being approximately proportional to 7 ) are in contact with the springs FF’. 
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When the armature revolves between the poles of the ex- 

citing electro-magnet NS, a sinusoidal current is colleoted by. 

the springs FF’, and a continuous current by the brushes 
BB’. By using one brush and one spring an undulatory 
current may be obtained between B and F’. 

117. Regulation of sinusoidal and oscillatory currents. 
—In the use of sinusoidal and oscillatory currents two ad- 

justments have to be made; for the frequency and for the 

voltage. 
(1) The frequency is regulated by the velocity of rota- 

tion of the dynamo or oscillating rheostat. : 
(2) The maximum voltage may be regulated by varying 

the current in the electro-magnet and thus changing the 
intensity of the magnetic field. When an oscillating rheostat 
or potential reducer is used the intensity of the primary 

current may be reduced by increasing the resistance in the 

circuit, 

118. Measurement of sinusoidal and undulatory cur- 
rents.—The measurements of a sinusoidal current con- 

sists in determining its periodicity, intensity and E.M.F. 

(1) The. periodicity T is the time required for one 

complete revolution of the dynamo, The reciprocal of the 

periodicity is the frequency, the number of revolutions per 

unit time. 
The frequency is measured by a speed indicator, which 

marks n the number of revolutions in a given time t. From 

this the periodicity T may be calculated, since, ae = 
ab 

(2) The determination of the E.M.F. and intensity of 

the current involves several different measurements. There 

will be a maximum E.M.F. and a maximum intensity, a 

minimum E.M.F, and intensity, and an average E.M.F. and 

intensity. | 

For a sinusoidal current the mathematical average value © 
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should be zero. In practice, however, we take the average 

for each semiperiod separately. 

From a medical point of view the quantities most neces- 

sary are the efficient intensity of current and the efficient 

E.M.F. The value of these two quantities 1s found by mul- 

2 Se 

tiplying the respective maximum values by v2 Or 707. 

“Efficient E.M.F. = v2 maximum E.M.F. 
—_—_— 

; 2 4 a 

Efficient current = V2 maximum current. 

An idiostatic electrometer may be used to measure the 

E.M.F. A knowledge of this quantity, however, 1s of little 

practical importance. On the other hand it is of the greatest 

importance for us to know the intensity of the efficient cur- 

rent. A sinusoidal current may be measured by means of 

an electrodynamometer or universal milliamperemeter. In 

this instrument the index is attached to a movable coil TO- 

tating inside a fixed coil. The direction of the deviation 1s 

thus always the same whatever the direction of the current, 

since the phase of current changes simultaneously in both 

coils. This instrument gives the efficient intensity of the 

10 

current. The maximum intensity is about 7 of this. 

119. The Graph of a low frequency alternating cur- 

rent.—One of the most interesting of physical instru-_ 

ments is the recording current indicator, which traces the 

form of the current curve. In such a curve the abscisse 

give the time, while the ordinates show either the current 

intensity or the difference of potential. 

These actual records of current variations are of the great- 

est interest. For further details of the construction of the 

apparatus we must refer the reader to a paper by Blondel, 

in the “Revue Générale des Sciences Pures et A ppliquées 

of July 15, 1901. 
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We will describe the original model devised by d’ Arson- 

val for his physiological experiments on the “curve Of exci- 

tation,” or curve of the variable electrical state on which - 

physiological excitation depends. 

50. D’Arsonval’s apparatus for determining ‘the — 

excitation curve or diagram of the variable state of low 

frequency alternating currents.— D’Arsonval’s apparatus 

consists of a powerful electro-magnet producing an annular 

magnetic field. Within this field is placed a light movable 

coil, the turns of which are merely cemented together with 

shellac. The current to be studied passes through this coil, 

which will dip more or less into the magnetic field according 

to the intensity and direction of the current. The coil is 

supported on the membrane of a manometric capsule, and 

the oscillations of the coil are thus transmitted to an air 

drum which, in its turn, carries the style which records them 

on the revolving cylinder. By this means we can obtain a 

eraphic record of the duration and intensity of any electric 

wave of low periodicity. : 

With very rapid oscillations the inertia of the recording 

apparatus impairs the accuracy of the curve. D’Arsonval, 

therefore, replaced it by an optical diagram. A ray of 

light fails on a small concave mirror, attached to the mem- 

brane midway between the centre and the circumference. 

The oscillating spot of light is received on a screen, and if 

the whole system is rotated about an axis so as to cause a 

displacement of the spot perpendicular to the oscillation, the 

current curve will be depicted on the screen. : 

qot. The Oscillograph—Two improvements have 

been introduced into the modern oscillograph. The inertia 

of the system has been reduced, and the self-induction intro- 

duced into the circuit by the instrument itself has been 

diminished. 

In Weiss’ bifilar instrument the current passes through 

pre 

~ LSAT S EY nea bass 
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twO parallel wires whi
ch oscillate between the poles a 

magnet. The motion of the wires 1s rendered apparent DY 

the movement of a mirror attached to them. 
oe 

In Blondel’s soit iron oscillograph the Sas p — 

through two small coils, one on each side of the : a Be 

space. A bar of soft iron, carrying mirror, oscillates : 

e two coils. 

as of light reflected by this mirror falls 2 pe 

mirror, oscillating at right angles to the first. n A a 

we can depict variations of a current alternating aS O1té! 

o times per second. 
| 

We must always make a correction for the self-induction 

of the instrument, except in the bifilar type Sia 
oe 

efficient of self-induction is practically nil. When the ctl 

of potential difference is required the exciting coils are used 

as voltmeters and their coefficient of cea A
 

2 lected. For further a¢te 

then much larger cannot be neg 

we must refer the reader to the paper by Blondel quoted 

above. 
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CHAPTER IV. 

HIGH FREQUENCY CURRENTS. 

I. General Considerations. 

122, High Frequency. The special physiological 
properties of the high frequency currents introduced by 
Prof. d'Arsonval place them in the front rank of therapeu- 
tic agents, They are alternating currents whose direction 

is reversed over a million times per second. 
With the phonic wheel designed by Siewr we can get as 

many as ten thousand alternations per second. The phys- 

iological effects of such a current differ from those of an. 
ordinary alternating current of low frequency, but we must 
increase the oscillations to a million or even a thousand 
million per second before we get what is generally under- 

stood by “high frequency.” The period of such a current 
is of the order of a millionth to a thousand millionth of a 
second. The wave length is therefore a millionth or a thou- 

sand millionth of 300,000 kilometres; since 300,000 kilo- 
metres per second is the velocity of high frequency waves, 

of light waves, of X-rays, and of all transverse vibrations 

of the ether. This wave length of from 300 metres to 30 
cm. or even less, brings the high frequency undulations into 
relation with the luminous waves. They prolong the scale 
of wave lengths at the infra-red end of the spectrum just as 

X-rays seem to prolong it at the ultra-violet end. 

II. Production of High Frequency Currents. 

123. Production of the High Frequency Currents.— 
Hertz first observed that high frequency currents are 
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generated by the disruptive discharge of a condensor in 

Me 
a circuit whose resistance is less than /4=; L being the 

coefficient of self-induction of the circuit and C the capacity 

of the condensor. 

= 

at ety Up ee once — weary 

Fig. 22. 

Fig. 22 represents the form of these oscillations, which die 

down with great rapidity. T heir period is given by 

Tao2nvV LC. Any reduction in ©: the capacity of the 

condensor, or L, the self-induction of the circuit, diminishes 

the time of oscillation, and therefore the wave length of the 

radiations. In Hertz’ detonator the capacity is very small. 

When L and C are both large, very long waves can be 

obtained. 

124. Choice of a Condensor for High Frequency Cur- 

rents.—Tesla employed a single Leyden jar for obtaining 

high frequency discharges ; the usual arrangement, that em- 

ployed by d’ Arsonval, is shown in Fig. 23. 

The inner coatings of two Leyden jars, BB’, are connected 

to the rheophores of an induction coll Poa spark gap AA 

-« inserted between these jars. The outer coatings of the 

- Leyden jars are connected together by a coil of copper wire 

CC’ having a large coefficient of self-induction. 
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The resistance offered by the self-induction of suichtarcon | 

to the passage of a variable current is enormous; so large 

indeed that a lamp mounted in parallel with it at DD’ will 

The spark gap should be enclosed in a box or thick case, 

to diminish the noise as much as possible. 

| ; 125. Electrical Source for High Frequency Apparatus. 

| ., me) — Any source of high tension electricity may be used, but an 

jh \ \ \ | \ p se) | 4 . induction coil or an alternating current transformer is more 

SAVE _ 
ke S 

convenient than a static machine. 

For high frequency work,coils giving 10-inch to 18-inch 

_ sparks are required. These are supplied with special inter- 

ruptors, having a condensor to suppress the “break” spark 

in the interruptor. Such condensors are indispensable for 

large coils, except when Wehnelt’s electrolytic interruptor 

is employed. They are generally placed inside the stand of 

the coil. 

126. Interruptors.——Two types of interruptors may be 

employed for large coils; mechanical and electrolytic. 

127. Mechanical interruptors.— Mechanical interrup- 

tors may be subdivided into several groups. 

(1) Those in which the break is made between two metal 

surfaces, as in the old form of trembler or in the improved 

form of platinum break attached to large coils. 

If the break occurs sharply when the hammer is moving 

with the greatest velocity and not at the end of its path, as 

in Charpentier’s atonic interruptor, it will work satisfactorily 

in air. In Radiguet’s interruptor the two copper surfaces 

of contact are immersed in petroleum. 

(2) In the second class of interruptors a metal rod is 1m- 

mersed in a vessel of mercury, with a layer of alcohol or 

petroleum covering its surface. | 

A vertical up-and-down motion is imparted to the metal- 

lic rod by means of a rotary motor, or by the electrically sus- 

4 Pe ean | | tained vibration of a tuning fork. Almost every electrical 

y gumming tinfoil on a glass jar or a plate of glass, and 
ees this ty cand canted ___ instrument maker has his own form of interruptor. For 

sand Se eee Ol yen Wey 4 working from an alternating current Villard’s interrupter 

is very convenient. (55.) 

Fig. 23.—d’Arsonval’s high frequency apparatus. 

become incandescent, although its true resistance is infinitely 
greater than that of the coil. | 

Various types of condensors may be employed. Leyden 

jars, plate condensors, and oil condensors, It is possible to 

extemporise a condensor or to replace one which is damaged, 
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(3) The third class consists of mercury interruptors. 
Further descriptions of the numerous forms of these instru- 

ments may be found in the catalogue of any instrument 

maker. Any one of them is suitable for the production of — 

high frequency currents. 

128. Electrolytic interruptors. Wehnelt’s electrolytic 

break consists of a vessel filled with a ten per cent solution 

of H,SO,. A platinum wire, surrounded by a glass tube, 

except just at the tip, dips into this solution and is connected 

to the positive lead of an electrical source, giving a pressure 

of 110 volts. . 
An electrode of some metal such.as lead, which is not 

attacked by the acid, is immersed in another part of the 

vessel. When the current passes the water is decomposed, 
and this is accompanied by an evolution of heat which sets 
up the phenomenon known as calefaction. The bubbles of. 

oxygen collected round the heated platinum point form a 
non-conducting sheath which interrupts the circuit. The 
moment the current is arrested the bubbles cease to form, 

contact is made between the liquid and the wire, and the 

current passes once more. 

The current may be regulated by altering the length of 
platinum wire in contact with the water, or a rheostat may be 

introduced into the circuit. Wehnelt's interruptor may also 

be used with accumulators, but in that case a very large cur- 

rent is required and the electrolyte should be warmed. 
The composition of the electrolyte and the arrangement 

of the electrodes has been modified by different makers. A 
condensor is not required for the induction coil when a 

Wehnelt interruptor is used. | | 
The self-induction of the primary should be less with an 

electrolytic interruptor than with the slower mechanical in- 

terruptors. The less the coefficient of self-induction of the 

primary, the less will be the difference between the make and 

prealk currents imetthe s 
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econdary. It is the self-induction 

which retards the current of make and enforces the current 

a of break in the primary. The ordinary induction coil has an 

4 average coefficient of self-induction which will allow of its 

ith et form of interruptor. 
eine used with either : ) : : 

: Geils are also made with variable self-induction, the pri- 

) consisting of two separate coils, as in the Radiguet 

oo These are much to be preferred for 
induction coil of 1902. 

medical use. 
: 

j29. Current transformers for high frequency nes 

rents.—An alternating current supply may be use 
ts. The 

- actly for the production of high frequency curren 

in ; uch improved lately by the 

fie. A transformer with 

ed to raise the potential 

This high tension alter- 

o charge the high 

original arrangement has been mu 

apparatus designed by M essrs. Gat 

closed magnetic circuit 1s employ 

from 110 volts to 15,000 volts. : 

hating current can then be used directly t 

frequency condensors. | 
| 

We only require to convey just sufficient charge to the 

condensor to cause a spark to pass across the detonator gap, 

and therefore if one wave of the alternating current brings 

sufficient electricity at a potential high enough to reach this 

limit, we shall get a spark for every wave or semi-period. 

With the alternating current supplied to Paris this would 

mean 84 discharges per second. In practice we generally 

get more than one spark per wave, since the capacity of the 

Leyden jars is small compared to the charge of each phase 

of the alternating current. 

This arrangement has two disadvantages. A permanent 

are is often established between the knobs of the spark gap 

unless some means are adopted to suppress it. Phe most 

effcacious of the devices designed for this purpose 1s to 

‘plow out the arc by a current of air. The second disadvan- 

tage is that the waves of high frequency are reflected back- 

t ‘ 

— 

sores 

anal 

SS nnn 

—— 
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wards into the secondary circuit, and injure the transformer. 
This makes it impossible to employ a higher pressure than — 

15,000 volts, which is insufficient to yield results th Ww! at are 

really satisfactory. ogi 

At Prof. d’ Arsonval’s suggestion Messrs. Gaiffe, of Paris, 
have lately devised an instrument far in advance of anything 

obtainable before. The principal improvement is the em- 
ployment of a special apparatus which prevents this back- 
ward flow of the high frequency waves. 

In Fig. 24, SS’ is the secondary of a transformer capable 
of raising the potential of the current supplied by the alter- 

_ nating current mains from I10 volts to 60,000 volts. LL’ 
are Leyden jars whose inner coatings are connected with 

4 
{ 

Fig. 24. 

ss’ . A spark gap E is interposed in this circuit. The outer 
coatings of the Leyden jars are connected to a self-induction 
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coil H. The condensor C and the liquid resistance RR’ are 

designed to prevent the return of high frequency se 

the coil. These would subject the contiguous be _ 
. 

secondary to differences of potential greater than : : 

lating material can stand, and the insulation wou e 

ie, axed. The iiquid resistances RR’, each of ae Se 

ohms, are introduced in the leads between the coi m - 

Leyden jars. A multiple plate condensor Cas) placed 1 

parallel with these resistances. : : gee 

The chief purpose of the liquid resistances 1s to avoid the 

formation of an arc, while the condensor prevents the return 

igh frequency waves. 

cans iS ae suitable for high frequency oS 

for X-ray work, and is a real advance in the construction 

apparatus for medical purposes. 

Ill.—Employment of high frequency currents. 

130. Methods of employing High Frequency Currents. 

High frequency currents may either be employed directly by 

allowing the current to pass through the body as described 

jn paragraph 131, or by @’ Arsonval’s auto-conduction meth- 

od, in which the enormous inductive force of the high fre- 

quency current is used to induce auto-conduction ao 

an body. 
, 

: Dice eniey caret may 
also be utilised for mea 

tion. This is done by inducing similar currents in a neigh- 

pouring circuit; these currents will have an augmented po- 

tential due to the effects of resonance In the circuits. (138.) 

131: Direct application—li we attach a theophore 

to each end of the self-induction coil in d’Arsonval S$ appa: 

ratus, and connect these to a body of high resistance, the 

high frequency current will pass through the body in pref 

erence to going through the coil, in consequence of the large 
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resistance to oscillating currents offered by the self-induction 
of the latter. 

Thus if the patient’s body is placed in parallel with the 
self-induction coil the high frequency currents will pass 
through it, while the coil will act as a sort of lightning con- 
ductor, offering an alternative route to the currents of low 
frequency, which will pass by preference through the less 
resisting metallic conductor. 

Direct applications of high frequency currents may be 
stabile or labile. They are called stabile when the electrodes, 
either bare or covered with wet cloth, are applied firmly to 
one spot. When, on the contrary, the electrodes are con- 
stantly moved from place to place over the region to be 
treated the application is said to be labile. 

Another method of direct application of high frequency 
currents is the so-called electrification by condensation, in 
which one end only of the coil is connected to the patient. 
For this purpose a couch is used having an insulated mat- 
tress, under which is a large sheet of lead. This is con- 
nected to one end of a d’Arsonval helix, 

The patient, placed on the couch, holds in his hand an 
electrode connected to the other end of the helix, A con- 
densor is thus formed, in which the mattress is the dielectric 
and the lead sheet and the patient form the two armatures. 
This condensor is charged and discharged with every alter- 
nation of the current. 

The precise interpretation of the phenomena of high fre- 
quency condensation is not as yet satisfactorily explained. 

132. Auto-conduction, d’Arsonval’s method. — Any 
conductor placed within an enveloping high frequency cir- 
cuit becomes the seat of currents of auto-conduction similar 
to Foucault currents. 

_ These currents of auto-conduction may be demonstrated 
by forming an electric circuit with a lamp and a coil of wire, 
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Pe placiig this within a large d’Arsonval- solenoid. The 

lamp will become incandescent when the high frequency 

urrent is turned on. ae : 

: Currents of auto-conduction in the living body may be 

‘demonstrated by bending the arms in a circle concentric with 

the high frequency circuit and holding a lamp of low voltage 

between the two hands. The experiment will be more suc- 

cessful if the hands have been previously dipped in a slightly 

alkaline solution of sal ammoniac. The lamp will glow 

when high frequency currents are passed. 

In practise treatment by means of -auto-conduction is 

in two ways :— 

Ss) ey ene the patient inside d’Arsonval’s large sole- 

noid made of thick copper wire or copper ribbon. The oscil- 

lating currents caused by the discharge of the condensor 

traverse the whole length of this coil. oe 

(2) By placing the patient between two flat spirals which | 

are wound in the same direction and traversed by high fre- 

quency currents passing in the same direction. (138.) 

133. Oudin’s Resonator.—We may increase the poten- 

tial of high frequency currents by means of a resonator. 

These are of two kinds, single pole resonators and resonators 

with two poles. 

There are two varieties of single pole resonators—the 

helix and the flat spiral. 

There are three varieties of bipolar resonators—the 

d Arsonval helix, the Oudin resonator as modified by O’Far- 

rill, Lebailly and Rochefort, and the flat spiral resonator. 

134. Oudin’s unipolar resonator —Oudin's first reson- 

ator was formed of a helix of copper wire, a point near 

one end of which was connected to one extremity of a 

d’Arsonval coil. (124.) The effleuves were given off from 
the opposite extremity of the resonator, : 

A 
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caused by a single turn, the outer one, which acts as the 

inducing spiral. | 

In practise the adjustment is not made by altering the 

coefficient of self-induction of the inducing spiral. This is. 

kept constant and a subsidiary coil of thick wire, with an 

apparatus for regulating its self-induction, is introduced into — 

the exciting circuit.t : 

~The spiral is formed of 18 turns of wire, 2 mm. thick, 

held in place by radii of catgut. The smallest circle has a 

diameter of 33 cm., and the largest a diameter of 83 cm. 

The interspaces between successive turns increase in width 

towards the periphery, since here the difference of potential 

between successive turns is much greater. The various forms 

Fig. 27—The d’Arsonval resonator coil. 

of exciter used in applying high frequency currents in medi- 

cifie are attached to the centre of the spiral. | 

136. Bipolar resonators—The d’ Arsonval coil.—The 

d’Arsonval coil consists of a helix of fine wire wound on a 

1H. Guilleminot, Academie des sciences, 1902. 
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. cylinder which carries the induced current. Around this at 

a distance of several centimetres are three or four turns of 
thick wire, which can be moved along the cylinder so as to 

be placed at either end or in the middle of the fine-wire 
helix. 3 

Suppose the thick coils to be placed around the middle of - 

the cylinder, as in Fig. 27, Effleuves of equal strength will 

Fig. 28.—Bipolar resonator, O’Farril and Lebailly type. 

4 be given off from both ends of the helix, and these will 

mutually attract each other. | 
This is termed the bipolar effleuve. At any given moment 
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the two effleuves will be of opposite signs, the signs chang- 

ing simultaneously when the direction of the current 
changes, which it does some thousand million times per sec- 
ond. : ae 

If the inducing coil is pushed towards one end the effleuve 

at that end will decrease to nil, and the coil will act as an — 
unipolar resonator. 

137. Oudin’s bipolar resonator.—When the inducing 
coil of a d’Arsonval resonator is in the middle of the cylin- 

inducing current applied to its central portion which is 
insulated from the rest. 

If the central portion of the main coil itself is used 

4 

” 

a 

Bs 
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for the inducing current, we get the O’Farril and 

 Lebailly type of resonator, which is merely an Oudin 

resonator excited by means of its own median coils. Fig. 

Bo. : 

If we duplicate the resonator in the above type we get 

the Rochefort resonator ; Fig. 29 is not an exact repre- - 

sentation of Rochefort’s arrangement, since he uses two 

pair of condensors, one for each solenoid, but it shows 

clearly the relationship between this and the previous 

types. 

Different effects are obtained according to the direc- 

tion of the discharge in the inducing coils. 

If B be the positive and B’ the negative armature of 

the condensors, bipolar effleuves will be obtained only 

when the current from B enters the first helix at the 

median point C, and leaves it at the extremity, whilst it 

enters the second helix at the extremity and leaves at the 

median point C’. ; 

If the positive armature were connected to the extrem- 

ities of both coils, or to the median points of both coils, 

the resulting effleuves would repel and not attract one 

another. 

138. Bipolar effleuves obtained from flat spirals.— 

Spiral resonators are better adapted for studying bipolar 

effects. In this case we have to take into account the 
a mode of coupling the spirals and the mutual influence of 

one spiral on its neighbour. ' 
(1) Bipolar effects obtained by coupling. In the 

high frequency condensors, we may consider the direc- 

q tion of the discharge to be from the external positive 
armature of one condensor to the external negative 

_ armature of the other condensor. 

We get a bipolar effleuve of opposite signs when this 
_ current is made to pass centripetally through one spiral 
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and centrifugally through the other. If the effleuve pro- 
ducing poles of the two spirals are now connected, the 
effleuvation will cease. 

Effleuves of the same sign will be obtained from. both } 

poles if the current circulates centripetally in both spirals, 
_ or centrifugally in both. If now the two effleuve pro-. 
_ ducing poles are connected, the effleuves are not neutral- 
ised but reinforce one another. 

(2) Bipolar effects may also be obtained by the in- 
fluence of one spiral on another in its neighbourhood if 

z 8 
Fig. 30.—Guilleminot’s spiral resonator. Inverse coupling for 

obtaining bipolarity. 

we connect only one spiral in the condensor circuit, and 
place another insulated spiral opposite to it. When the 
current passes through the first spiral, the central pole of 
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? the insulated spiral will give out effleuves of the same sign 
a if its windings are in the same direction, and effleuves of 

posite sign if its windings are in the opposite direction. 

There are several ways of using flat spirals for medi- 

cal purposes. 
(1) Use of two Sake to give a bipolar efileuve (Fig. 

30) .—Place the two spirals parallel, so that one spiral 

is right handed and the other left handed. 

Connect A’B’, the outer extremities of the spirals, to 

LL’, the external coatings of the two Leyden jars, and 

op 

3 connect the two median points together by a flexible 

wire. These median points A” B” mark the boundary 

3 of the inducing and induced currents and are at the com- 

q pletion of the first turn of the spiral. 

(2) Arrangement of two spirals to produce efleuves from 

a body interposed between them.—Place the two spirals par- 

allel to each other with their windings in the same direc- 

me tion. 

Connect the terminal of one e condensor with the outer 

extremity of the first spiral; connect the median point of 

the first spiral with the outer extremity of the second 
spiral; connect the median point of the second spiral with 

the terminal of the second condensor. 
4 _ With this arrangement the effleuves will repel each other, 

but an object placed between them will pour effleuves to- 

_ wards both spirals. 2 
(3) Employment of two flat spirals for auto-conduction. 

_ The two spirals wound in the same direction are arranged 
as before, but instead of only one turn, 8 to 12 turns of the 

“spiral are made use of for the inducing current. 
Under these circumstances there are no effleuves, but 

bj intense auto-conduction effects are produced in any body 

| pt sufficient capacity interposed between the terminals. 

p *39- High frequency electrodes or exciters—The 
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form of exciter used depends on the kind of high ‘tre- 
quency treatment required. ; 

1. Direct application.—For this purpose uncovered mee 

electrodes are used. These may be of various shapes, 

plates, buttons, cylindrical handles, or the special conical 
electrodes devised by Doumer. 

2. Direct application with the interposition of a sheet Of 

glass.—For this the so-called condensing electrodes of Oudin 

are used. 

3. Sparking.—When it is desired to produce sparks blunt 

points or balls are used. | 
4. Effeuvation.—The most suitable exciters for producing 

effleuves are the metallic pencil, the brush, the multiple- 

point, the cup, or other electrode with an extended dis- 
charging surface. 

140. Measurement of High Frequnecy Currents.— 

High frequency currents may be measured by means of 

the thermic galvanometer. Since the current is an alter- 
nating one we can only’ measure the efficient intensity, 

1.€., the intensity of a continuous current which would give 

the same thermal effects. 

The thermic galvanometer is an instrument for meas- 

uring the elongation of a wire, due to the heating effect 
of the current which passes through it. 

We may also use the induction amperemeter devised 
by Gaffe and Meylan. This measures the repulsive force 
between the original current and the current which it 

induces 1n a coil attached to the indicator. * 

The thermic galvanometer is placed in series in the 

circuit. It is the only type in practical use. It is only 

employed when we are using the direct application of 

high frequency currents; for auto-conduction no instru- 

ment for measuring the current is of any practical value. 
1Dénoyés. Les courants de haute frequence, Montpelier. 

CHAPTER V. 

STATIC ELECTRICITY. 

I. General Considerations. 

141. Definition.—The fact that under the influence of 

friction certain substances, such as amber, will attract 

light bodies, was known to the ancient Greeks. 

Resin, glass and many other substances possess this 

4 property, which may even be observed in metals, pro- 

vided that they are suitably supported by a handle of glass 

or other insulating material. If, however, they are 

touched with a wire connected to earth, metals at once 

lose this property of attraction. 

Bodies like amber, resin, glass, or insulated metal are 

said to be electrified by the friction, and the electricity 

which remains on the body is termed static electricity. The 

phenomenon which takes place along the metal wire con- 

nected to earth is an exhibition of dynamic electricity. If by 

some means the electrified body could have its electric 

charge replaced as fast as it was removed by the wire con- 

4 nected to earth, we should have a constant electric cur- 

q rent along that wire. A body charged with electricity 
_ may be compared to a reservoir full of water having no 

~ outlet, while the electric current corresponds to he flow 
_ of water through the conduit pipes. 

A body charged with electricity has certain mechanical 
: properties, the manifestation of which leaves its electric 

' mass unaltered. An electric current, on the other hand, 
has properties due to the transmission of a charge or 
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perturbation. The phenomena occurring in the neighbour- 
hood of a body possessing a fixed static charge of electricity 

will be different from those produced by the transmission 
of the electric state from one point to another. 

Bodies which, like amber, glass and resin, remain 
charged with electricity even when connected to earth, 
are called insulators, dielectrics, or non-conductors. Bodies 

which, like metals, can only be charged when placed on an 
insulating support are called conductors. 

The most conspicuous property of electrified ee is 

their ability to attract other light bodies until they come 
into contact with them, and then to repel them. A body 

thus repelled by electrified glass will be attracted by elec- 

trified resin. This phenomenon, which was early ob- 

served, led to the supposition that there were two sorts 
of electricity, the vitreous or positive electricity, and the 

resinous or negative electricity. 

Two bodies charged with electricity of the same sort 
repel each other. If charged with opposite kinds of 

electricity they attract each other. 

It was from the study of static electricity, the earliest 
form discovered, that the electric fluid hypothesis was de- 

duced. The neutral fluid with which all bodies are 
charged was held to be decomposed by friction into equal 

quantities of positive and negative electrical fluids. — 

142. Fundamental properties of electrified bodies.— 

The properties of electrified bodies may be considered 

under two headings. 

(1) Mechanical action.—Consisting of the mutual at- 

traction and repulsion of electrified bodies. 

(2) The inductive action of electrified bodies on other 

bodies in their vicinity. This is termed electrostatic in- 
duction. 

143. Mechanical action—From the medical point of 
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view the mechanical action of electrified bodies is of but 

q - ‘little interest. Since, however, it forms the basis of most 

systems of measurement, it is necessary to be acquainted 

with its fundamental principles. | 

Two bodies charged with electricity of the same sign, 

whether positive or negative, repel each other with a 

force F, which is proportional to the quantities of elec- 

tricity q and q’ on the two bodies, and inversely propor- 

tional to the square of the distance d, between the two 

bodies. (Coulomb’s law.) 

r= 1 
f is a coefficient dependent on the medium in which 

the bodies are placed. In air or vacuo f is equal to unity. 

Consider two equal quantities of electricity of the same 
sign, (q = q’) placed on two small bodies whose centres 

are I cm. apart. We say that these bodies are charged with 

unit quantity of electricity, if F, the repulsive force be- 

tween them, is I dyne, the bodies being in air or vacuo so 

pac t —' I. 
In the electrostatic system of measurement, therefore, 

the unit of quantity of electricity is derived from the 

4 mechanical action of electric forces. It is the quantity of 

electricity which, when placed at unit distance from an 
- equal quantity of the same sign, repels it with unit force. 

144. Electrostatic induction—An electrified body 

3 creates around it an electric field, t.e. a space throughout 

_ which the effects of the electric forces due to the presence 

_ of the electrified body may be observed. 
ah, my: 

Bs. Every body placed in an electric field becomes electri- 

_ fied-by induction. In the two fluid theory this is ex- 

BD iained by supposing that in an electric field, the neutral 
a _ fluid is decomposed into equal quantities of two electric 

4 fluids of opposite signs. The fluid of the same sign will 
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The electrostatic pressure over the surface of a con- 
q ductor varies with the surface density of the charge. 

; 4 Lord Kelvin has shown that it is proportional to the square 
of that density. 

double the charge on the conductor we shall double the — 4 
density at both points. _ | Be ' 

147. The equilibrial layer—I{ at every point on a , 
charged conductor we draw a normal whose length is. 
proportional to the electric density at that point, we ‘shall 
envelop the conductor by a surface termed the equili- 
brial layer. It is a representation of the manner in’ which 

the electric fluid, if materialised, would be spread over ‘the 
surface of the conductor. | a 

In investigating the influence of an electrified conductor 
on external charges, the solution depends on determining the 

magnitude and direction of the attractive and repulsive 
forces between the external charge and every element of 
surface of the charged conductor, the forces being propor- 

tional directly to the electric mass and inversely to the 
square of the distance. 

In the case of a sphere, the action of the electric charge 
on its surface is the same as if the whole charge were col- 
lected at the centre of the sphere. ; 

The resultant action of the charge on any point within the 
sphere is zero. The electric forces at any point can, there- 
fore, be easily calculated for a spherical conductor. 

148. Electrostatic pressure.—An electrified conductor 
behaves as if every particle of the electric fluid exerted a 
repulsive force on every other particle. The resultant of 
these repulsive forces at any point is called the electrostatic 
pressure at that point, and is normal to the surface of the 
conductor. 

If the material atoms of the conductor were not bound 

together by cohesion they would yield to this electro- 

static pressure and the body would expand. This phe- 

nomenon may be observed when a soap bubble is elec- 
trified ; it increases in size as the charge on it is increased. 
Electrostatic pressure thus acts in the opposite direction 
to atmospheric pressure. 

149. Discharge of electricity from a point—A point 
q may be considered as the extremity of the major axis of a 
much elongated ellipsoid. The ratio of the long to the short _ 
axis in this case being very large, the electric density at the ° 
q point, and consequently the electrostatic pressure at the 
"point, will be indefinitely increased. In fact this pressure 

“pecomes so great that there is an exodus of electricity from 
the point. 

_ The agrette and electric breeze from a static machine 
are due to the badly conducting molecules of air being vio- 
dently driven away from a pointed conductor by the electric 
discharge. 2 Be | 
_ The phenomena due to sparks, aigrettes, the electric are, 
etc., are further described in par. 173. 
oy 50. The Electrostatic field.—Lines of force.—Flux of 
Force.—Imagine a unit mass of positive electricity M, 
placed in the vicinity of a conductor charged with static 
electricity. Each element of the electric layer around the 
conductor will have its separate action on the mass of elec- 
tricity M. The resultant of all these separate forces is 
called the electric force at the point M. 
Any space within which electric force is exercised is 
called an electrostatic field. 
A line of force is a line drawn in an electric field to show 
he direction of the electric force at any point in that field, 
oF, since the line of force may be a curve, it is more correct 
0 Say that the tangent to the line of force at any point 

shows the direction of the electric force at that point. 
Mf a conductor be placed in an electrostatic field, each ele- Ment of its surface dS will intercept a certain number of 
nes of force, 

8 : 
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If dS is normal to the lines of force, the product Fds 1s. 

termed the flux of force, F being the electric force at that, | 
point. If dS is inclined to the lines of force, the flux of 

force is FdScos x, when x is the angle which the lines 7 . 

of force make with the normal to the surface dS. 

151. Electric potential—The word potential as an ad- 

jective is often used in a general sense. To say that a body 

possesses potential energy is to say that in its dynamic 

equilibrium it possesses a certain store of hidden energy 

which is not in evidence at the moment, but which is capable q 
by some artifice of being transformed into work. 

In virtue of the principle of the conservation of energy, 

a body can only possess potential energy if this energy has 

been accumulated by work previously done on the body, 

which work can be afterwards given up by the body. Po- 

tential energy is then the equivalent of work done—for- 

mer work which produced an accumulation of energy in 

the body, and future work which will be manifested by the 

liberation of the potential energy and its conversion into 

effective energy. 
As a substantive the word acaeal has a more definite 

meaning, which is not confined to electricity. 

The idea of universal gravitation formulated by Newton 

implies the idea of a gravitational potential, just as the laws 

of electric charges demand an electric potential. Electric 

potential may even come in time to be peeatecd asa special 

form of gravitational potential. 

Electric potential is usually defined by isan — 

Difference of potential being analogous to difference of 

level in hydrostatics. 
It is, however, better to seek the true definition of abso- 

lute potential at once, even if the idea is more difficult 

to grasp. The conception of potential is easier to realize 

in electrostatics than in electrodynamics. 
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Consider an uncharged conductor isolated in space. 
q Let a unit charge of electricity be brought up to it from 

- a distance, and let this operation be repeated again and 

again. 

At each repetition, the charge on the conductor will be 

- increased by unity, and at the same time the surface den- 
sity of the electricity on the conductor will increase, and 
_ with it the electrostatic pressure. 

Each time a unit charge is brought up to the conductor 

4 the force of repulsion between it and the electric charge 
on the conductor will increase, and the work done in 

_ bringing any one unit to the conductor will therefore be 
greater than that required for the preceding unit. 

On the other hand, if a unit electric mass leaves the 
4 conductor, it will be repelled with greater force when the 
_ conductor is more highly charged, and therefore will be 
_ capable of doing more work. 

The greater the charge on a body, the greater is the 
_ work required to add unit charge to that body. 

The greater the charge on a body, the greater the 
“energy tendered available when that body loses unit 
charge. 
ie Electric potential is merely the expression of this work: 
‘the work locked up when the conductor was charged, and 
liberated during the discharge of the conductor. The- 

" potential of a given conductor therefore increases with its 
Bee 

_ The result will be the same if the conductor diminishes i in 
| size while the charge remains constant; the repulsive force 
of the electric elements for each ater and for the unit 
(y charge will be increased. It is this which leads to the con- 
( reption of capacity when dealing with condensors. 
152, Experimental definition of potential The theo- 

retical definition of etal given above gives a Precise idea 
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of its true nattire. The potential of a body is thie work # 
done in adding unit charge to that body. 

An experiment may help us to realise better this idea of 

potential. : 

We may take a metal sphere I cm. in radius caioukedi on 

an insulated handle. If it is brought into contact with dif- 

ferent points of an electrified conductor of irregular shape 

we shall find that the charge which it takes up is always the 

same. 

Consider now two spheres of different sizes, both charged 

with equal quantities of electricity. The testing ball will 

pick up a different charge, according as it is brought into 

contact with the large or with the small electrified sphere. 

The first experiment shews that the charge picked up by 

the testing ball is not a function of the surface density, 

since this varies at different points on the surface of a con- 

densor. 

The second experiment shews that the charge picked up 

by the testing ball is not a function of the quantity of elec- 

tricity, since this quantity was equal on the two spheres, 

and yet the amounts collected were unequal. 

The amount of electricity collected from a conductor is 

a function of the electric state of the conductor. 

Potential is thus often defined as the electric state of a 

conductor, but this is only substituting one word ioe an- 

other. 

If we take an pteciriaed conductor of irregular shape and 

connect some point of it to a gold leaf electroscope by means 

of a wire, the deviation of the leaves will be the same what- 

ever point is touched by the wire. 

If the charge of electricity on the condensor is doubled 

the deviation of the leaves will shew a corresponding in- 

crease, which is again the same whatever point on the con- 

ductor is touched by the wire. If the conductor is con- 
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nected to earth, and then submitted to the action of an elec- 
4 trified body, the gold leaves will not move. 

‘If we take two bodies, each of which causes the same 

deviation of the electroscope, and join them by a wire, there 

4s no passage of electricity along the wire. The electric 

state of each of the bodies remains unaltered. 

If, however, the electric state of one body is higher than 

that of the other, 7.¢., if it had a greater potential, then when 

the two are j gihed there will be a passage of electricity from 
the body at high potential to the body at low potential. 

There will be a transference of electricity, and the force 

causing the motion, the electromotive force, is proportional 

to the difference of potential between the two bodies. 

153. Potential at the surface of a conductor.—Equipo- 
tential surfaces.—An equipotential surface, like the sur- 

face level of a liquid, is a surface in which all points have the 

same potential. If any two points on such a surface be 

connected by a conductor, there will be no flow of electricity 
along the conductor. 

The surface of a conductor must necessarily be an equi- 

potential surface. If it were not so electricity would flow | 
q along the conductor from one point to another until the 
_ potential was equalised. 

154. Potential as a function of electric mass.——When 
a system of electric charges acts on an external point the 

action of these electric masses may be compounded, and 
’ teplaced by a single resultant force with a single point of 
application. Therefore in studoane the effect of a system 

4 of electric masses m, m’, m” . . . on an external body, such 
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as a unit electric charge placed outside a conductor, we may 
replace them by a single mass M, acting at a point which is — 
called the centre of action, or centre al appueation os the : 

resultant force. 
Let M (Fig. 31) be the centre action of a system ie 
charges spread over a surface of any shape, and M’ a unit | 
electric charge placed at a considerable distance, x. 
What will be the work required to move M’ from its 

present position to some other point, A? This amount of 

work will be an expression for the difference of potential 

betwen the points M’ and A, 
Let M’ move through a small distance 4. If dr be small 

enough the repulsive force F between M and M’ may be re- 

garded as constant throughout dv. The work done during 

this elementary displacement will therefore be Fér. 

From Coulomb's law Fatt or since M’ is unity, 

ig ~. If we integrate the work done between M’ 

and A we get, when the distance nh AR. 

AN ae Oe 
This is the same expression as iat to which in eravi- 

tational phenomena Green gave the name of “difference 

of potential” due to the displacement of a mass M from 

A te Ne | 
If + = o,1.¢., if M’ is supposed infinitely distant, we get 

M 
VW R 

This is the expression for the “potential at infinity” 

absolute potential as a function of the electric mass, 

The potential at the point A, or the work necessary to 

bring unit electric mass from infinity to a distance R from 

the centre of action of a charge M, is therefore equal to ss 

4 the surface of a sphere is, therefore, given by V= 

tial is given by V = 

will iy {aca ca 
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te quotient of the electric charge M by the distance R. 

“The above definition still holds good when A is a point 

on the surface of a sphere, on which are situated the charges 
m’’. 

a mm, mm 

~The Perential of the surface of the sphere will be the 

"quotient of the total charge q by the distance, which in this 

: case will equal the radius of the sphere. The potential at 

q 
rt? 

Be yhere m-—+ m’-- m” —q- 
More generally, if A is situated on the surface of any 

‘conductor having a charge q, the potential of that conductor, 

' or the work Seer to add to it one unit of electricity will 

| be given bye , R being a quantity which is termed the 

capacity of the conductor. This quantity R is of dimensions 

). 
155, Potential energy of a conductor ——As we have 

; _ just seen, the potential of a conductor is the work required 

: to increase its charge by unity. If we add all the quantities 

of work which have been done in placing each elemental 

_ charge on the conductor we shall get the total work done 

in charging it, and this will be the total potential energy 

"stored i in the conductor. 

Imagine a sphere or radius r, and ie q. Its poten- 

| ale | ss 

q The work done in adding a small quantity dq, to the 

charge q on the sphere, will be V.dq = 54, and the 

’ charge will be q + dq. 
If we add another dq to the charge, the work required 

and so on. 

Be cpeating this process until the charge q has been 



120: PART I—CHAPTER V 

increased to q’, we find by integration that the ‘oink work | 

(sae CO ats 
2r 

done is W = 

If we start with an uncharged body, (q=0) the work 
92 

done in giving the sphere a charge q’ is W = = 

The work required to give a conductor of capacity r, 

a charge q, is therefore the square of the charge, divided by | 
2 ay 

twice the capacity, ese ‘This is the total potential 

energy accumulated in the charged body, the whole of 

which is set free when it is discharged. 

This proposition may also be stated in the eiovine 

form. When a conductor is cuetece to a potential | 

V—<, the potential energy is 
ic 

‘The potential energy is one half the charge multiplied 
by the potential. 

156. Potential energy of a conductor kept at constant 

potential—Imagine a sphere with electrical charge q. 
2 

Its potential is and its potential energy _., 

Now imagine some means by which its potential may 
_ be kept constant during discharge, and we shall thus get 
the source of a constant electric current. 

_ Since the potential remains constant, the potential 
energy corresponding to a loss of charge q is 

Ge 

ieee or Wa 

When the potential is a constant the ane of 

potential energy due to the OUI of a charge q, is twice 
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j ie expenditure when the potential is allowed to sink 

from 1 to zero. - 

157, Capacity.—When the idea of potential as a func- 

tion of the electric charge has been thoroughly grasped, we 

readily understand the idea of capacity. The capacity of 

a conductor is merely the number which represents the 

ratio between the charge q and the potential V. 

To get a clearer idea of this notion of capacity, take an 

insulated sphere and place on it an electric charge gq. Con- 

nect it to an electroscope and note the deviation. 

Bring an uncharged conductor close up to the in- 
sulated sphere, but do not allow it to touch it. The leaves 

of the electroscope will fall, although there oS been no 
decrease of the charge on the sphere. 

- Place a plate of glass between the insulated sphere and 

the uncharged conductor; the gold leaves will fall still 

more. Now surround the insulated sphere by two thick 
insulated metallic hemispheres, so as to form a larger 
sphere. The gold leaves will again collapse, although the 
larger sphere thus formed has the same charge as the 
original sphere. 

The ratio of the new potential to the original potential 
1s inversely proportional to the radii of the two spheres. 

In all these experiments we have simply altered the 
_ capacity of the sphere, keeping the charge constant. The 

potential, as measured by the electroscope, has dropped 
' whenever the capacity has been increased. 

Let us look at it from another point of view. We may 

q take our insulated sphere, charge it with a quantity of 
_ electricity q, and measure the spoene and surface den- 
_ sity of the charge. 

If the charge be doubled, we shall find that both poten- 
q tial and surface density will be also doubled. For any 
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ee conductor, therefore, oe is a fixed ratio between | 4 a | | If the spheres are large, R and R’ will differ but little 

the charge q and the potentia V. : _ and RR’ may be replaced by R’. If R’—R, the thick- 

ar (Cees 3 
2 

This ratio >> = C the capacity of the conductor. ness of the dielectric, be called d, we now get C= -. 

A conductor is said to have unit capacity when the ad- » 
4a R? 

dition of unit charge will increase its potential by unity. q , 4 This may be written C’ = Gad ; but 47 R? is S the 
Gee, 

| 
8 H 

Aad ~ 

158. Influence of two charged conductors on ome = This formula gives the capacity of a condensor in terms 

another—Condensors.—When an uncharged conductor is of its area and the thickness of the dielectric, when that 

brought near a charged conductor, the capacity of the — &g dielectric is air. 

latter is increased, so that for the same charge it will now -_. hus a condensor of 10,000 square centimetres area, 

possess a lower potential. This arrangement of two con- We sand 1 cm. thickness of dielectric between its plates, will 

ductors separated by air or some other insulating ma- - ° 10,000 

terial is called a condensor. 3 : a : a 

The ratio of the capacity of a conductor, to its capacity | — units or .0009 microfarads (168). . 

when forming part of a condensor is termed the condensing : _ 161. Specific inductive capacity.—The dielectric sepa- 

force of the condensor. It is equal to the ratio of the rating two conductors must not be regarded as an inert 

charges required to produce a given potential before and ie body which merely prevents a spark from passing be- 

after the conductors are arranged as a condensor. a 4 tween them. On the contrary, the dielectric is the chief 

159. Types of Condensors.—The most perfect type of Gaeesseat of the electric phenomenon of condensation. We 

condensor is the spherical condensor; two concentric | _ may considerably increase the capacity of an air con- 

spherical conducting surfaces separated by a layer of air _ densor by interposing a sheet of glass between the plates. 

or other insulating material. The external sphere has an : e ihe specific inductive capacity K of a dielectric is the 

orifice through which an insulated wire may be passed to . coefficient by which the capacity of an air condensor must 

make contact with the inner sphere. | | be multiplied in order to give the capacity when the air 

In practice we generally use plate condensors of cylin- ; _ is replaced by that dielectric. 

- drical condensors. : ‘ __ The force exerted by an electric mass through a dielec- 

160. Capacity and condensing force of a condensor.— 4 tric is inversely proportional to this coefficient K. 

Consider a spherical condensor whose inner sphere has a q Coulomb’s law only holds good when the dielectric is air. 

radius R, and outer sphere a radius R’, the dielectric be- _ q . When the air is replaced by some other dielectric the 

tween them being air. We find that the capacity of such : 7 
J 

II. Dielectrics—Condensors. — a : 4 surface area of the sphere, therefore C’ = 

have a capacity of , 1@. about 800 electrostatic 

ee : 
| _ factor = must be introduced into this forumla. 

a spherical condensor in air is given by C= eRe . 4 | et 
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III. Electrostatic quantities and units. 

162, Electrostatic system of units—We might meas-_ 

ure the various electrostatic quantities, the charge, the — 
potential, and the capacity of a condensor, in electro- 

dynamic units, which are based on. the action of an elec- - 

tric current on a magnet pole (par. 5). 
Electrodynamic units are, however, seldom eed in 

electrostatics. A more convenient method of connect- 
ing electrical quantities with the fundamental units is 

based on the force exerted between two static charges 

(143). The two systems are incompatible, since the one 
_is based on dynamical movements resulting in the trans- 

mission of a disturbance, the electric current; whilst the 

other is based on mechanical properties peculiar to elec- 
tricity when at rest. 

There is, however, a definite relation between the units 

of these two systems, both of which are derived from 
C:G"S. units. 

In the formula expressing the ratio between any pair 
of units in the two systems, there always appears a co- 
efficient v. 

This coefficient v has the dimensions of a velocity, and 

its numerical value is equal to the velocity of light, 
300,000 kilometres per second. 

This remarkable coincidence formed the starting point 

of Maxwell's work, which resulted in the establishment of 

the electromagnetic theory of light. 

163. Numerical relations between the electrostatic 
and electromagnetic units.—If any one quantity, for ex- 

ample a quantity of energy W, can be expressed in elec- 
trostatic and in electromagnetic units, we shall be able to — 
establish the relations between the two systems. In 
what follows, capitals denote quantities on the electro- 
dynamic system, and small letters electrostatic quantities, 

g 
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We have already proved: that W=T?Rt=?rt=EIt 
4 = eit = EQ =eq aol G ==ecC, 

es if z eo 

| Let each of these ratios be expressed by v. ‘The 
q ‘dimensions of v may be obtained from any one of these 

expressions, for example a 

The dimensions of q are L?/?M*/?T” and the dimen- 

4 sions of Q are L'/?M’/?. Therefore the dimensions of Al are 
Q 

LPM fi =", 
But LT is the dimension of a velocity. | 

In the G.G.S. system the numerical value of v is about 

’ 201000. 000,000, the approximate velocity of light in centi- 

metres per second. 

It is evident that if this relation exists Bideween the numeri- 

: cal values which express the quantities, the ratios between 

_ the wnits in which these quantities are expressed will be the 

Be iprocel of*this. If a quantity G measures 300,000 in 

ay units and this same quantity g measures one in y 

units, it is evident that the unit I must be oom ot 

" the unit y, while the numerical value of G is 300,000 g. 

The relations between the electrostatic and electrodynamic | 
‘units are therefore as follows, q, and Q, representing the 

BD ctnes of an electrostatic and of an electrodynamic unit 
_Tespectively. 

ss —t — 2 

1G; 

Besy; e€ Bs ss Vv 2 bps 
bd e — 2 Saeed —y? 

1, A E, ; z 

| q . Quantity of electricity and units of quantity in 

- the electrostatic system.—The unit of quantity is the 
“mass of electricity which when placed one centimetre 
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(143). 
qq’ From Coulomb’s law F = “a we get (since q = q’) 

q=d VF. 
Electric entry. therefore, is the > product of a length | 

(L) by the square root of a force VL TMI. Ehis gives — 

us the dimensions of the unit of quantity of electricity : as 
eee 2A. -1 

The electrostatic. anit of quantity must be multiplied 

by 30,000,000,000 to get the electromagnetic C.G.S. unit. 

oak 
The practical unit, the Coulomb, is oe of an electromag- 

netic unit and is therefore equal to 3,000,000,000 electro- — 
static units. 

165. Unit of Intensity of current.—The intensity of a 
current is the quantity of electricity which passes 
through a conductor in unit time. It is the quotient of a 
quantity of electricity by a time. Its dimensions in the 
electrostatic system will therefore be L?/?M*/?T-? and in 
the electromagnetic system L*/?M*/?T"* @ 

The electrostatic unit of intensity is 1/30,000,000,000 

of the electromagnetic unit. 
The practical unit, the ampere, is one tenth of the 

C.G.S. electromagnetic unit and is therefore equal to 
3,000,000,000 electrostatic units. (9.) 

166. Unit of difference of potential—The potential at 
any point, due to a charge q, is the quotient of the charge 
q, by r, the distance of the point from the centre of ac- 

tion of the charge. Hence, its dimensions are 
L1/2M1/2T-2 . 

The same result may be obtained from Ohm’s law, 
e = ir, whence the dimensions of e are L*/?M?*/?T?. 

In the electromagnetic system the dimensions of E are 
L?/2M1/°T-2, 

a 

from an equal mass will repel it with a force of one aye | 
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In electrostatics, unit difference of potential is defined 
as the difference of potential existing between two points, 

when one erg of work is required to bring unit quantity 
of electricity from one of the points to the other. 

This unit is equal to 30,000,000,000 electromagnetic 

units. 

The practical unit or volt, is 1/300 of the electrostatic 

unit, and is thus equal to 100,000,000 electromagnetic 

units. 

167. Unit of resistance—We have seen that W, the 

work done by a quantity of electricity Q, is proportional 

to the electromotive force driving it. 
W =] On =] Er Res 

fiience. R = we a relation which is equally true in 

electrostatic units, r = ae 

Since the demensions of the unit of work are L?MT-2, 

we get in the electrostatic system r = 

whereas in the electrodynamic system, 
Leu iT 

= a 
. EMT <a ae 

In other words, a resistance in the electromagnetic sys- 
tem has the same dimensions as a velocity, whereas in 
the electrostatic system it has the dimensions of the re- 
ciprocal of a velocity. This does not imply that resist- 
ance 1s a velocity, or the reciprocal of a velocity. We can 
only say that the dimensions of these two quantities 
happen to be the same. 
The electrostatic unit of resistance is equal to 9 X 10” 

_ €électromagnetic units. 
The practical unit of resistance, the ohm, is equal to 

j 10° G.S. electromagnetic units, and is therefore equal to 

—__- electrostatic units, 
xe 
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168. Unit of capacity.—The capacity of a conductor is 

the ratio of its charge to its potential. cao 

C= & , since the definition is the same in both systems... _~ 
E 

Its dimensions in the electrostatic system are 
q Gey fee AVE 2 us L 

e py es 2s 2 ee : 

In the electromagnetic system the dimensions are 
QO. ee AN eae _ say v2 

ape L?/2M3/2T- eae 

In the electrostatic system, the unit of capacity is the 

capacity of a conductor in which unit quantity of elec- 
tricity will increase the potential by unity. A sphere 1 

centimetre in radius will therefore have unit capacity. 

The electromagnetic unit of capacity is equal to 
9 X 107° electrostatic units. 

The practical unit of capacity, the Farad, is equal to 
10° electromagnetic units of capacity, or 9 X 10" elec- 

trostatic units. The farad is the capacity of a conductor 

whose potential is raised one volt by the addition of one 
coulomb of electricity. 

169. Table of Practical Units. | 

yraciieal ulcotrowsenetio ecto ene 

I Coulomb . . 

I Ampere: 8) oS 

Te Vole oe 

1. Ohms 272 

1 Bardde) ces 

IV. Electrostatic Machines. 

170. Types of Static Machines.—There are two types 
of electrostatic machines, friction machines and influence 
machines. The earliest were the friction machines, that of 

» OF 
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Bo it0 de Guericke, i in 1672, and that of Ramsden: 1760. The 

“electricity was produced by rubbing a revolving disc of oe 
or sulphur with a cushion or the hand. 

At the present day influence machines of the H olte or 

: Wimshurst pattern are the only static machines used. 
| i “aye gine Holtz machine.—The Holtz oe Fig. 

Fig. 32.—Holtz static machine. 

2 , consists of two parallel plates A and B, one of which, A, 

: is Reced. while the other, B, revolves in front of it. 

In the fixed plate are two windows ff’, on the edges of 
7 hich are fixed two paper armatures pp’, with pointed 
tongues projecting across the windows in a direction oppo- 
site to that in which the other plate revolves. i 
_ Opposite the windows, and on the other side of the re- 
Vv volving plate, are two collecting combs c c’, 3 
_ In order to charge the machine the two balls. at D are 
brow into contact with one another, and a negative 
pee. is given to one of the paper armatures by means of 
Mm ebonite rod excited by a catskin. 
4 - 9 
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Suppose the armature p be thus supplied with a negative 

charge. This charge will act on the conductor C by in- — 

duction, and the positive electricity will flow from the points 

of the comb on to the glass at B. : | 

Since the balls at D are in contact a corresponding quan- 

tity of negative electricity will pass to the other conductor 

c’, and tlience through f’ to the adjacent portion of the re- 

volving plate. . 

Thus when B has made half a revolution the upper half 

of the plate will be charged positively and the lower half 

negatively. As the positive charge passes through the 

comb c’, it will cause a flow of negative electricity to the 

plate, and a corresponding quantity of positive electricity | 

will flow to the comb c. The negative electricity flowing 

from the comb c’ will neutralise the positive charge on the 

adjacent portion of the disc, and charge it negatively. 

‘During this time exactly the opposite proceeding is occur- 

ring at c. Moreover, these charges will, in their turn, in- 

fluence the armatures p p’, whose opposite charges will es- 

cape through the pointed tongues to the rotating plate. 

There will thus be a continual flow of negative electricity 

from C’, and of positive electricity from C. 

If now the balls at D are separated, the tension between 

the two sides will increase until it becomes sufficient to 

cause a spark to pass between the balls. 

172, Wimshurst machine (1883).—This machine is 

composed of two glass or ebonite plates mounted on a hori- 

zontal axis and rotated in opposite directions. To the 

outer surface of both plates are attached sectors formed of 

strips of tinfoil. 

At each extremity of the horizontal diameter is placed an 

insulated metallic comb which acts as a collector. Between. 

these collectors is a detonator or spark gap, as in the Holtz 

machine. Each plate has in addition a metallic rod with 
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s brushes which make contact with opposite sectors on 

= Oe) © LEE 

Fig. 33.—Wimshurst static machine. 

| a The Wimshurst machine is sometimes made without the 

addition of metallic sectors to the plates. In Bonetti’s model 
the plates are replaced by two ebonite cylinders, one within 
the other, revolving in opposite directions. This arrange- 

ment secures a much larger surface area. 
m C 

| 

To explain the action of a Wimshurst machine we will 
pectibe a cylindrical instrument (Fig. 34), the cylinders 

rf which are furnished with metallic sectors. 
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A small charge of electricity is g
iven to the outer-cylinder, q ; 

at the point H. This may be produced. by friction or by i
n- 7 : 

duction, or it may be the remains of a previous charge. 

As the metallic sector bearing this negative charge passes 

the brush F, it will attract positive electricity to the inner 

surface of the inner cylinder, the negative electricity being 

repelled from F' to E, and causing a negative charge on the 

inner cylinder at E. _ ‘See ere 

Since the cylinders revolve in opposite directions both the 

portion HH’ of the outer cylinder, and the portion EE’ of 

the inner cylinder will convey their negative charge to the 

comb B, where it will be neutralised by an equal and oppo- 

site positive charge taken from the collector -B. ie 

After passing B the portion of the outer cylinder in the 

position BD will come under the influence of the negative 

charge on the inner cylinder. It will, therefore, become 

positively charged, the corresponding negative charge being 

repelled through the brush D to C, where it will charge that 

portion of the outer cylinder negatively. 192 oe, 

These combined actions all tend to charge the portion 

H’B of the outer surface negatively, and the portion IA 

positively. At the same time the portion of the inner surface 

EF’ B is charged negatively, and the portion FA is charged 

positively. The two positive charges are collected by the 

comb A, and the two negative charges by the comb B. 

V. Effects produced by static machines.—The static breeze.— 

Effleuve.—Sparking.—Morton’s Currents. 

173. Effects produced by the static machine without 

the use of Leyden jars.—When the terminal knobs of the 

collectors of a static machine are separated, sparks pass 

between them. When the knobs are near together the spark 

passes directly, as a single zigzag flash, but when they are 

further separated it becomes branched. ~ : 
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Be On still further separating them a violet coloured glow 

makes its appearance. This is termed the effleuve. | 
On approaching the hand to one of the knobs a charac- 
teristic cool blowing sensation is felt, This is due to the 

: particles of air, which are at first attracted by the knob, and 

then violently repelled on becoming similarly charged by 
contact with it. 

‘The negative “Souffle” is stronger than that from the 
positive pole. According to Bordier, this action is reversed 

at some distance from the knobs. | 
_ The output of a static machine is measured by means of 
Lane's unit Leyden jar. 3 

: i 74, Determination of the signs of the poles of a Static 

Machine.—The polarity of a static machine may be de- 

termined in several ways:—_ ) 
bY vw 

fet. Int the dark the comb connected to the positive pole 

shews a series of brilliant sparks, while that connected to 
the negative pole shews a violet aigrette. 

“2. At the detonator balls an opposite effect is produced. 
The positive knob will give a violet aigrette, and the nega- 

tive knob will shew a series of sparks. = : 

A violet aigrette is a sign of the discharge of positive elec- 
tricity. When seen on the comb it shews the flow of posi- 

tive electricity from the comb to the plate, and therefore 

matks the position of the negative pole. The brilliant points 

Adicate a flow of negative electricity. When seen on the 
sombs they indicate a flow of negative electricity from the 

omb to the plate, and hence mark the position of the posi- 
itive pole. Ose | 
3 If the knobs are far enough apart the spark will be 
fanched, The main stem of such a spark is at the positive 

knob, whilst the branches ramify towards the negative 
10b, 

© 
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repulsed by the negative collector. 

175, To charge a static machine——Machines with 

metal sectors will usually charge themselves. Those with- 

out sectors may be charged by rubbing the edge of the plate 
with a dry finger or with a little amalgam. ; 

The positive pole will be the one whose conductor isin 

advance of the excited region. If the plates are damp an 

"6 
fe ° 

4. A small piece of ebonite electrified by friction awithi a ” 

cloth or a catskin and suspended by a silk thread will be . 

ebonite rod should be charged by rubbing it with a catskin : 

and placed close to one of the plates, just opposite one of 

the brushes. This will act on the brush by induction 

through the two plates. 

176. Technique of the Medical Application of Static 

Electricity—(A) Static Bath—The patient is placed on 

a stool with glass legs. One pole of the machine is con- 

nected to the wooden top of the insulating stool, while the 

other pole is earthed by means of a metal chain. 

Loss by leakage along the surface of the glass legs may 

be reduced by standing them in cups filled with oil. (Ber- 

gone.) 
(B) Electric breeze-—Effeuve—tThe patient may be 

placed either on the floor or on the insulating stool. One pole 

of the machine is connected to earth, or to the insulating 

stool. 3 

To give the electric breeze the second pole is connected 

to a metallic point or brush, or an exciter with multiple 

points, or Truchot’s cephalic douche. 

ployed. : 

(C) Sparks—The same arrangement is used as in the 

preceding case, except that the pointed electrode is replaced 

by a metallic ball. This is placed in contact with the skin 

To produce an aigrette a wooden exciter must be em- 

x 
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| q and then slowly withdrawn, thus gradually increasing the 

. jeneth of the spark. 

Electric friction 1s given by passing this ball backwards 

; and forwards outside the clothes. 

(D) Mediate excitation —Bergomeé’s exciters. — Rou- 

q mailliac’s exciters.—Mediate excitation is also produced by 

placing the metallic ball directly in contact with the skin, but 

4 with the addition of an adjustable sparkgap or exploder in 

the handle of the electrode, between the ball and the pole 

4 of the machine. 

. 

Fig. 35 shows the arrangement employed 

4 in Bergomeé's instrument. 

Fig. 35.—Exploder of Bergonié’s exciter. 

177. Morton’s currents.—These currents were intro- 

: duced by Dr. W. J. Morton in 1881. To produce them the 

inner coatings of two Leyden jars are connected to the col- 

4 Jectors of the static machine (Fig. 30). The outer coatings 

~ are connected, one to earth and the other to the electrode of 

" utilisation. The patient is not insulated. 

When a spark passes across the gap between the knobs 

q of the static machine, a simultaneous discharge occurs be- 

_ tween the outer coatings of the two jars. This discharge 

is of an oscillatory character and we are, therefore, really 

“dealing with high frequency currents of rapidly fluctuating 

" intensity. 
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The muscular contractions, however, are mainly pro-. _ 
duced by the sudden changes of potential taking place at the / 
passage of each spark, which is a low-frequency phenome- — | 
non. The electrode is applied to the motor points to stimu- 
late muscular contraction. 

Fig. 36. 

When using Morton currents it is advantageous to have 
condensors of variable capacity, such as those of Maret and 
Cluzet. In these the area of the condensor plates is ad- 
justed by sliding two ebonite cylinders one within the other. 

\ 

CHAPTER VI. 

THE RONTGEN RAYS. 

r.—General Considerations. 

178. Definition.—The X-rays were discovered by Pro- 
fessor Rontgen in 1895. They are radiations, propagated 

with the velocity of light and the Hertzian waves, and are 

of much shorter wave length than even ultra-violet light. 

There is a graduated scale of wave lengths for the X-rays, 
“just as there is a scale of luminous waves of the spectrum. 
‘It has been shewn by Gouy, Haga and Wind that the wave 

‘Jengths of all X-rays are of the order of one-thousandth to 

‘one ten-thousandth of a micron, 
_ The value of X-rays in medical diagnosis is due to two 

properties. They traverse many substances, such as muscle 

and skin, which are opaque to ordinary light, and they mani- 
fest their presence by their action on fluorescent bodies, or 
ona photographic plate. | 

_ These radiations have also a physiological action on the 

tissues, which may be either harmful or beneficial, We shall, 

therefore, have to consider both their danger and their thera- 
peutic use. 

170. Production of X-rays.—The essential apparatus 
"for the production of Réntgen rays is a vacuum tube called 
a Crookes tube or Rontgen tube, or focus tube, which is 
traversed by an electric current of high potential. In prac- 
fice we make use of two sources of high potential electricity, 
he Static machine and the Ruhmkorff coil, or alternating - 

| tansformer. 
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180. Use of the Induction Coil or of the Alternating q : 

Transformer.—The same considerations which guided us 7 | 

in the choice of a coil and interruptor for high frequency | q 

currents are applicable here. A coil.giving a 14 to 18-inch. a 

spark should be chosen. We have already described Messrs, 

Gaiffe’s transformer for using the alternating current from : 

the public mains. (129.) This apparatus is particularly — 4 

suitable for driving an X-ray tube. 

410" 

Ben 277. 

The arrangement is shown in Fig. 37. PS is a trans- 

former with closed magnetic circuit, capable of giving a dit- 4a 

ference of potential of 60,000 volts between the terminals of 

the secondary circuit. . @ 

Between the terminals of the secondary coil SS and the q 

focus tube T, are interposed the condensors C and the liquid 
-. >) 

resistances R and R’, 
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a Two Villard valves W are introduced in parallel with 
the focus tube. These provide an alternative path of lesser 
resistance for the inverse current and thus prevent it from 

q _ passing through the focus tube (196). | 

This apparatus has many advantages. It obviates the 
E necessity for an interruptor, a most unsatisfactory and noisy 
- jnstrument whose use renders any accurate measurement 
_jmpossible. It also renders possible the measurement of 
the current passing through the focus tube by means of a 
 milliamperemeter at A. 

The measure of the current passing through the focus 
| tube is a most valuable datum, both for radiology and for 

radiotherapy. These advantages are so great that the al- 
ternating current is now preferred to the constant current 
for X-ray work, and in some instances even, the constant 
“eurrent supply is converted into an alternating current by 
"means of a rotary transformer in order to permit the use of 
an alternating current transformer, 2 

181. Static machines for X-ray work.—Any static 
“machine having a sufficiently large output may be used to 
‘drive a focus tube. The chief disadvantage of static ma- 
‘chines is their sensitiveness to any change in the hygrome- 
tric state of the air, and the great care necessary to avoid 
damage to the conductors. On the other hand, they give 
‘a steadier illumination of the fluorescent screen, are more 
portable thar a coil and accumulators, and their use greatly 
lengthens the life of the focus tube. 
_ 4. Wimshurst machine with two or three plates 50 cm. 
in diameter, rotated at 800 revolutions per minute is suffi- 
cient for most purposes. (Leduc.) | 
182. Facts to be noted when using a Wimshurst 

Mmachine in X-ray work.—There are three different 
methods of driving a focus tube by means of a static ma-~ 
shine. | 

4 

ie W 
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(A) The tube may be introduced discails into the circuit 
of the static machine. By this means equality of illumina- 

tion is assured, but a more powerful machine is required 

than when either of the following methods is employed. 

(B) When the static machine is not powerful enough a_ - 

sparkgap or detonator may be introduced into the circuit. 

The current thus obtained is intermittent and does not give - 

the same steady illumination of the fluorescent screen, but 

this contrivance may often be used with advantage in ra- 

diography. 
The intermittent current of low frequency obtained by 

this means is not to be confounded with intermissions of 

high frequency which originate the cathode rays. 

(C) The third method is to connect each pole of the 

Wimshurst to the inner coating of a Leyden jar, while the 

outer coatings are connected to the terminals of the focus 

tube, the anode being joined to the jar on the negative pole 

of the Wimshurst, and the cathode to the jar on the posi- 

tive pole. The external armatures of the jars are also con- 

nected together by a conductor of great resistance, such as 

a wooden bar ora Villard valve. 

By this method we may in great measure avoid the loss 

of current due to the leakage from the surface of the con- 

ductors. 
Il.—The Focus Tube. 

i Definition—The Crookes tube or focus tube.— 

A Crookes tube is a glass globe exhausted of air and pro- 

vided with two electrodes, an anode, which is connected to_ 

the positive pole, and a cathode connected to the negative 

pole of a source of high tension. electricity. 

The tube in general use is a bianodic tube (Fig. 38), the 

two anodes being in electric communication with one another 
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Berside't the tube. The second anode i is inclined at an angle 
Bar 45° to the axis of the tube, ‘and is termed the anti- 

cathode. This serves to receive and disperse the cathode 

Fig. 38.—Ordinary focus tube with two anodes, : 

“rays issuing from the cathode, and gives out the Rontgen 
ey ‘which radiate from it in all directions, _ 

The cathode, C, is made of aluminum, since this metal i is 
Teast subject to electric evaporation. (189.) 

- The anticathode, D, is made of platinum iridium, since 

iis is most resistant to heat, a considerable amount of 

hich is generated by the impact of the cathode rays. More- 

‘over, the production of X-rays increases with the atomic 
weight of the element acting as target for the cathode rays, 
oad platino-iridium is one of the heaviest metals known. 
_ Under the best conditions a live focus tube should shew 
two distinct hemispheres, which are separated by the plane 
of the anticathode, m n. The hemisphere in front of the 
anticathode glows with a brilliant green fluorescent light. _ 
_ the glass wall bounding the active hemisphere is bom- 
ae by the cathodic projectiles scattered by the anticath- 
ode, and is traversed by the X-rays which radiate from the 
focus of emission on’ the anticathode. (186.) The hem- 
Isphere behind the anticathode is quite dark except when 
pe tube is working irregularly, ( 197.) 

fs, 
oS 
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The genesis of the Rontgen rays in a vactium tube is due 

to the shock of impact when a stream of cathode rays strikes. 

a target. The first desideratum then is some means of pro- 

ducing a strong stream of cathode rays. 

184. Cathode Rays.—In 1868 Hittorff first described 
the phenomenon of cathode rays. The following is the 

theory now generally accepted. A stream of material par- 

ticles, the cathodic afflux, flows from all parts of the vacuum 

tube towards the cathode. These particles are then repelled 

by the cathode towards the anticathode, forming the catho- 

dic beam. On striking the anticathode this beam is again 
dispersed in all directions throughout the hemisphere in 

front of the anticathode. 

‘Cathode rays are, therefore, not due to vibrations, like 

light, heat, and X-rays, but to a transport of material par- 

ticles which are probably Hydrogen. These particles travel 

with a velocity of 20,000 to 50,000 kilometres per second. 

(J. J. Thomson, Wiechert.) 

If we watch the electric discharge in a tube which is being 

gradually exhausted, when the pressure is reduced to about 

10 mm. of mercury, we see the so-called positive light, a 

violet glow around the anode, stretching towards, but not 

reaching, the cathode. The dark space between this glow 

and the cathode is termed Faraday’s dark space. 

On increasing the vacuum a glow also appears around 

the cathode, the so-called negative light which is separated 

from the cathode by Hittorff’s dark space. The colour of 

' this glow depends on the nature of the gas present in the 

tube. 

As the vacuum gets higher this negative light becomes _ 

concentrated into the cathodic beam. With a sufficiently . 

high vacuum the cathodic beam, by its impact on any ob- 

stacle, gives rise to the Rontgen rays. 

This cathodic beam represents the trajectories of He! pro- 
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je ectiles driven from the cathode towards the anode or anti- 
cathode. It is fed by the afflux of molecules from all parts 

of the tube. These, on touching the cathode, receive a nega- 

ti tive charge, and are repelled, thus forming the cathode rays. 
‘Tf the cathode is perforated, part of the cathodic afflux 

E vill pass through the aperture and appear as a luminous 
stream at the back of the cathode. These rays behind the 

cathode have been termed by Goldstein the Kanalstrahlen, 
" Radioactive bodies, such as radium, give out radiations 
analogous to cathode rays, besides emitting radiations simi- 

lar to X-rays. (Bécquerél, Curie.) 
185. Properties of the Cathode rays—(a) Cathode 
Me fays are negatively electrified—The ratio of the electric 
charge e to the mass m of the cathodic particles is found to 
be always constant. 

q Cs rab . | | The ratio me the same, whether it is measured in the 

Pthode rays inside the tube or outside the tube in the 

Lenard rays. It is one thousand times as great as the ratio | 

of charge to mass in the ions concerned in electrolytic con- 

fuction. One gramme of cathodic matter would carry a 

undred million (10°) coulombs of electricity. 

(b) The velocity of a cathodic projectile is a function of 
he difference of potential—tlt therefore increases as the 
icuum becomes higher. Since the voltage of the current 

thi prog a focus tube is constantly fluctuating, every cath- 
dic beam is composed of various cathodic rays travelling 
at ith different velocities. 
©) Cathode rays are deviated and dispersed by a mag- 
et ic or an electric field—This phenomenon is the direct 
sult of the electric charge carried by the cathodic parti- 
BS. EF Following the ordinary laws of projectiles, the devia- 
mn Of the rays is in inverse proportion to their velocity, so 
at the deviation is greatest when the vacuum in the ate 
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is lowest. The deviation, moreover, varies for different 

rays in the same cathodic beam. The rays of high velocity | 

will be less deviated than those travelling more slowly; 

hence we notice a dispersion as well as a deviation of the —@ 

beam. 

(d) Electric evaporation. —The cathode, i.e., the elec- 

trode towards which the cathodic afflux flows, and from 

which the cathode rays originate, undergoes a gradual pro- 

cess of pulverisation or electric evaporation. (189. ) | 

(e) Production of X-rays.—The cathodic projectiles give 

rise to X-rays whenever they strike any material surface. 

There is, therefore, a production of X-rays at the centre of 

the anticathode, and on the walls of the focus-tube, which 

receive the cathode rays dispersed by the anticathode. (186. ) 

186. Production of X-rays in a vacuum tube.—In the 

earlier Crookes tubes the X-rays were produced by the 

cathode rays bombarding the glass walls of the tube itself. 

The surface of emission was large, and shadows formed by 

the X-rays were ill-defined. 

‘In the modern focus-tube the surface of emission is re- 

duced to a square millimetre or less at the centre of the anti- — 

cathode, the cathode being concave so as to focus all the 

cathode rays at this point. 

Another great advantage is the substitution of a focus- 

plate of platino-iridium for the glass wall of the tube, since 

the intensity of the X-rays emitted increases with the den- 

sity of the target. Further, since platino- -iridium is able to 

withstand a high temperature, it is possible to concentrate 

the rays at one point without fear of fusing the target. 

~The X-rays produced at the anticathode easily traverse _ 4 

the walls of the tube, losing very little of their intensity in 

the process. The X-tays produced by the impact of the 

diffused cathode rays on the wall of the focus tube are but 

feeble, and may be practically ignored. (20I.), 

: - no 

a 
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187. Action of a focus tube.—There are several phe- 

mena of interest to be observed in using a vacuum tube 

for the production of X-rays. 

Py The, electric state of the focus tube and of the 

yacuuill. (188. ) 

(B) The cathodic evaporation or pulverisation of the 

j cathode. (189.) 
(C) The metallisation of the tube. (190.) 

(D) The thermic effects. (191.) 

(E) The interior resistance. This is a function of the 

{ facility of formation of the cathode beam, and therefore 

_ of the degree of vacuum, It may be determined by the length 

of the equivalent spark, or by the quality of the X-rays 

emitted as measured by Benoist’s radiochromometer. A 

BD ocus-tube is said to be “soft” or “hard,” according to the 

" degree of its internal resistance. (192.) 

_ (F) The “softening” of a focus tube during use. Dur- 
ing the process of exhaustion of a focus tube it becomes 

softer when a current is passed. This sometimes occurs 

‘during use if the focus tube has not been properly ex- 

etc 
_(G) The “hardening” of a focus tube during use. When 

‘a focus tube has been properly exhausted it always grows 

harder with use. 

188. Resistance of the focus tube.—In an electric cir- 

“cuit, the fall of potential between any two points is greater, 

‘the greater the resistance between these points; provided 

that the resistance of the rest of the circuit remains unal- 

tered. It follows, therefore, that the difference of potential 

between the anode and cathode of a focus tube will be in- 
creased by increasing the resistance of the tube. The resist- 
ance of a focus tube varies inversely with the facility with 

Which the cathode rays are formed and directly with the 

d egree of vacuum in the tube. (184 and 192.) The re- 

) 10 
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In the process of manufacture of a focus tube the resid. 4 | 

ual gas has to be repeatedly exhausted, and during the ex- : a 

haustion a current is passed through the tube to liberate — ee 

the gaseous molecules absorbed by the glass. F inally the 

tube is heated in order to liberate any remaining gas. 

A focus tube is said to be formed when it no longer 

grows softer during use, even when heated. Te as 

If a new tube becomes soft through being over-driven, it 

may be hardened again by being used repeatedly with a 

very small current. ~ | 

193. Determination of the Resistance of a focus tub 

—Equivalent spark—Voltage of primary—Milliamper- 

age of the secondary circuit.—The maximum length of . 

spark which will pass between the balls of a sparkgap 

mounted in parallel with the focus tube is called the equiva- 

lent spark length. It gives an approximate measure of the 

penetration of the X-rays emitted by the tube. Two tubes 

of the same type, with the same equivalent spark length, 

will give rays of equal penetration. 2 

The equivalent spark will be longer the greater the re- 

sistance and the higher vacuum. Its length will, there- 

fore, increase with any increase in the velocity of the — 

cathodic corpuscles, 

Béclere has designed an instrument which he has named 

spintermeter, to facilitate the measurement of the equiva- 

lent spark. 

It must be remembered that the length of spa.k will vary 

with the size of the balls of the sparkgap. This should be 

one of the data given, in order to render comparable the 

measurements of different experiments. During an ex- 

posure the spintermeter enables us to appreciate one thing 

only; that is the moment when the tube becomes hard 

enough to allow a spark to pass between the knobs, If the q 
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tube is growing softer we must approach the knobs of the 
| spintermeter until a spark passes, and measure the distance 

at which this occurs. This interferes with the regularity 
| of emission of X-rays, since it ceases during the passage 

Bm of a spark across the sparkgap. 

Bergonié has devised another means of judging the inter- 
" nal resistance of a focus tube. This is the measurement of 
the voltage at the terminals of the primary coil. Any in- 
crease of resistance in the secondary will increase the self- 
induction in the coil, and thus alter the resistance to change 
of flux in the primary. 

With a given coil, if other factors remain unchanged, 

ey cstimate the change of resistance of the tube by 

"measuring the difference of potential at the terminals of the 

"primary coil, since this will increase as the resistance of the 
_ tube increases. 

The character of a tube can be determined much more 

easily by using an alternating current transformer as de- 
scribed in par. 180. A milliamperemeter in the secondary 
will give the exact measure of the current through the focus 
tube. Since the intensity of the current is a function of the 
EMF. of the secondary and the resistance of the tube, any 

change of the latter will be indicated by the edi berate 

meter. “A comparison of a number of tubes of different 
i akers by means of Benoist’s radiochromometer has proved 
the accuracy of this method of measurement. 

104. Hardening of the tube and means of preventing 
it.— During its action a focus tube grows gradually 
harder, z.¢., the length of the equivalent spark becomes 
Greater. One cause of this hardening is electric evaporation 
eon the cathode. This may be recognised by the blackish 
pee due to metallisation of the glass, which should not 
be confounded with the violet or brownish discolouration 
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Not only does this prodtice irregular illumination, but it ; 

causes metallic evaporation from the platinum of the anti-— 

cathode, since the latter will in alternate phases act ds a 

cathode, with all the attendant evils of hardening of. the 

tube and metallisation of the glass. Vullard’s valve is de- » 
signed to oppose a greater resistance to the inverse cur- 

rent than to the direct current, and thus to counter-balance ~ 

the unfavourable inequality of resistance in the focus tube. 
It is based on the principle that the cathodic afflux will form — 

with greater facility, and therefore the resistance will be 

less, when the cathode has a large surface and is placed in 
a free space. 

Consider an alternating current with equal phases passing 
through a vacuum tube with unequal electrodes, the size - 
and position of the electrodes may be so adjusted that only 

one phase of the current will pass, vig., that in which the 
large electrode acts as cathode. 

A Villard valve is a pear-shaped vacuum tube with an 
electrode of large surface placed in the open part of the 

tube and a small electrode placed in a narrow neck at one 

end. It may be either mounted in series with the focus 

tube or in parallel.; Fic. 30. : 

197. Appearance of a live focus tube.—When a focus 

tube is working well 1.e., when the rays emitted are of 

medium hardness and there is no inverse current passing 
through the tube, its appearance is like that already de- 

scribed in par. 183. ‘The chief characteristic of such a 

tube is the intense green or bluish fluorescence over one 

half of the tube, the boundary in the plane of the anti- 

cathode being sharply defined. 
When a tube shews striz and inequalities or spots in 

the fluorescence, it is either dirty or it is traversed by inverse 
currents. ‘he first defect can be remedied by washing 
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with Boap and water and alcohol; the second may be 

spviated by interposing a properly adjusted Villard valve. 

‘Tf a tube is poorly illuminated, or shews a faded yellow 

colour, it is probably an old tube which had become too 

hard, whereas if the illumination is intermittent, the in- 

; ferruptor of the coil is probably working irregularly, so 
that the difference of potential is not the same for each 

vibration. It. may be corrected by adjusting the break, 
; warming the focus tube, or regulating the Villard valves. 

- [J1.—Character and mode of employment of the X-rays. 

: B08. General considerations.—In the study of X-rays 
v re have to consider, 

B(A) The intensity of illumination of the different zones 

of f the irradiated area. 

(B) The method of illuminating objects in the irradiated 

at €a. 

B(C) The mode of Bro paation! velocity and wave wae 

of the X-ray vibrations. 

(D) The chemical and physical effect of the X-rays. 

199. Intensity of irradiation at different parts of the 
radiated area.—Since the cathodic beam is concentrated 
on less than one square millimetre of the surface of the 
anticathode, the X-rays emitted may be considered as 
ra adiating from a single point. 
‘The intensity of irradiation is almost uniform over the 
wt 1ole irradiated area, except just at the periphery where 
the rays are nearly parallel to the surface. The intensity 
f oo is no greater in the centre than on the cir- 
imference of the field of irradiation. (Gouy.) 
Phere is no advantage in using the rays which issue 
ormally to the anticathode. Indeed it is sometimes ad- 

val htageous to use other portions of the field. 
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200. Illumination of objects by X-rays.—The laws of 4 a a 

illumination applicable to X-rays are the same as the 

optical laws of illumination from a luminous surface _— 

rather than from a point. 

In the case of the focus tube, the luminous area is oval, 

since the anticathode cuts the cone of cathode rays at an 

angle of 45°. The major axis of this ellipse is in the plane 

passing through the axis of the anticathode, the cathode 

and the anode. : 

Since the source of illumination is an elliptical surface, 

instead of a point, every object illuminated will show a a 

penumbra around its shadow, and. thus we may get all 

the illusions familiar in optical phenomena. 

The apparent diameter of the luminous surface will be 

greatest when viewed in the direction of the ray normal 

to the centre of the anticathode. It will appear circular 

when viewed at an angle with this normal ray equal and 

opposite to the angle of the cathode ray with the normal 

ray. Hence, for radiography, we place the body to be 

illuminated in the direction which the cathode rays would 

take after reflection by the anticathode, if the cathode rays 

were rays of light. In this position the penumbra is 

equal in all directions and therefore it should be chosen 

for all radiographic work where a clear definition is re- 

quired. , 

201. X-rays emitted by the walls of the focus tube.— 

As a rule the X-rays generated by the impact of the dif- 

fused cathode rays on the glass walls of the tube are so 

feeble as to be negligible. In certain cases, however, 

they may be a source of inconvenience. This may be 

obviated by interposing a lead diaphragm between the 4 

focus tube and the fluorescent screen. The aperture in 

the diaphragm is so adjusted as to cut off all except the 

useful pencil of rays. 
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4 iA penumbra will be visible if the rays are powerful 
enough, even after all possible precautions have been 

taken. | 
202. Propagation of the X-rays.—X-rays are propa- 

: ated in straight lines. They are incapable of reflection, 

refraction Or diffraction. 

" Secondary X-rays are emitted by all bodies on which 

the primary X-rays impinge. These secondary irradia- 
eas are emitted in all directions, both at the point where 

the X-rays impinge on a body and at the point where they 

emerge, aiter traversing the body. The quality of the 

secondary radiations varies with the nature of the body 

interposed, and with the quality of the X-rays giving rise 

to them. | : 
a Secondary rays may further give rise to tertiary rays, 
The production of these secondary and tertiary X-rays is 

a frequent cause of fogging of the photographic plate in 
radiography. 

' 203. Transparency of bodies to the X-rays—Benoist’s 
law.—Benoist has investigated the laws which govern the 
transparency of various bodies to the X-rays. They are: 
(1) The specific opacity of any substance is independent 
of the physical state of that substance. For a given sub- 
stance, the opacity is merely a function of its mass, and is 

the same whether the body is in the solid, liquid, or gaseous 
state. 

(2) The specific opacity is independent of the molecular 
or atomic grouping of the substance, whether crystalline 
8r amorphous, or of various allotropic modifications. 

£(3) The specific opacity is the same whether the atoms 
me tree or in chemical combination, and the transparency 
i walent of a mixture can be calculated from a knowledge 
pe the transparency equivalents of its constituent parts, | 
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Benoist takes as a unit the transparency of a cylinder 

of paraffin wax 75 millimetres long and one square centi- 

metre in cross section. The transparency equivalent.of a 

substance is the mass in decigrammes of a cylinder of the ; 

substance one square centimetre in cross section and of such 

a height that it is of the same transparency as the cylinder — 

of paraffin wax. - 

(4) For X-rays of any given penetration, the “seul 

opacity of an element is a fixed function of its atomic weight. 

This is a most important fact. If we take X-rays of definite 

penetration, a given substance, whatever its form, its state 

of combination or mixture, will have the same transparency 

equivalent. A determination of this transparency equiva- 

lent may therefore give valuable information as to the com- 

position of an unknown body. 

For example, organic matter free from admixture has an 

equivalent somewhat above 40. If mineral matter is added, 

this equivalent becomes lowered, since the atomic weight 

of the mineral is higher than that of any of the constitu- 

ents of the organic matter. 

On the other hand, the quality of the X- “rays employed 

may be determined by comparing the transparency of a 

body of known transparency with that of different thick- 

nesses of some standard substance such as aluminium. This 

is the principle of the radiochromometer. 

204. .Benoist’s radiochromometer.—Benoist’s radio-— 

chromometer is an instrument which enables us to compare 

the transparency of a standard plate of silver with that of 

-yarious thicknesses of aluminium. The plate of silver is .11 

mm, thick. For X-rays of medium penetration this has 

the same transparency as Benoist’s standard paraffin block 

75 mm. in thickness. Around the central silver plate are 
a 
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B placed twelve sectors of aluminium of thickness varying 

from I fOri2: mms 

In order to estimate the penetration of the rays given 
off by a focus tube, the tube is viewed through the radio- 

> chromometer and a fluorescent screen. Some two or three 
| sectors will appear of about the same transparency as the 

p silver disc in the centre. The middle one of these is taken 

to denote the quality of the X-rays under investigation. By 

this means we are able to measure and give a numerical 

. tae to the penetration of the rays emitted by a focus 

tube. 

205. Holzknecht’s chromoradiometer and Sabouraud 
' and Noiré’s reagent.—Holzknecht has designed an appa- 

 ratus which he terms a chromoradiometer, to measure the 

® dose in X-ray treatment. ‘The physiological or therapeutic 

- action of the X-rays is proportional to the quantity absorbed. 

_ Highly penetrating rays which pass through the body with- 

out being absorbed are almost without therapeutic effect. 
_ Goldstein found that the colour of certain salts is changed 
by exposure to the cathode rays. Holzknecht observed 

; that the X-rays produce a similar effect, and that the 

amount of change is proportional to the quantity of X- 

trays absorbed. Hence he makes use of the colour change 
of one of these salts to indicate the quantity of rays ab- 

a sorbed. 

X-rays, cathode rays, and radioactive bodies have a sim- 

ilar effect on these salts. A solution of chemically pure 
“chloride of sodium is coloured yellow by the rays. The 

colour effect is the same if it is mixed with pure sodium 
| sulphate, though the latter salt alone is not coloured by 
Bethe rays. If the two salts are fused together, they will on 
cooling exhibit a pinkish-violet colour, and the solution of. 

| this mixture is stable. 
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The action of the X-rays on these salts serves to explain 

A graduated scale formed of twelve such capsules serves - 

as a standard with which to compare the degree of coloura- 

tion. Holzknecht’s unit of measurement is an arbitrary 

one and is designated by the letter H. A new capsule is 

required for each case, but the same capsule may be used 

several times for one patient since if care is taken to exclude 

light it will preserve its colour from one sitting to the next. 

This method of measurement promises to be a very val- 

uable one, when the unit has been clearly defined, and the 

doses stiitable for each case have been determined. It has, 

however, one drawback. The darkening of the reagent con- 

tinues for some time after the irradiation has ceased. 

In France Sabouraud and Noiré’s discs are generally 

used for measuring the quantity of radiation. They consist 

of barium platinocyanide paper similar to that used for 

the fluorescent screen. The disc is placed 8 cm. from the 

anticathode, the distance of the patient being 15 cm. Plat- 

inocyanide of barium grows darker under the influence of 

the X-rays, but rapidly regains its original colour on ex- 

posure to daylight. 

The standard scale used with this instrument gives three 

tints. 

(1) The colour of the unirradiated platinocyanide disc. 

(2) The colour of a disc which has absorbed a quantity 

of rays corresponding to 4 H in H olzknecht’s units. This 

is the dose required to give the first degree of radiodermic 

reaction. | 

(3) The colour of a disc which has absorbed 5% H, 4 

the maximum dose permissible without injury to the skin. 

the principle of AH olzknecht’s chromoradiometer, although a é 

the actual composition of the salt he uses is kept secret. a 

The salt is enclosed in small capsules mounted on a card, @ 
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B 2006. Ionisation by X-rays.—X-rays have the property 
Mi ionising any gas which they traverse, 1.e., of decom- 
: posing the molecules of the gas into positive and negative 

" jons. Hence all electrified bodies are discharged when 
subjected to the influence of the X-rays. 

207. Discharge of electrified conductors.—Benoist, 
“pufour, Right and J. J. Thomson have investigated the 

~ pehaviour of charged bodies when subjected to the in- 

| fluence of X-rays. A charged electroscope is at once dis- 
“charged by a beam of X-rays directed upon it. The rate 
of discharge increases as the pressure of the ionised gas is 

‘increased, and it also varies with the nature of the gas and 

/ with the nature of the metallic leaves. | 

: It is not necessary for the beam of X-rays to impinge on 
“the metal leaves; it is sufficient if it passes through the 

“surrounding air, the metal being then discharged by elec- 
‘tric convection. : 
_ Secondary rays are also capable of discharging an elec- 
‘troscope. (Sagnac.) | 

_ The same phenomenon is observed when a beam of ultra- 

violet light is directed on the electroscope, but in this case 

the instrument is only discharged if the charge which it 

had received was negative. This may not be a fundamental 

difference between the two forms of radiation. Indeed, 

Penard's ultraviolet rays, like the X-rays, are capable of 
discharging bodies charged with either positive or nega- 
tive electricity. 

208. Emission of negative charges by metals irradi- 
: ated by the X-rays.—Curie and Sagnac have found that 
gen placed in vacuo metals irradiated by the X-rays 
3 it negative charges as well as secondary X-rays. This 
S analogous to the negative charges emitted by metals 

, Ss the influence of ultra-violet light. It is now gener- 
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ally admitted that when X-rays impinge on a metal in -. El 

vacuo, the latter emits cathode rays similar to those pro. 

duced in a Crookes tube, or by a radioactive body. 

209. Condensation of water vapour in supersaturated _ 

air.— Wilson found that in common with ultra-violet rays, | 

the X-rays possess the property of condensing the aqueous 

vapour in supersaturated air. i 

210. Velocity of X-rays.—According to Blondlot, the 

velocity of propagation of the Rontgen rays is the same 

as that of the Hertzian waves and light waves, 1.e., about ‘ 
300,000 kilometres per second. 

211. Action of X-rays on fluorescent substances.— 

Certain substances, such as barium platinocyanide, becomes 

fluorescent on exposure to the Rontgen rays. If the ex- 

posure is prolonged, the platinocyanide becomes brown, and 

this colour persists so long as the screen is kept in the ’ 

dark. The discoloured salt is much less sensitive to the 
X-rays, but its original colour and sensitiveness can be re- 

stored by exposure to sunlight. It is therefore advisable 

always to expose the fluorescent screen to daylight after 

use. 5 

212. Photographic action of the X-rays.— X-rays, like — 

ordinary light, are capable of affecting a photographic 

plate, which may then be developed in the ordinary way, 

to give a photographic negative. When a transparent radio- 

graph or diapositive is required, it is obtained by taking a 

photograph of the X-ray negative with the ordinary photo- 

graphic apparatus. : 

213. To obtain a positive radiograph directly—The 

action of light and the X-rays on a photographic plate, 

though similar, is nevertheless antagonistic. The impression : | 

of a radiograph on a photographic plate is destroyed by 

a 

io} 
Ta 

2 

2 
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axpostre to light, even to the infra-red rays of the spectrum. 
‘This enables us to obtain a positive directly on the photo- 
eraphic plate. An ordinary radiograph is taken and the plate 
q 2 exposed to daylight for a sufficient time to destroy the 

impression caused by the X-rays. The inverse image thus 

formed is then developed. The shadows on this plate will 
appeat dark, and the portions of the plate which were most 

Grradiated will remain white, owing to the neutralisation of 
the two effects. 

4 1v. Application of X-rays in Medicine and Surgery. 

214. Radioscopy and radiography.—I. For ordinary 

processes Of tadioscopy and radiography, where great ac- 
curacy is not required, the focus tube may be supported by 

» clamp on any of the ordinary movable stands, and the 
patient may be placed in whatever position is most con- 
venient for the particular operation required. 

Il. For clinical radioscopy or radiography, a horizontal 
or inclined couch should be used, with a support for the 

focus tube so designed that it can move freely in a plane 
parallel to the couch. This movable support may be either 

above or below the couch, and there are numerous appli- 

ances designed for this purpose. It is well also to have 
an atrangement for the examination of the patient in a 
gettical position. In this case the support for the tube 

should permit of its being moved in any direction in a 
yertical plane. The arrangement shewn in Fig. 40, which 

devised some years ago, is now very generally adopted. 
fo this Dr. Béclére has added an iris diaphragm, which 
§ most useful for clinical work. 

Tif. In all X-ray work it is advisable to interpose a 
heet of aluminium between the focus tube and the patient. 

this metal screen should be connected to earth. By this 
om Il 5 . 
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means any accidental sparking of the patient is avoide 4 a 

the static field is suppressed, and the injurious effect of Ge 

the less penetrating X-rays is obviated. © 
a 

215. Radioscopy and Radiography of Precision.— { 

When great accuracy is required, as in the determination — 

of the exact position of a foreign body, measurement of q 

the size of an organ, orthogonal projection, etc., we require 

some means of determining the direction of the incident 4 

ray. This is generally accomplished by placing crossed | 

wires in front of the focus tube in the path of the incident q 

ray, usually the ray which is normal to the irradiated sur- 7 

face. In order to place this indicator in position, a pointer 4 

is fixed at right angles to the plane of the crossed wifes, — 
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fad: the whole moved about until the shadow of the pointer 

| shews as a circular spot on the fluorescent screen. Instead 

“of the pointer, a second pair of crossed wires may be em- 
ployed: or the direction of the ray may be marked by a 
a niometer specially designed for this purpose. The gonio- 
meter is the only practicable means of determining the 

angle of incidence when it is desired to use oblique irra- 
fiation. * 
“Normal projection may be obtained directly on the ordin- 

“ary fluorescent screen, or on a second screen placed parallel 
Mo the first or examining screen, as in the orthodiagraph 
Jescribed above. 

Z 16. Sterioscopic projections.—In sterioscopic radiog- 
aphy we obtain two perspective views of the same object 
which, when looked at through an ordinary stereoscope, give 

ithe appearance of relief. This gives a better idea of the 
elative position of the different organs. 

It may also be employed in Steriometry, i.e., the quanti- 
ative estimation of the position of an opaque body in rela- 
on to certain fixed points. (See Bouchard’s Traité de 
adiologie médicale, p. 574.) 
The apparatus for stereoscopic radioscopy is designed 
g ive two intermittent images which form two ee. 

mepective views, so arranged that one shall be observed 
, the left and the other by the right eye... The right 
r Be mage is eclipsed just as the left eye piece is ne 

} meus see the two images alternately, the left hand ima ‘ 
@ the right eye, and the right hand image with the left 

A 

i { 

T 1e r ° ® e a. Pag riometer 1S an apparatus which measures the in- 
ether icident ray on two planes at right angles to P -——Lraité de radiologie médicale, Bouchard, 
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217. Endodiascopy. —The process of endodiascopy j ine 

troduced by Bouchacourt consists in introducing a specially : 

constructed focus tube into the various cavities of the body, | 

The walls of the tube are kept at the same electric potential 

as the earth. The instrument may also be used for radio’ 

scopy, with the focus tube in contact with the skin. (Trait 

de Radiologie médicale, p. 606.), os _ 4 ’ 

CHAPTER VII. 

GALVANO-CAUTERY. 

| Blectro- cautery.—An electric cautery consists of 
: tina wire or plate of appropriate shape, which is 

: ed by the passage of an electric current, either continu- 

of alternating. 

. cauteries have a very low resistance, varying 

, 4 ohms to .02 ohms, or even less. To heat the 

a to incandescence may require from five up to twenty 
eyen thirty amperes. The voltage at the terminals of 
battery must therefore be from 2 to 10 volts. The volt- 

required for a given cautery may be calculated from 

esistance and the current by Ohm’s law. V=RI. 

a Source of electricity for the electric Cautery.— 
e a cautery needs a large current at a low potential, 
best heated by means of accumulators, galvanic batter- 
with large plates, or dynamos of low voltage. 

a tule, we use the most available source, which is 
bly of higher voltage than that required for the cau- 

$112 ally the choice lies between the use of a galvanic 
y or accumulators and a current of high voltage as 
jed from the public main, 
Galvanic cells and Accumulators.—Galvanic 
1 re very useful when no other source of electricity 
il able. Cells with large plates should be chosen, and 
should be joined up in series and parallel so as to give 
sure Of 2 to 6 volts and a current of 5 to 20 amperes, 
ing to the cautery erp eyed: 
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Whenever practicable, accumulators should be preferred : ee z rimary, and the thick wire as secondary. This is, however, 

as they are much more convenient. Two accumulators in 77RRges : ‘expensive, and necessitates the use of an interruptor—always 

series are usually sufficient for a cautery. A portable ac. 7 See, cource of difficulty. Rotary transformers are also subject 

cumulator, yielding 25 ampere hours, is a useful size for -_— = a the same objection. 

this purpose. | . a It is better to resign oneself to the waste of energy, and 

An accumulator is, however, more likely to be damageqd “ue to use the current directly, with the interposition of high 

by using it for the cautery than in any other way, since 7 | resistances. ‘The ordinary rheostat in series with the cau- 

the current is generally greater than the accumulator is able © tery. ss not sufficient. A shunt circuit must be employed 

to supply with due regard to the life of the plates. ee, 2 “potential reducer,” the arrangement of the resistances 

sor. Use of the current from the public mains for the being that already described in par. 88. 

electric cautery.—This is the most convenient source, but — | _ Suppose, for instance, we were using a cautery of .3 ohms 

it is the most difficult to employ satisfactorily. If we use - resistance, requiring a current of 10 amperes with the re- 

a current of 110 volts directly to heat a cautery which re- |  .jstance in series with the cautery. If the pressure in the 

quires 6 volts and 10 amperes, we must expend 104 X Io, 4 mains is 110 volts a spark would pass across the interruptor 

or 1040 watts, of which only 60 watts are used in the cau- ] : in the handle of the cautery on breaking the current. This 

tery. For this reason the use of a transformer is much more : spark would have an energy of 1100 watts, enough to de- 

economical. On the other hand, a current of high voltage d stroy the terminals of the interruptor, or to produce con- 

is often very convenient, and we will therefore proceed to | tinuous sparking if the insulation were defective. 

enumerate the best methods of utilising it: 4 q This energy of the extra spark will be greatly reduced 

(a) Alternating current from the mains.—In this case Dif the cautery is introduced into a shunt circuit. Suppose 

a transformer with closed magnetic circuit specially de-— H we have a resistance of 10 ohms in the main circuit, and 

signed for use with the cautery must be employed. The Te the cautery of .3 ohms in the shunt circuit. Let that por- 

apparatus is light, cheap and very efficient. A small current 7% tion of the main resistance placed in parallel with the cau- 

of about one ampere in the primary, with a pressure of IIo 4 | tery be so adjusted that a current of 10 amperes will pass - 

volts, is transformed into a large current of low voltage, 10 through the cautery when one ampere passes through 

amperes at 10 volts. . the main circuit. When the cautery is in use, the total 

This is the ideal form of transformer. When it is used © energy passing through the circuit will be II X 110 = 1210 

the only other apparatus required is a low resistance rheo- 7 watts. When the current in the cautery is cut off the total 

stat in series with the cautery. : _ resistance will be increased from 10 ohms to 12.73 ohms, and 

(b) Continuous current from the mains.—When em-— ihe energy of the current will drop from 1210 to 948 watts. 

ploying a continuous current at high potential for electro-~ | | 

cautery, a method much practised in Germany is to use 4 

transformer with open magnetic circuit. The transformer 

ss in fact a Ruhmkorff coil in which the thin wire acts as 27 
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The break spark will therefore in this case only correspond q 

to an energy of 262 watts.’ 

This spark moreover will find an alternative route through 

the main circuit, and its effect on the interruptor will there- 

fore be reduced to a minimum. | 

The usual method of arrangement in the potential re- 

ducer is to use an invariable resistance of 10 to 20 ohms 

in the main circuit, and to place the cautery in parallel. with 

an adjustable resistance of 3 to 5 ohms. 

1 Let I¢ be the current through the cautery ‘and Re its resist. aie 

ance,—I8 the current through the shunt, and RS its resistance. 

In the above example Is RS = I¢ Re = 3 volts, since the. current 

Ie is 10 amperes and the resistance R° is.3 ohms. If IS the 

current through the shunt is I ampere, Rs must be 3 ohms. 

R, the equivalent resistance of RS and R¢, is therefore .273 ohms. 

The resistance of the rest of the circuit is 10 —.273 = 9.727 

ohms. If to this be added the resistance RS = 3 ohms, we get 

a total resistance of 12.73 ohms when the cautery is not in use. 

CHAPTER VIII. 

OZONISATION. 

222. Method of producing ozone.—Ozone (oly, odour) 

"ig an allotropic modification of oxygen. Whereas the oxygen 

molecules O, consists of two atoms of oxygen, the ozone 

“molecule Os contains three such atoms. The earliest observa- 

“tions on ozone were made by Van Marum in 1779, and 

 Schoenbein in 1840. 

~ Ozone, which exists in small quantities in the atmosphere, 

“may be produced artificially by several methods, the most 

“practical of which is electricity. The effleuve discharge, in 

‘air or oxygen, of conductors charged to a high potential is 

‘accompanied by a production of ozone. 

_ Berthelot’s ozone generator is the one generally used in the 

‘Jaboratory. It consists of a glass tube filled with dilute sul- 

phuric acid, surrounded by a second tube dipping into a shal- 

jow vessel filled with the same solution. The space between 

the two tubes is traversed by a current of air or oxygen. A 

current from an induction coil is passed through the appa- 

ratus, one terminal being connected to the solution in the 

inner tube, and the other to that in the shallow vessel. Elec- 

tric discharges occur across the space between the tubes and 

thus convert part of the oxygen into ozone. _ 

The generators of ozone used in medicine are of three 

types, the Hougeau generator, electrostatic generators, and 

high frequency generators. 

_ 223.. Ozone generators of Houzeau, Labbé, and Oudin. 

—All these make use of the discharges from an induction 

wy 

coil for the production of ozone. A glass tube covered with 
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aluminium foil or aluminium wire, is connected with one 

terminal of an induction coil. An aluminium rod connected 

WY La AEA 
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Fig. 41—Ozone generator, Houzeau-Oudin type. 

to the other terminal of the coil passes down the centre of 
the tube. Aluminium is chosen, since it is less readily oxi- 

disable than most metals. 

The output of ozone is very small. Bordier has shown 
that although the presence of ozone can be distinctly recog- 

nised by the smell, the amount is so minute as to be prac- 

tically useless for physiological or therapeutic work. 

224. Electrostatic ozone generators.—There is a 

noticeable production of ozone at the poles of an electro- 

static machine. Bordier’s experiments, however, show that 

with a Wimshurst machine of medium size, only a fraction 

of a millegramme of ozone is generated in an hour. The 
same quantity is produced at both poles, and is proportional 

to the output of the machine. 

In Weill’s electrostatic ozonator a metallic rod furnished 

with a number of radiating points is enclosed in a barrel- 
shaped glass vessel. The latter is covered with tin-foil 

to about three-quarters of its height. A current of air is 

passed through the vessel. 

The central rod is connected to the outer armature of the 
Leyden jar on the negative pole of a Wimshurst machine. 

The outer tin-foil covering of the ozonator is earthed, as 1s 
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also the external armature of the Leyden jar on the positive 
pole of the static machine. The arrangement, therefore, 

unites the advantages of electrostatic and of high frequency 

ozonators. — | | 

225. High frequency ozone-generators.—Bordier's in- 

vestigations have proved the superiority of high frequency 

currents for the production of ozone. The effleuve from an 
-Oudin resonator, or from a flat spiral, is used to convert the 

surounding oxygen into ozone. 
When an Oudin resonator is used, it is covered with a. 

glass globe within which the air or oxygen circulates, The 

more rapid the flow of air through the glass the greater will 

be the production of ozone. (Bordier.) When high fre- 

Fig. 42.—Guilleminot’s Ozone generator, 

quency spirals are used the bipolar arrangement is employed, 

the coils being enclosed in a box having glass ends and col- 

lapsible sides, as in Fig. 42. 
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The silent effleuve should be used and sparking should be 

avoided in order to prevent the production of nitrous acid. 

The nature of the interruptor has a great influence on the 

efficiency of the apparatus. Wehnelt’s interruptor, as ‘modi- - 

fied by Bordier, gives most excellent results. 

226. Otto’s rotary ozone generator.—At the meeting 

of the French Society of Civil Engineers in 1901, Otto de- 

scribed a rotary ozone generator with movable electrodes. 

It consists of a cylindrical vessel of cast iron, closed at both 

ends by plates of glass. Within this vessel a number of thin 

steel discs with gaps cut in their edges are mounted on an 

insulated axis, es ‘ | 

An alternating current transformer is used, giving a cur- 

rent of 20,000 volts, one terminal being connected to the steel 

discs and the other to the cast iron cylinder. An arc dis- 

charge is formed between the discs and the walls of the cyl- 

inder, but this is continually interrupted by the gaps in the 

edges of the rotating discs. With this apparatus a consid- 

erable quantity of ozone is obtainable. 

CHAPTER IX. 

ELECTRICITY AS. A GENERATOR OF MOTION—VI- 

BRATORY MASSAGE—PASSIVE GYMNASTICS, ETC. 

227. Vibrotherapy.—Electricity is also used to pro- 

duce the various forms of movement used in vibrotherapy 

and sismotherapy. The latter term was introduced by Jayle 

and Lacroix to designate the mode of treatment by means 

of an apparatus producing mechanical vibrations. The ap- 

paratus consists either of a tuning fork with electrically 

maintained vibrations, or a rotary excentric vibrator driven 

by a dynamo. 

Two types are employed. In the first the motion is con- 

veyed to the vibrator by means of a flexible axis. In the 

second a small motor is placed within the vibrator itself. 

The former type is the more powerful and more easy to 

regulate, but it is less convenient, since in many positions 

the flexible axis is difficult to adjust. 

Vibrating drums, vibrating chains, etc., are all worked on 

the same principal. 

Passive movements of the limbs may also be obtained by 

means of apparatus driven by electrical energy. 



CHAPTER X. 

PHOTOTHERAPY AND THERMOTHERAPY. 

228. Apparatus.—In this chapter we shall omit all oe 

mention of apparatus in which light or heat are obtained by © 

other than electrical means. | ie 

The different varieties of phototherapeutic apparatus are 

all derived from Finsen’s original apparatus. In France 

Lortet and Genoud’s modification of the Finsen light is much — 

used. More recently Marie has introduced an arrangement 

which unites the advantages of lightness and convenience 

with increased power. : 

229. The Finsen Light.—Phototherapy was introduced 

into medicine by Prof. Neils R. Finsen, of Copenhagen, who 

employed a powerful arc lamp of 50 to 80 amperes at about 

so volts. The voltaic arc is formed by the passage of the 

current through a small air gap between the extremities of 

two carbons connected to the terminals of the electric source. 

The hot air heats the carbons to incandescence, and since 

the carbons are thus gradually burnt away they must be re- 

adjusted either by hand or by some automatic process. In 

_Finsen’s apparatus four condensors are placed around the 

central arc, each consisting of a telescope with wooden tubes, 

furnished with lenses of rock crystal. By this means the 

diverging rays of the electric arc are refracted and con- 

densed into a parallel beam. A current of water is intro- 

duced between the two lower lenses in order to arrest the 

' passage of heat and infra-red rays. The telescope is also 

kept cool by a current of cold water circulating through a 

sleeve at its lower end. 

The parallel beam from the condensor is again cooled by 

passing through a compressor formed of two discs of rock 

crystal between which flows a second stream of cold water. 

This compressor is used not only to cool the tissues by con- 
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{ : ; 
4 fs 

~ tact, but in order to render them anzmic by pressure. When 

the blood is thus driven out the luminous rays are found to 

enetrate deeper into the tissues. When the electric arc is 

| q used the lenses should be of rock crystal. With sunlight 

a glass lenses will do equally well. Glass is opaque to all rays 

~ jess thon 300 p in length, whereas rock crystal is transpar- 

- ent to shorter wave lengths of 200 p. The electric arc is 

sich in ultra-violet rays between 200 »p and 300 p in length, 

_ which are the most potent for therapeutic purposes. Sun- 

; fight, on the other hand, has been already deprived of most 
4 

Fig. 43.—Finsen light. 

‘of these short wave vibrations during its passage through 

‘the atmosphere, and therefore suffers but little diminution 

‘of its efficacy by being passed through lenses of glass. 

. Finsen’s apparatus is very complicated and very expen- 

Sive. Only a small fraction of the light is available, since 

the patient is some four or five feet from the source of light, 

much of which is also lost by absorption and reflection at 

the surface of the lenses. 
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230. Lortet and Genoud’s Arc Lamp.—The first modi. |g 
fication constructed by Lortet and Genoud had an arc lamp 
enclosed in a lantern. A glass globe filled with cold water ; Vg 

served at once to cool and condense the rays and a com. 99m 
pressor similar to that used by Finsen was employed. 

In their second pattern the condensor was omitted, The | 4 
angle of the carbons is so adjusted that the cone of the rays 
from the incandescent crater on the positive pole passes 
through an aperture in a shallow chamber 6 millimetres 
thick, within which a current of cold water circulates. The 
arc can be brought to within one or two centimetres of the 
central orifice of this disc. The compressor is the same as 
that used with the former instrument. , 

Dr. Schall, of Chambéry, has modified this apparatus so 
as to make it available for use with an alternating current. 
The electric arc from a constant current soon forms a crater 
in the negative carbon and this restricts the cone of light, — 
whilst with an alternating current the carbons are both worn 
to a point. In Schall’s arrangement the carbons are partly 
imbedded in a non-fusible block composed of pipe-clay and 
oxide of magnesium. 

231. Marie’s apparatus—In Marie's apparatus the 
compressor and the arc lamp are combined in a single piece 
of apparatus. It is lighter than any of the other types, and 
being very compact, it can be pressed against the surface to 

be treated with considerable force. It is the simplest, and, 

in our opinion, the most practical and powerful lamp availa- 
ble at the present time. 

The carbons are adjusted by hand, and are enclosed in a 

case which may be suspended at any height above the pa- 

tient and attached to the surface to be treated by means of 

_ india-rubber bands. A total pressure of nearly 20 pounds 

may be applied by these bands in order to compress the 
tissues. 

tive carbon 1 
‘crater ma 
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of quartz objectives of different sizes are sup- 

cued, any of which will fit into the condensor. The water 

ee takes place between two quartz plates. T he posi- 

ie is placed perpendicular to the skin, so that the 

y act as a reflector. The negative carbon is smaller, 

and is placed at right angles to the former, so as not to inter- 

Pre with the irradiation. (Fig. 44.) 

To the clinical advantages of lightness, facility of move- 

3 ent and steady compression, this apparatus adds those of 

«elative cheapness both in initial cost and in upkeep, since 

the current it requires is but small compared with the 50 or 

even 80 amperes required by the Finsen apparatus. 

’ fe 44—Oc. Quartz plate 

4 in contact with the skin. 

2 Six such plates are sup- 

3 plied, ranging in dia- 

- meter from 15 mm. to 40 

Bim—M, nickel plated 

ying holding the quartz 

“Jens in position—Ee & 

Es, water cooling tubes. 

Cr, knobs to which rub- 

' per bands may be at- 

tached. These bands are | 

' tichtened by means of Cae 
B ichet wheels.—O, screw : pe 
for attaching handle [ Se — 5 
when compressor bands 6 a Vl 

cannot be used.—Fr, win- re eras 2 
dow of red glass for ob- 

serving the light.—C, hor- 
 izontal carrier moved by 
the screw B.—D, socket 

for the carbon—Vp, 
screw for fixing the car- 
“bon—R, five metallic 
' plates forming radiator to” 

keep the carrier cool. 
e 

12 
re 
x 
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232. Heat Baths.—Local applications of heat.— Heat _ 4 

baths, or light baths, as they are sometimes called, consist. of 
cages of various shapes, stipporting some forty or fifty in. 
candescent lamps. The illuminating and heating power, ang. _ 

also the colour of the light, can be varied at ‘will, either by 
altering the lamp or by a ‘multiple system of lighting. Such ; 

baths often require as much as 30 amperes, and therefore 

care should be taken that the wires and apparatus used are 
adapted to withstand so large a current. tee 

Small local heat baths are also used. A small cylindrical q 7 

lamp enclosed in a roller, used after the manner of a laun-, 

dress’ flat iron, is of great service in the treatment of rheu- 

matism and similar affections. 

In order to estimate the current required the following 

data may be of service :— . | 

A to-candle power incandescent lamp requires 33 watts. 

About 30 such lamps may, therefore, be supplied for each 

kilowatt of current energy. A current of 5 amperes from 

the mains, with a pressure of 110 volts, will supply 50 ten 

candle power lamps, or 25 twenty candle power lamps. 

It should be remembered that as a lamp grows old it re- 

quires more current, while its illuminating power decreases. 

233. Radiations of short wave length—The Tesla 
lamp is sometimes used for treatment. It consists of a 

spiral vacuum tube which is traversed by high frequency 

currents, | 

The Hewitt mercury lamp also gives out light of short 

wave length, without heat. It consists of a straight or spiral 

vacuum tube, containing mercury vapour instead of air. The 

lamp must be started by a current of high potential, such as 

that given by an induction coil, but once started a current of 

low voltage, as little as 14 volts, is sufficient to maintain the 

lamp in action. The physiological effects of these short 

waves has not yet been studied. A methodical investigation 

of their action on the organism should be of interest. 

CHAPTER XI. 

MAGNETS AND ELECTROMAGNETS. 

234. General considerations——The general theory of 

the magnetic flux and of the magnetic field has already been 

given in par. 101 of this work. The use of magnets and elec- 

- ¢romagnets in medicine is very restricted. 

The north pole of a magnet is that end which points 

towards the north when the magnet is free to move, as in a 

compass needle. Bodies which are attracted by a magnet 

are said to be paramagnetic. The magnetic moment m of 

any magnet is the product of the magnetic intensity of its 

pole—that is, its magnetic mass m into the distance | be- 

tween its poles. oye 

m= mi, 

- A solenoid is a metallic circuit in the form of a helix, 

traversed by an electric current. Such a helix behaves like 

a bar magnet. If we look down a solenoid in such a man- 

ner that the current circulates counter-clock-wise, the end 

nearest to us will be the north pole of the magnet. 
235. Magnets employed in medicine.—Permanent 

magnets are occasionally employed in nervous affections 

such as hysteria and neuralgia, but nothing is known of any 

physical action in such cases. The only important applica- 
tion of magnets for medical purposes is the use of electro- 

magnets to extract foreign bodies from the eye, etc. 
An electro-magnet is a soft iron core surrounded by a 

solenoid through which passes an electric current. The 
magneto-motive force thus obtained is a function of nl, 

the number of ampere-turns in the helix. 
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Large magnets are required to move even a small spicule 
of iron at some distance. The magnetic force decreases with 
the square of the distance, and unless the magnetic mass of 
the pole is very large, only a very small body can be moved. 

Hence huge electro-magnets have been constructed, of which 
that designed by Haab may be taken as an example. 

230. Haab’s electromagnet.— This apparatus was 
primarily devised to extract foreign bodies from the eye. In 

spite of its great weight, 272 kilos, it can readily be adjusted 
in any position by means of levers. | ) 

It is driven by a continuous current at 110 volts and pro- 
duces a very strong magnetic field. A piece of iron weigh- 

ing one gramme, when held 5 millimetres from the magnet, 

will support a weight of 337 grammes; at a distance of Io 
mmm. it will support 173 grammes, and at 15 mm. only 105 

grammes, 

a 
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SECOND PART. 

PHYSIOLOGY. 

237. General division of the subject.—The study of the 

yarious forms of electric energy used in medicine has 

already given us some notion of the wide extent of its physi- 

ological action. The effects are manifold and vary accord- 

4 ing to the forms employed. They may, however, be grouped 

under one or other of the following categories. 

1. Physiological effects of the continuous current in its 

steady state. ae 

2. Physiological effects of the variations of current. This 

category includes the variable state during the make and 

preak of a galvanic current, the extra current, the faradic - 

current, the sinusoidal and undulatory current, and in gen- 

eral all the electrical conditions which may be grouped under 

the heading of the variable state of low frequency and low 
an 

tension currents. 

3. Physiological effects of currents of high frequency and 

high tension. | 

4. Effects of static electricity. 

5. Action of the various radiations, caloric, luminous, 

ultra-violet and the X-rays. _ 

In addition we shall rapidly pass in review the action of 

ozone, of vibratory massage, and of magnets. 

We shall also have a word to say on the electric phenom- 

ena having their origin in the action of living tissue. This 

q will appear as an appendix to the article on the continuous 

current, as the explanation of the phenomena depends or 

the theory of ions. : 
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The indifferent electrode usually consists of some spongy 

substance, such as felt or cotton wool, covered with gauze 

CHAPTER I. , ; 4 and moistened either with pure or with salt water. 

| 4 The active electrode may be either metallic, or of the 

PHYSIOLOGICAL ACTION OF THE CONTINUOUS : came nature as the indifferent electrode. A metallic elec- 

_ CURRENT IN ITS CONSTANT STATE. q ‘ trode may be made either of some inoxydisable metal such 

| ’ j as platinum, which is used in the construction of the hystero- 

I. Definitions. : q meter, or it may be formed of some oxydizable metal chosen 

| q j for a special purpose. When an active electrode of a spongy 

238. General considerations.—In order to apply the : "nature is used it is usually soaked in pure water, or it may 

continuous current to the human body, we require the inter- : pe moistened with various solutions for the production of 

vention of special appliances termed electrodes (98). " 4 ionisation or cataphoresis. 

Bhie smaller the surface of the electrode in contact with i |. 239. Polar action and Interpolar action.—The action 

the skin, the more the lines of electric flux are concentrated ' which is set up in the immediate vicinity of the electrode 

in passing through the tissue immediately subjacent to the . js termed polar action. It differs from ordinary interpolar 

electrode (Fig. 45). ee ee action in two respects. ) 

? 
1. In its greater intensity, due to the concentration of the 

lines of flux at the electrode. 

>. In the ionic exchanges which occur between the integu- 

~ ments and the electrode. These vary according to the pole 

employed (250). 

240. Action of the continuous current on the human 

_ pody.—The effects of the continuous current on the 

’ human body may be placed in two groups. 

; 1. Electric effects, comprising all the physico-chemical 

phenomena due to the passage of the current, including cata- 

phoresis, 
2 Physiological effects due to living tissue, and in par- 

" ticular to the action of the nerves. 
When two electrodes are employed, one of large surface 

and the other of small surface, the former is said to be the 
indifferent electrode, and the latter the active electrode. | 

The terms anode and cathode are applied to the electrodes 
connected to the positive and negative poles respectively. 
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II, Physico-chemical action of the constant current.— 
Electrolysis——Cataphoresis. 

241. General considerations—The physico-chemical 
effects of the passage of a constant current through the liy- 
ing body consist of electrolysis and of cataphoresis. 

Electrolysis is the phenomenon of the transport of electric 
charges through certain solutions which are called electro- 
lytes. 

It is one of the most important divisions of medical elec- 
tricity, since all the liquids of the organism are electrolytic. 
Cataphoresis is of much less importance and its very exist- 
ence has been denied. It consists in the transport en masse 
of non-dissociated molecules, either of the solvent or the 
solute, in the direction of the current. 

242. Electrolysis.—Electrolysis is the phenomenon 
which takes place when certain solutions are traversed by a 
continuous current. The conduction of electricity by solu- 
tions differs entirely from the conduction we have studied in 
the chapters devoted to electrical physics. | 

There are two modes of conduction for the continuous 
current. The first is that which is met with in metal con- 
ductors, It consists in the propagation of a dynamic state or 
condition. There is no transport of matter. The state ‘or 
condition is propagated from one portion of matter to its 
neighbour by mere continuity or contiguity. This may be 
termed metallic conduction. : 

The second mode of conduction is by the transport of mat- 
ter; conduction by convection. It is characteristic of a cer- 
tain class of solutions which are called electrolytic. 
An electrolytic solution is one in which the solvent by 

itself is not a conductor of electricity, but becomes so by the 
solution of certain substances called electrolytes. 

All soluble substances are not electrolytes. Thus pure 
water, which by itself is a non-conductor, becomes a con- 
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ductor when it holds in solution a salt, an acid or a ee 

whereas it remains a non-conductor when it holds in solu- 

tion albuminoids, fats, glycerine or sugar. Electrolytes con- 

sist only of salts, acids and bases. 

The reason for this difference, and the true nature o 

the phenomenon of electrolysis, has been made clear ee a 

comparison of the osmotic, cryoscopic and tonometric prop- 

4 erties of electrolytic and non-electrolytic solutions. 

A clear idea of the intimate phenomena of electrolysis is 

indispensable for a due comprehension of the physico-chem1- 

a cal action of the continuous current on the organism. 

243. Electrolytic solutions—The Theory of Tons.— 

The theory of the ionisation of the molecules in solution ex- 

plains completely all the phenomena of electrolysis. It was 

observed that solutions have certain properties in common, 

which vary in intensity according to the strength of the SO-. 

lution. The osmotic pressure, the lowering of the freezing 

point and the vapour tension are all functions of the number 

of molecules in solution. This law being established, it was 

noticed that certain solutions formed an exception, vig., solu- 

tions of bases, and of salts. On further investigation it was 

found that this exception was only apparent. The explana- 

tion of the anomaly is that the molecule is dissociated in the 

process of solution, each portion acting as if it were an entire 

molecule. These dissociated portions of a molecule are 

called Ions (wv—.ov travelling). : 

Conduction by convection thus became comprehensible. 

The molecules of an electrolyte—a salt, an acid ora base— 

become dissociated in the process of solution into two ions, 

which may be either monatomic or polyatomic. One of 

these ions possesses a positive and the other a negative 

charge, quite independent of any external electric influence. 

If now we plunge the two terminals of an electric circuit 

into such a solution, the electro-negative ions will naturally 
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be carried to the positive pole, and the electro-positive ions 
will be similarly attracted by the negative pole. The elec- 
tric current is the product of this procession of charged car- 
riers, This is the electrolytic theory of Clausius and Arrhe- 
NUS. aN a 

An electrolytic solution may be thus defined. It is the 
solution in a non-conducting liquid of a substance whose 
molecules become dissociated during solution into two por- 
tions called ions, one the cathion catrying a positive charge 
and moving towards the cathode, the other the anion carry- 

ing a negative charge and travelling to the anode. : : 
For example, Na Cl by the process of solution is broken 

up into Na and Cl; the cathion Na being attracted to the 
cathode, and the anion Cl to the anode. 

In the same way K,SO, is broken up into an anion, SO,, 
and a cathion, K,. The anion SO, is an example of a poly- 
atomic ion. 

244. The Theory of Ions—Constitution of matter— 
atom—molecule—atomic weight—molecular weight— 
chemical equivalent—specific heat.—Matter is an agglom- 
eration of very minute particles called molecules. Each 
molecule is a complete entity, remaining unaltered whether 
the substance is in the solid, liquid or gaseous state. We 
know from Avogadro's law that all gases, whatever their 
nature, will, at the same temperature and pressure, contain 
the same number of molecules per unit volume. 

In the same way all solutions, whatever the nature of 
solute and of solvent, will at the same temperature and 
osmotic pressure, contain the same number of dissolved 
molecules per unit volume (Pfeffer, de Vries, Van tH off). 
These two laws, relating to gases and substances in solution, 
demonstrate the individuality of the molecule or primitive 
particle of matter. This particle is indivisible so long as 

“ghe subst 
it 

atom is usua 

ter, bu 
q se As 4 ent and specific heat lead us to believe that each atom 
we 
: agglomeration of a certain number of centres of en- 

_ a a so-called electrons of Laurenz. Up to the present 

q . however, it is impossible to pass beyond the atom with-— 

1 catering into the realm of pure hypothesis. 

two at 
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ance retains its identity, but it may be split up into 

nsistent elements. 
- a 

ae molecule NaCl, for instance, cannot be divided with 

: destroying the chloride of sodium as a salt. It can, Ne 

' : be split up intd an atom of Na and an atom of Cl. An 
evel; 

lly considered the last possible division of mat- 

t it would seem to be very probable that the atoms 

ives are further divisible. Their differences in specific 

Most elements are composed of molecules consisting of 

oms. The molecule of hydrogen, for example, is com- 

i i d so- posed of two atoms, as is that of oxygen, chlorine an 
3 : : = 

7 em Mercury and zinc, however, have a monatomic bee 2 

' ule, and under certain conditions selenium has a triato 
a Cc 5 

~ molecule. 

Elementary atoms in uniting to form molecules obey fixed 

~ Jaws, the most important of which is that of Valency. ae 

' In order to form a molecule of water, H,O, we mu ea 

] nish two atoms of H to satisfy the affinity of one as a
 

q whereas to form a molecule of hydrochloric a ae 

4 only need one atom of Cl. Hence Cl is said to e ae 

lent, and O is said to be divalent, whereas N is trivalent. 

“We may conceive that when the molecule of an es 

such as oxygen 1S composed of two atoms, these two aa 

are united in such a manner that the double valencies ot eac 

a atom are satisfied. 
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We may suppose the molecule of an element arranged thus 

Molecule of H. Molecule of O. 

lhe combination of these to form a molecule of water 
may be figured thtis ; 

This diagram will enable us to understand the meaning of 
the term chemical equivalent, as well as atomic and molecu- 
lar weights. | 

The molecular weight may be deduced directly from the 
vapour density of a gas. Since under similar conditions a 
litre of any gas contains the same number of molecules, each 
molecule must-have a weight proportional to the weight of a 
litre of the gas in question. | 

In those elements whose molecule is monatomic, the 
atomic weight will be equal to the molecular weight, With 
diatomic elements the atomic weight will be one-half the 
molecular weight. The molecular weight of a compound is 
the sum of the atomic weights of its components. Thus the 
molecular weight of water, H-O-H, is 18, since the molecule 
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4 F water contains an atom of oxygen weighing 16, and two 

7 atoms of hydrogen, each weighing I. 

Theoretically we may take any one of the constituent 

4 atoms out of the molecule of a composite body and replace 

q it by another elementary atom, on condition that we con- 
form to the law of valency. Thus from the composite body | 

- 7,SO, we may remove two atoms of H, each of which 

7 weighs I, and replace them by two atoms of K, each weigh- 

ing 39, OF by two atoms of Na, each weighing 23. It is evi- 

dent that the weights 1 of hydrogen, 39 of potassium and 

q 23 of sodium are mutally equivalent, hence these numbers 

. are called the chemical equivalents of the elements H, K and 

_ Na respectively. 

It is a fact of great theoretical importance that the specific 

q heat of a gas is inversely proportional to its molecular 

q weight, or to its vapour density. The heavier the molecule, 

the less is the quantity of heat required to raise the tempera- 

4 ture of a given weight of the substance one degree. Thus 

~ one molecule of any substance requires the same amount of 

q heat to raise its temperature one degree. 

245. The Theory of Ions—Electro-chemistry—Theory 

of solutions.—It has been seen that molecules are the 

smallest particles into which a substance can be divided with- 

- out altering its constitution, These molecules may be fur- 

ther divided into atoms, which are the ultimate particles of 

matter. The atoms have a definite weight, which is charac- 

4 teristic of each element, and the specific heat of the element 

is inversely proportional to this atomic weight. A molecule 

cannot be resolved into its component atoms without satis- 

.. fying the chemical affinities and valencies of these atoms. 

_ Even when we dissociate a molecule such as HCl contain- 

q ing two atoms, we are unable to isolate the atom H or the 

~ atom Cl, since the molecule of each of these elements, i..and 

Cl, is diatomic. | 
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In electrolytic solutions, that is, solutions of acids, base 
and salts, a particular form of dissociation takes place. Thus 

the molecule K,SO, is split up into an acid radicle SO, ang 

K,, each of which acts as a molecule in its osmotic, cryo- 
scopic and tonimetric relations. These two portions are the 
ions. According to the theory of Arrhenius, these ions, so 
long as they carry an electric charge, do not behave as chemi- 

cal entities. As soon, however, as they lose their electric 

charge, they become subject to the chemical laws of affinity 

and valency. | 

When two electrodes of a circuit are plunged into an elec. 

trolytic solution, a current passes. The theory of the origin 

of this current was not at first understood. In 1845 Clausius 

shewed that a current would pass with a very feeble electro- 

motive force, and thence concluded that the dissociation was 

not produced by the current. This observation was not des- 

tined to bear fruit until the study of osmosis, vapour pres- 

sure and the lowering of the freezing point resulted in Ar- 
rhenimus theory. According to this theory the electromotive 
force only sorts out the ions which are already separated; 

and the electric current itself is but the transport of the 

anions to the anode and of the cathions to the cathode. 

_ The following are the arguments for this theory: Just 
as the gaseous pressure is a function of the molecular con- 
centration of the gas in a closed space, so the osmotic pres- 

sure of a solution is a function of the molecular concentra- | 

- tion of the solute. With the same number of molecules in 

solution, the osmotic pressure is the same whatever the 

solute, and whatever the solvent. Solutions of acids, bases 

and salts are an exception to this law; in dilute solutions each 

molecule is dissociated into two ions, each of which behaves 

like a molecule. In stronger solutions some of the molecules 

are dissociated, while others remain intact. 

This view is supported’ by cryoscopy, %.¢., the study of | 
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the point of congelation. Pure water freezes at eo; whereas 

water freezes at a lower temperature if tt contains any sub- 

stance in solution. The lowering of the freezing point 1s a 

definite function of the degree of molecular concentration 

of the solution, so that a knowledge of the freezing point 

will enable us to determine the number of dissolved mole- 

cules in a solution. The study of cryoscopy, like that of 

osmosis, proves that ina dilute electrolytic solution the mole- 

cules of the solute are dissociated, each behaving as two dis- 

tinct molecules. 
: 

246. Role of the ions in electrolytic conduction.—In 

dilute electrolytic solutions the molecule of the solute is dis- 

sociated into two ions, each acting as a molecule in its os- 

motic, cryoscopic and tonometric relations. When the mole- 

cule breaks up into ions, each ion carries an equal and oppo- 

site electric charge. 

When the two electrodes of a galvanic circuit are plunged 

‘nto an electrolytic solution, the ions are attracted according 

to the laws of static electricity, those possessing a positive 

charge going to the negative pole, and those possessing a 

4 negative charge to the positive pole. On coming into contact 

with the electrode the ions abandon their charges, and this 

continual importation of static electric charges constitutes 

; the current itself. This is Arrhenius’ theory of electrolysis. 

As soon as the ions have lost their electric charges they 

"return to their réle of chemical elements, with chemical 
affinities, and attack the water or the electrode, according 

} to the ordinary chemical laws. For instance, Na and Cl, as 

long as they are ions and carry a charge, remain free, but 

a directly they have given up their charges to the electrodes 

they combine with water to form NaOH and HCl. 

The electric resistance of an electrolytic solution is a func- 

4 tion of the number and the-velocity of the ions engaged in 

_ transporting the electric charges. 
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The following are some of the electro-chemical equiva- 
lents in milligrammes: 

Silver ae ere ee ae LLL7 
@ilomne eet ee ee 36728 
COPPER ie ee eee 32709 

Oi, 0 ONO Ol 0L- 0). Or OF 05. Oh On O10. © O18 O58 Oe 

| LVTUGUICE eStats uh eee ene 07268 
WKERCUGV i a a ee, 1.39 

SOxVOCO Ree ea .08286 
Potassium L2H Tied WOK roel Fel Nant Yuat Nek Salt Maer teat Sut lent book Yad Yeoey Saul Wk Yuet ) 

SOCAN RS a oe eS 123873 
By multiplying the electro-chemical equivalent e by the 

number of coulombs passed through an electrolytic solution 
_ we obtain at once the total weight of the substance set free. 

The number of coulombs is given by It, the product of the 
intensity of the current by the time. 

Thus with a current of .020 amperes passing for 1000 
seconds, we have It = 20 coulombs. The weight of mercury 
carricd across by this current will be | 

| 1.37 X20 = 27.4 milligrammes. 
The weight of other substances will be 

lodine.--...~. . 26.26 ~~ milligrammes 
Eithivm: 5°. : 1.4536 : 
Copper.... 6.6 a 
Silver: 3; 2u234 ‘ 
Sodium. 15, he 740) ae 

249. Conduction in the living body.—From the point 
of view of electric conductivity, the body may be regarded 
as a number of electrolytes separated by porous diaphragms. 
These porous partitions, the membranes separating the ele- 
ments of the various tissues and organs, are the seat of the 
electrolytic exchanges; the anions going against the current 
towards the positive pole and the cathions following the 
current in the opposite direction. : 

~ 
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There is thus every reason for the distinction between 

q olar and interpolar action. In the interpolar region there 

’ 4 erely an exchange of ions in the substance of the tis- 

4 a whereas in the neighbourhood of the poles, immedi- 

j .. beneath the electrodes, the phenomena are more com- 

q -_ With electrolytic electrodes there will be an exodus 

Bite ions of the body, and an entrance of the ions of the 

a es. 

BD cthe BF cciea ions, in their capacity of chemical elements, 

"produce secondary and tertiary effects (Bergonic) _ The im- 

, portance of this from a therapeutic point of view ts consid- 

erable. (251.) 

‘In all observations on the action of electric currents un- 

4 polarisable electrodes should be used. Those of ad’ Arsonval 

E are best adapted for local application. They consist of a 

tube of glass drawn out to a point and filled with normal 

- saline solution, in which is immersed a silver wire coated 

" with chloride of silver. : 
a 250. Polar action in living tissue.—Polar action falls 

“into two classes, according as the electrode is metallic, 1.¢., 

" possessing metallic conductivity, or electrolytic. The metal- 

“Tic electrodes may be further divided into oxidisable and 

non-oxidisable metallic electrodes. | 

e'> BI. - Polar action of non-oxidisable metallic electrodes. 

-—When the electrode is formed by a substance such as 

"platinum or charcoal, which is not attacked by the chemical 

“podies set free at the electrodes, we have the following phe- 

“nomena. 7 ae 

4 Primary effects—The anions, hydroxyl (OH), acid “or 
halogen tadicals, set free by the electrolytic decomposition 

of organic liquids, appear at the anode. The alkaline met- 

als, or cathions, appear at the cathode. 
_ Secondary effects —Both anions and cathions lose their 

charge by contact with the electrodes, and then act like ordi- 

ac 



196 PART II—CHAPTER I 

nary chemical elements in a nascent state. The anions act 

as anhydrides, attacking the tissues, seizing on the hydro- 

gen and setting free the oxygen. aie 

2614 H,0 = 2H --O. 

The cathions take from the tissues an. atom of hydroxy] 

radicle and liberate hydrogen. eg 

2 Na+ 2(H,O) =2 NaOH -+ Hi, 

Tertiary effects.—Vhe compounds thus formed, HCl and 

Na OH, for example, act in their turn on the tissues, and 

behave in the same way as electrolytic solutions of HCl and 

of Na OH, causing the subsequent effects described by Ber- 4 

gomé under the name of tertiary effects. 

For this reason a needle electrode should be made of plati- | 

num if the needle is positive, so as to do away with the ter- 

tiary effects. In certain cases the tertiary effects may be 

desired, as when we use needles of copper, which is readily 

attacked, so as to take advantage of the action of the chlo- 

ride or oxy-chloride of copper formed at the anode. 

In the conduction of the current through the body, it 

is the NaCl that plays the most important role. For 

each coulomb of electricity transported from one elec- 

trode to the other, = Hof an electro-chemical equiv- 

alent of NaCl is electrolysed. Thus for each coulomb 

.238 gr. of Na and .372 gt. of Cl are set free at the elec- 

trodes. The other salts held in solution may be neg- 

lected, as they form but an insignificant part of the 

organic liquids. | | 

By secondary action this .238 grammes of Na and .372 

grammes of Cl combine with water to form .412 grammes 

of NaOH and .383 grammes of HCl. | 

It is this NaOH and HCl that acts on the tissues, produc- 

ing at the cathode a soft and feebly contractile clot, the 4 

soda clot; while at the anode it produces one that is hard 

and more retractile, the acid clot. 

one, Pp 
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4 The negative clot is of greater extent than the positive 

robably in consequence of the greater velocity of the 

anion OH formed by the action of Na at the cathode (Guil- 

02) Bolt blood be electrolysed by means of two platinum 

“needles, 2 large hard clot is formed at the anode, while the 

‘clot at the cathode is soft and but slightly adherent. The 

Bape pial coagulating power of the positive pole depends on the | 

coagulating effect of Cl on the albumins of the blood. This 
‘action may be increased by employing an iron electrode, the 

chloride of iron thus formed having a strong coagulating 

power. It is used more particularly in the treatment of aneu- 

mism. ~ 
_ 252, Polar action of the oxidisable metallic electrodes 

—When the electrode is made of an oxidisable metal, the 

acids set free at the anode attack the metal, forming salts 

which act as electrolytes, thus producing the so-called ter- 

tiary effects. | ee 

_ 253. Polar action when an electrolytic solution is em- 

ployed as an electrode——The phenomena are somewhat 

modified when the current is applied by means of a spongy 

electrode soaked in an electrolytic liquid, or when an elec- 

trolytic solution, a foot bath or hand bath for example, is 

applied. 

4 At the anode there is a stream of anions passing out of 

the body, while a stream of cathions, furnished by the elec- 

trode, traverses the integuments and penetrates into thebody. 

_ At the cathode a stream of cathions leaves the body while 

the anions of the electrode pass into it. 

_ If R represents an acid radicle or halogen, and M a metal- 
1s lie base, the molecule of acid may be represented by the 

E ° ne =f 
ae 

pric formula R H, that of the base in solution by M OH, 

a Ee 
ar d that of the salt R M. 
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This formula indicates the fact that the cathion of all acids #3 

is H, and the anion of all bases is the hydroxyl group OH. 

In the neighbourhood of the anode, therefore, the action 

of all acids will be the same, and will consist in the re. 

duction of the salts of the tissues by hydrogen, 

NaCl-+-H=HCl+ Na. At the cathode, the action of all 
bases will be the same, consisting in the substitution of hy- 

- droxyl for the halogen or acid radicle of the salts.of the 

tissues. 

NaCl + OH = NaOH + Cl. 
With a dilute acid or electrolyte, whatever the nature 

of the acid employed, it is the production of HCl which ~ 

dominates the action at the anode. With a base, whatever 

the nature of the base, it is the action of the sodium -that is 

noticeable. 
The table on the next page shews the nature of the reac- 

tion at the anode and cathode, with acids, bases and salts. 

(Leduc and Gonzalez Sanchez.) | : 

254. Demonstration of the Penetration of the Ions 
through the Integument.—Leduc proved the penetration 
of the ions by a classical experiment. He took two rabbits 
and placed them in series in the same galvanic circuit, the 

electrodes being applied to the flanks, which had previously 

been shaved. The current was conducted to the first. rabbit 

by an electrolytic solution containing 2% of sulphate of 

strychnine, it then passed out by a cathode of pure water, 

entered the second rabbit by an anode of pure water and 
passed out by an electrolytic cathode of cyanide of potas- 

sium. 

A current of 60 to 100 milliamperes was passed, and 

after a period varying from one to twenty seconds it was 

observed that the reflexes of the first animal became greatly 

exaggerated. Tetanic convulsions and death speedily super- 

vened, while the second rabbit suddenly became stiff, fell — 

© 6down se 
a toms were 

Before ; a2 
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nseless and soon died. In the first case the symp- 

Acids. 

Body. 2 
r - + + 

Before the \|Na Na Na Na 

rent — ieee 

. Ga. a a 

| + + + 
fl Ne Na 

aaa |). See 

as 

oR Cla ce GC Hina 

7 Body. eee 

ea et 
a Na Na Nal M M 

er ch Gl 

: Ho ae +. 
4 Mt| Mo Na Na Nal. M 
e After ee Ce ee 

q OR Clee Cl Ci 

If the current was passed in the reverse as 

strychnine being made the cathode and the cyanide tne 

those of strychnine intoxication, while in the 

BM <econd they were those of hydrocyanic poisoning. 

rs | d 

4 
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anode, neither animal was affected in the slightest degree. 4 
This experiment proves the penetration both of the aciq 

cyanide anion and of the basic strychnine cathion, and con. _ : 

traverts the idea that the results are due to ordinary ab-. 
sorption. ite 

Another proof is furnished by the penetration of col- 
oured ions. When a solution of permanganate of potash is 
used as a cathode, the anion, the permanganic acid radi- 

cle, penetrates the skin and colours it, whereas no such 

result occurs when the permanganate solution is used as an 

anode. (Leduc.) : 
By examining the urine it is equally easy to demonstrate 

the penetration of the salicylic anion into the organism. 
255. The Glandular Orifices are the parts by which the 

ions penetrated the skin.—The use of coloured ions 
proves that the glandular orifices are the site of the col- 
oured deposit, and that they are the natural channels by 

which the ions and the electric current penetrate the body. 

250. Polar effects produced by electrolytic electrodes. 
—The polar effects of an electrolytic solution used as an 
electrode vary according to the nature of the active ion. 

The introduction into the skin of each variety of ion is 
accompanied by a special sensation. The anions Cl, Br and 

I cause merely a slight sensation of heat, the cathions 
K and Na provoke a painful, burning sensation, whereas 

Lithium produces only a slight fomication. Ba, Ca, Mg, 

Zu, Ke, Cu, As,,©,, AsO, P©, and. S are all painful. The 

ions of the heavy metals Zn and Cu, etc., coagulate albu- 

men and destroy the skin; NH,, Sn, Au, Pb, Ag are almost 

painless. The cathion H and the anion OH are exceed- 

ingly painful and cause rapid alteration of the skin. (Leduc 
and Gonzalez Quijano. ) | 

Usually there is slight redness of the skin, due to vaso- 
dilation, disappearing some hours after the application. 
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4 This may or may not be accompanied by pruritus. oe 

~ sonally the glandular orifices are congested, giving a dotte 

a nce to the skin, especially with the 1ons Be, let. Au, 

Sand Mn O,. The redness or pruritus may remain 

in the case of the Calcium ion for as much 

4 appeara 

em ie, 5045 

for some time , 

. days. 3 . ecttical Resistance of the Human body ta 

resistance of the body cannot be satisfactorily compete 

with that of a metallic conductor. The resistance depen S 

on the degree of polarisation and the number of free ions 

in the tissues. With electrolytic electrodes, the resistance 

 yaries with the greater or less facility with which the ions 

penetrate the skin. The determination of the resistance 

of the body is therefore a very complex problem, depend- 

jng on an analysis of the various phenomena which have 

an influence on the total resistance. a 

‘The following is the order of conductivity of the animal 

4 tissues: nerve, blood, muscle, skin, tendon, fat, bone. (Alt, 

4 idt. } 

i. Bence of this variation of conductivity the lines 

of electric flux are unequally distributed in the space be- 

tween the electrodes, being denser in the tissues with less 

resistance. It is for this reason that the nerve responds SO 

readily to excitation, even when the electrode is placed at 

some distance from its point of stimulation. a 

The blood plays an important role in the conductivity 

q of the body. Like the other fluids of the body, it is com- 

’ posed of a solution of electrolytes, salts, acids and bases, 

and of non-electrolytes, albumens, sugars and fats. When 

4 a current is passed through the body, the index of the 

 milliamperemeter rises rapidly, indicating a corresponding 

diminution in the resistance of the body. This diminu- 

q tion has been shewn to be due to coagulation. Formerly 

a it was supposed to be due to the afflux of blood to the skin 
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at the electrodes. When a moisténed electrode is properly » 
applied, the greatest resistance is in the epidermis itself, 
which offers an obstacle to the passage of the current ip. 

comparably greater than that of all the other tissues. On 
passing the current the skin becomes red, in consequence 
of the dilatation of the smaller vessels. It was natural to 
suppose that the diminished resistance was a consequence 
of this vasodilatation. Leduc, however, has shewn that 
this congestion in the vicinity of the electrodes does not 
modify the resistance of the skin, and that the phenomena — 
of ionisation are quite sufficient to explain the fall in the 
curve of resistance. 0 : 

258. Modification in the resistance of the body caused 
by polarisation of the tissues——By suitable precautions 
we may obviate the polarisation of the electrodes, which 
seriously affects the resistance of the body. There is, 
however, another polarisation which cannot be avoided, 
vig., that which is produced in the substance of the tissues 
themselves. Weiss has devised the following arrangement 
for measuring this internal polarisation. 

The hands of the patient are immersed in two separate 
vessels, each containing a saline solution in communication 
with the pole of a battery. By means of a key, the battery 
can be suddenly cut out, and the two vessels placed in com- 
munication with the armatures of a condenser, one of which 
is earthed. The condenser will take a charge proportional 
to the electromotive force of polarisation, and this charge 
may be measured by a ballistic galvanometer. 

In this way Weiss found a potential of .2 to .25 volts, due 
to polarisation of the tissues of the body. 

259. Practical method of measuring the electrical 
resistance of the body.—The importance of this measure- 
ment in electro-physiology and in electro-diagnosis is so 
great, and the errors in its estimation have been so enor- 

ie 
° e 

somewhat 1n detail. 
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ous, that it will be well to study the methods of operation 

We may measure the resistance to the galvanic or to the 

faradic current. With the galvanic current we may employ — 

Weiss procedure by means of the Wheatstone Bridge, 

‘Mergier’s by means of the Ohm-meter, or Bergonié’s meth- 

od as modified by Border. 

Weiss’ Wheatstone Bridge method of measuring 
260. 

, 

stance of the human body.—This arrangement Is 
the resi 

4 shewn in Fig. 46. The hands or the feet of the subject are 

smmersed in the vessels V and V’. The patient, VV’, and 

a resistance of 500 ohms, X, are introduced into one of the 

q upper arms of the Wheatstone Bridge, a rheostat, R, being 

interposed in the opposite arm. In the two lower arms oe 

two resistances, Y and Z, each of 50 ohms. In order t a 

the galvanometer, G may mark zero, the resistance, ; 

must balance the resistance X, plus that of the patient. 

The resistance of the patient will therefore be R-X. Polar- 

isation phenomena at the electrodes are equal on the two 

sides. The polarisation of the deeper tissues may be meas- 

ured by the method already described in par. 258. 

f 

ee = 

—————— 
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261. Measurement of the Resistance of the ‘body by . 
means of the Ohm-Meter (Mergier)—T wo separate coils 
of wire are wound on two cards placed at right angles to 

one another. These are joined up in parallel, and connected 
to the poles of a galvanic battery. When these movable 

coils are hung up in a magnetic field, the equilibrium of 

the whole will vary according as the intensity of the gal- 

vanic current is greater in one or the other circuit. The 
resistance to be measured is introduced into one of the cir- 

cuits, and a rheostat in the other. The apparatus may be 

eraduated empirically by inserting known resistances in 

place of the body. os | 

262. Measurement of the resistance of the human 
body by Bergonié’s method—Bordier’s modification.— 
This method, which is one of great precision, was shewn 
at the Congress of 1902. Bordier described his modifica- 
tion at the Congress of 1903. The method is based on the 
measurement of the difference of potential at the terminals 
when the current traversing the body has an intensity of 
one milliampere. : 

A current from a source of electricity, such as a constant 

current main at 110 volts, is passed through a circuit con- 

sisting of a fixed resistance of 50 ohms. and the variable 
resistance of a rheostat. This latter is regulated until the 

amperemeter included in the circuit indicates exactly 1 

ampere. When 1 ampere of current passes, we know from 
Ohm’s law that the difference of potential between the 
ends of the fixed resistance must be 50 volts, since the re- 

sistance is 50 ohms. | , 
This fixed resistance of 50 ohms is composed of a nickel 

wire of length L stretched along a millimeter rule. The 
body whose resistance is to be measured is introduced into 

a shunt circuit in parallel with a part or the whole of this 

wire. For this purpose one electrode is attached to the 

-extremit 

sliding along the mi 
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y of the wire and the other to a movable key 

: llimetre scale. A milliampere-meter 

reading to = milliampere is included in this circuit. | 

The sliding key is now adjusted until the current ae 

tered in the shunt circuit is exactly I milliampere. Lett : 

distance on the scale between the points of attachment 0 

the electrodes be 1. The difference of potential between 

these points will be _ ‘<1 volts. The resistance of the 

patient’s body may be calculated from Ohm’s law 

50_ 
L So 5OReO Sy, 
.OOI | 

0 : 
will be constant for a given instrument. 

t may be read off directly from the scale 

Since R is 

proportional to Let 

on the millimetre rule. 

In employing Bergomé’s, or any other method, we must 

larisation of the tissues and the 
make allowance for the po 

resistance of the milliampere-meter and electrodes. The re 

sistance of the latter may be estimated by placing the 

electrodes in direct contact without the intervention ss a 

body. It should be remembered that the resistance 0 oe 

body varies for the first few seconds after the current is 

turned on. This variation is due to progressive ionisation 

at the electrodes. Finally the resistance of the a 

vaties with the region to which the electrode is applied. t 

varies also considerably in different subjects quite inde- 

pendently of any pathological condition. 

263. Measurement of the resistance of the human 

3 t— For the com- 
body by means of the Faradic curren c 

Reon of this subject we will now proceed to describe a 
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method of measuring the resistance of the body, based on ~ 
the use of the faradic current. Clinically, the results so 
obtained shew marked divergencies from those obtained 
when using the galvanic current. The simplest method is 
that adopted by Bergonié. bgt 

One branch of the faradic current passes through the 
body whose resistance is to be measured, and the other 
through a regulating rheostat, both circuits being connected 
to a differential telephone. No sound will be heard ‘in the 
telephone when the resistances of the two circuits are equal. 
The only thing required, therefore, is to alter the resistance 
of the rheostat until all sound in the telephone ceases. Ber- 
gomé employs a liquid rheostat graduated in ohms. 

The study of the resistance of the human body to the 
faradic current shews that there is no diminution of re- 
sistance during the course of the experiment, such as we 
find when continuous currents are employed. With the 
faradic current the phenomena due to ionisation and con- 
gestion are reduced to a minimum. 

264. Electrolytic resistance of the fluids of the body. 
—The ions are the carriers of the electric current through | 
the blood and the other electrolytic liquids of the body. 
The conductivity of these liquids is therefore a function of 

PHYSIOLOGICAL ACTION OF CONTINUOUS CURRENT 207 

pletely elucidated the influence of the non-electrolytic mole- 

q cules on the velocity of diffusion of the ions. Further, in 

a gelatinous solution of given concentration, all ions have 

not the same velocity. Just as the smaller vehicles can 

worm their way more quickly through a crowd of large 

obstacles, so the small ions of simple structure can travel 

faster through the obstacles formed by the presence of 

j the gelatinous molecules, than can the large complex ions. 

_ (Leduc.) 
The same consideration explains why the blood becomes 

a a better conductor when its temperature is raised; the ions 

have greater freedom of movement when the atoms of the 

- conductor are further apart. 

The conductivity of ox blood serum at 25° Centigrade is 
the same as that of a .7 per cent. solution of chloride of 

sodium. The conductivity varies slightly in different sub- 
| jects (Oker-Blom.) 

26s. Influence of the ions of the liquid electrode on 
" the resistance of the body.—The difference of conductiv- 
Z ity due to various ions may be measured by using a 

small electrode of 10 to 12 square centimetres area, soaked 

" in the solution we desire to investigate; a large indifferent 

electrode being applied to a distant part of the body. It 

_ may thus be shewn that each variety of ion has a charac- 
teristic curve of conductivity. A description of the inter- 

esting experiments of Leduc and of Gonzalez Quijano on 
- this subject may be found in the thesis published by the 

4 latter in Paris in 1902. . 3 

' The resistance of the human body depends chiefly on 
the nature of the mobile ions which enter the tissues. For 

4 instance, with the same electrodes, we may get a resistance 

of 700 ohms when chlorine is the active ion, and of 4000 

_ ohms when the active ion is quinine, These numbers were 

the number and velocity of the ions. In fluids containing 
dissolved substances other than electrolytes, the non-ionised 
molecules act merely as obstacles to the motion of the ions. 

‘ Hence gelatinous electrolytic solutions are not such good 
conductors as pure solutions. One gramme of hzemoglo- 
bin added to 99 grammes of serum reduces its conductivity 
by .8 per cent (Stewart), whilst 1 per cent of albumen re- 
duces the conductivity of serum by 2.5% (Tangl and Bur- 
gasky). | 

The recent experiments of Leduc of Nantes have com- 
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obtained by Leduc when using a solution of hydroclorate © q 

of quinine as active electrode. The active ion was- chlorine 

or quinine, according as this solution was made the cathode . — 

or the anode. 

Leduc’s investigations have had an enormous effect on 

clinical electrology. Previous to this the a: plication of 

the measurement of resistance to electro-diagnosis was of 

the vaguest character. It was indeed known that in ex- 

ophthalmic goitre the electrical resistance was diminished, 

while it was increased in certain mental and nervous affec- 

tions, becoming normal as the disease disappeared. When, 

however, it was desired to obtain definite measurements, 

and to compare the work of different observers, no adequate 

data were forthcoming. This is not to be wondered at 

when we consider that the older observers reported neither 

the size of the electrodes nor the voltage, nor the part of 

the body explored, and that the whole apparatus used con- 

sisted usually of a voltmeter and an amperemeter. | 

266. The Interpretation of the measurements of 

resistance of the human body.—The resistance of the 

body is a function of the resistance of the skin, and more 

especially of the epidermis. The electric resistance is prin- 

cipally determined by the ionic state of the tissue traversed 

by the current. The diminution of the resistance is due 

to the penetration of the ions into the skin, and not to the 

saturation of the skin by the liquid of the electrode, nor to 

the increased vascularity of the integument. 

The following are Leduc’s reasons for this assertion : 

(a) The conductivity differs according to the nature of 

the active ion. : 

(b) The resistance is not modified by liquid impregna- 

tion of the skin when once the electrode is in good contact. 

This may be proved by the following experiment. The two 
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i 

‘electrodes being in position, the galvanic current from a 

farge accumulator is turned on just long enough to enable 

Bene to read the milliamperemeter. If this operation is re- 

mated at longet Of shorter intervals, we find that the cur- 

vent intensity remains the same, although the skin becomes 

more and more saturated. With high voltages a slight dif- 

ference may be noted, but this is due to the phenomena of 

jonisation during the time the current is turned on. 

Bm (c) The vascularity of the skin has no effect on the re- 

sistance. This may be proved in the following way. The 

‘patient is placed in a galvanic circuit, so that one of the 

electrodes, consisting of a saline hand bath at 50°, may 

he ‘nstantaneously replaced by a similar bath: ato. he 
© 

‘conductance of the system does not alter, showing that the 

‘resistance of the skin is not affected by any amount of vaso- 

dilatation due to heat. 

Leduc proves this in another way. A small anode, im- 

‘pregnated with a solution of chlorhydrate of adrenalin, is 

applied to the skin, the large cathode being soaked in a 

| solution of KCl. Under the influence of the current the 

"skin becomes blanched, but the resistance, instead of being 

‘increased, is rapidly diminished. 

The following is a summary of the facts relative to the 

‘resistance of the body to a continuous current. 

The resistance of the whole body, and more especially 

‘of the skin, depends on the degree of ionisation. | 

_ The resistance diminishes as the skin becomes ionised. 

‘The degree of vascularity has hardly any influence on re- 

sistance. 

As long as ionisation is not complete, the resistance of 

the body is variable, and decreases with the length of time 

the current has been passing. 

_ All measurements are useless which do not take into 

i. account the curve of ionisation. x 

ot A 
a 
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Each variety of ion has its characteristic curve. This 4 

curve varies with the subject and with the voltage, since _ 
ionisation occurs more rapidly with high voltages. 

The following is Leduc’s technique for measuring the q 

resistance:! The indifferent electrode is formed of eight 4 

thicknesses of absorbent cotton wool, 20 cm. by Io cm. This 

is soaked in a one per cent solution of KCI, this liquid being 4 

chosen because the conductivity due to the K ion and the : 

Cl ion is the same. The moistened lint is rolled around the 4 
calf of the leg, and covered by a sheet of lead foil ang 

a metal plate. The metal plate is attached to the rheophore q 

and the whole is kept in place by a bandage. The smaller _ 
electrode is formed of eight thicknesses of absorbent lint — 

impregnated with the solution it is desired to investigate, 
This is covered by a metallic disc and fastened to the front 
of the forearm by an elastic band. The E.M.F. of the 4 

current used should be 6 volts. : 

Such then is the present state of the inquiry into the 
electrical resistance of the human body. From the clinical 

point of view the investigation must be commenced afresh. 

The scope of electro-diagnosis will be vastly extended when, 

for any given pathological condition, we can determine the 

characteristic curve of conductivity for each variety of ion. 

Leduc’s experiments have not as yet given us the absolute 
resistance, but we hope it will shortly be possible to con- 

struct the absolute ohmic curve of the human body. 

267. Application of electrolysis for the transport of , 

medicaments.—Treatment by electrolytic transport has 
taken an important place in medicine since Prof. Bouch- 
ard’s work drew attention to this method of local treatment, 

which brings the medicament to the spot where it is most 

wanted. It was first mentioned by Palaprat in 1833, then 

1 Archives d’Electricité Médicale, Jan. 25, 1904. : 

PHYSIOLOGICAL ACTION OF CONTINUOUS CURRENT On 

by Bruns in 1870, by Munch in 1873, Lauret in 1885, Gart- 

ner in 1884, and Wagner in 1886. Since 1890 it has been 

taken up by a number of investigators. Edison experi- 

mented with lithine, Aubert with pilocarpine and Labatut, 

Weiss, Guilloz, Leduc and Frankenhaiiser with various 

other solutions. : 

The recent work of Leduc and Gonzalez Quijano has 

brought together the results of previous experimentors. 

As long as due precautions are taken the mode of opera- 

tion is simple and certain. The instrument consists of the 

ordinary apparatus for the application of the continuous 

current. The electrodes are the ordinary electrolytic foot- 

baths or hand-baths, or pads of cotton wool or other spongy 

tissue impregnated with a solution of the electrolyte. 

When we desire to act locally, avoiding as far as possi- 

ble the dissemination of the active ions through the organ- 

ism, the skin under the electrode should be compressed, 

so as to catise anemia and reduce the circulation of blood 

- at the point of treatment to a minimum. Under these condi- 

' tions, however, the skin just around the electrodes, which 

is not compressed, is the better conductor. The lines of 

force are therefore denser and the transport of ions greater 

at the periphery. It is therefore advisable to place a sheet 

of gutta-percha, with a central aperture for the application 

of the electrode, on the region to be treated. The edge of 

this aperture may be thickened, so as to press with greater 

force on the subjacent tissues and thus concentrate the lines 

of force in the central region. The solutions vary in strength, 

from one to three per cent being usually employed. The 
degree of concentration of the solution has no effect on 

the ionic penetration. The number of ions carried into the 

body depends merely on the number of coulombs passed 

through the electrode, 
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268. Cataphoresis.—If an electric current is passed’ : | 
through the liquid in two vessels united by a capillary tube 
or a porous membrane, there is a transport of the liquid 
en masse in the direction of the current: the liquid passing 
from the positive vessel into the negative vessel. This 
phenomenon is termed Cataphoresis. a 

In certain cases there appears to be a transport from 
the cathode to the anode, or anaphoresis. Thus, according 
to Lindner and Picton, certain colloidal substances are sub: 
ject to anaphoresis. Hydrate of iron, silver hydrate, and oxy- 
hemoglobin are transported towards the anode, whereas 
aniline blue and sulphide of arsenic are carried towards 
the cathode. In general, bases are subject to cataphoresis, 
acids to anaphoresis. Probably, when we understand the 
phenomenon better, we shall find that both cataphoresis . 

and anaphoresis are due to the transport of ions. ; 
We sometimes meet with a physiological phenomenon 

due to cataphoresis. If the circulation in a limb is inter- 
rupted, and the limb is submitted to the action of the con- 

tinuous current, a portion of the organic liquids is trans- 

ported en masse from the anode to the cathode, hence the 

region under the anode shrinks and shrivels up, whilst that 

under the cathode swells up and becomes cedematous. 

The phenomenon is not so marked if the circulation is — 

not interrupted, as the circulation continually compensates 
the transport of liquid due to cataphoresis. © 

III. Physiological Effects of the Continuous Current. _ 

269. General Considerations.—Besides its physico- 
chemical action, the galvanic current produces certain physi- 
ological effects on living nervous tissue. We cannot sep- 
arate these physiological effects from the phenomena of 
ionisation. Ionic phenomena are of the very essence of 
the current, and the effect on the nerves is but a conse- 
quence of these ionic changes. 

s painful. 
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70 Sensory Effects.—There is a special sensation 
270. 

accompanying the passage of a current. ACEO DE to 

t iia's expression, it is a “burning pricking,” becoming 

ore violent as the current rises in intensity. The sensa- 

a differs at the two poles, as might be expected from the 
101 

q different . electro-chemical effects. 

At the negative pole the sensation 1s deeper and more 

Each pole moreover produces a sensation sui S¢e7- 

‘ch cannot be defined in words, but can be easily 

recognised after once experiencing it. The electric ae 

sation is attenuated with time, so that by increasing ae : 

ually patients are able to bear a current which would hav 

peen extremely painful at the commencement of the sitting. 

a71. Action of the continuous current on motor and 

sensitive excitation—Electrotonus.—W e are obliged to 

consider here a phenomenon which would come more natur- 

ally in the chapter on the variable electric state. Both setl- 

sory and motor nerves respond to excitations of the varia- 

ble electric state, whether galvanic or faradic, alternating 

or undulatory. This excitation obeys certain laws which 

we shall study presently. What interests us here is the 

fact that the continuous current introduces a profound 

modification into the reaction of the nerve to excitations 

of the variable state. 

This modification in the condition of a nerve while carry- 

ing an electric current is called electrotonus. Before study- 

ing it, it may be well to recall the modern theory of the con- 

stitution of the nervous system, the theory of the newrone. 

272. Theory of the Neurone.—The neurone is the 

fundamental element of the nervous system, the nerve cell 

with all its prolongations. These prolongations are of two 

sorts, 
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1. Protoplasmic prolongations, cellulipetal prolongations 

conducting nervous impulses from their extremities towards 

the cell. They are terminated by arborisations which are 

called dendrites, : 

2. The axis cylinder or axone, the cellulifugal pro- 

longation, conducting the nervous flux away from the cell 

towards the extremity of the axone. 
In studying the function of the neurone we have to con- 

sider two separate arcs. ! 

1. The reflex arc pure and simple, which deals only 

with an external excitation followed by movement. This 
arc consists of two peripheral neurones, without any partici- 

pation of the nerve centres. Pies 

2. The central arc, which sets in action the neurones of 

the central nervous system. es 
We shall see further on the importance of this distinction, 

1. Simple Reflex Arc.—The simple reflex circuit con- 

sists of two peripheral neurones, the sensory neurone and 

the motor neurone. Each neurone is in direct communica- 

tion with the external world, one by means of its proto- 

plasmic prolongations, the other by means of its axis cylin- 

der. The cells of the sensory neurones are found in the 

ganglions on the posterior roots of the spinal nerves, The 

cells of the motor neurones are found in the anterior cornua 

of the spinal cord. 

The dendrites of the motor neurones interlace with the 

arborisation of the axis cylinder of the sensory neurone. 

There is no anastomosis, as was at one time believed to be 

the case. 

2. Central Arc.—Fig. 47 is a diagram of the central 

nervous mechanism. A B H G is the simple reflex arc. 

The impression is received at K, a sensory organ, at the 

extremity of the sensory nerve, and translated immediately 
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a muscle at the extremity of the eee 

ow add a branch circuit M L, so that 
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¢ different kinds, according to the position 
tral 

hich constitute them. They are termed cen 
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Thus there is a cerebellar circuit, and a cere Z 

The cerebral circuit in its simplest ee : o
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a central sensory neurone © 7 
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cellulipetal fibres, or it may contain a mixture of the two, 

A nerve filament possesses no special conductivity for a 

special sensation, or a special nervous influx. Its connection 

with the nerve centre alone determines the functional special. 

isation of a nerve fibre. Moreover, the nerve centres them- 
selves are not exclusively specialised for one definite func. 

tion. An organ which has been specialised by habit for a 

given function may take on another function. The equilib-. 
rium of the organism is such that this mutation of function 

may frequently occur, to the great profit of the general’ 

economy. | 
Although the topography of the various nervous territor- 

ies, whether motor or sensory, is mapped out for us in our 

works of anatomy, we must remember that their boundaries 

are far from being well defined. In consequence of anas- _ 

tomosis between different nerves, especially at their terminal 

plexus, each nerve includes fibres belonging to an adjacent 

territory. In this way may be explained the persistence of 

sensibility or mobility in a territory whose nerve has been 

divided, and also the occasional rapid restoration of its 

functions, although the regeneration of the nerve trunk is 

not complete for many months. 

276. Electrotonus.—When a nerve is submitted to the 
action of a constant current, it becomes the area of various 

phenomena which are united under the name of electro- 
tonus. * 

Klectrotonus comprises two distinct phenomena. 

I. Electrotonic currents. According to some authorities, 

the formation of electrotonic currents is a purely physical 

phenomenon, whilst others regard it as entirely physiolog- 
ical. | 

1 According to Wiazemsky, it was not du Bois-Reymond who dis- 
covered electrotonus. The true discoverers were the French physi- 
ologists, Longet and Gerard, who gave at the same time the theory 
of the phenomena. (Soc. des Natur. de Moscow, Dec., 1900, Ar- 
chives d’Electricité Médicale, April, 1902.) 
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cation of the phenomena of excitation of 

sed by an electric current. 

, Be ctchic ae — Anelectrotonus — Cath- 

het A B, Fig. 48, be a nerve, of ss a 

a b is galvanised by means of polarisable eae 

If two unpolarisable electrodes be placed at a an 

ted by 2 wire passing through a galvanometer, 

nd that there is a current passing through a’ b 

‘rection as that through ab. In the same way 

ed that there is a similar current pass- 

These currents are called electrotonic 

The modifi 
By 

ing through a” b”. 

Fig. 48. 

The cathelectrotonic current 9”? b”, onthe seg; 

is stronger than the 

anelectrotonic current, a’ bs, onthe segment of the ean 

eve the anode. When the current of excitution 1s sud- 

( enly broken, the electrotonic currents are reversed for a 

currents. 

ment of the nerve below the cathode, 

ke 278. Modification of the excitability of a ee = - 

‘state of Electrotonus.—In the nerve A Bin Fie. 4 a 

found that the portion a” b” in a state of canter? s 

is more irritable than the portion a’ b’ which is in a sta : 

of anelectrotonus. As long as the current flows throug 

a b, the excitations of the variable state are stronger a 

‘the side of the cathode than on that of the anode. In the 

‘region of cathelectrotonus, a stimulus /ess than the oe 

‘normal stimulus is sufficient to cause excitation, either 
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sensory or motor, whereas in the region of anelectrotonys — 
a stimulus greater than the minimum normal stimulys is ; 
required in order to produce any response. 

279. Nature of Electrotonus.—The nature of these 4 
phenomena is still under discussion: One view is that elec. 
trotonic currents are purely physical, the condition of the — 

nerve being similar to that of a platinum wire plunged jp — 
an electrolytic solution. (Herman, Mateucci.) - On the — 
other hand du Bois--Reymond regards the phenomena of _ 
electrotonus as inseparable from the vital properties of the 4 
nerve. We shall return to this question when we come to 
consider the phenomena of auto-electricity produced by liy. ' 
ing cells, 

280. Physiological action of the continuous current on _ 
the nerve centres.—We shall not allude here to experi- 
ments in which the electric excitation is applied directly — 
to the cerebral cortex. The results of these experiments 
are due to the action of the variable electrical state, as 
evidenced by contraction of various muscular groups, which 
correspond with the precise cortical area which is stim- 
ulated. : 

Mediate galvanisation of the cerebrum is carried out 
by applying large electrodes to the forehead, temporal re- 

gions and neck. When a current is passed with an electrode © | 
on each temporal region, there is a sensation of vertigo. 

The subject seems drawn towards the cathode, and in 

order to oppose the sensation leans to the side. When the 

anode is placed on the forehead and an indifferent electrode 

on the neck or body, the patient experiences an increase of 

intellectual lucidity, whereas if the frontal electrode is a 

cathode, there is a sensation of somnolence. (Leduc.). 

4 281. 
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APPENDIX. 

Electric Phenomena proper to living tissue. 

Animal Electrogenesis. 

General Considerations.—Just as in the inorganic 

ecular energy is manifested by 

el ctric phenomena, So in the living organism the work of 

a ell is accompanied by a production of electricity. 
iis production of electricity, which is very slight ae 

Pdi ry circumstances, may occasionally attain considerable 

. als, the electric fish for example, 

function is remarkably developed. 

by the muscles and nerves 

aas suspected by Galvani, but was dened by V olta; : 1 

further elucidated by Matteuct and du Bois Reviey 4 

was, however, as a result of Lippmann s ene 
on 

“‘electro-capillarity that d’ Arsonval was able to buila up 

‘his theory of animal electrogenesis. 

_ The production of electricity by muscles and nerves
 may 

be studied under two conditions, with the tissues in a state 

of action and in a state of repose. : 7 

282. Auto-Electric Phenomena of muscle in a state 

of repose.—I. If we test a portion of a cylindrical muscle, 

hounded at either end by a section at right angles to its 

length, we shall find'the following electrical conditions : 

- 1. Any point of its external longitudinal surface 1s posi- 

tive when compared with any point of the transverse sections. 

If by means of unpolarisable electrodes we connect any point 

on the longitudinal surface with any point on the transverse 

section, there will be a current through the wire from the 

surface to the section. 

this electrogenic 
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2. The positive potential of the external ‘longitudinay ? 
surface becomes higher as we approach the middle of the ™ 
muscle. On the transverse section the point becomes More — 
electro-negative as we approach to the centre of the Section, — 

IT. If the sections at the ends of the cylindrical muscle 4q 
are oblique, instead of at right angles to its axis, the maxj. _ 
mum positive potential will be found at the obtuse angle, q 
while the most electro-negative region will be at the acute 
angle. The gastrocnemius muscle of the frog has this _ 
thomboidal form, the insertion of the muscular fibres into 
the tendon forming the oblique transverse section. Hence 
there is always a great difference of potential between the 
oblique and the acute angle. This muscle is very cohvenient 
for demonstrating the difference of potential, since whatever 
points of the muscle are joined up a current is produced. 

_ Ul. The difference of potential between different points 
of a muscle explains the contractions which result when any 
two non-equipotential portions of a muscle are joined up.) 
This may be done by a metallic conductor, as in Galvani’s 
experiment, or by another muscle, or by immersion in a 
liquid conductor. 

IV. The electromotive force of a muscle, z¢., the differ- 
ence of potential between the positive and negative areas, 
may be some hundredths of a volt (.03 to .07 volt). 

283. Auto-electric Phenomena of the nerve in repose. 
—In a state of repose the nerve presents the saine currents 
as the muscle. These are, however, more feeble, and on ac- 
count of its small size it is difficult to demonstrate the dif- 
ferenee of potential between points on the transverse Sec- 
tion of a nerve. 

1. For a nerve, as for a muscle, there exists a difference 
of potential between the longitudinal surface, which is posi- 
tive, and the transverse section, which is negative. | 

curren 

- _Jf we measure the curren 
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285. Auto-electric Phenomena of nerves in action. 
The current of repose in a nerve is diminished by any stim. 
ulus, whatever the mode of excitation, electric, méchanica] 
or cerebral. The result is the same for fibres with or with. 
out a myelin sheath, although in the latter case the varia- 
tion is less apparent. 

The negative variation may be observed in a nerve for 12 
to 48 hours after death or removal from the body. 
When a portion of the length of a nerve is excited: by : 

a continuous current, the nerve is traversed by electrotonic 
currents, which may be regarded as currents of action, set 
up by the stimulus of the galvanic current, 

286. External manifestations of auto-electric phenom- 
ena in living beings.—On account of the great resistance 
offered. by the skin, it is exceedingly difficult to demonstrate 
the current of repose in a muscle in situ in the living sub- 
ject. D’Arsonval, however, has been able to demonstrate it” 
by making an incision in the skin and introducing an un- 
polarisable electrode at either end of the muscle. The 
wound made by either electrode having an equal effect, the 
difference of potential observed must be the measure of the 
current of repose. | 

The negative variation, or current of action, is more easy: 
of demonstration. The following experiment is due to du 
Bois-Reymond. : 
Two vessels containing sulphate of zinc solution are con- 

nected with a galvanometer, and one hand of the subject 
is placed in each vessel. As long as the arms remain at 
test the galvanometer will register o. If now the muscles 
of the hand are contracted by a voluntary effort, the needle 
will deviate, shewing an ascending current in the contract- 
ing arm. The difference of potential is of the order or 
of a volt. | 

4 it has be 

a : r 
“yhere is a CU 

| ‘effort to contrac 
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en objected that the current might be = be pe 

£ sweat in the contracted limb. Du a » 

r yer, shewed that the current due to persp 

mond P pending one. The clinical observations O 
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a o Moreover, in patients suffering from ichthy- 

piematel sh perspiration is absent, the current of contrac- 

. a , Al eet marked. 
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” Be ied sweat secretion, Mendelssohn observed 

4 . no true ascending current produced by the 
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4 a and feeble oscillations. The experiment of du 

a” DF inond ‘< therefore conclusive, the current 1s the 

| ye current due to muscular contraction. 

5 int be also observed through the Penn due to dle 
3 ; ifference O 

en the ent aa and the left
 hand, and between 

a back and the front of the ea a Ate 

" Independently of these special variations O oe Nec ae 

a eneral surface of the body is electro-posttive. yi 

Bion explains the phenomena sometimes observe ae 

terical girls, in whom the electric Ces ce is ee 

become high enough to produce spat ae The electric 
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of stimulation becoming negative when compared with the q 
rest of the organ. The controversy is far from being settled, ’ 
and quite recently d’Arsonval has brought forward a new 
theory. 

288. D’Arsonval’s theory of animal electro-genesis.— 
D’ Arsonval’s theory depends upon the electric phenomena i 
associated with alterations of surface tension in liquids. 

I. EKach molecule of matter exercises a force of attraction _ 
on those in its vicinity. The attractive force is only exer- 
cised through a very short distance, so that each molecule 4 
may be considered as surrounded by a limited “sphere of q influence.” The radius of this sphere is the range of mole- @ 

in a litre of water (Terquem) or a 30% to 50% solution 

of castor oil in collodion. (Imbert. Traité de Physique 

‘Biologique. 

q - = is measured by the resistance which a 

liquid surface offers to rupture and is stated in milligrammes 

Dé ani len th. . ee 

isc: es are exhibited by the modification of 

the surface tension, due to the contact of two liquids which 

to not mix, or to the contact of a liquid and a solid. The 

Mesence on the free surface of a liquid of the molecules of 

Bother liquid tends to re-establish the symmetry of the 

molecular sphere of action, and thus to diminish the surface 

r 

eee 
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tension. Suppose we place a drop of liquid A on the am 

free surface of another liquid B, with which it will not mix — 
The surface tension of A will be diminished. «at the Surface 

tension remains sufficiently strong, it will prevent the Spread. _ 
ing of the drop. On the other hand the surface tension ma 
be entirely annulled, or even reversed, so that the attractive , 

force of the superficial layer is less than that of the centra] 
molecules, in which case the surface of A will tend to spread. 4 

The greater this “negative tension” the more rapidly a drop 

of liquid A on coming into contact with B, will spread Over 
the surface of B. This.explains the spreading of a drop of 
oil on the surface of water. 
tension occurs when a liquid comes into contact with a solid. 
When a liquid does not moisten the solid, it is because its 
surface tension is not reduced to zero by contact with the 
solid. When a liquid moistens a solid, it is becaise its sur- 

face tension has become negative by contact with the solid 

surface. This is the cause of the phenomena of Capillarity, 
the ascension of liquids which moisten, and the depression 
of those which do not moisten the capillary tube, the forma- 
tion of a concave meniscus on the surface of a liquid that 
moistens the walls of the vessel, and of a convex meniscus 
in the surface of a liquid that does not moisten the walls of 
the vessel in which it is contained. | 4 

II. Lippmann has shewn that all changes of surface ten- 
sion give rise to electric phenomena. A globule of mercury, 

in dilute acid, becomes electro-positive when deformed by — 

mechanical means so as to inscrease its surface area. On 

the other hand, it becomes electro-negative when its surface 

area is diminished. This may be shewn by placing the 

mercury and the acid in communication with the poles of a 
galvanometer. 

Conversely any modification of the electric state wil 

change the surface tension of a liquid. 

The same diminution of surface 
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s the principle on which Lippmann’s capillary elee- 
im This i 

: 
Fig. 49.—Lippmann’s Electrometer. 

7 The capillary electrometer consists of a glass iis 

; out into a slightly conical capillary at one end. 1h 

ig lied with mercury and its extremity 1s immersed in 

ie containing dilute acid with a small quantity of 

—ecury at the bottom. The height to which the mercury 

. she tube A is a function of the surface tension where 

“ae ury is in contact with the dilute acid. If now a cur- 

pee a a from the mercury in the vessel to that in the 

t . a oe of the electrodes C and De the position of 
the 

Brieniscus of separation will se a a See ae 

5 current. 

: BG. crating na appreciate variations of potential 

q fee of —1_ of a volt. — 

it . ice tee d’Arsonval to formulate oe pe 

“of animal electro-genesis. This theory he fee A ae 
" series of experiments, the most interesting of Ww c cree 

of the artificial muscle. This consists of an india-r : 2 

‘tube, divided into a series of compartments by pe 

“porous discs. Each ee : panel Rie 

4 and one of dilute acid. en the 

Be iched a current is produced which can be easily ee 

by the ordinary apparatus. Experiments on this artinc 

a vessel B 
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EFFECTS OF VARIATIONS OF 

CURRENT. 

g and closure—Induced Currents— 

Alternating sinusoidal Currents—Undu
latory, 

I. General Considerations. 

The Variable State-—Any variation of current 

n the organism. 

This is propagated to the nerve 

290. 

1. It causes sensation. 

eans of the sensory nerves. 

nt variation cannot be 

the intimate phenomena of perception 
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laws which treat of sensory impressions. 
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3 | : . the striated and the ‘ q 5 ntractile plasma. These are : organic elements, such as leucocytes and the cells of ciliateg q r oe bia ane Bre 8 epithelium, are contractile and respond like muscle to ex. a my on striate d muscular fibre is characterised by the rapidity ternal stimuli. We also find entire organisms such as the - The a, uke It constitutes the muscles of voluntary ; ae. Sens, ‘ 4 raction. i : amcebze and ciliated infusoria, in which the contractile tissue me of ts oe. muscles of relation and of animal life. _ has not been differentiated, and which respond en bloc to ex. ae : Bio siviated or smooth muscular fibre is characterised by ternal stimuli. 4 | q ae action, recalling that of the primitive et is interesting to notice how simple and rudimentary are : 4 the ee ac which is less highly differentiated the primitive muscular elements in animals like the hydra, “@ _ : lower stage of evolution. : : in which we can examine the commencement of differentia. a may proceed to study the architecture of the striated 

moo) contractile Carne a : a the smooth muscular fibre, omitting for the present 
an 

£ te Weatt: special musculature o 

| _ q Architecture of Striated Murcer 
4a icles are formed of striated fibres, bound together oe 

a Pe ccxtive tissue. The contractile element, the eas a 
. + is the striated fibre. It is-a cell of fusiform shape, : 
. on cm. in length and 40 to 50» in a nee 

| 
q 

e sarco- A 1. .. i and is surrounded by an envelope, Fig. 50.—A, Ectodermic cell—B, Peduncle.—C, Contractile © a 3 several nuclei ae which is the original cell wall. portion of the cell. 4 lemma or myo d 

In these animals the cells of the ectoderm are furnished 
with expansions, which penetrate more deeply inte the meso- 
derm. This expansion, which is attached to the ectodermic 
cell by a peduncle, is alone endowed with contractility. 

The cell is a rudimentary neurone, the péduncle being 
the future nerve, and the expansion the muscle fibre. A 
nucleus soon makes its appearance in this contractile por- 
tion, and it then speedily takes on an independent existence. 
. This rough sketch of the development of the nerves and 

7 9 Fig. s1.—A, Thin dice Amici’s band.—B, Clear bane oe a muscular tissues shews very clearly the relationship between d q er ohie. Hensen’s bed ae oe ae Opeiueraice the neurone and the muscle fibre, a telationship which in the layers of Hensen’s bands—D.C, C! 
higher animals has become so complex. : This striated fibre is composed of cylindrical eee re We may now pass on to consider the two varieties of gs _ to 3» in diameter, which pass from end to end of the fibre. muscular fibre, the final stages in the development of the . q | 

j 
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This division into fibrille is marked by a longitudinal ‘strig_ » 
tion which is often as noticeable as the transverse striation q 

When in repose, each fibrilla is formed of a number of 

clear and dark discs superposed one upon the other. ‘The 7 

clear disc is traversed by a dark stripe, the stria of Amig, — 

The dark disc is traversed by one or two striz, the bands of ] 

Henson. The clearer portions are probably formed of — 
liquid muscular juice. : . 

Amici’s disc is probably the membrane limiting what q 

Krause calls a muscular case. The opaque segments of the 

thick disc are the contractile portions of the fibre. (Engel. — 

mann, Ranvier.) 
Carnoy and Van Gehuchten regard the muscular fibre as 

a system of transverse and longitudinal trabecule, which 
form a network, the meshes of which are filled with muscular 7 

juice, the myositic enchyléme. In their opinion the net- 

work is the contractile element, the liquid remaining passive, 
We must now turn our attention to the mode of termina- 

tion of the nerve fibres, the conductors of stimulation to the 

muscle. 

Each muscular fibre is supplied by a nerve filament from 
the terminal plexus of the motor nerve. This nerve fila- 

ment is terminated by a special organ, the motor plate of 

Rouget, which is situated beneath the myolemma. (an- 

vier.) 
The motor plate consists of a granular substance formed 

from the plasma of the muscle cell. In this granular sub- 
stance the nerve filament, stripped of its myeline sheath, 
breaks up into a “terminal aborisation,” each twig of which 
is in connection with a muscular fibrilla, The nerve twig 
is lost on the surface of the fibrilla and the microscope does 
not shew if there continuity between the nervous and 
muscular tissue, although embryology would lead us to sup- 
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fibrillze, and a passive portion, the sarcoplasma. The nerve 
supply consists of the axis cylinder, the cellulifugal procesg 
of the neurone. The nervous filaments terminate In the 
middle of the fibre in the “tache motrice.” — (Ranvier.) 

295. Explanation of the phenomena of contraction by 
the laws of surface tension.—We have already seen in 
par. 288, how d’Arsonval explains the electric . 
exhibited by living tissue by alterations of surf 
In the same way he explains the mechanism of muscular con- 
traction. The semi-liquid particles of the muscle are in a 
state of equilibrium between the forces of surface tension 
and the various external forces acting on the muscle. Any 
alteration in the electric condition will disturb the equilib- 
rium, since it changes the surface tension, 
is M. Imbert’s explanation of the phenomena. | 

a. Contraction of smooth muscle.—F rom an electrical 
point of view, the fibrillae may be considered as consisting 
of a semi-fluid substance bathed in a fluid plasma. Their 
form of equilibrium is the sphere. Any alteration in surface 
tension would not alter their form if the fibrillze were in this 
state of spherical equilibrium. But if they have been previ- 
ously distorted by external forces, the nervous influx, like 
an electric impulse, will tend to restore them to their prim- 
itive spherical shape. 

b. Contraction of striated muscle.—The explanation of 
the contraction of striated muscle is associated with 
the fact observed by Ranvier that there is an exuda- 
tion of liquid from the dark disc segment at the moment of 
contraction. The nervous influx causes an alteration of 
equilibrium at the surface of contact between the clear and 
the dark discs, and a consequent change of their form. 

The explanation of d’Arsonval and I mbert 
similarity 

The following 

presupposes the 
of a nervous and an electric influx. It would, 

The difference in the velocity of 

 gArsonva 

: 
‘in muscle and ne 

phenomena : 

ace tension, 
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of the circuit is instantaneous, whether this is bas by. mom | : g 
of a key or by the sudden removal of the electrode. 

During the period of closure ab, the current increases 
tapidly, attaining its maximum value at b’. The intensiie 7 
of the current is then represented by bb’. During the 
period of opening, cd, the current decreases rapidly, it, 
intensity falling to zero at d. We are not in a position to 
measure the exact duration of the periods ab and éd nor 
can we determine the forms of the lines ab’,cd’. In study 
ing the effects of opening and closing the circuit, we neeq 
only take into consideration the maximum intensity of th 
current, ' 
We may now proceed to investigate the relation betweed 

the electrical excitation and the physiological response,—a 
question about which there is much debate. 

297. Relation between the electrical excitaton and the 
muscular response.—Du Bois-Reymond formulated a 
simple law which was long believed to be general in its 

application. According to this law, the excitation is a func- 
tion of the rapidity with which the strength of the current 
varies. 

Thus if A is the strength of the current, and dA its 
variation during an infinitely short time, dt, the expression 

dA). 
—_———_ 

dt 
Hence the more gradual the rise of the curve of closure 

the feebler will be the excitation. The time of closure may be 
prolonged by the employment of a rheostat with decreasing 

resistance, or by increasing the self-induction of the circuit. 
In order to get the same degree of excitation with a more 

gradual increase of current, the total change of intensity 

must be augmented in proportion to the time which the cur- 
rent takes to attain its maximum value. We may suppose 

for the corresponding excitation will be f 

ie 

pHy 

_ tion 3 

- closure 

e He found 

the time a b 

- mond’s law, 
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I for the momen 
ae te 

: s the integral sum of the elementary excitations. 

Fick shewed that 

versal, and that it does not hold true when 

is at a very 

" js almost perpendi
cular to the axis’. 

rent in its continuous phase b’ 

" the intensity of excitation. 

~ needs to be taken into consideration. 

4 during which the strength A of the current 

does not vary, 

__ Reymond’s laws, 

of short duration, less 

so important that we shall give a 

a 1Fick, Beitrage zur 

_ Substanzen, 1863. + 

2Weiss Arch. Italiennes 
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+ with du Bois-Reymond, that the total excita- 

du Bois-Reymond’s law was not uni- 

the curve ot 

small angle with the axis, of when it 

Bet a! 

Fig. 53. 

that when ab’ is almost vertical, 1.¢., when 

the duration of the cur- 

© d’ has an influence on 

According to du Bois-Rey- 

the curve at ab’ is the only portion which 

The periods b’ c, 

approaches to zero, 

should have no influence on the value of 

3 
GAs, | 

the excitation since during that-time 4 15 4°tO 

Weiss has recently directed his attention to the same 

y “question. His results are not in accordance with du Bots- 

at all events in cases where the waves are 

than .003 of a second. His work is 

description of his expeti- 

vergleichenden Physiologie der irritabelen 

Braunschweig. 
de Biologie de Mosso., 1901, te KON 
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298. Weiss’ experiments—1st Law.—Weiss proceedg ’ 
in the following manner. The two points A and B (Fig 
54) are connected to an electric source. . 
tion from the leg of a frog E is connected to the points B 
and D. A wire CD places D in connection with CA. 1 

aa 

2 en 

Fig. 54. 
a 

and B are united by a wire A B of negligable resistance, 
When A B and C D are in place, the whole current passes 
through AB. If AB is cut, the whole current Passes 
through the nerve, and if CD is cut, the current through 
the nerve is arrested. The current passes through the nerve 
only during the interval between the rupture of A B and CD, 
In Weiss’ experiments the wires are ruptured by means of 
a gun loaded with liquid carbonic acid, having an equable 
velocity of 130 metres per second, so that each centimetre of 
distance between the wires AB and CD corresponds to 
-000077 of a second. 
The first question was to determine how long a time 

elapsed after the rupture of A B before the permanent state 
was obtained, i.e., what time was necessary for the current 
to attain its maximum value. Weiss found that this was 
quite negligable. He used a Thompson galvanometer with | 
high self-induction and found that the duration of the vary- 
ing state was imperceptible, even when the establishment of 

A nerve prepara. _ 

a 

w 

NG 

t. 

“3 

ry. 

he curren 

ment. 

are 1 

‘the permancn 

4 comparison © 

im, diferent inter 

A difficulty arises 

& 

“«s 

3 . a curve of “bre : 
4 Bec CD. What will be the influence of this varying 
secon > 

» current on the preceding equable current: 
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PHY 

t was retarded by the self induction of the instru- 

e may neglect the duration of the varying ee 

e . ‘tion to estimate the influence of the duratio ‘ 

Bec t state on the organism. This may be done y 

€ the muscular contractions, coutspoucs 

tervals between A B and CD. a os i : 

here which was pointed out by : 

ithout 
urrent in its equable state cannot be arrested wi 

The c 

ak” following the rupture of the 

i ries of 
In order to answer this question, Weiss made a se 

experiments to determine the influence on Pe eae 

q tion of successive electrical waves. For i: i p ue Ss 

q made an arrangement in which there were Teen i" 

j necting AB and CD of Fig. 54. By the Le ia eee 

” suitable resistances he obtained two undulations, ; 

and HIKD of Fig. ss, in the place of the single one ABCD, 

in the same time AD. This expen was ke re a5 

terest. It was found that any osauine Pk eae 

 dulation ABCD diminished the excitation of the org 

q i.e., a greater intensity of current was freq uired in order to 

iologi itation. Thus 
attain the required degree of physiological excitation 

16 
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the summits, EF and IK, of the shorter waves are 
than the summit BC of the longer undulation. , _ - 

It was found, however, that the total quantity of electricity 7 
necessary to raise the organ to the verge of excitation was a 

exactly equal in both cases. The area ABCD in the first 
case was equal to the areas AEFG and-HIKD in the second 
Case. 

Weiss therefore enunciated the following law: “With 4 
the same duration of electric stimulus, the same quantity of 
electricity is required to raise the organism to the verge of | 
excitation.” 

299. Weiss’ 2nd Law.—When the duration of the 
electric stimulus varies, the quantity of electricity required 
to bring the organism up to the verge of physiological excita- 
tion also varies. Weiss has determined the law of this varia- 
tion. The observations were made by changing the distance 
between the wires in his experiment, so as to alter the total 
duration of his single and multiple undulations. He found 
that the quantity of electricity necessary to bring the organ- 
ism up to the verge of physiological excitation may be con- 
‘sidered as composed of a fixed quantity, a, and a quantity, 
bt, which varies with the time. Q=a-t bt, where t is the 
duration of the electrical discharge. The value of the co- 
efficients a and b depend on the conditions of the experiment, 
the ratio a/b varying according to the animal under ob- 
servation. 

From these observations Weiss deduces his second law. 
“In order to produce a minimal response in an organism, 
the electric stimulus of the nerve or muscle consists of a 
quantity of electricity which is constant, plus a quantity 
which is proportional to the duration of the discharge. | 

“The result,” he says, “is as if a definite quantity of elec-» 
tricity were required to excite the nerve, but that an ad- 

higher 
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| 4 e. i uantity of electricity proportional to the duration 
p ditiona q tion was required to neutralise the continual 

: a oe the organ to return to its original condition. : 

aad efficients a and b are easily determined by making 

Be cessive experiments in which the time of excitation 

q aad +? is varied. | We get | 

ae O— a + bt 

OQ =a bt’ 

‘ in a and b. hi 

; Be os Beme Sagi hoe have also investigated the 

4 a and their formula differs but little from that of 

3 W ess. A 

Be Gince Q = It, we get Ita bt, whence t= Fy 

, Hence for short undulations, the excitation ds not ion 

E nly a function of the rate of the current oe ee 

4q i duration of the equable current must also be take 

: Pes ial This is found by 
into account during a time t 777} 3 

on 

q eriment to be nearly equal to the latent period o 

3 Be cular contraction. Weiss remarks that nus fact or 

a a ‘ndicate that the excitation takes place only fone ‘ 

q latent period, after which the organ passes into a SO 

ractory phase. | a | 

ve . hitherto studied the action of aaa vee 

ing i ‘rection. Weiss has also aetermin 
assing in the same direc : s has pee 

. Fe se scal effect of waves travelling in opposite direc 

! i his conclusions. ons. The following are i: 

i When a wave, capable of producing contraction, ef a 

ceded or followed by an opposite wave of fee ae 

E imini the effect of the first, bu 
the second wave diminishes un 

is i litude of the second wa 
effect is independent of the amp wav 

and cannot therefore be regarded as simply subtractive in 

TA 
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h | character. It seems merely to produce perturbation at at th a e 

moment of the current-reversal. | 

Recently M. and Mme. Lapicque have slightly modifica 
Weiss formula, which becomes 

: QO=A-+bt—yV | 

where V is the difference of potential between the electrode S. 

A second variable de pending on the 

duced into Weiss’ formula. : ae : Bey nag 

O 
| 4 

300. Action of the variable state on striated muscles, q 

ae ee of muscular contraction is complicated by th 

of polarisation, which appears to d : 

results. Se 

eee first study the effects of the variable state o 

polarised muscle and nerve, and shall afterward : 

ee accessory changes due to polarisation. | we 

oF a ae may be excited directly. It is not necessary 

ae one en aoe the motor nerve. In ani- 

la curarised, thus destroying the éxcita- 

Bee fe the nerve, the muscle contracts ey under led 

S imulation. After death, the muscle remai ie 

able, while the nerve ceases to be so. Schiff’s Rea a 

i so-called idiomuscular contraction, is another orcce 

a Laem of muscle. When a muscle is steel 

causes a localised con : 

oe of persistent swelling of the ciated aa ‘ 

is age are divided as to the part played by the ‘erin 

vous filaments when a muscle is made to contract by a 

stimulus applied at its point of election, 7.¢., at the point 

Haat the motor nerve enters the muscle. 

ade pages and others consider that when a muscle i is stimu 

at its point of election, the m uscular reacti 

to the excitation of th a e nervous filament which : which supplies it,* 

the various pathological anomalies of reaction beinb ex- 

Huet 

_yari 

mu scle, 1S
 § 

such as occur 

qa momentar
y contraction

 

usse musculaire
” ‘5 much shorter th

an any possible a cuit, 

| This “seco 

a 

5 

 secousse. 

an 

a 

a 

pHYSIOLOGI
CAL EFFECTS 

jaine 

ol. 

d by anomalous veachions, Of thle “MEL 

is of contrary 
opinion. 

The Muscular Response to the exc 

iable state. When a muscle, or the motor nerve of a 

timulated by a rap
id change ‘n its electrical state, 

OF VARIATIONS OF CURRENE 

scat the: ‘make’ and “break” of a 

voluntary 
contraction.

 

Fig. 

On the lowet
 lin 

stant of excitation. 

of a tuning fork marking hundredths of a second. 

line is t 

secousse. 

Tt will be seen
 

until after the lapse of a certain time €C, 

/This interval of abou 

the excitation and the commencemen
 

called the latent period of excitation, OF 

contraction. 

Tt will be reme 

of excitation that the negative variation in the 

current 1s produced (284). 

56 shows the classical diagram representing this 

Fig. 36. 

The sinuous line gives the 

he graphic representation 
of a single 

after 

e filaments. 

itation of the 

of the muscle occurs. 

e is seen the electrical signal, e, at the in- — 

that the muscle does not begin to contract 

t one hundredth of a second between 

t of the secousse, is 

the lost twme of 

mbered that it is during the latent period 
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galvanic 

vibrations 

The upper 

muscular 

excitation. 

stimulating 
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The lat iod i dof he latent period is succeeded by the period of increasi a tees 
a en c ergy of contraction, the duration-of which is about 

of a second. 

This 1 | by is is followed in turn by the period of decreasi ng 
ener § W te { y | a S( y= 

: 2 f 5 

oe and cold and muscular fatigue = — 
gure 57, borrowed from Marey, shews the alteration 

Fig. 37, ae : 
- 

in the diagram of th | | 
the mus 

i 

of Ehigus. cular secousse under the influence 

2 and 3 representin | g the muscle as 1 os 

mot ; “ it becomes mi 

e fatigued, the contraction becoming less in. more and 

slower. 
| g less in extent and. 

We ma 
on Se 

ae ee Los that the duration of the latent period 

echanical resist . | ; 

loneitcot 7 ean ance to contraction 

eee ee eee is in proportion to the nie : 

, just as the delay in ee 

creases j 
y in starting a in j 

s in proportion to the weight the 1 ao aes 

move. 
the locomotive has to 

is stimulated at a poi 
| point near its extremi 

formed at the point of stimulation ssa as 

. ; : 

ho travel towards the other end oO 

100. 

‘During the ordinary physio 

| produced, the contraction taking p 

s / 

ae 
is the trace of the muscle in its normal state ; 

This raised portion or- ° 

PHYSIOLOGIC
AL EFFECTS OF VARI 

undulation. (Aeby, 1862.) 

 Aéby an 

this wave of contracti
on at one 

mass at the same instant. 

tion is in no way analogous to 

observed in the muscles 
of insects 

or aiter death. Laulané has shewn 

death, muscu
la 

‘contraction ¢” masse. 

303. Laws 

“the appearance of. the contraction 

clostire of the exciting current var 

of the ‘active electrode and accor 

js polarised or not. 

Tn muscle testing the indifferent 

on any part of the body. 

be applied to the 
motor 

the muscle. T he apparatus should 

rent-reverser so as to make 

negative at will. 

The muscular con 

as the intensity of the current is raised. 

KCC. Contraction on closure when 

a 15.0 Cathode. 

(ACC. Contraction on closure W 

| is an Anode. 

AOC. Contraction on opening 

is an Anode. 

KOC. Contraction on opening 

is a Cathode. 

ATIONS OF CURRENT Ayer 

£ the muscle as a sort of 

d Marey estimate the velocity of propagation of 

to two metres pet second. 

logical action no such wave is 

lace through the whole 

Physiological muscular contrac- 

the undulatory contractions 

at the moment 
of death, 

that at the approach 
of 

+ waves frequently coexist with physiological 

of Muscular Contraction. —T
he order in 

following opening and 

y according to the sign 

ding to whether the muscle 

electrode may be placed 

The small active electrode should 

nerve or to the point of exc
itation of 

be furnished with a cur- 

the active electrode positive of 

tractions appear in the following order 

(Erb.) 

the active electrode 

hen the active. electrode 

when the active electrode 

when the active electrode 

CATE EA 
ee 
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Suppose, for example, we apply a current of 
amperes to the motor point of a muscle. There will be na q contraction either at “make” or “break,” whether the active _ 
electrode be positive or negative, a j Ps 

If the intensity of the current be taised to .6 ma, Kce 7 
will be produced. On closure of the circuit there wil] be : no contraction if the active electrode be an anode. There a will be no contraction in any case when the circuit is broken If the current be raised to 1 milliampere there will be q strong KCC, a very appreciable ACC, and slight -AOC : On increasing the intensity of the current stil] further _ : KOC will appear, KCC will be very strong, whilst ACC ang 
AOC will be fairly strong. 

304. Influence of Polarisation on the Law of Con. | traction.—It may be said in general that contractions on closure (CC), are diminished by polarisation, whereas the a 
contractions on Opening .(OC) are increased. In other q words, the contraction on opening (OC) are prodacenl ; 

earlier and those on closure (CC) are produced later, than 4 they would appear normally when the current is gradually 
increasing in intensity. 
The observations of Chauveauand deBoudet shew thatasthe exciting current is increased the tissues become more‘and more polarised, the KCC, which is at first superior, becomes successively equal to, inferior and again superior to ACC. 305. Effect of the variable state on Sensation. —Sen- sory effects follow the laws of motor effects. Bordier, using an electrode of 12 Square centimetres, obtained the follow-_ ing results. The sensation on closure when the active § electrode is a cathode (KCo) is the first to appear, 
Cas Fee ee oe -9 milliamperes 
i Con ie oe emeate, eeT = 
AOc . 

5 mili 4 Thes 

06, Moto 

4 ey re ae ie 9, a SIOLOGICAL EFFECTS OF VARIATIONS OF CURRENT 249 
| PHY 

esults are not in complete accordance with those 
ef 

¢ Erb, who places AOo before A Co. 

, effects produced by several successive 

2. 4. of the variable state—Let us examine first a 

Beces : two successive muscular contractions. If the 
- Be asse AETIVeS during the phase of rae 

es lar energy, the curve of contraction is not reduplicated, 

Bi “amplitude is increased. There is but a single con- 
Hut its 

maction of increased strength. — d in a the second secousse arrives in the period of ecreasi gS 

4 lar energy, the descending curve ascends again to 
De: height than before. Two distinct but eee 

n orea 

jrated curves of contraction appear, the co 
Geonoer than the first. ecg 
a i” second secousse takes place after the termination 
Fhe first, the two contractions are independent, but the 

a nd is stronger than the first, although the excitation was seco | 

2. henomenon, “the summation of stimuli,” is of great 

. : If we subject a muscle to a series of successive a 
! qmportance. Pere 

tations the contractions become gradually stronger until 
eXC ’ A 

3 h aximum. The effects are superimposed, so 
“make” is incapable of that a current which at the first “make ne 

Bising a secousse, is at last able to produce contraction a : 
i : 4 

) succession of attempts which appear to have been ma 

ks 

iF 

11. 

Bites the series of excitations 1s so rapid that one secousse 

follows the other during the phase of increasing energy, 2 

Beeanent contraction of the muscle follows. This con- 

action, although permanent, is made up of a series of suc- 

“Cessive contractions. We may recognise this by ausculta- 

Hon, the ordinary muscular bruit being continuous. Oe 

more frequent the secousses, the more permanent is the 
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f 
° Siete Fe fh *% ‘ é a = B 5 adic Current. muscular contraction. The number of excitations cannot: Ii. Physiological action of the Far : a 

ry ° e e 3 
s im = however, be raised above a certain limit, 1100 to 1299 D a 9 General considerations.— The laws oi the . Te 08. second. The muscle no longer responds to. the excitation 

when the interruptions or inversions exceed 10,009 pel 
second, as is the case in high frequency currents. = 
When the muscular ‘contraction is in this apparent! 

manent condition, the muscle is said to be tetanised. 
number of excitations necessary to produce tetanus, is 
per second in birds, 60 per second in the guinea-pig, 
per second in man, 15 to 30 per second ‘in the frog, 
per second in the tortoise. (Richet.) — 

During voluntary contraction the muscle is in a state off 
physiological tetanus, with successive secousses. The Ditch 
of the muscular bruit heard on auscultation indicates q fre. 
quency of 36 to 40 vibrations per second. (ii elmholtg.) | ; 

307. Action of the variable state on smooth muscle | Smooth muscle has certain pecularities in its relation to the | 
] | variable electrical state. To produce tetanus in unstriped 
|| | muscular tissue, the shocks of the variable state must be 
(ail : separated by longer intervals. This is due to the slower | 

rate of contraction of unstriped fibres, Another peculiarity — 
AA is, that ACC is more efficacious than the KCC. 

With rhythmic galvanic currents, it is easy to. obtain — .- : seveuieed At ene peristaltic contractions of the digestive tract, or other organs — a The wave a a’ is the wave of ‘make, ae siganer - such as the bladder or gall bladder, actuated by unstriped 4 t of closure of the primary. circuit. “je NS 
muscular fibres. ee q — a’, is the wave of “break,” produced at the m 

Unstriped muscle has another peculiarity, viz., that it will ] ) | i a iirc of the primary circuit. ae 
contract under the influence of the steady, continuous cur- © a The duration of each of these induced a a — 
rent, quite independently of the period of variable state. 4 a he duration of the variable state of closure are O : P fee 

The vaso-motor phenomena produced in the vicinity of © a he ‘mary circuit. The induced wave at “make a, 
the electrodes are a manifestation of the excitability of the a 3 ..° "ate and more spread out than ae ae ‘ 

i | smooth fibres in the walls of the smaller blood vessels., 7 s The duration of the variable state at ma e 
i _ These vaso-motor phenomena occur with the continuous a | | d by increasing the self-induction in Se e 
| current as well as with variations of the electrical state. 4 e. : 309. Analysis of the effects of the induced cu 

a 
4 

aD 

usse caused by the variable state give us a clue | || 

Iternating currents. | | 

ae first ie faradic current. qT he form of | | 

3 Bo i duced undulations is given graphically in Fig. 

4 a ‘ch th abscissee represent intervals of time. Thre || 

68, 10 whic = of the secondary current is represented a i 

4 Feces, ee when the secondary current is in a | 

q 4 direction, and negative when it 1s in an oppos a 

ection to the primary current. 
| 

| cular. seco 

t 0 the acti 

Y per. 
The 
100. 

and 40 | 
and 3am 

wyarying int 

i Am 
Va \ 7 
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as 5076 of the original weight of the muscles. — 
examination shewed that the increase was due 
ment of the active muscular elements, not of t 
tial tissues. ee ae | e ; 

On the other hand, he found that 
produced an opposite effect, and led 
muscle weight. Physiological fatigu 

After excessive fatigue, microscop 
an atrophy of the muscular fibre j 
undergo degeneration. 

This explains the importance of a 
rent in a proper manner. 
low careful electric treat 
produced if the muscle is 
Fence the value of instry 
interruptor, (11 2) 

212) 
A variety of sensations are produced by 
the faradic active electrode. 
and tickling are felt, togethe 
due to vaso-dilatation, and a 
tion. | 

Histologicas 

to develo E 

prolonged tetanisation - 
to a diminution of the 
e had a similar action, 
ical examination Shewg 
tself, which may even 

ment, an opposite effect ma 
tetanised so as to produce fat 
ments such as Bergonié’s rhyt 

The painful sensations are 
the wire of the secondary coil. 
muscular contractions without 
be used for the induced currents. | 

IV. Galvano-faradic currents. 
313. Physiological action of the galvano-faradic cur- rent—Characteristic mode of excitation.—The galvano- faradic or Watteville current is obtained by combining the galvanic current with a successi 

duction coil. The apparatus consists in an induction coil placed in seri es with a galvanic battery. (114.) The 

- | of 
positive pole 

he inters¢j_ pole 

pplying the faradic cur. q q 
While excellent results may fol. 7 

y be q a 

igue, a 

hmica 

) will act as as 

Effect of the Faradic Current on Sensation. 
the application of a 4 

Special sensations of Pricking | r with a sensation of warmth a © yanic cu sensation of muscular contrac. .- 

the more intense, the finer 1 
In order to produce strong | 
pain, a large wire should q 

on of shocks from the in-. a 

ySIOLOGICAL EFFECTS OF VARIATIONS OF CURRENT 
PH 

he battery is connected to the negative pole the pate £ the coil with the negative 
! +]. and the positive pole 0 din ey part 

i f ie battery. The patient may be place O 
2 

ee the circuit thus formed. : a er 
4 | aratus is sometimes connected up ine joined to Bp fhe e.. positive pole of the battery being Jo ae ; - pole of the coil, so that the two currents p 
me pos T . 
4 site directions. tee raliel. 
% a dowski places the battery and the oe i anaes 
; : de is connected to the positive pole of t 5 iode 
ao ve pole of the coil, while the other e ect | 

ic circu ted to both negative poles. an eae eee 
ae hunt for the faradic circuit, and in t - . 

| the galvani 7 ic circuit will act as a shunt for 4 faradic circuit wi Bohan 
“a 4 a that it is difficult to say what would be t ee 1 

= 
2 

¥ a Peitation under these circumstances. rere UG 

: Th physiological action of these ee ere eee = [he 
e amp s 1 reasons. Mralyse, and this for several reason the gal- °° Dk is altered, those in the same phase a Ps 

ae nt being increased, and those in the opposite oe ‘ 
mod fesse Moreover, the excitability of the ee and ae bby electrotonus; an electrotonus aes ily the modifie itability. ina a : the excitability q otonus increasing foe ye 
Bone effect of the continuous current is added jonisin 
acti the induced curren aii 
-* Fc of Leduc, Bordier and Cluget ae oe ae 

a light on this subject. We shall proceed to study new a siological action of the Watteville current See 
° Action of the Watteville current 0 «314. he galvanic and induced currents are Muscie—When the g Bie tad 
in series two cases may be distinguis : both of the gal- 
a. The active electrode is the anode © ee 
vanic and induced currents. In this case 
e 



ior : i 2 
thick wire coil as with a thin wire coil 
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faradic current alone. 3 

b. The active wai ear | 
3 electrode is the cath 

ode bot 
Me and induced currents. In this case a e th 

cee than when the faradic current is eel to 

due to : aan case, the augmentation of ‘ie 2 : 
ae e oo excitability of the nerve due t 

onus. In the former © cath. © 

duced in the peri case a virtual cathode ; a 

; 
peripolar region aro 

IS pro.) 

virtual 
und the anode _~ 

ape can sets up cathelectrotonus. ( hetie c. this a 

increase in ae of intensity may 
also in part accottit fa | 7 & 

pe e strength of excitation whe
n the two c t the © 

eee same direction, When the currents are j urrents Gg 

ee tons the -secousses are greatly ice Oppo- 

ea 
| 

. whic 

citation eae for by the change in the intensit 4 

: on, the continuous current reducing th : y Of ex. 

aradic current. 
g the effect of the 

Whichev 
° 

a 

connected in co oie when the two circuits are | { 

: , the secousse 1 
are | 

the 
is stronger 

a 

ae ee current alone is used. On the ae Pa ve 4 

ee as joined up ino AG 
nd, when ~~ 

secousse is diminished. P in opposition, the strength of the 

prod 7 Pee | 
produced at each shock will be stronger than w; 4 a 

tk Wit th a 
4 Fe c- 

© gale” 
COUsse — 
ne, 

Jog 
me © 

jon 1 

tg 
The 

pres. 

4 : F a 

315. Acti 
| 

ae ys 2 oe re a Watteville current on unstriated | 

: een said of stri : a 

equally to riated muscle appli 

a ee peace with the exception that ince 

= : re sensitive to ACC th 7 

Sr and Delherm, Bordier and C en ae 

e taradi ; : 
oe a current from a thick wire coil has but little q 

ik S riped muscular fibre. To stimulate it effect q 

ae Heated wire coil must be used. This is however s 

ville Suit ete . The great advantage of the Watte- 4 
is that it produces contractions as well with ~ 3 

we 

S, addition of a ga 

ffect on sensatio 

By, the two curren 

-. is diminis 

~ most marke 

pid increa 

radisation, 

| he muscles oO 

wnutes every © 

peneficial actio 

sd atony of inte
rna 

| vy. Physi 
318. The distinctive physiologica 

f rrents — 

Peace of intensity occurs gradually, 

hanner which characterises the other for 

With low frequency, 

: 17 
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the Watteville Current on Sensation.— 

lvanic to the faradic current has the 

n as it has on muscular contraction. 

ts are in opposition, the painful sen- 

hed as the galvanic current is increased. 

cal Effects of the Watteville Currents. 

d effect of the combined current is a 

wth. With rhythmic galvano- 

d an enormous increase int 

giving seances of 10 

Action of 

Physiologi 

se of muscular gro 

Bordier obtaine 

¢ the arm and forearm, 

ther day for two months. This explains 

n in the treatment of paralysis, myopathy 

1 organs actuated by unstriped musc
ular 

logical Action of the Sinusoidal Current. 

1 action of sinusoidal 

ent, the increase and de- 

and not in the sudden 

ms of the variable 

With a sinusoidal curr 

| Fig. 59. Fig. 60. 

- Sinusoidal Current. Undulatory Current. 

when each wave is broadened out, 

but little action on volunatry mus- 

y is increased. 
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state, sinusoidal currents have an electrolytic action, which _ 

brings them into relation with the continuous current. 
In studying the physiological action of sinusoidal cua | { 

rents we have to consider three points, == 
1. Their action on voluntary and on involuntary muscle _ 
2. Their electrolytic action. 

Cation: < 3 

3. The physiological results of their prolonged appli- | 4 

319. Action of Sinusoidal Currents on Striated and on 4 
_Unstriated Muscle——The excitation die to sinusoidal - , 
currents varies according to two principal factors, the fre- 
quency and the amplitude of the undulations. (118.) 

In order to attain the verge of excitation with a sinusoidal 
current of given intensity, a certain frequency is required, 
below which no contraction results. Up to a certain point | : 

the degree of muscular response increases with. the fre- 
quency. | fae 

Beyond this point, i.e., above 1000 to 2000 alternations 
per second, the increase of muscular response with added 
frequency ceases; and beyond 10,000 alternations per sec- _ 
ond muscular contraction ceases altogether. It is at this eo 
point that the phenomena of high frequency currents are 
first met with. With low frequency we may say that the 
best motor results are obtained with frequencies of 20 to 1 50 
per second. A wave frequency of 20 per second is sufficient 
to put the muscle in a state of tetanus, in consequence of 
the fusion of the individual contractions. With weak cur- 
rents a somewhat higher frequency is required to produce 
tetanus. | 

Non-striated muscle responds in a most marked manner to 
the excitation of the sinusoidal] current, which leads to its 
therapeutic application in various directions. Sinusoidal 
currents also appear to have a special action on the sensory 

q nerves; 

tal 
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and are particularly useful in the treatment of cer- 

n forms of neuralgia. 

320 Transport of Ions by the sinusoidal current.— 

5 »riort we would imagine that there could be but little 

q jonic transportation, when 

slowness 0 

we take into consideration the 

€ ionic motion and the rapid alternation of the 

j ent. Experiments, both physical and physiological, h
ave, 

: © ever demonstrated the electrolytic action of the sinu- 
~— how 3 

~ eoidal current. 
: 

i... experiments of Ayrton, Perry, M anewurier, GE haps, 

4 ie batut shew that for a given current the ionic action 1S 
> (Oh 

z 

greater when the alternations are slow. Labatut demon 

Bae 
4 

, ’ ent sets tip ionic exc wer 

q BD nparable with those produced by the continuous curren 

strated the penetration of the pilocarpine ion at both elec- 

trodes, which leads us to suppose that the sinusoidal cur- 

hanges in the substance of the tissues, 

; This explains the physiological action of the sinusoidal cur- 

- sent, which had been already established clinically by 
me rent, — 

| @Arsonval. 

321 Physiological action of the sinusoidal currents on 

q the general system.— When the entire body is submitted 
.. ho the action of these currents, there is a general acceleration 

of the nutritive exchanges. 

espi ity of t " the respiratory capacity 0 ; 

cells absorbing 20% more oxygen than usual. The urine 

As d@’Arsonval has shewn, 

he blood is increased, the blood 

; f the 
also indicates an increase in the organic exchanges 0 

q body. The circulation is accelerated, an effect which may 

3 perhaps be due to the special action of the sinusoidal current 

unstriped muscular fibre. 

fo. a Undulating Sinusoidal Current.—From the 

physiological point of view, the undulatory current may 

be considered as a combination of the sinusoidal with the 
ee aL 

continuous current, analogous to the combination ee g 
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vanic and faradic currents in the Watteville canner A : CHU. SASiig 
pee in Fig. 60, the curve of excitation is entirely on ona 
i: e iS the axis xX. The most important point from a ph ie q 

ogical point of view is the electrolytic action of the cae a / J er. : as 

imposed continuous current, which is ad 

due to the variable state. 
ded to the excitation 

CHAPTER III. 

HIGH FREQUENCY CURRENTS. 

323. Physiological action of High Frequency Cur- 

 rents.—The currents of high frequency. consist of iso- 

 chronous oscillations which rapidly die down, as shewn in 

4 Fig. OI. 

—epeorrn i — ones 

Fig. 61. 

There are yarious modes of carrying out high frequency 

a treatment. 

y. The currents may be applied directly by means of 

‘two electrodes in series with the d’Arsonval helix or other 

high frequency circuit. A high frequency circuit may be 

defined in general terms as any circuit of considerable self- 

‘duction connecting the external armatures of two con- 

densors. 
| 

2, The patient may be treated by auto-conduct
ion or by 

means of the condensing couch. 

3, In order to produce local effects, the patient may be 

exposed to electric radiat
ions, consisting of effleuves, or spatk 

discharges in their different forms. 

In whatever way the high frequency treatment is applied, 
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whether by auto-conduction or by radiation, the Patien : . 
exposed either directly or by induction to enorm is 

Ormous diffe ences of potential of an oscillatory character, Whar: Nat in presses the physiologist most strongly is the fact ¢ “3 sy 18 the fact that ge neuro-muscular system does not in any way respond to the currents of high intensity and tension which traverge the patient’s body. His muscles do not contract and his ner. vous system does not register any impression. The fam point then is the complete absence of excitabilj second point is the production of anzesthesia, due to inhibitory action of the high frequency currents 
a. Special 

sensory mctves. The third point to he noted i. a 
On the 

as : 's @ general ia physiological effect resulting from the continual use of the 7aEE 
al nutri. 

ay be addeq 

currents. ‘This includes their action on the gener tion and on all cell-life and function. To this m their action on microbes and toxins. a 
324. Lack of Response of the neuro-musc 

neuro-sensitive system to high frequenc 
When a body is submitted to the direct acti 
quency currents, or exposed to auto- 
tion by means of the effleuve, it is tr 
duced currents of considerable intensity. These currents may be demonstrated by the classical experiments of — a’ Arsonval. When one or more persons ) circuit in series with a high frequency heli 
ersed by a current capable of 
power lamp, introduced into the 
tween the hands of two persons, 
the subject is placed in a field of 
light up an incandescent lamp by 
auto-conduction which pass betwe 

Moreover, when a part of the 
frequency effleuves, Sparks may 

ular, and the — 
y currents, 

conduction, or to radia. 

x, they are tray- J 
illuminating a 100 candle 4 
circuit by being held be- 
In the same way when q 

auto-conduction, he may 
means of the currents o 
en his hands, 7 7333 

be drawn from any por- 
= 

tion of th 

cases, not 

first 
ty. Thea 

q ves to high frequency 

on of high fre. — |  penetrat 
aversed by direct or in. 5 

are placed in a q 

" periment due to 

body is exposed to high q q 
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that the whole body
 is sub- 

f potential. In all these 

th of the currents which 

traction 
dy, there is neither muscular en ss Ae 

pee = ae If any sensation 1S felt, Bs 

x ta frequency caused by Lee regu- 
t( ‘eit The spark-gap may s ee spark may be 

of oo balls rough and unpolishe he circuit, or be- 
d, or the ere tay be bad contact in t = sae or self- 

jn fault, oF reais and the dielectric, OF P a arm , Ql. tween the ny be too great: (D'Arsony f the muscles and Snduction may he lack of response 0 idea was = 492, Cause of the currents The old dea 
: 

the body witt- 
| ". currents affected only the sane fallacy. It is 
. |. ‘ ting it. D’Arsonval expose four penette | : tors, the curren ol ith metallic conduc the frequency ¢rue that with ised near the surface as t tion. ‘dency to become localise llic conduc dence of meta : s, This is only true, however, ther hand, the current el ctrolytic conduction, on the © and more as its re- With elec £ the body more | . es the mass O 

e integument, proving 

oscillatory variations 0 

jected withstanding the streng 
z av 

}2 

ip shocks © 

ate 

a S. etration by ‘sistivity oe oblistied the fact of this Hae. contain q en frequency current through a cy | passing a d at in the centre an BE The current 1n ; An ex- 
me Lo e solution. : , ° tensit ‘ n 
ing -/ To cae did not sensibly differ in bs A a elec- ie periphery Maragliano confirms fae dog, and the 4 4 s placed in the thoracic cavity © a one on 
emp “ee to two metallic plates, i animal was 

Boner an Ge. the pleural se ae became in- —eithe ; currents 4 o high frequency ct Sdicale, 1901.) aa en d’electricite, me ee ie 
cande : : ) urrents 7 4 true that the c ofound action 
a 4 % Pad be impossible to explain the pr “4 9 1 

1+4 “ 

3 high frequency currents on nutrition 

. e. 

ey 
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At the present day the explanation. generally accepted vol 
the following: Motor and sensory nerves: respond only to 

a 32 and 4 
OS€ periog — 

stimuli, whose period is less than 10,000 per second, 
the acoustic nerve responds only to stimuli betwee 
60,000 per second and the optic nerve to stimuli wh 
is between 728 and 497 billions per second 2 

Weiss’ investigation on the physiological action of waveeill 
of short duration throws great light on this point, which at a 
first sight appears paradoxical if we admit the accuracy of 
du Bois-Reymond’s formula. Bes a 

326. Explanation of the phenomenon of. non-excita. 4 
bility. Weiss’ experiments shew that an undulation of 
a given amplitude can only provoke contraction when it is 
of a certain duration. Consider the curve of excitation ofa 
muscular secousse produced by the closure of a-continuous 
current. The ascending curve due to closure is followed by 
a flat portion of a duration sufficient for the muscle to reach 
the level of excitation. If now this flat portion is diminished . 4 | 
in length or interrupted, the stimulus immediately falls 
below the level of excitation. In order to gain the level of | 
excitation with a short or interrupted wave, the intensity of 
the current must be augmented. Suppose now that the in- 
terruption of the flat portion consists of a fall to zer6 and | 
an inverse wave. The perturbation caused at: the moment 
of inversion will add to the difficulty of regaining the level 
of stimulation and the intensity must be again increased. By = 
multiplying these inversions a time comes when the first 
wave, however strong, is powerless to reach the required 
degree of excitation, and each subsequent wave will be 
equally powerless. | 

In Fig. 62, let A B C be a wave of electrical stimulation. 
If O be the quantity of electricity necessary to reach the _ ‘s 

/ 

sides of the curve 
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nd b the coefficients o
f the nerve, 

BC (Fig. 62) = 4 + bt. verge Bf excitation, and
aa 

(299) then Q = area of A 

RB 

Fig. 62. 

i i i aves of short 
‘ainish ¢ indefinitely, using w : 

ae eae of a second, the quantity Q required 

so, since bt will approxt- 
° 1 

duration aie O 000 

ity, a; however, to cause excitation will decrease a eek 
Be, cero. The quantity of < ectrici fates an ever in- ma ‘ns unaltered, and to obtain this aos ee he the 
cee he time diminishes. iss : e wave as the 7 
creasing height of i and BC are brought together, the 

argument applies when we use the m 

Lapicque. 

Hence from a consi 

that with high frequency curt 

- quired degree of excitation with : 

succession of waves, since when tl e ee 

ch wave weakens the effect of its suc oe eae 

< Anzesthetic effects of high frequency 
cu es 

Bay pagan cued on the unstriped muscular 
i 

odified formula of 

deration of Weiss’ formula it is evident 

ents we cannot reach the re- 

an isolated wave, OF with a 

time is excessively short 

Sr SS 

ape ee : = : 

———— 
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of t ’ | : he vascular system.—From the very commencement _ 
of his work on high frequency currents, d’Arsonval noticed 
their effect on the neuro-muscular system, an effect to which: 

Brown-Sequard gave the name of iabibstion: ~The co } 
in contact with the electrodes become less excitable Th _ 
after the application of high frequency eee ch | 

oe of the nah the intensity of the galvanic or faradic 
us must be increased in order to a nulus must produce contractio 

This diminution of excitability may go on to analgesia : 
The inhibition of the vaso-motor system explains the fall 4 7 

of arterial tension observed in animals submitted to high 
frequen | quency currents. Ifa mercurial manometer is introduced | 
oe the carotid artery of a dog, a fall of several centimetres 
rae is observed on exposing the animal to high fre- 
oe =e currents. The same phenomenon accounts for the 

atation in the vessels of the ear of a rabbit, and the gen- 
eral sweating observed in patients treated with auto-con- 
duction. 

High frequency sparking, on the contrary, produces a» 
dae contraction of the involuntary muscular system, 
ccompanied by anzmia of the tissues and the Aenomenon 

of goose skin. The rise of blood pressure which cor- 
responds to this spasmodic anemia is specially noticeable 
when the spine is treated with a shower of sparks. Montier 
serps a tise of 4 to 8 centimetres of mercury in the 

ometer during the exposure of the spine to a shower of 
sparks passed from above downwards 
coh primary vaso-dilatation dug to auto-conduction is 

persistent, but is followed b icti t, y vaso-constriction with in-~ 
ee arterial tension which continues for some time after 

€ exposure. When a portion of the body is submitted 
to effleuvation, the primary congestion is followed after the . : 
exposure, by a reaction in the opposite direction with oscilla- 

~ 
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] arterial pressure. This 

periments made with the tions above and below the norma 

was shewn by Oudin in some ex 

sphygmo-manometer devised by Laulanie. 

328. Physiological effects of the prolonged applica- 

tion of high frequency currents.—These may be grouped 

ll proceed to study each of 
under four headings. We wi 

these in turn. 

- yal’s experiment 

in animals was greater than normal. 

which lasted 16 hours, a guinea-pig 

of 23 grammes. 

a. Effect on the respiratory exchanges. 

b. Effect on thermo-genesis. 

c. Action on the urinary secretions. 

d. Action on cell life, on microbes and on toxins. 

329. Effect on the respiratory exchanges.—As shewn 

by d’Arsonval, high frequency treatment increases the num- 

ber and the amplitude of the respiratory movements. 

The expired air shews an increase of CO,. In dArson- 

s on himself under the influence of auto- 

conduction, the quantity of CO, eliminated increased from 

17 to 37 litres per hour. 

Under the influence of auto-conduction the loss of weight 

During an experiment 

lost 30 grammes in- 

stead of 6 grammes, and a rabbit lost 48 grammes instead 

After the exposure the animals gained 

weight; proving that the weight of oxygen absorbed was 

then in excess of the carbonic acid eliminated. This experi- 

ment is in accordance with Bouchard’s observation, that 

under the action of high frequency currents, there is an in- 

crease of weight although no food or drink has been taken. 

-Regnauld and Reizet have made similar observations on 

animals during sleep. ve 

Querton disputes these results. This is probably due to 

the fact that in his experiments he made use of a solenoid 

of 72 turns, whereas that of d’Arsonval was much shorter. 
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The en | 
Ormous amount : Reg ay ee 

of self-induction in ‘ ly Ae 
Ons 1h: 4 PVD n Querton’s ap- 

ara i Mes. modified the electrical conditions considerabl ial 

a es also proved how greatly cay tig 4 
conditions, such as ventilation, temperature 4 4 , EIR nn naa 

may modify the results. | 
‘D’ Arso i W | | | nual points out that Querton allo ed his animal] 3 Nis a S 

. n 

more sat ' ‘ 
ee aa he CO,. It is not to be wondered at th 

ished: 1h ; nditions the nutritive exchanges were disind | 

Fae e fact that the amount of CO, excreted was a @ 

dimini se sa proves that the high frequency was able in 
a ) able | Ne sure to compensate the unfavourable co tions 

Of the. experiment?. ee 
Experiments’ : nts’ conducted by Tripet and Guillaume shew 

that auto- Shia ° Snes augments the reduction of oxyhem 

cheek ients with imperfect nutrition, while it dinmind 
patients where the reduction is already cae 

gerated. 

330. Effe i | 3 ct on Thermogenesis.—D’Arsonval’s experi- ; 
ments wi ; 
es Pipa eee ee shew that the amount of 

Fiche at aes ine body is nearly doubled under the a 
o-conduction. These observations have been 

3 : pee 

ae ee ee to the same conclusions 

on on the urinar 
found frot 

y secretion.—D’Arsonz 

of M. aie 
made on patients under eg 

elimination of ide ee frequency currents augmented the 

creased the toxici active matters, particularly urea, and in- 

ge rae of the urine. _ There was at the same 

sulphur compound aes oxidised or incompletely oxidised 

fee a Se s. (Réale and Renzi. Experiments o 
oxyproteic acid.) 

Me 

fon) 5] i 

: 1 
yalue, 7° 

This simultaneous i 

- currents on nuclein, which 

HIGH FREQUENCY CURRENTS 
269 

observations, Apostoli and 

der high frequency treatment, the 

the normal 

d re- 

From a series of clinical 

Berlioz conclude that un 

o of uric acid to urea tends to approach 

while the ratio of phosphoric acid to uric aci rati 

mains unaltered. 

The treatment by means
 of the condensing couch seems to 

‘ye results which are mote rapid than those obtained by 

auto-conduction. While treating patients suffering from 

chronic rheumatism, Morton observed an augmentation of 

urea and a diminution of uric acid. 

Réale and Renzi consider that the favourable result of 

high frequency treatment in diabetic cases may be explained 

by the increased excretion of uric and phosphoric acids. 

ncrease of excretion of both acids in 

ms to point to some action of the 

the same proportion see 
is probably the original source 

of the sugar in the urine. 

 Dénoyées, Marire, and Rouviéere have repeated these €X- 

‘periments. * They made three series of observations. 

a. Chemical analysis of the urine. 

“bp. Experiments on the toxicity of the urine. 

¢. Determination of the point of congelation. 

From these experiments they obtain the following results: 

1. Under the influence of high frequency currents there 

is an augmentation of the quantity of urine excreted, of 

urea and of uric acid. The total quantity of nitrogen elimi- 

nated is also increased, together with that of the phosphates,
 

sulphates and chlorides. The ratio of nitrogen to urea 

js also increased. 

2. The uro-toxic coeficient 1s raised, and there isa 

diminution in the number of elaborated toxic molecules 

necessary to kill an animal of given weight?. This last 

-1Bouchard, “Troubles préalable de la nutrition. Traité de Path- 

~ ologie., Tome, III. 
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, : | ‘ 

If the exposure is of long duration, a blister may make i 

d the inflammation of the skin may be ee | 

onged. The action of the effleuve on morbi 

observation is important, since it shews that the increased onus 7 : ° ee ey : e, an toxicity of the urine is due, at least in part, to the increased appearance 
intense and prol toxicity of each molecule, and not to a mere increase din the 4 : . tissue constitutes an important chapter in oe e 

; ; a According to Doumer and Oudin, the effleuve app 

have no action on toxins. — 

number of toxic molecules, ee 1 
These conclusions have been confirmed by Dénoyes' work 

based on the cryoscopic examination of the urine. aie, 
The alteration of the urine due to a high frequency seance 

is maintained for several days. ve 
332. Action of high frequency currents on Cell-life, 

on Microbes and on Toxins.—High frequency currents. 
have an influence on cell life. They affect the germination 
of plants and the life of micro-organisms. Observations have been made by d’Arsonval and Charrin on bacillus 
pyocyaneus, and the toxin of diphtheria, by Bonome, Viola : 
and Casciani and Dubois on the toxin of streptococcus, and ~ 
by d’Arsonval and Phisalix on cobra-venom. In spite of 
some divergence, these observations concur in shewing that 
the virulence of toxins is diminished by high frequency 
currents in the form of auto-conduction. Tees 

Their action on living microbes appears more doubtful. 
Thus bacillus pyocyaneus preserves its colouring and patho- | genetic action, although in some instances the bacillus a 
seemed to grow less rapidly. (D’Arsonval and Charrin.) - 
Marmier supposes that the above result may be due to 

a rise of temperature caused by the high frequency current, 
but recent experiments undertaken by d’Arsonval have 

_ shewn that this is not the cause. 
333. Local Physiological effects of the effleuves and 

sparks.—There is but little to be said of the action of 
high frequency effleuves or sparks on the healthy skin, if 
we leave out of consideration the effects on the general | 
system. An energetic vaso-constriction is produced at the 
spot where a spark or powerful aigrette strikes the skin. 
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a 

PHYSIOLOGICAL ACTION OF STATIC ELECTRICITY. 

334. General Considerations.—We may represent the _ state of a body, charged to a given electrical potential, ag 
the result of an alteration of the dynamic equilibrium of- 
its molecules. If the body is completely insulated, and the electric charge which has been communicated to it is not _ dissipated, the alteration is a stable one. A new state of 
molecular equilibrium has been established, which will per- sist indefinitely without any expenditure of energy, oe. 

This ideal static bath cannot be realised in practice, be- 
cause it is impossible to insulate a body completely, and in order to maintain it at a given potential, fresh electrical 
charges must be brought to it to replace those which are | dissipated. 

: : In this way an equilibrium may be maintained, since the potential may be kept constant, but it is not an equilibrium yl of repose but an equilibrium of motion, necessitating the expenditure of energy. | 
When we place a patient under the influence of an electro- static machine, we are in reality submitting him to a current of high potential. We get absolutely the same phenomena 

as when we pass a galvanic current through a conductor. 
Consider a section of such a conductor. At the moment of 
“make,” it receives a perturbation, and immediately it tends 
to regain its former condition of equilibrium, by transmitting , 
the perturbation to the adjacent section. This tendency to. 
Teturn to the neutral state is again opposed by a new per- 
turbation, transmitted like the former one. There is thus 

Be. ohysiological effects of such a condition differ greatly 

q tha 2 
i be raised once for all to a given potential and main 

vo re i : ilibri f repose ‘aained there in an equilibrium of rep Se. : 
Be ractice the ideal static bath is unobtainable. | 

q : therefore to study the physiological effects Dae 

q aS an organism is submitted to the various varities 0 
WwW 

ie h, the electric tic machine. These are the electric bath, the 

cere sparks, the aigrette, friction and shocks. 

PHYSIOLOGICAL ACTION OF STATIC ELECTRICITY a3 : 

4 ies of perturbations continually renewed as fast as they 
a set 2 : 

nsmitted. 

t of the ideal static bath, in which the organism 

potential which are produced by an electro- 

- 22c. Modes of application of the electricity furnished 

4 “a lectrostatic machine.—The following are the meth- 
b y a < a employ when using a bipolar electrostatic ma- 

SG . am may place the patient directly in connection . 

Be ine two poles of the machine, in which case he will be 

essed by an exceedingly feeble current. ‘The energy 

: ‘absorbed by the body will be very small and the effect 

necli d in various ways. negligable. The effect may be increase es 

a. We may interrupt the circuit in the course 

a ductor. If we separate the two extremities of this inter- 

‘rupted conductor, sparks will pass across the gap, giving 

itise to variations of potential through the whole circuit 

at the moment of discharge. The name of mediate excita- 

tation has been given by Tripier to this form of static dis- 

charge. If the poles of the spark gap are furnished with 

points, and are still further separated, we get a slit 

flow of electricity through the air, which is a dielectric o 

" great resistance. We thus obtain an arrangement which 
Weill calls a rheostat, since it introduces a ae } 

resistance into a circuit, the resistance of which when close 

"is practically negligable, The gaseous resistance plays the 

a 18 
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same part as the fine nickel wire ‘introduced into the. circuit a 

of a galvanic cell which has been previously short-circuited, 
The maximum difference of potential i is found between the 
two poles of the rheostat. 

2: pe \ 
b. Instead of introducing an air resistance in the course 

of the conductor, we may introduce it between the surface 
of the integument and the electrode attached to one of the 
poles of the machine. 

When such an electrode is placed at a short distance fron | 4 
the skin, a series of sparks is produced between it and the | 
skin. We may sift out these sparks by making them pass 
through several thicknesses of cloth and we then get the so- . 
called electrical friction. 7 

If the electrode is terminated by a point and is removed to 
a greater distance, we produce the electric aigrette, electric 
efleuve, the electric souffle or the electric douche. 

In this case the disruptive discharge takes’ place on con- 
tact with the skin, and it is there that the principal fall of 
potential occurs. The various forms above described are. 
termed direct franklinisation. 

The electric bath is only a form of direct franklinisation, 4 
in which we may imagine the electrode separated from the 
patient’s body, placed at a distance, and finally suppressed, 
being earthed or not as the case may be. The electricity | 
is then discharged into the surrounding air from evens 
asperity on the patient’s body. 

The conditions may be varied by earthing éithen the 
patient or the active electrode. According to the old termin- 
ology, the patient was said to undergo electric exhaustion — 
when the operator was earthed and drew sparks from the 
patient. On the other hand the patient was said to undergo 
electric irroration when the patient was earthed and received 
sparks from the machine. ! 

PHYSIOLOGICAL ation OF STATIC ELECTRICITY Ons 

Mediate excitation consists in the production of sudden 

yariations of potential in the circuit, at the moment when 

the spark passes across the gap in the circuit. It is of in- 

4 - ¢erest to the physiologist in consequence of its motor effects. 

The production of Morton’s currents (177) 1s another 

method by which rapid variations of potential are produced 

in the circuit of a static machine. 

We shall now proceed to examine the physiological 

_ properties of each of these different methods in turn. 

336. Electrostatic Bath—The patient is insulated and 

placed in connection with one pole of the machine, the other 

pole being usually earthed. ‘The electricity escapes from all 

points of the integument, giving a slight tickling sensation, 

as if the skin were rubbed with gauze. The body is thus 

traversed by a constant electric current of high tension. 

There is some controversy about the physiological effects 

of the electrostatic bath, but they appear to be as follows: 

a. Increase of frequency of the pulse, which may be 

maintained for a week after treatment by static electricity 

has ceased. (Truchot.) . 

b. Increase of arterial tension. All observers recognise 

this effect, although it does not seem to be in accordance 

with the increased frequency of the pulse. 

c. Slight rise of the general temperature. (Vigourous. ) 7 

According to Damian the increase is more noticeable when 

the positive pole is used. It may persist for some time 

after a course of several seances. There is also an increase 

of muscular force immediately after the use of the static 

bath. (Truchot.) 

' d. According to d’Arsonval there is an augmentation of 

: s the respiratory combustion. . This is due to the production 

of ozone, which is more readily fixed by the red blood cells 

than atmospheric oxygen. (Bordier.) 



276 PART II—CHAPTER IV 

e. The secretion of urea is greatly modified, the rati 
urea to the total nitrogen being increased. 
This indicates that the oxidation of nitrogenou 
very active, since urea is the product of complet 
of nitrogenous matter. The opposite effect is produce 
the seances are too frequently repeated. Accordin 
Truchot’s theory, the organism when burnin 

incompletely oxidised. 

They found a diminution of the phosphates and uric acid, 
and a decrease of the ratio of the total carbon in the urine 
to the carbon present in the albuminoids, corresponding to 
a diminution in the average weight of the molecule. The 
static bath therefore acts in the same way as the currents _ 
of high frequency, but not so powerfully. 

c. Other general effects are produced, such as accelera- _ 
tion of the digestive functions and a tendency to sleep. 

337. Electrostatic Souffle—Electrostatic Douche.—Ef. | a . 
fleuvation.—The electric souffle is produced by a current) 
of electrified gaseous molecules, impinging on the skin. It 
produces a lowering of the surface temperature and a cool- 
ing sensation. This is due to increased cutaneous evapora- 

tion and also to the contact of the cooler gaseous particles 
with the skin. Bordier has shewn that the negative souffle - 
produces a greater reduction of the temperature than the 

positive souffle, and that this reduction is prolonged for 

some time after the termination of the sitting. 

The electrostatic density is greater with the negative than : 

with the positive souffle. An experiment of Bordier’s proves 
this conclusively. He exposed starch iodine test paper, 

° of am 
(Truchot,) ; 

S matter jg 

€ OXidation - 

g tom 
gz too fast, 4 

burns badly, and leaves products of combustion which are iam ja 

an 

The physiological effects of the negative bath on the 4 
urinary secretion have been specially studied by Matre and 4 
Florence, who followed the work of d’Yvon on this subject, _ 

/ 

£ 

PHYSIOLOGICAL ACTION OF STATIC ELECTRICITY OO 

’ h turns brown under the action of ozone, to the positive 

2 pee ative souffle and found that the area of discolouration 

_and 4 by the negative souffle is of deeper colour, but of 

q _ tent. The same author measured the intensity of 

| q - a current by means of an anemometer, and found that 

q . Be tive breeze was stronger than that issuing from the 

iti é. 
ke of the discharging point is also of great im- 

4 ortance. B ordier found that the area influenced by the 

; Rese increased with the bluntness of the poe The 

. q optimum effect was produced with an angle of 90° or more. 

7 Bordier, Précis d’électrothérapie. ) . 

{ The static breeze has a sedative action, calming painful 

- sensations. “It also appears to act as a stimulant of the 

7 " yitality of the tissues, probably by its action on the trophic 

"nerves. In this way we may explain its beneficial effects on 

ihe voice, in the case of public singers. ( 7) | 

- 338. Electrostatic Sparks.—Electric friction. — Elec- 

 trostatic sparking of the skin by means of an exciter has 

" yarious effects. a 

' a. Effects on the nerves of general sensation, or on the 

q " Jocal sensory nerves. 

bp. Effects on vaso-motor nerves. 

c. Motor effects. 
' d. Effects on the general system. 

: 339. (a) Sensitive or sensory effects of the static 

" spark.—If the spark is small and thin, the sensation 1s 

" that of a small pin-prick, while if the spark is stronger there 

is a sensation of shock. In sensory nerves, such as the 

optic nerve, the spark produces the same effect as other 

“nerve stimulants. 

q 340. (b) Vaso-motor effects When a region is sub- 

© jected to a shower of sparks, the first result is vaso-constric- 

—— 
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tion, wi : | _ 

ie ak earner = pe ie rsuenieds VasO-motg 4 q ee of C 

of temperature and anes ee vessels, local Tike il a ee er length of spark. 
; 

These effects become more noticeable with | 4 ° He has also demonstrated the influence of the electric 

than with the negative pole. This ae ie POSitive — 3 | © density on the contraction of the muscle, employing an 

strated by Bordier’s experiments, in Meare. demon. D eccitet with balls of different sizes. The smaller the ball, 

error due to direct heating by the Ca all SOUTCes Gia the greater is the electric density, since the surface of contact 

eliminated. 
es 

" petween the ball and the skin is smaller for a sphere of less 

_ The effects of the direct spark var with h ae .. © diameter- His results agree with what we should expect 

the intensity of the spark, and a th "ee atient, with 4 
q from theoretical considerations ; the greater the density, the 

dition. In subjects affected with ee a con-) stronger is the contraction. With direct stimulation we 

marked, these patients often exhibiting th ‘yY are most a get the greatest result with the smallest electrode, the maxti- 

known as dermographism'. : & ge phenomenon a — 4 mum effect being produced by a poi
nted electrode in contact 

| | Be with the skin. ‘The contraction would be greater still if 

ontraction and the diameter of the exciter for 

spark’ were carefully @ 

ee les ae eel a
e of the direct spark.—Th

e sensa- a 

cular Br ticelion He ee lacey the spark is due to mies 4 

eade ie ae se of passing between the excites 4 

e skin, the spark be allowed to pass in another portiel - 
: es circuit, the prickling sensation is suppressed, and the 

ock only is felt. In this way we are better ables steal y 
motor effects. Bordier’s 

4 ’s experiments, made with Marey’s 

M1 
te. ee erat are 4 

chighe — Pe contraction is quicker and ie a 

ise ee with the negative pole. This corresponds a _ 

ction of the negative pole on closure with the’ gal- q 
vanic current. 

From i experiments on muscular contraction made with 
Bcdiste sparks of different lengths, Bordier has shewn th 
the degree of muscular contraction is directly pro bs i 

to the square of the spark length.” ae 
Preiss es is stimulated by means of the direct 

ae ie ies a of different sizes as exciter, it is found 

ae gree O muscular contraction varies with the size 

sphere. Bordier has determined the relation between 

1 Bordier. Archives d’Electricité Médicale, 1898, p. 506 

we could charge the patient himself, since the electric density 

9 would be at a maximum, the section of a spark being still 

3 ~ smaller than that of a pointed electrode. 

342. (d) General effect.—Electric friction.—The static 

4 spatk has a more profound effect than might be expected. 

We have already seen in oO 

» that the deeper tissties are influenced by variations of poten- 

' yariable electrical state when we come to study the motor 

_ phenomena of Hertzian franklinisation. 

ur study of the motor effects, 

We shall meet with even more manifest effects of the 

Flectric friction, by means of a rain of small sparks also 

produces a sedative effect on the deeper tissues. (Vigou- 

roux.) ~ 

When prolonged and localised on one spot, the spark 

7 ~ douche may cause the formation of a blister. 

343. Morton’s Currents.—Hertzian Franklinisation.— 

We may obtain a sort of direct franklinisation of the skin 

by means of Morton’s currents applied with an electrode 

held at a short distance from the skin. The action is then 

comparable with that of the high frequency sparks, or elec- 

é 
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trostatic sparks. The usual way of applyin 
rents 1s to place the active electrode direct 
ment, the patient being earthed. (177.) 

_ With each spark in the spark gap, the patient is sy 
to a sudden variation of potential, followed by isochrongy. am 
oscillations which rapidly die down. (123.) The aaa 
effects of M ; 

on 
ortons currents are characterised by: thej ; 

° Ty 

depth, their energy and their freedom from pain. The ena 

rents act most energetically on unstriped muscular ‘i 
as well as on voluntary muscle. With discharges : S a 

fifty times per second, a p S&S Tepeated 

may be obtained. , 

g Morton’s cu, a F 

y on the integy 

Mitteq — 

ainless tetanisation of the muscle 

CHAPTER V. 

| pHYSIOLOGICAL ACTION OF THE VARIOUS 

4 RADIATIONS. 
y 

4 General Considerations.—The study of the dif- 

fent radiations or undulations transmitted by the ether 

should include the Hertzian waves, radiant heat, the infra- 

Bred rays, light, ultra-violet rays, and the various new radia- 

tions which under the name of X-rays, secondary rays, 

cathode rays, radio-active radiations, N-rays, etc., either find 

" their place in the gamut of wave lengths, or are caused by 

the emission of ultimate particles of matter. 

At the present time this synthetic study is not possible, 

‘and in any case it would not come within the scope of this 

The Hertzian undulations constitute the lower notes of 

a | ithe scale of transverse vibrations of the ether. These have 

" been already studied in the paragraphs devoted to high fre- 

quency treatment and we need not consider them further. 

The electro-cautery will come under the heading of heat 

radiation resulting from the transformation of electric 

energy. 

' In studying the physiological effects of Light we shall 

“restrict ourselves to a consideration of the Finsen treatment. 

Finally, the physiological action of the new radiations may 

be summed up in a single chapter, which will include a study 

of radio-dermatitis. 

_ The recent discoveries of B écquerél, Curie, Blondlot, Char- 

_ pentier, Meyer, Bichat and others have opened up to us new 

and vast intellectual horizons, since vital phenomena appear 

R. 
‘a 
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. be associated with the production of a new order of : Ta 

10ns, These observations are, however, too recent as Ss; 

jects. . | | 

I. a viigaal oe 3 
Galvano-cautery and the action of- radiant heat from _ 

Si ee ‘ ; Om — 
an electric source. 

2. The action of light rays derived from an electric Soupe q a Ce 
3. The action on the normal organism of the X-rays 

345. Action of Radiant Heat.—A certain mean tem._ 

P crAUts is indispensable for every organism. Ph i a 1 

explains the means by which this constant cctaeraetl “a 

maintained in spite of external variations. Newel s 

the enauen: of external temperature produce Sees "i ess, 7 

ological effects, and may consequently be emplo a a .. 

therapeutic purposes. There are three methods ¥ appl . 

ing heat. 

23 M owst Heat, by means of warm baths, poultices, fc 4 

mentations, vapour baths, etc. We will not Ae to the 4 4 
further than to warn patients of the danger of git ad q | 

vapour bath above 45°C. in consequence of the diminished _ 
evaporation from the surface of the integument, and also 
— the respiratory tract, if the head is included in the = 

ath. The symptoms are vertigo, syncope, congestion and 

hemorrhage. 

at Dry Heat, by means of bran, hot sand, the electric 

uermophore, the hot dry air bath, etc. Although a hot 

= bath may be used at a higher temperature than a steam 
bath, it is better not to raise it above 80°C. The electric 
thermophore consists of a light incombustible tissue in 
which are woven wires of high resistance carefully insulated 

which may be heated by the passage of a current, T fe 

dias 
to find their place in a chapter on general. physiolog et 

shall confine ourselves to consideration of the followiad wea 

| : Sub. aay 

the rays emitted by radio-active substances. —_ : 
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y to the skin, or with the 
re may be applied directl 

| r to produce a moist heat © ghermopho 
“interposition of 

a compress, in orde 

E ot poultice. 
| 

_ Jf not well 

formed into a vapo 
3 

3 ases with the degree of moisture. 

a temperature of nearly 140°C, may 

ventilated, the hot air 
bath soon becomes trans- 

ur bath, and the danger 
of a high temper- 

"ature incre 
With good 

"yentilation, 
be borne. 

“(Tallerman.) 

4. The third category, which more particularly interests 

Bais here, includes all the applications of radiant heat from 

4 sources which are also luminous. 

4 Here it is no longer the contact of the circumambient 

air at a high temperature which stimulates the skin, but 

| -adiations from a distant source which fall upon the skin 

| without producing any great rise in the temperature of the 

4 Bair through which they pass. A thermometer placed in a 

4 peam of radiant heat may 
rise to 240°C., while 

the organism 

: _ which receives the rays is in no way incommoded. The 

a body may. be without
 danger completely immersed in a radi- 

"ant heat bath which will raise the thermometer to 205 ©. 

4 provided that the air is constantly renewed, so that the bath 

© does not become a vapor bath. Tonta of Milan has de- 

© signed an arrangement whereby the ventilation is ensured, 

" and the hygometric condition of the air indicated continu- 

' ously’. 

As regards the action of these electric heat baths, they do 

not differ from those of heat in general. The surface cit- 

culation is increased, and the lymphatic vessels are dilated. 

_ (Kowolski.) At the same time 

arterial pressure, and augmentation o 

___ The sedative action of moist heat has 

ages. There is a tendency in these days to emp 

f the pulse frequency. 

been well known for 

loy methods 

q 1Congress of Berne. 1902. 

there is diminution of the: 
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od 

- eee whose novelty consists only in the ¢ 
: uxury of the apparatus. It is well that both mite 

and the practitioner should be on their suard * és 
tendency. ee ee 

340. Galvano-cautery.—In the effect on the ti - SSue there is no fundam ) ental difference bet ween th ~fashi 
ae cautery, the thermo-cautery and the via Se 
he two latter are, however, in uni 

a lar a ah of metal necessary in using the older form 
oe oe na ee and particularly the galvanic knif 

er tissues without h q 
ae 8, emorrhage. 

emostatic effect is due in part to the obliteration f me) the s 4 maller vessels by the action of heat, and in part to the - Othe ° ; coagulation of the blood. 

4 

at A 

ure should not be too high. We should always use the 4 } a 
same re ee. practice, better than any mode of measure aes to regulate ‘the required degree of heats eo ae current required to keep the cautery at 

varies according to circumstances eee 

current of 8 amperes, m: 1i , may require 20 ea 
amperes to le i ae : ee through muscular tissue, while in ae a ise only require 12 amperes. “An amperemete we ae Be especially if one is working in a nécibieel ‘< a ee Be is not Teadily visible. The amperemet : “il us 11 we are in danger of fusing the wire i 

ee pe of neon Light.—We shall only treat 
ysiological effects of ligh | t wh ] 

ae the medical electrician. A eee Sn tem en 
e ° 

: : 
ee aes ee of light on the evolution ee 

| ‘ uminous ray, from whatever source. has te 
4 

- same properties. 
plexity 
Patient j 

: a ra 

able t 
: 698 #4 and goes up to 392 p. 

3 galvano-cautery, q res 
versal use on account of : 

their conveni rt venience, and th i e absence of h lation E eat radiatiot1 wine a 
1 trom 

392 Hs 
698 » are both imperceptible to the retina. 

q external conditions which have deter 

_ living organisms. This is especially t 

q red rays, among W 

q being much more o 

ism has not been subjecte 

long course of evolution. This fact must 

:. in studying the action of mono 

_ which have been developed u 

light. We have at our disposal two meth 

ample, a cau : For ex. - 4 
Pp cautery which will become white hot in air ae tha om 

- mentation. 

_ wavelength. Or we may deprive the organism, 

4 or shorter period, o 

spectrum. This negative phototherapy 
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The only factor which differentiates the 

t from one another is their wave length. 

that is the scale of rays which are 

th a wave length of 

s of ligh 

The luminous gamut, 

o impress the retina, commences wi 

The following table gives the luminous sensations cor- 

ponding to a given wave length: 

Riclel . 2 ae se eSB to 428 p 

WGigO.. «+ ye oe 434 pp to 449 p¢ 

Pi ee a7 tO SOD 

Green. es OO me LO 4a 

Yellow Be shamans atte SOOT UD 583 B 

@pinge 7. s . . C0Op to O60p 

Red ee COs te LO 698 p 

The ultra-violet rays with a. shorter wave length than 

and the infra-red rays with a longer wave length than 

hese rays form a large part of the 

mined the evolution of 

he case with the infra- 

hich are the caloric rays. The atmosphere 

paque to the ultra-violet rays, the organ- 

d to their influence during the 

be remembered 

chromatic light on organisms 

nder the influence of solar 

ods of experi- 

We can submit the organism to what is called 

ototherapy, 4.¢., a more intense light of a definite 

for a longer 

f a portion of the rays of the solar 

is the method 

Although invisible, t 

positive ph 

Sa 

ae 

* 

—— 

SSS Se 
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adopted by experimenters who have desired to s 
action of green, red or blue light on th 
or plants. 

| 
In the case of a living organism under a scree 

opaque to light of a certain wave length, we m 
ber that it is deprived of only one light notd 
gamut of transverse ethereal vibrations. 
eliminate the caloric rays since most colo 
diathermic. 

Some chemical substances, a solution of alum for e 
are transparent to the waves of light\but not to those of 
heat. Others, such as a solution of iodine in bisulphide of carbon, are diathermic, but opaque to light. 
pose an organism to monochromatic _ li 
eliminate that part of the scale vibrations 
ately above or below the given tint, 1.€., the rest of the visible spectrum. Such being the case, we are the less surprised 
at the contradictory conclusions to which differ 
menters have arrived. For instance, 
luminous rays of wave length betwee 
have a different effect according as th 
to a greater or less irradiation from j 
wave length. 

- When we ex. 

which is immedi- 

ent experi- 

n 340m and 700 p will 
€ organism is subjected 

A second cause of error is that the light screens for monochromatic light allow other rays to filter through, which differ according to the nature of the screen. There is also considerable difficulty in comparing the intensity of monochromatic and ordinary light. 
We shall proceed to give some results O 

experiments which are of interest in their 
therapy. 
We shall proceed to the stud 

experiments. 

f negative photo 
bearing on photo- 

y of some positive photo 
These consist in the exposure of the organism 

_'O Study thea e evolution of animals 9m 

N which jg 4 
ust remem. 

of the whole _ 
It is difficult tg 
ured screens are 

xample i | 3 

ght we Merely — 

the suppression of the q 

nvisible rays of shorter _ 

7 : 7 
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er pH 
3 e q 

‘ 5 +3 ten- - | i tie light of medium 3m - . omatic or polychromatic ‘nsen light. 
the more intense radiations of the ig ae ae aie 

oy” Negative phototherapy.—In ee : oer 
: BS aictions certain conclusions seem fairly 
- contra 1 De Ts 

rv for ‘ ae blue and violet rays of the spectrum are ee ee 
mm ‘The s and larve. Rays of s a lopment of eggs a , inary light. 

Ec awlate their development more a Ra ee a 
 lengt } ther hand, green or red light ae d - the eggs m On the © ey riments by Béclara on a he results of expe s of 
| These are as in 1858, and of Schnetzler on the ae oe 

oo 1874 As regards tein eamgUne ta _ frogs E Yung arranges the rays in the esi . oe 

4 ae . ie Yellow, White, Red, Green, witc j q Vio et, 2 : 5c] d 
a. he order of Béclara. light little e. to most observers, the absence 2 sean 
. . Beton and diminishes the activity 0 ie re 
CS Animals inhale less CO, in the Reke eis. 

: Pe dogs, pigeons  . din experiments on Gog», P the a age amount of carbonic acid e enpaiee sa 5 : @ a .. % yellow light. (Selmi and het the 
a a observed that yellow and green light s oe 
3 £ ge tion of CO, Fubini confirms oe oe a (e868 elimina i : e, though 1 i t bein the same, : : ° 

Bee Of Tr0Ks, ae e ate ase of their sight. Soe degree, when the en by experiments on hybernating 

d bats, shewing that the increas¢ 
ly to wakefulness of 

4 change. 

> Har results were 0 | 

- animals, such as dormice an te 

q of tissue exchange is not due me 

‘ r activity. | : ti: 

’ Pets Rogovine has carried out eae te 

q Fats in M. Richer’s laboratory nos Pipes ze au 
aad 

q 
that blue, v1 

4 ic ferment. These shew th ny 

’ ee rays stimulate the production of the ferment, 

a green rays retard it. 
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In general, we may say that the actinic rays accelerate én _ _ After a seafice of phototherapy by Finsen’s method, the 

growth of primitive organisms, while green and red. ° = q tthy skin becomes red and swollen, the inflammation at- 

retard it. The suppression of these actinic rays may Be S aa 4 ee its maximum 10 to 12 hours and sometimes 24 hours 

times be of service in treatment. The intense applica i a 4 - exposure. This delayed reaction is characteristic of 

of monochromatic light of short wave length may alse 4 a active tays; the caloric rays produce an instantaneous 

used in phototherapy. The explanation of its use must a 4 i action. The delay is even more marked in the case of the 

sought in these negative photo experiments. ab . : Bogs, with which radio-dermatitis sets in 5, 10 or Le days 

"after exposure. With the Finsen treatment, the inflam- 
4 matory symptoms subside from 4 to 8 days after exposure, 

- " and are followed by desquamation and pigmentation. 
uenced, The action of the rays depends on their wave length. In 

rays of the spectrum which fall upon it. An organian Bedinary sunburn, it is not the caloric rays, Put te ieee 
whose evolution has occurred under the influence of Fr a chemical rays which produce the effect. e . this 

a portion of the solar spectrum, may be incapable of adage of the ice-burn _ the ee is : Sle Bac 
ing itself to a life in a more luminous entourage | Positt : _ Long before the aneyO ey P a i 

hoto- : YE 3 died the action of the different rays of the spectrum 

“ Re aiaage a Sen ap bas mie: cite 4 q Bie skin. The experiment was made by exposing his 

and Blunt haye 4 

349. Action of positive phototherapy on the tissues J 
A cell, an organ or tissue, whose evolution has taken ‘pla q 
under the influence of solar irradiation, can be influen, ~ 4 
not only by deprivation, but also by exaggeration of 

lens placed in the various portions 
shewn that the active rays especially have a destructive ocus of a lens p 

action on bacteria and their spores. D’Arsonval and Char.- 

~ own arm to the f 

© «oof the spectrum. The duration of each exposure was 30 

seconds. 

Red rays produced no effect. : 

Yellow rays produced a slight burning. 

_ Green rays set up a slight erythema. 

' Blue rays produced a distinct blister. 

Aga result of these lesions and more particularly under 

rin have made similar observations .. 
and Arloing on bacillus anthracis, vera a _ 

Gebhard has shewn that the integuments are permeable _ 
to the luminous rays. This he did by taking an impression _ 
on a photographic plate through the thickness of the hand; 
the interdigital spaces and ed 

ges being stopped with plaster, a ne pe 
This enables us to understand the therapeutic action of light © q q the action of a “coup de soleil (sun-burn), the skin be 

on microbic growth, an idea which has borne fruit in the _ comes vascular and pigmented. | ano 

treatment of lupus by the Finsen light. (482.) | a The increase in vascularity is not a mere dilatation, like 

First we may study the physiological action of luminous BD that produced by heat; it is a durable phenomenon which 
rays of great intensity. Even in feeble doses, light has a’ 4 may persist for months. Moreover, the integument be- 
deleterious action in certain diseases such as variola and comes pigmented,—and pigmentation may be regarded as 
measles. With the intense irradiation now used in treat- "a mode of defense of the organism against the chemical 

ment, it must exercise a still greater effect. : rays, since the pigment absorbs the shorter radiations and 

19 
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Ae 4 

By 

| thus pr , : . iy - - 
= 

ac te the oe tissues. Under the ate : ’ by pulls and phlyctenule, whic
h break and leave an ulcer at 

soe eee Ao; the reader will find some further a, q z= 4 cheit_ base. A special pigmentation appears; which is more 

eee ae cee of the skin to solar irradiation ae — ‘ntense than that caused by the chemical rays. At the same 

ect of pigm a » and — q 
: 

vascularity. e ery ane increased 
e the hairs usually fall off in the irradiated area, while 

cutaneoys ae tim 
" in the surrounding region, which has been more slightly 

Action of : X-rays and the radiations of Raq; 1 : the capillary papille are by no meatis withered, 

ive bodies.—Without entering into the question adio- 4 put seem on the contrary to be stimulated, and the hairs 

nature of the X-rays and the various eee 1 of the
 “7 ~ grow more vigorously. This stage of radiodermatitis, which 

and ignoring the action of the electric field ae ees 2 very painful one, terminates in the formation of a large 

accompanies their production, we find that oo a _ 3 superficial suppurating ulcer. Reparation may follow at 

very definite action on the normal organism ays have gq 7 m this stage, of the wound may begin to slough, with the for- 

The ied Ouebhe edhe bioued te : q - mation of yellow islands of dead tissue at the bottom of the 

only treat this matter very briefly here fe bares We can ound. At this period the pain is so severe as to have an 

for further information to the ey a ae reader 4 a injurious effect on the general health, and the patient may 

Bouchard’s Traité de Radiologie pea uci in Prop a ! q become cachectic. The sloughs separate very slowly, and a 

a. Prolonged exposure to a powerful ee ; Bnew one may appear. Cicatrisation is delayed and is. ac- 

produce a definite alteration of the skin cae of X-rays a companied by the formation of cicatricial tissue like that 

active radiodermatitis. This is particuacl i : known as 
ae which follows a severe burn. The later stages of radio- 

focus-tube be a soft one giving out y the case 1f the dermatitis somewhat resembles the ulceration caused by the 

tion. This may be termed the ie 5 ay le peneta - 
; action of the strong acids. 

A-ray. s, and may be compared with the Ce
s be the 

bp. Chronic radiodermatitis 1s produced by frequent ex-— 

electric arc lamp produced by the chemical
 : h a fe pe q postire to a more feeble or a more distant irradiation. The 

characterises it more especially is the Sak ri skin is reddened or of a violet hue, the dermis becomes 

pearance and evolution of the lesion. Burns prod a ae 4 thickened and less supple, the epidermis hypertrophied and 

heat are instantaneous, chemical rays produce ae . 4 coarse, and deep cracks, which defy all treatment, may make 

oe progressive, but the X-rays set up lesions os a 
a their appearance. Occasionally there is ankylosis of the 

aber pian: que in their evolution. Acute a 

commences with an erythema which ap- pF ¢ Alterations of the general health may accompany too 

_ long or too frequent exposure to the X-rays,—palpitations, 

pears from 24 to 36 hours after 

some days without any painful ate - Her tea cardialgia, vomiting, oppression and trembling. The more 

comes a brighter red or violet col n, the erythena Ta 4 8 pa a 

oe colour, and first begins to be- _ penetrating rays from a hard tube have an action on the 

rom 10 to 25 days. Vesiculz filled with a deeper organs and more especially on the nervous centres. 

sero 
i 3 i ! 

a fluid make their appearance, and these are followed _ In guinea-pigs, paraplegia has been produced (by these 

~ irradiated, 
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the air and is transformed into oxy-hzemoglobin. “This oxy. 
hemoglobin carries the oxygen to the tissues a nd is there 
reduced again to hemoglobin. According to Labbé’s op. 
servations, Ozone augments the proportion of oxy-hemo-_ ‘a 
globin in the blood, when the quantity is below the norma,’ 

In patients treated with ozone inhalations, the number of the red blood globules increases with the increase of hemo- 
globin, while the number of white cells decreases, 

Some authorities have maintained that this oxy-hemo- 
globin was changed by ozone into methzmoglobin, a more stable product, and consequently not so well adapted for respiration. Bordier, operating in vitro on the blood of a dog, proved that this was not the case. The blood was shaken up with 132 litres of air containing 
of ozone. The bands of absorption due to 
were well marked, while those due to met-hzemoglobin were absent. 

| ae 

83 milligrammeés 

Ozone moreover augments the rapidity of reduction of 
oxy-hemoglobin in the blood, 7.e., in ozonised animals the — 
oxy-hemoglobin disappears more quickly. The experi- ments were made by means of a direc 
The blood was observed through the t 
tion of the thumb having been pre 
ligature. 
in the frequency of the pulse, and a rise of arterial pressure, 
following the inhalation of ozone. : 
As might have been expected, the. 

the urine is augmented. (Peyrou.) : 
The effects of ozone on the organic interchanges explain — 

the increase of weight and appetite exhibited by_ patients 
treated with ozone. The experiments made in vitro also 
Shew that we have in ozone a powerful means of modifying 
organic combustion and nutrition. 

t vision spectroscope, | 
humb-nail, the circula- 

proportion of urea in 

We may now proceed 

a a 

: on guinea p i experiments ‘ nonman. In 4 s and eve © on bird 

oxy-hemoglobin 4 ; 

viously impeded by a q 
Labbé and Lagrange have noticed an increase 
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‘en , as on 
ider the local and general effects of the g 

cons! ane 

tients submitted to its action. 

pee 
3 i ( xperi- 

Action of Ozone on Animals.—Bordier’s exp 
4 : milligrammes per - e shewn that wi 
ments hav 1 

e 

e | 

1 > 

nized air of 

> exposure to a current of ozonized a 

after ten minutes exp t 
aie ae £ restless- ins to exhibit signs O Be th, the animal begin 

this strengt™, or twenty min- Rca: ‘es of distress. After 
ompanied by cries ‘t16 to 160 per 

‘a ae ee tions are increased oe ee S as it tO a = the animals rubs its nose Mee ae end of 30 minute ; | iration, and a obstacle to resp es iti bird 
remove atk ensues. Under similar ha ot : 

ae 
: 

oms. Picmibed in 65 minutes with the same eee become 
i the inhalation is stopped when ae experi- 

- ‘ne, and the animal is subjected to the "las ae 

4 Be on the following day, the animal survives 
& ment on 3 : . ighing 235 grammes, 

| ies. A guinea pig NSS ‘ d 

ss se tind day after inhalations of 12 minutes an died on fiat ae 
| n two succeeding days. hal ect: 
: ae of ozone absorbed by the animal ee ae 

: ‘ b measuring the quantity which vane 2 ei 

a ipellsjar in which the guinea - is a. re v eae 
ete 1 Sap . 7 tity before the animal 15 ul 

a a : oa fens ae was killed by a total mo eat 

BB cearames of ozone, inhaled for ten minutes. milli 
mal died after an hour and a half. | ee he ee 

The post-mortem ama oe . oe the bronchi 
TO ’ s are swollen, of a pale the larger 

oa a with serous froth, and i ee a cedema 
FP ses ‘5 black in colour. Death is due to adie 

, followed by asphyxia. “ moe 

Be one ‘5 diminished to .5 milligrammes pe 
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or if the duration of inhalation is diminished, no deleterions a *. result is produced. On the contrary, there is an. augmenta. - tion of weight. Bordier’s experiments give .s milligrammes A 7 as the maximum dose, while Labbé considers that .1 mij §tammes should not be exceeded. ee ; It is evident that we cannot be too careful when using so potent a remedy. It is of importance to ascertain the maximum output of any apparatus used for the inhalation of ozone. 
ey a A large quantity of ozone is produced by the high fre. q quency effleuve. If the room is well ventilated the percent. \~ age of ozone will not be raised to any dangerous extent, and the patient may benefit by its presence. The practi- tioner who passes long periods in an ill-ventilated apart. ment may, however, be exposed to serious bronchitic irrj. tation. In Bordier’s case this became most acute. The room for high frequency applications should there: . fore be well-ventilated, and the operator should be careful to leave the apartment during long seances, For this pur- pose the electrodes should be mounted on insulating stands e q so that the presence of the Operator is not required during - 

Be 
the whole seance. 

354. Action of Ozone on Microbes.—Antisepti¢ action, —Great hopes were founded on the bactericidal action of ozone, but these hopes were doomed to disappointment, — Cultures of bacteria are deleteriously influenced when ex- posed to air which is ozonised to over .05 per cent., but even with the maximum therapeutic dose their Vitality is affected. According to Labbé’s experiments, a current of air charged with 10 milligrammes per litre is not suffi- cient to arrest putrefaction after it has already commenced. Ozone of this concentration is hardly sufficient to arrest development when shaken up with a bacterial culture in 

4 il ouillon. 

—. er of ozone Pst We ma - ntaminated. € yi ; thera- 4 a Pai action in the treatment with ozone. BS . 

4 P ose i.e., the non-poisonous dose, is far too s ai ee the proliferation of bacilli. gee oe ata 
Be. employed to combat the microbic growt , not De | 
‘ put to influence the soil in which it may develop. bu ; 
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On the other hand, air containing sume 

litre is sufficient to sterilize water which has 

nay thus give up the idea of any 



CHAPTER VII.’ 

THE PHYSIOLOGICAL PROPERTIES OF MAGNETS. 

MECHANICAL APPLICATION OF ELECTRIC ENERGY, 

355. On the Physiological effect of a Magnetic Field — a : 

Bi \ E 

Bi 

q 

Ks 

oe 

When a body is immersed in a magnetic field, the condj-. 2 

tions of its molecular equilibrium are altered. This phenom. 4 

enon was discovered by Faraday, who demonstrated the ro. 4 

 D’Arsonval tried to a 

shew this molecular alteration by chemical means. He 3 

found that alcoholic fermentation is retarded by a magnetic q 
field. The early stages of embryonic development are also 

affected by a magnetic field. (D’Arsonval, Dubois, Miche ~~ 

tation of the plane of polarisation. 

aelis. ) 

hysterical manifestations, a therapeutic result which is gen- 

erally attributed to the effects of suggestion. Suggestion, a 
it is true, may play a large part in these cases, but it may 7 

coincide with and even conceal a true physical therapeutic 

action, 

356 Masso-therapy— Vibro-therapy — Sismo-therapy 

These facts may explain the action of magnets on certain 4 

—Mechanotherapy. — Electricity is often employed to 
produce mechanical massage, and the passive gyninastics 

of muscles and articulations. 

Mechanical or vibratory massage, or sismotherapy, as it is 

called by Jayle and Lecroix, is of considerable use in many 
affections. Vibratory massage stimulates the circulation 

locally and facilitates the reabsorption of exudations and 

extravasations. It also produces analgesic effects, and 

causes a reflex dilatation of the vessels, which persists for 4 

health. 

oad 
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n of 2 seance. Moreover, by 

ugmentation of the amie 

d has apparently some action on the gener 

We have all noticed the physiological e
e a e : 

‘train, which is, after all, but a form ot trep , 

| pHysl 

e time after the conclusio 
om : 

: n, it causes an a 

journey by 

therapy: 



THIRD PART. 

MEDICAL TREATMENT. | 

oo 
nee application of electricity : : 

4 a 

. O purposes of diagnosi . a 

has 
gnosis and treatment _ 

Me re ae years become so extensive that it has bec, iil 

possible any longer to dissociate electro-diagnosis ant 4 
radio-diagnosis from th e portion o : 
electro-therapeutics, : ae 

Every day the medical electrician is called upon to dings : q . 

nose new di diseases. It is therefore convenient to treat elec: 

oe diagnosis and electrical treatment under the -sa gy 

ing, viz., that of the disease or group of diseases a 4 

| N- 

volved. 

Moreo i nae aa 4 chapter on electro-diagnosis or radio-diag- q 

| u e useless without some reference to ‘thea - 

peutics. 
r 

I , n the section devoted to the nervous system will be found 
as q eparate chapter devoted to the study of abnormal reac: 
tion iti = oo = sensitive and neuro-muscular systems. Follow- 
g this, all questions of electro-diagnosis or radio-diagnosis 

will be treated under th 
sepaictc diccace . supter which deals with each 

fesion of the nerves OF nerve centres. 

CHAPTER I. 

THE NEURO-MUSCULAR AND NEURO-SENSITIVE 

SYSTEMS. 

I. General Considerations. 

258. ‘Affections of the neuro-muscular system of in- 

terest to the medical electrician.—li we consider the 

constitution of the neuro-muscular system, and the modern 

conception of the neurone, we may group the diseases of 

this system under the following headings: 

f., Affections of the muscle itself or of the nervous 

mechanism which supplies it, unaccompanied by organic 

To this division 

belong the different forms of myopathy. 

b. Affections of the peripheral nerves passing from the 

nerve centres to the muscles or sense organs, unaccompanied 

by lesion of the nerve centres. To this division belong the 

-yarious forms of neuritis and polyneuritis, neuralgia, and 

peripheral paralysis. 7 

c. Lesions of the nerve centres. | : 

This includes two divisions. I. Lesions of the cerebral 

or cerebellar tracts, more particularly the white substance 

of the cord, as in locomotor ataxy and the various forms 

of leuko-myelitis. 

2. Lesions of the grey substance of the neurone itself. 

Under this heading we may group poliomyelitis, from lesion 

of the cells of the anterior grey cornua, bulbar paralysis 

from lesion of the corresponding nuclei in the bulb, and 

ophthalmoplegia from lesion of the nuclei of the pons. 
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- >= 

The 
ae 

conducting fibres, as well as the grey matte? of a 
neuro i a3 nes, may be involved by lesioris due to sclero 

ammation, traumatism or hemorrhage : 
e ff i 

d ections of the nerve centres un: mpa ied by 
A 

p & 

any appreciable lesion. To this di . To this division it . 

ous forms of neurosis and psychosis perongine the varj. 

Electro-dia is j gnosis is called for i 4 = 
eee lea 

in all cases where - 

eration of muscular contractility, whether this is Sis a 
conseqtuenc 

. : 

to vines Be of the primary lesion, or is due to neuri 

jury in the nerve centres mt 

Electro- therapeutic treatment is useful in a great variety : 
ariety “a 

of cases someti inci Oe ag tone the principal treatment, sometime 
ies Dees as e electric treatment of diseases of a 
aes a em the results are often attributed . 
ed rue that suggestion may contribute ; 

it does in many other modes of feats 
e the duty of the physician to determine whether he _ q 

is justified in adopti | 
| pting a mode of t 

no su ; 
reatment wh 

pport in experimental physiology or haneier a 
‘ 1S_ 

is a question of ethi 
‘ 

cs, and we only al : _ 

answer to fies y allude to it h _- 

those who in ignorance of the progress ee a Dio- ae loi 
gical science are too prone to condemn all el 

treatment. 
ectrical 

359. Divisions.—We shall begin wi . oa ae egin with a stud a 
eae es oe a means of the neuro-muscular ead 
aie include all neuro-muscular affections ex 
eae os of central origin. Here also we ‘ay 
ee iption of the motor points, a knowled / 

necessary both for diagnosis and pean — 
shall afterwards 

A ; proceed to th Sel or 
Gstdeoth thie ole minerordee: e study of each individual 

Affections of muscles. 

Affections of nerves. 

Affections of the nerve centres 

S18, acute 7 

1S, or a 

uy 
* 

] action. 

rea 
y+ 

Neuro 

4 cau 

Il. Electro-Diagnos
is 

. 

4 
\" 
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ses and nervous affections of which the organic 

se is unknown. 

“and - Technique—Abnormal
 Reactions— 

- Motor Points. 

Electrical testing for abnormal muscular re- 

_ In electro-diagnosis, whatever be the apparatus 

d, we should always be able to switch on the faradic 

detaching the handles we are 

300. 

employe 
| 

or galvanic current without 

using. 
ae ‘adifferent electrode is formed by a rectangular 

metal plate covered with felt of chamois leather. 

better way is to use a bare metal plate placed on a layer of 

absorbent cotton wool enveloped in gauze. A clean pad 

may then be used for each patient. The indifferent electrode 

should be 100 to 200 square centimetres in area. 

The exploring electrode consists of a pad 2 or 3 centime- 

tres in diameter and should be furnish
ed with an interruptor 

in the handle. 

Procedure for testing m 

current. 

a. We begin by comparin
g the resistance to the faradic _ 

current on the right and left sides respectively. A milliam- 

peremeter cannot be used with a faradic current and any 

difference of reaction on the two sides may be merely due 

to a difference of resistance. In order to determine this we 

may make use of Bergomé's method already described in 

par. 203. s 

yet he electrical source which drives the coil should 

he observation. Hence 

vary as little as possible during t 

the current from a battery is not to be recommended. It 

is better to use an accumulator or the supply from the 

The strength of the current may 

uscles and nerves by the galvanic 

public electric mains. 



S. 

e a i ‘ A 304 _ PART III—CHAPTER I — 

be regulated by a rheostat placed in the secondary. circuit: ; When a sledge coil is used the current is regulated’ by 
sliding one coil over the other. 

Procedure for testing muscles and nerves by the galvanie 
current, 

a. We do not require to make a preliminary measure. 7 
ment of the resistance, as the current employed whilst com. 
paring the reactions on the right and left sides respectively 7 is measured by means of a milliamperemeter. During the 7 examination, however, some idea of the comparative ‘re. sistance on the two sides may be obtained by observing the position of the contact point of the potential reducer 

for equal currents. If there is any great difference a 
further investigation of the relative resistances will be 
necessary. : : ee 

b. The milliamperemeter should be very sensitive, and. 
be graduated from o to 25 milliamperes in tenths of 4 
milliampere. 

c. The current may be graduated by a rheostat, or bet-. 
ter still, by a potential reducer (par. 93), but not by a col- q lector since this increases the voltage too suddenly. 

verser. 

361. Mode of procedure for testing the reaction of — 
nerves and muscles.—The patient should be placed in a > 
horizontal position, or in a chair with the back well sup- 
ported. He should be told to relax his muscles and to rest 
in a condition of complete repose, 2 

The indifferent electrode, previously well moistened with 
warm water, should be placed on the spine—either at the 
neck, if the upper part of the body is to be tested—or in 
the lumbar region. The electrode should be applied to the 
skin firmly and uniformly. This may be done by the weight 

d. The table or wall-tablet should carry a current res 4 

the 
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4 ¢ the body or by means of an elastic bandage. The axis - 6 

¢ the electrode should be kept in the median line uring 

: exploration of symmetrical points. The electrode should 

; d by a piece of felt or a serviette, in order to he covere 
ee tne clothes. | a 

bine operator should place himself near the patient within 

. ach of the terminals, reverser, etc. A table that can be 
e re 3 

easily wheeled up to the patient is very convenient. 
e 

y 
! 

The exploring electrode, previously moistened with warm 

water, is applied to the motor points of the muscles and 

q nerves which are to be tested. 

362. Manipulation for the exploration of nerves and 

muscles.—In order to test the muscles and nerves propet- 

q ly, the exploration should be carried out in a systematic 
. 5] 

manner. : ; 

1. We commence with the faradic current, so that the 

a tissues may not be polarised at the beginning of the investi- 

gation. By this means we obtain at once a general a 

of the condition of the nerve or muscle, for if the fara 

contractility is not altered, the galvanic contractility iS is 

ably normal. We may also compare the a of the 

right and left sides by means of the tepncue explorer. 

2. The exploring electrode should be joined to the bee 

tive pole of the secondary current. There is no fee j . 

in comparing the actions of the anode and cathode. e be- 

: gin with the rheostat in its position of maximum resistance. 

3. The strength of the current is adjusted by gradually 

decreasing the resistance in the secondary circuit until the 

limit of excitation is reached. 

The resistance of the rheostat in ohms at the moment of 

4 contraction is then read off. 

When a sledge coil is used, the strength of the current 

’ is adjusted by sliding the secondary coil over the primary, 

20 \ 
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and reading off the displacement ‘lin millimel lll —_— Re / 
ai Sy Ole lle GIsP of the coil in millimetres, Se ~2OCtsté@By ‘sing’ thee eversser each time that we alter the inten- 

e motor point is found by trial and by moving the ex, ’ . ing 4 
ee ; et Pee oe sity of the current, we obviate the necessity of making 4 

pioring electrode about until the exact. position is locat A os Mig eres 

I ogee ted. ’ series of experiments and bringing back the current to zero 
n cases where only one side is affected, the healthy siqa _ — | 

hould be tested fi —— Batter eact shou e tested mrst. Pane uricae ; ; 

Pine ae ‘7 7 6. Longitudinal reaction of the muscle. With an elec- 

4. In some cases it is difficult to test a single muscle by a a m trode 2 or 3 centimetres in diameter, the maximum current 

this means, in consequence of the contractions of neighboyr. pues which can be employed without producing excessive pain 

ing muscles. We may then have recourse to Duchenne’s or burning is 15 milliamperes. If a muscle does not re- 

method, which consists in applying an electrode to either end — _ = spond to this current,.we must have recourse to the so- 

of the muscle whose contractility we desire to test. © ee called longtitudinal reaction. We place the active electrode 

5. We next proceed to test the muscle by means of the | "not on the motor point, but on the lower tendon of the 
galvanic current. _ muscle, and proceed as before. The contraction of a muscle 

Firstly we determine whether with increasing intensity _ __ which follows stimulation of its motor point is indirect, the 

the muscular contractions follow in the normal physio. « eC stimulus passing along the nerve filaments. When, how- 

logical order. . > ae ever, a muscle no longer responds to excitation of its motor 
vow 

Kee Wee AOC KOC. a : 4 g 4a point, we may still produce direct contraction by exciting 

The examination is begun with the reverser in i  - _— ae ncn. hose es eee een oe 
i ay ai OR oe ser in its usual _ The determination of the longitudinal reaction is the 

P es er SAG eDLOMNS: electrode negative. We = > complement of the galvanic test, just as Duchenne’s bipolar 

eragually increase the strength of the current, closing and method is the complement of the faradic test. 
opening the key in the handle so as to give currents of - @ 

about two seconds duration. This is necessary in order to. a 

avoid polarisation of the tissues. From time to time we” found charts of the motor points according to the researches 

may reverse the current to see if ACC will not appear before 4 4 of Eichhorst and de Castex. In each region we give all the 

Kec. ee motor points, to whatever nerve trunk they may belong. 

ee —COEach muscular group supplied by the same nerve is indicated 

by a different colour or sign. We thus see at a glance all 

the motor points in a given region—those we desire to stim- 

ulate and those we wish to avoid. At the same time we can 

see clearly all the motor points of a given nerve trunk which 

we are desirous of testing. Whenever a nerve has a super- 

ficial course which is accessible for stimulation, it is 

drawn with a dotted line. 
364. Nerves of sensation.—The reader will also find 

363. Motor Points.—At the end of this work will be 

At the first contraction of the muscle, the strength of the 
current is read off. ; 

For instance, in testing the facial nerve we record as 
follows: | | | a 

2 milliamperes 
é¢ 
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figures of the upper and lower limb showing the cutaten 4 ous @ 
territories innervated by the sensitive nerves. 
are copied from Eichhorst and Henle’s plates. 

h i, 

Va 
= 

q 
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TS wee, 

~ 

WSG7 on ------ 

R&S. Ss os oe - 

a. 

ee me, 

Fig. 63.—Dorsal surface. Fig. 64.—Palmar surface. 

Cutaneous nerves of the arm after Eichhorst. sc, cutaneous branch 
of the cervical plexus.—ax, circumflex nerve.—cps branches of 
the musculo-spiral nerve.—cmd, lesser internal eukaneous nerve.— | 
cpi, external cutaneous branches of the musculo-spiral seve 
cm, internal cutaneous nerve.—cl, musculo-cutaneous netics 
u, ulnar nerve.—ra, radial nerve—me, median nerve. Sn 

365. Abnormal reaction—We have hitherto studied 

The figures 
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| the points to be selected and the technique to be followed 

in the electrical testing of a nerve or muscle. We may now 

proceed to discuss the theory of electrical testing. 

MW ; 
é 

~ 
me Qo 

a» 

waste rn can enen meen nent _ 

1, Small sciatic.—2, Ex- 

ternal cutaneous.—3, 

Obturator.—4, Exter- 

‘nal saphenous.—5, 

sural branch of the 

external popliteal. 

6, internal saphenous. 

—7, Musculo-cutane- 

ous.—8, Calcaneal 

branches of posterior 

tibial. —9, Internal 

plantar.—io, Exter- 

nal plantar. 

me mes, 

me 

rez 
¢ 

ie) “Sen 2 ee ener! 

ee ce a a ee ae OR Oe 

= 

iatet 4 

= 

is 

o 

1, Anterior crural.—2, 

External cutaneous.— 

—3, Lateral cutane- 

ous branch of last 

dorsal.—4, Genito- 

crural.—5, Ilio-in- 

guinal.—6, Small sci- 

atic—7, Obturator.— 

8, Internal saphenous. 

—o, External pop- 

liteal, sural branches. 

—1o, Musculo-cutane- 

ous. —11I, Anterior 

tibial. —12, External 

saphenous, 

oo §= 
ee 

ee 
ae 

ie ~, 
- 

— 

eer wamreer ere aaa 
ee oe ne Eee moon 
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SE 

eee 

- 

Re 

e aN a 

- Distribution of the cutaneous nerves 

of the leg after Henle. 

1. In what way a muscle contracts when it does not 

respond to etectrical stimulus in a normal manner, 
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2. The pathological significance of anomalous contraction 
and how these anomalies are grouped in each disease, 

We shall first consider anomalies of faradic contractility, 

reaction. (372.) 

_ The groupings of these anomalies constitutes an electr 

by the letters DR. 

306. Anomalies of faradic contractionSome authors — 
attach importance to the position of the pole when using 
the faradic current, whether the positive or negative pole 4a 
of the induced current is attached to the exploring electrode. 

This is not, however, of much importance from a practical — 

point of view. 3 
There are two principal anomalies of faradic contraction. 
1. Faradic hyperexcitability. This occurs in most cases. 

_ where there is exaggeration of the tendon reflexes. Thusit = 

is met with in tetanus, recent cases of cerebral paralysis, 

hemichorea, athetosis and in writer’s cramp. 

2. Faradic hypoexcitability. This is usually accompan- | 
ied by rapid fatigue of the muscles, which after repeated 

faradic stimulation soon fail to react, unless the intensity 
of the current is increased. (Reaction of exhaustion.) 

This anomaly occurs in chronic cases of cerebral paraly- - 
sis, long standing tabes, and primary myopathy where it is 

associated with galvanic hypoexcitability. It is found also - 

in diseases which present the symptom-complex DR, in 
which the faradic and galvanic reactions do not correspond, 
the former being exaggerated while the latter may be absent. 

367. Quantitative anomalies of galvanic contractility. 

7 

u ~ 

consisting of slowness of contraction, the inversion of the 

normal formula KCC > ACC > AOC > KOC, and the dis. _ . 

placement of the motor point in the so-called longitudinal _ 4 : 

ic 
syndrome or symptom-complex, the most important of which ~ a 

is the reaction of degeneration, which is usually indicated - . 
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_ Siowness of contraction—The quantitative. anomalies 
: — ; 

of galvanic contractility are of much less importance than 

| the form of the contraction, and the order in which the con- 

 tractions appear. 
1, Galvanic hyper-excitability is met with in all cases 

: where the tendinous reflexes are exaggerated. It is usually 

accompanied by faradic hyper-excitability, but it may i 

sist after faradic excitability has been abolished, as in tne 

ion of degeneration. 
3 

Be sranie nypo excitability This is met with in most 

cases where faradic excitability is diminished or ane 

Tt is characteristic of the last stage of nerve and muscle de- 

ion, 

ae of contraction is an important sign in electro- 

diagnosis. The “ost time” which is usually wees 

is greatly increased and the curves of ascension and descen 

are slow and drawn out. 

368. Anomalies in the order of the contractions.— 

Total or partial inversion—Rich’s react
ion.— The physio- 

logical order of muscular contraction 1s 

KCC > ACC > AOC > KOC, 

there being a considerable interval between ACC and AOC. 

In certain pathological conditions this order is altered. 

a. The anodal closure contraction may precede the catho- 

dal closure contraction. 

ACGeHKCC > AOC > KOC: 

This is called partial inversion of the physiological formula. 

b. Total inversion has the formula 

ACC > KCC = KOC AQG 

c. In some cases there is merely an approach of ACC to 

‘AOC, both contractions occurring with the same intensity 

—— 

ee 

————————— 
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of current, or the order may even be reversed. This 
is called Rich’s reaction, has the formula ve 

KCC > ACC = AOC > KOC 
The above are briefly the anomalies of electro-dia 

which have given rise to so much discussion. | 
The explanation of quantitative alterations of faradic and. 

galvanic excitability are comparatively easy. The phenom. 
ena Of inversion, on the contrary, are somewhat difficult 
to observe, and their interpretation is a | 
greatest difficulty—so much so that some authors have 
tested their value and even denied their existence. ; 

Recent investigations, however, among them those of 
Cluzet, have demonstrated the reality and the importance » 

SNosis 

of these phenomena. Partial or total inversion of the physio-- a 
logical formula is part of the symptom-complex known as 

za 
; 

J) $3 i 

v 

the reaction of degeneration. It varies with the degree and 
the stage of evolution of the lesion, and must therefore be 
carefully studied by the medical electrician, | 

369. Inversion of the physiological formula—Intéer- ~ q 4 
pretation.—In their normal condition, unstriped muscles, — 
instead of presenting the ordinary sequence KC, AC, AO, 
KO as the current is increased, begin to contract with closure - 
of the anodal current AC. They thus exhibit an inversion 
of the normal physiological formula, This inversion, how-. 
ever, is more apparent than real. Biedermann has shewn that ~ 
it depends on the formation of a virtual cathode in the 
region around the anode. When a small cathode is used — 
to stimulate the circular fibres of the intestines, a slight ele- 
vation occurs immediately beneath it, whilst the zone around 
the cathode remains flat and shows no sign of contraction. 
At the anode, on the contrary, the polar zone remains inert, 
whilst the peripolar tissue forms a circular swelling’ due 

a 

’ Which _ e 

By 

N 

ey 

- trod 
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ntraction. This is so marked that the small central 

Pe ecion is fre looked ion is frequently overlooked. | 

BF. iapours of Wiener, May and Cluzet seem to shew 

4 m inversion 1s 
a hat in the case of striated muscles also, the inversio 

e apparent than real, whether the stimulation is applied 

Pine motor point or along the course of the motor nerve. 
tO 

4 The pathological inversion is due to the fact that there 1s 

rea of decreased excitability under the sla 

a ie when compared with the normal excitability of . C 

urrounding zone, The peripolar zone plays the isa O a 

Pode in relation to the polar area under the cathode. : 

hs other hand, when the polar area is an anode, the per 

i hode. r region constitutes a cat oe 

ie shall now proceed to consider separately the ae 

of inversion affecting the nerve and inversion ie 

muscle. 

370. Explanation of ee ae east a 

| ice, inversion aifecting the 

cd. since in the progress of any disease its duration 

1 i t. 

ae ee a to produce it pili 

tic nerve of a frog is divided, and the indifferen 

erode is placed at the lower extremity of the ee 

the active electrode is placed just below the sa nee 

tion. Inversion may be observed soon after t e sec ae 

the nerve. The following is Clugets explanation te 

phenomenon : “Immediately after section, the exci ve 2 

of the part of the nerve which has been injured is pes 

but it speedily becomes less than that of the par ae 

to the muscle, which has not been injured. An asce a 

current soon ceases to produce contraction. Te ua a 

due to deficient reaction of an hyper-excitable region oe 

stimulus, or it may be due to an arrest of the stimuula 



H 

, 

in the density of the current.” 
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due to electrotonus. The descending current on the othe, 4 

hand produces contraction, not so much by stimulation at a 

the point of entry near the cut end of the nerve, as by excita. 

tion at the points of exit which are hyper-excitable. 

“The reason that a feeble current no longer produces q a 

contraction, is because the lower portion of the nerve is ~ 

more irritable than the upper part. If during KC the active 
electrode should stimulate the cut end of the nerve in spite | | 

of its hypo-excitability, the stimulus will be arrested by ay. 

electrotonus of the lower portion of the nerve, 

“Tf, on the contrary, a contraction follows AC, it is be- 

cause the stimulus is given, not to the hypo-excitable cut § 

end of the nerve, but lower down to the hyper-excitable, 
portion, which is in fact a virtual cathode. : 

“The inversion of the law of contraction is thus seen to 
be dependent in part on modifications of excitability due. 
to electrotonic action. All the anomalous phenomena may 
be explained by differences of excitability in different por- 

tions of the nerve. It may be remarked that in mediate 7 

excitation with the nerve im situ, inversion may not occur 

after section of the nerve, whereas it appears at once when 
the electrode is applied to the nerve itself. 3 

“The difference of excitability between. the injured and 

the uninjured portion of the nerve is not sufficient to cause 

inversion when the excitation is mediate. With mediate ex-_ 
citation the current is diminished by its diffusion through 

the tissues. ee 
“Inversion is but rarely noticed in practice, either because 

the difference of excitability is very evanescent, or because - 
the position given to the electrodes is not suitable, or because _ 
the differences of excitability are compensated by variations 

371. Explanation of inversion in the case of muscles, 
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4 The observations of Wiener tend to shew that the phe- 

: : ‘ z 

omena of inversion observed in a degenerating muscle may, 

n 
be explained in the same way as those of the nerve. His ex- 

eriments were made on muscles artificially affected in . 

F ecequence of the Wallerian degeneration of their nerve 
C A a Fooly. By employing a very small unpolarisable electrode 

eS 
lied to the muscle, he shewed that the optimum point 

F xcitation was not as it should be normally, at the point 

‘of entry of the nerve supply, but at either extremity of the 

F cle. Thus when the active cathode is applied to ee 

motor point it occupies a region of lessened ae 

when compared with the surrounding area. The ques oe 

of inversion then resolves itself into this : is the stimu e 

at the pole produced by the active cathode in a hypo-excita 

ble area, where the lines of flux are concentrated, greater 

or less than the excitation produced in the peripolar 

by a virtual cathode, in a more excitable area, where e 

lines of flux are less dense. In one case there will “ no 

inversion because the polar phenomena will be in the a 

cendance, and KC contraction from the active cathode wi 

occur. In the second case there will be inversion, since 

‘the peripolar phenomena will predominate, and cnn 

due to a virtual peripolar cathode will result in making the 

active electrode an anode. 
: 

May's observations shcw that a degenerating muscle re- 

acts in this respect exactly like the unstriped muscles in 

Biedermann’s experiments. ( 360.) 

The recent researches of Mlle. J oteyko explain how the 

process of degeneration may cause a striated muscle to 

resemble an unstriated one in this respect. There are two 

distinct contractile substances in each muscular fibre, the 

dark discs and the non-differentiated sarcoplasm, which con- 

tracts more slowly. Degenerating muscle shews a marked 
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diminution of the fibrillary substance, and a considerable jp. am 
crease of the sarcoplasm. In the course: of degeneration = 
the muscle therefore acquires the morphological characters 

This will explain the abolition of” of unstriped muscle. 
faradic contractility, the slowness of galvanic co 
and the phenomenon of inversion. 

372. Displacement of the motor point.—Longitudina}: q i reaction.—As degeneration progresses, the optimum 
point of excitation is displaced towards the excentric ex: 
tremity of the muscle. 

This phenomenon is related to that of inversion. As the ” a 
excitability at the motor point decreases, the stimulation — 4 
en masse of the whole muscle overshadows the ex¢itation 
at the motor point. The best means of acting on the whole 
mass of a muscle is to cause the lines of flux to pass | 4a 

through the entire length of the muscle. Longitudinal 
reaction therefore is a sign of advanced degeneration. 

373. The manner in which these symptoms are 
grouped in disease.—Hitherto we have studied a number ~ ~ 
of abnormal reactions in diseased organs, faradic hyper- and - _ 
hypo-excitability, galvanic hyper- and hypo-excitability, in- 
version of the normal formula, and longitudinal reaction. 
We have moreover endeavoured to form some notion of 

the meaning of each of these anomalous reactions, 
It remains for us to see in what way they are grouped 

in disease. a \ 

Some of the modes of grouping are simple enough. | 
Both faradic and galvanic excitability are usually increased 

in those diseases where the tendon reflexes are exagger- 
ated, as in tetanus and hysterical paralysis. This connec-° 
tion is, however, not universal since there may be increased - 
excitability in diseases such as tabes, where the reflexes 
are totally abolished. Moreover we find decreased faradic 

ntraction, 

a; 
aa 

q and | galvanic excitability in essential myopathy ard long- 

a. 

i 

z 

i § yani 
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andi bral paralysis. s 
anding cere ; ee 

4 In Thomson's disease the anomalies of reaction are 

q grouped in a more complicated manner in the so-called 

myotonic reaction of Erb. The myotonic syndrome is 

aracterised by normal excitability of the nerve, with gal- 

: c and faradic hyper-excitability of the muscle, accom- 

panied by partial inversion, ACC > or = KCC. The muscu- 

Jar contractions are sluggish, tonic and prolonged, and per- 

sist for some time aiter excitation. : 

But of all the groups the most important in electro-diag- 

nosis is the so-called “reaction of degeneration, or pale 

the “syndrome of degeneration,” which is usually expressed 

by the abbreviation DR. 

374. Reaction of degeneration.—Syndrome of degen- 

eration, DR.—The symptom-complex oi degeneration, 

DR, is composed of a group of anomalous reactions which 

are associated with well known morbid conditions. These 

anomalous reactions moreover vary with the stages of evo- 

Jution of the morbid process. 

The expression syndrome of degeneration is preferable to 

that of reaction of degeneration, since DR denotes an as- 

semblage of abnormal reactions. Since the abbreviation DR 

is well understood, it may be retained, remembering that 

it is not a single abnormal reaction, but a reaction-complex, 

or rather the mode in which the organism reacts to different 

forms of electrical stimulation. It is called in Germany 

EaR (Entartung’s reaction). : 

The following is the sequence of the phenomenon which 

characterise DR in the successive phases of degeneration, 

_. for example the Wallerian degeneration occurring in a 

nerve and the muscles it supplies, after section of the nerve 

trunk. 
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The following phenomena follow section of 

quently it diminishes gradually until the normal is r 

when it entirely disappears. 

For the muscles.—The faradic excitability diminishes ‘re Y 

ularly until it entirely disappears at the end of the second q 
week, : 

The galvanic excitability diminishes during the first weer 7. 4 | 
then increases till it exceeds the normal in the coutse of a 
the second week, and persists in an exaggerated state afte 4 4 
all other reactions have been abolished. At this See am 4 
muscular contractions become sluggish, and we get meciaas 4 | 

ical excitability. At the end of the second week phenomena 
of inversion begin to appear. ACC occurs before KCC, and © 4 
Shortly afterwards KOC occurs before AOC, when the ~ 4 
inversion is complete. 

This stage may last for several weeks. In the nerve 
there is total abolition of faradic excitability, accompanied 4 | 

by galvanic hyper-excitability and complete inversion of the ~ j 
normal formula. : 
Lastly the galvanic excitability diminishes. First we are 3 

unable to obtain AOC, and then KOC and KCC success- 
ively disappear, ACC alone remaining. At the same time — 
the longitudinal reaction can be easily obtained with a 
weaker current than that which will provoke ACC at the : 4 g 

motor point. 

In the latest stage ACC ceases and finally the longitudinal 
reaction disappears. 

Fig 67, page 318a, indicates the course of OR a its ditted : 
ent stages. a. 

It shows at a glance at any given period the symptoms q 

the ‘Hen es 
For the nerves——The excitability for both galvanic ae . 
faradic currents increases for the first three days. Subs a 

: *4 C= ig F 

Ses : eached 
in five days, and continues to decrease until the tenth da = 

Stage olf 

Mechanical Excitability 

Slow Contraction 

Later Stages 

Early Stage 

PART IJI—CHAPTER I 

Ong; 

vitudinal Reaction 

th 

3° T0 8 WEEK 

Fig. 67. 

Diagram showing the stages of DR. 

The dotted line represents the curve of Nerve-excitability both 
for Faradic and Galvanic currents. 

-excitability. 

-excitability, “I’ point of inver- 

“G” for the Galvanic current, “H” for 

sion of KC, “J” point of inversion of OC. 

The continuous lines represent the curves of Muscle 
“EF” for the Faradic current, the Galvanic and Faradic muscle 
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P) Aposing the syndrome. Thus at the 3d day there is 

for the nerve hyper-excitability to both currents, and the 

g reverse for the muscle.. This is the first phase of DR. 

: At the 8th day there is hypo-excitability for both nerve 

and muscle, more especially to the faradic current. .This.1s 

the second phase of DR. 
co 

- At-the roth or 12th day the excitability of the nerve is 

abolished. For the muscle, the faradic excitability fs almost 

abolished, whereas the galvanic excitability is increased, and 

tere is commencing inversion of the normal formula. 

This is the third phase of DR. : 

Finally we reach the stage of complete DR. The muscle 

alone reacts to a stimulus, but it reacts in an abnormal 

manner, the contraction is sluggish and the inversion is com- 

plete. | | 

In the final stage we have longitudinal reaction, and grad- 

ual decrease and loss of excitability at the motor points. 

378, Pathological meaning of DR.—DR is met with | 

in diseases such as polyomyelitis anterior, bulbar paralysis, 

and ophthalmoplegia, where the anterior cornua of the 

nuclei in the pons and medulla are affected. It also occurs 

in neuritis and polyneuritis, where the nerve itself is pri- 

marily affected. Later on we shall be able to study the 

particular variety of the syndrome under each disease. Its 

_ vyalue as a prognostic sign is very variable in different 

cases. 
DR is not found in essential myopathy, or in cerebral dis- 

eases where the anterior cornua or the bulbar nuclei are un- 

affected. 
III. Electrical Diagnosis and Treatment. 

A. DISEASES OF MUSCLES. 
Primary myopathy—Atrophy caused by surgical or articular 

traumatism—myalgia—lumbago—muscular rheumatism. 

376. Primary myopathy.—Primary myopathies, 1¢., 

i 
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muscular affections which are not due to any apparent lesion : 4 
of the nervous system, are of two principal types. | 

1, Pseudo-hypertrophic paralysis (Duchenne’s disease) 
Occurs in early infancy, commencing with the lower limbs, — ’ 
It is characterised by an apparent hypertrophy of the mus- 
cles, but the contractile element of the muscular fibre is in 
reality atrophied. It is the hyperplasia of the interstitia] : 
connective tissue that gives to the child an appearance of a 
strength in striking contrast with its feeble powers of 
progression. 

2. Progressive atrophic myopathy (Landousy-Dejerine) : 
is a disease which occurs in the second childhood of old - 
age. It begins in the face, and is often confined to that 
region. Later on it may invade the muscles of the shoulders, 
the arms and the legs. 

~ 

“ea 

\ 

‘ 

Sometimes the atrophy begins in the lower limbs. (Lee 2 
den-Moebius.) The type described by Charcot-Marie ig 
probably due to a lesion of the central nervous system. 

Electro-diagnosis.—In all cases of primary myopathy there 
is an absence of DR. (374.) An apparent exception is the. : a 
Charcot-Marie type, but this is, as we have said, probably a 4 
due to a central lesion. | 

In all cases there is diminution of faradic excitability, 
(Duchenne’s reaction) and of galvanic excitability. In ad- 
vanced cases there may be a complete absence of all ex- 
citability. 

At the commencement of the examination the hypo-ex- 
citability may not be very marked, but the muscles speedily. é 
shew the reaction of fatigue. ( 366. ) | 

Electro-therapeutic treatment.—The aim of the physician 
is to combat the atrophy of the muscle by exercise. This is 
best done by rhythmic galvano-faradisation as described in 
par, 313. 

q ‘nome or some other form of interruption. 
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fae classic treatment: for all cases of muscular atrophy 
. . massage, but in this disease it is of doubtful utility. It q 4 the contraction of the muscular fibrille that. stimulates 

: e nutrition of muscle, and massage is powerless to cause 
| this contraction. 

Rhythmic galvano-faradisation. This consists of a con- 
a nic current with a coil and metronome placed 
4 en tne circuit. Instead of a metronome Bergomié’s 
7 Paythnic interruptor may be used. This enables us to vary 

q the current gradually so as to imitate the physiological con- 

 tgaction of the muscle. 

Procedure-—The indifferent electrode should be applied 

q to the back, either at the nape of the neck or in the lumbar _ region. The active electrode, a pad about 4 cm. in aes 

© should be connected to the negative pole of the battery. This 
a ‘should be applied to each motor point for about two minutes, 

. the current being adjusted by trial until an appreciable re- 

. action is obtained. 

_ / The treatment should be repeated every day or every other 

A large induction coil giving a strong current at a low 

q potential should be chosen and the interruptions should not 

be too rapid. 
Alternative electric treatment.—If{ no contraction can be 

obtained with the galvano-faradic current, the variable 
period of opening and closure of a continuous current may 

be utilised. : 
The current is rendered intermittent by means of a metro- 

A very excellent 

method advised by Bordier is to alter the direction by means 

of a current reverser mounted on a motor making 40 revolu- 

tions per second, interrupting the current so obtained by 

the ordinary metronome device. 
2I 
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If neither of these instruments is available, the es, . 4 

current may be applied rhythmically, keeping on the current | 
just long enough to produce sustained contraction without 
causing fatigue. This may be repeated again and again 
by the ordinary metronome device. 

Some authorities recommend the continuous current, 
using an arm-bath or foot-bath for the cathode, and a large a 
dorsal electrode for the anode. From 15 to 20 milliamperes 
may be given with a duration of 10 minutes. For the face, = 
5 to 8 milliamperes is sufficient. (Castex.) Others recom. 7 
mend the electric bath with sinusoidal current. Seances 7 
should be given three times a week, the duration being Io 
to 20 minutes. 

We can only hope to delay the atrophy of the muscles by _ 
the use of any of these methods. 

377- Muscular atrophy of traumatic origin. — ‘Museu : ‘ 
lar atrophy often follows contusions, wounds, or fractures, 
In some cases injury to the nerve may contribute to the “3m 
muscular atrophy. 

Injury to the articulations may also cause atrophy at cer- _ 
tain muscles. For instance atrophy of the deltoid frequently — q 
follows injury to the shoulder, and we may meet with 
atrophy of the triceps in injury to the elbow, of the quad- 
triceps in injury to the knee, and of the tibialis anticus ‘in 
injury to the ankle. Vulpian and other authors attribute 
the atrophy to a reflex action on the trophic centres of the . q 
cord. 

Electro-diagnosis.—In these cases we get hypo- excitanil 
ity to both the faradic and galvanic currents. DR is not 
found unless there is an injury to the nerve. If the cause 
is removed and the atrophy is in its early stage, a fortnight’ s . 
treatment should suffice where only a slight degree of fara- 
dic hypo-excitability exists. On the other hand, where there 

= : 
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j ig marked hypo- Oe any months of treatment may 
4 be required. 

When the atrophy is due to an injury of the joint, a radio- 
- scopic examination should be made. 

Electro-therapeutics.—These cases should be treated by 
4 faradisation, or better still, by rhythmic galvano-faradisation 

| of the affected muscles. Cases due to articular injury 

should in addition be treated by the galvanic current. 

Procedure.—Faradisation or galvano-faradisation may be 

4 carried out in the manner described for primitive myopathy 

370.) The duration should be longer, 2 to 5 minutes for 

each muscle. —Galvanisation: A large anode should be 

placed on the neck or the lumbar region and a large cathode, 
4 ‘50 to 150 square centimetres, should be placed at the lower 
end of the affected muscles. A current of 8 to 12 milli- 
q "amperes should be applied for 5 to 10 minutes every day 

or every alternate day. 

The muscle should also be exercised by mechanical means, 
ha not to injure the articulation. 

The result is generally satisfactory after treatment vary- 
| ing from a fortnight to three months. 

378. Paralysis of the peroneus longus—Flat foot— 
: Hollow foot —Paralysis of the peroneus longus merits 
especial mention, since it is the cause of painful flat foot 
(Duchenne de Boulogne.) | 

_ When flat foot is due to this cause, the peronei may be 
' treated by rhythmic faradisation or by rhythmic galvano- 
faradisation. (376.) 

This may be followed by galvanisation, using a large 
anode on the lumbar region, and a large cathode or a foot- 

bath to the foot. A seance of 6 minutes should be given 
every other day, using a current of 8 to 12 milliamperes. 

7 ‘The limb should be kept at rest. 

YOR MIN ‘ANVETV JNNIAV QTaISUIVS OT 
LaBN0d ALAA 
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The same treatment may be adopted for the hollow nee | . 
like foot, where the muscles of the calf and the Pex of: 
the toe are affected. 

379. Myalgia—Lumbago— Torticollis — Pleurodynia 
—Muscular Rheumatism.—The myalgias are pains due 
to muscular rheumatism. Lumbago is a myalgia localised 

in the lumbar region and torticollis is a myalgia of the cer- 

vical region, involving the trapezius and sterno-mastoid | 
muscles. 

Electro-diagnosis. This will be called for only ‘in. the” 
atrophic forms, as in the case of scapular atrophy, where it - 
may enable us to estimate the severity of the accOnpans 
ing lesions due to myositis or neuritis. 

Electro-therapeutics. All myalgias of whatever ketack 
especially those in an early stage, should be treated by gal- 3 
vanisation. 

In the local treatment of this affection, the transport of 

medicinal ions into the tissues by means of the galvanic 

current is coming more and more into use. Faradisation, » 
or better still, galvano-faradisation, may be used to relieve — 
pain, and to combat the atrophy which follows. These 

cases may also be treated by the sinusoidal current, by ~ a 
static electricity, or by high frequency. The following are 
the directions for treatment in each case. 

Lumbago. 1. A continuous current is to be applied by @ 
means of a large anode 100 sq. cm. on the painful region, ; 
and a large indifferent cathode 400 to 500 sq. cm. on the 
abdomen. The large anode should be employed as active 
electrode since it diminishes the excitability of the nerve. 

Intensity, 60 to 100 milliamperes; duration of seance, 
20 to 30 minutes; repeated every day or’ every second day. . 

When safiGylates are indicated, an active cathode T00 sq. 

cm., should be soaked in a I per cent solution of sodium 
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B cvlate. If iodine is preferred, the cathode may be soaked 

in a 1 per cent solution of iodide of potassium. 

In an acute.case if we can treat the patient from the 

q | ee cceneni, we may direct the effleuve from the static 

machine on the painful region for a period of 10 to 15 

minutes, giving a seance every day. The static effleuves 

may be replaced by those from a high frequency apparatus. 

2. If the foregoing remedies ‘fail, we may have recourse 

to the sinusoidal current by means of an electric bath at 

a temperature of 97°F. One pole of the apparatus should 

be joined up to.a number of electrodes hung round the sides 
of the bath, which should be made of some insulating 

material. The other pole should be applied to the lumbar 

region. The patient should be sensible of a slight tetanisa- 

tion of all his muscles. 

4. In cases of atrophy of the muscles following acute 
lumbago, rhythmic faradisation, or rhythmic galvano-fara- 

disation may be employed, as for muscular:atrophy. (377) 
Torticollis—The same mode of treatment should be 

adopted. The active anode should be placed .on the trape- 

-zius or the sterno-mastoid as the case may be. In conse- 

quence of the shape of the region affected, the electrode will 
be a small one and a current of 15 to 20 milliamperes will 

suffice. Labile galvanisation by means of a positive roller 

passed over the painful region gives excellent results. A. 

current of 15 to 20 milliamperes may be used. As with 
lumbago, we may use the faradic current or the galvano- 
faradic current. The discharge from a high frequency ap- 

paratus may also be employed by means of a condensing 

electrode, which is less painful than a pencil or brush. 

B. AFFECTIONS OF THE NERVES, 

Neuritis—Polyneuritis—Paralysis of peripheral origin— 
Neuralgia. 

380. Polyneuritis—Neuritis is usually due to a de- 
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structive alteration of the axis cylinders or of the myeline _ 
sheaths of cellulifugal or cellulipetal nerves. The lesions 
are usually localised in the smaller branches, and are causeq. 
either by cold or some toxic or infectious agent. The prin- 
cipal varieties are saturnine polyneuritis, alcoholic polyneuy- 
ritis and diphtheric polyneuritis. ) 

Saturnine polyneuritis has many points of resemblance : 
to polyomyelitis and manifests itself by rapid and pro- 
gressive paralysis, followed by muscular atrophy.. 

Alcoholic polyneuritis, which shews itself by incoordina- | 
tion of movement and ocular troubles, has some points of © | 
resemblance to tabes. It is important therefore to be cer- 
tain of the diagnosis. 

Electro-diagnosis.—All varieties of neuritis are 
ised by DR more or less complete. 
it comes on early and is very complete, whereas in alcoholic 
polyneuritis it is incomplete and in diphtheric polyneuritis — 
it is absent. This last form has s 
place it in a category apart. . | 

Saturnine polyneuritis.—Lead palsy, which is chiefly 
motor and but slightly sensitive, is accompanied by early 

pecial characters which 

muscular atrophy and early and complete DR. The DR | 
may be recognised by testing certain muscular groups ac-- 
cording to the part which is paralysed. In paralysis of the 
upper-arm, it is the extensors of the fingers that are chiefly 
affected. The supinator longus is not affected, contrary 
to what takes place in paralysis of the fore-arm. The 
anconeus is also unaffected in lead palsy. In the brachial -— 
type, the deltoid, the biceps, the brachi&lis anticus and the 
supinator longus are affected. In the leg the extensors of 
the great toe, the peronei, and the tibialis anticus are para- 
lysed. : 

Alcoholic polyneuritis—Alcoholic polyneuritis is of a 

character-_ 
In saturnine polyneuritis — 

a 

~~ velum palati and the pharynx, dnd more rar 

i O 
/ it has also a special value aS a means 

. over, augments the excitability of t 

MS Ryans URO-SENSITIVE SYSTE 
-MUSCULAR AND NE NEURO 

The sensitive nerves are attacked even be- 

s DR comes on later and is less com- 

It occurs chiefly in the extensor 

mixed type- 

fore the motor nerves. 

plete than in lead palsy. 
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oT cree of these post-diphtheritic complications is not 
e ine 

Vell established. In some cases the muscles are chiefly 1 
fe we : 

lved, in others the nerves, in others the cells s the oF 

for ‘cornu, while in still others there may be no ap 
e 3 
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Electric exploration is not only useful for diagnosis, 

f prognosis. "e 

rognosis is unfavourable 

oo os Eo ES a Ae by longitudinal 

aa oe ee partial DR, if the malady is at its height, 

tier ae On the other hand in neuritis a jrigore, 
is O 

: 

complete DR is not of such grave BEng Reps 
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The Choice of the actwe electrode.— e ie 

the subject of electro-therapeutics, it may oan tee 

down the general rules which guide us fDi Re eee 

whether the active electrode shall be an anode ome 

The negative pole has a resolvent action on C a 

flammations and more particularly on ee ee 

the cicatricial process, and formation of si oo anes a 

: important point in the electro-therapeut
ic treat aan 

‘n and spinal cord. The negative pole, 

ee he nerve (cathelectro- 

tonus) and is thus useful in paralysis. © 
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The positive pole, on the contrary, diminishes the excita- 
bility of the nerve. Its action is sedative and depressant, 
(Leduc.) 

In the diseases we are about to consider there are two 
opposing symptoms, wz., pain and paralysis. The cathode. 

» Should be the active electrode in the treatment of paralysis, ~ 
the anode should be used for the relief of pain. 

Electro-therapeutics.—General treatment of all polyneu- 
riteis.—Electrical treatment should not be commenced until 
the cause has ceased to act. The best means of treatment . _ q | 
is that by means of the continuous current, a large indifferent 
electrode being applied to the roots of the affected nerve, and | 
a large active electrode on the peripheral region, The rule 
for the sign of the active electrode is given above, i.e., the- 
anode for pain, the cathode for paralysis. Atrophy should — 
be treated by faradisation or, better still, by rhythmic gal-. 
vano-faradisation. : 

If there is DR with inversion of the normal formula, we 
may use the galvanic current with rhythmic interruption. A 
metronome may be used giving one beat per second. The 
positive pole should be applied to the motor points. 

Sinusoidal voltaisation has given excellent results in the 
hands of some experimenters. (Regnier, Bordier.) 

Saturnine polyneuritis. 1. The affected nerves should 
be galvanised. When the fore-arm is affected, a cathode of 
30 sq. cm. should be applied to the back of the hand. When 
the upper arm is attacked, a cathode of 100 sq. cm. should 
be applied to the front and lower part of the arm. When 
the leg is attacked a cathode of 100 sq. cm. should be ap- - 
plied to the dorsum of the foot, the ankle and the front and 
outside of the leg. The cathode is chosen as the active elec- 
trode because in saturnine polyneuritis, the disease affects 
the motor rather than the sensitive nerves. The indifferent 
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Piectrodes should have a surface of at least 200 sq. cm., and 

should be applied to the nape of the neck or the loins, ac- 

cording to the situation of the paralysed muscle. A seance 

| (of 10 to 15 minutes should be given daily at first, and after- 

wards every other day. With a cathode of 20 sq. cm. the 

intensity should be 10 milliamperes. With larger cathodes, 

we may give 15, 20, or even 30 milliamperes. 

| 2. The atrophied muscles may be treated by means of gal- 

yano-faradisation, the active electrode being applied to the 

motor point of each muscle. In accordance with the gen- 

eral law, the active electrode should be connected to the : 

negative pole. If there is no apparatus available to inter- 

rupt the current periodically, this may be done by hand, in 

‘order not to fatigue the muscles by sustained contractions 

of too great duration. The treatment should be repeated 

every day or every other day. 3 2 

If the muscle does not react to the gdlvano-faradic current, 

we may employ a galvanic current, interrupted by a metro- 

nome beating seconds. The active electrode should be an 

anode, as there is inversion of the normal formula, and ACC 

appears before KCC. We may increase the current to the 

limit of tolerance, and if this is not successful, we may trans- 

fer the active electrode to the lower extermity of the muscle 

so as to get longitudinal reaction. In this case the active 

electrode should be a cathode. In many cases one may 

employ an electrode large enough to cover the motor points 

of several muscles, and thus obtain the simultaneous con- 

traction of a group of muscles. : 

3. Static electricity may be used in these cases, by means 

of the static spark or Bergomié’s excitateur, or high fre- 

quency sparking may be employed. The treatment is usually 

protracted, lasting several months. bo | 

Alcoholic polyneuritis. 1. Galvanisation. The anode 
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should be used where there is much pain, and the 

cathode if the symptoms are chiefly paralytic. An active 

electrode of 60 to 100 sq. cm. should be applied to the back 

of the foot and ankle, and the front and outer part of the leg. 

The indifferent anode should have a surface of at least 
200 sq. cm. and should be placed over the loins. When the .. 
extensors of the arm are affected, the treatment is the same © 

: of as. for saturnine neuritis in the same situation. °°. « * 

The duration and number of the seances is the same as 
for saturnine neuritis. 

2. Galvano-faradisation may be employed in the same 4 ; | 

manner as for saturine neuritis. 

3. Static electricity or high frequency may also be used. 

The treatment is protracted, lasting at least six or eight- 

weeks, and often longer. ? 

Diphtheritic polyneuritis—The best treatment is faradisa- - 
tion. (Duchenne, Erb.) Galvanism is more difficult to ap- 
ply and not so efficacious. The paralysis of the velum 

palati is greatly improved by general faradisation, not di- 

rected especially to the paralysed part. 

rents. 

The following is the technique of the treatment by fara- 
disation. One of the electrodes with a surface of 100 sq. 

cm. is applied to the neck. The other electrode consisting 
of an arm-bath or foot-bath is connected to the negative 

pole of the coil. The duration of the seance is 15 minutes. 

and the intensity should be limited by the sensation of pain. 

The treatment may be repeated every day or every other. 
day. In ordinary cases a cure will result in about a month. 

In order to avoid paralysis of the diaphragm we may fara- 

dise the phrenic nerve. The active electrode should .be 

placed just above the clavicle at the outer border of the 

sterno-mastoid (Rockwell). For electric treatment of the 

Larat prefers the treatment by means of sinusoidal cur- 4 
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velum palati see par. 386. 

381. Neuritis of single nerve trunks.—Neuritis of 

| a single nerve trunk is usually traumatic, and caused by a 

prick, cut, contusion, or fracture. It may be caused by a 

tumour or by exposure to cold, or by some general affection, 

such as is sometimes followed by polyneuritis., 

According to the severity of the lesion and the nature 

of the nerve attacked, the neuritis may be accompanied by 

motor paralysis, or by alterations of sensation such as hyper- 

sesthesia or anzesthesia. : 

Electro-diagnosis. The same as for polyneuritis, but in 

this case the gravity of the prognosis does not correspond 

with the degree of DR. We must take into consideration 

the cause of the neuritis. 

Electro-therapeutics. An isolated neuritis should be 

treated in the same way as a polyneuritis. The nerve should 

be treated by galvanisation, and the muscle by faradisation, 

or by rhythmic galvano-faradisation, with variable inter- 

ruptions. Fatigue of the muscle should be carefully avoided. 

We may take the treatment of sciatica as an example. 

Isolated neuritis of the sciatic nerve. 1. Galvanisation of 

the sciatic nerve. A large indifferent cathode of at least 

200 sq. cm. is applied to the lumbar region, The anode 

consists of a foot-bath or a large electrode of cotton wool and 

gauze bandaged round the ankle and lower part of the leg. 

Duration 10 to 15 minutes.—Intensity 10 to 30 milliam- 

peres.—Seances every day or every ‘second day. 

9. Faradisation or galvano-faradisation of the affected 

muscles. The active cathode is applied to each motor point 

and each muscle is made to contract rhythmically by means 

of the rhythmic interruptor, og by periodic interruptions 
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made by hand. (380) Seances every day, or every -othier : 4 _ a - Secondly, we must ask ourselves what is the cause of the 

day, aan -  oaralysis. There are four principal varieties. 
If the muscles do not react to the faradic current or the 4 

galvano-faradic current, a galvanic current interrupted by 
means of a metronome should be employed. If there is in- 

version of the formula the active electrode should be the 

anode. A group of muscles may be treated simultaneously. 3 

Other methods. Denoye and Bordier recommend the 
direct application of high frequency currents, using a metal- 
lic plate of lead or tin on the loins and another just below _ 

the calf. The electrodes are connected to the d’Arsonval . - 
self-induction helix——Seances of Io minutes’ duration re-° 
peated every other day. 

In all cases of neuritis electrical treatment should be im- - 

mediately stopped on the occurence of phenomena of con- 

tracture. Oe 

382. Herpes zuster.—Obstinate cases of herpes Toe 
may be treated by galvanisation. A large anode should be 
placed on the spine over the roots of the affected nerves, 
and one or more negative electrodes on the skin of the 
affected region, taking care to avoid the points of eruption. 
—Intensity, 5 to 15 milliamperes.—Duration, 10 minutes 
every day or every other day. : oa 

383. Paralysis due to peripheric causes.—There are 
some paralyses of peripheric origin, which are not part: of a 
neuritic process. We shall give the most important of these, 
and discuss the central lesions and general diseases giving 
rise to similar symptoms. 3 v 

384. Facial paralysis—When we are called to treat 
@ case of facial paralysis there are several questions to be 
considered in making a diagnosis. Firstly, we must be care- | se. : = 

ful not to mistake for paralysis a contracture of the opposite SS Ob Lene ae Genera: OS 

side, which makes the healthy side look weak and flabby ‘by q - a frigore in rheumatic cases from exposure to cold, trat- 

contrast. | me hee. —y matic paralysis resulting from compression by means of the 
‘) 

Corrugator Supereiflif Orbicularis Palpebrarum Zygomaticus Minor Depressor Ale Nasi Zygomaticus Major Depressor Lab. Inferioris Depressor Anguli oris Levator Menti 
. Lev. Lab. Sup. Aleeque Nasi 

s Occipito-frontalis 
- Pyramidalis Nasi - Lev. Lab. Superioris 

—_ 

‘> Orbicularis Oris 

the Facial Nerve (Eichhorst). 

. 68—Motor Points of the Muscles of the Face supplied by Facial Nerve 

Stylo-hyoid Muscle 

Digastric Muscle 

Temporo-Facial Nerve 

Retrahens Aurem Muscle Occipito-Frontalis Muscle 

Auricular br. of Facial Nerve Lower branch of Facial Nerve 

Fig 

= 
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forceps in labour, paralysis due to a syphilitic tumour of the ae 
parotid, or to neuritis as described in par. 381, | 

b. Paralysis of intra-temporal origin from fracture, otitis, 
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not A ail, according to the degree of DR, whether partial 

, complete. ee ait 

: Electro-therapeutics. When the paralysis is due to a 

a ae ) | ; risin, the treatment should follow the 
syphilitic periostitis or tuberculous caries of the petrous por- Jesion of central origin, 

| . treatment of hemiplegia. (411 and 
tion of the temporal bone. In these cases we get interfer- -_ rules laid down in the treatme p 

‘ 5 ° ° SEE Py : ae) 4 a AI2. a ‘ ta a with hearing, with a bitter taste and diminution of the ©  _ 4 - the paralysis is of peripheral origin, we should 

hc oe ee = 7 treat the affected nerve as well as the muscles. The nerve 
c. Paralysis of the 7th nerve due to lesion of the medulla ~ | 

and pons below the point of crossing of the fibres of the 
facial, and above that of the pyramidal tract, or to an alter- — 
nating hemiplegia, i.e., a hemiplegia which is direct for the : 
face, and crossed for the limbs. 

d. Paralysis of the 7th nerve due to hemorrhage or soften- 
img. In these cases the orbicularis palpebrarum remains un- 
affected, probably on account ofthe existence of commisural . 
fibres between the nuclei of origin of their motor nerves on 
either side. The two latter classes will not be discussed 
here as they belong more properly to a later chapter. 

Electro-diagnosis. We may here recall the anomalies of 

electrical reaction which are produced by lesions of the ~ 
brain and spinal cord. 

1. In facial paralysis of central origin, we find only a, 
quantitative modification of galvanic and faradic excitability 
which is greater or less according to the extent of the lesion. _ 

2. When the paralysis is due to neuritis, DR sets in from 

six to eight days after the commencement of the paralysis. 

When DR does not occur between the 6th and toth day the 

case will probably recover in from two to three weeks. 

When at the same period, there is no DR, but the faradic 

excitability is diminished, while the gaivanic excitability is 
increased, the case will probably recover in from six to 

twelve weeks. Finally, when DR occurs, we may expect 
the paralysis to disappear after three to eight months, or 

- ig to be treated by the galvanic current. A large indifferent 

anode of 200 sq. cm. is placed on the back of the neck, and 

"an active cathode covering one side of the face is applied 

with firm pressure to the trunk of the facial below the ear. 

-Tntensity: 10 to 15 milliamperes—Duration: Io minutes.— 

Seances at first every day, afterwards every other day. — 

After ten days, we may begin to treat the muscles with 

galvano-faradisation, by means of a small electrode of 3 or 

“4 sq. cm. applied to each motor point. We should be care- 

ful not to fatigue the muscles, and should therefore give only 

short seances and make use of the rhythmic interruptor in 

order to interrupt the current periodically. | 

If any signs of contracture should appear, the use of the 

faradic current should be stopped, and the treatment may 

be continued by the application of the galvanic current in 

small doses. 

38s. Paralysis of the motor branch of the trigeminal 

nerve.—This affection is very fare, but is of grave 

augury, since it is usually caused by intra-cranial lesions, 

tumour, gumma, etc. Its signs are paralysis of the muscles 

of mastication, and paralysis of the pterygoid muscles caus- 

ing deviation of the jaw to the affected side. It may be fol- 

lowed by contracture. When caused by intra-cranial lesion, 

Eichhorst recommends bilateral galvanisation of the cran- 

jum, and faradisation of the masseter and temporal which 
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— Le * a -_. ... lied to the back of the neck and a cathode to the 

fe eee epoas Ree. 5 eee: bie ented - a | a are the only muscles easily accessible. The nerve itself may $$ —— anode 1s app g ide. This should be ; : ear. 3 4 lateral surface of the affected s1 s ee using an active cathode as in the treatment of (a g a - faradisation of the paralysed muscles. acial paralysis. 

Temporal Muscle | 

me. : 
a ‘sterno-mastoid 

Muscle 
Masseter Muscle e. spinal Accessory =: E Nerve 

oe 

"Trapezius Muscle — 

q 

s of # ee q Fig. 7o—Motor Points of the Sterno-mastoid and Trapezius Fig. 69.—Motor Points of the Temporal and Masseter Muscles: : _ oo : Micics 

— : : In.cases where there is a lesion of the central nervous 

system, Hichhorst recommends galvanisation of the ek 

The treatment of paralysis of the internal branch of the | 

spinal accessory nerve necessitates a special technique. , 

= The palate may be treated directly by means of the Te 

electrode designed by Bordier. The extremity shou : 

well padded with moistened cotton wool eee we 

gauze. The indifferent electrode being placed on t ae : 

/we begin by giving the galvanic current for a few minutes 

22 

386. Paralysis of the spinal accessory nerve.—The 
spinal accessory nerve has two branches, the external branch 
supplying the sterno-mastoid and trapezius, and an internal 
branch going to the velum palati. 3 

Paralysis of the external branch is accompanied by loss of 
power in the sterno-mastoid and trapezius muscles. It is 
usually caused by exposure to cold, traumatism, tumours Ser 
abscesses of the neck, and affections of the cervical column, 
The treatment consists in galvanisation of the nerve. An 
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° Ss ; A “4 x 

with the negative pole on the palate, after which we give q | 
one or two minutes’ faradisation or galvano-faradisation, 

interrupting the application as often as necessary. A cer- 

tain amount of stimulation of the palate may be produced 

by stimulating the external branch of the spinal-accessory 

going to the sterno-mastoid or trapezius muscles, the stimu- 

lus being transferred to the internal branch. supplying. the 
palate. With children or exceedingly nervous persons, this 

is frequently all that can be done. 
387. Paralysis of the musculo-spiral nerve—The  ~ 

usual causes of paralysis of this nerve are cold, compression " ~ 
\ 

The sensory territories corresponding to the branches of 

, 2 the musculo-spiral nerve are represented in Figs. 63 and 04. 
= 4 Paralysis of this nerve may be easily recognised by raising 

‘ the arm horizontally, when the hand drops in a position 

of semi-pronation and the patient is unable to flex the wrist 

or fingers. | 7 . | 

Electro-diagnosis.—Electro-diagnosis gives almost the 

same results as in the case of paralysis of the 7th nerve, with 

the exception of DR, which is very rare. In paralysis from 

compression, usually produced during sleep, only slight 

dit tism. It is a mixed paralysis, characterised by - g quantitative fuodifications occur, andi the paralysis see Os and traumatism. F 3 a 
4 .. is form, the pressure occurs on that portion 

anzsthesia and motor paralysis. The muscles affected are appears. In this tor Pp Pp 
= _ erve which winds round the shaft of the humerus, 

the triceps, the supinators, the radial extensors, the extensor _ q _ of the n 
Erie sf : nimi- digid, (hee * and hence the triceps muscle is pas ee its ce 

communis digitorum, the extensor min ; ex MY off hich up. We should alco remember 
e e : ° SU p Wi 1S $2 ve g 

tensor carpi ulnaris, the anconeus, the extensors ossis meta- in peripheric paralysis of the musculo-spiral nerve the 

carpi pollicis, the long and short extensors of the thumb, . 
Rc ee ne long supinator is paralysed, whereas this is not so in the 

and eee andics (ey) ke case of saturnine paralysis of the extensors. To demon- 

re : | 3 strate this, the fore-arm should be placed in a position in- 
melcepa Gnner head) 7 head) Eetoneo } i 4 3 termediate between pronation cn wee MS a 

Extensor Carpi Radialis brevior Soe aa Radia , : | Be: the Bavent to flex the Moe e a ee ae ae = Extense2 Copeman Digtorin (Carpi Ulneria, “oe me Lf it is not paralysed, the supinator longus will start out into 

i. aoiensce eee ae | eae A _ strong relief. : ee 

Sas eee | Pi (is 3 q 3 a Electro-therapeutics. We begin with galvanisation of 

Extensor Secundi eee | | 4 eS] .. \ 3 ag the nerve, with an indifferent anode of at least 200 sq. cm. 

Bie | (ks 3 : at the back of the neck, using an arm-bath as cathode, or 

a flexible electrode of 100 sq. cm. bandaged to the back and 

_ outside of the fore-arm and wrist.—Intensity : 20 to 40 milli- 

E @ amperes.—Duration: 10 minutes——Seances every day or 

: every second day. 
\ > —- The muscles should be treated with the galvano-faradic 

: S | _ current, interrupted by the rhythmic interruptor. The active 
we : © eee clectrode is applied to the motor points of the affected Fig. 71.—Motor Points of the Musculo-spiral Nerve. q _— 
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| severe forms, with advanced trophic alterations, the hand 

takes the form of a bird’s claw. Fig. 73 and 74 shew the 

motor points of the affected muscles. . 

muscles, and the treatment should be continued for only a 
few minutes. ee 

388. Paralysis of the median nerve.—This affection 
which is very rare, usually results from luxation, from 
traumatism or from compression due to the formation of 
callus after a fracture. The symptoms differ according ton 
the position of the injury to the nerve. 3 

y Abductor Minimi Digiti 
ae 

‘{nterossei 

Fig. 73,—Motor Points of the Ulnar Nerve (Dorsal Surface). 
Median Nerve 

Flexor Sublimis Digitorum 
Flexor Brevis Pollicis 

- Flexor Profundus Digitorum 
z Opponens Pollicis 

Palmaris Longus 
- Abductor Pollicis Adductor Pollicis 

ist and 2nd Lumpbricales : 390. Paralysis of the nerves of the upper arm.—There 

are ntimerous instances where paralysis may affect the ter- 

‘tritories of two or more nerves at the same time. We shall 

only allude to two of these. One is caused by contusion, 

- luxation or fracture of the shoulder, and is characterised by 

atrophy of the deltoid. The other is paralysis of Erb’s 

plexus, limited to paralysis of the deltoid, the biceps, the 

brachialis anticus and the supinator longus. In these at- 

fections, which differ greatly according to the severity of 

the original lesion and the degree of neuritis and muscular 

atrophy, we must combine the galvanic with the faradic cur- 

rent, as in paralysis of the musculo-spiral nerve. The 

motor points of the muscles supplied by the ulnar nerve are 

given in Plates V and VI. For further information on 

muscular atrophy we may refer the reader to par. 377. 

_——== Pronator Radii Teres 

- Flexor Longus Pollicis 
— Median Nerve “at BS 

Fig. 72.—Motor Points of the Median Nerve, GAS 
Fig. 72 shews the motor points of the affected muscles, | 
The treatment is the same as that given above for musculo- 

spiral paralysis. It consists of galvanisation of the nerve, 
and galvano-faradisation of the muscles. ( 387) 

389. Paralysis of the ulnar nerve.—The same may be 
said of paralysis of the ulnar nerve, which is usually of 
traumatic origin. It affects the muscles of the hypothenar 
eminence, the interossei and the 3d and 4th lumbricales. In 
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391. Paralysis of the diaphragm.—Paralysis of the apie 

phragm may be partial or total. It is met with in the course — 
of pleurisy and peritonitis, or it may be a result of neuritis — 

Ulnar Nerve 

Ulnar Nerve 

Ulnar N erve 

Abductor Minimi Digiti . Flexor Brevis Minimi Digiti 

Opponens Minimi Digiti 

Flexor Carpi Ulnaris 

Fig. 74.—Motor Points of the Ulnar Nerve (Palmar Surface). 

of the phrenic nerve of saturnine or diphtheritic origiit. 
The dyspnoea usually comes on in paroxysms when BG Tespi- 3 
ration is increased by the least exertion. 
Radio-diagnosis—The radioscopic examination of pa- 

tients suspected of paralysis of the diaphragm is of the 
greatest utility, both for diagnosis and for following the 
progress of the disease. When paralysis is complete, the 
diaphragm no longer sinks at each inspiration, but is drawn 
slightly upwards in consequence of the diminished pressure 
in the chest. Thus we may say that diaphragmatic move- 
ment becomes less and less with the progress of the malady. 
and is reversed when the paralysis is complete, 

® 
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The examination of the diaphragmatic incursion is made 

in the following manner. ‘he patient is placed in front of 

the tube carrier as if for ortho- -diagraphy of the heart. The 

normal ray is brought opposite to the right half of the dia- 

phragm, and is then lowered to the level of the lower limit 

of the diaphragmatic incursion during normal respiration. 

We then mark this level with a Faber’s pencil on the screen. 

In the same way we mark the upper limit of the diaphrag- 

matic incursion. Afterwards with a dotted line we mark 

the corresponding levels with forced respiration. A cor- 

responding observation is made on the left side and the 

pencilled lines are then taken off on transfer paper. The 

median point of the upper sternal notch is marked as a point 

ef reference. I first exhibited this method for the examina- 

tion of the movements of the diaphragm at the Congress of 

Paris in 1900, before the introduction of orthodiagraphy. 

It should be of great service to clinical medicine, not only in 

cases of true paralysis of the diaphragm, but also in a num- 

ber of cases where its function is altered by reflex action, 

neurosis, or other causes. The instruments designed since 

igor in Germany for the orthodiagraphic measurement of 

the area of the heart are not so suitable for this purpose, 

, as they do not afford so extensive a view of the thoracic 

contents. 

Electro-therapeutics—The phrenic nerve should be 

treated by means of the continuous current. A large anode 

may be placed on the neck and a small cathode on the trunk 

of the phrenic nerve between the two insertions of the 

sterno-mastoid. Or we may place a small anode on the 

phrenic and a large cathode on the epigastrium and hypo- 

chondrium. A current of 5 to 10 milliamperes should be 
employed. The seance may be terminated by excitation by 

means of the faradic current. The contraction of the 
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diaphragm is accompanied by a loud sound indicating the 
penetration of air into the respiratory tract. ea 

392. Paralysis of the anterior crural nerve.—In this 
case, the psoas and iliacus, the sartorius and the extensors 
of the thigh are affected, and frequently undergo secondary 
degeneration. Zr el 

The electro-diagnosis and the treatment are the same as 
for paralysis of the musculo-spiral nerve. The anterior 
crural nerve is only accessible just below Poupart’s ligament. 
The motor points are given in Plates VII and VAI: 

oot 

393. Paralysis of the sciatic nerve.—This affection is 
fairly common, as the result of traumatism, compréssion, 
neuritis or exposure to cold. The following are the symp- 
toms of the different varieties dependent on the part of the *- — 
nerve affected. 

ee ie ' When the nerve is injured near its origin, the upper 
collateral branches will be affected, causing paralysis of the — 
obturator internus, the gemelli, the quadratus femoris, the 
semitendinosus and semi-membranosus muscles. The ad- 
duction of the thigh and the flexion of the leg are interfered 
with. 

When the paralysis affects the peroneal nerves, the fol- 
lowing muscles are affected, the tibialis anticus, the extensor ° 
communis digitorum, the extensor longus pollicis, the pero- 
nei, the extensor brevis digitorum and the extensor proprius 
pollicis. The extension and adduction of the ankle is inter- 
fered with, and the foot is placed in the position of varus 
equinus, with dropping of the toes and the external border 
of the foot. 

If the paralysis only affects the popliteus internus, the 
following muscles are paralysed, the gastrocnemius, soleus 
and plantaris, the popliteus, the tibialis posticus and the deep 
flexors of the toes. The foot is placed in the position of 
talipes valgus, with its point and external border raised. 
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. -di sis may be made in the way previously 

ee ier meatier ie the facial and musculo-spiral 

Be cement will consist in the use of the continuous cur- 

% ith an indifferent anode over the loins and a foot- 

ee ctive electrode attached to the negative pole. This — 

os s Pei red by the rhythmic galvano-faradisation ap- 

ae the motor point of each muscle. : 

: 394. Other forms of paralysis——The above are the 

’ forms of paralysis most frequently met with. There are 

other forms affecting special nerves or organs, co = 

paralysis of the recurrent nerve, of the sphincters = 7 e : ; 

bladder. We shall allude to these under the hea ing a, 

propriated to each particular organ. Thus the oo : 

the larynx, of the throat and of the nose will be treate 

separate paragraphs. The paralysis of the velum es - 

is described under that on the spinal accessory i: 2 

paralysis of the recurrent nerve we must refer the reader 

par. 516, and for that of the bladder to par. 473. 

395. Neuralgia—Neuralgia may be a concomitant of 

neuritis, or it may appear without any sign of Hen® in 

which case its pathology is exceedingly obscure. It may 

follow traumatism or exposure to cold, or it may ae 

on general causes such as rheumatism, gout, diabetes, syph- 

ilis, infectious diseases such as paludism, toxic diseases or 

neuroses. In many cases the etiology is unknown, and : 

may then be considered a part of the arthritic diathesis, o 

which it may be the only manifestation. . 

Proper electro-diagnosis is impossible in this 8 

When, however, neuralgia 1s accompanied by muscular 

atrophy, both are probably due to neuritis. In this case 

electro-diagnosis may enable us to recognise the organic 

cause of the affection. — 



346 PART III—CHAPTER I 
N 

Electro-therapeutics. The electrical treatment will vary 
according as the neuralgia is due to a general or to a local, 
cause. If to a general cause, this must be treated by the 
usual therapeutic measures. In neuralgias entirely depen- 
dent on local causes, we may employ galvanism followed 
by faradisation or electric counter-irritation. In neuralgias 
dependent on general causes, the electric treatment includes 
general faradisation, static electricity, the electric bath atid: 
high frequency currents. 

‘I. Continuous current—tIn most cases, the treatment par 
excellence for neuralgia is that by the galvanic current, Elec- 
trodes of large area should be employed, thus enabling us ‘to 
give currents of considerable intensity. The usual dose is } 
one-tenth to one milliampere per square centimetre of sur-. 
face. 

Some patients, however, can hardly bear one-twentieth 
of a milliampere per square centimetre. Bergomé, Bordier, 
Guilloz, Vernay of Vienna and others employ strong cur- 
rents having an intensity of 1 milliampere per sq.cm. Guil-’ 
loz gives as much as 3 milliamperes per sq. cm. even for the 
face. The intensity of the current is limited only by the 2 
risk of injury to the patient’s skin and to his powers of en- 
durance of pain. iid 

Here, above all, we must look to the state of the elec- 
trodes. Each patient should have a fresh electrode. ‘This 
should be covered with wool and gauze and adapted to the _ 
region which is affected. The electrode should be a thick 
one, so that the density of the current may be the same over 
the whole surface. This will not be the case when the 
electrode is unequally oxidised and covered with thin felt - 
unequally applied. . 

Leuilleux employs electrodes made of asbestos. 
The choice of the metal for the electrode is important, 

; 
bi 

i 

positive P 
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ishes wi use of the intense currents 

a es, seme results are obtained with 

ad or platinised copper. (Bordier.) The active 

2 usually connected to the positive pole. The 

ole diminishes the excitability of both te 

d motor nerves, although the effect soon passes off. 

ts lenberg, Erb, de Watteville, Waller, Leduc.) Other ex- 

Be rsenters have obtained equally good results by using 

aluminiu 

electrode 

the negative pole as the active electrode. The choice of 

the pole in all cases may not be of great pete 

‘s better to adhere to the general rule and employ Las 

tive pole as the active cathode when there is great ex 

ility. 

A ie seances should be fairly long. The old ce ae 

short seances of feeble intensity is being gra ee 

abandoned. A seance may be given every pene . a 

two days, the duration varying from 30 to 85 oe ie 

cording to circumstances. Occasionally as gt stare 

seances a day may be required. (Vernay.) a Me 

current gives excellent results in cases of ae i: ee 

gia and neuralgia of rheumatoid origin. When ans 

fection is the result of general causes, the treatment 1s m 

less efficacious. | 

In addition to the continuous current for neuralgia, ae 

have the treatment by the electrical introduction of chemica 

ions into the tissues, a method which is yet in its oa 

but which promises a vast field for practice in the future. 

Leduc. | a 

2 Be application producing cole or 

revulsion.—Faradisation.—In the treatment of oo a? 

when pressure on the affected nerve eases the pain, ock 

well recommends the use of the faradic current, the ga vanic 

current being preferable when pressure increases the pain. 
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By Duchenne’s method, faradisation may be applied by — s 4 
means of a metallic brush attached to the negative pole of. 
the induction coil, the positive electrode being placed on an _ 
indifferent region. : 

The skin should be quite dry. For this purpose Duchenne ‘ 
rubs it over with some absorbent powder such as starch or. 
lycopodium. If preferred vaseline may be used instead of — 
starch. : 

Duchenne found by experience the importance of this _ 
precaution, the reason for which may be explained in the - 
following manner. 

When an electric circuit is composed of segments of dif- 
ferent material, with different resistances, the greatest fall 
of potential occurs between the points which are separated _ 
by the greatest resistance. In the case in question, the 
circuit is composed on one side of the positive rheophore, 

< 

the moistened indifferent electrode, and the body, while omit 
the other side it consists of the negative rheophore and the 
metallic brush. The whole of this resistance is negligable 

in comparison with the enormous resistance offered by the 
dry integument, where it is in contact only with the small 
points of the metallic brush. Since the electric energy in 
any part of the circuit depends on the fall of potential, the 
greater part of the electric energy will be concentrated on 
the points of contact with the skin. Here the density of the 
current will be a maximum, the ends of the metallic brush — 
concentrating the electric energy on excessively small areas 
of the skin. The revulsive action of the faradic brush 

compares favorably with other methods, of counter-irrita- 
tion by blisters, cauterisation, etc. The effect is often most 
marked, the patient being relieved after a few minutes’ ap- 
plication. 

The procedure known as the “electric hand” may also be usefully employed. The faradic current passing through 

* 

the body 0 

Although 

Viorton reports good re 
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£ the operator may be transmitted to the patient 

of his hand passed gently over the painful region. 

far inferior to the foregoing, with nervous pa- 

ay prove of use. 

a melas oe electricity—High frequency.— 

ee sults from the use of the currents 

hich go by his name. Weill recommends the use of Ne 

ae nts. In his method the positive armature of the 

er ane c earthed while the negative armature 1s con- 

a 4 the ecrode 4 rheostat being placed between 

Be asture and the exciting electrode. (33 5-) gta 

The exciting electrode is passed over the skin along. 

by means 

Bishop of Washington recommends this procedure even in 

ritis. | 
cases of neu | it 

Static electricity may also be used as an energetic 

of revulsion. 

The high frequency currents act in the same way. They 

= j electrode, or may be applied by means of the condensing 

with a metallic brush, or with a charcoal electrode ae 

er the skin. This method has given most excellent a 

Dies in my own practice. The relief of pain is ne 

though the improvement does not appear to be so dura 

e galvanic current. 

es ine Static. Electise sparks or high ae os 

- fleuves, the skin should be dried in the same manner 

: aradic revulsion. 

Pie, Poin neuralgia — Trigeminal aero 

painful points of Valleix. The trigeminal ee: ee 

from the gasserian ganglion, breaks up into t be ane 

the ophthalmic, the superior maxillary, — : e es 

maxillary. In facial neuralgia there are a num . . u a‘ 

cially painful spots. These correspond to the poin : de 

of the nerves from the skull. They are also found a 

SF ES aR I HET ~ eee 

nog ee SE a ee Ra 
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points of emergence from a muscle before the nerve enters. 
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AGB are of inferior value. When the neuralgia is due to 

eneral causes, such as paludism, syphilis, diabetes or hys- 

teria, the general condition should be carefully attended to. 

Technique. A large indifferent cathode of 300 to 500 sq. 

cm. is placed on the neck. The active cathode should cover 

the entire side of the face, leaving apertures for the eye and 

Baouth. (Fig. 75.) 

the skin, and in certain areas where the nerves spread out 
in the integument. ef 

1. In neuralgia of the ophthalmic nerve a palpebral pain- 
ful spot may be found at the outer part of the upper evelid 
where the lachrymal branch of the ophthalmic nerve 
emerges. There is a supra-orbital point where the frontal 
branch of the ophthalmic nerve issues from the supra-orbitaf 
foramen. There is a nasal point where the external branch 
of the nasal nerve emerges at the internal angle of the eye. 
Lastly there is a naso-lobular point where the internal branch | 
of the nasal nerve expands over the lobe of the nose. | 

2. In neuralgias of the superior maxillary nerve, we get 
the sub-orbital point, at the sub-orbital foramen, the malar 
point where the temporo-malar branch spreads out over the 
cheek, and the dental points. : | 

3. In neuralgia of the inferior mavillary, there is the. 
auriculo-temporal point, where the nerve of that name, hay-- | 
ing passed round the neck of the condyle of the jaw, divides — 
to supply the external ear and temple. We have also the . 
spot over the mental foramen where the dental nerve 
emerges, the dental points and the lingual points. \ ae 

These painful spots are shewn in Plate IT. | 
Two forms of facial neuralgia may be distinguished. The 

slighter form only affects some fibres of the ophthalmic — 
nerve. A much more serious variety is the true “tic dolo- — 
reux” or epileptiform neuralgia of Trousseau, which is-often . 
accompanied by spasm. This, which is a most severe and 
obstinate affection, frequently affects both the superior and ; : 
inferior maxillary nerves, : / mm «selves. ee q _ The electrode should be most carefully applied in close 

contact with the skin. The intensity may be from 50 to 80 
milliamperes and the duration of the seance 45 minutes to 

-Guillog applies an active electrode 3 cm. in diameter to 

each painful spot. This is in accordance with the older 

methods with this difference, that much stronger currents 

are employed. We must remember that the nerve tissue itself, 

in virtue of its great conductivity, concentrates the lines of 

flux between the electrodes, even when the latter are of con- 

siderable area. This condensation is increased by the bones 

_ of the cranium, in which, as Border says, the foramina con- 

stitute paths of least resistance. Thus the lines of flux are 

‘concentrated like a pencil of rays around the nerves them- 

Electro-therapeutics—The most successful treatment of 
facial neuralgia is that by the continuous current. The 
other methods alluded to in the paragraph on general neu- 

shee teen 
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an hour, with seances every day, or every other day. : Th 3 
treatment should be comtinued with somewhat less intensity 
after all painful symptoms have disappeared. weeny 
Results—The use of currents of high intensity and long | 

duration have placed electricity in the first rank as a means: 
of treatment for facial neuralgia, even in the severe forms 
of tic doloureux. It acts not only as a means for the relief 
of pain, but as a curative agent. It is true that it may fail | 
in certain cases, but the same may be said of every mode of 
treatment. In the cases of apparent failure, this is prob- 
ably due to some general cause. We may then have re-. 
course to the other methods of electric treatment, which, 
however, are usually more uncertain in their results, (365.) | 

397. Neuralgia of the sciatic nerve.—The sciatic nerve - 
makes its exit from the pelvis by the greater sciatic notch, 
It then lies on the ischiatic spine, where it may be ‘com- | 
pressed at the gluteal point through the gluteal muscles. 
It next passes mid-way between the posterior border of the © 
great trochanter and the ischium, where we find the troch- 
anteric point. In the popliteal space is a third point, the 
popliteal point, where the trunk divides into the internal and. — 
external popliteal. There is also a plantar point lower down, 

When, as is often the case, neuralgia of the sciatic nerve 

is due to neuritis, it may result in muscular atrophy. It 

may then cause so-called crossed scoliosis, in which the body - 
is inclined to the opposite side. Homologous scoliosis, in 

which the body is inclined to the affected side, is much more _ | 
rarely met with. The distinction is of importance, since 
crossed scoliosis is simply due to instinctive contraction of 

the muscles on the healthy side, in order to bring the weight - 

of the body over to that side; whereas, if there is homolo- 

gous scoliosis there is contracture of the muscles on the 
affected side. 

v 
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‘Like facial neuralgia, sciatica may be due to ordinary 

causes, such as exposure to cold, and this form is speedily 

On the other hand, it may be due to lesions of the 

kidney or spine, or to general causes, stich as gout, syphilis, 

q diabetes, gonorrhoea or tuberculosis. Electrical treatment 

alone is manifestly useless in a case of sciatica caused by 

syphilis or the compression of a tumour. | 

Blectro-diagnosis—This may be of use in cases of atro- 

a phic sciatica due to neuritis. (380, 381.) 

Electro-therapeutics—The best method of treatment is 

galvanisation. A large indifferent cathode of 200 to 500 

sq. cm. is placed on the loins or the buttocks, the patient 

a being in a sitting posture. An anode of 150 to 200 sq. cm. 

-- should be placed on the calf, or the back of the foot, or in 

q a foot bath. Intensity 40 to 80 milliamperes. Duration 

of seance 30 minutes to 1 hour, repeated every day or every 

~~ gecond day. 

We may keep in reserve the methods of revulsion enum- 

- erated in par. 395. For faradic treatment the foot may be 

placed on the indifferent electrode, and a metallic brush 

passed over the course of the nerve. This procedure may 

advantageously replace the ordinary treatment of the appli- 

cation of cold by means of ethyl chloride. 

Atrophy of the muscles may be treated by the galvano- 

faradic current as described in par. 377. Contracture, if it 

occurs, is best combated by the galvanic current. 

398. Cervico - occipital neuralgia — Cervico - brachial 

_. neuralgia—Intercostal neuralgia——The galvanic current 

should be employed at first, reserving revulsive treatment 

for a later stage. 

In neuralgia of the cervico-occipital, cervico-brachial or 

intercostal regions, the active anode of 50 to 100 sq. cm. — 

- should be placed on the painful area, while the indifferent 
aE air, 

23 
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cathode of 200 to 500 sq. cm. should be placed on thé eed 
or lumbar region. Intensity 40 to 80 milliamperes. Sean- 
ces 30 minutes to I hour every day, or every other day. A 
rapid result generally follows. 

399. Neurigia of the ovaries and testicles—Neural- 
gia of the ovary is frequently met with in neurotic females, 
It is characterised by paroxysmal crises during which the 
patient bends herself forward and presses her hands on the: 
hypochondrium. The pain irradiates towards the kidneys, a 
The cases are usually of a chronic nature. oe 

_ This neuralgia of ovarian origin is usually rapidly cured 
by the application of the continuous current. Active anode 
of 60 to 100 sq. cm. on the ovarian region. Large indiffer- 4 q 
ent cathode of 200 to 500 sq. cm. on the loins. Intensity, 40 . 4 
to 80 milliamperes. Duration, 1 hour. Seances every day, a 
or every second day. 

Neuralgia of the testicle may be treated in ‘he: same 
manner, the cathode being placed on the loins while an ~ 
anode, well covered with cotton wool, is applied to the 
scrotum, Intensity, 20 to 30 milliamperes. Duration not 
to exceed 30 minutes. Seances every day, or every other , 4a 

day. 

400. Paresthesic meralgia.—This is an affection of the 
anterior-crural nerve. The patient complains of numbness 
and formication of the front and outside of the thigh. The 
skin is hot, insensible and of a violet colour. In some cases 
there are symptoms of neuritis. 

Galvanisation may be employed, with an anode of 100 to 
200 sq. cm. placed on the painful area, and a eelnetle of 
200 to 500 sq. cm. on the loins. 

Intensity, 20 to 60 milliamperes. Duration, 15 to 75. 
minutes. Seances every second day. 

Bordier, who has treated three cases of paresthesic me- 

. 
~™ 

ralgia, 

q fa 
4 B tlic foil, connected to the resonator so as to produce 
3 sparking. Two or three seances may be given each week. 

\ 4 
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advises the use of high frequency currents, by means 

stimulating electrode consisting of a few sheets of 

gol. Migraine.—This is usually a manifestation of the 
4 arthritic diathesis, or it may be a concomitant of dyspepsia 
q or dysmenorrhoea. According to Bouchard, migraine is a 
a “painful affection of the head, either unilateral or bilateral, 

- _ affecting ‘the upper branches of the trigeminal or occipital 

_ netves, sometimes involving the ciliary nerves, and the 

BF otic and auditory nerves, and occasionally the vagus; the 
whole being accompanied by encephalopathy and spasm or > 

. of the cervical sympathetic.” 

4 tion among the neuralgias, because it has some symptoms 

in common with them, and the indications for treatment 
are similar. Moreover some idiopathic neuralgias are rheu- ' matismal or arthritic in their origin. There is, however, 

4 one great difference between migraine and neuralgia. The 

We place this affec- 

- continuous current which is curative for the latter is in 

_ most cases useless for migraine. 

Electro- diagnosis. —In this affection some observers have 

noticed an increase of the electrical resistance of the head, 
or an inequality of the resistance on the right and left sides. 

q Even if this observation were well established it would not 

q appear to be of any great importance. 

Electro-therapeutics.—1. Static electricity is the best 
3 treatment for idiopathic migraine. The patient is insulated 
by means of a platform with glass legs. He is then con- 
nected to the positive pole of a powerful machine, the nega- 

tive pole being earthed. A static discharge from a pointed 

‘ electrode may be directed on the more painful spots, and 
_ Iruchot’s electrode may be placed over the head. The 
Bsinted electrode and Truchot’s electrode should both be 
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earthed. Duration, 20 to 30 minutes every day, or ‘every 

second day. 

2. Galvanism of the sympathetic may also be used. The e 

active negative electrode is applied to the superior cervical 

ganglion of the sympathetic, at the anterior border of the — 

sternomastoid, the indifferent anode being applied to the 

neck. Muller recommends this method when migraine is q f 

accompanied by pallor and dilatation of the pupil. He gives: 

a seance of 3 minutes’ duration every day, with an intensity | 

of 2 milliamperes. Where there is redness of the face and 
contracted pupils, he gives an application of only 30 to 4o 

seconds with an intensity of 1 milliampere. These numbers 

are given solely on Miiller’s authority. ? 

Larat has seen good results follow fC radisction: of ‘the = 

stomach, in cases of dyspeptic migraine. 

C.—DISEASES OF THE SPINAL Corb. 

Chronic myelitis—Sclerosis—Acute myelitis. 

402. Affections of the spinal cord.—In diseases of the 
spinal cord affecting the peripheral motor system, electro-.— 

a 4 
\ 
Bre a 

therapy is particularly indicated, since it affects paralysed — ‘ : 

muscles as well as those which are only funcional’ af- @ 

fected. 
Among diseases which come more particularly under the 

notice of the medical electrician is tabes, a chronic lesion . 

of the cerebro-spinal system which we can hardly hope to. 

cure, but which we may ameliorate. 

Friedreich's disease is also a cerebro-spinal iene in 

which some of the symptoms may be relieved by electric 

treatment. 

We may also be called on to treat some of the diseases 

resulting from a chronic lesion of the cells of the anterior © 4 

cornua of the cord, resulting in muscular atrophy. Among 

4 
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Bese is sthe well-known type of progressive muscular atrophy 

of Aran-Duchenne
. 

The muscular atrophy and the anesthesia which accom- 

pany syringomyelitis may also be treated with electricity. 

Little’s disease is also amenable to electricity aided by 

: rational gymnastics. 

Among acute medullary affections amenable to electric 

; treatment are the various forms of poliomyelitis, affecting 

the trophic centres of the muscles in the anterior cornua. 

The two most common forms are the acute poliomyelitis of 

4 ~ infancy, and the acute anterior poliomyelitis of the adult. 

‘In addition to these affections, there are several other 

- forms of sclerosis with varying clinical symptoms, in some — 

of which electricity may be found useful. 

fos. Tabes dorsalis—Progressive locomotor ataxy.— 

There is of late too great a tendency to regard tabes as a 

disease against which electrotherapy, in common with all 

hex treatment, is necessarily powerless. Tabes is not in- 

q “variably fatal. Although we may be unable to act on the 

 sclerosed tissue, there is a stage when the disease has as 

yet only attacked the capillaries. Even after the disease 

has invaded the posterior columns of the cord the axis 

sz Binders of the nerves may still remain intact. (Bouchard.) 

4 In this stage, according to Onimus, electricity may be of 

ereat service. Even when the disease has progressed still 

further towards its fatal termination, there are successive 

processes of degeneration, secondary invasions, and con- 
secutive attacks of neuritis, in which electric treatment may 

be of service. Tabes, therefore, must not be considered as 
_ one of those diseases in which electro-therapeutic treatment 

offers but a temporary amelioration. It may be useful at 

4 any stage, but more particularly in the earlier ones. 

We must refer our readers to the special treatises on 
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pathology for a further study of this disease, the protean 
~ forms of which must be thoroughly understood before we 
can apply a rational treatment with hope of success. We. - J 
shall allude here only to those points which are of special 
interest for electro-therapeutic treatment. | : 

In the early stage of tabes, the- disease attacks the medul- 
lary prolongations of the posterior roots of the spinal nerves, 
These, together with the commissural fibres of the posterior 
horns, form the columns of Burdach. Besides this variety 
of sclerosis, which is confined more particularly to the 
lumbar region, we find lesions of the commissural fibres: 
which form the columns of Goll. Higher up, in the floor of 
the 4th ventricle, continuous with the sclerosis of the COlzas 
umn of Burdach, we find lesions of the sensitive nuclei of. 
various mixed nerves, the ascending root of the 5th, the 
nuclei of the restiform body, etc. The abolition of the 
teflexes and the shooting pains in the lower limbs, which 
are so marked a feature in the earlier stages of tabes, are  —- 
due to these primary medullary lesions. In this stage, the 
continuous current gives very good results, since the pain 
is due to a process of irritation of the posterior roots, akin 
to that of neuritis. Moreover, certain symptoms of the first — | 
period of tabes are due to a veritable neuritis, ~Among 
these are the visceral pains, the transient paralysis of the 
3d, 4th and 6th ocular nerves, the laryngeal symptoms, and 
the spasm of the glottis due to neuritis of the laryngeal and 
pneumogastric nerves. The atrophy of the optic nerve, 
which often ends in blindness, is also a neuritis. Some of. 
the early symptoms of tabes are also due to invasion of the 
spinal roots of the sympathetic. This explains the good _ 
results obtained by galvanisation of the sympathetic. (On- 
MUS. ) a 

In the early period, the anterior cornua of the cord and 
the neuro-motor system are not affected, and the muscles 

pr eser 

muscles 
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ve their original force. The muscles pe os a 

te of hyperactivity, which Onmus designates contrac- 

i. » This may be seen in the way a tabetic patient exe- 

Bes a movement. He employs far more energy than nec- 
cu ae 

a ary, but without -measure or coordination. It would 
' essary; : 

fore be a grave mistake to attempt to strengthen the 

:. by exercise, under the false impression that the 

a weak because the patient cannot remain up- 

Later on, when the anterior horns are affected and 

muscular atrophy during the period of cachexia, 

muscles 

right. 

there is true 

- e might perhaps try faradic stimulation, but it will be sel- 
ow 

m of any advantage. a | 3 | 

Be ciro-diagnosis and radio-diagnosis.—Electro-diagnosis 

4 js of but little use in tabes. Symptoms of DR appear only 

after the cells of the anterior cornua are attacked, and the 

neuromotor system is secondarily affected. oo 

- Radio-diagnosis may give useful information concerning 
3 é 

pW the state of the osseous and articular systems. In some case 

4 bye Gnd rarefaction and disappearance of the osseous tissue 

of the ends of the bones, together with osteophytes invading 

the articular regions. The destruction of osseous tissue may 

involve the diaphysis. Radioscopic examination will often 

ae / demonstrate these anomalies of the articulations due to 

osseous neoformation. - | 

Electro-therapeutics—Opinions as to the value of electric 

treatment differ. On the one side we find most favourable 

|. statistics like those of Lewandowski, and authors like On- 

mus, who are convinced of the utility of the treatment, pee 

on the other hand many authorities ane completely sceptica 

lue of electricity in any form. 

2 Dae have said as to the treatment in different stages 

of the disease will explain these divergences of opinion. 

‘Electricity is of service only in certain lesions and ae 

toms of the early stage, or to alleviate neuritis and other 
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secondary lesions in their inception. On account of our | 
ignorance of the exact pathological anatomy of the disease, 
it is difficult to define accurately the cases in which electro-_ 
therapeutic treatment is indicated. : | 

The method of application in a case of tabes is galvani- 
sation of the spinal cord. Originally Onimus practised gal- 
vanisation of the limbs, with one electrode on the lumbar 
region, but he abandoned this mode of treatment to localise . 
the current on the spinal cord. 
He attaches great importance to the direction of the cur- | 

rent, although most authors use the ascending or descending | 
current indifferently. (Tessier of Lyon.) 

The following is, in my opinion, the best means of treat. - 
ing tabes. At the commencement, when there are shooting 
pains in the legs, galvanism should be employed. A large 
indifferent anode of 300 or 400 sq. cm. should be applied . 3% 
to the neck, while a large cathode of 1 50 sq. cm. should 
be placed under the thigh or calf of each leg. The cathodes. 
on both legs should be electrically connected, and the cur- 
rent should be of 10 to 40 milliamperes applied for Io 
minutes. | a : 

After this the spinal cord may be galvanised for s ‘to 10 
minutes by placing the cathode on the sacrum. The seance 
may be terminated by galvanisation of the cervical sympa- 
thetics, the active cathode of to Sq. cm. being applied to the 3 
border of the sterno-mastoid. The current should not ex- 
ceed I0 milliamperes, and should be applied for 5 minutes. 
According as the disease is a tabes superior or inferior, 
the upper or lower part of the spine should be treated for 
a longer or shorter time. In opposition to the opinion of 
Onimus, I use galvanisation of the lower limbs. Two cases 
which I had treated by spinal galvanisation without success. 
were greatly relieved when the cathodes were removed 
to the thighs, 

# 

- usually 
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| f visceral or precordial we have to treat attacks o 

SS ice cathode may be placed over the solar plexus, 

oe an indifferent anode on the neck. o 

the best mode of applying the current may be determine 

eperimentally since the course of treatment for tabes is 

a of considerable duration. 

When muscular atrophy has set in, the affected muscles 

be treated by galvano-faradisation. I usually place the 

ae de on the proximal end of the limb, rather indifferent ano 
7 than on the neck or lumbar region. 

404. Friedreich's disease.—Both in its symptoms and 

its pathological anatomy this disease has many points of re- i 
semblance with tabes. There is incoordination of the a 

él s of progression, and sclerosis of the columns of Gol 

: | Burdach. It differs from tabes, however, in the fact 

a the cerebellar tracts are affected, while the oe 

irregular gait is not that of tabes. Pain is ae ae 

present, and muscular atrophy is usually absent. ep 
ss 

nts cipal symptoms are trembling and choreiform movements, 

with disturbance of the speech and of the ocular ae 

Treatment consists in the application of the continuous 

current as for locomotor ataxy. (403.) 

405. Progressive muscular atrophy—Disease of pa 

Duchenne.—This disease, which is due to lesions | ee 

anterior cornua, is a typical muscular atrophy of medullary 

Lor. f-th terior co When the cells of the an 

may expect to see muscular atrophy of the sey 

Pe htory Thus in diffuse myelitis, or circumscribed scler 

sis, atrophy appears as soon as the Ce nS 

| | nne’s disease is a well-deined m 
affected. Aran-Duchenne s se | 

entity, which may serve as the clinical type of all muscular 

atrophies of medullary origin. 

rua are affected we 
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It commences by atrophy of the abductor brevis pollicis, 
and invades successively the hand, the arm and the trunk. 
Finally, in five to ten years, it attacks the muscles of respira~ 
tion and deglutition. 3 

There is another well-defined type of atrophy, commencing 
with the muscles of the shoulder, which is also due to lesicns 
of the anterior cornua. This is the scapulo-humeral type 

described by Vulpian. When the lesion of the anterior cor~ 
nua progresses upwards and attacks the nuclei of the pons 
and medulla, we get bulbar paralysis and external ophthal- | : 
moplegia, but the muscles of the face are not affected. 
When we meet with a case of progressive atrophy of the. 
facial muscles, it is probably due to a primary myopathy, ° 
the progressive atrophic myopathy of Landouzy-Dejerine. 
Electro-diagnosis will set all doubts at rest on this matter. 
Electro-diagnosis.—As we have seen, the reaction of de- _ 

generation is characteristic of affections in which the myo-_ 
pathy is due to lesion of the nerve substance, as in neuritis, 
acute myelitis, and sclerosis. It is not met with in primitive 
myopathy, or in myopathy of cerebral origin, unless the 
spinal cord is involved. : | 

In cases of doubt as to the nature of a myopathy, one 
should always test for DR of the affected muscles. This 
should be done whether the case presents the symptoms of 
the progressive muscular atrophy of Aran-Duchenne, or the ' 
scapulo-humeral type of V ulpian, or any other form in which s 4 
the anterior cornua are affected. In these cases thé ‘DR. 
is always an early symptom preceding the visible atrophy. 
It is moreover always accompanied by slowness of the 
muscular response. In myopathy of medullary origin, the - 
electrical resistance is increased, contrary to what is ob- | 
served in primary myopathy. ia 
Electro-threapeutics—Although there is no great pro- 

spect of Cc 
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ure, electricity is a valuable aid both for the treat- 

ment of the nervous lesion and as a means of preventing 

muscular atrophy by means of muscular gymnastics. : 

As in tabes, the spinal cord should be galvanised by 

means of an ascending current. A large electrode should be 

placed:on the neck and another on the lumbar region. In- 

tensity, 10 to 40 milliamperes. Duration, I0 minutes. 

Seances every other day. It is important also to galvanise 

the nerves of the affected limb, placing a large cathode on 

the hand, and another on the spine in the upper dorsal 

region—10 to 40 milliamperes. Duration, 10 minutes. 

The muscular atrophy should not be neglected, but as in 

tabes, the cord. should not be irritated by the variable state 

of the faradic current. The muscles should be exercised by 

placing a large indifferent anode on the arm or forearm, and 

exciting the muscles by galvano-faradisation at their motor 

point, or at the insertion of the distal tendon, the point of 

q Jongitudinal reaction. If the muscle does not respond, we 

. may increase the stimulus by using a metallic brush, inter- 

rupting the current by means of a metronome. — 

406. Syringomyelitis—This affectior is usually due to 

a glioma of the posterior part of the cord, resulting in a 

cavity, or to a myelitis, or to some malformation of the cord, 

Syringomyelitis is very variable in its clinical aspect. It is 

characterised by areas of anesthesia, more especially anzs- 

thesia to heat and to pain, while the sensations of touch are 

C unimpaired. It is also accompanied by motor troubles, anal- 

ogous to those of progressive muscular atrophy. , 

Electro-diagnosis and radio-diagnosis.—Electro-diagnosis 

is only of service in testing muscles which are beginning to be 

atrophied. We may test for DR, although it is difficult to 

diagnose syringomyelitis if the characteristic affections of 

sensibility are not recognised. 
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The X-rays will help us to determine the state of the sate a 
ular and osseous system. In certain cases there is pro- 
gressive destruction of the ends of the bones, with disap- — 
pearance of the articulation, in the shoulder or elbow for 
instance, 

Electro- -therapeutics.—The treatment is the same as Sor 
progressive muscular atrophy. Bordier recommends gal- 
vanisation of the spine, with a current of 60 to 100 milli- - 
amperes. 

407. Little’s disease.—Little’s' disease is most often — 
due to an arrest of development of the pyramidal tracts. 
In its clinical aspect it is a spasmodic pseudo-paralysis with- 
out muscular atrophy. On testing the muscles the reactions 
are found intact, while occasionally there is tetanic exagger- 
ation of their contractility. The electric treatment consists 

_ of a rational muscular gymnastics under the faradic stinu- 
lation of the muscles. 

408. Acute diffuse myelitis—acute myelitis—acute 
poliomyelitis of infancy—acute anterior poliomyelitis of 
the adult.—Acute myelitis may be diffuse or limited to a 
certain region of the cord. 

We need not linger over the consideration of diffuse 
acute myelitis, since it does not come under. the notice of | 
the medical electrician except as regards the paralysis — or 
muscular atrophy which follows it. 

In the second category there are two types which more : 
particularly interest us, the acute poliomyelitis of infancy, or 
spinal infantile paralysis, and acute poliomyelitis in the 
adult. Both of these diseases are characterised by acute 
lesion of the anterior cornua. , 

Infantile spinal paralysis is very common, and the prac- 
titioner is often called on to advise as to electrical treat- 
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ment. We shall, therefore, take this disease as the type of 

his group. Beers : 

ois qa disease of early infancy, occurring in children from 

one to three years of age. It commences with a febrile period, 

often. of very short duration, which is sometimes accom- 

panied by contracture. At the first onset of the paralysis, all 

the affected muscles are attacked at the same time. Some 

of them gradually recover, till at the end of 4 to 6 months 

the disease is localized only in certain muscles, such as the 

extensor communis digitorum, the peronei, the anterior 

tibial, the triceps or the deltoid. 

In consequence of the paralysis the muscles become atro-_ 

phied, and subsequently the osseous system may participate 

in the deformity, which in its more accentuated form is met 

with in the ‘“‘cul-de-jatte.”’ 

The adult form of acute poliomyelitis, although not so 

definite in its symptoms, has the same clinical history. 

Electro-diagnosis.—In poliomyelitis the question of elec- 

tro-diagnosis is of importance, since a careful testing of 

the muscles is necessary in order to determine the prog- 

nosis, An interval of a fortnight should elapse after the 

acute attack, before proceeding to the exploration of the 

muscles, for the results are very uncertain at an earlier 

date. 

In testing a paralysed muscle, we may only find a diminu- 

tion of its faradic excitability, without inversion of the 

galvanic formula, KCC and ACC being merely brought 

nearer together. In this case we may affirm that the muscle 

will regain its power within a period of 3 to 5 weeks. 

It may be that we discover complete abolition of the 

faradic excitability, with slowness of response and partial 

inversion of the formula, ACC > KCC. In this case, the 

prognosis is more serious, but we may still hope for good 
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results from electrical treatment. A cure may be ex- | 
pected in from 3 to 6 months. 

If, on the other hand, the muscle shews complete DR, Or 
only longitudinal reaction, the atrophy is fatal. 

In acute spinal paralysis, there is considerable increase 

of the electrical resistance, but this is quickly altered by the 
passage of the current. This fact must be taken into con- 
sideration in conjunction with the fall in temperature of 
the paralysed limb. As Leduc has proved in his expeti- - 
ments, the fall in resistance is not wholly accounted for 
either by the fall in temperature, or by the state of hyper- | | 
emia of the integument. It is due to an increase of the: 2 
ionic transmission of the current in an integument which _ 
has become gradually more hyperzemic and warmer. 

In infantile paralysis, radio-diagnosis may also assist us 
in an examination of the bones, which undergo trophic 
changes, becoming smaller, and having their articular ex- 
tremities more rounded. | 

Electro-therapeutics—Electrical treatment is most use- 
ful in spinal paralysis. Of this we have repeatedly assured 
‘ourselves during the course of an epidemic of infantile 
paralysis. The children who had been electrically treated 
furnished a contingent of cases, either cured or improved, 
in a proportion far larger than those who had been left 
untreated. | | 

In all cases of acute myelitis, it should be the rule not 
»to commence treatment till after the febrile period has 
passed. It is useless, however, to wait for weeks before 
commencing galvanic treatment. 

As soon as symptoms of paralysis are noticed, galvanisa- 
tion by means of the continuous current should be begun 
at once. A large cathode of 100 to 200 sq. em. is placed 
over the portion of the cord affected, and an anode of 40 

4 FOO sq. cm. on the group of muscles affected. Intensity, 
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1o to 25 milliamperes.—Duration, 10 minutes.—Seances 
-s | gis s a descendin every day or every other day.—Larat use he = 

current of 8 to 12 milliamperes. 

| Two or three weeks after the termination of the febrile 

| criod, the stimulation of the paralysed muscles may be 

ae When the muscle reacts to the faradic current, - 

the rhythmic galvano-faradic current may be chosen. If 

‘hat is not available a continuous current may be used, 

q with a metronome to produce interruptions. The active 

electrode should be placed on the motor point of 

the mtiscle. In cases where the motor point 1s displaced 

(in the longitudinal reaction of Remak-Doumer) the active 

electrode should be applied to the junction of the muscle 

with its distal tendon. For this part of the treatment, 

which consists solely in exciting the muscular fibre, I usually 

place the indifferent electrode at the junction of the limb 

with the trunk, rather than on the spine. The seances 

should be short, especially at the commencement of treat- 

a ment. All fatigue of the muscle should be studiously 

avoided, each group being exercised for from 3 to 5 minutes 

only. ; | 

In a short time, we see a very appreciable improvement 

in the function of the muscle. The temperature rises and 

becomes nearly normal. The duration of treatment is very 

variable and may in severe cases last for several years. The 

frequency of the seances may be gradually reduced, and 

"during the second year, we may give only two seances per 
week, with intervals of repose. 

The same rules hold good with regard to anterior polio- 
myelitis of the adult. | 

ID. DIsEASES OF THE MEDULLA OBLONGATA, THE PONS AND 

CEREBELLUM. 
; 409. Diseases of the medulla and pons.—There is not 
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much to be said on this group of diseases, The lesions of _ 
the medulla oblongata and pons are often merely pro- 
longations upwards of myelitis or sclerosis of the. cord. 
The lesions most frequently met with are bulbar paralysis 
and nuclear ophthalmoplegia. Both of these are due to 
chronic lesions of the nuclei, which are the homologues of 
the anterior cornua of the cord. 

It is possible that in some cases electricity may be off 
service, although up to the present time there are no 
Statistics available on the subject. All that we can say @ 
is that the chronic affections of the medulla oblongata and. — 4 ; 
pons are similar to those of progressive muscular. atrophy, 
in which electrical treatment plays a most important role. 
We are not able to say anything concerning the electrical j 

treatment of cerebellar disease. : ee 

E. DISEASES OF THE ENCEPHALON. 

410. Electrical treatment of disease of the encephalon. a 
—Among the various diseases of the brain, congestion, — 
hemorrhage, softening, inflammation and tumours, hzmor- 
rhage alone has been treated by electrical methods. 

In cerebral disease, electricity addresses itself to symp-_ 
toms and not directly to the lesion. Since the symptoms of. 
the various lesions are chiefly due to softening and -hemor-_ 
rhage, we shall deal only with these. 

All, Cerebral hemorrhage — Hemiplegia. — Cerebral _ a 
hemorrhage is almost always caused by the rupture of a. 
miliary aneurism. These are usually due to hereditary 
causes, alcoholism, gout, diabetes, Bright’s disease, or syph- 
ilis. Atheroma plays quite a subordinate part, A miliary 
aneurism arises in one of the smaller vessels from a peri- 
arteritis with muscular atrophy, whereas atheromatous 
lesions commence with endarteritis, The clinical symptoms | 
vary greatly, according to the site of the cerebral hzemor-~ 

4 é. . 
4 Sn cases may be the result of a reflex blow or im- 

Be esult. bees 
q the secondary contracture due to sclerosis, is not amenable 
a treatment, and disappears of its own accord. 

ae niplegia is invariably on the side opposite to the cerebral 

' jesion. When the left side is paralysed, we know that the 

right cerebral hemisphere is affected, and vice versa. If 

" there is an alternate hemiplegia, with the face paralysed on 

~ one side and the limbs on the opposite side, we may be cer- 

Pisin that the lesion is either in the pons or the medulla 

q oblongata. These indications are of importance to the 

' medical electrician, since he must treat the seat of the 

g Jesion as well as the paralysis. We may also note that 

" in hemorrhagic hemiplegia of the face, the orbicularis 
7 palpebrarum is paralysed, whereas it is unaffected in periph- 

eral paralysis of the facial nerve. 
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Apoplexy is due to inundation of the ventricles, or 

pression. 
Muscular contracture sometimes occurs as an immediate 

This early contracture, differing in its nature from 

More frequent than apoplexy or early muscular contrac- 

. ture is hemiplegia, the one-sided paralysis which is the 

ariable concomitant of cerebral hemorrhage. The 

‘Tt is rare to find hemi-anzsthesia in cases of cerebral 

4 hemorrhage, and when it occurs it needs no intervention. 

The early symptoms of cerebral hemorrhage then, are 

: apoplexy, early muscular contracture and hemiplegia. The 
secondary symptom of greatest importance to the medical 

- electrician is the later muscular contracture. It is often 

adduced as a reproach to the electrical treatment of hemi- 

]  plegia that it is apt to be followed by incurable contrac- 

ture. It may be useful to recall the genesis of these con- 
tractures, as we need to be always on our guard as to the 

:. possibility of their appearance. In the early stages, the 

', walls of the hemorrhagic focus are formed by normal 
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cerebral tissue, which is more or less torn and pressed 
aside. Later on, this tissue becomes sclerosed. “Tf thig4 q 
sclerosis invades the pyramidal tract in any part of its 

course, a descending sclerosis is produced, with resulting 

muscular contracture. The medical electrician should 

therefore always warn the friends of the patient of the 

possibility of this contracture. By carefully watching the 
reflexes he may have warning of its approach some time 
before its occurrence. If, two or three weeks after a stroke; 
we find exaggerated reflexes, we may be sure that con. 

tracture is imminent. The flexors of the arms are the first 
to be attacked. When there is contracture of the face, 
the healthy side appears flabby in comparison. The features — 
are drawn towards the affected side, and we may easily mis- > 
take the condition for a paralysis of the opposite side:. The - 
muscles affected with contracture are frequently the seat Of 
trembling or choreic movements, which are only produced 
in the course of voluntary movements. 

The sclerosis may not stop at the pyramidal tract. The 
cells of the anterior cornua of the cord may be attacked. 
In this case there will be wasting of the muscles like that 
in progressive muscular atrophy. The atrophy may affect 
the various groups of muscles in a very irregular manner, 
and is often difficult to detect, on account of the paralysis’ 
of the limb and the accumulation of adipose tissue. 

Electro-diagnosis—The question of electro-diagnosis has 
no great practical importance. In the early stage, theré is a : 
increased excitability to the galvanic and faradic currents, 
more especially to the latter. This hyperexcitability per- 
sists for some time and is most marked in the second and - 
third week. It has not the same importance for prognosis — 
as the exaggeration of the reflexes. The latter symptom 
is a sign of sclerosis of the pyramidal tract and is almost 
invariably followed by muscular contracture. 

4 > 
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le the advanced stages, there is hypoexcitability both 

Bio. the galvanic and faradic current, even when there is no 

' Be ccular atrophy. 

Eleciro- _therapeutic treatment. a. The treatment should 
= not be commenced for a month after the stroke. Duchenne 
q usually waited six months. 

b. If at this period there are any signs of contracture, 
: we should be careful to avoid the use of the faradic current 

_ or stimulation by the variable state of the galvanic current. 

C. If, on the other hand, the paralysed miuscles are per- 

 fectly lax and feel flabby, with no symptoms of contracture, 

3 q electrical treatment should be carried on in two directions, 

. direct galvanisation of the brain, and by local stimulation 

of the muscles. 

I. Galvanisation of the brain.—It was long believed that 

1 the lines of electrical flux did not penetrate the skull. 

The contrary was proved by the experiments of Erb, of 
 Byuckhardt and v. Ziemssen. The terminal of an electro- 

4 scope was applied to the cerebral surface, through an aper- 

- ture in the skull made by a trephine. It was found that 

the current penetrated the skull when the head was galvan- 

ised. Leduc, who has made frequent experiments on this 
4 subject, remarks that the resistance of cranial bones im- 

_ pregnated with organic fluids is much less than might be 
supposed. The penetration of the galvanic current is also 
proved by the sensations of vertigo, which occur in galvani- 

sation of the head. During bilateral galvanisation, when 
the current is closed, the animal inclines or even falls over © 

towards the anode. In some experiments by Zimmern and 

_ Batelli epilepsy has been produced by cerebral electrisation. 
Schnyder has shewn that fatigue may be relieved by a cur- 
rent of 5 milliamperes in either direction between the neck 
and forehead. 
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Even if this be granted, it is doubtful whether the ap__ q | ! | 
sorption of the blood clot can be facilitated by the electrj, . F: aa 

‘ ¢ ° °, a oe: e 

current, at all events, without using an intensity. which 4 . ation of contracture, we must limit the electrical treat- 
will do more harm than good. (Dignat.) Cerebral gal. a 

isati | ment to the galvanic current alone. We will take each of 
vanisation must not on that account be regarded as useless. a Be cditions in turn. 

oe ee eee Cee fe in- _ For galvanisation we may use a large electrode of 200 
He i ies caicthen Pee tae ah ‘ oT @ to 300 sq. cm. on the nape of the neck or lumbar region, 

aid the process of repair. In addition 5 te aie 3 a q q 4 " cemploying "8 (aM, UI Oe ss BoD Gs anmDash, | 

dications for galvanic treatment we have the eviden a : 4 3 pr a plate of 50 to 150 Sq. ee pie eons a 

experience. Although arian on the subject a ' q : : } the limbs. pc uentle cree Han . the current jo ee 

available, yet most observers are agreed that enh | a 1 . ; terial, it 1s Tae coe ee MALTS OVE elecwoue 10 ie 

vanisation is of benefit in the after-treatment of a par ae 4 "positive Bee ny TON 20 milliamperes.— Duration 
stroke. a pata y tic | ’ 5 to 8 minutes for each limb. : 

Procedure-—We should always bear in mind that the q 4 ; oo oe as we Wee es see te : 
anode is calming and depressing, whereas the cathode is. 4 | a it is decided to try electrical ae. we shou a 

stimulating and has a resolvent action on inflammatory proc- maby galvanisation of the limbs. If there 1s any tear o 

or to improve the circulation and the reabsorption 

cedema by galvanisation. If, however, there is any 

ESSES 4 contracture we should go no further. If, on the contrary, 
5X 

the paralysed muscles are perfectly soit and flabby, we may 

a proceed to treat them by faradisation. 

@ In a case of hemiplegia, faradisation, or, better still, 

rhythmic galvano-faradisation of the muscles, may be carried 

out in the usual manner. The indifferent electrode, con- 

"nected to the positive pole of the battery, is placed on the 

- : nape of the neck or the lumbar region, while a cathode 3 or 

treatment of the hemiplegic limbs has two principal objects. — 4 cm, in diameter is applied to the pipes points. Each 
a. To remove stiffness of the joints caused by immobil- 7% 4 limb should be stimulated for a period of only 2 to 4 

ity by means of a passive gymnastic treatment. a a <a 4 - minutes. Another method is by the employment of the 

b. To treat the muscular atrophy and the obstructed a _ faradic roller, which may be moved slowly over the limb 

circulation of the limbs, which results in cedema and blue- for 2 or 3 minutes. 

ness. There are two distinct conditions, each of which If the muscles do not contract under the faradic current, 

An indifferent cathode of 100 to 200 sq. cm. is placed on .— | 
the back of the neck, and an anode of 50 to 100 cm. on the © 
side of the head corresponding to the injured hemisphere. 4 = 

Intensity 5 to 10 milliamperes.—Duration 5 to 10 minutes— _ 
Seances every other day—The circuit should be opened — 
and closed very slowly and gradually. : : 

2. Electrisation of the affected muscles.—The peripheral 

= - Ra i 
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requires different treatment. If there are no symptoms of 
contracture, we may stimulate the muscles by the faradic 
or the galvano-faradic current, at the same time that we 7 

we may employ the galvanic current interrupted by means 

of a metronome. 
If any signs of contracture should make their appearance 
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during the course of treatment, all faradic stimulation must _ 
be immediately suspended. 

Improvement should be visible in the course of a month : q | 
or six weeks, but the result of electrical treatment: is often 
unsatisfactory. | 3 

412. Cerebral softening—Hemiplegia due to. soften- 
ing.—Cerebral softening following thrombosis, embolism, | q 
or atheroma, is due to the death of a portion of the brain. 
substance following interference with the circulation. Like: 4 
hemorrhage, it is followed by secondary descending scler- am 
osis. In cases of embolism and sometimes in thrombosis, » - 
the softening may shew itself suddenly by symptoms of . 
apoplexy and hemiplegia analogous to those of hemorrhage, _ 
Or the softening may come on more slowly and progres- 7 
sively, as in cases of atheroma and syphilitic endarteritis, 
Aphasia is a frequent manifestation of this variety. 

Electro-diagnosis and Electro-therapeutics —Electro-diag- 7 
nosis can only give us information of the state of the af- i 
fected muscles. Any local treatment of the brain is useless, 
and we can only act on the muscles in the way pointed out 
in the treatment of hemorrhagic hemiplegia. a 

NEUROSES. 
Chorea—Writer’s Cramp—Myoclonus—Hysteria—Neurasthenia i 

—Parkinson’s disease—Somnambulism—Exopthalmic goitre, 
413. Chorea or St. Vitus’ dance.—The clinical aspects | 4 . 

of this disease are very varied. In addition to the typical 
form usually seen in young girls, there are cases following — 
rheumatism, in which endocarditis is frequent and of which 
the prognosis is serious. Other cases due to simple hysteria 

ae 

are accompanied by anesthesia or hyperzsthesia, In some q 
instances the muscles, instead of being continually agitated — 
by involuntary contractions, are in a condition of complete — a 
relaxation, a sort of lax paralysis, F inally, there are choreas 

By 

Z 

f > 

a 

r . 

of a very 
adolescence; 

= chorea, © 

Beto give 2 
.. ease with w 

4 eos in, the ca 

0 ; 
4 hould be careful not to confound with chorea the hemi- 
Ss 

_ rhythmic ch 

3 origin. 

chor a 

_ nyperexcitability both to the galvanic and to the faradic a 

current. 
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formidable character which occur at the period of 

and are accompanied by serious psychical per- 

Before undertaking the electric treatment of a case of 

r attempting to estimate its duration, it is wed 

careiul consideration as to the variety of the dis- 

hich we have to deal. When it 1s of hysteric 

se may improve with great rapidity, or on the 

ea. which is symptomatic of a central lesion, or the 

orea of hysteria, or even the chorea of electrical 

Electro-diagnosis—The reactions of chorea are normal. 

4 This fact has an important bearing on the diagnosis between 

ea and hemichorea, since the latter is characterised by 

In flaccid chorea we never meet with signs of DR. 

Electro-therapeutics.—Static electricity is to be preferred 

| 4 : for the treatment of this disorder. If this fails, we may have 

4 ‘recourse to the galvanic current, which has given good 

a results in the hands of A. Weill. In the flaccid form of 

~ chorea we may with advantage employ rhythmic galvano- 

4 - faradisation. | : 

Procedure.—When static electricity is employed, the pa- 

j tient should be exposed to the static bath during a period of 

, 7 1s to 20 minutes (176 and 336). The seanice should be 

> terminated by a static douche of 5 minutes. This should be 

repeated every other day. 

Improvement is rapid, usually from 15 to 20 seatices being 

sufficient for a cure. 

Galvanic current.—A. Weill applies a cathode of 100 Sq. 

cm, to the neck, and places the feet in a foot-bath joined to - 
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the positive pole.—Intensity, 20 to 30 milliamperes—Durag. 
tion, 20 ‘minutes.—Seances three times a week. : 

In the flaccid type of chorea each muscular group may be 
treated with the rhythmic galvano-faradic current. An in. 
different anode should be applied to the nape of the neck, = 
and a cathode 3 to 5 cm. in diameter to the motor points, 
The faradic roller may also be employed. | 

414. Myoclonus—Tic.—Under the name myoclonus 4 _ 
are included a number of morbid conditions, characterised 
by clonic convulsive movements, The most trivial of these is. , = 
ordinary tic, or the involuntary winking of the eyelids. It’ 
also includes electric chorea and other forms of convulsive | 
tic. 

Franklinisation may be employed for this affection as for 
chorea, ae 

Tic occurring in the face is best treated by the continuous 
current, a large cathode being applied to the neck, and an 
anode of variable size and shape to the affected region. 
The intensity should vary according to the area of the 
active electrode and the tolerance of the patient: From 1 
to 1 milliampere may be given for each square centimetre 
of surface in the active anode—Duration, 15 minutes— 
Seances every other day. | | 

415. Professional cramp, writer’s cramp.—The static - 
bath is the best mode of treatment for the various forms of 
professional cramp—writers’ cramp, the telegraph-operators’ 
cramp, the violinists’ cramp, etc. The seances should be of 
15 minutes, repeated every day or every other day. 
We may also have recourse to the continuous current, the 

anode being applied to the affected muscles, and the cathode’ - 
to the neck. The duration of the seance should be only 
a few minutes, and feeble intensities should be employed. 
These rules are not, however, absolute. We may also have 

q urse to ; . 

Rect side of the head.. This method has given good results eit 4 jn certain cases. 

 manif Doe ne 
" Jt is susceptible of treatment in two directions, general an 

) 4 symptomatic. , 
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cerebral galvanisation, by placing an electrode on 

Although the action is somewhat uncertain, the electric 

j treatment is the only one that yields satisfactory results in 

16. Hysteria—This is a morbid condition which » 

, ests itself by symptoms of a most varied character. 

_ The general treatment should be directed to the so-called 

q hysteric temperament. This is often recognisable, more 

_ especially in young girls, by one or more isolated symptoms, 

4 palpitations, suffocation, fanciful appetite, capricious char- 

acter, etc. We may also meet with convulsive epileptiform 

: 4g hysteria with its severe attacks, or ordinary convulsive hys- 

a teria, or non-convulsive hysteria with its long string of 

"symptoms, including paralysis, contracture, anesthesia and 

3 ‘trophic troubles. 

The symptomatic treatment will be directed against the 

manifestations of hysteria. These should be carefully 

studied by the medical electrician, for he is often called 

7 upon to give a diagnosis in cases of great difficulty. Among 

' the symptoms, those of paralysis, contracture, and trophic 

disturbances are the most important. oe 

Hysterical paralysis, more especially hemiplegia, may sim- 

- ulate paralysis of organic origin. It but rarely affects the 

face. | 

Occasionally the muscles of one side of the face present 

4 Ma slight degree of contracture. We must be careful not to 

mistake this for paralysis of the opposite side, an error 

which is easily made, owing to the flaccid appearance of the 

~ “normal muscles when compared with those of the affected 
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side. These cases of hysterical paralysis are apparently qy all L 

to an augmentation of the resistance to the nerve curren; | 
at the synapses of contiguous neurones. (Lépine.) | 

Hysterical contracture generally sets in suddenly, where. 
as contracture due to organic causes commences in an 
insidious manner. We may easily be misled if we do nop 

see these hysterical contractures at their commencement 
9 ag 

or if we omit to examine them under chloroform. In cer- 

tain cases the transference of these muscle contractures from 
one side to the other gives us a clue as to their nature, - 

Hysterical trophical disturbances are extremely difficult ie 
of diagnosis. Hysterical oedema, the so-called blue cedema, q 
the painful hysterical breast, and hysterical muscular atte. 4 : 
phy may be mistaken for more serious lesions. Hysterical] -# 
atrophies are often quickly relieved by electrical.treatment, 
and if the diagnosis has not been carefully made, the case 
might be considered as a case of medullary affection cured 
by electrical treatment. Clinically, hysterical atrophies differ 4 ; | 
from those of myelopathic origin in that they do not usually — q a 
attain the same degree of severity, and are rarely accom-. . 
panied by fibrillary contraction. We shall see that the two ~ 
diseases may be easily distinguished by means of electro- _ 
diagnosis. ! 

Electro-diagnosis—The electrical resistance is greatly 
increased in hysteria, more especially in hysteria with alien- 

ation. (Vigouroux, Charcot, d’Arman.) This‘ peculiarity. 7 
is of but little assistance in diagnosis. “It does not enable 

us to distinguish severe forms of hysteria from elipepsy, 
since in epilepsy there is also a considerable increase of 
electrical resistance, especially when mental alienation ac- 
companies the epileptic symptoms... , 3 

Hysterical paralyses are distinguished by the fact that. q 

they never give rise to DR. | 

‘> 

% 
_ ae 

‘a 

a frequently ZG 

"This phenomenon of transference in cases of hysteria is also 

4 valuable diagnostic sign. 
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The areas of contracture and the areas of anzsthesia are 

displaced under the action of the magnetic field. 

Transference also follows the application of the galvanic 

current, and even the application of metallic plates. These 

inconstant and inexplicable phenomena often prove useful 

as a means of diagnosis in doubtful cases. 

In hysterical atrophy, both the galvanic and faradic ex- 

‘citability are diminished, but there is no reaction of de- 

a generation. In certain exceptional cases where this occurs, 

it may be suspected that there is in addition some lesion 

of the medulla. 

Electro-therapeutics—The electric bath is the best gen- 

eral treatment for hysteria in every stage of the malady. 

The duration of an application should be gradually in- 

creased from 5 to 20 minutes and the seance may be re- 

peated every day. The result varies according to cir- 

cumstances. As in other methods of treatment, suggestion 

probably plays a certain role if the physician is happily 

able to inspire his patient with confidence. In addition to the 

moral cause, there is, however, a rational physical action, 

‘the result of which is independent of consciousness, The 

static bath acts both on the sensory and motor nervous 

mechanisms. If we regard hysteria as an anomaly of the 

nervous connection between the neurones, then the static 

_ current may be supposed to act by re-establishing the normal 

connections under the stimulus of high electrical potential. 

Static treatment may also benefit by inducing sleep and 

improving digestion. 
If it is thought advisable to place the patient under a 

course of hydrotherapeutic treatment, it is best to give this 

-and the electric treatment on alternate days, so as to avoid 

fatigue. 
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In cases where statical electricity has failed as a general 

means of treatment, high frequency currents may be tried. 
2. Symptomatic treatment will vary according to the 

case. Widespread anesthesia may be treated by the static 
bath, a pointed electrode being directed over the anzsthetic 
areas. This method is often followed by rapid improvement, 
but the good effect is seldom maintained after the first few _ 
seances. In order to obtain a permanent cure, the treatment (7% 
must be prolonged. Sometimes, after a few minutes’ appli 
cation, there is a transference to the opposite side. If static 
treatment fails, we may try the faradic brush connected to. 
the negative poles, using currents of feeble intensity. We 
may also have recourse to light rapid friction, or to high. 
frequency currents applied with a glass electrode, — 

Hysterical paralysis and hemiplegia may be treated in the _ 
same way as anesthesia, the former being often a-con-_ 
comitant of the latter, and tending to disappear at.the same 
time. In these cases the negative faradic brush gives excel- 

lent results. We should at the same time begin to re-educate 
the muscles, commencing with simple movements and grad- 
ually going on to more complicated ones. 
When the patient has regained confidence, the case ‘is’ @ 

more than half cured. 

Hysterical contracture, unlike contractures of organic 
origin, may be successfully treated by direct stimulation of 
the muscles by faradisation, electric friction, statical | 
sparks, or high frequency currents. Laquerriére and 
Delherm employ the energetic stimulation of the opposing 
muscles. Good results are also obtained by the continuous 
current of very feeble intensity applied for an hour or more. 
The same may be said of the statical effleuve, and the action i. 
of the magnetic field. ; rue 

Globus hystericus, cutaneous hyperzesthesia, and the vari- 

~ i 

q i hysterical 

' tion 0 

q by galva 

Be disease, is very Suscep 

q 3 trician. ee : 
- asthenia with depressed spirits, and intellectual fatigue. 
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y 
; 

. 

pains may be treated by positive galvanisa- 

¢ feeble intensity. 

The obstinate vomiting of hysteria may often be relieved 

nisation of the vagus. (Decroly.) 

The great variety of treatment and the alternation of suc- 

4 5 and failure, shew that there is no general rule, and me ces 
hat each case of hysteria must be treated on its own merits. 

tha 

Neurasthenia-—Among the various neuroses, 

sometimes known under the name of Beard’s 

tible to electrical treatment. We shall, 

however, be liable to disappointment if we treat as oe 

enia all the affections included under that designation by 

. Al7- 
this disease, 

9 the public and occasionally by medical practitioners. Unable 

to give a name to a number of indefinite nervous ee 

st is the fashion to class as neurasthenic, a number ae affec- 

tions which in no way resemble Beard's disease. ni 

often called on to treat these so-called neurasthenics, whom 

4 the doctors in despair have sent to baths, to the sea, to the 

mountains, and as a last resource to the medical elec- 

True neurasthenia presents symptoms of cerebral 

There is, moreover, muscular weakness, insomnia, dyspepsia, | : 3 

“and diverse pains, cephalgia, back-ache, vertigo, neuro- 

cardiac disturbances, with hyperexcitability of the genital 

organs, or impotence. In general the blood-pressure is be- 

low normal, although there is a form of neurasthenia, se 

we may call pseudo-neurasthenia, with supra-normal a - 

pressure. This requires a totally different treatment. ere 

is also a form of hereditary neurasthenia in which all treat- 

ment is useless. ! 

~ With regard to electro-diagnosis, there is not much to be 

said. The diminution of electrical resistance which has been 

observed in some cases is by no means constant. 
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Electro-therapeutics.—The treatment varies according tg 4 
the predominating symptoms. The best treatment is the 4 
static bath, which may be increased in intensity and dura. 7 
tion as the patient is able to bear it, The occurrence of in. q 
somnia will warn us if we are exceeding the beneficial dose, 
We may commence with 5 minutes, and gradually increase 
up to 45 minutes. 

In general the negative static bath should be preferred, . = 
but if there is insomnia we may give the positive bath, the 1 
patient being connected to the positive pole of the static 4 
machine. In female patients where there is menorrhagia, » 4 
static treatment is contra-indicated. 

Some authors consider that neurasthenia is an affection — % 
of the sympathetic, and recommended the galvanisation of 
the solar plexus and its branches by the method of Betton 7 

og “Ss 

Massey. A large anode of 250 sq. cm. is placed over the ” 
abdomen, and a large cathode also of 250 sq. cm. on the 
lumbar region.—Intensity, 50 to 250 milliamperes.—Dura- “? 
tion, 15 minutes.—Seances every second day. se 

In cases of low blood pressure, if there is no tendency to 
insomnia, I have obtained good results from the employ- q 
ment of high frequency currents. The patient is seated — q , 
between two high frequency spirals, arranged so as to pro- : 
duce bipolar effleuvation. The spirals are wound in opposite 
directions and joined up so that the excitation in each spiral. 
opposes that in the other. (1 38.) One of the spirals is at 
the back of the patient, and he is connected to it by means ~ q 
of an electrode applied to the nape of the neck. The other 
spiral is in front, and has an electrode with multiple‘ points 
directed on the abdominal region, care being taken to obviate _ 
any danger of sparking. Albert Weill has also obtained ex- - 
cellent results by this method. A seance of 10 to 1 5 minutes : 4 
may be given every other day. 

s 

4 Be adache and cerebral asthenia may be treated by the 

a 
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’ nt has successfully employed the hydroelectric bath 

_ Larat asoidal currents. He gives the static bath and the 
with . path on alternate days. The duration of the 

hy or to 25 minutes, and its intensity is gradually in- 

bath e a it produces slight tetanisation of the muscles. 

above are the procedures for general treatment. We 

Sy now review more in detail the treatment of each symp- 
may ee 

“atic douche given with the aid of Truchot’s apparatus, or 
ns of non-metallic excitors. In some cases the con- 

py i current appears to give better results. An anode 

ao" eq. cm. 1s applied to the nape of the neck, and a 

Bo a so sq. cm. to the forehead—Intensity, 20 milli- 
amperes —Duration, 10 minutes (Caster). ; 
al é 5 

" In cases where there are neuralgic pains, the use of a 
“active anode is preferable. Where cerebral asthenia is the 
4 ominent symptom, I have obtained excellent results from 

a employment of the high frequency douche. For a 

purpose we may use the effleuve from a cup suspende 

overhead and connected to a resonator, as in Truchot’s 

apparatus. After the patient has been treated by the bi- 

‘polar method directed to the solar plexus, the seance may 

a terminated by treating the headache and cerebral 

‘asthenia by effleuves directed on the head. For this purpose 

the pointed electrode on the abdomen is replaced by a metal 
plate and the cup overhead is connected to the spiral be- 

hind the patient by means of a flexible conductor. 
_ The pains in the back are best treated by continuous 
“positive galvanisation, as in lumbago. The faradic brush 
also gives excellent results. We may also treat it by re- 

vulsive methods, using the high frequency current with 
q glass electrode, or a bare brush or ball electrode, according 

' to the tolerance of the patient. 

¢ ge 
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The low blood-pressure may be relieved by sparking Or 
effleuves of high frequency directed on the spine, by the 
static spark, or by electric friction. The seances-should be 
short. The excitor should be passed three or four times 4 

over the spine, which produces a considerable. elevation 
of blood pressure, as shewn by the sphygmo-manometer — ] 

(Mouter). The duration and intensity of the seances is 
limited by the tendency to insomnia, which is often agp. = 
gravated by the treatment. 

In cases where there is hyper-tension of the pulse, Moutier 
advises the use of auto-conduction to lower the ar 
blood-pressure. 

teria] 

Tachycardia is best treated by galvanisation of the pneu 
mo-gastric. A large cathode is placed over the epigastrium, 
and an anode of at least 20 cm. over the left cardia —In- - : 

‘tensity, 8 milliamperes—Duration, 10 minutes. a 
In the treatment of sexual impotence, we may use nega- 

tive galvanisation of the inguinal region and perineum ~ 
with an electrode of 20 sq. cm. moved to and fro. Intensity 
2 to 10 milliamperes.—Duration, 10 to 15 minutes.—Seances 
every other day. If there is hyperexcitability, the same 1 
treatment may be employed, using the active anode. 
We often see cases of neurasthenia improve under treat- a 

ment by vibro-therapy or by railway journeys, just'as they 
are improved by any violent impression or any novelty. ~ 
This may be the explanation of the favourable results ob- 
tained by Hirt by intense galvano-faradisation of the ’lo 
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{ | i the thyroid gland—a pro- 4: vide the sympathetic or remove gland 

which has often proved fatal. Electricity is, there- 

— te only rational treatment. The results of gal- 

: ‘sation of the thyroid body have thrown a good deal of 

1 i. on the pathogenesis of this disease. 

. ophthalmic goitre appears to be due to a disturbance 

{ of Fe internal secretion of the thyroid gland. This ae 

4 cific affection, and does not in any way correspond to le 

; E mptoms due to removal or absence of the organ. ‘This 

q thyroid extract ~ 
_ explains the failure of the treatment by thy 

" noticed by authors like Dreyfus-Brisac and Bécléere. ‘The 

4 lteration of the secretion reacts on the medullary centres, | 

a producing nuclear paralysis of the vagus, and paralysis . 

q the vaso-motor centres. There are no visible lesions of the 

' nervous system. 

The disease is, in fact, a neurosis of the medulla, caused 

" py a disturbance in the internal secretion of the thyroid 

Mm eland. The following are the symptoms: Tachycardia, 

caused by disturbance of the vagus. There is no alteration 

4 of the rhythm of the heart, but there may be hypertrophy, 

4 due to increased activity of the organ, or insufficiency of the 

© valves caused by dilatation—Dyspnea often due to the same 

 cause.—Exophthalmia, sometimes accompanied by ophthal- 

q moplegia, or paralysis of the extrinsic muscles of the eye.—— 

| Hypertrophy of the thyroid body.—T rembling, occasionally 

" accompanied by chorceic movements.—Paralysis, a paraple- 

wer @ 7 gia of a definite type, unaccompanied by visceral or vesical 

3 troubles ; in contra-distinction to paralysis of spinal origin. 

The distinction may be made with the aid of electro-diagno- 

4 sis. In addition to these, we may get nervous troubles and 

gq psychic disturbances of various sorts, with elevation of the 

_ peripheric temperature, amenorrhcea and impotence. 

e In treating a case of Basedow’s disease, we should not 

forget that the malady is fatal in 20 per cent. of all cases, 

2) 

limbs. 

418. Exophthalmic goitre.—Graves’ disease or Base- . 
dow’s disease.—All authorities are united in the opinion | 
that exophthalmic goitre is particularly amenable to treat- 
ment by electrical methods. Medical treatment is of such 
little use in these cases that surgical aid has been invoked to, — 
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and that grave accidents may supervene in the course of : 
its evolution, caused by a paroxysm or a hemorrhage, The 4 
friends of the patient should be warned of this possibility, : 
so that the electrical treatment may not be blamed for ap 
accident due to the progress of the disease. i. 

Electro-diagnosis—a. Electrical resistance.—In this dis. 
ease the resistance is considerably diminished, due ; 

=) 

n 
. ? all probability to the disturbance of the vaso-motor system — 7 

and the increased perspiration. In health the electrical 7m 

oftening cau 
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sed by the negative pole. It should be of 60 to 

d should cover the goitre and the whole of the 

g region. A large anode of at least 200 sq. cm. 

‘ould be placed on the nape of the neck. It is important 
hou! 

tive anode in absolute contact with the skin. 
se of a layer of absorbent cotton wool between 

of gauze, and over it I place an ordinary concave 

Intensity, 30 to 40 milliamperes.—Duration, 15 

Seances every day or every other day. 
resistance may be considerably reduced by placing the sub. q | | a. In addition to the galvanisation of the goitre the 
ject in a vapour bath. We 

Hradic current may be used to stimulate the orbicularis 

; aipebrarum, whose motor point will be found at the external 

Bote of the orbit. A small olive-shape electrode may be 

med the indifferent electrode being placed on the nape of 

neck. Duration, one minute. We may also faradise the 

b. Where there is cardiac hypertrophy, the measurement : | 
of the heart by the orthodiagraphic method will give val. “am 
uable information as to the progress of the disease. - (426.) “ae 

e “ c. Where paraplegia exists, it may be as well to test the | 

ee =n = —— - MSS re —_— = == = —— 
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muscles. The absence of DR will set at rest the question of 7 
any medullar affection. 

Electro-therapeutics.—We have already said that electro-. se 
therapy is universally accepted as the treatment of exoph- am 
thalmic goitre. Rockwell, Vigowroux, Deléage, Bordiery, 
Larat, Sollier, Régnier, and others have published observa- a & 
tions and statistics which leave no doubt as to the efficacy 
of the treatment. The cases of failure are those in which 
the so-called electric treatment is carried out by means ofa 
small coil and two small pads applied as chance directs on 
either side of the neck. . 

According to Prof. Joffroy, when the treatment is carried - 
out in a rational manner, with strong galvanic currents, the 
measure of success attained is far in advance of any other ~ 
method, — 

The following is the mode of procedure: 
a. Galvanisation should be used by preference. . The 4 | 

cathode is to be placed on the goitre in consequence of the — 

sperior branch of the facial nerve, whose motor point is a 

‘ttle external to the above. The cervical ganglion of the 
Bir pathetic may also be stimulated by placing the electrode 

ander the angle of the jaw, between the hyoid bone and the 

terno-mastoid. In this situation the pulsation of the carotid 
artery, usually exaggerated in this disease, may be readily 

el ton pressing the electrode and inclining the head towards 
the side which is being treated. One minute’s application — 
should be made on either side. Finally, the precordial region 
may be faradised by placing the active anode in the 3d left 

mtercostal space, 2 centimetres from the sternum.—Dura- 
ion, 2 to 3 minutes. 

' Vigouroux has obtained good results by the faradisation 
f the goitre itself without any application of galvanism. 

‘The average duration of treatment for Basedow’s disease 
“is three months, The results are as a rule most encouraging. 

he goitre decreases in size from the commencement of the 
treatment and this is soon followed by a cessation of the 
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trembling and tachycardia. The exophthalmia is the last 7 
symptom to disappear. 

Exophthalmic goitre is very often associated with other 

forms of neurosis. The appropriate treatment for these © 

should be given in addition to the treatment for goitre. 

419. Parkinson’s disease.—Paralysis agitans or ro 
inson’s disease has not hitherto proved amenable to electrical E 

_ treatment. In one case that came under my notice, the 

trembling greatly diminished under the influence of gal : 

vanism, The continuous current may be employed, using an 

arm-bath for the anode and a cathode to the nape of hem 4 
neck.—Intensity, 20 milliamperes.—Seances, 15 to 20 mine | | 

utes every other day. 

420. Somnambulism.—The best treatment of this afm 3 

fection is the static bath, followed by the static douche, q 
Bordier reports a successful case. 

421. Other nervous affections.—Electricity has proved © 4 
of service in a number of other nervous troubles, such as 

incontrollable vomiting, hiccough, nervous schonia— al 

cesphageal spasm, vaginismus, and noises in the ears. These — 

will be discussed in the chapter devoted to each organ. 
Hiccough, par. 529. 

Nervous vomiting, par. 532. 

Aphonia, par. 517. 

Oesophageal spasm, par. 530. 

Vaganismus, par. 457. 

Noises in the ears, par. 520. 

G. Locat AFFECTIONS OF NERVOUS ORIGIN. 
422. Raynaud’s disease (Local asphyxia of the eX- | F 

tremities—Senile gangrene) —Most of the topical dis-— q 
eases of nervous origin will be found described un- — 

der the organs or tissues affected, e.g. scleroderma (492) 

disease and t 

: fl 
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Ed skin diseases. We shall only allude here to Raynaud’s 

4 o the perforating ulcer of the sole of the foe: | 

a al palm of the hand. ; 

Ray naud's disease, which has a great analogy to or- 

dinary chilblains, is the result of local vascular spasm. 

Raynaud treated it by means of the constant current, with 

én intensity of 7 to 8 milliamperes, an arm-bath being used 

| r the cathode and an indifferent anode being applied to 

he nape of the neck. Duration, 10 minutes. 

E peter, and after him-Bordier, used the ascending current 

\ with an intensity of 15 to 30 milliamperes. 

Bin hysterical or neurasthenic cases, the static effleuve may 

‘4 be used in addition to the galvanic current. (Plicque.) 

423- Perforating ulcer.—This is usually situated on 

| tt e sole of the foot, or on the great toe. The ulcer, whether 

caused by a cerebral or a spinal lesion, has no natural 

tendency to repair. For this disease electricity is a radical 

means of cure. 

The treatment consists in faradisation of the posterior 

tibial nerve (Crocq, H ann). A pad connected to the nega- 

tive pole is applied to the extremity of the foot beyond the 
ulcer, while another pad is applied to the posterior tibial 

nerve behind the internal malleolus, 

H. ANAESTHESIA. 

_ 424. Electric treatment of anzsthesia.—Aneesthesia 
is a symptom common to a number of neuroses and other 

‘affections of the nerves or the nerve centres. The electric 

“treatment of the symptom itself does not vary to any 
great extent. 

It may be of interest to determine the exact nature of 

the anzsthesia by means of electro-diagnosis, using for that 

‘purpose both the galvanic and faradic currents. The ex- 
 Ploration should be made in the same way as for motor 
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excitability. Bordier has determined. the topography 4 ; ond 
z 

normal sensibility to the galvanic current. 

The best treatment of anzsthesia is that described. b 4 4 

Duchenne of Boulogne. The faradic current is emplo a 4 4 | 4 CHAPTER II 

with a metallic brush connected to the negative pole. “a 7 4 

application may be made in three methods. : a | q THE VASCULAR AND LYMPHATIC SYSTEMS. 

I. : ranscurrent faradisation, the brush being simply - q 

ee tel , n being — with the © this chapter we ome oe the use of radioscopy as a means 

. The electric m Moi diagnosis in these ciscascs. 

ret oe ee oe being left for some sec. . 2 We will suppose that the operator has a focus-tube 

ae : AVERY, pamtul method of @ SS «mounted on a movable carrier as in Fig. 40, similar to that 

Te coin ; ee — fee which I exhibited to the Congress of Boulogne in 1899. 

ote Se a Oe ae way the use ] ae Dr. Béclere has since greatly contributed to the perfection of | 

“ois ane a np : . ae s po . There . - this apparatus by adding the iris-diaphragm. The following 

Ge follenieels jecthscauieut eniaa patient, which may | is the mode of examination for the study of the heart, the 

The use of the metallic brush . much to b a large vessels and the uae uns ote patente Pee 

re | Gas be cosecdl be : e prin 4 a is " yertically in front of the stand, with his frontal plane parallel 

the continuous current by means of lar oie eed me 3 to the plane of the stand. “The setecn ie Bees parelic) | 

eetlie plates a( 416.) g ctrodes, or bare 4 ae to the stand. The tube can be moved in any direction by 

| | | E means of cords, but all its motions are in one plane. It 

- can thus irradiate the object at every possible angle, giving 

4 a different silhouette for each position. 

' - The examination should be begun by symmetric irradi- 

q ation of the mediastinum. For this purpose the focus-tube 

= should be placed either behind the sternum or spine,—the 

normal ray being in the antero-posterior median plane. 

In this position the shadow of the sternum and of the spine 

Bare superposed. The direction of the normal ray is indi- 

{ cated by the shadow of a metallic cross placed in front of 

_ -the focus-tube. On the right side, projecting beyond the 

. 4 sterno-rachidian shadow we may see the right auricle beat- 

e ing and the shadow of the great vessels at the base of the 

heart. 
a 

By 
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Projecting beyond the left margin of the sterno-rachidian 
shadow, we see the ventricular portion of the heart, In 
some subjects, at the moment of deep inspiration, a clear 
space is visible below the heart. To see this the focus-tube. 
must be lowered. 3 
An oblique view of the mediastinal region may be. ob- = 1 

tained by moving the focus-tube to the right or left, or by. am 
rotating the patient about a vertical axis, In this way the a 
mediastinal shadow is moved to the right or left of the 9 
external or spinal shadow. It is well to habituate oneself 4 
to the appearance of the normal mediastinum as viewed = a from the front or rear. : 

In this way an approximate estimate may be made of — 4 
the extent of the cardiac shadow and of the volume of — 
the aorta. 

One may observe the heart beats, as well as any dis- : q | 
placement of the heart or mediastinum. 
We do not get such good results from lateral examina- 

tion, 7.¢., with the sagittal plane of the patient parallel to 
the screen. | | 

There are two signs of pericardiac effusion, viz., diminue 
tion of the heart’s motion of contraction, and alteration ° 
of the size and shape of the cardiac shadow. This is usually 
globular, or with a notch at the top. | 
A displacement en masse of the cardiac shadow is ob- 

served in many diseases, e.g. pleurisy, ascites, tumour, ete.4 
(Bouchard, Bergonié and Carriére.) 
The normal pulsation of the aortic arch is best-observed 

by placing the patient in the right frontal oblique position. | 
The aortic pulsation is increased in chlorosis, exophthalmic © 
goitre and other diseases in which there is an exaggeration 
of the peripheric pulsation. It is also increased in aortic 
insufficiency (Bouchard) and even in aortic stenosis 

i 

yh ‘ 

a > 
a 

} a affections 
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(B éclereé ) ’ 

.., urism of the innominate artery is very perceptible be- 
Ane |  .. right sterno-clavicular angle. an 

. appreciation of the changes in the volume of t 
ee of the utmost importance in radio-diagnosis of 
L, 1 

‘ 1 i B tions of the vascular system. This subject is further. 
a nec 

and to a still greater extent in aneurism of the 

D treated in par. 420. 
me Electr o-therapeutics—Affections of the heart are not as 

wale amenable to electrical treatment. Larat obtained 

3 3 its from the electric bath with sinusoidal currents, 

ee of the heart, with weakened systole, but with- 

; itis or arterio-sclerosis. Compensation was re- out myocardi res iuresi in- 
:. hlished the angina was diminished and diuresis was 1n 
esta : 2: Beeeased. The modus operandi appears to be an increased cr 
activity of the circulation following contraction of the 
re 

skeletal muscles. oo ol 

"Hornung of Marbach reports 56 cases treated by sinusoi 

dal currents with more or less success. . 

- For aneurism of the aorta, we may refer the reader to 

"pat. 427. 
4 426. Cardiac hypertrophy a augmentation of the 

cardiac area—Orthodiagraphy.— The cardiac area may 

be measured by radiography yor radioscopy, with a fixed 

“tube and conical projection. By a simple calculation wd. 

‘may estimate the real from the apparent area. A simple 

“method due to Variot and Chicotot enables us to obtain the 

“real area at once. | : 

_ The method by conical projection, however, necessarily 

‘introduces certain errors. To be exact, we need to know 

the distance of the anticathode from the point where the: 

tangential rays touch the heart. Moreover, the distance of 

‘the screen must be accurately determined, in order to com- 
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pare observations in different patients. Again, the tangent ill 
points, t.e., the points at which the cone of rays touches © 

the heart, are not all in the same frontal plane and they vary 

according to the distance of the focus-tube, the volume 
of the heart, its position and its inclination. 

All these causes of error would be removed if we could | 

measure the heart directly by means of ee projec. | a 
tion with a parallel beam. 

The first orthodiagraphs were made about the samell 
time in Germany by Prof. Moritz and in France in Bou ; 
chard’s laboratory, where my method of vertical ovthodiaaay ? 
raphy was employed. Since then, an apparatus. has been — 
made in Germany in which a style or inscribing point is @ 

attached to the focus-tube. The focus-tube is moved in the 7 
rear of the patient by means of a system of jointed levers, 
The style, which is kept perpendicular to the plane of | 
the screen, follows the movements of the focus- tube, and 
makes a trace on a chart placed parallel to the screen. When 4 

the patient is placed opposite the tube the position of the — = 

normal ray is indicated by the shadow of the style in te ; i 
centre of an opaque ring. By moving the ‘foc 1s-tube, the 
normal ray is made to pass round the contour of the heart, 
while at the same time the style makes a oa 4 
trace on the chart. This apparatus was designed by Prof, — 

Moritz in 1900. It may be employed either in the horizontal — 
or the vertical direction. The latter position, which’ is the 7 

most convenient for clinical examination, has the disad- j 

vantage that it is difficult to keep the frontal plane of the . 
patient parallel with the plane in which the focus-tube ~ 
moves. Another disadvantage is that the movable screen © 
being small, gives but a partial view of the chest. It is ~ 
moreover a cumbrous apparatus. 

In Prof. Bouchard’s laboratory we adapt my movable ’ 
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tube holder for orthodiagraphy by the addition of 

ider to the apparatus used for all ordinary clini- 
focus 

, screen ho 
cal examinations. 

ne 

‘Fig. 67 represents this apparatus. The screen is placed 

4 
* > s 

0 LB OSSO<g 

, babe 

want; 

Fig. 76. 

. in a frame which is supported by two rods in a position 

4 parallel to the plane of the stand. These rods can be re- 

moved at will. 
+ i The following is the mode of using the apparatus. The 

"Patient is placed opposite the stand, his arms resting on 

a eS sore ee sae = pe Rs EES 2 “ = 
em a ae Sora teary rere AAT — Re OT TS Ss ee a = 
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Rte ene 
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two lateral supports, and the fluorescent screen is adjusted _ 4 
at a convenient height. By means of the cords, the norma] : q 
tay is brought to a position tangential to the heart. We 
may now draw with a Faber's pencil a small part of the 
contour of the heart on the screen. The focus-tube is 
then moved till the normal ray is tangential to another spot 
of the heart, and the process is repeated. With six to eight — 4 
points determined, the whole orthogonal contour can be 
drawn. The position of the sternal notch and the lateral 
limits of the thorax are also indicated. We may then take 
a tracing of the contour on transparent paper divided into 
centimetre squares. | 

The area may be estimated by counting the squares or; 
what is much to be preferred, by means of Amsler’s plani- - 
meter. 

_According-to my observations, the volume of the heart 
may be estimated by multiplying the area by one-half of | 
its transverse diameter. The calculation of the volume, | 
however, is superfluous, since all that we require is some 
means of comparing the areas of projection in different 

cases. ae 
The following table shews the mean of a series of 

measurements made by Bouchard and Balthazard. They 

determined the cardiac area S in a number of cases, both 

normal and diseased. They also determined the ratio of 

the patient’s height H, to the frontal surface of the thorax — 

T, the weight P, and the amount of fixed albumen An. 

The frontal surface of the thorax is the product of the _ 
breadth at the level of the xyphoid cartilage, and the depth. 
from the sternal notch to the diaphragm. 

ee = 2 2 = 
| H T Bee An 

Men... 2.28015 5.34 0.199 1-53 9.84 

Women . 76 4.92 ~? 0.21315? PAS) 9.49 

: The 

metres by | 

q Eehts between 140 and 182 centimetres. Between 182 and > 
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ratio S/An is the most important. The following 

is: Bouchard s rule for determining the wcignt of fixed 

albumen in the body. 

1. Measure the height of the patient. 

5, Determine the mean normal weight corresponding to 

hei d’s table. height by means of Bouchar able. 

i. ae absence of a table the following 1s a rough method 

¢ determining the weight. Multiply the height in deci- 

e 8, and subtract 66. This is correct enough for 

185 centimetres, the number to be deducted is 67, and 68 

for any height above this. 

Example—A man 155 cm. in height should weigh 

: 4 15.5 X 8—66 = 58 kilograms. In Bouchard’s tables the 

umber given is 58.6 kilos. | = 

3 A patient 170 cm. in height should weigh 17 X 8— 66 = 

70 kilograms. (70.6 in Bouchard’s tables. ) 

3. Correct the weight thus obtained for age, build and 

, a musculature. In order to do this we multiply the normal 

weight corresponding to the height by the coefficients of 

age and build. These have been calculated by B ouchard in 

order to compensate errors due to age, the size of the 

skeleton, and the muscular development. 
: Se aa eae Eee eae Canaan 

MUS- 

BUILD. COEFF. | CULATURE. COEFF. | YEARS. COEFF 
! 

ee 

a 

= Very stout...... 1.12| Very strong..... TAA Ge Oo ee 0.6904 

0k aera TOS | SELONS <6 ees PET2 N15 sew iter Bs 

- Rather stout..... 1.04| Rather strong. ..1.05|17 ...-+-+++++:: ue 

Medium ........ I Weed tin. ss5 a I TO. sth eee cee 

‘ Rather slender...0.96| Feeble .......--- O:O8 | 21. sce ee 2 a 

Slender ..3...... 0.93| Very feeble...... O100|'23° 2. ise rae ee 

Very slender..... 0.90 
20a. ME Ee cre : 

a SE SES nets SE et zs = 
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4. Since the fixed albumen represents 14.8 per cent of | a 
the normal weight, it is easy to determine the weight of 
fixed albumen in a patient whose height, age and builg 
are given, since the normal weight can be calculated from 
these data. In addition to the foregoing, a correction should 
be made for the degree of muscularity of the patient. For 
a very strong musculature the fixed albumen will be 15.8 
per cent instead of 14.8. The following is a table of correc... a 
tions according to the degree of musculature: 

Musculature Fraction of weight present | ’ 
as fixed albumen. _.— 

Wiety Strone 36 eye 
DONS eg a oe 
ater Strong 2 2 yp coe 
Meg . ven a te 3 TAS 
ecble eee aes 
Weny feeble ae 1431 

Let us take for an example a man of 32 years of age, of  _ 
rather stout figure and rather strong musculature, 170 cm, — 
in height. of ae 

His normal weight will be: 17 X 8— 66 = 70 kilos. 
Corrections for figure and musclature: fe, 

JO 1.04. X 1.05 == 76.44 kilos. 

No correction for age. 
Since his musculature is rather strong, we shall have for 

his fixed albumen: 76.44 X .1505 = 11.50 kilos, | 
5. We have thus obtained the weight of albumen if the 

patient is normal. Is he normal? The weighing machine —_ ss 
will settle this question. If he weighs more than 76.44 kilos, 
the surplus is due to fat, and the fixed albumen will still be 
11.5 kilos. If he weighs less than 76.44 kilos we must re-_ 4 4 
member that a loss of 1 kilo corresponds to a loss of .140 
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4 ¢ fixed albumen. If the patient is 7 kilos under 

-.. we must deduct 7 X .140 = .98 kilos from the cal- — 

Bed weight of his albumen. : 

11.50 — .98 “= 10.52 kilos 

r children the size of the heart is larger in proportion to 

al ‘cht of the body. 

i. a disease the ratio S/An is increased. , 

“Jn tubercular patients in early stages of the disease, and 

those who are inclined to phthisis, the ratio S /An is dim- 

ed, whereas in old tuberculous cases the ratio is in- 
ced in consequence of dilatation of the heart. § 

427. Aneurism.—In par. 425 we have seen the im- 

nortance of the X-rays in the diagnosis of aneurism of the 

larger vessels. Electricity is also of great use in the treat- 

ment of this disease. Whenever an aneurism 1s operable it 

should be treated surgically, since electric treatment is only 

palliative, and a permanent cure is but rarely obtained. : 

q When an aneurism is inoperable, as is the case with 

aneurism of the aorta, it should be treated by galvano- 

4 B scas and Guerard in 1831 demonstrated the utility of. 

galvano-puncture. They were followed by Petrequin and 

Ciniselli, and the technique was perfected by Dujardin-Beau- 

 metz in 1877. 

q Mode of operating by position galvano-puncture for 

4 ‘aneurism.—An iron or platinum needle covered with shellac 

“up to 4 centimetre from the point is thrust to a depth 

of two or three centimetres into the aneurismal sac. It is 

then connected to the positive pole of the galvanic current, 

an indifferent cathode of 200 sq. cm. being placed on some 

" distant part of the body. 
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A current of 30 milliamperes is passed for 30 to al : 
munutes, and the operation is repeated every ten or fifteen 
days. oo 

e 6% centimetres in length, and 6 millimetres in 
"should b 
; : diameter ° ; ; 

3. The needle should be carefully insulated with shellac 

We will pass each point of the operation in. review in " ghroughout its whole length, with the exception of a small 
detail, since the Operation is a very delicate one, and de: ’ | 4 ortion at the point. There should be only yy, to I mm. of 

mands great care. bay q | q pare metal, in order to avoid hemorrhage. The insulation 

1. The galvano-puncture should be positive. It is most a © of the needle is as important as its polarity. a 

important to make sure of the polarity of the neédle before - bh. A. Puncturing—The holder designed by Dujardin-Beau- 

the operation. One can never be certain that the signs 4a 7  metz, or some other needle holder, should be used. One may 

and — on the instrument are correct. A workman may haye q s 3 be certain of its proper position by noticing the rhythmic 

altered the connections, or a current reverser may fave been a : movement of its free end. | 
placed in the circuit. As a mistake in this point may be , og q 5. The intensity should be about 30 milliamperes. Some 

fatal by causing hemorrhage, it is important to: test the a " operators go up to 50 milliamperes, but a current above 30 

polarity of the needle immediately before the operation. This _e milliamperes produces very severe pain, which is quite un- 

may be done by means of the usual pole-testing paper, or a Me necessary. A number of needles may be employed simul- 

we may place the two wires in water with two inverted test _ " taneously, each being connected to the positive pole. 
tubes over them. Hydrogen will be disengaged from the = Results—F¥or 24 hours after the operation there 1s con- 
negative pole, while the positive pole will be oxidized. “MN siderable reaction, swelling, and increased sensibility. At 

The reason for using the positive pole is as follows: The. a : 4 the end of 3 to 8 seances the pulsation becomes less ap- 

positive clot, i.e., the chlorine clot, adheres to the needle + y got and me yall oF the vecs appests fo. Uncle aye 
and to the walls of the vessel and extends for some dis. wai C*D/anation of this Teacuon 1s Ok ve) clear, although 
tance beyond the point of puncture. When, therefore, the _ 4 coagulation of the fibrin of the blood plays a certain part. 

needle is extracted, there is no hemorrhage; on the other | q It ee not UN ESI SEES Teepe oa phvomonsl et) Srila wes 
hand, the negative clot, ie., the clot formed round the | a oo meee ee Es rouey yes pee conmnualy ae 
sodium and other bases, is soft and spongy. In s nite of : 3 lating, by those which happen in a test tube where the blood 

its insulation, the walls of the vessel may be injur ee by the a ' isat rest. In Larat’s opinion, there is an electrolytic action 

needle and hemorrhage will follow the extraction of the _ . on the internal surface of the aneurismal sac, and a curative 

needle. = ' endarteritis is set up, resulting in the deposition of succes- 

2. Choi h Sane if a a sive layers of fibrin. The aneurisms which are most suitable 

be hae of | ine needle.—Dujardin-Beaumetz tecom- ie «= for galvano-puncture are those which are easily accessible 

mends the use of steel needles, because the Cl set free at the 7a Meee. or those which, like aneurism of the aorta, project beneath 
positive electrode forms a hemostatic compound FeCl,. MN the skin. 

Larat prefers a platinum needle, since the steel becomes — 4 @ 428. Angioma—Vascular Neevus.—From an electrical 

rough and has a tendency to wound the vessel. The needle 7 SII of View, the angiomata may be divided into two cate- 

. F : 
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gories. The first is simple angioma, flat or only slightly q 
raised, in which there is multiplication of the smaller blood 
vessels without dilation. The second variety, the mote im. 4 
portant, is characterised by dilation of the blood vessels. 

Between the two varieties there is only a difference of de.4 q 
gree. In the former category we may include bir'th-marks, 
nzvi vasculares, wine-marks, blood stains and the telangi. 7 
ectases of Hebra. In the second division we have raiseq 
nevi, projecting or cavernous angiomata, vascular tumours, © q 
erectile tumours, spongy aneurisms, and the venous telangj. | 
ectases of Schuh. 

Angioma may be treated by bipolar’ electrolysis after 
Bergonié’s method. Two needles are thrust obliquely into 4 

the tumour. These can be kept parallel to one another by 
the use of a special needle-holder designed by Bergonié, 4 | 
They should be .8 millimetre in diameter, and should be. 
covered nearly up to the point with a varnish of shellac. The 
distance between them may vary from 2 to 12 millimetres, _ 
A constant current of 20 to 40 milliamperes should be 

used, with a duration of 3 to 5 minutes. According to 
Bergomé, as much as 40 milliamperes may be used for a - 
large angioma. - 3 

The treatment is the same for the simpler variety as for | 
the large lacunar angioma, in the interior of which there is — 
a veritable lake of blood, analagous to that found in-erectile 
tissue. In the latter case one must be careful not to cauter-. 
ise the tissue, and to keep the bare point of the needle as 
far as possible from the wall of the vessel. It is not, how- 
ever, So important in these cases to use only the positive pole 
as it is in the treatment of aneurism. The skin at the point 
of puncture should be watched. If it changes colour, there@ 
is some defect in the insulation of the needles. The current : q 
must be cut off, the needles withdrawn, and a puncture made _ 

e ang 

"to circumstances. 

. from this treatment in acne rosacea. I have seen a very 
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in another situation with a fresh needle. The treatment may 

gs be repeated once a fortnight. 

Electrolysis gives the best results in severe cases Ole 

ioma, or in simple angiomata which are taised and 

vascular. In the treatment of birth-marks it is doubtful 

whether it is advantageous to replace the red patches by 

cicatricial tissue. In these cases we may use weaker cur- 

rents of 5 to 10 milliamperes with the bipolar method, with 

' 4 duration of 15 to 30 seconds only for each puncture. In 

this way we obtain most excellent results. : 

Of late, Bergonié has employed a much simpler treatment 

for these angiomatous patches. It consists in the applica- 

' ’ ' tion of the high-frequency aigrette and sparks, using a bare 

metal electrode attached to the resonator. The violet coloured 

‘tissue begins at once to blanche. This is followed by an in- 

fammatory reaction more or less violent, resulting in a cure 

_ of the subcutaneous affection, but leaving the epidermis 

somewhat discoloured. 

The duration and intensity of the seances vary according 

Guilloz has also obtained good results 

obstinate case of acne rosacea yield to this treatment, but 

~ dt recurred, however, after some time. 

Angiokeratoma, or dilatation of vessels without formation 

of new tissue, may also be treated by electrolysis. 

429. Warix—Varicose Ulcer—Phlebitis.—In Larat’s 

hands, the employment of the hydro-electric bath with sinu- 

soidal currents has given good results in the treatment of 

-varix. This was probably due to the stimulation of the 

venous circulation by general contraction of the muscles. 

In cases of ulceration, the best treatment is by means of 

static effleuves or high frequency effleuves. The latter 1s 

most efficacious, promoting rapid healing. 

] . ns 
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igs handle. (428.) Intensity, 20 to 40 milliamperes 
or the tongue, where we should not exceed an in- 

Static effleuvation.—The patient is placed on the insulat q 5 q 5 

stool and connected to the negative pole. The meta] col . - & 

connected to the positive pole should be directed on tha Bene a of 10 milliamperes. 
ulcer, sufficiently far off to prevent the passage of snail 4 ca ao. Chronic Adenitis.—Galvanisation often yields 

The seance may be repeated every other day. :. q results in procuring the absorption of the tumour. 

High frequency effleuves-—The resonator ‘should ta | Mee, tubercular adenitis there is not much hope of success, 

— 3 ign of softening it is better to abstain 

adjusted so as to give long effleuves. The patient is not inulm sad if there is any S! 

sulated. The electrode for giving effleuves is” suppaall _ Eom all electrical interference. At the commencement of all 

on an insulated stand and connected to the resonator } " © treatment of glandular enlargement, it is as well to warn the 

flexible wire. Duration, 10 to 15 minutes, repeated vl We atient that suppuration may supervene in spite of the treat- 

Many explanations have been given of the rapid action Ill eS A garode of appropriate ve site 
SW tumour, with an indifferent anode of 150 to 200 sq. cm. 

of high frequency effleuves: among them, ozonisation, action aan : 
on the trophic nerves, action of ultra-violet radiation on them | © on the nape of the neck uae Ehe Mens 
nutrition of the tissues, etc. SEE reculated so as to have an electrical intensity under the 

_ sathode of .5 milliamperes per sq. cm., #.e., 10 milliamperes 
Boudet of Paris has obtained good results from galvanisa- _— 

tion. ae — om ay be given with a cathode of 20 sq.cm. Duration of the 

Hemorrhoids are also rapidly ameliorated by the local 4 searice Pmuauics meatices every two OF dee Gays. 

application of high frequency currents. (541.) aa | 433. Leukemia.—Leukemia, leucocythemia, or lym- 

In cases of phlebitis, M. A. Cleaves prescribes negative 4 | phadema is a morbid process characterised by an abnormal 

labile galvanisation along the course of the vein, using Sto. multiplication of the white cells of the blood and an in- 

20 milliamperes, followed by the employment of the sinusoi. 1m ‘creased proliferation of the adenoid tissue over the whole 

dal current. [7 body, including the spleen and the lymphatic glands. Nor- 

430. Oedema — Pseudoelephantiasis. — Good -csul a a mally there are some 7,000 white cells in each cubic milli- 

may be obtained from negative galvanisation, The leg a ae peplood, = ii propomien of one we tonbeol ted 

should be enveloped in a large active cathode, the indifferent aii cells. These white cells are of several varieties, and are 

anode being placed on the loins. Weill. obtained rapid im ee ee tte tpllowiig, proportions: 
provement by this method, using a current of 50 milli- 4 
amperes. 

Ee q 

A: 
a 

: Lymphocytes, small cells of the size of the red 

‘corpusles, each possessing a single large 

_ , nucleus. These are found more particularly 

I. Lymphangi sided aes —lt(“it*ét*t*~*S in the lymphatic glands 

ee i tes SIO: Lymphangioma and macro- eee Large Mononuclear Leucocytes, some of which 

glossia, which is only a local variety of the former, may be ~ " shew a nucleus in process of division 36 per cent 

treated in the same way as angioma. This is best done by — Beeorze Polynuclear Leucocytes ore 
: =  Eosinophile Leucocytes, so called on account of 3 

bipolar electrolysi er 
P ysis, by As of two needles mounted in 9 their granular contents being stained by eosin. Ito2percent 

2 per cent 

fet, 4] 

iM ‘ 

: as 

e 
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An increase in the number of white cells occurs in other ; 
diseases besides leukemia. It occurs during the course o¢ 
all the infectious diseases, and affects more especially the | 
polynuclear leucocytes, whose proportion may rise to Bo q 
per cent or more. a 

In Lymphocythemia the Lymphocytes more particularly ’ 

are increased. In Myelocythemia there is an increase in all 
varieties of white cells, with a production of new. forms, - 
originating from the medulla of the long bones, or from 
myeloid neo-formations. - 

In all cases, whether acute or chronic, this disease has 
hitherto invariably proved fatal. 3 _ 

Radiodiagnosis. Radioscopy is of little use in diagnosis, | 
except in so far as it may enable us to determine the con. 
dition of the mediastinal glands. 3 s 

Radotherapeutics. Before the introduction of the Rént- @ ; 
gen rays, Medicine was completely disarmed in presence of a : 
this most fatal disease. At the present time we may assert oe 
that we possess in the X-rays an agency which is truly ae 
curative, and this in spite of many failures and a few _ 
instances of recurrence which have been recently reported. 

_ In August, 1903, Senn’ reported a case of myelogenic 4 | 
leukemia of the splenic type cured by the X-rays. He 7 
irradiated the spleen, the sternum and the epiphyses of the. 4 
long bones. | 4 

In the following year Aubertin and Beaujard found, im- . 
mediately after irradiation of the spleen, a notable increase q 
in the number of leucocytes in the blood. This was fol- a 
lowed by a more marked decrease, and the white blood 4 
count sank far below its former level. As the seances are a 
repeated the primary reaction becomes slower and weaker : 
and finally ceases entirely. The diminution in the number _ 
of white cells is, however, permanent.? — 

1 Medical Record, August, 1903. 
2 Archives Genéral de Médécine, 190s. 
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_ and J. Smith: have confirmed the preliminary 
J. Capps reaction of the lymphoid organs, followed by 

a of their volume. They consider that Radio- 

a diminutio Bark aple effect, which 4s, however, not abso- 

therapy a tain cases the spleen does not regain its normal 

jute. In Ee death may ensue even when this is the case, 

BB the ioe count has become normal. They also report 
of urrence., 

Arequent ee o oa) Maixner’s clinic at Prague, has _ Hynek, wo ention to the frequency of relapse. Béclére 

hat a satisfactory result is almost certain in early 

h so that in the future Rontgentherapy may ~ 

iagnosis.” ~ : : 

cent eet to explain the precise mode in 

which Ss Cee in animals exposed to the X-rays 

-s 4 diminution of the size of the spleen and a ae 

appearance of the malpighian follicles. There is a simi an 

on on all the lymphoid organs, the lymphocytes being, 

: all cells, those which are most readily affected. 

considers t 

a 1 Journal of American Medical Association, September, 1904. 

- 2Béclére, Archives delectricité médicale, Jury, 1005 oe 
a Bs Therapie der Gegenwart, March, 1905; ca Hak Salk 
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3908; G. Dock, American Medicine, Dec., 1904; G. Dock, Arc 4 3 Oistorey ’ : No. 60, IQO5. ; 
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CHAPTER III. 

BONES AND JOINTS. 

e Wi, i : 434. Diseases of the bones and articulations.—These 
medical electrician both 

affections are of interest to the 
from the point of view of diagnosis and of treatment. 

The action of electrical thera 
this direction. We may, 
droarthrosis or other aff 
matism, luxation, fracture, or injur 
nerves or muscles (377). 

It is, however, tadio-diagnosis that will chi 
our attention in this chapter. 
the greatest service in the stud 
formations 
tion. 

Radioscopic exploration is of 
y of luxations, fractures, mal- 

, inflammatory affections and troubles of nutri- 

The radio-diagnosis of injuries of the bones and joints is often of the greatest importance in medico-legal enquiries, where no error in technique is permissible. | We shall give here the rules to be followed in the radio- : logical examination of each re 
limbs. These rules will enable us to define exactly what has been done, and to repeat the examination under the same conditions, at a future time. | 

gion, and particularly of the 

435. Radiodiagnosis of fractures and dislocations.— — 1. The position of the patient should be defined. Tf ‘the patient is interposed between the focus tube placed on his sternum and the screen placed on his back, the image will be that due to the Superposition of a series of transverse or | frontal sections of the body. 
As long as they are parallel to the screen the images of 

peutics is very restricted in : 
however, be called on to treat hy-- a 
ections of the joints due to tray. | 

y to the neighbouring | Gg 
4 wire 

4 may be req 

efly occupy | 
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tions will be magnified, but not deformed. 

: ‘ll be best when the focus tube illuminates 

a section perpendicularly. When a Bes 

. : ‘ated so that the frontal sections are no 

pat ee : is said to be a frontal radiograph, the 

| a Ae be in the frontal position, and the plane of 

e. 

Bape ee examination of any part 

frontal position and the sagittal bene 

to the former. Occasionally, in the ee : 

es and dislocations, an intermediate posi m 

d. This is defined by its relation to the tw 

a of these 
S¢ 

Be total im
age 

Be eentre of eac 

3 med, t : 

patient is a1 

sxamination 
" Two positio 

if the body, t 

Pat right angles 
ton of fractur 

en of the focus tube and the incidence of the 

a bc defined In the frontal position Bi fee 
us 

: rior or posterior surface of the bo v) 
¥ Be chon ve may fall either on the fe 5 

| the sag face. This is defined by saying the inciden : 

. as # , osterior, right or left. We may also define 

Be nc: 2 “e or anterior view, since we are supposed to be 

. ee at the body from the opposite side, #.e., the sur- 
look: 

| Be have thus pee tetera of the patient relative 
m We ns 

rays m 
fall on 

° e 4 1 n 
> to the focus tube. The next thing is to define the directio 

mo. | th of the rays falling on a given point of the | a ° a 

i af projection. In radioscopy we spea ; oe y at 

BF icection of the rays falling on a point of the body. 
| see cee iven point on the plate dio hy it is the incidence on a give 

= i. Be cto. The ray usually chosen is the yi 
a q Ray i.e., the ray which falls perpendicularly on the plan 

: ° ? 
1 tion, examination and of projec : i wn 4 In radioscopy the direction of this normal oe He 

4 by the indicator of incidence placed in front o 
T- "This indicator marks the normal to the plane of the tube ca 
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tier which passes through the apex of the cone of emis, a 
sion, Supose, for instance, we wish to define the exact po. | 
sition from which a skiagram of a broken rib was taken, 
we may say that the patient was placed in the sagittal plang 
and that the normal ray impinged on the nipple or any Other — 
defined point of the integument. a 

In radiography we place an index to coincide with the 
normal ray, so that its position may be indicated on the a 
print, while at the same time we define the point of the q 
body on which the normal ray impinges, This spot may be. 9 
indicated by the intersection of two lines on the margin 
of the plate, as recommended by M. Bertin-Sans. _ 

I must refer the reader to Bouchard’s “Traité de radiolo. 
gie” for the complete study of this question, and for a a 
description of the principal methods used in practice. I will q 
only allude to the means of defining more accurately a point - ‘ 
on the surface of the body. At the Congress of Boulogne, in 4 
1899, I suggested a general mode of procedure which I have 
found most useful. rt: | 

It consists in defining a point by two measurements, one 

of which is its perpendicular distance from a given axis, 
For the arm the anterior brachial axis is a line drawn from _ a 
the acromio-clavicular articulation through the centre.of 
the hollow of the elbow joint and wrist. For the leg, the 4a 
anterior crural axis passes from the anterior superior spine 
of the ilium, through the middle of the patella and the 
ankle. The second measurement is the distance of the per- 
pendicular from the origin of the axis, The point is thus 
defined by an abscissa, the length of the perpendicular drawn 
to the axis, and an ordinate, the distance of the foot of the | 4a 
abscissa from the origin of the axis. The origin of the 
axis for the arm is the acromio-clavicular articulation; for 
the fore-arm the middle of the fold of the elbow; and for 
the thigh the iliac spine; for the thorax the medio-sternal 

the 
eine the condi 

rs 

) frontal position, 

ee 

: i Baal ray impinging on the point I. 

ee write: 

" ~ distance of the anticathode from th 
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dle of the superior border of 
5 has its origin in the mid 

. age means of an abridged formula to*deter- 

i | itude. 
nditi h the greatest exactitude 

oes arm is examined in the 

dence, as in Fig. 77, the 

J am thus 

for example, a fore- ose pleat a 
oe with anterior inci 

Fig. 77. 
7 

We measure the ab- 

scissa drawn from I to the axis, say 3 cm., and aah oe 

of this from: the fold of the arm, say 6cm. Then we may 

Right fore-arm—frontal position. 

Anterior incidence. 
cciaiseeeiey ean 

Point of incidence of normal ray: ee sa (left)—3 cm. 

addition the length of the axis of the lim
b 

This gives some idea of 

deration. In addition the 

e plate should be noted. 

J usually note in 

and the circumference of the limb. 

the size of the region under consi 
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By this simple method we are able to work under Precise — ' 
conditions. With these data another operator, working up. 4 
der the conditions noted on the print, should produce pre. 
cisely the same results. In this case nothing is left to chance. 

Special cases.—In certain cases, as for instance in hip- 
disease, or where there is plaster splint, the plane of ex- 7 
amination cannot be conveniently placed paralled to the _ 4 
plate. The position should then be indicated as accurately 
as possible. 

In other instances the irradiation should be oblique. The 
normal ray may then fall outside the plate. In this case ~ 
it is simpler to mark the position of the point of incidence | 
of the oblique ray which irradiates the centre of the area 
under consideration, | ae 

The problem consists in defining the obliquity of the 
oblique ray with the same precision as the normal fay. 

In par. 215 I have shown how this may be done by means 
of the indicator of incidence and the radiogoniometer. It — 
may be useful to repeat the method here. te 

Practical method of determining the normal ray, Or a 
definite oblique ray, in the diagnosis of surgical affections 
of the bones and joints—Whatever make of couch is used, 
it should be provided with a tube-carrier furnished with an. 
indicator of incidence, i.¢., a wire cross which is interposed 
in the course of the ray to be measured. A useful couch is 
that made by Radiguet and Massiot at my suggestion, and 
described in the Archives d’Electricité Médicale of February, 
1902. If we wish to employ the normal ray we place on the 
plane of projection a fluorescent screen with a vertical style, 
as in the apparatus of Virgilio Machado. Or we may use | 
my radiogoniometer, with the two indexes at 0°. The 
focus tube must then be adjusted so that the shadow of the . 
style is reduced to a point, when the screen will be normally 
irradiated. The cross of the indicator may then be adjusted 

: that its intersection is projecte 
,°° 

a clined t 

patient, we mus 

 jnstrument 1s Pp 

q under examination, 
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id oanitic centre of the 

a pe i instance one in- i a que ray is to be employed, for inst 

u oe to the right and 20° towards the head of the 

t make use of the radiogoniometer. This 

laced on the plane of support of the part 

with its longitudinal axis parallel to the 

AT 

& 

Fig. 78—Radiogoniometer. 

axis of the limb. The index is moved 20° to the right and 

20° towards the head, and the focus tube adjusted till the 

shadow of the index on the screen is reduced to a point. : 

If, on the other hand, we have taken an observation oC 

a.certain oblique position of the tube and we desire to . Ls 

it for further reference, we proceed by the inverse met a 

The stand of the radiogoniometer is placed as before, an 

the measuring arcs are moved until the shadow of their in-_ 
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cated. 

435a. Clinical results—A radioscopic examination 
often suffice for diagnosis. When this is not the case, 
the clinical symptoms point to a fracture, a radio 
should be taken. This should be done as a matter ofr 

. when the fracture is near a joint, as there may als 
fracture into the joint or a dislocation. 

In examining with the screen the tube should be moved a in every direction, so that the rays may pass completely .- through the fracture, which will then appear distinctly cop. - 
trasted with the ends of the bones. 

The X-rays also enable us to follow the production of a « callus. At first the fibrous callus is transparent, becoming 
more visible at the end of the second week, a 

fested by greater transparency, may result from even slight 
injuries. 

436. Periostitis.—Periostitis 
fusiform swelling around the bo 
parent than the osseus tissue, 

437. 
myelitis is not recognisable by means of the X-rays. Radio- 
diagnosis does not enable us to detect the formation of pus. This is unfortunate, as it is in the earlier stages that sur- 
gical intervention is most efficacious. Later on in the dis- 
€ase spots of greater transparency may be seen where the Osseous tissue has been destroyed. When sequestra are 
formed radio-diagnosis is most useful, as it enables us to 
ascertain their exact position. | | 
438. Osseus Tuberculosis.—Under radiological ex- 

amination osseous tuberculosis, or white swelling, is made 

3) tersection falls on the centre of a small fluorescent Screen 4 
7 

It is then only necessary to read and record the angles indi. 4 

Will 
3 and 4 

graph q 

Outing 7 
O bea | 

nd taking on , . its definite aspect at the end of the second month. As Prof, i 
Imbert has pointed out, decalcification of the bone, mani. > 

is characterised by a i 
ne, which is more trans. 

Osteomyelitis—At its commencement osteo- — 

 streptoc 

qnvasion. 

7 
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st by the comparative transparency of the bone. e 

- 4: ses even advanced tuberculosis may sometimes be 

- a caseous masses of the size of a hazel-nut not 

BO  gerentiated from the neighbouring tissue. 

a to most observers the bone in the neighbour- 

3 Be sherculous tumour becomes more transparent, 

a ite decalcification which precedes the tuberculous 

: ‘This decalcification is not pathognomonic of ae 

¥ berculosis, being also noticeable in the arthritis o 

to occic or gonococcic origin (Wertheim S alomonson). 

manife 

owing 

‘ Tt is akin to the decalcification observed by Imbert (435). 
eit 1 

| Blectro-therapeutics.—During the early stages there 

a id be no interference. After the inflammatory cs 

4 : have stibsided the continuous current may be used, 
a tom 

and the accompanying muscular atrophy may be treated by 

the galvano-faradic current. 

4 pear as tran 

a appear on t 

ili lit f the bones ap- : 7 hilis——Syphilitic gummata of th 

~ a patches. At the same time there usually 

he ends of the long bones certain neoformations 

of the periosteum which give the syphilitic bone a distinc- 

- F ° earance. 
R x 

-° e ‘tis. —Radio-diagnosis. — Under radiological ~ go. - Arthritis. §1 eee 

q examination arthritis is recognisable by the ill-de 

© fines of the joint, varying with the nature of the exudation, 

and the congestion of the synovial membrane. 

4 
ve There is also an alteration in the appearance of the line of 

4 separation between the articular ends of the bones. In rae 

3 stages the disappearance of this line indicates an alteration 

"of the cartilages, which may be entirely destroyed. What 
ees ae: 7 

- is of even more importance, a radiological examination will 

4 reveal the condition of the ends of the bone. 

Electro-therapeutics—Arthritis.is frequently benefited by 

4 electric treatment, although we are not as yet able to lay 

~~ down a general rule of treatment. The arthritis following 

ae. 

; 4 

as 
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blenorrhagia has been treated with success by 
quency currents (Dénoyés) or by a continuous c 

herm). 

In certain cases of acute arthritis Bordier has o 
good results by ionisation with salts of Lithium. 

Lithium, rendered alkaline with t in 2000 of Lithia. 

latter is dissolved by 116 parts, 
According to the opinion of A postoli, Berlioz, Laquerriére 4 

and Dénoyes, high frequency currents should not be used in 
the acute arthritis of rheumatism during the febrile stage, 

Prof. Bouchard made observations on the injection of J 
salicylate of soda into the regions affected by rheumatism, . This suggested to Bergonié and Roques the idea of treating 4 oe 
this disease by electric ionisation, causing the salicylic ion to a penetrate the diseased joints. I have had occasion to use _ 
this treatment on several occasions with the happiest results, - 4 , Ihe proper way to practise ionisation is to immerse the 
extremity in a warm bath containing the electrolyte. This 
is joined to the positive pole if we desire to give the descend- 
ing ions of lithium, or to the negative pole if we wish to 
cause the ascending ions of acids or salicin to penetrate the 
tissues. When one of the larger joints, such as the knee : 4 
or shoulder, is to be treated, it should be previously washed 
with soap and alcohol. It should then be covered with a 
large electrode lined with cotton wool well soaked in the 
solution, and kept in good contact with the skin. 
The strength of current employed will vary according to a 

the tolerance of the patient, and also acording to the ion it is - 

high fre. 9 
Urrent og 40 to 60 milliamperes given twice a day, commencing wigh 

an hour and gradually diminishing to 15 minutes ( Dens 

btaineq © 
A posi, a tive bath was used containing 2 per cent of Chloride of ag 

| In sub. acute forms it acts by transforming the insoluble urate of am 
soda into the more soluble urate of lithium, one part of the i 
former being soluble in 19,000 parts of water, while the a. 
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E- nae .7 or even I milliam- 

Hesired to use. Densities of .2 ee Bee supported, so ye per square centimetre are u y rE 

a a lectrode of 200 sq. cm. we Caml easily pass: that with an electrod d region. The duration bs jlliamperes into the affected reg! ae 
fo 120 ™ ce will vary from 15 to 45 minutes, or afl = 

pe the eo the intensity of the current (247 and 267). The 
| ee be repeated every other day. | 
mpecanices 7 s losis.—Ankylosis, which frequently occurs 
q AAT. “ae or after surgical immobilisation, is greatly 
after art j by the continuous current. Some of the a 

i ee rprising. Walter Gwyer, of New York, am 

pare - eee have published successful cases. On either 

. 4 fected joint large electrodes are applied, soaked 
side of t a of NH,Cl. A current of 20 to 150 milliam- 

sce for io to 30 minutes. The negative pole 

: a be placed as near as possible to the part to be 
nS 

Ec tictogical examination should be previously made, in . der to judge of the state of the articular surfaces. é ig or D therapy may perhaps in the future render a 

: 4 : in these cases, but as yet it is too early to be able 
ee ae / : 

°° a a Duc peep peal ONY a 

ie ious in this affection (Dordier). + 
4g - ei. nee applied over the affected region 

j with a current giving a density of .5 to .7 milliamperes per 

j a. Hydarthrosis.—In this disease the ee ee 

ape y & civen. | & ee . bee ae. a ied over the affected joint. By bees | 

4 a # liquid is increased. Where eaves os 

may have recourse to the direct ile : a eae 
‘quency currents. The joint should be covered by 

= tin, which is applied directly to the skin. This is connected 

27 Te 
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to one extremity of the helix of self-induction. The gs q 
electrode, attached to the other extremity of the hei a | 
applied to any convenient part of the body. ‘Seance i 
other day; duration, 10 minutes, _ i 

444. Loose bodies in the joints.—Radio-diagnosjs . 
shall only allude to this subject in order to guard the “a a 
against two principal errors. In the first place we ma a 
to recognise the presence of a movable body, even. he fail a 
tially ossified, unless we take care to get its shadow cl “ 
the neighbouring bones of the joint. | —— 

The second error we are likely to fall into is to diagnoalil : 
a movable body, when there is only some bony concretion am 

> cara bone developed in the tendons or ligaments of | | 

445. Disturbances of nutrition of the bones—Tum 4 
—Malformations—Heberden’s nodes.—The X-rays hao - 
thrown new light on a number of diseases to which w a 4 
only just allude. These include: Paget’s disease degen ba rickets, cretinism, myxcedema, osteomalacia, osseous ty- mours, the nodes of Bouchard, Heberden’s pods the n _ tic arthritis of tabes and of syringomyelia. Finally we may allude to the gouty infiltrations of the epiphyses, which are | 3 
more transparent than normal bone on account of the greater 4a 4 permeability of urate of soda to the X-rays. | ch ee though necessarily incomplete, shows _ ‘: eld of exploration for the use of X-rays in ces of the osseous and articular systems. ‘ sere ere aslicnts is usually the re-_ q : te 

flat foot, orr achitic curvature aan icici ae a lia ene ese habitual scoliosis, i.e., sbotiogiheid to 4 a — i at the time of adolescence, which we are some- | ie el on to treat in young girls, is also a result of 
latevier part the mal-development of the osseous” 

to the an 

cular syst 

 irically before c 

" treatment. 
~ An exam! 

cles 
of cotton woo ; vi 

supporting couch to insure immobility. 9. 

"By means of radiography we can examine the condition of 

the bones, the ankylosis of the vertebra, the existence of euro- am 
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play in the genesis of scoliosis there is no doubt 

2. the muscular system also plays a most important part, 

- hat most cases would be. benefited if we could restore 

. tagonising muscles their normal force and tonicity. 

diagnosis and Radio-diagnosis. The réle the mus- 

em plays in the orthopaedic affections is a most 1m-_ . 

It is always advisable to test the muscles elec- 

ommencing treatment. Bergonié advises the 

£ scoliosis to test the muscles of 

| 

| Blectro 

practitioner in every case O 

the back, the n 

4, completely 

eck and the thorax. If the faradic excitability 

lost there will be little chance of successful 

nation by means of the X-rays is also of im- 

portance. The dorsal decubitus should be chosen, since the 

symptoms of scoliosis are much more marked when the mus- 

ate relaxed. It may be necessary to interpose a cushion 

1 between the concavity of the back and the 

“osseous neo-formation, or any deviation or torsion of the 

“spine. The latter condition may be recognised by the devia- 

“tion of the spines of the vertebrae to the right or left of the 

axis of:the spinal column. It is advisable also, in all cases 

"of scoliosis, to examine the whole of the osseous system, In 

a rachitic subject the long bones are usually more slender 

than usual, whereas the extremities are enlarged. 

Electro-therapeutics —Bergonié has formulated the pre- 

: cise technique in the treatment of scoliosis. He uses a strong 

- faradic current, with rhythmic interruptions. He employs 

" a large tin electrode of 100 sq. cm., covered with several 

layers of absorbent cotton wool. The exact point of appli- 

: 4 cation is of considerable importance. Bergomé compares 

"the vertebral column to a bow. If we stimulate the muscles 
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on the concave side, we bend the bow, and increase the ¢ - 
tr 

vature still more. The convex side should, therefore. be ; 

treated by stimulation of the whole mass of the muscles } 
the vertebral groove. The electrodes may be moved frou 

_ place to place till the best effect is produced, without taki, 

much notice of the motor points. They should bé placed eB 

at right angles to the spine, one above and the other below 
the convexity. , 

The seances may be of considerable duration: since with 
the rhythmic interruptions the muscles are not easily fg. 
tigued. By placing the patient in a comfortable position nd 
fixing the electrodes by means of india-rubber bands, the q 
treatment may be continued for an hour without fatigue, but — 
every care should be taken to prevent the patient being 
frightened by the treatment. A seance may be given every 
other day, every day or twice a day, according to circum. — 
stances. 

‘dicated. 

The hydro-electric bath with sinusoidal current has proved | : 
useful in the general treatment of rickets. Three baths may | 
be given per week, each of 20 minutes’ duration. Intensity 
20 milliamperes (Sagretti, Gautier and Larat, Springer). ‘ 

Galvanisation of the spine has also been recommended by 
some authors (A. Weill). 

a cute ‘me 

; 4 “micr 

In cases of osteitis or arthritis faradisation is contra-in. . 4 acute metritis the uterine congestion due to atresia, or mal- 

CHAPTER IV. 

” gLECTRICAL TREATMENT IN GYNAECOLOGY. 

Metritis—The sisal division into chronic and 

tritis, although somewhat antiquated, is of service 

In acute metritis electrical treatment is, as a rule, 

waa 

a) 

here. 
a eontra-indicated, whereas it is useful in chronic metritis. 

This rule is subject to some modification. In acute metri- 

A tis of gonococcic or streptococcic origin, electric treatment 

can do nothing but harm, There is, however, no definite 

Idistinction between an infectious metritis and ordinary uter-_ 

“ine congestion, which is too often regarded as of purely 

obic origin. Thus some authors qualify with the term 

formation, or caused by exposure to cold and fatigue, etc. 

a In like manner the hemorrhages of the menopause are often 

@ attributed to metritis, although infection is of quite secondary 

importance in these cases, and even the worst attacks are 

4 accompanied by only slight rise of temperature. The same 

o may be said of post-partum hemorrhagic metritis due to 

 subinvolution of the uterus. In all these cases, where there 

q is no infectious cause, electrical treatment is useful. We 

_ need not discuss this question of pseudo-metritis further, 

_ since the dominating symptom necessitating treatment is the 

hemorrhage, which we shall allude to later on. (449.) 

In conclusion we may say that electricity is contra-indi- 

cated in the treatment of true acute infective metritis with 

febrile reaction, pain and peritoneal complications. On the 

other hand, it is justified in cases of congestion, pseudo- 

a “mnetritis and in some true cases of metritis of a congestive 
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rather than an infective type, where hemorrhage is the prinil . 
cipal symptom. , : 

Chronic metritis generally follows an acute attack. ‘Tt » 
gins as endometritis of the mucous membrane, 3 
creases in thickness and develops granulations an 
tions, which may be vascular, as in hemorrhagic 
tritis, or peduncular as in mucous polypi. 

ated or cystic, or the disease may invade the 

as in chronic hypertrophic metritis. : : 
In all these forms of metritis electrical treatment is j 

dysmenorrhcea, membranous 
rhage. 

There is, however, one condition in which all electric 

» 

establish it, if present, with certainty. 
Electro-diagnosis.—The aim of electro-diagnosis is to in- _ | 

form us of the condition of the uterine appendages, For . 
this purpose an indifferent electrode is placed on the abdo- | 
men and a platinum hysterometer is introduced into the _ 
uterus, each electrode being connected to one pole of a gal- 
vanic battery . The uterus is tested by passing a current of P. 
50 milliamperes. If there is intolerance, or if there is any - 
inflammatory reaction afterwards, the appendages may be 
suspected. If, on the contrary, the current can be increased 
to 100 or 150 milliamperes without severe pain or reaction, 
the uterine appendages may be considered healthy, and we 
may proceed to treat the case electrically. 3 ta 

If intolerance increases at each seance, it is probably due 
to some lesion of the appendages. If, on the contrary, the 

yo 

ae Ca 
This: ips a 

ey 

d Vegeta.” 
endome. 

On the other | 
hand, the mucous membrane may become eroded or ulcer. a 

parenchyma 7 
producing hypertrophy of the interstitial connective tissue: 

Ret: 

a 
dicated, whether the dominant symptom is pain, leucorrhoeg- — 

« 4) pa 

dysmenorrhcea, or hemor. © 
+ 

rit al a treatment is contra-indicated, and that is a diseased state of an 
the uterine appendages. This may not be readily noticeable 7 
by ordinary clinical examination, but electro-diagnosis wil] 

i 

BY 

Be 
5 

"js attacked by the current. 
| 

p ight am 
¢reatment 
the lesion of th 

sion (4 
e in some 

Dain nature, 

B diagnos's. 

_ Electro- 

electricity 
-yanisation. 
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ount of intolerance at the commencement of the 

diminishes, the case is probably one of hysteria, or 

e uterine appendages is in a state of regres- 

postolt). wie i 7 

se instances, when there is ovarian pain of uncer- 

the faradic current may be used as a means of 

When this is hysterical it will usually yield 

‘jy to faradisation. , pene 

therapeutics.—When there 1s no contra-indication 

is usually applied in the form of intra-uterine gal- 

This may be done in two ways :— 
on 

1, By means of a positive electrode consisting of a hys- 

1 : terometer of platinum or charcoal, which is not attacked by 

q the chemical products set free at the poles. 

2, By means of a positive soluble electrode, i.¢., one which 

In both cases the indifferent cathode consists of an abdomi- 

"nal plate of at least 200 sq. cm. A speculum is first intro- 

of cotton wool moistened with sterilised water. 

a duced, the patient : 

q tion. The neck of the uterus is then cleaned with a pledget 2 

oe being placed in the gynecological posi- 

This mode 

" of producing asepsis is more efficacious than the use of the 

douche, since the sound only touches the lips of the os uteri, 

. yagina and vulva. | ? 

Uncorrodible Electrodes—Apostoli’s carbon 

Gs more difficult to introduce than the platinum sound. The 

 earbon electrode should be passed into the uterus with a 

: screwing motion, until the fundus of the uterus 1s reached. 

It comes into close contact with the whole of the interior 

and the only precaution necessary is to avoid the introduc- 

tion into the uterine cavity of the microorganisms of the 

electrode 

surface of the organ. Bergonié has constructed an electrode 

of platinum, formed of two spoon-shaped branches with 
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their convexities outward. These can be separated ang thea . applied exactly to the opposite surfaces of the endometriy If the platinum sound is used it should be turned in ey, _ direction so as to come into contact with eve 
walls of the cavity. 

ear 
oN ae 

The intensity of the current is gradually raised from 9 an 4 
to 50, 100, or even 150 milliamperes, The current is then 
maintained at its maximum for 8 minutes, 
in each position of the platinum hysterometer, 
practice I do not usually exceed 80 milliamperes, 
advises the operator not to exceed 50 or 80 mill 

the mucous membrane as the stimulation of the uterin 
cle and the production of coagulation by the polar pro 
of decomposition. Some authorities are of the opinion 

us. 

removal of the mucous membrane, as to the stimulation of a the submucous tissue. a 
According to Delbet, one of the disadvantages of electrical 4 

curettage is the difficulty of limiting the destructive action. ; | There is nothing to indicate when the mucous membrane is 7am sufficiently destroyed, or at what moment the cauterisation 3 will extend to the muscular tissue. There is thus some dan- am ger of acting too deeply, and of substituting a cicatricial = tissue for the mucous membrane. On the other hand, if we 7 do not carry the cauterisation deep enough the metritis. will q 3 recur. Although the destructive action of the mucous mem- @ brane plays a certain réle in the treatment of metritis, there a 
are other actions, and notably the excitation of the uterine . 
muscular tissue, which is very sensitive to the continuous 
current, At all events we have the testimony of experience a to the efficacy of electric treatment. It is better not to ex- «— ceed 80 milliamperes in any case of metritis, whether hzemor- 

; Be 

ry portion of the 4 

1:0; two minutes 

In my own 
Zimmery, © 
iamperes, | ae especially in hemorrhagic metritis. He considers that the % object to be kept in view is not so much the destruction of | 

ts: : 
at i the good results of curetting are due not so much to the 4 > of the uterus. 

a“ 
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a +. except in obstinate cases which have 
we Z 

chagic OF no eent We must also take into account the . : 

a face of the electrode. With a large carbo resist 
: 

ay safely give a larger current than with a Bent of the Sut 
electrode We is . 

ie lectrodes.—Electrodes which are to be acte 

2. Beanie current are usually made of copper (Gau- 
on by the 82 Goelet) or silver (Boisseau, du ese 
tier, ile Leuilleux recommends cadmium, Bes ; 
S a, and Debédat reer ee annie owskt ) itive pole, and is bré ae 

| trode : Oc ot He Saat liquid, an oxychloride 

"contact other metal is formed and deposited = ee ae 
@ ie ot tks tissue. Intensity, 40 milliamperes ; es 
— utes. The electrode should be slightly ae 

a Re co time so as to prevent its adhering to the*walls ' from ti ; 

itis cats blen- 
This method is more suitable for metritis caused by 

ae he seance a pad of gauze soaked in ee 

. id be applied to the neck of the uterus. " - ae ae 

oid be kept in an horizontal position for an hou _ shou ing the remainder of the day. | q and should be kept at rest during the ni Mae 
a ances may be given ea s 

| 4 stent discharge which gradually becomes ne ca 

q Be cach seance. On the following day the pad may 

When the painful symp Late _ es ar begin by faradisation of ae ae 

q For this purpose Apostoli’s bipolar elec . se atin 
"used. This consists of a iy oe hich is joined 4 material. At the extremity is a met se a ring at some 
.. 0 one terminal of the handle, while a secon Ee ee wie: 

a ‘ittle distance from the first is connected to 
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minal. When these are put in communication with the seo 
ondary coil the lines of electric force are condensed around 
the mucous membrane in the neighbourhood of the Ting, 

In metritis due to atresia of the neck and womb, or 4) 
malformation, the cause of the malformation must be soy 
out and treated. 

448. Uterine Fibroma—A fibroma or fibromyoma : 
may be situated in the uterine wall, the so-called interstitiag] 1 
fibroma, or it may be sub-peritoneal, either projecting from 1 
the peritoneal surface, or pediculated. Or it may project be. _ 
neath the mucous membrane, forming a sub-mucous fibro. _ 
ma, or a fibrous polypus. 

Interstitial and sub-mucous fibroma are frequently the 
cause of symptomatic metritis or hemorrhage. 

In diagnosing a fibroma we must guard against several] 
sources of error. The patient may be enceinte, without her 
knowledge. There may be an ovarian cyst, or a uterine cyst, 
or a cancerous tumour. In the former case treatment by _ 
electricity is an unpardonable error, even more so in the 
case of the medical electrician than in that of the surgeon, — 7 
In the second case, electrical treatment would be useless, and 
in the case of cancer it would be injurious. | } 

If the existence of a uterine fibroma is diagnosed we 
should proceed to an examination of the condition of the 
uterine appendages. Any affection of these will contra- 
indicate the electrical treatment of the fibroma. 

Electro-therapeutics—In the treatment of fibroma there 
are three principal objects :— | ; 
1. To combat the hemorrhage by means of positive gal- 

vanisation. 
2. To control pain by means of the faradic current, or by 

positive galvanisation. 
3. To oppose the evolution of the tumour itself, by posi- — 

tive galvanisation if there is tendency to hemorrhage, or 

pegati 
eter 

_ yanisation $ 
ar metritis. A P 
] J carb 

ght 7 
" its contac ; ae 
a Bach displacement, there is no objection to the use of the 
& is 
speculum. 

3 © iy ‘ntroduced, The rings may render the introduction of 

; a sound more difficult. If the canal is very much bent by 
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a galvanisation if the tumour is of considerable size. 

-abdominal or utero-sacral galvanisation.—The gal- 

hould be carried out in the manner described un- 

latinum sound should be used rather than 

on electrode, which is more difficult to introduce. The 

sacipal advantage of the latter consists in the extent of 

a t with the mucous membrane. Except where there 

In this way the cleansing of the yterine neck can 

horoughly performed, and the sound can be more 

the pressure of the tumour it may be necessary to bend the — 

sound to a corresponding curve. It is only in the course of 

the first examination that we are likely to meet with any 

’ difficulty in this respect. 

The indifferent electrode is placed on the abdomen or on 

the sacral region, according as the fibroma 1s 1n the anterior 

terior part of the uterus. | 

“a a Wve pole should be positive, except when the tu- 

mour is of considerable size, and there is no pain or heemor- : 

rhage, in which case the negative electrode may be used in 

order to reduce the size more rapidly. 

In hemorrhagic cases the intensity should be from 40 to 

80 milliamperes. If there is no hemorrhage the curtent may 

be increased to 100 or 150 milliamperes; some authorities 

go as far as 200 to 300 milliamperes. Duration, 5 or 6 min- 

utes: seances, every 2, 4 or 7 days, according to the reac- 

tion, In hemorrhagic cases, every day. : 

These doses must be varied according to circumstances, 

some patients being only able to bear 40 milliamperes, even 

although there may be no affection of the uterine appen- 

dages. In this case the treatment will be more prolonged. 

_ When using an intense positive current the sound may be 
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found to adhere to the wall of the uterus. If this occurs them 
current should be slowly brought back to zero, and then te. 
versed so as to allow a current of 10 milliamperes to pass jn _ 
an inverse direction. The negative pole will soften the guy. q 
face of the adherent slough and the sound will be easily dis, 
engaged. During the monthly period the treatment should 
be intermitted, but it may be recommenced on the 4th day 
if there is not much menorrhagia. 

. 

As we have already said, negative galvanisation should be ’ 
employed in the treatment of fibromata of considerable size 
The current should not exceed 150 milliamperes, in conse- 
quence of the tendency of the negative pole to provoke hem- 
orrhage. ee 

Vagino-abdominal galvanisation.—If there is a great de- 
_ formity of the canal of the neck of the uterus it may be im- 
possible to introduce a sound into the uterus. In that case 
it is better not to employ intra-cervical galvanisation, but to 
place a positive pad in the posterior cul-de-sac and an indif- 
ferent negative plate on the abdomen. 

M. A. Cleaves uses a novel method of vagino-galvanisa- — : 
tion. By means of a special canula the vagina is kept full 
of water, and the galvanic pole is connected to this fluid 
electrode. i ' 

In cases of hyperesthesia or slight implication of the uter- 
ine appendages we must have recourse to vagino-abdominal 
galvanisation. 

Faradisation.—Faradisation should be especially employed 
in cases of painful fibroma. We may use either intra-uter- 
ine faradisation with the bipolar electrode, or the utero-ab- 
dominal, utero-sacral, or vagino-abdominal methods. 

Contra-indications.—Electrical treatment is contra-indi- 
cated if there is any inflammation of the appendages, or any 
acute affection of the neighbouring organs, such as nephritis. 
Heemophilia is another very unfavourable complication, and 

q contra-indication. 

4 common to a nu 
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| ‘s hysteria. Any suspicion of cancer will also act as a 

Stub-peritoneal fibromata, if pediculated, 

inful complications, in 
ot be treated unless for pain 

case galvanisation should be preferred. Fibrous polypi 
i 3 

ould not be treated electrically. : 

Uterine Hemorrhage. Uterine haemorrhage is 

mber of uterine affections. It 1s particularly 

alent in cases of fbroma and metritis. Under the in- 

be of the microbic theories it has been usual to assign 

ae as the catise of all hemorrhages which are not due 

. oc cent ss this is no longer permissible. We 

hall make a more detailed study of the causes of nee 

chase, since it is for hemorrhage that the abe y 

of uterine cases come under the notice of the medical elec 

449. 

ician. 
| 

“tT he following are the principal causes according to the 

classification of Zimmern, as set forth in his thesis pub- 

ished in Paris in 1901. : , | ; 

a Uterine Causes.—A ffections of the circulation, mitral 

lesions : hepatic disease : lesions of the kidney : general Loe 

tions ah as influenza, paludism or tuberculosis. Last y: 

ere are affections of the general health, such as chlorosis 

r neurasthenia. : - . 

: Congestion of the Uterus without metritis.—These 
aa 

the pseudo-metritis of virgins and of the Sen ee 

the pseudo-metritis caused by uterine deviation of ese 

mation. To this group also belong the post-partum = ae 

rhages due to arrest of involution, without septic infection. 

Cancerous tuwmours.—These often set up subacute a 

tritis. The premonitory hemorrhages, due to metritis, a 

soon followed by the typical hemorrhage of cancer, — 

serous or sero-sanguinolent discharge. This, in its turn, 
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gives place in the later stages to the hemorrhages of-ulcera. 
tion.....:; 2 a 7 
Other causes of uterine hemorrhage are the fibromata 

and the varieties of true metritis already described, and the 
affections and inflammations of the uterine appendages, 
which latter more often cause menorrhagia. 

Electro-diagnosis.—When a case comes to us with hzemor- 
rhage, we must first discover the cause. Where we are in 
doubt whether the uterine appendages are involved, an 
electro-diagnosis should be made as described in par. 447. 
When there is no contra-indication, we may proceed to 
consider the propriety of electrical treatment. i 

It will be well here to offer some advice which students in 
electrotherapy should always bear in mind. mee: : 
When a young female patient is brought to us complain- 

ing of a loss of blood from the vagina, it is either due to 
traumatism, which is rare, or it is a case of precocious mens- 
truation. We should, therefore, avoid alike all gyneacologi- — 
cal examination and electro-therapeutic treatment. | | 

It should be remembered that menorrhagia is often the 
first sign of a mitral lesion. There may be some general 
cause, such as chlorosis, or some accidental congestion. © 

_ We should be loth to make an examination in such a case, 
since with a little general treatment the patient will often 
get well in the course of a few months. uf : 7 
We should bear in mind the possibility of gonococcic in- 

fection even in the virgin, the causes of infection being of 
ithe most varied description. A definite diagnosis should be 
made, since treatment is most efficacious in the early stages 
of this disease. | : : 
When the patient is a young woman, we must think of 

the possibility of an abortion, which may have been over- 
looked, or may be concealed. If there is retention of the 
membranes, the trouble will only be increased by electrical 

| 

cancerous growt 
~ contra- 

q type, one is very 
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and surgical intervention by curetting is required. 

. important to avoid interference in the case 

Pees, Where the menses are persistent it is 

Bok the possibility of the patient being incl 

| cases an expectant treatment will do no on 

F -< ctill more necessary to recommend prudence when 

5 ae t returns for a continuance of the treatment, after 

eval of three to six months. | | 

a |. approach of the menopause, we must not be de- 

A. Q Ftaed conception or the commencement of a 

ae h. Either event would, of course, be a 

indication for treatment. . | 

rn points out another possible error, of treatment 

B it is 
‘of a grav 
easy to OV 
‘In doubtiu 

Zimme 

ther than of diagnosis. In cases of menorrhagia and 
ra 

benignant, or neurasthenic : hagia of a more or less 

 .. liable to treat the general health and 

eolect the particular symptoms. If such a case nee ae 
mu ee to static treatment, the heemorrhage would be fata : 

D mented. Static electr-city and high frequency curren 

] have a special action on catamenial congestion. 

Electro-therapeutics.—Electric treatment is contra-indi- 

ed in the following cases: . 

. In the hemorrhages of the menopause with cardiac 

or feostic complications, or where there is great obesity or 

lethora. In such cases the hemorrhages are salutary. : 

: 2. In post-partum hemorrhages when there is retention 

of the membranes. 

3. In acute metritis. 

4. In cancerous affections of the uterus. 

s, In inflammatory conditions of the uterine appendages. | 

6. It is inferior to curetting in old cases of fungous = 

polypoid endometritis. The presence of a polypus may o 

itse -indication. itselfybe regarded.as a contra in . , 

Galvanisation is, indicated in the following cases: 

ne 
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1. In hemorrhagic metritis, having regard to the cont 
ditions already mentioned in par. 447 
2. In hemorrhagic fibromata, (See par. 448.) 4 
3. In post-partum hemorrhage due to subinvo] 

the uterus, not due to septic metritis, or retention. Fa 
tion may also be employed in these cases, We shall 
to them later on. : 

4. In congestive haemorrhages due to local causes. Theses 
may also be treated by faradisation. 

Faradisation of the uterus is indicated whenever we de 
sire to stimulate the contractions of the uterine muscle of to 
increase its tone. 7 

It is most useful in the following cases: ; 
I. Post-partum hemorrhage due to subinvolution, 
2. Hemorrhage from congestion, occurring in the virgin, 4 
3. Hemorrhage of the menopause when there is neither — 

true metritis nor tumour. 

4. Hemorrhage caused by pseudo-metritis and. subacute 4 
metritis, where the infective action, if any such exists, is — 
only secondary. 

The electrical treatment of hemorrhage, then, is limited 
to those cases where there is neither true metritis nor, 
tumour. In these cases we may act on the uterine muscle 
either by galvanic or faradic current. These affections are 
described in par. 447, 448, 450. : 

Choice of Current and Technique.—Opinions are divided a 
as to the choice of the galvanic or faradic currents, both 
of which increase the tone of the uterine muscle. The two 4 
forms may with advantage be combined. In the first five 
days after parturition, when it is desired to stimulate physio- 
logical contraction, Zimmern prefers the faradic current. 
On the other hand, the galvanic current should be employed 
when we desire to treat the mucous membrane as well as. 
the muscles, as in congestive hemorrhage, or psetido-metritis 
of old standing, | | 

ution 0 - 

return 
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c treatment may be carried out in several ways. 

chick wire coil should be used, with 30 to 50 interruptions 

£ a ute. The electrodes may be placed, one on the 

y ic region, and the other over the sacrum. Or the 

a ay be passed from the pubis or sacrum to the in- 
current Fie uterus, by means of a sound passed into the 

: The current may also be passed from the pubis to” 

Be  tecior cul de sac, by means of a pad in the vagina. © 
the Fally we may use Apostoli’s bi-polar hysterometer. 

7 ie seances should be short (5 to Io minutes) and g 

. uent, every day or every other day. “ite sinusoidal 

| t e: the undulatory current may be used instead of 

= dic current. A galvanic current, periodically in- 

- by means of the metronome, gives equally good 

The positive galvano-faradic current may also be 

Farad 

¢errupted 
results. 
employed. : 

| ‘ he galvanic current 1s applied by means of a me 

"electrode or a hysterometer of platinum, connected to a 

4 ositive pole, an indifferent cathode being placed on the 

Bdomen or sacrum. We-may also place the indifferent 

Be sthode on the abdomen and a positive pad in the posterior 

cul de sac. 3 3 

' The use of soluble electrodes is not to be commended. 

q Since the active agent in hemostasis is acid, there would 

" seem to be no advantage in using up this acid in the pro- 

duction of metallic oxychlorides. They are usually only em- 

: ployed in the hemorrhages of metritis and pseudo-metritis, 

4 when Gautier, Cleaves and Botsseau du Rocher have seen 

q yery good results follow their use. ; 

4 We will proceed to give the indications for treatment in 

each case. Bees es 

For congestive hemorrhages occurring in unmarried 

- women. we commence with faradisation, the electrodes being 

j placed on the lumbar and supra-pubic regions. From three 

28 
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to seven seances may be given per week. If this is : 
cessful, hystero-abdominal galvanisation ‘may be me, ; Sug 
vagino-abdominal galvanisation with the positive ee 01 

the posterior cul de sac. Intensity, 30 to 80 milliam a 
Duration, 10 to I5 minutes.—Intervals of two to ol 7 
between the seances, according to the degree of i. “ays 
meen may be terminated by a few chooks a 7 

ee e state, or by a short application of the faradic a 

In hemorrhage occurring at the meno pause | th 
treatment may be followed, but we should cone 
the utero-abdominal or the vagino-abdominal ace 

Post-partum hemorrhage due to subinvolution of a 
uterus, whether it is complicated by pseudo-metritis 0 ne 
iS rarely cured by curetting, whereas it speedily ‘ale i 

electrical treatment, in consequence of the action oa j ‘om 
rent on the uterine muscle. Faradisation is speciall na 
cated during the five days which follow delivery (Zimion _ 

: Lripier went so far as to use sacro-pubic faradisation cel i 
matically in all his cases of accouchement. By this ra | 

Sam 

€ with 

he was able to hasten the process of involution, and allow his _ 
patients to get up on the sixth day. 
When the post-partum hemorrhage occurs after the first ; 

five days, the continuous current should be preferred using 
a positive platinum electrode in the interior of the uterus 
Intensity, 30 to 40 milliamperes.—Duration, 5 to 20 minutes : 
Seances with intervals of two to four days, according he 
reaction. The rapidity of the results is remarkable, all symp- : 

g a toms ceasing after a few seances. | an 

450. Cancer of the Uterus.—We may refer the reader | 
O par. 559 for the treatment of cancer in general. Oudin ~ 
has designed a special focus-tube for the radiotherapeutic q 
treatment of cancer of the neck of the uterus. It is con- — 
structed with a double-walled prolongation containing an in- | 
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‘eviating liquid. T his localising tube, °which is introduced 

into the vagina, has a metal shield covering the whole 

ace, except at the termination. E. W. Caldwell has also 

ed a focus-tube in which the cathode stream strikes 

{1 of the tube, which acts as an anticathode (Archives 

ri. Med., 1903, p. 104). Belot’s localiser is also use- 

his affection, as are the tubes designed by Boucha- 

surf 

design 

the wa 
d’flect 

ful in t 
court. 

' 4sz. Atresia of the Uterine canal—The uterine canal 

"may be dilated by means of electrolysis, the technique being 

similar to that used in stricture of the urethra. An indit- 

ferent electrode is placed on the abdomen, and a platinum 

_hysterometer, covered nearly up to its extremity by an in- 

“culating sleeve, is passed into the canal. I have foundWew- 

 mann’s olivary electrode useful when mounted on a hys- 

- terometer well insulated, up to the olive. 

’ Intensity, 30 to 60 milliamperes; duration, 5 to 10 min- 

"utes. Seances repeated once a week, 

+482. Uterine Deviation — Uterine Prolapse. — Since 

uterine deviations usually result from congestion, or infec- 

3 tive metritis, we should begin by treating the cause, and 

_ then proceed to treat the case by means of faradisation. In 

_ cases of retroflexion or retroversion, the platinum hystero- 

' meter may be introduced into the uterus, the indifferent 

electrode being placed on the abdomen. In cases of ante- 

version or anteflexion, the indifferent electrode should be 

placed on the sacrum. In these cases som? authors employ 

a uterine and a rectal electrode. Whatever be the direc- 

tion of the deviation, the rule is to faradise the opposite side. 

A thick wired coil should be used, with very slow interrup- 

q tions, I or 2 per second, the negative pole being placed in 

the uterus, Duration, 5 to Io minutes, Seances every other 

day. 
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| gorgement. 

treatment in serious cases of prolapse appears to 
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It is useful to supplement the treatm 
Massage. | 

Opinions are divided as to the success of this tr 
Tripier considers that the suspensory ligaments of t 
may recover their tone under the action of the curr 
Larat believes that faradisation acts by encour 
peri-uterine exudations and diminishing th 

ent by systema. 

catment 

he uteryg 
ent, while” 
aging the 

e€ uterine en. 

The sinusoidal current may «Iso be used in these cases. al 
the galvanic current with rhythmical interruptions, ‘a 
rent of 15 to 20 milliamperes will produce uterine 
tions. 3 

Uterine prolapse may be treated by the same means, anda 
in this case also it is probable that the result is due to thal 
resolvent action of the current. The failure of electrical q 

A Cures 

contrac. 

same direction. oe 
453. Uterine subinvolution without hemorrhage—_ 

The treatment is the same as described for subinvolution 
with hemorrhage. The uterus may be faradised or gal- 4 
vanised according to the rules laid down in par. 449. - 

454. Disturbances of menstruation in young girls. _ 
There are a number of affections of menstruation, amenor- _ 
theea, hypo-menorrhcea, hyper-menorrhcea, and dysmenor- 
thoea. The following are the cases we are most fre 
called upon to treat: ; 

1. Infantile uterus. ;Amenorrhea due to insufficient de- ’ 
velopment of the uterus.—When the ovaries are also ar- 4 
rested in their development the infantile ‘uterus, or an in- 7 
sufficiently developed uterus will cause amenorrheea. When, — 
however, the ovaries are normally developed, dysmenorrhcea — 
will occur. The child-like figure of the patient will often — 
assist us in the diagnosis. If vaginal examination is per- 
mitted the neck of the uterus will be found long, thin and 

point in the _ 

quently — 
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Beall. 

Flectric 

cases: 

2, Ame 

hoe and 
chlorosis, 

tricity May ae 

aa e  acia or H ypermenorrhaa.—Th
e exaggeration 

as menstrual flux or the too great frequency of the 

¥ ‘ods. is often associated with pseudo-metritis or conges- 

com various causes. For their treatment the reader 
8 3 

naild consult par. 447. | / 

Soo jomenorrhazo. —Dysmenorsher in young patients 

:. an affection for which we are frequently consulted. It 1s 

Be acacterised by pains which come on shortly before the 

q eriod, with severe colic and lumbo-abdominal pains irra- 

Dating towards the thighs. The colic usually disappears 

_ with the advent of the menstrual flow. In membranous ar 

~ menorrhoea the pains persist during the whole time of t : 

4 period, and are sometimes followed by the expulsion O 

membranes and sanious discharges almost like an abortion. 

The dysmenorrhoea may be due to an affection of the 

This ‘afantile uterus is.a frequent cause of sterility. 

ity is a very efficacious means of treating such 

norrhea due to general causes.—Both amenor- 

hyper-menorrhoea are often due to general causes, 

anzmia, tuberculosis, obesity, hysteria, etc. Elec- 

be used locally or as a means of treating the 

"uterine appendages or of the uterus itself. We have already 

_ pointed out that when the ovaries are normally developed 

the infantile uterus may be a cause of dysmenorrheea, on 

account of the congestion of the appendages which are dis- 

proportioned to the functional state of the uterus. We may gy 
‘ fi 

+g 

in addition have some pathological congestion of the uter- 

ine appendages, or tubo-ovarian varicocele. | 

We shall show later on how electricity may be employed 

to combat congestion of the pelvic organs. It is one of our 

most useful agents for this purpose. 

Dysmenorrhcea of uterine origin is usually due to atresia 
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_ of the cervical canal, to displacements of the ute 
pseudo-metritis or to congestion. es | 

There are also varieties of dysmenorrheea witho 
rent cause. There is an exaggeration of the 
phenomena, and of the precatamenial pains, 
due to an increased nervous susceptibility of t 

Tus, tos 

spasin of the neck of the uterus appe 
part. 

It may be readily understood how cautious we should be 4 
easily we may be q mistaken in prescribing electrical] treatment, which acts like 

in intervening in these cases, and how 

other emmenagogues by increasing uterine congestion, 
Electro-therapeutics.—1. Amenorrhea or hypo-menorrheg 

due to the infantile uterus with but slight evidence of ar 4 
rested development, may be treated by the general static bath, which produces congestion of the pelvic organs, Du- 
ration, 20 minutes, every other day. The: seance may be 
terminated by strong sparking of the ovarian and lu 
regions. When the patient is properly earthed the s 
from a powerful static machine are well borne, The sparks from the high-frequency apparatus are less exciting to the nervous system and equally efficacious as a local stimulant and nervine tonic. The treatment should be continued for a month, the period frequently appearing at the end of that time. In slight cases the treatment may be resumed, giving 
three seances per week during the ensuing month. If the uterus is altogether infantile in type we should, if possible, — 
begin with intra-uterine faradisation, using a platinum 
sound connected to the negative pole, and an indifferent 
electrode on the abdomen. A thick-wired coil should be 
used. With patience a well-curved sound may be introduced 
into the neck of the uterus, without destroying the hymen. 

parks 

The superiority of this mode of treatment over sacro-ab- ] 

ut appa. 
Physiologica) 4 

This May be ™ 

he patient, op perhaps to an arthritic diathesis, In some of these Cases _ 

ma 2. 

7 makes its 

ars to play an important _ , 
ee | _hyg 

Beoreat use 1) 
From chlorosis or obe 

"tions in ins 
4 ily cure oe d 
BE sominal state of nutrition, exercise and improve ' the ae 4 ‘fenic conditi | : q BE condition. In young girls who are nervous os oe 

; Be ceptible to electrical treatment, one nae geen food to isation, one pole bein 4 d of general galvanisation, 
It 

: . e ae neck and one to the feet by means 2 # ae : 
— . oon The treatment should be commenced = - = a 
a Fiore the presumed date of appearance of tie 
continued until the period occurs. 

mbar | 
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i : ' taradisation is so marked that‘it should be always 
domina 

-. cases of well-marked infantile uterus. Seance every | 
n sed 1 

nther day for 5 to 15 minutes. 
oth 

Treatment of Amenorrhea or Od satan 

e of treatment is the same as the sie armen | 

isation is not necessary. 

: cance after a ae treatment. The gen-" 

: h A chovld be treated at the same time by oa 

a ; sures. Mechanotherapy or sismotherapy are 

es a these cases. Young girls, whether suffering 

cours 

“uterin 

sity as a result of bad hygienic condi- 

titutions where physical culture 1s neglected, are 

din the course of a few months. Whatever 

ons tend to bring the system to a nor- 

3. Hypermenorrhea or Menorrhagia.—This should be 
. e 

° e 

irgin, par. 440. 
ce 

o Be pornos The causes of ae being 

ried the treatment is also very complicate - se 

’ If here is any suspicion of retardation of uterine ‘ble, 

opment a vaginal examination should be made, if possib 

to confirm the diagnosis. It may be treated as already de- 

cribed by utero-abdominal or sacro-abdominal es 

The static bath or sparks from a steht eS ee ne Zia 

| i there is hypomenor 
employed with caution when 

ee Fe canes A seance of 10 minutes should be 
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mination of the preceding period. If the menstrual 

cacious when there is retardation of uterine developm 
On the other hand, the tubo-ovarian congestion may be 

state of the uterus. 
be employed, as the crises of dysmenorrhea will be increaseq by the application of static electricity. It is in this condi- tion, when the congestive phenomena need to be attenuated, that the hydro-electric bath with sinusoidal current is of Service (Larat). The bath should be used for 20 minutes, For the first 1 5 minutes the electrodes should be applied to the back and the feet, and for the last 5 minutes to the back | q and the hypogastric region. 
When the dysmenorrhcea is due to atresia of the cervix ‘a rapid improvement is produced by negative galvanisation | (451). 
If there is pseudo-metritis, or congestion, producing devia- ‘tion of the organ, either faradic or galvanic treatment is ‘often followed by good results. In membranous dysmenor- theea the uterus may be galvanised, Intensity, 60 to 100 mil- Jiamperes ; duration, 10 minutes (447-452). 
Where there is no apparent cause for the dysmenorrhcea we may try in succession the static bath, sparking, the fara- dic and the sinusoidal current, each method being contin- ued for a month. 
Static electricity and the faradic current have apparently Opposite effects. When there is insufficient menstrual flow ‘Static electricity should be used; when there is the faradic current should be preferred, 
455. Disturbances of menstruation in adults.—Sexya] activity often causes the disappearance of the troubles of - 

an excess 

given every day, commencing immediately after the term 

Pain. q is not increased after the first month of treatment, the time of application may be increased, This method is very eff. 

af 

ent, 7 
: in- creased by electrical treatment out of all proportion to the @ 

In this case faradisation. only should _ 

Such q 

4 
e 

oi preenane 
 peen discuss 

yterine musc 

_ shoul 

a 

; 

bas a comp 

“cicatrices, 
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ion which affect young girls. On the — er 

d others due to infective metritis, or as the result. 

y or labour. Most of these complications have 

ed in previous pages. a 

norrhcea due to stenosis of the neck and nee 

Ben lication of delivery, as well as tears, sloughs, 
; 1). 

ted by negative electrolysis (45 

-apeags ee eg ae after delivery Dysmenorrheea due to u 
7 ribed in par. 452. q may be treated by the method desc 

‘ 

fe. We may be called on to treat hyper-involution of the 
m lite. 

les as a result of delivery. The Pas 

d consist in the local application of the continuous 0 

fa 
i y y 1 

4 organs. 

The amenorrhcea or other menstrual disturbances follow- e 
: Certain hygienic rules - : iage are not to be treated. : 7 

a Fe aid down, and the physician should only intervene 

if the symptoms continue for some months. 

456. Neuralgia. Pain in the Pelvic Organs.—For the 
: i to treatment of ovarian neuralgia the reader should rete 

norrhagia, pelvic neuralgia may 

Do Os ar es oe or peereree: pe 

a ei ance couch and a branch current bee 

Dice ' ‘ful region. These neuralgias may also be treate 

2 . Panic current, or with faradic currents from a fine 
3 ods ma q wire coil. The sacro-abdominal or utero-sacral meth y 

Pi 
a 

fs 
i 

bs. 

be employed, or we may use Apostoli’s bipolar intra-uterine e em ; 

d. 
e e e ohm 

i; Affections of the Vagina—Vaginismus.- ane 

, Erection of the vagina which interests us is baiccaee 

Tt a be treated by the faradic current, using a oi ae 

coil nostol’s bipolar vaginal electrode should e used. 
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This consists of an insulated cylinder, to which are fixed 
two rings connected to the two terminals. The Seances may: 
be gradually prolonged up to half an hour. Vagino-abdom;_ 
nal faradisation may also be employed. High-frequene 4 
currents applied by means of dilating electrodes also cival 

» but, satisfactory results. Sismotherapy has a good effect 
is more difficult of application. | | 

458. Affections of the Vulva—Pruritus—Vegetationg 
—Vulvar pruritus may be treated by high-fre 
effleuves. Condylomata should be removed by galva 
tery or by electrolysis, in the way described for 
tumours (428). : 3 

459. Vomiting of Pregnancy.—When all other means 
have failed electrical treatment will often relieve this ip 4 
tractible affection. A cathode of at least 150 sq. cm. should — 
be placed on the epigastric region. Two anodes of 20 to 40 
Sq. cm. coupled together are applied, one on each side, to _ 
the course of the vagi at the neck, i.¢., to the interval be-@ 
tween the sternal and clavicular heads of the sterno-mastoid, — 
immediately above the clavicle. The application should be 7 
made during a meal. The maximum intensity should be 10 q 
to 15 milliamperes. In Bordier’s hands this method has — 
given good results. The current is turned on suddenly each 7 
time there is any sign of vomiting. After being allowed to q 
pass for a few seconds, it is then gradually reduced to zero. _ 
Aiter a few seances the attacks are brought under control, 
become less frequent and finally disappear. | q 

460. Radio-diagnosis in Obstetrics —We may deter- a 
mine the pubo-sacral diameter of the pelvis by means of ordi- 4 
nary clinical examination. By means of the X-rays, how- — 
ever, we are able also to measure the transverse and oblique 
diameters of the inlet. For details we may refer the reader 
to Bouchard’s “Traité de Radiologie,” in which he will find 
a long dissertation by Fabre on this subject. 

quency — 

NO-caus 
vascular — 

to @ 
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a tremoulins procedure.—This consists in taking 
A. Con sive skiagrams with different positions of the 

wo se without changing the position of the subject or 

focus a rojection. After the first negative is taken the 

a ae . Bred and a second one is placed in the same post- 

plate . Beech instance the normal point of incidence 1S 

‘ti a a the skiagram. A tracing of the salient points 

a nd this is transferred to a rigid plate of zinc. By 

is ae i nieads stretching from the points in the zinc plate 

r i ones of projection may be reconstructed, their 
the two © ponding to the two positions of the focus tube. 

jon. 

apices corres 

' The intersection of these cones will determine the size and 

position of the pelvic ee 
This area may be measured by 

2 i aratus. 

BM coscopic Method of Marie and Ribaut.—T his is a 

9 al method designed by Marie. Two skiagrams are 

... as to give an image in relief. The distance between 

: oa points may be measured by means of the steri0- 

ter This is an elegant method which only requires the 

Be earatus for radio-stereoscopic Oe ee oe 

"  ¢C Varnier’s method.—This method, which was eae oo 

‘ earliest, does not necessitate any special apparatus. C 

take 

" sists in the comparison of the skiagram of the pelvis to be 

measured with that of a standard pelvis, the size of which 

a isknown. A series of radiographs are made, each one from 

a pelvis of known dimensions. On comparing the radiograph 

in question with this scale we obtain its true oe 

i Varnier has shewn that this method gives correc ae 

4 within small limits of error. The indispensable condi - 

are that the focus tube should be at a fixed aa ; . 

the pelvis should be in all cases in the same position relativ 

to the plate, and that the normal ray should always impinge 

on the same point of the pelvis. Varmer placed the focus 

tube at a distance of 50 centimetres and made the normal 
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tay impinge on the centre of a line joining the anterio 
perior spines of the ilia. | 

The weak spot in this method is the unequal inclination 
of the pelvis in different cases, Moreover, the indj 

distance radiograpiiy.) 
Recent improvements have rendered it possible to Operate _ 

at this distance without too long an exposure. 
D. Metric Radiography. Procedure of Fabre, Fochier 

and Destot.—The following is the principle of this methog 4 
A_rectangular metal frame, 32 cm. by 16 ¢m., is provided. _ 
the sides of which are divided into centimetres by wells : 
marked indentations. This frame is placed as far as posgj- : ble in the plane of the brim of the pelvis. The image of the _ 
frame and its divisions will undergo the same distortion as 3 
that of the brim of the pelvis. By joining up the divisions i 
on the skiagram we may plot it out in squares, each corre. _ 
sponding to one square centimetre. In this way the true 4 
estimate of the brim may be obtained, 
ui is most convenient to place the patient in the frontal 4 

position, with posterior incidence of the normal ray. Ifa 
radiographic couch is not at our disposition the patient 

| 

a 

Vidua] 
differences are exaggerated by the proximity of the focyamm 
tube to the patient. Varnier has attempted to obviate this 
by placing the focus tube at a distance of 2% metres, (Long. 

© rarely used in obst 

espe 

"nipple. 

Sd 
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a line of the patient, at a point 20 centimetres above 

‘or line just mentioned. When the incidence is 

he focus tube is placed 65 centimetres off on a 

the median line, 20 centimetres below the pubic 

media 

the poste! 
Fo sterior t 

normal to 

entral decubitus the method is the same, but the pubic 

4 . of the frame is placed in position first, the supra- 

Be inc having been previously drawn across the thighs. 

Bor methods.—For an account of the methods employed 

E 4 ouchacourt, M orin, Carlos, Santos and Cunt, we must 

a the reader to Fabre’s chapter in Bouchard’s work. 

ss Labour and its complications.—Electricity is but 

|. etrical practice, although it is much supe- 

‘rior to ergot asa stimulant of uterine contraction (Radford, 

a “d, Brivois). It is useful in the after treatment, more 

a cially for hemorrhage and subinvolution (449). Tripier, 

“as we have seen, uses it systematically. oe 

a 462. Lactation.— We can only briefly allude to the a 

‘of pneumatic massage in order to draw out the retracte 

4 This is effected by a pump which exhausts the air 

as a child does in sucking. The pump 1s 

driven by an electric motor. We may notice here the in- 

"genious arrangement adopted in the treatment by sismo- 

therapy or mechanical massage. By means of a small air- 

rhythmically, 

should be placed in a prone position. I find it of great ad- q i " pump, suction, compression, or massage may be given at 

vantage to use a couch with the focus tube beneath, and the _ | 3 will. } 
plate above. The patient lies on her back. In order to place 4 a By this means it might be possible to treat the depressed 

the frame in the plane of the inlet a line is traced across the © or umbilicated nipple in young women, a condition which 
back of the patient, passing through the two dimples form- _ a may in later years interfere with suckling. ee 
ing the lateral angles of the lozenge of Michaélis. The frame 4 | Franklinisation appears to be an energetic stimulant of 

is placed around the body and its posterior border is made _ "glandular function. In cases where the secretion of roalle = 
to coincide with this line, the anterior border being brought 4 insufficient the static breeze or aigrette may be directed on 

into contact with the upper border of the pubis, For an- the breast, a seance of 10 minutes being given every day or 
terior incidence the focus tube is placed 65 cm. off on the 4 every other day. 
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q ‘current is then turned on and gradually increased to fo, 15, 

30, and even 50 milliamperes. Usually a current of 15 mil- 

 fjamperes is enough to sever the stricture. In consequence 

' of the small surface of the blade the density of the current 

js considerable, and it is therefore not advisable to pass the 

ectrolytic sound more than once. 

Opinions differ as to the value of this procedure. Its op- 

~ sonents object that a wound is made in the urethra which 

i. may readily become infected, and which may give rise to a 

CHAPTER V. 

ANDROLOGY. | 4 a 
: mm e 

463. Stricture of the Urethra —This affection is ey, 4 
able by electrical treatment, whether the stricture is in flan 4 
ae = ely seene in the latter case the results ~ new cicatrix and a new stricture. 

treed ee ‘ ales ‘i ee e ae me of 4 j The result of this treatment is rapid, but it is not always 

of which are of incontestable val Th é was uaa : q eee Ped We eee ae ie 2 es used by / = in my opinion it is preferable to employ the circular 

the latter by Jardin, and ie EP ie DY. ewan ’ _ method whenever possible. Linear electrolysis should be 

Spasmodie stricture of aides orice : _ 3 reserved for cases which cannot be treated by the circular 
Lae eee ey es g as 1M MOSst in- — 4 method, a where it is ee to a the oan cee 

i | ms 4 jn a single Seance. e case usually requires to be com- 
nee Lady aa eee oe ee be treated 7 a pleted by mechanical dilatation with a soft bougie. 
Many Te ase oe nr res is ee (New- q ) 465. Treatment of Urethral Stricture by the circular 

this opinion. ns do not sharem™ method.—This method, which was introduced by Tripier 

- and Maillez in 1863, tends more and more to become the 

404. Treatment of Stricture by. the linear method.— q method par excellence for the treatment of stricture. An 

This method, first employed by Jardin, was further elab- ;  olive-shaped electrode connected to the negative pole is in- 

orated by Fort, The electrode he used somewhat resembles ial © troduced up to the stricture. The current is passed between 

Maisonneuve’s urethrotome. The whole of the instrument Meee = tis point and an indifferent anode on the abdomen or other 
is insulated, except a small flexible portion which represents a ee part of the body. 
the blade. Various modifications have since been introduced. _ q The following are the principal types of electrodes em- 
The best known models are those of J ardin, Gatffe Lava q S ployed in circular electrolysis: 

and Bergonié-Débédat. The last has an adjustable project- _ tee ts olives, oi hese electrodes ere) ougia a 
ing blade. | - ™ shape, and are attached to the extremity of an insulated con- 

The electrolytic sound is connected to the negative pole q ductor. In Newmann’s model this conductor is rigid, where- 
and the indifferent anode is placed on the abdomen or else- as in that of Gaillard or of Bordier it is flexible. It is some- 

where, The instrument, with the blade directed upwards, e q times provided anteriorly with a filiform bougie to act as a 

introduced into the urethra as far as the stricture: The @ _ director. When the stricture is in the anterior portion of 

= 5 SR eo TIT 3 Fee ee 
a ePPAAEG e ciaa ne cate a re etme ee = ; REA eae coe gta ee et ee ea = a 

eli Rg OR on ee 

Sia cee 

pea Fe Til 

SR 
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th | | Be: many authors prefer an electrode in the 
n acorn. The olive electrodes are calibrated j a 

way as bougies. Te 
After havin : g carefully determined th iti 4 

5 : . € positror ee 

ee an olivary electrode two or three ae he of the 

en : i of the canal is passed up to that point ia than 

is then turned on and i © cur gradually increased. Wi a 
es the instrument may be felt to pass the - Slight 

ut effort. The current is then gradually reduce il ually ‘Teducediaiy 

Mess ¢ 

hape 
the same 

Zero ee 
ee the electrode is withdrawn. The intensit to 

yed 1s 5, 10 or 15 milliamperes, according to hel be” 
SIZe 

of the electrode and the mechanical] resistance of th 
sues. The larger the el . ectrode the less i 
given intensity of current. ee ee ms 
b.—Dé 4 J : 

: 

ébédat’s olive-shaped electrodes. These differ fro . 

metalli 
extremit iol 

etallic, the anterior portion being of ivory and fe. ‘ a -COn= 
. {Vy 

_ those of Newmann in that their larger 

ducting. 

This electrode is 3 passed through the strictu 4a 
ene 

ie ‘7 

aes S turned on while it is being withdrawn ae ee 

1S 

* 
a 

ee ee of procedure may be used for valvular strj 4 

a ee towards the bladder, but i: aa 
value in ordinary cases when it is impossible to ol 4 

= tr ate the stricture except under the action of the current 
c.—V ernay’ : aes 

Vernay’s electrode. In this instrument the conduct 4 
ing part is in the front of the electrode 

gonié . oe Bougies of Bergonié and Bordier, Ber- 
e first to construct an electrolytic bougie, ter 7 

mi i 1 nated by a ring instead of an olive. A metal wire w as 
wound i nae Le the bougie a few centimetres from the end. ~ 

wire was connected with a central conductor the : 
ring being partially sunk in the substance of the bougie 

Bordi 
; 

the ane: a ae by a metal ring projecting above 4 

ce of the bougie. The edges of the ino ae a 
) 

End forward
s, e tisam 

are repeated every for a 

O 

qremity of the 

: with an olive of No. 12 size on a 

the instrument through the stricture wi 

on not having had an olive with 
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a : ounded and a rivet passing through the bougie fixes it 

4 nd puts it in metallic connection with the central 

 Bergomé has modified the ring by giving it 

a what of a barrel shape, the diameter at the equator be- 

© oreater than that at the extremities. 

The mode of operation is the same. As soon as the ring 

5 5 in contact with the stricture the current is turned 

ually increased to 5 oF 8 milliamperes. Under 

bougie easily passes the stricture, and does not 

gually take more than a minute to do so. The ring is 

Bced several times through the stricture, both backwards 

| without interrupting the current. The seances 

three or four days till a No. 20 bougie on 

f t arrel 
1 

, and grad
 

s action t
he 

yes scale will pass. 

f the different. systems.—It is difficult to “narrie 

“Comparison 0 

shoose betweeen t 

pwn practice I always employ 
hese various modes of procedure. In my 

Bergonié’s when possible. Its 

ch ‘ef advantages are :— 

‘1. The ring is always in the a 

bougie acting as a director. 

trong and flexible, and one is not 

he passage, an accident which 

In my own case, working 

flexible handle, I passed 

thout difficulty. On 

et with an unexpected resist- 

xis of the canal, the ex- 
\ 

2. The apparatus is Ss 

afraid of leaving the olive in t 

as more than once occurred. 

withdrawing it, however, tec 

ance. Trusting to the power of the negative pole, I contin- 

ued to pass a current of 5 to 15 milliamperes for more than 

to minutes, exercising very gentle traction. At last I suc- 

‘ceeded in extricating the electrode. I congratulate myself 

, 
an ivory back, or a bougie 

‘that had been weakened by age 
and use. An experience like 

this was quite enough to make one prefer a ringed bougie. 

We must, however, have recourse to an olive-tipped elec- 

~~ 
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trode when the patient has a stricture of small eilibee andl : 7 spnique is the same as for anal fissure. Seances of 5 min- 

cannot afford the time to dilate the urethra slowly. It ma q :. may be given three times a week. 

be impossible to dilate the urethra sufficiently to admit thes E 5 Galvanisation.—This consists of circular electrolysis, 

anterior part of the ringed bougie. Even Newmann’s clea ime negative pole being introduced into the urethra, with 

4 different anode on the perineum or in the rectum. trodes with filiform director may not be able to pass. In thi, the in 
case we may take an olive-tipped electrode, and pass it aul | Intensity, 10 milliamperes; duration, 5 minutes. Some 
far as the stricture. With prudence and the use of a mod. ‘authors give currents of much greater intensity. Electrodes 
crate current, there is not much danger of making a false MN fave been designed which only act on the posterior wall of 
Passage. : : 4 “the urethra. | 

Lheory of circular electrolysis in the treatment of stricaa - 3. Faradisation or Sinusoidal Voltmsation.—The tech- 

ture.—In linear electrolysis there is a certain amount off ‘nique is the same as for galvanisation. The amelioration is 

destruction of tissue in consequence of the density of the often rapid. Larat employs the following procedure: He 
current. This is not the case with circular electrolysis 4 “introduces an olivary electrode into the rectum at the level 

N ewmann and Bordier consider that there is a chemical ; "of the prostate. The indifferent electrode is placed on the 
action due to the separation of sodium at the negative pole % “abdomen. A sinusoidal current is employed as strong as. the 
and that this chemical action, the so-called tertiary action of 3 | "patient will bear. The results are very encouraging. 

Zen cas abeoion of the hiking sound the MUM gir, Cheoie glandular Urehris—In tis den 
dilation.” Under the influence of the liberated so a os ye 4 ~ some authorities recommend the electrolysis of the crypt of 

the tissues become more supple, and more easil at ‘i 4 ' Morgagni, with a blunt pointed electrode, and the glands of 
Bs te? y dilatable, a  Tittré with a sharp point. This may be carried out with the 

_ The experiments of Bergonié and Ravarit show that the ere ee oe 
iti fen : " aid of the endoscope (Rollmann, Mundor?ff). positive pole has a constrictive action on organic tubes, — . aid |. 

whereas the negative pole acts as a dilator. It is possibi 7 
that both theories are true, and that under the influence of : 
the current a physical dilatation facilitates the introduction 4 
of the bougie, while under the influence of the sodium ion 
there is also a chemical effect which produces absorption of a 
the thickening in the tissue. BOS : 

466. Prostatitis—Hypertrophy of the prostate.—Vari- _ 
ous electrical procedures have been employed with success in ‘ 
this affection. 4 

1. I[ntra-rectal application of high-frequency currents-- ~~ _ potash. 
The results of this treatment are equally good in hypertrophy For neuralgia of the testicle the reader should consult par. 
of the prostate and in prostatitis of gonococcic origin. The a g q 379- 
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468. Orchitis.—In this disease Dowmer has obtained 

good results from the use of the high frequency effleuve. 

 Picot, Dubois and Boyland have made use of the contintious 

current with success. An appropriately shaped anode is ap- 

"plied to the testicle and the cathode is applied to the fold of 

the groin over the spermatic cord. From 6 to 20 milliam- 

4 peres may be given, according to the degree of tolerance. 

- Seance of 10 minutes every day or every other day. Dubois 

4 advises ionisation with a 20 per cent solution of iodide of 
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N.B.—It should be remembered in using radiotherapeygi. 
treatment for affections of the testicle that the X-rays pro 

duce atrophy of the gland, with azoospermia and consequen, 
sterility. We should be careful, therefore, to protect the 

testicles when we are treating neighbouring regions with the i 
X-rays. oe : a 

469. Impotence.—When this is due toa normal cause 
we should endeavor to act on the general health. I have 

frequently seen good results follow the use of the high fre 
quency effleuve on the spine. We should not adhere too pers 
tinaciously to one mode of treatment. The cure is half com. 

pleted when the patient has regained his self-confidence, — 

470. Seminal losses.—The treatment will vary accord. 
ing to the cause. We usually begin with galvanisation, the - | 

anode being placed on the perineum and the cathode on the © 

loins. Intensity, -15 to 20 milliamperes; duration, 5 minutes, 

When the spermatorrhoea is due to atony of the ej aculatory | 
apparatus Castex advises the employment of the method de. 

scribed above for prostatitis; by means of an intra-urethral _ 

ring electrode at the level of the prostate, and a perineal in- q 

different electrode. A galvanic current is used, which is 4 

rhythmically reversed every four seconds. Intensity, 6 to 8 
milliamperes ; duration, 5 minutes. 4 

Denis Courtade recommends faradisation with a fine wire — 

coil. The anode is placed on the lumbar region and a cathode 3 
on the perineum. If this fails he recommends the direct — 
faradisation of the vesicule seminales. The anode being — 

placed on the loins, he introduces a carbon electrode into ; 
the rectum against the posterior surface of the vesicule — 

seminales. Under these conditions it is bettér to employ — 

the thick wire coil with slow interruptions. The treatment 7 
is completed by the use of the continuous current, giving 10 7 
to 15 milliamperes with a high speed break. Total duration, — 

10 minutes, Three seances each week. a 

‘dull red 

pe used :-— 
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© 1 Phimosis—Leduc’s operation by Galvano-cau- 

; a Leduc, of Nantes, has devised a means of operating 

4 ‘nimosis by galvano-cautery. The operation consists in 

. F noval of a triangular piece of the prepuce. The base 

4 Lis triangle is formed by the lower third of the preputial 

ce, and the apex is at the root of the frenum. Cocaine 

1 | a A used, by injecting a cubic centimetre of a I per cent 

eolution into each side of the prepuce. The prepuce 1s then 

; eized by 2 pair of forceps along each side of the triangle 

a be excised. With the knife of the galvano-cautery at a 

: d heat the prepuce may then be divided just inside the 

plades of the forceps. When the sides of the triangle are 

‘detached the frenum is seized close up to the elans by a 

‘third pair of forceps, and the triangular piece of the prepuce 

ig detached. If the galvano-cautery is not too hot there will 

- pe no hemorrhage. 

In the after-treatment the following antiseptic salve may 

Hydrarg. oxide. rub .2 grammes 

Nicid: salicyl sc). 3% .2 grammes 

Zinci oxid 2 grammes 

Vaseline 20 !:grammes 

e The patient may continue to attend to his business. If 

the lips separate healing is delayed, but it is not necessary 

to use a suture. 



CHAPTER VI. 

AFFECTIONS OF THE KIDNEY, THE BLADD 
THE URINARY ORGANS. 

ER AND — 
\ om 

472. Incontinence of Urin 
shall only discuss true incontin 
incontinence due to retention, o 
tumour of the bladder. 

The incontinence which is amenab] 
_ 1s of two kinds: 

I. Nocturnal incontinence 0 
authors attributed to a speci 
The best authorities, howev 

ence of urine, and not the 

e to electrical treatment 

al irritability of the bladder, 
er, attribute it to faulty co. ordination between the cerebral] centres and the automatic — centres in the lumbar region of the spinal cord, resulting jn 4 the loss of cerebral control over the lumbo-vesica] reflexes, (Lewis Jones, Archiv, @ Elect. Med., Nov. 1 5, 1899.) ] 

2. Incontinence of Urine of Adults, both nocturnal and 4 diurnal. This is due to failure of the sphincter, and seldom q occurs in early life. This variety of incontinence is usually | associated with lesion of the spinal cord. +) 
Nocturnal incontinence in 

agreed as to the mode of trea 
fer as to the pathogenesis ; 
irritability of the bladder, or 
the lumbar centres. 
On account of the difficulty of catheterisation in children 4 

intra-urethral electrisation should be use 
tional cases. 

children.— AN authorities are ; 
tment, although they may dif- — 

default of cerebral control over 

The best method of procedure is to treat the lumbar and _ 

e—In this chapter wa 

r that caused by calculus oa | 

f children —This is by some 

whether the symptom is due to 7 

d only in excep- — 
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fre- a hower of static or high a ic regions with a s efi  — A dozen seances may be given, each with a 
quency inutes 3 : f from 2to4m : : 
Be aradic or rhythmic galvano-faradic current nee a 

4 e One electrode should be placed on the ee 

a Za the perineum, vulva, or supra-pubic region. one 0 
P. to 7 minutes. | al and 

' pence due to failure of the sphinc tee N ee re 4 . he Oy inence. This variety of incontinence, Ww a 

. et with in children, is best treated by intra-ure a 
ion (Guyon). An olivary electr ode, ma ae 
a a circular electrolysis, is introduced i t : a . 

Sal + reaches the sphincter. This point Soe 
a he operator an 4 of resistance felt by t 

:. bot ic patient. The olive is connected to ee nee 
_ tions : indifferent anode is placed on a of the coil, while the ind1ite ' 
q s a or lumbar region. The intensity of oe ee 
q 4 . increased until we produce Sake a : os 
} Paina muscles, Duration, 2 to 4 minutes. sss! 10 to - every other day. A result should be obtained 11 Pe a day .. y The procedure is suitable for either SeX, ae 

q . s stances a favourable result is obtained aiter the 
ma 

few seances. 
the a ’s currents may also be employed instead of - i Morton's The patient is placed on 

 faradic current (Border, Claus). f the cotleneces 
on-insulated couch. The chain of one ot the diz <ihe q a ied while the other is connected to a fe ca fae 

em i first placed in contact a les of the machine are ena 
a 1 arated until there are 7 to 10 sparks per se gently separate ry day or every other day. Duration, 5 minutes. Seances every ical plexus , 473 Paralysis of the Bladder —The ee - f i 

n | has two origins, one from oe tee ae sphincter 1s 
from the sacral nerves. The contrac the contrac- under the control of the sympathetic, whereas 
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tion of the bladder is under the control of the sacra] 
In cases where both the body and the neck of the Dladde, are paralysed we may get retention from paralysis of the 
bladder succeeding incontinence from paralysis of the nell This is especially the case during a course of electrical ¢, , ment, and is due to the fact that the paralysis of the gq nerves supplying the body is much more obstinate than 

Plexye 

. a 

eat Lt 

Cra] 

Par. alysis of the sympathetic supplying the neck. a 
Electro-therapeutics.—In addition to tr 

this purpose we introduce a weak soluti 
per cent, by means of a catheter, or by 
catheter, as in Lavausx’s method. 
An electrode with an insulated con 

into the bladder, and is connected to the ne 
thick-wired coil. The indifferent anode 
loins. Duration, 5 minutes. The rhythmic galvanic current may also be applied. Intensity, 10 to 15 milliamperes, 

In paralysis due to lesions of 
Courtade recommends galvanisa 

on of boric aciq _ a 
Pressure without a 

My 

Intensity, 15 to 2s milliamperes. 
faradisation of the dorso-lumba 
gion with the negative 
the perineum. 

474. Urinary Calculii—it is not easy to diagnose urinary calculi, whether situated in the kidney, the ureter, or the bladder, by means of the X-rays. These regions are not _. very transparent, and the calculi, not being very Opaque, do not contrast well with their surroundings, : 
Vesical calculi are much better diagnosed by 

so that we need only refer here to calculi of the 
ureter, 

pole, the positive pole being placed on 

the sound, 

kidney and 

eatment for the re moval of the cause we may faradise the bladder directly, Foul 

ductor is introduced - : 
gative pole of a 

is placed on the 

as 

the central nervous system q 
tion of the spine with the @ ascending or descending current, the labile electrode being — placed on the spine, and the other electrode on the perineum, _ 
We may also employ labile _ | 

r and abdomino-crural re. 

ar e har 

j opaque. 

Bio Xtays? 
of ammonia are 

q magnesium, 

: xic weights. 

| ites fad phosphates of calcium are, on the contrary, 

excellent results. 
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t transparent, and d of urates are the mos 

a itis. Phosphatic or oxalic calculi are more 

Tt should be remembered that the as is : en 

i i ity. Thus calculi of ur s proportional to its densi 

ae ane visible, then come the urates of oe 

potassium, and calcium in the order of a 

Uric acid calculi are very transparent. Ine 

For the discovery of urinary calculi it is useless to employ 
For 

of 
© -avys of too great penetration. ae ee sate 
m ray nd to No. 6 on Benots a q ness should correspo 

Se or 
q orci. Béclére recommends the use of No. 5 fc 
q » No. 6. 

The second precaution is to diminish the ee 

tion of the neighbouring regions. For this aa ae 

 icagm is useful. The iris-diaphragm of Béclere g 

The apparatus designed by Albers-S chinberg oe 

0 time a compressor to diminish the thickness 

ih Be perts and a diaphragm limiting the field of ee 

ss ea Blinder ro cm. in diameter ee oe ie es 

‘end receives the focus tube and is furnished w 
‘ hragm 3 cm. in diameter. The lower end of the tube is 
_ Pp if e 

used to compress the tissues of the abdomen. 

i we 
With the aid of this instrument, in favourable ae 

are able to make out the image of renal calculi oe : ee 

Sterio-radiography also renders good service in the le 

li. : 

. -? mihice affections.— Various means of eee 

Fe bees recommended in nephritis, hot air, ete 

wut igh-frequency currents tier and Larat), and high 

” Caillo de Poncy). All of these methods are said as is 

produced a diminution of albumen in the urine. As Dénoy 

= 

ee 

= — — — = = 

rr 



458 PART III—CHAPTER Vi 
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5 
aig 

emarks, a review of these observations at leas 
albuminuria need not be considered a contr 
electrical treatment. 

t proves ail 
oka tha 

vindication ‘ | 
\. a _. CHAPTER VII. 

i 

SKIN DISEASES. 

476, Eczema.— In all its varieties, eczema may be con- 

sidered to be an autotoxic dermatosis, i.¢., an affection of 

the skin produced by toxins elaborated by the individual him- 

self, as 2 result of faulty alimentation or from some other 

B cause. Lhe local manifestation is an epiphenomenon, and 

F general as well as local treatment is needed for the cure of 

the disease. | 

There are two varieties of eczema, the acute and chronic, 

"with numerous intermediary forms. We are usually called 

on to treat the chronic form, although both varieties are 

7 amenable to electric treatment. 

____ Electrotherapy.—The best form of electrical treatment is 

static electricity and high frequency currents. We may also 

use the X-rays, or hydro-electric baths with sinusoidal cur- 

rents. | Che 

: a, Franklinisation gives admirable results (Doumer, Le- 

 Joir and Monell). The patient is placed on an insulated 

stool and connected to one of the poles of the machine.’ 

Bordier recommends the negative pole. As electrode con- 

nected to the other pole, he used a single point, or a multiple- 

pointed electrode, or a brush made of birch. The duration 

of the application is variable, depending on the circum- 

stances, but a minimum of 10 minutes on each area 1s 

recommended. The total duration of each seance is 20 to 30 

minutes, repeated every day or every second day. The 

vesicles begin to dry up after the second day. 

In true seborrhoeic eczema static electricity does not appear 
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EB Hot air baths and the insufflation of hot air have also 

j b - employed in the treatment of eczema. 
e be 

q The X-rays have given most satisfactory oe in the 
b. High frequency currents may be applied by Means off q Pads of a number of experimenters, ee eee 

the brush effleuve or by Oudin’s condensing electrode, Their |  ahn, A Ibers Schonberg, Scholtz, Wilhams, Lr , ) 
effect is very rapid. An application of 10 minutes may bel  Grunmach and Pusey. ee given three times a week on each region. | This form og q : Notwithstanding their success, the method ela e ae 
electric energy is specially adapted to this disease, since, be be firmly established. To those desirous of making 

Sides its local action, it has a general action on the organism — ; eriment, we recommend rays of penetration No. 5 : 
augmenting organic combustion. _ : S 6 on Benoist’s scale. Dose 3H to AH in a single 

i V W ree 

ance or in several exposures at inter als of two or th 

se 5) f 

to give such good results. (Brocg.) This, howeve 
rapidly to high frequency currents. 

T,y elds. 

. } a 

In arthritic eczema Oudin’s experiments shew that while 7 
auto-induction is useful, it can only be regarded as part of — 

| mm 8S: mployed in the necessary treatment. The local action: is manifested - 477. Urticaria.—Electrotherapy may be employ 

by considerable vasodilatation. | -.. eee is di ther 
Pearls of sweat appear — cases of chronic urticaria. It 1s difficult to decide whe 

over the whole region, and an inflammatory reaction oc. 
curs, accompanied by the cessation of pruritis, These re. ] 
sults are due, not only to the action of the high frequency 
currents in the organic cells and the termination of the — 
nerves, but possibly to an attenuation of the toxins, such as 
has been demonstrated in vitro by the experiments of 
@ Arsonval and Charrin. Whatever be the interpretation, , 
there is no doubt that high frequency treatment has a 
curative action, both general and local. We have all seen 
other untreated patches disappear during the treatment of 
an eczematous region. I systematically submit patients suf- 
fering from arthritic eczema to treatment by auto-induction, 
before beginning any local treatment. The auto-induction 
is carried out by placing the patient between high fre- 

- quency spirals as described in par. 138. 

c. fHydro-electric baths with sinusoidal currents have 
proved useful in the hands of Gautier and Larat, especially 
in obstinate cases of prurigenous eczema. Brocq is more 
reserved in his opinion, but Guimbail strongly recommends 
them. 

\a 

r to 
urticaria is due to an affection of the nervous system 0 

auto-intoxication, Static electricity or high Te ae 

be employed. This should be applied in i 2 ae pee 

scribed in the paragraph on the treatment o pe sa a 

Gautier, Larat and Guimbail have had good results : 

use of the hydro-electric bath with sinusoidal ae . 

478. Pruritus.—Essential pruritus, the neuro ee 

Brocq, is the result of an auto-intoxication, an ny 

pendent on a special nervous state, either local or ae ie 

It is this form which is most amenable to electrical tre 

ment. Static electricity, high frequency, or the Xrays may 

employed. 
| 

- ee electricity—Lelowr and Doumer have oe 

in this way a number of cases of pruritus of the vu he ‘ 

anus, and the extremities, together with ae ee ae 

general pruritus. In localised pruritus the use 0 eo. 

bath, and static effleuve, has been most pape on g 

and Bissérié have also had good results with static elec : 4 

even where the symptoms have approached those of ne 

rodermatitis. 
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The treatment should be commenced by a static batt 4 
OFF 5 to 8 minutes’ duration. Afterwards the static 

may be directed on the affected region by means 6 
or brush electrode. The brush should be Bs 
preference to the negative pole and held at a diac 
centimetres from the skin, for a period of 5 to 10 mj 
The treatment may be occasionally increased, even 

every day, or every second day. The success is ofte 
b. High frequency.—In pruritus there is a doubl 

The observations of Oudin leave no doubt as to the 
efficacy of high frequency currents in neuroderma. I 

action, the patient should be subjected to treatment by 
auto-conduction and effleuvation at the same time. ‘ 
of auto-induction of 15 minutes’ duration may be followed 
by an effleuvatio ; n of 5 to I5 minutes q 5 on each region, re- 
peated every day, or every other day. 

c. X-rays.—X-rays, in doses of 3 H or 4 H, often pro- 4 
duce a rapid remission of ; pruritus, Rays of No. 
on Benotst’s scale should be used. : a 
479.—Psoriasis.—The experiments made by Brocg and — q 

| Bissérié on the application of static effleuvation for psoriasis 
gave no results. High frequency treatment, on the con- 
trary, is very efficacious. Oudin attaches the metallic brush © 
to the extremity of the resonator, and directs it for some — 
seconds on each patch, thus obtaining the maximum re- 
yulsive effect, the spark being spread 
Mecca. ing spread over the surface of 

eleuye ‘ 
POint | 
d by 
of 29 
nutes. 4 

é A 
UY a 

sparking, with advantage, and will vary according to Hi 4 
susceptibility of the patient. The seances may be repeated P 

n rapid. 4 
€ reason 

for the employment of high frequency currents. When hm 7 
is any arthritic tendency or any interference with nnutrisioel ‘ 

it will act on the general health; on the other hand. it will a 
act locally in a more efficacious manner than static electricity q 

order to gain the double advantage of general and loca 7 

A seance 
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: The first result of an application is an evanescent phase 

of yaso-constriction, followed by diffuse redness, accom- 

panied by 4 sensation of heat and smarting. If there is any 

pe this disappears after the first application. The 

be repeated every two days. 

ches disappear after a few seances, while those 

pruritus, 

seatices may 
Recent pat 

‘of longer duration may demand some months of treat- 

ment. 
| 

~ Some authors recommend the arc light for the treatment 

bot this disease (M. A. Cleaves). | 

The X-rays, first employed by Albers Schonberg, have 

“attained the first place among the curative agents employed 

"for psoriasis. 

_ Jf the psoriasis is disseminated, Scholtz treats it with the 

4 X-rays without using any shield to protect the healthy skin. 

"He places the focus tube at a distance of 4o centimetres, and 

" gives an exposure of 15 to 20 minutes. It is in his opinion 

advantageous to irradiate the neighbouring skin. Ullmann 

> considers the Réntgen rays as the treatment par excellence 

| 4 for psoriasis. Belot has treated several cases, employing 

No. 5 rays and a dose of 4 H to 6 H in one or two seances. 

' Shortly after the exposure, the red colour of the patch is 

' modified and the healthy skin around the edges becomes 

_ brown. From 15 to 20 days afterwards, the scales fall off, 

q leaving a reddish surface, slightly hyperemic, which soon 

- becomes pigmented. A weak ointment of ichthyol or lead 

q may be applied, or the yellow oxide of mercury, or chrys- 

4 arobin plaster (Scholtz). 

480. Prurigo.—We have not had sufficient experience 

4 to determine the efficacy of electrical treatment in this dis- 

ease. Brocq and Bissérié have seen good results from high 

frequency treatment, in a case which was almost one of 

4 Hebra’s prurigo. 2 

High frequency effleuvation should be used in a systematic 
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manner. The X-rays may also prove of service, uke Belot ye ports a case of cure of Hebra’s prurigo by means 0 
application, with a dose of Acro Sarl employing Taye a 

y 
a 

penetration No. 4 to No. 5. 
481. Lupus erythematosus (Cazenove’s Lupus) 

affection, which is characterised by redness and squames 
presents two perfectly distinct types. It is important to dig tinguish these for purposes of treatment. Lhe aberrant type of lupus erythematosus is always symmetrical, and is local” ised on the cheeks, the dorsum of the no 

type of lupus erythematosus, which may be localis 
point of the face, presents a great analogy 

agreed that phototherapy does not give such 
erythematous lupus, as it does in tubercular 

while the symmetrical aberrant type is best attacked by high frequency currents, This is proved by Brocq’s statistics, 
given in Jacquot’s thesis (Paris, 1901). It would seem that in the future the X-rays are destined to play an important role in the treatment of this affection. : 
The following is the line of treatment we recommend in 

cases of Cazenove’s lupus. : 
I. In a case of fixed lupus erythematosus, the Finsen 

light should be applied. If this is not available, we should 
have recourse to the X-rays. The older methods of scarifi- 9 
cation and galvano-cautery have fallen into disuse. The 
reader should consult par. 482 for the technique, which is 
identical with that for tuberculous lupus, 

f a sinoy, | 

se and ears. It jg characterised by its capricious process, disappearing and then reappearing, even during the course of treatment. The fireg 
ed on any ~ 

to tuberculoys 7 lupus, even if it be not itself tuberculous (Brocq). a Electrotherapy — Radiotherapy. — All authorities are 
good results in 
lupus (Froch. — hammer, Sabouraud, Leredde and Pautrier). We should — 

take into consideration the distinction between the two forms | of lupus erythematosus. The fixed form should be treated 
in the same manner as tubercular lupus ; 1.2., by Finsen light, — 
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q in a case of symmetrical aberrant lupus erythematosus, 
2. should have recourse to high frequency treatment. 
we \ 

‘ssérié n elec- } Bissérié, 1897.) For this purpose we use ai 
(B ith a glass handle. The intensity should be feeulates 

i 4 2 adjustment of the resonator, or by means of Bissérié’s 

4 Easting electrode. The first application should be a very re 

_oderate one. Five days afterwards a second application _ 
mo 7 
may be given, the intensity being increased if the reaction 

“a t been sufficient. It must not be forgotten that the 

- et form is centrifugal, 7.e., that the affected area has 

dency to heal at the centre, while spreading at the 
eo nery. In treating it, therefore, we should always pass 
. the limits of the affected area. The seances may be 

cated once, twice, or three times a week, according to the 
‘tolerance of the patient and the intensity of the ee 

When the reaction is violent, we may be compelled to wal 

“for a couple of weeks to allow it to subside. This does ae 
Sin any way interfere with the treatment. The ae O 

"irradiation of each patch should be from one to three 

- minutes. 
The result of high frequency treatment is intense redness. 

This is of good augury, as it is an index of the intensity of 

1 the reaction. The affected area becomes covered by a thin 

crust, which soon falls off, leaving a shining and red 

surface. The crust reforms again and again, till finally the 

4 diseased tissue is replaced by a healthy surface. As the 

ctire approaches, new crusts no longer appear, and there 
is only a desiccation of the affected area. The intensity 

and frequency of the seances may then be diminished. Brom 
4 25 to 70 applications are required. (Brocq, Bissérié, Jac- 

quot.) 
482. Tuberculous Lupus.—The lesion of lupus con- 

; sists of tubercles or small miliary nodules of the size of a 
a pin’s head. These may be agglomerated together or dis- 
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seminated, sometimes ulcerating, and sometimes formine 
cicatricial aspects of the disease. The tuberclés do nal 
usually project much above the surface of the skin. Thea 
may be easily seen on pressing down the surface with a lag 
spatula, and may then be recognised by their colour, which 
is that of barley-sugar. When it is considered how deep] vi 

the tubercles penetrate into the subdermic tissue, it may 
easily be understood how difficult it was to treat lupus pe 
fore the discovery of radiotherapy. Ablation, curetting andl | 
caustics often leave behind cicatrices as disfiguring as the 
original lesion. Surgical interference, moreover, does note 
guard against complications or recurrences. At the present _ 
time we seldom have recourse to these methods of treat. 
ment. : 

cauterisation is rarely required. By plunging the point of q _ 
galvano-cautery into the diseased tissue we may give rise 4 
to violent reaction, and produce cicatrisation, but it does not _ 
act equally on all the diseased tissues, a reproach which may 4 

Electro-therapeutics and vadio-therapeutics.—Galvano. _ | 

also be brought against the treatment by scarification. It _ 
is, moreover, painful and tedious. At the present day we 4 
have at our disposal two modes of treatment, viz., the Finsen 
light and the X-rays, each of which is vastly superior to — 
cauterisation. 

We may, therefore, proceed at once to treat a case of _ 
lupus by one or other of these means. The only other modes 

_ of treatment at all comparable are scarification and galvano- 
cautery. Ablation should be reserved for those cases where 
the lesions are small, in an early stage of evolution, and sit- 
uated in regions where the cicatrix will not cause disfigure- 
ment. | 

a. Phototherapy.—This may be applied by means of 
Finsen’s apparatus, or any of the more modern lamps. We 
can especially recommend Marie’s installation (231) on ac- 

Pr 

“count of 
2 ressure W : 
4 eriod of exposure. Lortet and Genoud’s apparatus has also 

§ given excellent results in the hands of many experimenters, 

among them Leredde and Pautrier. (230.) 

| posure. 

4 ous discharge and the formation of crusts. This reaction, 

which lasts about 8 days, is necessary and is of good augury. 

~ onl | a7 : 
e, static machine is also a source of radiation which should 

3 rove useful in phototherapy. 
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the ease with which it is applied, and the firm 

hich it enables us to exercise during the whole 

The incandescent lamp is not particularly adapted for 
4 pototherapy, as the violet and ultra-violet rays are the most 

potent for therapeutic purposes. It would be meee 
4 try the mercury vapour lamp of Cooper-Hewiit, which gives 

y violet and ultra-violet rays. The negative effleuve from 

With Marie’s or Lortet and Genoud’s lamp, the duration 

- of the seances should be from 20 or 30 minutes up to an 

four. With the Finsen light it must be at least an hour. 

q Phenomena of reaction set in from 12 to 48 hours after ex- 

These consist of redness, swelling, oedema, with 

The length of the interval before the appearance of reaction 

‘ is in general proportional to the length of the exposure. 

Phototherapy acts by setting up a sclerogenous process 

in the skin. This fibro-sclerous tissue is developed with 

great regularity and uniformity, and not in isolated foci, as 

after scarification or galvano-cautery. 

An exposure may be given once a week on each patch of 

q lupus. 

The skin should be carefully treated during the period of 

reaction. For the first few days we may apply an ointment 

consisting of 

10 grammes 
5 grammes 

. 1ogrammes 

Lanoline 
Vaseline . | 
Liquor calcis 

When there is a discharge, we must be on our guard 
= 

/ 
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against infection, erysipelas, etc. The skin should be w 
with boiled water or a three per cent solution of 4 
When the crusts have fallen off we may diminish ¢ 

_ tion and prevent the formation of new crusts by a 
an ointment composed of: 

Sane of Zine 
Starc | 
Lancing : aa 10 grammes 

| Vaseline ; 4 

These crusts should be removed before each seance. Thi, 
should be done by moist applications or by washing wig, 

Ora 

Pplying 

soft soap. Any previous treatment by scraping or othe © 
wise interferes with the successful result, probably by the 
formation of trails of cicatricial tissue. | 4 

b. Rontgen-therapy.—Since the early observations off 
Kimmen, Schiff and Freund, a large number of successfyj_ 
results have been published. The technique of the pro. 
cedure is not as yet established with any certainty. It js | 
only of late that we have been able to measure the dose of 
this new therapeutic agency, even approximately, by means 
of Benoist’s radiochromometer and Holzknecht’s chromora-_ 
diometer. Moreover, the skin affected with lupus does not 
always react in the same manner, and we have not as yet 
sufficient data to enable us to choose between the various — 
modes of treatment recommended. 

Schiff, A. Schonberg, Hahn, Kiimmel, Williams, Oudin © 
and others sedulously avoid all dermatitis, giving short ex- 
posures two or three times a week. ~Other observers give ex- 4 | 

posures at longer intervals and endeavour to set up the first 
degree of radio-dermatitis. According to Belot, a dose of 
4H or 5 H of No. 5 rays will produce erythema and swell- — 
ing of the lupoid tissue, while 8 H or 9 H will produce ~ 

superficial ulceration, Other practitioners do not hesitate to — 
set up intense radiodermatitis so as to produce superficial — 
necrosis (Lion, Scholtz). | : 
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4 The following is the technique employed by Oudin: He 

a moderately hard focus tube, with an equivalent spark- 

cap of about 10 centimetres. The healthy skin is shielded 

by a lead mask which. should be earthed. The anticathode 

< placed at a distance of 20 centimetres from the skin. The 

5 : ent in the primary is 4 amperes and 16 volts, with 15 

SS ruptions per second, He gives an exposure every day, 

Speginning with one minute and increasing the duration Dy 

“half a minute every day. Now and again he allows a week S 

‘interval, in order to judge the effects, and guard against 

“radiodermatitis. | 

_ My own conclusions are as follows: In cases where 

phototherapy has not been successful, or where it is not 

“available, Rontgen-therapy should be employed. This has 

some drawbacks, such as the danger of radio-dermatitis, 

- put it has also great advantages in the wider area of its 

1 action, its painlessness, the greater facility of its applica- 

tion, and the absence of any necessity for compression. 

In the opinion of Lancashire, we should have recourse to 

” sadiotherapy in all cases of extensive lupus, or of lupus af- 

 fecting the mucous membrane. 

As regards the mode of operation, I would recommend 

* the use of rays of No. 5 or No. 6 on Benoist’s scale, with ex- 

posures repeated two or three times a week, avoiding any 

reaction greater than a superficial erythema. 

For all treatment of skin disease, except epilation, I be- 

 fieve this to be a better mode of treatment than more in- 

tense exposures at longer intervals. In studying the 

injurious effects of the X-rays, we are met by the fact that 

frequently repeated exposures with small doses produce a 

far more profound modification of the cell tissue than does 

a temporary dermatitis followed by cicatrisation. Moreover, 

as long as the dosage of the X-rays is in so unsatisfactory 

_astate, we should proceed with the greatest caution. 

uses 
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Radium-therapy.—The thesis of Blandamoyy 
in Paris in 1902, contains some interesting infor 
this subject, obtained in the wards under Danlos. He a 
specimens of radium of which the radio-activity wal a 
5,000 to 19,000 times that of uranium. The tota] duiraill 
of exposure varied from 24 to 48 hours. We have ny ofl . 
yet had sufficient experience of this therapeutic agent + a 
able to give precise rules for its application. es “a 

Publisheg 
Mation 

483.—Acne.—Under the term acne we group al] 4p. 
various lesions of the pilo-sebaceous system, This incall | 
acne acuminata with comedones, acne rosacea, and hype 

trophic acne, which is the ultimate form or acne rosacea 7. 
all forms of acne, and particularly in the acne simplex of bull 

erty, the X-rays give remarkably good results. This is testid ? 
hed by Gautier in 1897, by Ullmann, Schiff and Frew 
Scholtz, Pusey and others, The X-rays act as itant a an irritant, on 
more probably by producing atrophy of the seb aceous glands, 

484. Acne Rosacea.—This disease presents different 
aspects. In some instances there is merely dilatation of thel 
capillary vessels and telangiectases. In other cases the in. 
flammatory and seborrhceic symptoms are more noticeable, 
while in hypertrophic acne the inflammatory symptoms have 
gone on to the production of a true hypertrophy of the skin, 
(485.) | | ; a 
Electrolysis——When there are numerous dilated promi- 

nent vessels or telangiectases, the case is best treated bys 3 
electrolysis. The technique is described by Brocg. An 
electrolytic needle connected to the negative pole of a gal. 
vanic battery is introduced into the skin parallel to the ves- : 
sel. The bipolar method with a current of 1 4025 millica 

_ amperes may also be used, as described for neevi in par. 487. © 
In this way we are able to cure the worst cases of tel- 
angiectases in a few sittings. Vasticar advocates a particu- — 
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: 7 method of electrolysis combined with scarification, the 

BS ics of the scarificator being connected to the negative 

D. 4 
3 : : 

ss : i destined to render val- * y-ray s.—Radiotherapy appears de Se 

F able services in the treatment of acne rosacea, 10 5 . 

«.. a‘| radiotherapeutic treatment”, the focus tube shou | 

a By ced in a lead lined box. The orifice of the localiser 

a ” d be large enough for the cone of rays to include the 

- of the affected area when placed at a distance of 30 

¥ MF ctces from the anticathode. The sound skin should 

:. rotected by thin sheets of lead, in which an aperture 1s 

Dic corresponding to the lesion. The anticathode aaa 

Be. placed 30 centimetres from the skin. An oe 4 5 

or 6 minutes may be given every day of every oth = a 

Sith rays of penetration No. 5 on B enorst s scale. After the 

"sixth seance “the skin desquamates slightly, the acne a 

 pecomes paler, and the vessels become less visible. ite 
streaks appear in the se swe the tissues become 

' oradually paler.” (Larat and Gauner. 

4 BE rvency This may be applied in the same 7 

as for lupus erythematosus. It often gives most exce 5 

 gesults. (Oudin.) Guillog has also successtully employe 

q the aigrette with small sparks. Static electricity does not ap- 

2 so efficacious. 

: Be herapy_Finsen applied this method for the cure 

qa of acne rosacea; it has also given excellent results in the 

4 hands of Leredde. He considers it to be the treatment as 

excellence for chronic cases, and has had no instance 0 

' failure in a series of nine cases which he has treated. The 

same technique may be employed as in cases of lnpus, 

4 485. Hypertrophic Acne— Rhinophyma. — Hyper- 

1Vasticar. International congress of Electrology P¥Ue Radiology, 

° f 2. t ; s 5 “3 ‘ 

Pe Pelee Pe oihetand in skin diseases. Description of his 

localiser. (Rebman, 1005.) 4, 
“en 
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trophic acne is frequently the ultimate phase of acn Its usual seat is the nose, which presents character} with small crater-like depressions in the ce 
position of the sebaceous follicles. 

If hypertrophic acne is accompanied by telangiectase - may be treated by electrolysis, 
comedones, we may use the s 
punctata. 

S, they 

ame treatment as for acne 

The most difficult point is the glandular ang fibroual 
reated by — 
dones and 4a 

y the 
tissue 4 

tion or by electrolysis. 3 
with a current of » to 6a 

hypertrophy. Glandular hypertrophy may be t electrolysis, after the technique employed for come acne punctata. (486.) The intensity is regulated volume of the gland. The hyperplasia of the fibrous may be treated by galvano-cauterisa 
A negative needle should be used, 
milliamperes, for 8 to 1 5 seconds. 

486. Acne punctata—Comedones.—This is chiefly on the alz of the nose, the forehead and the 

ous secretion of the glands. 
Electric treatment may be necessar 

do not yield to the ordinary treatment of removal of the comedones by pressure. | 
The point of the electrolytic needle is introduced into the q glandular orifice, where the comedo is situated, and a cur- rent of 2 to 3 milliamperes is passed for a few seconds. The comedo is thus evacuated, and the gland undergoes fibro- cicatricial transformation, 
The X-rays have also been employed with success in this affection, 
487. Non-vascular Naevi.—Vascular nevi have been 

studied in a previous chapter (par. 428). We shall treat — 4 here only of non-vascular nevi, which may be smooth, hypertrophic, or covered with hair. 

© TOsaceg ™ 
Sfic Dosgeg 

ntre, shewing the 

j Bi 

dest : 
a: rophic nevus may also be treated by electrolysis by Ay 

1 A . | a “ iv lytic needle through its base. If they are accompanied bull passing a negative electroly 

_ curre Tw three repetitions are suf- | o or thr 4 becomes loose. - needle 

7 ficien is made 5 mm. apart, followed by a second series = 

| ee angles to the first. A lotion of camphorated ae 
7 ae be applied after each application. Brocq, who S| 
a | 

@ a to the air, and has never had any accidental compli B00 

cation. 

Seen 

temples, — It consists of a number of black points, formed by sebace. — 

y in severe cases which 4 
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he hai ted by electrolysis as de- airy nevus may be trea 

a8 Der hypertrichosis, When the hairs have Bs 

4 ed, the base speedily disappears, and the neevus 

on A slight degree of pigmentation remains. 

nt of 2 to 3 milliamperes is then passed until the 

t for small nevi. In large nevi a series of parallel punc- 

i nd ex- of procedure is here described, leaves the wou 

The nevus is temporarily increased in size, but 7 

hrinks up completely. Brocq considers galvano-cauter shri 
: 

j con- 
tion to be the best means of treatment. For nevi of 

siderable size he advises removal by surgical eae se 

— Smooth pigmentary nevi are not much benefited by 

ment, electrolysis having but little effect on pigmentation. 

488. Sycosis.—The best treatment of ae pee 

high frequency effleuves and sparking. eae a ah 

at present no adequate statistics on the : es a 

cases of obstinate sycosis of the upper lip, 
ae d 

4 Pautrier obtained good results by phototherapy. se 

Schiff have had equally good results with the ys’. 

When there are purulent pockets with deep eee ve 

on accou is useless and even dangerous, acco i 

aa with which radio-dermatitis occurs in Bee ni 

ion No. 5 should be employed, ues. Rays of penetration uld | ! 

hice of 3H to 5 H, according to the region affected’. 

1 Freund and Schiff. Semaine Médicale, June 7, 1899. 

| | 2Belot, Radiotherapy in Skin Diseases. (Rebman, 1905.) 
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Brocq recommends galvano-cauterisation. 
pustules should be opened as they make their- appearan._ 
using a fine galvano-cautery point for the purposé — 

489. Cicatricial Tissue — Keloid. — There are 
ee of treating keloid—electrolysis (Hardaw 
: rocq), sparks from a static machine and X-ray 
atter are especially indicated on account of their r 
action on cicatricial tissue. ied oo 

three 
“Y and 

lvent 

Deruille gives the preference to static sparks, while B a 

) any authors agree with H ardaway and Brocg in recommend} e Ingo 

Electrolysis ihe followin 4 

OE PLE g is Brocg’s technique f :, 
electrolysis of keloid. After estimating the a. a a 

tumour, a bead of sealing-wax is placed on the needle ‘SO. age ? a 
to prevent it penetrating beyond the proper depth. An in 

in- 
ae anode is placed on any part of the body, and the ™ | 
needle, connected to the negative pole, is plunged into thal | 
tumour. The current is then turned on, being gradually in 
creased to 6 milliamperes and kept at this point for 8 to ism 
seconds, “A few moments after the current begins to q 
the needle becomes surrounded by a tiny white ar a 
disintegration of the tissues ensues, and white or alte al 
rays seem to radiate from the needle. When these rays te 
ae toa length of 4 mm. or 5 mm. the needle will be felt 
o move freely in the tissue. At this stage the current 

2 Br 

The smayj 3 
7 pandle, 

Ss. Them q an ares 

q mends th 

 scarification, together with mercurial and chrysophanic 

plasters. 
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ocg objects to the use of multiple needles in the same 

since it is difficult to act with precision. 
ba 

‘The seance may be repeated every week, with a continu- 

ance of the treatment until there is a regression of the 

ig 
- fesion. ems 

The result is not so much a disappearance of the keloid, as 

t of its development, followed by retraction. 

When the electrolytic action is exhausted, Brocg recom- 

e completion of the treatment by means of linear 

Radiotherapy.—The first successful case was reported by 

” Herschell Harris. Later on cases were reported by Barney, 

Fordyce, Fox, Varney, Williams, Taylor, Bissérié and Belot. 

 Belot obtained a complete cure with six exposures of 7 H, 

? during a period of 5 months. 

One may either give massive doses of 5 Fito 7,44 evesy 

q fortnight or three weeks, or give a short seance every two 

or three days, with a total dose of 10 H in the course of a 

~ month. 
_ The treatment of sclerous and cicatricial tissue is the same 

’ as that for keloid. Leduc of Nantes pointed out the action 

mot the continuous current in the reduction of cicatrices of 

the skin and subcutaneous tissue. In this manner he was 

able to cure disfiguring cicatrices which had resisted every 

other mode of treatment. The indifferent anode is placed 
should be stopped. A fresh puncture may then be made at _ 
such a distance from the first that the bleached area aroun | 
eee touch. The whole surface of the keloid is treated _ 
4 e same manner, so as to completely cover it with the a 

Ww lite spots. It is then covered by a plaster of chrysophanic q 
acid, or one of the many plasters which have been found q 
useful in the treatment of keloid?, 7 

on the back and a cathode of appropriate form is applied 

to the cicatrix. A current of 15 to 25 milliamperes is passed 

' for 15 minutes, and this may be repeated every two or three 

4 days. According to Leduc, there is an advantage in moist- 

ening the electrode with a solution of salt, probably on ac- 

count of the Na ion being carried into the skin. 

490. Xanthoma.—This affection consists of yellowish 

1 Williams. The Réntgen Ray in Medicine and Surgery. 
; 
Brocq. Traitement des dermatoses, p. 203. 
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patches, flat or slightly raised, which Occur on di : 9 a - Bor has also noted that radiodermatitis is ameliorated by 

parts of the body. Xanthelasma of the eyelids is Nera E ototherapy with red light. 

of this disorder. This may be treated with nepatil, Ail y | P Although the procedure is not without effect, it does not 

trolysis in the same way as keloid. Bordier has uc a e very efficacious. Weamay, gcse pabents fabless 
successful results, without any recurrence. (Par 5 3 ) E eckle to sift out the higher frequencies of solar radiation 7 

491. Ephelides.—These are greyish or brown a q | 3 much as possible by the use of red parasols, veils and 

abnormal pigmentation due to the action of stin-Tigta : of gs Fs and to shield the skin when exposed to the sun by one 

rational treatment would be to keep the patient a La | y lie many mechanical applications which absorb the 

ness. While this might be possible in a severe disease ae | ical rays. 

as variola, it is not so for slight disfigurement casera a : © With regard to electro-therapeutic intervention, we may 

freckles, which improve and frequently disappear q . a : Biber that yaso-dilatation is also a mode of protection 

the winter. 2 “ne : a the skin against the actinic rays. The role of vaso- 

We are, however, not entirely without resource ip en , _ Mjlatation in the formation of ephelides is not well under- 

treatment of this affection. Pigmentation is produced hil | stood. High frequency may perhaps prove of use in this 

exposure to light. In all animals, it is the dorsal surface SS "affection. 3 
that which is more exposed to the light, which is the deepal 3 a 492. Scleroderma.—This is an affection of tropho- : 

in colour. In general we must regard pigmentation thea _— @ B eurotic origin, characterised by an induration of the skin, 

as a means of defence of the organism against the luminoys _ I followed by atrophy of some of its elements. It may be 

obtaineg prov 

rays, and more especially the chemical rays of the spectrum, general or partial, as in the various forms of morphcea, | 

This is easily understood, for the rays are absorbed by q ’ 7 scleroderma in patches or bands, sclerodactylia. When _ 
pigment, while the white skin allows them to penetrate — " gerieralised and progressive it is a very serious malady, and 

more deeply. For example, a child who is once burnt by 4 treatment has but little effect. | 

the sun at the seaside is very rarely affected again, as the — ; The electrical resistance is found to be increased over the 

Pigmentation produced by the first attack protects the skin, _ areas affected, more especially where the local temperature 

A slight wash of Indian ink will entirely protect the san 4 | 4 is lowest. ae 

from the action of the sun’s rays, the spot under the paint _ Either the galvanic current of franklinisation may be 

remaining white, while the surrounding region becomes _ used in the treatment of scleroderma. Both methods have 

erythematous and pigmented. 3 ; been followed with success after other modes of treatment 

Starting from the idea that the luminous radiations of 4 : 7 had failed. ‘ 
long wave length act in a manner opposed to that of the Continuous current.—Erb recommends galvanisation of 

shorter waves, I have exposed freckled and pigmented. q the spine and the sympathetic ganglion in the neck, after 
patients to the action of the red rays. sf - which he uses a negative electric roller over the affected 

It is well known that the fogging of a photographic plate  . . regions. Hallopeau has used the same method with suc- 

may be prevented or in some cases removed by exposure to me Ccess. 
a red light. 4 _— 
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In circumscribed sclerosis, Brocg makes use of galyan: 
anisa. tion in the same manner as used in the treatment Of kelar, 

He uses a patinum-iridium needle, with a stop obs — 

wax fixed at an appropriate distance from the point ee 
is connected to the negative pole and plunged iat This 
scleroid tissue. Care should be taken not to over a 
boundaries of the scleroid tissue, or persistent ‘nda 
may be set up. If the disease is superficial, the ne 7 
be introduced parallel with the skin. | : 

The indifferent anode may be placed on any pa & 
the body. The intensity may vary from. .s to aa th | 
amperes, according to the tolerance of the patient, wie 
a white froth forms around the needle, accompanied } "I 
brownish halo, the current should be interrupted.. The 
punctures should be close enough for the white circlell 
to touch without intersecting. The usual distance is 8 or y 
millimetres. | ‘~ 

After the seance, we may use a lotion of camphorated - | 

spirit with I in 500 sublimate solution, after which Vidaren 
red plaster, or Vigo’s plaster may be used, changing it ever 7 
24 hours. (Brocq, Traité des dermatoses.) The sccancull 
may be repeated every week. The progress of the disease isl 
usually arrested after the second or third seance. _ 

It is difficult to choose between the methods of pro- 4 
cedure,—that of Erb and Hallopeaw, which consists of gal- : 
vanisation of the spine and of the diseased skin, and that of 4 
Brocq, which consists of electrolysis of the sclerosed patches 4 

In generalised scleroderma, Erb’s method is undoubtedly 4 
the best. 4 

In localised scleroderma, we should begin by Erb’s q | 

method, reserving galvano-puncture for a ater stage. q 
Brocq points out that electrolysis has more than a local. q 

action. Patches adjacent to those under treatment fre- : 

quently disappear in consequence of the action of the gals q 

the 
the 

Curation 
edle ma y 

5 

a 
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| B nic current. It is, moreover, a general principle to com- 

mence treatment by the more simple methods, and those 

which are more exempt from risk. 

_ Static electricity—In some cases the static effleuve gives 

yemarkable results. Boisseau du Rocher reports a case, and 

I myself know of another, which has been radically cured by 

static electricity. On the other hand, I have met with a 

ease where the method failed, probably in consequence. 

of want of power in the static machine employed. 

e x-rays.— The X-rays have also been employed with suc- 

“cess in a case of scleroderma in patches. No. 5 rays were 

employed, in doses of 5 H to 8 H, every three weeks. 

4 Warts.—Bissérié has obtained excellent results 

from high frequency currents in a case of flat confluent 

4 warts of the face. The best results, however, are obtained 

_ py galvano-puncture and electrolysis. | 

' The indifferent anode may be placed anywhere on the 

 pody. A steel or platinum needle connected to the negative 

_ pole is introduced into the wart, and a current of 4 milli- 

a amperes is passed. After a few seconds, the wart blanches, 

and in one to three minutes it becomes swollen like a blister. 

ST he current may then be interrupted. After each applica- 

tion the wound should be washed with camphorated spirit. 

The wart becomes brown and then black, and falls off 

from the 8th to the 12th day, without leaving any scar. 

4 2 More recently the X-rays have been employed in the 

treatment of warts and cutaneous horns. (Sjéngren and 

 Sederholm, Scholtz, Vernay and Belot’.) 

___ Belot reports cases of flattened warts of the face cured 

by a single exposure of 4 H, and a cutaneous horn of the 

] nose, which disappeared after two exposures with No. 6 

rays, the first of 10 H, and the second a fortnight later, of 

- 3H. He also relates cures of multiple warts in the hands 

 1Belot, Radiotherapy in skin diseases. (Rebman, 1905.) 
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of children disappearing after three seances of 8H 

the seances. 
494. Epithelioma (Cancroid, epitheleal or cy 

cancer; primitive or rodent cancer.).—Since th 
duction of X-rays, they have almost entirely repla 
vano-puncture in the treatment of epithelioma, altho 
cording to Bordier, the latter method gives excellent Tesults. The needle is thrust into the tumour parallel to its Steatesp diameter, so as to reach the healthy tissue on each Side. Ay 

€ intro. 

ug h, ace 

AY 

current of 15 milliamperes is passed for 5 to 6 minutes and 
the process is repeated, the needle being kept paralle] 
the first insertion or at an angle of 18° to it, 
A voluminous slough is formed, which gradual 

and in the course of some weeks beccmes detached. 

: 7 Hang | 4 H, respectively, with an interval of 12 to r 5 days Betwall a 

taneous 

ced gaj_ F postures, 

) then given. 
the resul 

to 

y hardens ~ 
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te the condition of the patient, and that we may 

hope for a definite cure of the disease. 
rhe following is the mode of procedure followed by a 

] 3 Civatte. Rays of penetration No. 4 or 5 were used an 

and our was irradiated with a dose of 10 ile in two ex- 

‘g ith an interval of 24 hours. The pruritus was 

Fiated all at once, and from the toth to the 20th day 

. ur began to diminish in size. A second dose was 

ow Ultimately the tumours entirely disappeared, 

t being identical for each group of ae Be 

The technique to be employed will be more fully dis 

gmeliora 
easonably 

pr 

1G 

awesed under the article Sarcoma. Scholtz did not obtain 

a ood results, although he set up a superficial necrosis 

4 ° tumours. Comparison of methods will be rendered 

ible when the means of measurement for X-rays shall 
At the present time, however, cutaneous epithelioma jg 7 

always treated by the X-rays. The technique is described in 
the article on Cancer in paragraph 550. . 

495. Mycosis Fungoides.—This is a disease of neo- 
plastic origin, with some resemblance to sarcoma. 4 

Mycosis fungoides usually commences by patches of red. — 
ness, which retain their colour under pressure. It is ace 4 
companied by violent itching, and may take on a lichenoid — 
appearance. This is the erythematous stage. Later on the 4 
lichenoid patches become warty, forming small tumours, — 
accompanied by redness, The case terminates in cachexia 
and death, all medication being quite useless. 

Since the introduction of radiotherapy there has been an a 
enormous advance in the treatment of this disease. S choliz, i 
fyde, Marsh, Jamieson, A. E. Carrier and Morelle have © 
published successful cases. Belot and Civatte} treated two 
cases of mycosis fungoides in Dr. Brocq’s clinique. Their 
results prove that the treatment is able, at all events, to 

1 Belot. Radiotherapy in skin diseases. 

enable us to compare the reports of different authors. 

3 6. Hypertrichosis—Epilation Although not in it- 

ae disease, hypertrichosis is of great interest to the eee 

: 1 electrician. It may be a cause of great me © 

. x more important is its effect on the nervous ae on 

i patient, being a subject of perpetual ee and o 

resulting in melancholia and exclusion from ae ne 

E The question of intervention is a difficult one to de 7 i 

have to take into consideration both the degree ae 

, formity and the mental and nervous condition 

q I following considerations are the rules which Ce 

" guide us in the treatment of hypertrichosis ; they are 

| rived in great measure from the manual of Dr. ee a 

Indications for Intervention.—We should aoe we 

"sent to the request for intervention when the oe ric ae 

" occurs in the case of a girl or a young woman, W oe 

same conditions would not warrant our interference in : a 

women. After the age of 45 we should operate only 

ol 
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cases of very great deformity. In the male, intervention + 
hardly ever permissible. ae aa 

In the case of a girl or young woman, where it < of a 
portance to suppress commencing hypertrichosis, o¢ Preven 
its further development, we may proceed as follows: = 

1. If the dishigurement consists only of a growth of do a 
which has no tendency to turn into hairs, the : 
should refuse to interfere. When these cause disf 
in consequence of their number or dark colour, we ‘may 
prescribe drying powders, such as starch and Salicylic acid 
Which to a certain extent hinder the growth of down, On” 
we may use peroxide of hydrogen to bleach the hairs. 4 

Depilatories and caustics of all sorts should be absolutely 
forbidden. Electrolysis is out of the question for so ip. 
significant a trouble, and an increased growth of hairs in the 
neighbourhood often follows treatment of a region covered 
with down. When the growth consists of strong hairs 
treatment by means of the X-rays is indicated, but the larger 
hairs are more difficult to destroy. 4 

Moreover, the technique is not as yet well established, so 
as to guard against any accidental complications, which may 
be worse than the original deformity. aaa i 
2. When the growth of down has a tendency to become coarser and to form hairs on the face, chest, or the breasts, 

Physician 
g uremey 1% 

we should no longer hesitate. No time should be lost, agua 
the hairs will certainly grow stronger and the treatment 
of hair is much more difficult than that of down. The most 4 
certain method is that of electrolysis. The patient should, — 
however, be warned that the treatment is very tedious, since _ 
all the down must be resolutely attacked, and electrolysis 4 
frequently acts as a stimulant to the growth of hair on | 
neighbouring parts, so that after the first few seances an — 
increased growth of hair may be observed around the area a 
under treatment. y 
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| ] When the patient exhibits a strong hairy growth we 

4 2 be guided by the number of hairs and the degree of 
... mity. If the disfigurement is not great, we should 
a e to intervene. If the hairs are sparsely scattered we 

‘3 F cicy electrolysis, but if they are more thickly set, we 

a have recourse to the X-rays. a 
4 Jn women over 45 we should, if possible, avoid interven- 

Pn In the case of male patients we should refuse to in- 
ss unless there is some affection of the skin demanding 
a Fr tion, or in exceptional cases of growth of hair on the 

Bsum of the nose or between the eyebrows. We should 
not accede to the request sometimes made to us to destroy 

hairs. growing too low on the forehead, or on the cheek 

pones, the neck or ears. 
 Technique.—t1. Electrolysis by means of the continuous 

‘current. This was first employed by Michel of St. Louis, in 
’ 1875, followed by Hardaway in America, and Baratoux in 

France, in 1886, and later by Brocq. 
- An indifferent anode is placed on any part of the body, 
Bi isually the hand. A needle connected to the negative pole 

is introduced along the hair follicle, taking care to keep 

‘parallel to the direction of the hair. The needle is held be- 

‘tween the thumb and the forefinger, with the little finger 

‘resting on the skin. The catheterisation of the hair follicle 

is easy, the needle being passed onwards until resistance 1s 

“met with, when the current is turned on. 

All the necessary apparatus should be close to the patient : 

a small portable table mounted on wheels is most convenient. 

The choice of the needle is most important. Brocq recom- 

rcnds one made of gold or platino-iridium, 20 millimetres 

long, fixed in a cylindrical handle. Brocq's needle is curved 

to an angle of 45°, the bend being 6 millimetres from the 

q point. The curve facilitates the introduction of the needle 

_and the bend serves as a point to indicate the depth to which 
"the needle has penetrated. 

ee a See == ===: = —— ———— 

=e, = SS —— SS : — = = — ee See SS = 

= = 
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| a ;s difficult to determine exactly the length of time the 

syrrent should be turned on, in order to complete the de- 

eeruction of the hair papilla. | 

i know when the papilla is destroyed, by the hair 
welding t0 slight traction. Occasionally, however, the hair 

foes not come out easily until some ten minutes atter. the 

sjectrolysis, and yet the current has been of sufficient dura- 

on and intensity to completely destroy the papilla. The 

a suiding sign is the appearance of froth and of a very char- 

acteristic brown halo round the orifice of the hair follicle. 

The point of the needle should be blunt, sO ae te ‘Ob 
the danger of making a false passage during the cathet 
tion of the pilary canal. | 

Viate 

CFisa, 

As soon as we encounter the resistance which shews aa We 

the point of the needle has reached the end of the inf i: 

bulum, the current is turned on, and the point of the need 

gently moved so as to bring it in contact with the papilla ; 4 

_ pass beyond it for a distance of one millimetre. Li Fig. rol 

\ i 

Qn the appearance of froth, the current should be allowed 

to pass for a few seconds longer and then stopped. | 

The following are Brocq’s values for the duration and 

jntensity of the current: 
For fine down, 1 milliampere for 5 to 10 seconds. 

For a hair of moderate size, 2 to 3 milliamperes for 5 to 

io seconds. 

Bor a coarse hair, 4 to 5 milliamperes for 10 to 20 

“seconds. | : 

| ; ' After the operation, each puncture is followed by the 

A, Needle at its furthest point — 3 W appearance of a small, clear vesicle, and the skin becomes 

pee : 4 | q somewhat tumefied. Brocq recommends that this should 

E, Epidermis. | p be touched with camphorated spirit night-and morning till 

Gs, Sebaceous glands. a . icat] i 
R, Root of hair. q cicatrisation is complete. Small crusts are formed, which 

F, Hair follicle. a “soon fall off, leaving reddish spots which gradually dis- 
B, Hair bulb. 4 - 
Pap, Papilla. - B oppcat. oer 

3 = 4 _ With nervous patients, the question of rendering the skin 

7 Foe ee ie tes ae 7  insensible may arise. For this purpose we may have re- 

he Z “a oceeding in this et and keeping parallel to the — source to freezing with chloride of ethyl, to the injection of 

ae the needle passes along in the direction of the hair ~ " cocaine, or to the direct application of high frequency cur- 

wit out resistance, and if a false passage is made, one feels ~ rents. The following is the order of sensibility of different 

ee On the contrary, when the current is turned on regions under epilation. The centre of the upper lip, the 

ous the introduction of the needle, it is easy to penetrate __ edges of the eyelids, the lower lip, the neck, the lateral part 

the dermis and make a false passage without feeling any — [| of the upper lip and the nipples. The susceptibility varies 

sense of resistance. | : _ __ in different individuals. | 
LA: og = 
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Accidental complications sometimes occur, — On q 
needle being withdrawn, a drop of blood may - @PPear, gu there may be small subdermic hemorrhages, _ 

If the currents have been too prolonged and intense, sl 
inflammation may ensue, In this case a starch poule 
should be applied. ; E 

The most disagreeable contretemps is the for 
cicatrix, in the form of a white point or depress 
a slight ulceration, A faulty technique ma 
cicatrisation or even the formation of cheloid. 

Scarring may be avoided by not operating on 
hairs in close proximity at one sitting, and by 
far as possible the intensity and the time of tr 
each hair. In a seance of 20 to 25 minutes, w 
operate on more than 30 to 40 coarse hairs, 
medium strength, or 50 to 100 fine downy hair 
A seance may be given every other day, 
twice a day, but we should never operate o .p 
hairs at a less interval than forty-eight hours. . 

Of the hairs treated, we may estimate that 10 to 20 per 
cent will grow again, and on the chin this may occur ag 
many as four or five times. The patient should be seen at 
intervals of two months, for some time after i 
tion of the treatment by electrolysis. 

Mation of | 
ion, or eye 

Y Catise seye, 
a 

a number g 
reducing a. 
eatment for 
€ should nog 
35 to 60 of 
Ss. (Broeqy 

every day or even 

We may better appreciate how serious a task it is to at. 
tack a case of hypertrichosis, when we consider th 
are from 1,000 to 9,000 hairs on the chin, and abo 
on the upper lip. We may well understand that bot 

at there 

h patient — 
and surgeon have need of patience and courage. It is well 2 
to warn the patient of what she has to expect, the length ~ 
of the treatment, the pain of the operation and the partial 
regrowth of the hair. It is also well to remember that there am 
will not be any great change in the aspect of the face till — 
after the epilation is nearly completed. 4 

of Schiff an 50 

I eations other than dematitis, 

n two neighbouring =. 2 
: : atrophy of the skin. 

the termina-~ 

ut I,000 
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’ The X ee __At its first inception, radiotherapy was 
= é Fr e 

2. ded with enthusiasm as a new method of epilation, — 
regat K-rays asa 
4 nitf and Freund were the first to use the y 
Sc i 

: ent. and still consider it to be the treatment fi 

ae = : ertrichosis. Freund employs hard tu bi 

a - ee seances. The hair is usually shed o t : 
with frequen v exposure. From six to eight weeks a a 

pth a os begin to grow again. One or two nae © “wards, the see must then be made at intervals an 

q ia this should be continued for 12 to oe ae 

month, a t not to set up any reaction of the skin, ae 

“It is Eaportan Other authors have followed the metho 

“than epilation. d with good results. Occasionally com- 

aes are met with, atrophy of the 

‘i, telangiectasis and pigmentation. The pee ae _ skin, te 2 without danger and should be tesetv : 

4 en which the disfigurement is mae & 
 ¢a ; Sas 5 

q peophy 0° ae ene without other 

ll the more difficult since 

2 is a question - — a oe of skin ee > 
a oo Be should be remembered also that is co 

puzerent ae asily than the coarser hairs, BIG ee, 
down is shed more easily te the growth. This peculiarity 

se may stimula 
ee: 

A Pre ees us in the treatment of alopecia, b 
may be 

s xcelle 

wat 

mentary 

| whilst. working in Dr. Brocq’s laboratory. 
intervals of two 

He employs several series of seances at inter 

i focus 
5. Distance of the 

| in one or more searice see 

: % 4 | In treating convex surfaces, the bie oF 

ae Pailin off so as to equalise the se 

. 

° 

& to A arinish the obliquity of the rays at the perip 
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ad Series—After an interval of 30 or 40 days, the Feat 7 
begin to grow again. A new series of irradiations sh “ be given, with a total dose of 3 H or 4 H, and tays ofl : Same penetration. As an after-cure, an Exposure of >a should be given every 2 months, and this should be Contin 4 for a period of two years, when in favourable cases a a “2 plete cure results, pW : _ 497. Tinea due to Cryptogamic growth, 
which total epilation is required.—The e the X-rays has produced an enorm 
treatment of these diseases. Hitherto the treatment of Tingworm and the like has been most unsatisfactory, since the parasitic growth extends to the affected hairs and ia therefore, inaccessible to the action of externa] : With mechanical epilation, the hair breaks at its: part, and the development of the cr 
tinues. 

The technique of the tadiotherapeutic treatment of tinea has been gradually evolved, thanks to Freund in 1896, Schift in 1900, Oudin and Barthelemy, Gaston, V . lau, Brocq, Bissérié, Belot and S abouraud, - Fach patch of tinea, including a narrow margin of sound skin, should be framed in a lead shield, to protect the ad. _ jacent parts from the action of the rays, » 4 The focus-tube should be 
from the scalp. 

— Diseases in ne employment of Ous improvement jp the 

Weakest — 
yptogamic growth con. 

Benotst’s scale. 

The X-rays used should correspond to No, 4 or No. 5 on 1 | 

for an adult. 
The following is the course of th 

sue: About the 
pearance over th 
hairs fall out Sp 

The dose given should be from 4 H for a child to6 H q 

7th day a slight erythema makes ‘its ap- 

4 44 weeks 

' during the course o 

agents, | 

‘teira and Nicoy. © 

4 hairs in this disease are not So br 

4 "invaded by the achorion, which is the 
placed at a distance of 1 5 cm, 

e phenomena which en- q  _The true nature of this 

e whole of the irradiated region, and the @ Me effects of high frequency on this disease. 
ontaneously on the 15th day. Their de- 
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: by daily friction with soap, or with 

{ ey. SS bent in 5 times its volume of 
4, solu | | 

spirits a Det bait begins to grow again, the new hair 

- ay through a healthy tissue. This is due to the 

S ae ithelial cells of the old hair sheath take no 

pec “a f tea of the new epithelial bud which grows 

. ew apilla. The tinea is completely cured as soon 

: BP ony growth has taken place, which occurs in 10 to 
as 

: ae ie ea folliculitis may occur 

£ treatment. This is supposed to be a 

y of the X-rays which fall on the oe ! 

It may in great measure be yen. He : 

the following liniment as prescribed DY 

A certain amoun 

to the obliquit 

of the scalp. 

daily treatment with 
- Sabouraud: 

q Sulphur Precip 
Alcohol, 90% 
Aq. Distil. ad 

15 grammes 
15 grammes 

100 grammes 

enable to radiotherapeutic 

o ringworm. Although the 

ittle, mechanical epilation 1s 

lls of the hair follicle are 

cause of the dis- 

tter, therefore, to inhibit the growth of the 

. 498. Favus.—Favus is a 

q treatment in the same way 

far from satisfactory. The wa 

ease. It is be 

papilla for a time. 

The technique 

for that of tinea tonsurans. 

“Pelade.” High Frequency Treatment. 

evasive ll estab- on is not as yet we | 

ges admirable 

for the treatment of favus is the same as 

499. Alopecia— 

lished. Bordier was the first to demonstrate the 

in trode 
Bordier treats each patch as follows: Oudin’s elec 
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e also obtained good results with the high frequency 

while Tripier extols the faradic current in the treat- 

chilblains. 

Wrinkles.—The faradic.roller, connected to a fine 

may be used for the removal of wrinkles. 

by exciting the vitality of the elements in the in- 

with glass handle is connected to the extremity of 4 q q a 

resonator, and the electrode is passed over the sur incl : : = 

the affected scalp for 4 or 5 minutes, with the result tha, a q of 
intense vaso-motor reaction is produced. After % : pen 
there is some rubefaction, and a slight crust forms q ee 
following days. After an interval to allow th Be? 

ees Jt acts nd Separate a second seance is given, and this m poument, and may thus prevent or even remove lines a 
‘ a ’ for a month or six weeks. te 

a wrinkles on the face. According to Larat, the oes ae 
The regrowth of hair is white at first, but soon becg oa x be continued indefinitely, and as one of the ordinary 

darker. Co | a E ; — “a dures of the toilet, while vibratory massage May be em- 

X-rays.—It is well known that the X-rays in strong dost | 2 yed at the same time. ‘Nar 
act as a depilating agent. In small doses, however, they seen a 4 P 502. Hyperhydrosis.—According to Pusey, ae a a 
to act in a contrary manner, by exciting the physiologieay "-pyperhydrosis is ameliorated by radiotherapy, es zs ve 
function of the papilla, Hence they may be used in the treat. | q consequence of the atrophy of the glands, ae a se, 
ment of “pelade” and other alopecias. , a a action of the X-rays. The dose varies with the airec 
They were used in this way by Kienbéck in 1900, and a region. ste 

subsequently by Holzknecht. =| = In the treatment of the axillary region, Belot recommen 
Belot recommends the use of rays corresponding to No. a dose of 4 H with rays of penetration No. 5. 

4 or No. 5 on Benoist’s scale, with a dose of 3 H or 4 _— 
and an interval of a fortnight between the seances. The 
dose must be varied according to circumstances, and should 
not produce any reaction above the first degree. 4 

According to Holzknecht’s observations, in cases of alo- 
pecia, the diseased papilla is stimulated by the X-rays more 
easily than the normal papilla. | 

It is difficult to procure sufficient data for a correct esti- 
mation of the value of X-rays in this disease, since, as is 
well known, many cases of alopecia areata get well without : 
treatment. | 4 

Phototherapy has also been recommended by certain au- 4q 
thors in the treatment of this disease. | . 

500. Chilblains—Chilblains are rapidly improved by 
the static effleuve. (Theille, Dowmer and others.) - 

es 

a ~ 

. a 

* Archives d’Electricité Médicale, April 15, rgor. 



CHAPTER VIII. 

DISEASES DUE TO DEFECTS OF NUTRITION, 

503. The réle of electricity in the treatment of th 
thesis due to diminished nutrition.—Bouchard ‘th 
fines the diathesis which shews itself at ac 
life: 

“Cell life consists of the unstability and mobility of thell 

cell contents. There is a constant penetration of new 
ter, and a constant expulsion of the same, assimila 
metamorphosis, and dissimilating transformation. 

“The cell is a vortex, whose velocity 

tion or exaggeration of its motion cannot tak 
out producing physiological alteration.’ 

The alteration of nutrition has a secondary effect on the ~ 
constitution of the various humours of the body. Like all — 
permanent causes, it produces at last a chronic alteration _ 
of the tissues. 

Gout, lithiasis, obesity, migraine, etc., are examples of 4 
pathological states depending on some slackening of nutri- ’ 
tion. 

Electrical science has enriched the therapeutic arsenal 4 
with forces which I believe are-able to modify. these dia- 
theses, and to obviate their manifestations, if not to cure the 
disease they produce. 
efficacy of electrotherapeutics in these diseases 7 ; experiment | 
has established that which theory had presaged. 

It has long been known that change in environment, or 
alteration in hygiene, in a word, any modifications of the ex- 

Numberless facts witness to the 

e dia. 
: us de. 

ertain period of 

mat. | 

ting 

of rotation may 
vary within certain limits, but beyond those limits reduc. | 

e place with- q 
a 

: ternal 

; ing ch 

: De idual, the characteristics of his architecture and struc- 

: ive while temperament is the dynamic state, characterising 
ture, 

pis nutrition and functional activity. 
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conditions of existence, bring with them correspond- 

anges in the constitution and in the temperament of ali 

beings, the constitution being the static state of the 

Among these external conditions, there are some which 

4 fave presided over the genesis of living beings from their 

igin until now; such as the radiations of the solar spec- 
or | 

; ; ‘of the air, etc.  ¢rum, the mean temperature of th : 

: Be ther factors, not less essential, affect the relations of 

: ‘the cells with their interior environment. 

The study of biological physics has shewn us some of 

| ‘these, the phenomena of electro-capillarity and electro- 

| PF nosis of the surface tension of liquids, of imbibition, 

“2 

u 
oe 

- eyaporation, and oxidation. 

The more we advance in the study of biology, the more 
| Ae 

we become aware of the enormous importance of the rol 

played by electricity in vital phenomena, either as a 

Bec This becomes still more prominent if we admit with 

a Maxwell that all radiations transmitted by transverse oscil- 

lations of the ether are in fact electrical manifestations. 

We can readily understand how any change in the ee 

conditions of existence may catise an enduring a a : 

i life, and impress on the eleme 
in the phenomena of cell » a on : 

of the Sues a mode of nutrition and a habit which may 

; not only persist in the individual, but be transmitted to his 

descendants. 

This alteration may be of a temporary character, lasting 

only as long as the cause of perturbation persists, te : a8 

be permanent, and thus create a new type which wi : epe 

for its continued existence on its adaptability to the con 

dition of its environment. ioe 

When an individual is born with a constitution and a 
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- if 

temperament thus modified, suitable hygienic conditions ? q 
; IS May — 

enable him to pass through the same stages'of develo 
as his ancestors, and obviate to a certain degree the : 
manifestations of his diathesis. a 

‘ 

The suitable hygienic conditions are, however usual] - 
possible, since social conditions as a rule contribute ae =" 

the individual down the incline caused by his morbid a 3 

cedents. | 

aes a a case normal hygienic conditions are no lonse: a 
ae ; we must call in the aid of some intermittent the q | 

peutic procedure. In the first rank of these is electricity “a a 
force which plays so large a part in vital phenomena. 
It may well be conceived that an individual who has nos 4 

ees from his surroundings a sufficient amount of a a 

ernal energy in the form of radiations, etc., will, under the 
i sats influence of intense irradiations, recover a temporary activit 

e his cells which habit may finally render permanent. At . 

€ present day we are in possession of wide resources in q 
this respect. We can submit the organism to the most 
ee radiations. We can employ waves of short wave length a 3 

which traverse the body in the same way that the luminous 7 

rays pass through a transparent substance, and in thei 
transit. affect the deepest as well as the moet superficial a 
sues. Other irradiations have a localised action ae a 
pecially on the integuments, while still others ite a 
wave lengths have an electric rather than an optic offer 
if i may so express myself, and affect the organism a 
general influence, which varies with each phase oO 
The term influence is somewhat obscure but it may b 

easily understood if we suppose the wave feaet to a i : 
creased indefinitely. In the limiting case when this bas 
comes infinite we are dealing with static electricity 2 

Current electricity would also seem to be the bet means — 

ulterior — F js true 

ough 
greatment © 

i, 

are 

‘ 
a 

iq 

, influencing the various el 

Tete - 

4 E = “ 2 ey ? ee Pe nS ea 
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ectro-capillary phenomena which 

ace between the organic elements of the tissues. li, 

that our mode of electrical application is a somewhat 

method of doing this, but practical experience in the 

f gout and obesity shews that it is efficacious. 

ymnastics of smooth and striped muscle are best 

take Pp! 

Passive g 

: arried out by electric currents of varying intensity, aided 

4 massage or mechanical therapy. By awakening and. 

stimulating the sluggish activity of the tissues, this may 

gid the organism to resume its normal functions. 

There is always a tendency to return to a normal state, 

and hence we often succeed in our endeavours, although we 

» can only act blindly by a rough stimulation of the organ- 

Bish . 

retarded nutrition. 

we must endeavour to fin 

We are, therefore, well armed against the diathesis of 

Among the various electrical methods 

d the one best adapted for each 

case. without being discouraged by apparent failure, ot 

| cess, shewing that w 
Ae 

” ye 

ag 

‘oq 
Bs! 

. white spots corresponding to the tophi. 

' deterred by the scepticism of our patients. 

Now and again we shall be rewarded by remarkable stic- 

e have at our disposal a means of treat- 

ment which will become more and more certain and effi- 

cacious as our knowledge of its action increases. 

E504. Gout—Radio-diagnosis.—The tophi consisting of 

urate of soda are transparent to. the X-rays. The aspect 

of a gouty hand contrasts greatly with that of a healthy one. 

The bones appear perfectly normal, with here and there 

In advanced cases 

the articulation may be seen to be altered by loss of osseous 

substances, especially in the spongy tissue of the epiphyses. 

Electro-therapeutics.—The general treatment of gout con- 

sists in stimulating the nutritive exchanges by auto-induc- 

tion, or by continuous currents of high intensity, or by 

franklinisation, or sinusoidal currents. 
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 1.—Larat recommends the use of hydro-electric baths 
with sinusoidal currents. | 
rious other modes of treatment may be employed, such 
: s the static douche, high frequency condensation, hot air 
j F ehs, and light baths. The effect of the latter is principally 

* heat. 

BF ding to the therapeutic method formulated by Guwil- 

"Jog, the general rules for the treatment of gout are :— | 

1. In the treatment of the local affection use strong gal- 

4 yanic currents with transport of the lithium ion. 

9, Terminate the treatment with a seance of auto-con- 

: j oo. Lithias1 s— Radio-diagnosis —Urinary calculi 
_ have already been discussed in the chapter on urinary dis- 

eases. Biliary calculi, whether formed in the gall bladder, 
7 tie gall ducts or the liver, are not easily diagnosed Dy. oe 

- of the X-rays. This is due to the opacity of the surround- 

Local treatment consists in endeavouring to dissolve the a 
deposit of urates by means of ionisation with a Solution og 
one of the lithium salts. | ) a 

I.—General treatment of gout by auto-conduction.—Fo a 
auto-conduction the patient is placed in the middle of d’ 4, 
sonval’s large solenoid, or between two flat spirals, These should be mounted so that the windings are in the same q 
direction, with 8 to 12 turns in circuit, and the EXCitation | 
of both spirals should be homologous. A seance Of 20 tg 
40 minutes should be given every day or every other day 
(138). a3 | i | 
IIl.—Galvanisation and Ionisation with Lithium.—The pa- 

tient may be subjected to galvanisation of high intensity, which may be utilised at the same time for local lithium 
ionisation (Guilloz), e 4 

The region affected with local deposits of urate of soda is immersed in a bath containing a 2 per cent solution of 
chloride of lithium, to which . 5 per 1000 of caustic lithia is 
added. 

The bath is connected to the negative pole, while the a _ 7 
different cathode is placed as far as possible from the 
affected part, in order that the current may traverse a large 
portion of the body. 

Intensity, 50 to 200 milliamperes; duration of seance, 30. a 
to 45 minutes. One seance every day. 

Guilloz has shown that independently of the local action 
of the lithium, the continuous current augments the nutri- 
tive activity, more especially with regard to the fats and 
hydro-carbons, as is proved by the character of the dejecta. 

Locally, the lithium ion attacks the deposit of urate of’ 
soda, transforming this into the more soluble urate of 
lithium, and thus breaks down the tophi. Acute attacks of 
gout are easily amenable to treatment, and in chronic cases 
from 20 to 30 seances are usually sufficient. to relieve the — 
articular swellings. 

4 i | nC rin. 7 ‘ing tissue, and to the great transparency of cholester1 

On passing into the intestines these calculi may become 

covered with a layer of carbonate of lime, which renders 

them more visible. — | 
- Electro-therapeutics.—The indications are the same as for 

4 gout auto-conduction and galvanisation of great intensity 

being employed. 
Under this treatment the percentage of urea, of uric acid, 

) and of phosphoric acid in the urine is raised, the caloric 

radiation of the body is augmented, and general organic 

combustion is increased. 

The continuous current is applied in the way described 

a by Guillog for the treatment of obesity ( 506). 

Auto-conduction may be carried out by means of dAr- 

sonval’s large solenoid, or by placing the patient between 

two spirals. The duration of the seances should be 20 or 

40 minutes every day or every other day. 

32 
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In cases of gravel Larat recommends the hydr 
bath with sinusoidal currents. Its diuretic action, he « 

waters. 

e 
ay 4 is comparable to that of the Vittel or Contiexeyine | vile 

506. Obesity.—In an individual with normal constity_ 

tion and normal temperament, there is a constant ratio besa 
tween the various constituents of the body. According tol 

qq 
py 

1 

Von Noorden and Bouchard the following is th 
composition per kilogramme of body weight:— _ 

Fixed albumen 148 grammes 
I2 grammes 

130 grammes 
660 grammes 
50 grammes 

1000 grammes _ 

This proportion will vary with the 

increased proportion of fixed albumen. 
A patient of medium framework, who is over weight, _ 

must have an excess of adipose tissue. | 
Bouchard defines the “adiposity” of a patient as the ratio 

of his fat weight to that of a normal subject. To obtain . 
this ratio the following data are required :— 

I. The height of the patient. 
2. The normal weight corresponding to that height. ‘This 

may be determined by Bouchard’s table. 
In the absence of the table we may arrive at the normal 

weight by multiplying the height in decimetres by 8 and 
deducting 66 (426). | ee 

3. The build of the bony frame-work. This must be 
estimated and the normal weight multiplied by the corre- 
sponding coefficient. a 

€ norma] — 

i 

vas constitution of thea | 
individual. A well-built subject with strong bony frame. 

work will have a lesser proportion of albumen and fat | 
Another with strong muscular development will have and 

3 

te 
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4. Muscular Development.—The degree of muscular de- 

yelopment should be determined and the normal weight 

g multiplied by the corresponding coefficient found in Bou- 

 chard’s tables. | 

e 
Age of the patient. If this is under 30 years a cor- 

section should be made for age, by multiplying by a third 

coeficient. 
7 | 

The following are the coefficients for build, muscula- 

ture and age :-— 

‘-BUILD.. 

MM Gtout ......-- 6+ 1.08| Very strong..... 1.24 

me Rather stout..... L.04:| Strone 25.0.0 +c 1.12 

mi Medium ........ 1.00] Rather strong...1.05 

- Beeel 5... ere 0:93 Feebler... 2... 0.95 

- Very slender....0.90| Very feeble.....0.90 
De 
a 

Coefficient of Osse- Coefficient of Coefficient of Age. 

ous Development. Musculature. 
a a 

COEFF. | YEARS. COEFF. 
1 palmar 7... 0.694 
Tolan enero: 0.743, 
ey ES Bs) Sia ct etaie 0.796 
EQ es sie eee 0.849 
BY Cha is itr. scr aa 0.888 
PrN GN eae Mi SSE os 0.923 
Dose ener uss. oes 0.953 
Ay aes SEE an 0.974 
218 al Tae es 0.992 - 

MUS- ~ 

CULATURE. 
COEFF. 

Very stout...... 1.12 

Rather slender ..0.96| Medium ........ 1.00 

Take for example a patient 32 years of age, measuring 

- 170 cm. in height, with large bones and strong muscular 

__ devélopment. 

-- his weight should be 7o kilos. 
Had he been of medium build and muscle 

Multiplying this by the coefficients for build and mus- 

‘culature given in the table, his normal weight should be 

} 70 << 1,08,x 1.12 — 84.6. kilos. 

6. The weight of the patient must be compared with the 

normal weight. If it is greater the excess is wholly due 

to fat. | 

Tf,.on the other hand, it is less than normal, the loss of 

weight is due to general emaciation, each kilo of flesh cor- 

responding to a loss of only 210 grammes of fat. 

Given the above data we may determine the degree of 

adiposity in the following manner :— i. 



13 per cent of the body weight i 
; ght ts fat. 

mal weight of fat in the above example will ieee r. 

ea 
TG ot 70, or 9.1 kilos. o : 

a og: to this the amount that the patient is 9 3 

a ae : ae into consideration his build and muscaisailll 

eae at. Supposing he weighs 90 kilos. Sin ny » 

mal weight is 84.6, he has an excess of 5.4 kilos ~ a7 
iL herefore his total amount of fat = eg BY Of fat, 

cess fat=9.1 + 5.4= 14.5 kilos. ‘qe at + CX~ 
4 if 

Ah . e ° ; 

he degree of adiposity is the ratio of the actual amou a 

to the normal amount = or 1.59 
e 

, 
aN U 

<i . 

eae suppose that the patient weighs less thar _ 

a Oe 74.6 kilos, he has lost to kilos of flesh “a 

per cent of which is fat, i.¢., 2.1 kilos.. The total vag q ight | f hi , 
| 

of his fat will be 9.1—2.1=7 kilos. His adiposity will, | 

therefore, fee | re; be a 

The value of the adiposity may 
fall as low as os OF 4 7 

up to 12. Thus the individual a ) we have taken as an ¢ 4 
ple may fall to .45 kilos of fat or go up to a ‘kilod 
which would make his total weight 184.5 kilos, if, as we q : 

ae supposed, he is muscular and well developed 
oe Pie Mae one Corpulence is: the relation 

. eight. It varies wi ity et ae with the muscularity, the 

Adiposity and cor pulence usually vary si 

they are not identical. a 

eS pee somewhat fully into this definition of adi- 
s ‘ so t at we may have accurate data to start from in 

electric treatment of this affection. The most difficult 
part of the question is the j preciati just appreciation of the coeffici 
of musculature and osseous development. ie 

I 
re ae 

fore, Oe 

fat, 
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We must appeal to physiological physics for further light 

Pon this subject, whether it be by an examination of the 

= cjceleton by means of the X-rays, or the measurement of 

muscles by ordinary physical methods. 

é Electrotherapy of Obesity. 1. Treatment by continuous 

current. (Guilloz) —Large electrodes of cotton-wool or 

felt well moistened with hot water may be applied to the 

abdomen, the thighs, the nates and the loins. 

| The electrodes connected to the negative pole should have 

an area rather larger than those joined to the positive 

4 pole. The intensity may be eradually raised to 150 milli- 

amperes. Seances of 30 minutes or an hour may be re- 

peated every day. 
| 

Later on we may employ in addition the faradisation of 

= the muscles of the abdomen, the nates and the thighs. It 

must not be forgotten that in many of these cases there is 

some weakness of heart which may contra-indicate all gym- 

 nastic treatment of the muscles during the first part of the 

treatment. 

By this means we may ensure the loss of 8 to 15 kilos in 

- the course of a month. We should previously keep the pa- 

p tient under observation. The time to intervene electrically 

~ is when in consequence of dietetic treatment the patient has 

ceased to increase in weight, but the weight remains sta- 

tionary. 

2, High Frequency Currents.—While the continuous cur- 

rent is generally well supported, other forms of electricity 

are not well borne by patients suffering from obesity. Even 

high frequency currents applied by means of auto-conduc- 

tion sometimes produce heart pains and acceleration of the 

pulse, especially where there is fatty degeneration of the 

myocardium. 
| ; 

3, Procedure for the gymnastic treatment of the muscles. 

We have already said that it is advisable to follow up 

the galvanic treatment, by faradisation of the muscles. 
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In the treatment of obesity Larat em 
electric bath with sinusoidal current, He 
of 15 minutes, and increases the time 
Any circulatory troubles he regards as 
for treatment. | 

begins with a haat 

uP tO 40 minutes 
a contra-indicatiog 

{ 

Massage and passive movements may b 
vants to the electrical treatment. ie . 

4. Radto-therapeutic Lreatment.—With the exception aa 
high frequency and heat employed as a sudatory, 
not been very successful in using radiations of 
wave length as a means of influencing the nut 
activity of the tissues. 

e used as adju. 

Various 

The light bath has been recom. 
mended by many authorities, but it is probable that its , 

panies the ~ 
action is due solely to the heat which accom 
light. 

It is difficult sometimes to choose among the various — 
modes of electrical treatment. Obesity, above all other 4 
diseases, needs a varied treatment, more especially in the ~ 
case of women, when inertia is often almost complete, | 

The fundamental treatment is galvanisation. To this we 
may add faradisation, auto-induction, active and passive 
gymnastics and the hydro-electric bath. The treatment is 
costly and tedious. Galvanisation is more efficacious, in 
my Opinion, than all other modes of procedure. 

Local collections of adipose tissue—The treatment is the — 
same, galvanisation with large electrodes, faradisation, and 
active or passive gymnastics of the part affected. 

507. Diabetes.—We are not in a position to decide 
with certainty as to the value of electricity in this disease. 

D’Arsonval and Charrin, and later 4 postoli and Berlioz, 
published very encouraging results of auto-conduction,” 

I have myself seen amelioration and even disappearance 
of glycosuria as a consequence of auto-conduction. The pa- 

ploys the hydgis 

Titiona] — Bort 

4 ‘cheumatism is an ar 

‘M4 Pe 

' . seen between the ends of the 

4 articular cartila 4 

= deformity of the epiphysis, and 

B {n pres 

D w 

N 

4 tween two § 
4 s placed be her day. q jent wie iven every other é : + 
49 minutes of ae contradictory results obtained by differ 

ae st reserve our judgment. A 
£ strength an 

pirals, and seances of 20 or 

mee a 
rities we MM 

: 

te ur cases there was ail increase 

t of the general he
alth. 

- on improvemen 

Brne static bath
 has also given 200 

: LO he ‘cular rheumatism, oi sever* : matism. — Articu 
Chronic Rheu 508. join, such as gone 

infective origi, : rheumatism of 1 . infective orgatl- 

. Be custists are caused by definite int 
hhoeal : . i uch more ob- 

of chronic rheumatism is Mm Heeuiee 
The cause : ften follows an acute in 

ecause it 0 
eee 

CA : events as Bouchard has oes a 

a thritic disease, and we ee fe
 ee 

ca 

at the arthritic diathesis as well as the lo 

trea 

tions of the disease. 
| Radio-diagnosis—W 

| tion by the X-ray
s 1s useful. 

d results in the hands 

isms. 
scure, Ui 
rheumatism. 

hen the joints are affected ae 

The transparent line usta 4 

bone will be absent if the 

We should also look for 

for osteophytes. 

e transparent on 

ges are destroyed. 

or 
In a later stage the bones oe ae 

ee 

ecalcification 0 sseols ee 

| Bu - A ine 
—There are twO principle indications | 

_ Electro- 

treatment :— 
ee 

< vhe arthritic diathesis. 
ions of 

cal manifestations |. £ guto-con- 
Dr: ise _ This consists in the use © 
Genera ‘c bath with sinu- 

isatt hydro-electric 
j rdisation, or the 

er! 

Bc cerent (Larat.) Auto cont a eee - 

i a with d’Arsonval's large Se ~
 sige 

: ue t between two spirals. Seances 0 : 

patien 

repeated every day or every other day. 

the disease. 
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Local treatme ; 
: 

in applications of tha .. 
ve BAS the co a tinuous Sa 

this ae oe salicylic ionisation. The techn: 
u 

By” 

arthritis és as already been described in the aH a | 

: : | Cle on” 4 : 

The reader sho : : | : oa _— 

ul 
3. 

CHAPTER IX. 

Telstar ee also. consult the article on tone a _ 
| 

ar rheumatism (379). SNCs DISEASES OF THE MOUTH, THROAT, NOSE, 

| - q LARYNX AND EARS. 
ss 

iD 
vi 

I, The Nose and Nasal Fosse. 

- g09. Deviation and Growths of the Septum Nasi.— 

Bipolar electrolysis may be used in the treatment of devia- 

tion, or for the removal of cartilaginous and osseous growths 

or thickening. 
| 

With the aid of a nasal speculum two steel needles are 

- thrust into the erowth at a slight distance apart and pat- 

allel to one another. 

_ The needles are 7 to to cm. in length and .5 to I mm. in 

| diameter. They are insulated for the greater part of their 

length by means of an india-rubber tube. E. Castex has de- 

p vised a special pair of forceps, which enables them to be 

introduced without intercepting the view. When the 

needles have been placed in position the speculum may be 

( withdrawn and the needles connected to the battery. 

A current of 20 to 30 milliamperes is passed for 3 to 5 

minutes. The current is then gradually reduced to zero, 

and reversed for 30 to 60 seconds with a current of 20 

milliamperes. This is again gradually reduced to zero and 

the needles are withdrawn. 
3 

This reversal of the current enables us to withdraw the 

positive needle without any danger of its adhering to the 

tissues. 
| 

The mucous membrane may be rendered insensible by the 

use of cocaine. One or two applications are usually suffi- 

cient. 
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The slough comes away in from 8 to 10 days, 
less to use the monopolar method in affections of 
The bipolar method enables us to localise the a 

510. Polypi of the Naso-Pharynx.—Electr 
ment of the naso-pharynx was first employed by Néig:._ 
A polypus in this situation may be destroyed by mai e 
bipolar electrolysis. Two needles are used, I to 14 mill 
metres in diameter. After having been softened the wa 

the nocq 
BAH oN 

Clion, y 3 

IC treat 

Se are aa bent to the proper curve and are then rehardened. — “— 
They are covered to within a short distance o 

with a tube of india-rubber, or Chatterton’s ins 
bon. The needles are introduced into the pol 
current of 20 to 40 milliamperes is passed for 5 
utes. The current is then gradually 
reversed for 30 to 60 seconds, 

| The reversed current, after havin 
liamperes, is again reduced to zero, and the needles With. — 
drawn. In this way the positive needle may be withdray . 
without adhering to the tissues and without any loss 
blood. Usually a few seances at intervals of a fortnight 
sufficient. When only a few remnants of the tumour remain 4 
treatment may be completed by the monopolar method. ’ 
Garel, of Lyon, has designed a fork with three platino- 4 

iridium teeth. The two outer ones are connected to the 4 _hegative pole, while the middle one is insulated and ccn- 4 
nected to the positive pole. Before usine the i . 5 nstrun 
the handle should be well c oo 
Any one of these methods ma 
surgical ablation is not urgent. 

f the POing 

ulating ribs 
ypus and a” 

to Io mine 
reduced to ZeTO' and — 

511. Ozcena.—This affection is most obstinate to or- 
dinary treatment, whereas electrotherapy gives excellent 
results. 7 ‘ 
Electrolysis is the mode of treatment par excellence. 4 

First employed by Gautier, Jouslain, Favier, and Larat in 
ce 

—% 

@ ‘n 1895, and in Vienna by Retivt. 

i yariable in recent cases, 4° 

a reat improveme
nt 1S obtainable. 

a 

| Whatever may 

positive copper nee 

g been raised to 20 mil. 4 

wh 
of @ 
ate: 

: duced into the mu 

a bone, or by piercing the bone 

overed by insulating ribbon, 
y be employed in cases where | 

.— The copper need 
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pis 

++ was introduced at Brussels by Cheval, Capart and 

1 

£ all these observers is the same. Cure is 

— and even in those of long standing 

n 
cently Moure of Bordeaux has thrown some an ‘ 

, a eatment, as he has met with cases of rapid rec _ 

a It is probable that his technique was not 
exactly 

that of the observers in Belgium and oe 

be our opinion as to the ye oe O 

the result, the utility of the prec - baie 
ace oe 

i me loyed, that of Schall, 
o methods may be emp ; ) 

Does of cotton-wool, 
or that of Cheval, who employs a 

- dle and a negative needle of steel. 

~ Cheval’s process.—The 
nasal mucous gulag

: is eae 

fully cleaned and rendered insensible by means Of a 5P 

3 an solution of cocaine. Two needles ae eae ae 
oe 

© 
° e 

e ° 
° | te 

y By 
i 

ke 

| 
ter, insulatec 

one millimetre in diameter, insuier™’ 

B iocr tube up to a short distance from its a the oa 

a i per needle is intro- 
-wilarly insulated. The copper ! 

Os the ou cous membrane of the middle turbinated 

to reach the concave surface, 

which is usually the most affected. The needle should be 
d 

kept parallel to the lower border of the bone. It shoul 

: hen be in 
a The steel needle may t 

cous embrane of the inferior turbinated bone on the 

rence. 

the same as 

the mucous m 

“eee e should then be connecte
d to the positive 

negative pole. 

tone 
nse on gradually and — 

8 to 20 milliamperes for 10 to I ee ‘ eS worsens . 

to 30 milliamperes. The current shou . 

‘yeduced to zero, reversed and raised to 30 

Ss 
> 

SS 
——— 
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in the opposite direction, after which it should be a 

a week. 

The active agent is the oxychloride of copper formed by 4 the liberated Cl, at the positive pole. After each seance a there are symptoms of pain, conjunctival congestion, and lachrymation, which, however, disappear after a few days. Bayer has reported the occurrence of violent pain after — this operation. In one case, in which the patient was also suffering from suppurative otitis, a fatal termination en- sued, although the electric current did not exceed 10 milli. 4 amperes. It is impossible to decide whether these results were due to accident, or, as Larat supposes, to some defect in the galvanometer employed. : 
Schall’s procedure.—This consists in introducing a moist negative electrode into one nostril, and a positive elec. trode composed of a plug of cotton wool impregnated 4 with copper into the other. The positive electrode is formed in the following manner. The end of a copper rod is enveloped in cotton wool and this is plunged into a warm solution of silver nitrate acidulated with tartaric @ acid. A metallic deposit of copper is formed on the plug of wool. In Schall’s procedure the intensity should be 1 5 milliamperes for a period of ten minutes, | Iwo other processes have been employed, one by Dionisio and the other by Bordier. Dionisio recommends photo- therapy in the treatment of ozoena, basing his conclusion on a considerable number of cases. 

crystal, on which he concentrates the light of a small incan- descent lamp cooled by water circulation, and supported on a water cooled handle. A description of his procedure may be found in the Archives d’Electricté Médicale, 1903, p. 452. Bordier and Collet obtain good results from high’ fre- 

gain reduced to zero. The needles may then be readily with. 4 drawn. Several seances should be given at intervals o¢ a 

He employs tubes of © 4q | 

: | ency currents, 
4 trode with a glass 

two minutes’ app 
: ne of the pharynx 
j a tongue with an ordinary spatula. 

j wool placed on the 

. we 
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applied locally by means of a small ae 

handle introduced into the nostrils. Atter 

submit t us mem- lication they submit the muco 

to the same treatment, depressing 

ni treated by extra- 
ia.—Anosmia may be 

sea the active anode being a plug of oe 

bridge of the nose, the negative elec- 

don the neck. Intensity, 6 milliamperes. 

s12, A 

nasal galvanisation, 

trode being place 

Duration, 2 minutes. 

isati i acious. <A 
Endo-nasal galvanisation is more effic 

7 1, fixed to the end of an 1n- _ 

soe ae vateoalicue auf as
 possible into the ceo 

es ccc nd electrode is placed on the root of the ee 

a ee of the neck. The treatment is ee: 

fe co a ae alvanisation, the negative pole being in i 

Bt (se. E 380.) A-seance of 5 minutes may be a 

- ati of 3 to 5 milliamperes, concluding wi 

oa 
° ° 

Be ation from a thick-wired coil. | 
‘ % 

t e FA ° ] 
: ; 1 

II. The Mouth. 

—This may be treated 

A steel or platinum 

oint, is thrust into the 

de of 100 sq. cm. is 

of from 5 to 8 

A single seance 

to Io days. 

513. Papilloma of the Mouth. 

i negative monopolar electrolysis. 

needle, insulated nearly up to the p 

base of the tumour. An indifferent ano 

placed on the nape of the neck. A caren 

| milliamperes is passed for EOf 10 Ni : 

suffices, the slough becoming detached in 

514 Glossoplegia—Atrophy of the tongue.—Paralysis 
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of the tongue due to peripheral causes is very rare, 7 od usually results from traumatism. 
The treatment consists in faradisation of the mus if the paralysis is due to neuritis, in galvanisation of nerve. As shown in Plate I, the m 

glossal nerve is found behind and b 
the hyoid bone. The motor points 
are also shewn in the same plate. We may also tre tongue directly by means of the thythmic faradic curr the rhythmic galvano-faradic current 
An electrode for this 

elow the great cor 
of the cervica] m 

purpose may be improvised d by pass. ing a thick copper wir 
ber tub. 

e through a bit of india-rub ing, tying a plug of cotton wool to one end. Atrophy of the tongue d 
nerve may be treated in the same way. 

515. Teeth—The production of Anal 
quency currents.—Regnier and Didsby 
anesthesia in teeth during extraction or 
of high frequency currents. 
of interest to those who wis 
The electrode is made fro 
anesthetised. The cast is 
and a thin sheet of tin foil m 

This electrode is connec 
frequency apparatus. 
frequency currents ma 
means of producing an 

stopping by means 

ma cast of the region to pe 
covered with a metallic 
oistened with a paste of asbestos, 
ted to the resonator of a high 

The analgesic properties of high 
y be of use in cases where other 

esthesia are contra-indicated. | 
III. The Larynx, | 

516. Paralysis and Neuritis of the Recurrent Laryn- | geal Nerve— Radio-diagnosis—The 
paralysis is often involved in obscurity, 
may be of great service in clearing up 
case, when due to some lesion in the me 

and radio-diagnosis 
the etiology of the 

Cles, qa 

the otor point of the h ig 

nu of 

uScleg 

at the 
ent, or 4 

cause of laryngeal — 

diastinum. ‘Mignon »* 

ue to peripheric injury of the @ 

gesia by high fre. q 
ry have produced 4 

The following details. may be a 
h to repeat their experiments, 

x 
powder 

q ote 
j 

the X-rays’: ’ 
: anges! paralysis 4 . . 

: ; Ro ; 

q ee ihe neck on the paralysed side. This is joined to 
applied to a 

"the negative pole of 

EARS 511 AT, NOSE, LARYNX AND 
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cases of aneurism of the aorta diagnosed by 
s two 

: 

may be treated by external rhythmic 

An electrode of suitable form and curve is 

the coil, an indifferent eae ve 

he nape of the neck. The current 1s rhyt mic ee 

me b nee of the metronome, so as to us am 

ee cae alternating with one eee O 
second 0 he minutes may be given every other day. eo 

a lysis is on both sides, we may employ = ae 

: ee conker of Gouguenheim, embracing both s 
trode, 

| 

 afiocti ues also be treated by penta 

.. pees? ackenste.) The se ae se 

Dent the business of the Nee Kah spe 
trea ne = 

i. leat . oe
 of ie recurrent laryn- 

larynge: 

a B  Fijsterical Aphonia.—The best method is to treat 
517: 

adic 
hine or from a high frequency apparatus. pee macnine : 

pplied. (Meyer.) sn | 
i ono ninseanteornne se of mebeehe e 

pue: ier shewed the good eirec 
: ingers.—MVoutter s i . don the meice Lae in vocal fatigue. The patient 1s Lee ee static e d stool and connected to the negative po eigen 

 . A brush discharge from the positive pole macnine. 

en mouth. ne ets er oe peta 30 minutes may be given ee ee 

d a voice gains in pitch, the high notes being ay. 
i imilar : currents give S High frequency | more easily. | 

results. ; pe 

1Traité de Radiologie Médicale. Bouchard, p. 9 

= = _ 

——— ET 

= = ————— 

scene amecmecetaee — Fat ?. 

SSS eee : 5 ; ea 
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eg . IV. The Ear. | 

- Labyrinthine Otitis—De } _ 
. —Deafnes . 

the labyrinth or lesion of the Acoust; S due to lesion - 
: a : Ic ner 
eafness— Electro-diagnosis.—The. palvanic ae esti the acoustic nerve is made b ; 

- | y placing the acti 

= sages Sena front of the external audits a . 
ee ac ; : ectrode electrode on the nape of th 

Usually in ee pou) (Brenner, 1863: Erb oe 

waith ee ae ee subject, no sensation is orca 3 

suddenly epenin ¥ gradually raising the intensity a 

case in ten is t g and closing the circuit. In on eo : 
n ten is there any response on the ie n only one 

tericay 

ng of 
ectrode 

atus, ang 

shen is obtained to KO or AC 
1€ sound produced b is bri 

2 ¥ KiGiis:b i is often followed by a faint sound sur sedi see and then disappears 
ow for a few second , s, the nervy : ; ee excitability of Pee oe ne cura assed tor some minutes j | S in one di 

the reverse direction, we s mia formula of excitation.” 
may happen that the le 

a ometimes get inversion of the 
ertiary reaction of Brenner.) It 

is observed, t.¢.. th 
| » .¢., the left ear respond ; 

contrary si ponds as if an el 

due to ihe bane applied to its tragus. This > ne 

on the neck : nat when the indifferent electrode ib 3 Z 
fee » 4 virtual electrode of the same sign js es aced 

through es ear, the lines of flux being dicen om 

only met wi cad. This so-called paradoxical r ee 
Bs et with in pathological cases eaction is . 

em i 
: . 

| 

oe caning of these reactions is susceptible of dj 
pretations. The healthier the Plible of different” 

alterations of the electric state ear, the less it reacts to 
7 since the acoustic ‘nerve is _ 

stimu 
certain pathological sta 

of the tissues 0 

BE nedia, etc. It may also 

q due to cerebral tumour,
 

= dle ear, electrical examination 1 

 yseful in suspecte 

In th 1 that case KC appears first and a o nerve, — 
w of good augury. This is the 

loud. ik 4 
ch is pr olonged for : . 

If we allow the current i 4 q 

If the current is _ 
tion, and then in ~ : 
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y. It becomes excitable by reason of 

tes, which increase the conductivity 

£ the external ear, ¢.g. furunculosis, otitis 

become more excitable in conse- 

ve itself, 

lated with. difficult 

£ abnormal irritability of the acoustic ner 

meningitis, traumatism, etc. 

iesions of the external or mid- 

s unnecessary. It may be 

d cases of labyrinthine otitis, or in intra- 

cranial affections in their early stages. 

In hysterical or tabetic deafness the reaction is normal. 

In some instances the existence of the auditory reaction is 

case where the nerve is un- 

labyrinthine deafness of long 

that the degeneration is not 

e inflammatory 

uence O 

In ordinary inflammatory 

dergoing degeneration, as in 

standing. The response proves 

complete, but the nerve is the seat of som 

affection. 

One may say, then, 

external or middle ear, any | 

s or 6 milliamperes makes one suspect hyperemi 

labyrinth or of the trunk of the acoustic nerve.” | 

Electro-therapy.—Hysterical
 deafness is especially bene- 

fited by the use of electricity. The continuous current should 

be employed. The active electrode should be connected to 

the positive pole (Erb) and the current should be intet- 

rupted from time to time, so as to arouse the excitability 

of the nerve. | 

Duchenne of Boulogne employs the faradic current in 

hysterical deafness, stimulating the tympanum directly by 

aid of an ear bath connected to one pole of the coil. We may 

also employ Roumailhac’s special electrode for this purpose. 

520. Noises in the ears.—Dénoyes, Imbert and Marques 

have demonstrated the good effects of high frequency cur- 

1 Gradenigo, 1888, in Barret, Arch. d’Elect, Méd., April 15, 1902. 

iy ee 

that where there is no disease of the 

reaction to a feeble current of 

a of the 

o 
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rents in the treatment of noises in the ears, when thee 
not associated with suppurative otitis. The best method 
is to pass the fine wire brush, or a condensing electrode 
over the mastoid process and in front of the externa] an di, 

tory meatus. 

Effleuves or sparks may be given according to the 
-erance of the patient. According to Imbert and Map 
this method should be systematically employed in all Cases 
of noises in the ears, especially if caused by Scleroys 
otitis, hysteria or neurasthenia. 4 

Good results are also obtained with the continuous cur. 
rent, after the technique of Brenner and Erb. The active 

tol. 

anode is applied on the tragus, the indifferent cathode beam 

ing placed on tlie nape of the neck. A current of 5 tog | 
milliamperes, or even 10 milliamperes, may be used for 
5 to 20 minutes. 

In cases of vertigo accompanied by noises in the ears, 4 
Libotte* has obtained good results by using 
breeze. 

521. Otitis.—We have seen that noises in the ears, = 
due to sclerous otitis, are often cured by electricity. ( 520.) 
Electrical treatment is also useful in deafness from labyrin- 
thine otitis. (514.) We shall here treat briefly the acute _ 
affections of the middle ear. | 

According to Mounier, when an acute otitis is declining, 
it is advisable to faradise the ear. Faradisation acts by 
hastening the reabsorption of exudation, and remedying the 
post-inflammatory paresis of the muscle of the middle ear. 
Bergomé has used this method with success in the treat- 

ment of sclerous otitis media, using a rhythmic faradic cur- 
rent, interrupted by means of a metronome. . 
He employs Rowmaiehac’s auricular electrode, the indif- 

ferent electrode being placed on the nape of the neck, By 
* Libotte. Archives d’Electricité Médicale, 1903, p. 100. 

- this mean 
4 middle eal, 

e ate F 

q of the mus 

ques ) 
sult 

zy 

the static - 

D 

5 he obtains a direct action on the muscles of be 

‘n addition to the “faradic massage oF the 

intensity should be sncreased until slight contraction 

ee cles of the face is produced. Seances may be 

- on every day or every second day for 20 to 30 minutes. 

- lusion, we may draw attention to Diomsio's te 

fe ee apiient by photother
apy in chronic purulent a 

ie iddle ear. By his method, the light of an incan a 

a ae is projected on to the tympanum by means o1 @ 

ce 
| 

BU contractions of the eustachian tube.—Contrac- 

: oe the eustachian tube may be treated by circular ai 

sis in the same manner as that described for strictur 
tro 

ra. 

Se houcies are used, from No. 3 to a oe 

French scale. These are passed through a silver ¢ ; 

is 1 ced 
which is insulated externally. The catheter 1s introdu 

eS i 

to the stricture, and then the bougie is passed Hae 

The catheter is then connected to the nee e ey 

current of 2 milliamperes is passed, ve a ee
 

illi i tient will bear 1t. 
milliamperes if the pa et 

at Be cure. the sound may be felt to penetrate the stric 

ture. The seance should not exceed 2 to 5 minutes in 

duration. (Duel.) 

Archives d’Electricité Médicale, July 15, 1903. 
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CHAPTER X. 

DISEASES OF THE RESPIRATORY PASSAGES. 

523. Pulmonary Tuberculosis. —Radio - diagnosis, — : 
Pulmonary tuberculosis is one of the diseases whose diag- 

nosis has been substantially advanced by the aid of the q 

X-rays. They are most useful in the early stages, when as 

yet there are no physical signs and bacteriological examina- 

tion gives negative results. Since it is most important to 

be able to diagnose the disease in this early stage, when it 3 7 

is still curable, radio-diagnosis has taken a prominent place q 

in medicine. For a further study of this question we may 

refer the reader to the excellent article by Dr. Le Noir in - 
Prof. Bouchard’s Traité de Radiologie Médicale. 

A. Doubtful period—When the thorax is irradiated in 
the frontal position, so that the normal ray falls on the ? 
sternum or spine, the two sides of the pulmonary region 
should be equally illuminated. During inspiration the lumin- 

osity is increased. The diaphragm, which is naturally raised 

on the right side, is seen to oscillate equally on both sides. 
The ribs are also seen to be equally elevated on either side 

by the movements of inspiration, Disease of the lungs is to 

be suspected when there is an inequality of luminosity on 

the two sides, or any interference with the physiological 

movements. | 

Even in health the right apex of the lung may be sight 

less transparent than the left. This is due to the increased 

muscular development on the right side. This should not — 

mislead us when we remember that there is usually greater | 

resonance on that side. | 

“the focus-tub 

DISEASES OF THE RESPIRATORY PASSAGES 
51% : 

In the exploration of the thorax it is conteae Ge o
a 

the special holder for carrying the focus tube, an ea oa 

dence-indicator described in par. cout By its means w 

‘radi ven region at any ans\s- 

Be preciate a differences of opacity, we may, as 

Claude advises, place a metal object, suc
h as a key, eee

 

e and the patient on either side. A slight dil- 

cerence Of pulmonary opa
city will greatly alter the clearness 

ee 
: 

utline of an object thus interposed. 

4 T he examination of the lungs, the diaphragm and the 

ribs should be followed by that 
of the mediastinum. 

: 

The examination of the mediastinal glands should be 

made by oblique ‘
Humination of the thorax. The focus-tube 

should be moved 
round from side to side and t

he screen held 

obliquely on the opposite side. Except with very 
es 

rays, the intensity of the X-rays 1 th
e same in oe i a 

tion, The illumination is, anes de
 good in 

i in the frontal osition. (199. 
a. 

ae also rotate oo patient 
on a vertical axis ae 

keeping the fluorescent screen parallel to the plane of te 

i o 

ee 

ee 
should be terminated by determining 

the area of the heart. In patients predisposed to er 

losis, the heart area is usually diminished. The best way 2 

estimating the diminution is to measure the heart a 

and compare it with the weight of fixed albumen O 

patient A. The normal value of the ratio S/A for an 

adult is 9.3 for men and 9.5. 101. women. This ratio bs 

diminished in patients predisposed to tuberculosis. +2 

i e heart is relatively larger. 
, 

Be ihe the presence of tuberculosis is established e 

Brmical signs aud the present: of bacilli in the sputum, t ; 

X-rays will still be of service in following the evolution 

the disease. A description of the shadows given by the 
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various alterations in pulmonary 
article by Le Noir. 

All lesions increase the opacity, 
of excavations which are empty. These shew as t ransparent _ 
patches surrounded by darker areas. 

The presence of secondary lesions, pleurisy,, 
may greatly modify the appearance, 
scribed in par. 524. 3 

sclerosis, ete., 
These will be de. 

fs. Electro-therapeutics.—Every form of electric energy and 
every variety of radiation has been tried in the tr eatment of 
tuberculosis. As in all other modes of treatment, good re- 
sults have been reported. In spite of perfectly honest ob. 
servations by competent observers, we are forced to the 

conclusion that neither the X-rays nor the high frequency 
currents, nor any other form of electric energy, has proved 
itself of much use in this disease. 

Of all modes of electric treatment, the most satisfactory 
and the most hopeful is that by high frequency currents. 

The most important experiments in this res 
made by Lagriffoul?. 

The experiments were made on over 
obviating any accidental errors, or any 
the score of suggestion. 
conclusions: 

30 guniea pigs, thus 
possible objection on 

The following are the author’s 

“The treatment by moderate effleuvation exercised a fay- 
ourable influence on the progress of tuberculosis. When 
the treatment was more intense the benefit was. more 
marked. Auto-conduction was, as a rule, less efficacious 
than the effleuve in moderate doses. The association of 
auto-conduction and effleuvation did not increase the effect 
of each separately. The influence of high frequency treat- 

~ Doumer, Oudin, Gandil, Reviere, etc. 
2 Lagriffoul and Dénoyés, Archives d’Electricité .Médicale, June, 1900; Dénoyés, Les Courants de haute fréquence. Hame- lin. Montpelier. 

tissue will be found ip the q q ment was even 

with the one CEXCEPtion — 

of the lesions. 

pect have been 
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manifested, although in a less degree, we 

nt had been delayed until after the eke. - 

lands above the seat of inoculation. : 

+ e ae te doses seemed to attenuate the ae 

Be vcsionss Te treatment 
had no effect on the enlarge 

tion of the. 

sercise a beneficial influence on the evolu 

to ex 
° 

e ® | 

e 
e e 

he : : d or cured. T 
culosis relieve 

ous reports of human UGS given excellent re- 

fdeuve applied to the thoracic region has 
e : thers. 

4 tts in the hands of Oudin, Doumer, Glandil and 0 
stl In 1897 I treated 

I have not myself been so successful. In 1097 ve 
; ‘9 Charité.” 

ouchard’s care at 
nine cases under Dr. B aggravation of the symptoms, 
some instances there was an while still others leit off 

in others a diminution in weight, nani pueue: 

h treatment as causing lie a ith better success, 

tc: then I have treated some cases ee t is very 
i. sent the result of electrical treatmen eee a 

a a ae It would seem that cases of a ee 

“ane tients, with feeble arterial pressure, eaco 
tuberculous pa The inhalation of ozone has ; his treatment. } favour- 

ie antes in the treatment of tuberculosis, and 
been emp d We should proce A have been reported. injurious action He paar is known to exert a very See 53:) 

a 

: 
° 

e : 

ket onchi when a certain dose 1s oe ° S Radio- oe -tuberculous affections of the lungs. of 524. Non hitis does not alter the transpercne) is. —Brone 
alte ees 

Be tenner? paren
chyma. This is a valuable sig 

é ve oe 

pling us to differentiate phthisis from nae : Se
 

: peach stenosis shews itself by the : ~ den
en = 

) 
he aftecte , and t 

alveoli fill up on t pce 

a eee ‘ie co
rresponding lobe of Bh thee Si

ig 

a hole period of inspiration. This 1s ac | 

the W 

Se 

a 

——————— 
Sap a re ee 

ed SP 
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displacement of the mediastinu 
affected side, 

Bronchial dilatation is not 
large cavities are present. 
When emphysema exists alone, i 

creased clearness of the image. 
sociated with the congestive les 
company it, the aspect of the im 
diaphragm is less raised and descends lower, while its movements are diminished in amplitude. | Pulmonary sclerosis is of 
fested by a diminution of th 
and a decrease in the amplitu 
ribs and diaphragm. Occasion 
the mediastinum during sustai 

In pneumonia well-defined o 
persist long after the terminat 

In the treatment of sub-acu 
hot air and light baths have been recommended by and Larat, and the arc light by M. A. Cleaves. — ’ 525. Pleurisy. — Radio-diagnosis. — Pleuritic gives a well-marked shadow. The diagnosis of by means of the X-rays was first made by 1896, and was the foundation of medical radi = When there is considerable effusion, the me be seen to be pushed to one side. 

in pleurisy of the left side is also 
The surface of the liquid, inst 

frequently concave. 
this is due to the de 
by the lung, 
the position 

very variable aspect. Tt is mani- 

ally there is displacement of 
ned inspiration, 
pacities are visible, which may 
ion of the disease. (Le Noir.) 
te bronchitis and emphysema, 

effusion - 
pleurisy 

Bouchard in — 
ology. 7 
diastinum may 

Displacement of the heart 
distinctly visible, — | 
ead of being horizontal, is 

According to Bergonié and Carriére, 
pression of the surface of the liquid which is more or less immersed in it. When of the patient is altered, the liquid obe 

1 Congress of the American Fle Buffalo. Archives d’Electricité Mé 

ys the 

ctro-therapeutic Association, 
dicale, Feb., 1899. 

m, which is drawn to the 

visible on the Screen, unless 

an be a lighter space abou 
a wi 

: j {n that cas 

clearly mat 7 
a the patient alt 
4 waves and un 

t is revealed by an ino 
When, however, it is as. & 
lions which ‘generally ao. q 
age 1S very variable. The 

: which are syne 
e clearness and size of the image, 

de of the movement of the 

Gautier 

: Bet 
SES OF THE RESPIRATORY PASSAGES baa , 

as 
which enables us to : 3 ance 

tics, a- cireutast nd down or separated 
: hydrostatics, id, bou ‘awe * Eval collections of fluid, 
_diag® 

, 
itt leurisy, there 

D cis thorax in addition to the p bedi 

‘ 1s there is pneumo he dark ow oft i -
 

5 its horizontal S
aas as 

i sition. It is, moreovel, agi santas 

dal ie which 
are plainly visible w 

dula ; | be seen : aves may 
ccasionally w : £ the heart. js shaken, and 2 ulsations © atient 1S § h with the P ronous 

e. the line between 
ice d, and it preserve 

( Bouchard, Kienbock.) 
- tnepifatiol.. + Lt

ats 

1 of the liquid ss raised during inspira 

The level 0 on the ¢ the diaphragm 4 the descent © inal pressure, afl chiefly caused oe increased Sahu cae on the af 

ae he inert portion of the diap | 
a lifting Or. 

fected Ss 
Localised p 

acity of O iccening of the pleura is characterised D9 CR Thickening 0t ©™ * is not very V : elias, 
the image. ies seer ee right angles to se Bean as Bred portion 38" ry apparent when views dges. It 1s, on the contrary, V* He of glass through ni cee with we should view a ree be able to examine t tae is par- 
therefore, me incidence for the rays. . (Bécldre.) 
different angles © dry inter-lobar Oe eae : respiratory ticularly the case | the appendages of t o-therapentic 

peo. Discale ae kinds of eee forms of 
tract—Goitre. — ‘i commended in the di electro-punc- 
treatment have ip Toronto employs Re ctro-puncture 
goitre. seen variety and neralliens 
ture in the v : trolysis, and 

riety He also uses Be oe : ek oc- : brous va ; : 
FE ne cases he employs neg in 

a 

g 

e 

tive galvanisatt 
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casionally had recourse to this mode of treatment, whl has usually produced a notable diminution of the tomel A cathode of 60 to 100 Sq. cm. is applied to the front of a heck, and an anode of 200 to 360 Sq. cm. to the naam Seances every second day. Intensity of 30 to 40 mili amperes. In the treatment of cystic diseases of the 
Dickson injects an electrolytic solution into the inter endeavours to obliterate the cyst, by setting up adh 
flammation by the action of the negative pole’. 

527. Whooping Cough—Bordier has obtained mogg _ 
i i The Patient — is placed in a chamber into which is introduced the ozone 

excellent results by means of ozone inhalations. 

thy roid, 
10T, and © 

produced by a high-frequency resonator or helix through which a current of oxygen is passing. (225.) Asa rule, cylinders of oxygen may now be readily procured when re- quired. The dose of ozone should not exceed -3 milli- gramme per litre of air, | The amount of ozone may be estimated by drawing off ‘= 
some of the air by an aspirator, and bubbling it through a. 4 

(351.) Seances from 5 or 19 
standard solution of arsenic. 
minutes for children, to 15 minutes for adults, and repeated every second day. : 

528. Nervous Asthma.—Admirable results have been obtained in this disease by faradisation of the vagi, one electrode being placed on the neck and the other on the __ epigastrium. (Erb.) Rockwell prefers galvanisation of the vagi. Where faradisation and galvanisation have failed, arat has had good success by passing a shower of electric sparks from a static machine over the whole of the chest. The results are to all appearances permanent. : 
529. Hiccough.—This may be due to an affection of the digestive organs, or of the respiratory tract, or of the 

1 Congress of the American Mlectrical Association at Buffalo, in Archives d’Electricité Médicale, Jan. is, 1899. eee 

ia 

Ey, 

Ky 

4 er and the other on the nape of 
| nec, 

epigastrium. 
3 __PDuration, 10 t 

B cough, Regis an 

: sound with olive s 
i 

Beryention © 
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ugh has the most varied patho- 

times on irritation of the phrenic 

Our mode of in- 

DISEASE 

vou ervo ing some 

3 and sometimes on psy 16 thie. catise 
rding to i hould vary acco = phrenic nerve should be 

isati f th ic in the galvanisation © the phrenic in 
lectrode being placed ee neck, or on the 

iliamperes. 
‘47 \ Intensity, 10 to 20 mille oe 

any sie In a case of hysterical i 

épédat obtained good results be 

faradisation of the oesophagus, 2 
rae 

haped tip being introduced in 

Usually 

1 onged tetanizing 

cesophagus, 
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CHAPTER XI. . 

AFFECTIONS O 
| ; 

F THE LOWER 
 —— 

| WER DIGESTIVE 4 
TRACT — 

530. Spasmodic 
Stri 

‘ 

) 
; tricture of , 

: 

oe stoke fro
m a nervous cause, stich Orne ae 

aati 2 disease of neighbourin
g parts Me 0 

: y often be determined by the ee a nat
ure 

| O 

‘ihe tr 
° 

S1sts 
either 

© 
i ‘ 

; 

or in direct faradisati 
in galvanisati 

k 

ar 
: on of an 

sme or galvanisation of the ie. Vagi 

vamisaiion of the vagi.—An anode 
of 20 een 

, 
sq. cm. igamm | 

- IS a 

joined up in parallel . An indifferen 
4 

t cathode of larce <a 
ge size am 

p Pp g | in 

creased ver 
y gradually up to 15 milliamperes and further to 4 irther to: am 

40 to 50 milli
am . peres if possibl 

—R . 
possible. Sean “4 

: — every day or every other se I5 to 25 min
ittes, 

. Intra- 
y. 

| 

ce ‘ ose eal metho
d.—A sound with olive sh 

shaped elect ay be employed, or we may wu e shaped | 

ctrode as described for the a a ring- 

it of organic 
stricture. The indi 

a indifferent 

convenient position. 
electrode may be placed ‘in 

] move 
 fatigu 

should be pu
shed as 

grst every day, 

galvaiic curren 

spasmo 

‘ntense currents by me
ans 0 

to the negative pole. 

currence of post- 

ended sound c 

not exceed 8 milliamperes 
for 4 perio 

his” 
T ita 

nosis. 

aa ° Ofm 
a 10-diag. 4 

stricture of the cesophagu
s : 

any 
Q 7 
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d from time to time and reintroduced in order not to 

e the patient too much. The intensity of the current 

car as the patient will bear. Seances at 

afterwards every second day. 

Opinions are divided as to the pest m
ode of applying the 

t in this disease. Some authorities treat 

dic in the same way as organic stricture, applying 

£ a bare olivary sound connected 

Others, like B ordier, fearing the oc 

electrolytic cicatrices, use 4 small olive- 

overed with cotton-wool and gauze, and do 

d of 10 or 15 minutes. 

The following is the procedure for treating spasmodic 

1, Commence by galvanisation 
of the vagi. 

2. 1f this fails, try faradisation of the cesophagus
. 

_ Asa last resort, give sntra-cesop
hageal galvanisation of 

ceeble intensity, OF if the symptoms
 warrant it, proceed to 

the electrolytic treatment used in org anic stricture. Larat 

has had a brilliant success by this latter method. 

GQte. Organic Stricture of the Oesophagus.— The re- 

marks we have already made on stricture of the urethra are 

applicable to stricture of the cesophagus
. 

There are two modes of operating, by linear electrolysis 

and circular electrolysis. 
| | 

Linear electrolysis should only be employed if other 

eans of a special instru- 

methods fail. It is practised b
y m 

ment like a urethrotome. This is connected to the negative 

pole. 
3 

The circular method has given most excellent results in 

the hands of ma
ny operators, Harvey, Sletoff, Pastnikoff, 

Bergome, Ravarit, Bordier and others. 

Harvey employs 4 sound with an olive shaped end. 
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We much prefer the bou 
designed by Bergonié. Th 
have alre : 

ady pointe 

urethra. y d out in the article on strictur 

gie with ring shaped elec: 

The technique i tu fants : the same as for stricture of th 
pag s eing connected to the necati 
a oe es between 10 and 4o millia ae 

€ cases it may be ne cae 
pharynx. aoe 

532. Nervous Vomiting —We have alre a 
the t reatment for the obstinate vomitine 
N ervous 

48 vomiting i x. of pr 

manner. ing in general may be treated i, the aa os Same 

Semmola : By } } 

obtained good results by variotis : s 

HS methods, Gautier and Larat follow Semmola’s procedure, and » an their 
careful observati 10n 

method. s leave no doubt as to the value of @ € 
nu 

being a li 1ed : : 
| 

He on the right side, over the interval b = 
« etween ; 

the heads of the 
: 

clavicle. sterno-mastoid muscle 

d 

| 

wee 

mes in the 

After the first 
eee 

applicati 
; | 

drink a cup of ie ication the patient should be able to 

The techni que differs but li 
h 

ut little f py 

as laid down for the vomiting a phan wegen 
: y: 

533- Dilatation .—Neuro-motor D : 
: ys- 

pepsia
.— Radio-d

i 

disease. “diagnosis affords but lit ae 

a a 
when examining ae

 in this 

€ cardiac shadow a more HE
N We ae 

: rent area in- 

for our preferenc
e de, 

© Of the 

€ urethra ‘ 

pole. The q 

y to apply cocain
e to the 

| em 

ing 
— 
a dy described | 

B., 

= 

z and : above the fi 4 * 

4 dicating 
the posit 

more of sub 

B cide, and in this wa 

stomach may 

AFFECTIONS OF THE LOWER DIGESTIVE TRACT 527 

ion of the stomach distended with gas. 

able to measure the stomach by making the 

ard pill containing half a gramme or 

be clearly 
even was 

atient swallow a h 

-nitrate of bismuth. Such a pill can 

en on the screen. The patient is first placed in
 a vertical 

n, and the projection of the pill is marked on the 

skin. He is then placed on his left side and the projection 

of the pill, which has fallen to the lowest part of the stom
- 

ach, is again marked. 
This process is repeated for the right 

ection of the 

se 

positio 

y an orthodiagraphic 
pro} 

be made on the skin’. ? 

Béclére’s iris-diaphragm may be used with the orthodia- 

graph described in par. 426. The patient should be placed 

on a narrow table interposed between the tube-holder and 

the screen. 

Electro-therap
eu 

tion of the stomach, 

toxication, great imp 

Jation of the unstripe 

Two methods may be used: 

1. Intra-stomachic 
electrification by Max 

method. 

An olive made of ebonite and pierced with holes is intro- 

duced into the stomach. The cavity of the olive is pro- 

vided with a metallic electrode sn communication with a 

well-insulated flexible electrophore. A glass of water is 

he olive is swal- 

given to the patient, fasting, and t 

the liquid. The stomach may 

lowed with a mouthful of 

then be faradised by connecting the olive to one pole of a 

coil and passing 4 rolling electrode ovet the epigastrium. 

Or it may be galvanised by
 joining the olive to the cathode 

and passing the a
node over the epigastrium. 

The electrode may be easily withdrawn by making the 

été Biol., Oct. 25; 1903. 

tics. —W hen there is well-marked 
dilata- 

complicated by symptoms of auto-in- 

rovement may be expected from 
stimu- 

d muscular tissue of the stomach. 

Einhorn’s 

1Leven. Soci 



and often gives most excellent results, . 
2 

I hav 1 occasi e often had occasion to witness the efficacy of h : : thig 
; oe Treatment, especially in the case of young patients 

The acti € active electrode is a bare metallic ball. Thi : ¥ 1s is 

r, which | 

armature . of ex q 
7 the condensor on the negative collector i 4 coe ris | 

con oe the external armature of the condens 
pended from the positive collector. The. 

earthed. 

«The 1e1 
ore 

ce ope me ae not be insulated, is placed on 
a ae ack 1n a chair. Th se 

appl = : e me ; 
pplied to different points of the epigastric ee " mary nging the position sudd enly and not gliding i 

which would cause unnecessary o eee it along: the skin, 

{ 

The i ; 
: 

It eee oy be regulated by altering th
e spark : ; 

pushed to a point which causes a painful oe 4 CN - 

, 

: en very obvi y obvious. Eructations are often produced during the — Ee . 
id 1e. seance. Duration, rc t mi —Seatices every 

» I5 to 20 minutes.—Seance | y every two days. In default of VV wien S apparatus . e ma 

2 os da or 

) y; 

sinusoi See 
Le a ey. The indifferent electrode should b 
Se whe Le a Anes level of the 8th dorsal ee 

ectrode is passed ov Se cae a 

Bee of a large roller or pad ie the epigastric region 

similar method may be adc ee 
ane _™may be adopted in the tr | 
a ee ae dilatation, due to esha Ea 

n the stomach is distend : i Eats 

there is 6“ See stended during digestio 

eee a 2 clapotement” in the early morning whee re r 
Rete empty. In these cases we may apply the se 

: as in dilatation of the stomach, in additj same 

general electrical treatment for neurasthenia Sas 
“ee 

- Moreover, habitual con 

a 9 : 

stipation may itself be divided into 

two varieties, the one resulting from atony of the intestine 

and the other from spasm of the unstriped muscle. 

The great error of medical electricians has been to treat 

all constipations as atony of the intestines. 

Constipation due to Atony of the Intestines.— 

ally met with in aged patients, 

laxation of the abdominal walls. 

iI 

can | 

I i} 

-\5 i i} i | i 

| ! 

\ va 

| | : 

: A 
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| | | patient swallow at the moment when it passes’ th a Jes ee ee i i 

, © Pyloryg © 534. Constipation—One must distinguish between A, 

habitual constipation and that which is due to entero-colitis. i i 
EME EEE 

Vy 

530: 
This form, which is princip 

is usually accompanied by re 

The contents of the intestines form voluminous masses. 

There may be partial spasm in addition to atony of the in- 

testines, in which case the spasm has probably preceded the 

atony, and it should, therefore, be treated in the same man- 

ner as the purely spasmodic variety and not as constipation 

due to atony. 

In addition to general and alimentary hygienic treat- 

ment, the patient suffering from atonic constipation should 

be subjected to systematic gymnastic exercise of. the intes- 

tines, in order to restore their tone. Massage, Swedish 

tics and vibro-therapy are of less service than elec- 
gymnas 

various forms. 
trical treatment, which may be given under 

a. Faradic Current.—The faradic, or, better still, the gal- 

vano-faradic current, may be given by employing two €X- 

ternal electrodes as recommended by Bénédikt, or one elec- 

trode may be introduced into the rectum. The rectal elec- 

trode may be a metal olive as used by Erb, or a liquid enema 

as recommended by Boudet. 

Bénédikt’s procedure consists in placi 

the lumbar region and passing a sma 

region of the caecum and colon. 

The intensity of “the current is pushed as far as the 

patient will bear. 

ng a large anode on 

ll cathode over the 

34 
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Intra-rectal faradisation by Erb’s method écfisist 
troducing an olive shaped electrode for a distance i 

the abdomen or lumbar region. | | at 

Boudet's method, by means of an enem 

the article on intestinal occlusion. . 

ns ee Current.—For constipation the galvanic oe 4 

should be used in its variable form, intermittances i, 4 an 

reversals of the current being produced by means of a met etro- 
nome. The intensity should be pushed to the limits of tol=3 ' 
erance. Either the cutaneous or the rectal method may b e 
employed. In the former, the passive electrode is placed 4 : 
ee phe aes and the active electrode is passed ove | 

ae region of the cecum and colo , i; a n, and more especi 
over the left iliac fossa. In the intra-rectal ad cae 
an olive or an enem nema may be used i 

: in the sam 

for the faradic current. 
ne manner as 

Cc. . . a . Z | 

Hertzian Franklinisation—Morton's currents—The n's currents.—The 
treatment by Morton’s currents tends to replace the pre - 
c ° ‘ ° ° 

eee ees as, owing to their powerful influence on the 

‘ ripe muscular tissue, the results are more rapid. | 

; atients with atonic constipation usually also suffer from 

yspepsia and dilatation of the stomach. In these cases 
treatment by Hertzian f ee a 

ar : ranklinisation is particularly indi- 

see currents should at first be applied by the re 

| ee If this fails the intra-rectal method may be 

ed. e cutaneous method is carried out i | . t in the - 

ner described for dilatation of the stomach. The ae 

h should be moved from place to place over the region of the — 

te and colon and the left iliac fossa. The balls of the 

park gap should be gradually separated until we feel those 

Mine 
cm. into the rectum. The conducting bougie is a. — 

e to 

one end of the coil, while the other electrode is plac d q LS) On 

a, is described in | 
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well-marked, deep-seated massive contractions which char- 

acterise the action of the Morton currents. 
| 

The intra-rectal application 1s made by means of elec- 

trodes of various shapes. ‘That of Bordier is very conveni- 

ent. It consists of a metal rod covered by an ebonite 

~ sheath, and ending in a bare metal cylinder, which consti- 

‘tutes the electrode. A handle placed at an angle of 70% On 

this rod allows the patient to hold it in position himself. 

The electrode is provided with a hook which connects it by 

means of a chain to the positive condensor of M ortow s 

machine. The chain of the negative condensor is earthed, 

and the patient is not insulated. The duration of the seance 

is 10 to 15 minutes. 

536. Spasmodic Constipation.— This form of constipa- 

tion, which is more frequent in young subjects suffering 

from neuropathy or neurasthenia, has been particularly 

studied by Delherm, who published an inaugural thesis on 

the subject in 1903. In these cases the feeces are in the 

form of .a thin ribbon, or broken up in small hard nut-like 

masses. 
: 

Active treatment, which gives such good results in 

atonic constipation, is useless in the spasmodic form. These 

cases are best treated by soothing
 means, compresses, emolli- 

ent baths, or copious enemata of olive oil. Even massage 

should not be used in these cases, OF only in the form of 

effleurage. (Mazeran, Froussard. ) 

Delherm made experiments on guinea pigs, which were 

submitted to radioscopic examination after the introduction 

of bismuth sub-nitrate into the large intestines. He found 

that even cutaneous electric stimulation produced a tem- 

porary constriction of the intestine. Thus electric treatment 

can only augment the spasm in these cases. Still more are 

intra-rectal applications of electric enemas contra-indicated. 

Clinical experience shews that after some apparent tem- 
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Se pg the electrie’ enema aeerayae 
ae oe pO eee from spasmodic consti 
ee S ay the technique prescribed by 
Cas es of spasmodic constipation : 

itestine is galvanised b 
tensity applied by means of two large electrodes of at 
200 sq. cm. applied on 

l 2 

the lumbar region. he abdomen and the other a a 

2. The faradic 
| : 

vanic sce current may be combined with the 4 

THe best oe ae = fine wire coil and rapid interry a 4 

od is to use the Watteville current whet 4 
: : » WNHIc y. 

pplied simultaneously by the 4 
consists of the two currents a 

same electrodes. 

The circuit is joi 
4 

cuit is joined up so that the coil may ‘be in serjes_ : 

eries 3 
with the galvanic circuit, and the two cu 
direction. 

rrents in the same 

The rh | eostat or potential reducer in the galvanic circuj : reuit 
is adjusted 

= 

J so as to give 50 to 150 milliamperes, 
after which = 

the faradi ae are gradually introduced, using a ver 

A ee oe as ae a break as possible. The cn 

is of no great im pre: - 

to A 
portance. 

: 

ee minutes without reversal or intermission Duration, IO 

It ma 
on, : 

anleyed ee ee that the galvano-faradic current 
ee a and Broese for atonic constipation is | 

eful in spasmodic constipation is also 

For th Ww e treatment of intestinal atony we endeavou t 4 ‘ T Oo ’ 

provoke deep, slow i contractions of th Se e muscular coat, s 
ae produced by the Watteville currents with an 
a coil and slow interruptions nee 

e Wattevi Poe é he este ee cHPENG however, acts in a perfectly differ- 
a a en a fime-wired coil and a rapid break is used 

e tremulous action which does not stimul fe | : ate 
the muscular coat .o contract, bu et ee ee 

and diminishes its sensibility. pda eS 

geravates . 
the con. 
Patio a 

Delh a 
crm anda 

y currents of high : 4 
n- 
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“There are thus two distinct methods of using the Watte- 

ville current. In the first method we use a coarse-wired coil 

and slow interruptions. In the second we use a strong gal- 

 yanic current, and a feeble faradic current from a fine-wired 

coil, with high frequency of interruption. 
| 

The first method is to be used in atony of the bowels and 

the second in the treatment of spasmodic constipation. There 

is a similar distinction in the treatment by mas
sage. In the 

atonic form we use deep massage in order to provoke con- 

traction of the bowels, whereas in the spasmodic form we 

make use of effleurage and light v
ibratory massage to dimin- 

‘ch the irritability of the bowel: im a smuilar- wey 2 rail- 

way journey often arrests the diarrhoea of tuberculous pa- 

tients. (Trousseau.) 

In spasmodic constipation with neurasthenia we may em 

ploy the static breeze over the iliac fossa. 

537 Muco-membranous Colitis.—Doumer and Delherm 

have both made a special study of muco-membranous 
colitis, 

‘4 disease characterised by constipation, spasm of the intes- 

tines, pain, and the presence of a glairy or muco-membra- 

nous discharge in the stools. In some instances there are 

periodic crises of diarrhoea, and in rarer cases the diarrhoea 

is permanent. . : | | 

The treatment should be of a soothing 
nature, as for spas- 

modic constipation. 
; 

1. The abdomen may be galvanised. Two plates of 60 

to 80 sq. cm. are placed one in either iliac fossa, and con- 

nected to the two terminals of the battery. Or the two 

plates may be connected in parallel, while the indifferent 

electrode is placed on the loins. This method should be 

employed when the colitis is accompanied by diarrhoea or 

pain. (Delherm.) Doumer employs the same method, using 

two pads 6 centimetres ‘a diameter placed in the iliac fosse. 

The direction of the current should be frequently charged 
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by diminishing: ; 
shing 1t d : 

! SIO, . gta ually to zero an - 

: - the opposite direction.2 
and then if 

_ 2. The intestine may. be ; 
in the 

y be treated by D ; 

treatment of spasmodic ai i ; 
In all case s of constipati 

: 
on, whatever th 3 4 

e form, the pea am 
: 3 Ppre- 

vious treatment by laxati aaah ‘atives or enemata should onl 
yas eee to Delherm it pails oe 
ee urable result, beginning mini ‘ 
eae = : y reducing the number to o aa 

i ae O etermine what is the exact m ‘e 

rience shews rita spfarhis : oe ci oe ther ypersecreti n the i 
glands under the influence of the etc news a | nts. Gal- 

ea week, 

e of action 

Cc 

q 

interruptions al 
, so augment th 

sequence of 
€ secretion, 

: 

Probably 
= massage of the walls 

o ia ee in con- 

the solar plexus n€ current exercises a specifi i 
3 

. In an interesting work enic
e pis on 

different forms of the electri 
Se 

ical curr : 

The question sll resins inthe debatable sage, and we 

fi 538.3 ARR Ao HRD iy be
en 

Scult it is ; n.—It is well known how ai 

are called . sles the cause of the — co on 

HOF Minds Taste 0 a patient who can pass neither 2 pid 

ploratory laparotom eee 
the case even after a a 

operation, we sac Before proceeding to a ao nye 

ave recourse to the electrical Bee 

a mode of treat men 
results. 

t which has often 

ge, and we 

given most excellent 

Technique of the elect 
bours of B 

ctrical enema.—It i 

ne 
Ou 

Bie 
: is due- 

+ Doumer a = Par
is that the technique of - fee

s 

as , Annales d’Electrobiology, May and J ac ) fT. une, 1901. 

ace 
creasing i, q 

met q 
e hod, as 

a 
and by 

be Slow. = ‘ 

IS. ~ Expe- 
; 

FFECTIONS OF THE LOWER DIGESTIVE TRACT 
53 5 

usion has been perfected. The faradic current 

Leroy d’Etiolles in 1825, 

A 

ment of occl 

had: been previously empl
oyed by 

Duchenne, ot Boulogne, and Bucquoy, in 1878. The 

current had also been employed by Leroy 
d’ Etiolles 

+ Boudet, of Paris, published th
e 

results of his treatment, which has since become classic. 

His method guards against the accidents which wete Pit 

viously too common, the most formidable ot which was the 

sloughing of the intestine when 
the current was 

passed into 

the rectum by meats of metal electrodes. 

Boudet’s method consists in introducin 

of saline solution into the rectum by
 meats © 

own design. The current is passed between 

tinal liquid electro
de and an abdominal electrode. 

Boudet’s sound or canula consists of a metallic tube o
f lead 

or flexible metal -nstilated by a sheath of hardened rubber. 

The insulating tube is longer than the lead tube. It is 

ear the extremity by a lateral aperture and 1s 

an india-rubber tube to 4 large irri- 

The inner lead tube is connected to 

¢ an insulated wire. In June, 

d’Electrothérapie 
a 

d by a spiral brass
 

galvanic 

in 1876. It was in 1884 tha 

g a large quantity 

£4 canula of his
 

this intra-intes- 

perforated n 

connected by mean
s of 

gator holding 2 litres
. 

the electric source by means 0 

acatlle exhibited to the Société 

too1, L 
hich the leaden ttrbe is replace 

sound in W 

spring. 

The abdominal electrode should measure at least 200 Sd- 

cm. 

a 

Fach electrode is joined to one pole of the battery, and 

the current reverset is turned so as to connect the sound to 

the negative pole. The sound, well coated with vaseline, is 

then passed into the rectum. It may be difficult at first to 

sntroduce it for its whole length, but the difficulty may be 

overcome by allowing some 
of the saline solution to flow into 

the bowels. The sound will then be found to slip forward 

when a little gentl
e pressure is used. 
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_ When the sound is in place, about a litre of 
tion is allowed to enter the bowel. 
lowered and the tap turned so that 
water may continue to flow into the bo 
tion. In this way we avoid all dange 
in consequence of a portion of the ]i 
in a fold of the bowel, thus reducing the volume of the liquid electrode. With too little water there is a sudden fal] of intensity of the electric current, which immediately rises again when more water is introduced. Cee. The current is turned on and 
40 milliamperes, maintained for 5 minutes, and then gradu- ally reduced to zero. The current is then reversed so as to make the rectal electrode negative. A metronome with 5 seconds’ interruption is now introduce 
the interrupted current is gradually 
violent contractions of the abdomin 
which are easily felt by the hand. 
When a metronome is not available we may employ an interruptor, or use the reverser as an interruptor, or we may » make and break contact between the terminal and the sound. 
This may be continued for 5 to 20 niinutes, according to the effect produced and the c ondition of the patient, The liquid will be expelled in jerks, shewing the effect of the current on the intestinal pressure. An evacuation may occur immediately after the enema has been given, or more fre- quently in the course of two or three hours. If there is no result the operation may be repeated. 
Indications and contra-indications for the electric enema. —Painetvin has shewn us how to distinguish between me- | chanical occlusions, mechano-dynamic occlusions and dyna- mic occlusions, Among mechancial occlusions are volvulus, torsions, invagination, abnormal flexion, bridles, rings, tu- mours, etc, | 

the saline solu. 
The irrigator. is then 
a small quantity of 

r of producing a burn: 
quid becoming isolateq 

gradually raised to 20, 30 or 

increased. In this way 
al muscles are produced 

wel during the opera. 3 

d into the circuit, and 

| : 3% 
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AF g 

enema has sometimes been con* 

al occlusion. If the mechanical 

derate contractions may over- 

The utility of the electric 

tested in cases of mechanic 

O i obstacle is not very ae uf diminution of meteorism un- 
| eisa it. Moreover, ther come it. 

: 

£ 

l 

Tt 
: : ntion if ae with surgical interve 

t to interfere wl 
dently, so as no 

this should become necessary. ie ae — 

Th electrical enema is more cefta 
e 

i. 

hen there is a mechanical O 

ae a pap
e cause occlusion, with ae 

ye 

stacle insumict d the obstacle, or atony of the ee oe 

He out ae is found in patients suffering from bi oe a 

. at ae or cancerous lesions which form a 

culi, inte : 

incomplete obstacle. 

ic. Thus the . : holly dynamic. 
he occlusion 1s willy * - due to form, ve Le i chronic constpai se 

1 ° ‘ ed. t 

ee atony of the bowel, 1s te a 

indication to its ? : lv contra-indica hae pa cd by 

pee - perforation 
of the intestines accomp 

ulcerati : 
ritonitis or collapse. tion, is no 

Obes alone, unaccompanied Py ie seated are 
oe, dication to its use, sitice all cases ae contra-in F ount of peritont 1S. eae 

ied by a certain amor adhesions 
teat ee eaten is suppuration ae ae 
A ae @ organs, since the electric ee: ee 

hae ture of the adhesion. The use of the a mantel 

_ eA resaneae when the patient ete true a risk of 
a i ever, only comparative. here 1s;.4 oe a srdie to 

os alee abortion, but this may be necessary 
pro 3 
save the mother. 

539. Prolapsus of the Rectum 

is very efficacious in this affection. 

—The galvanic current 
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The prolapsus should be reduced in th 
cathode consisting of an olive-shaped electrode surrounded 
by cotton-wool is placed over the anus, 3 
placed over the loins, 

e usual manner. A 

The current may be gradually raised to 20 or 30. milli- | 
9 minutes, and the seances repeated every other. 

amperes for 

day. 

540. Paralysis of the § 
electrical treatment 
where the paralysis is 

phincter Ani.—In this affection 
is almost always successful, except 
of spinal origin. The rhythmic faradic current is used, with 30 beats of the metronome per minute. (Bordier). An olive-shaped electrode is introduced into the enue, or the rectal manometric electrode designed by Ber- gone may be used. This is a hollow ebonite cylinder with a metallic armature at its extremity. The cylinder is pierced by two windows and contains the ball of one of Potain’s sphygmo-manometers, the thin walls 

with the windows in the cylinder. 
_ the contractions may be measured. - 

of which are in contact © 
In this way the force of 

54I. Hemorrhoids.—Doumer was the first to employ high frequency currents in the treatment of hemorrhoids. 
We may use Oudin’s electrode with glass handle, ‘or the cone-shaped metal electrode designed by Doumer 
the latter, since by its means we may dil 
advantage of the anesthesia caused by 
currents. 

I prefer 
ate the anus, taking 
the high frequency 

It has the further advantage of being painless 
even with the full intensity of the current, and it is not lia- 
ble to get broken. The electrode is joined up to some form 
of resonator, either helix, coil or spiral. The. following is the method I adopt: I place the patient in the gynzcologi- 
cal position, taking care to have my movable table of dis- 
tribution close to the patient. 

I start the high frequency apparatus first of all and I take 

a : ntly intro 
while the anode is. I turn off the current, and gently 
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7 

e ° 

ke 

the electrode connected to the spinal in my hand to ma 

3 il. 
sure that all is working we duce the electrode, 

into t 
the 

sd wi i to the anus. I then turn on 
ll covered with vaseline, in 

. aa ca 

Beck | In this way I avoid the sparking which tee. 

Ae ive the electrode near the patient. Seances © 5 ti 

times a week. 
‘nutes may be given three 

s 

otk is a a that one does not get some e
e. » 

this treatment although the results are much more rapt 

an ynic heemorrhoids. 
‘eases than 1n chronic 

Fissure of the Anus.—Doume
r was also the firs 

| to point out the excell
ent results obtained by high freq

uency 

ith 

treatment in fissure of the anus. He uses an oe oe 

a thick glass handle. This should be well lubricated | 
in 

vaseline and passed well up into the rectum, SO as to be 

f the sphincter. In net- 
ith the whole breadth of th 

eo en the introduction 1s too painful, it may 

ous patients, wh 
7 eee 

i. wel to allow the electrode to rest on the margin O 

anus until anesthesia is produced. The ee tepid 

increased very gradually. We may also ce ad 

conical electrode, which has the further a Ne ae pee 

ine the sphincter. It seems, however, that the snort >I ae 

Sis come from the glass electrode have a beneficial in 

ence in this affection. 

A seance of 3 to 10 spans oe 

usually rapid. 

es Rigg Hoa Ani may be ne ase 

ase to the general pr
inciples laid down in Be a - § s 

satisfactory results may be obtained by pare
 ae 

quency currents applied by means of a condens - a 

introduced into the anus, as for cases of agai ees 

ance may be terminated by effleuv
ation of the w 

y be given three times a 



CHAPTER XII. 

_ DISEASES OF THE EYES, 

544. Trichiasis.—This affe 
epilation by means of electro] 
Same as for general epilation. A ste 
into the follicle parallel to the 
milliamperes is passed for 20 
operation it is advisable to 

_ use of cocaine. 
=, 045- Trachoma=This “fie 

pricking each granulation with a steel electrolytic needle. The procedure is, however, very painful. Treatment by copper electrolysis may also be employed. A small copper electrode of special construction is connected to the positive pole. The indifferent cathode is placed on the nape of the neck. _We may pass from 2 to 4 milliamperes for 1 to 3 minutes, moving the active electrode continually to obviate any adherence of the electrode to the tissues. 
546. Entropion.—The best treatment of this affection is the electrical one. A steel needle should be introduced parallel to the free border of the lid, from one to three mil- limetres from the edge. This should be connected to the negative pole, the indifferent anode being placed on the nape | of the neck. A current of 5 to 8 milliamperes is passed for 6 to 8 minutes, The cicatricial retraction following this operation raises the edge of the lids. This result is notice- able in about a fortnight. If this is not obtained the opera- tion may be repeated. 
5 4y- Xanthelasma.— This affection may be treated en 

el needle is introduced 
-eye-lash. A current of 2 
or 30 seconds. Before the 

procure local anzesthesia by the 

ction should be treated by. 
ysis. The operation is the 

ction may be treated by" 

| 
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: Sst 
| ding to the method described for xanthoma (par. 490.) 
cordl | | llel to the jee d into the patch, para ive needle is introduce A current ee this is connected to the negative ee wo SS 
: to milliamperes is passed for 2 or S iiereuest eee 
: f punctures at a distance of © ae away in Fad during the same seance. The sloug ated if neces- 
e : ten days, and the operation may be repe a ou € une oe Saas 

Ey after a fortnight _ and Schiff obtained the lepharitis.—lreuna ulcerative SAP : ee both of the squamous oe with cure © by means of a few radiotherapeutic es 
c: . tube. It is not, however, ae. superfi- 
‘ ae ioe As in all cases where we desire ue Por It hard tube. ion Nos. 4 and 5 are in oe of penetration NOS. the spec- 
i ae be eccues that the chemical rae 
shou -rays are capable bably also the X-ray adedee 
eee en therefore, to act with p blepharitis. tment plication of the trea . a 7Phis ‘afvec: in the ec of the ee ao t prac- 
ae ay also be treated by electrolysis. b a modified by 
ae ” Tripier and Desmarres, and € ; 
aes e, whose method is one to be fol a . pitoriidic: 
oo a Bowman’s sound of silver, insulate F D sulating ) 

in 
2 a centimetres from its end By 2 ee edge of ae h to protect’ the lachrymal canaliculs an Be 

aoe The current is gradually ee ao d decreased 

oh lv to zero. Seances may be dee vith antiseptic Se duct being treated in the interval wi 
days, the 
ae | 

lt ae and Spasm of the Ocular muscles 
550. 

mu cl 
7 

‘one electrode to the closed eye-lids an d the other to the 

= — I 3 55 



542 | PART III—CHAPTER XII 

nape of the neck. This meth 
_ -peripheric paralysis a frigore, 
origin, ee 

od may be employed in 
of rheumatic or traumatic 

The continuous current may also be used. The cathode should be applied to the eye-lids and a current of 3 to « milliamperes passed for 6 to 10 minutes. Or the rhythmic faradic current may be employed with a button-shaped cath- _ Ode-applied as near as possible to the paralysed muscle. The ‘duration of the seance should be five minutes, and the in- _ tensity may be pushed till we get forcible contraction of the .~ orbicularis palpebrarum.- , 
_Spasm of the ocular muscles 

tinuous current, or in hysterical 
ment appropriate to its cause. : 
SBSI. Keratitis—Leucoma—Corneal Opacity. observers have obtained excellent results in. the of parenchymatous keratitis accom 
pannus. The eye is submitted to t 
Ous current with the cathode on ¢ 

3 to 5 milliamperes may be used fo 
_.. Opacities, evén. of long standi 
treatment. Two remarkable cas 

. Gautier and Larat are reported by 
Some authorities apply the current directly to the cornea by means of a small electrode of cotton-wooi, a sponge, or a camel’s hair brush. Layat and others prefer an active cathode of cotton-wool ap plied to the closed eye-lids, with a current of 6 to 8 milliamperes for 5 minutes, alan commenting on some successful cases by this method » Larat says: “Tt is probable that the vitality of the cornea is increased, and that the cellular exchanges, usually so slow in the cornea, are stimulated so as to produce absorption of the cells which have been infiltrated by previous inflamma- tory action.” : 

may be treated by the con- 
cases, by the electrical treat- 

—Various 
treatment 

panied by ulceration or 
he action of the continu- 
he eye-lid. A current of 
t 15 to 20 minutes, 
ng, are amenable to this 
es of success attained: b 
Arcoleo. | 

OR ae et 
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ditis.—Galvanisation shoul 

is’ dis dine to the method advo- 
be used in this’ ace eonan An anode is ar a 

cated by ae as SS Sad a cathode on the os ee 

ee milliamperes may be given a meee 

orient eee 
A drop of atropine : A 

— s aaa into the eye. ae ere e
e 

vi0 
sacle 

. ipetyiee ok.
 total breaking down of the 

synechiz th 

‘raud-T eulon adhesions. pody.—Giraud-Teuion, 
‘ty of the Vitreous iained Ain- 

ae ae Abadie and oe PGi of the nMumuUs, woe he treatment oO 5 results in the on the eye 
sree = Giraud-Teulon applies an anode 
vitreous ocess. da cathode on the mastoid pr set ad ofp te Tits 
ee the contrary, places the 

Onmus, of 

1c. : ‘ection of the current 1s 0 pathetic. near that the direction o free 
Lappe’ rent media 

= ote saennee so long as the transpa 
any grea ich the lines of 
h are situated in the field fe eres 
vier) t of 3 to 4 urren fo 
ees oe es : uues Bordwer pe e 
Ce ieee 2. r 3 to 5 minutes, re iy sais fy cles milliam btained surpri atl, bd e O ° 1tre 

na a ne cae of a needle thrust into the v 
S fa e e we i. for a depth of 8 millimetres. 

O 
‘ses the sympathetic in 

a.— Allard galvanises acne 

aa ue ee the anode along the maa = ia 

ae pase al ec the cathode being P 
the cervic 

3 

back of the neck of the opposit 

illiamperes. 
: 

ae oe are oiten remarkable 

552. Iritis and irido-chorol 

In all the cases treated 

e side. . intensity, 15, 10 2° 

Faso imate Perens gy 7 = 

pass atin ig ARE eS 

—— 
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(if 
P 1 i) 

Hi 
a ae | 1 1) 

| a ii iH : eR DISEASES OF THE EYES 545 : iV) i if OA Sy PA , | | ie 
| | Ses 4 ae | d eye-lids, the indifferent electrode being placed on the i \ | { | by Allard the pain has rapidly diminished, and in some in- a Seis 3 to 5 milliamperes. Duration, 7 to 8 min- | " i i | | | stances the vision has been improved. In two cases norma] oe 3g Seances every day. a ; i | i | H i acuity of vision returned. 7 a ec, lication may be terminated by a few interruptions | | a 

‘ . sae ay Qa 
By = | Wee) | 

| i Other operators galvanise the eye-ball directly by means E the cee by means of the metronome. Erb oe : | i | I) ‘* : erie -— a a 
| | ; of an anode applied on the eye-lids. Intensity, 4 to 6 mil- oO ads, in addition, traverse galvanisation of the head, wi | | i 1) liamperes ; seances, 10 to 1 5 minutes, repeated daily. = fee ode on either temple. . ee MI | 
i : 555 Detachment of the Retina.—The detachment of ae have been some reports from America " awe ie WAR Ht | { y ; ; ace ine 

: no ANNE it i ihe relga 4s due to the presence of liquid between the retina tory results from treatment with X-rays, but these have 1 | | and the choroid. Treatment should be directed so as to s fone d a : | | | i | cause the absorption of this liquid. Electrolysis occupies the : x Foreign Bodies in the Eye.—A long chap S | i 1 y | treme t place in this r espect, and when the detachment js q | we be needed to fully discuss the diagnosis and eae ) H | | recent it offers a good chance of success. _ 7 q oe on bodies in the eye. We can only give a few tndl- i I | 
i | es and Grandmont published an interesting case. Ter- ; : a a or { | i 
| SON especially has demonstrated the good results obtained . oe oe _The X-rays are of great use Bt eee ae | i I i by positive electrolysis in this affection, A platinum needle : ea the presence of foreign bodies in the Orbit. i i i | 1s passed into the eye so as to reach the locality of detach« | an © the foreign body is in the eye itself the poner i | i | | ment. This is a delicate operation and, it is needless to ' | h oe be made with the patient in the sagittal position. s } | 

| | | oe ae Be vetoed by: specialist. In consequence _ a : ae tube should be placed so that the normal ray ne a be a 1 | _ of the difficulty of piercing the sclerotic, which is depressed q | a behind the temporal region, and the screen S 2 oe ui | 
| by the pressure of the needle, Gayet and Bordjer mount the § le d at an angle of 30° with the sagittal plane o ‘ TH | i ; : ee : : . 

; Shoe as it it 
| | needle on the corneal drill] designed by Mathien. This gives La t’s head. On page 982 of Bouchard’s Traite de ae | | | it ‘ rapid movement of rotation and enables it to pierce the e Saale will be found Guiloe’s article on the loca ae | i ‘it 
i | i = ene When the needle is in. position a current’ fe of a foreign body in the eye, by observing its para a ql 5 milliamperes is passed for one minute. The first effect ‘ne rotation of the eye-ball. +h i MH of this is to coagulate the liquid . during f ) foreign body with | 
| | coagulate the liquid. According to Terson’s re- Radiography enables us to localise a See thod a | port, there is in most cases a temporary, and in - o ON) ae We may use the stereoscopic metno oe (if ys recent cases. | n greater precision. y thod ee | i| | a permanent improvement. | | eae Aone procedure of Contremoulins, or the me ‘ | | 6. ° e,e = é O arte, 5 ° f these may qi 
i nae Ho as Neuritis—A trophy of the Optic Papilla.— of Guilloz or Massiot’s compass. A description 0 ; | | i) 2 ro of all other modes of treatment warrants us in f be found in Guilloz’s article. ne a i |, ng electricity in optic neuritis, although the interventi | : The extraction of a foreign body trom | Ae a is not of : vention | Extraction.—lhe ex it consists. | if 

i | ot often crowned with success, N evertheless, good re- | belongs to the domain of the oculist. When it c - at 
q | oe Have been p ublished by Dor, Erb, P Hiiger, Rumpft and | “a : coe of iron and steel we may have recourse 2 = ' | | enedike. The continuous current js to be employed. The | - oe net. Either the large magnet of Haab may be a i active cathode, of moistened cotton-wool, is placed he Ore ; Braunberger, Paris, 1903. ant HI 

? ; on t € ; : 1 See also the thesis of ra ee a a | : | i 
ae 
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on the smaller magnet of Hirschberg 
ee Pees both of these instruments 
eee ae placed at a distance of 1 millim 
sani Ss ody. | At a longer distance the smalle 
as fe oh ae ae larger magnet should 

as to ayoid any tearing ae psi sige ek 
eo of the steel particles. * : 
ae a Ae standing lesions, if the foreign body 
oe ae. it 18 wiser to abstain from all i 

“ mstrom) . 
ther’ traumatism. 

> eye, so 
the too rapid at. 

is in the 

nterven- 

In two i om ae abaiae olmstrom has seen atrophy of the ey 
ane ee e has also met with a case of detaes Benois a occurring after sclerotomy and the intr 

3 Lfurschberg’s magnet into the vitreous niin f 
f, 

1 | e e s : 

€ 

anterior chamber b y means of Haab’s ma . 
afterwards by. a keratotomy and the Bee ae 

gnagnett. : oe ae Os 
. 

4 Archives d’ Electricit 

chberg’s 

& Médicale, 1901, p, 637, 

. According « 

have an 
etre from 

r magnet 

“Se 
. 

wi 

% 

The extraction may cause still fyy 

= 
, 

CHAPTER XIII. 

MALIGNANT TUMOURS. 

558. Sarcoma.—sarcoma, as is well known, is a 

tumour composed of embryonic cells—that is, cells which 

are non-differentiated or are only commencing differentia- 

tion. This fact gives to sarcoma an appearance like con- 

nective tissue (fasciculated sarcoma), or myeloid, or osse- 

ous (ossifying sarcoma, epulis), or like neuroglia (glioma). 

Sarcoma is the more malignant the nearer the cells approach 

to the embryonic type. 

Encephaloid sarcoma, which is the most malignant type, 

consists of cells which are entirely embryonic in character. 

This variety in the nature of sarcoma in a measure ex- 

plains the divergent opinions held as to the efficacy of the 

X-rays in its treatment. While some authors deny that 

sarcoma is influenced by the X-rays, others, like Kienbock, 

Morton, Brocq, S$ abouraud, Béclere, Bisserié and Belot, have 

adduced positive evidence as to its value, and Holgknecht 

goes so far as to assert that sarcoma is even more amenable 

to. treatment than epithelioma. 
| : 

Opinions also differ as to the mode of application. Belot, 

basing his experience on the technique used in Brocq’s clin- 

ique, recommends massive doses of 7 H to 10 H, given in 

one or two seanices. He found that a sarcomatous tumour, 

which had been treated in vain by a long series of small 

doses at short intervals, was speedily diminished by a few 

massive doses. | ie 

To determine once for all this question of dose some such 

experiment as the following should be made: One series of 



gle dose or in a seri 
il 

es oO ; ie 

| assertion i bj 2 — at short intervals. This . : ee 

i me 1s subject to some limitation. There is no d a solution of bichloride of quinine, whic 

a process of repair between each’ exposure—a oe oak rescent under the action of the X-rays. The tumour is thus ) i i 

WwW 1C 

2, 

i AN 

ie 
to the action of the X-rays and to bit 

int 
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| oe ae be treated during two months by 15 ae 4 

eae H, a a similar series should be treated vie 
oses of 10:H, followed, aft ; awn 

weeks, by another of 5 H. ye ae interval) Oe 

This questiot of d : : 3 | 
ose can only be settled b e 

Son 0: : 5 y a compari- 

Hogi = Saas with the integrity of the superjace : 
oe , produces withering and arrest of development Z ; 

sak ee issue. The withering action on the one 

shown by swelling of the nucleus, difficulty of Fae vi y) 

ing and granular degeneration of the protoplasm. We ha n ve 
1 rhe So, . 

ae seen that a massive dose produces destruction of 
pe Oe se without injury to the epidermis (496, 497) 

at it can produce azoospermia without ide ok . 1e 

es ~~ to oy normal cells. On the other hand, it h 
en proved that the dose must ieee ; tO necessarily be gi , 

a single sitting. Theoretically, the method b dene fA 
doses is just as likely to succeed. nie 
tae proves that the effect of a quantity 10 H of 

- 5 fays 1s exactly the same whether it be given in a si 

is use i ins inj = - ss preventing injury to the healthy tissues, but 
nage O sie the destructive effect on abnormal feo 

we decide to act by means of successive Be 
doses , we have to take i : 

: into con : : : 

Neon: : sideration this reparative 

‘ 
A e e . 

priori we should expect that the reparation of the nor 
ae veee be more rapid than that of the abnormal 
cells. “Abnormal cells develop in spite of the resistance of 
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their neighbours, and in spite of the ordinary defence of the 

organism, that “vis medicatrix nature’ which opposes itself 

to all deviation from the normal type. This vis medicatrix 

has been vanquished in its opposition to the growth of the 

tumour. It will now play a double réle; it will aid the 

of the healthy cells, and it will at the same time 

on of the abnormal cells. 

doses has a double action, de- 

pending on the inequality of the destructive action of the 

rays on healthy and diseased tisstie, but also on the inequality 

of their reparation under continued irradiation. The treat- 

ment by massive doses depends only on the inequality of the 

destructive action of the rays on healthy and unhealthy tis- 

In the case of deep-seated tumours the superficial tis- 

reparation 

oppose itself to the reparati 

Treatment by successive 

In the treatment of deep-seated t 

better to proceed by repeated fractional doses, thus calling 

to our aid the inequality of the reparatory processes. 

Morton, of New York, has devised a special procedure, 

which appears to have given good results in the treatment 

of sarcoma. It consists in the injection into the tumour of 

h becomes phospho- 

exposed simultaneously 

the violet and ultra-violet rays emitted by the fluorescent 

salt. 

Von Tappeiner noticed that certain fluorescent substances 

after exposure to the sun’s rays become toxic to the lower 

organisms. They are also destructive to the ciliary motion 

of the epithelium (Jakobson, Jodlbauer). A 5 per cent 

aqueous solution of eosine is very efficacious in this respect. 

By its use Jakobson and Jo dibauer have sucessfully treated — 

I 
e ! 

i integuments of the scr 
ik 

rotum. In consequen 
one 

Ht 
sisisas 5 

ce of 
: 

: 
: 

a Nt 

susceptibility of rapidly growing cells _ oe the greater — sues will absorb the more active Tays, and thus the differ- i) i 

i we may be able to arrest their evoluti nceivable that ential action on normal and abnormal structures will be par- a 

| evolution by irradiation with- tially compensated 
i 

umours, therefore, it is | i i 
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certain i race infectious dermatoses, such asielu 
ie : During the day the affected par 
as under a bandage impregnated wit 

» While during*the night i 
of oxide of zinc#:’ 

pus, cancer ang 
t was. exposed to 

es h fluorescent soluy- 
| ered with a plaster 

559. Epithelioma 
pole 

th 
ae 

oe arcinom
a.— 

ee 
es bibliography 

ct ania 
pee rely 

treatment “ ’ first experiments for ne a 

Hee sbome th 
ade by Despeignes 

u 

free or four years before the oo
 a 

of the 
earliest reports i orts in forei gn journals. We must refer the 
reader to Belot’s yo 
e 

mo 

ject, nograph for further details on this sub. 

ene 
1t would 

erapeutic 

It is onl y quite recently, i | 
| 

on precise  Fecently, in 1904, that observati | 
methods of measurement have deseo pee 

Jared, ‘with 
records of the ; 

quality of the ray 
, ys defined in de 

grees on 
Benoist s radi 1ochromometri 
knecht units, tric scale, and the quantity in Holg- 

In France the labou 

Haret and D rs of Brocq, Bissérié ? 
; é ; ZaT EN ‘ G Belot 

accurate data abe and Beéclere have furnished er: a 
7 or intervention. Previous observati us with 

vations were 
not without val | ue, although 

data of measurement. gh lacking in the all-important 

and similar focus tubes it 
-matel 

may be possible 

nately the se exposure witht he of any mere 
theappesm ns

e me ‘ : no
ticing the time of ene

 ae 

may enable amvisie
r : ocus tube. Practise and daily cee 

proach to exacti ator to repeat a given dose with
 som ine 

Baa a, ctitude, but even then the “ some ap- 

server comes into question. 

of measurement is that it renders po 
1 Miinchener Medici 6 Medicinische W 

oe ie ee 

personal equation” 
oe great advantage 
ssible the comparison 

1903. 
Rebman, 00K: 

~ of the observations of different operators. 
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In consequence 

of the adoption of B enoist's and H oleknecht’s instruments 

ess established, and the 

the rules of procedure are more or | 

technique has been formulated and may be understood and 

repeated by practit
ioners all over the world. 

We may now proceed to pass in review the method of 

procedure for each variety of cancer. 

a. Cancer of the skin.—First as to the indications for 

radiotherapeutic treatment. 
: 

Where there 1s a well-defined cancerous nodule with no 

‘nfection of the glands, we should advise the total ablation 

of the lesion by means of a surgical operation. 

Where there is an affection of the glands this may Pos 

sibly be non-cancerou
s and merely inflammatory. Such an 

adenopathy may frequently be cured by irradiation of the 

tumour or of the glands themselves. When the glands are 

already affected X-rays should be used, since one is never 

sure of getting rid of the whole of the disease by surgical 

means. 

Radiotherapy should be preferred 

an operation is doubtful. 

Where there is a central ulceration, with a hard ring-like 

margin, the “epithelioma adulta’” of Leredde and Hallopeau, 

radiotherapy 1s more especially indicated on account of the 

very satisfactory results of the treatment.’ 

We should also have recourse to the X-rays in the treat- 

ment of widespread cancerous ulceration of the face, since 

it is surgically inoperable. If there is much redundant 

growth a previous scraping by means of the curette may be 

of service (Belot). 

In epithelioma with pearl-like growths, which, as is well 

known, is a comparatively benignant form, the pearl-like 

1This central ulcer with hard margin is apparentl 

ulcer” of English text-books. 

whenever the result of 

y the “Rodent 



. 
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i 
i 

The method of fractiona : 

mes a week, taking care not to set 
osure two or three ti : 

i light degree of erythema. During 
up any reaction above as 7 | 

se first seance 4 H to 5 H may be given, and this should be i 

followed by still shorter exposures. 

In the treatment of cancerous glands rays of p 

Nos. 6 and 7 may be used. 

After the first applications th : 

pears entirely, the offensive smell is d 

Tei 
| il 
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| | care a a teHoved by scraping, and the c se 8 H to 10 H, according to the degree of reaction and the Mil ' 
Hl : Cie Cd by r adiotherap gies: ee state of the tumour. The total dose required for a complete \ | | 
\ oo homatous nodosities of the skin, such as até fre. cure is from 20 H to 45 H, with rays corresponding to Nos. i | 
| | | = os y seen in cancer of the breast, are best treated by the ° s and 6 on Benoist’s scale. | \ | f 
i ys. | . 1 doses consists in giving a short | ii 

Hy 

i : ’ 

Hy + We may also treat. Ros | y also treat i pene eat by means of radiotherapy the early 
i fe as cancer of the face, while we are still doubt- | ul as to the nature of the case, and are keeping the patient! 
{| woe observation before operation. Cancer of the lower i Ip 18 ver i | : | } ee rebellious to the action of the X-rays, so that 
) sae e operated upon at once whenever possible, . | ; - indications for surgical interference are thus some-_ i What restricted i » and they will become more so as radio~ 

ee 

enetration 

e pain diminishes or disap- 

iminished, and there 

i ahaa Oe aa rales eae hi is a temporary increase of the discharge. The raised edge 1s | HI i | 

oy after operatio me ped aid down as a general rule that, — a flattened and the wound diminishes in size. ne eg i 4 [ 

| pletely heal Ee ie eee pot wee tll the: wound: is come | - The mode of operation for the treatment of other varie- oe 

{ t : ws oorore commencing X-ray treatment in order ties of cancer differs but little from the above. | 
i ee oo ages a is Pee modification in cancerous tissues caused by i | 

i | pel a : os eee a eee authorities, such as Brocg | | irradiation with X-rays.—The researches of various authors, \ i : 

| eur: with the Ge Re z ee oe ie full dose compatible ‘a and especially those of Pusey, have enabled us to observe i L 

it | Sollowineltte a . a superjacent tissue, while others, | the action of the X-rays on the evolution of cancerous a l i | 
i see abtcd., mple of S$ chatt and Freund, use short CXPO=)-) sa | mours. At the beginning of the treatment only those cells i | 

ii oo wo or three times a week. I have alt eady » affected which are at the periphery Of tie Cauecio’ i 
| ae a reasons why I prefer the latter method. he salads Their nuclei are broken up, becoming of a blue . Ht 
| ee Oring 's the method of procedure in the Hopital _ oat when stained with hematoxylin. The vessels in contact ‘| i / 

r if Gs) al taal; | | ay with the new growth become affected with endarteritis ob- i 
| | ie B ae of epithelioma with raised edges, which we literans. In section, the subepidermal connective tissue pre- ue : 

i ee 8 type, a H to 11 H is given in one or two ~ nts bands of fibrous tissue which stain pale blue with he 
| ae taking care to irradiate the sound skin for a distance | react ea showing that the degenerative process, which i : 

| . If a pe ne eae beyond : ac margin of the lesion, 4 | WES at arch confined to the periphery of the cancerous i : 

| nose, the ‘i a oo attacked a sensitive 1 egion, such as the islands is extending through the whole mass of the tumour. | | 
il he as should not exceed 8 H to 9H. At the end of : It is the cancer cells themselves which are attacked by the il 

be ie a y ees SEorire may be given, and this may. X-rays, and take on a special form of degeneration, being | 

i Peated every fortnight or three weeks with doses of. | wletiately replaced by healthy connective tissue.’ | i 
d B | SY bd ° 

4 ; clot. Radiotherapy in Skin Diseases, 1Belot. Radiotherapy in Skin Diseases. | ae |e 

| 
| 
{ 

H | 

Sears Seas Be Seas ceaeem ap eoereea eS 
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b, iS Cancer of the Tongue and Mouth.—The results of ove eyes ak totherapy in this disease are not so brilliant as those ja ; ose in 
skin di iS disease. It is better to have recourse to surgical inter. enti 
ention whenever possible, and to treat the patient with the 7 the © 
- sae ee after operation in order to obviate re- 
see opines cases we may have recourse to 
nena ee which in certain forms, not at present well 

: a Ss most excellent results. At all events tH 
ys will calm the pain, which is often intolerable in this { 

affection, 
ae ? ° ° 

e J _ The. application of the rays is often very difficult in con- — 
wie of the position of the tumour. We may use Oudin’ 

_tube designed for this pur | ae 1 pose, or Belot’s locali 
oe iser, For thos 
es ae possess these adjuncts I will describe the oe 
Lag use myself. A wooden case lined with lead is sup- 

at either end on a suitable stand, so that it can ‘ i? l e e,e placed in any position. The focus tube is suspended in the 
cent : a this case, and is separated from the lead linin 
a : a es of glass and oil-silk so as to avoid sparkin : a 

, 

ndow in the rear enables one to watch the action es the 
tube. i i i There is an orifice in the side directed towards the 
ee i orifice is furnished with a deep rim of lead. 
po Seni on to treat pace in a difficult region I fix f 
f: Ceca of lead on this rim and cut it to fit the place 
- em a . : in the tip of the tongue, 

; tal plate on the patient’s skin 
ot oni An orifice is cut in the plate cap 
a ae to be irradiated, care being taken to keep 

thin the limits of the field of irradiation defi 
by the opening of the tube carrier. , ae 

In irradiating cancer of the tongue No. 5 rays should be 
used, 

X 

MALIGNANT TUMOURS. BAD 

c. Cancer of the Breast.—In 1900 Gilmann reported to 

the Clinical Society of Chicago the first series of cases of 

cancer of the breast treated by radiotherapy. In the twenty- 

five cases reported there were only two failures. Beck, 

Clark, Hopkins, Mikulicz and Fitting, Schiff, Morton and 

others have obtained more or less encouraging results. On 

the other hand, Coley, in 1903, declared that in 20 cases, 

two-thirds of which were round-celled cancers, he only ob- 

tained a temporary improvement in four cases. There are 

no doubt well authenticated cases of cancer of the breast 

cured by radiotherapy, but there are also many cases of 

failure. 

‘We may say that the X-rays will almost certainly cure 

the cancerous ulceration, diminish the pain, and decrease the 

tumour, and even in certain cases cause its complete disap- 

pearance. 
| 

~ According to Morton, atter operation for cancer the 

wound should be systematically irradiated so as to obviate 

any danger of recurrence. 
| 

The following are the rules I observe in the treatment of 

cancer of the breast :— 

x. If the tumour is operable, not ulcerated, and the glands 

of the axilla are not affected, I advise operation. The case 

to be treated afterwards with X-rays so as to prevent re- 

Currence: 

2. If the cancer is ulcerated I commence radiotherapeutic 

treatment at once, with the certainty of healing the ulcera- 

tion, but not of avoiding recurrence. At the commence- 

ment I employ No. 4 or No. 5 tays, with two seances a 

week, and when the ulcer has healed, I continue with more 

penetrating rays, Nos. 7 to 9, in hopes of diminishing the 

tumour itself. 

3. If the case is one of recurrence after operation and 

* Cg ES ea eS oP a ee ee ee 
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PART III—CHAPTER XIIL 

i | il 

i non-operable, with cancerous growths around the cicatri: | 

| | | 

i cancerous glands, and a tendenc CAEEINS 

i 

sd Pioae Nos! otto? In eS Peas 
I treat with ~ 

| ie 

i oetb neces? Gaciciens tly oe
 ere 1S not much hope 

| 
Hl 4 : 

Jagr at atin gue yo a i renin: ql 
modes of treatment, it is th 

! wh & 

: X-rays even in the iret nice popr Ree
 gti es 

- FOREIGN BODIES. 
| E 

tt d. Deep-seate ; | 
: oe 

| 

' testines, baa | wet Ls eee stomach, in- : 560. Presence of foreign bodi
es.—When the presetice 

E 

i eS irigd se ena ne ete: infor~ 
of a foreign body is suspected it may. be only necessary to i ; P 

i should be a general rule to treat all a we i ese: cases." it | decide if such a body be present or not, without deter- \ : E 

i cer with penetrating rays, Nos. 7 to oe 
e cases of can- _ mining its exact position. This 1s the case with a foreign ir | | i 

| uterus we may use Oudin’s futies (4 i, ate of the : ogy in the digestive track or the urinary passages, OT 4 cal- | i i 

i inrroeueed hid the Waoiia unis 2 , or Belot s localiser _ q culus of the kidney, or a se
questrum of bone. A screen €x- i li E 

7; No a5? No. 6 and ane te et es ae of penetratio
n | amination or an ordinary radiograph will be sufficient for il i I 

‘| a | domed, wtp Ges Ree He Once a iations of the ab- 
this. The fluorescent screen is in some ways more conve- y [ 

i ‘Cats ot tiduine banter dtea by the e most remarkable _ | nient, since by its means we can tell the position of the | lp 

it M, A. Cleaves, in 1902. It was an in rays was reported by © S| | body with respect to a bone or an organ whose shadow is | uh | 

i _ of the neck of the womb, involvin eae case of cancer iG visible. If the focus tube ‘5 moved behind the region to i \ 

| broad ligament, ite ee rear ae oe walls and the 
be observed the displacement of. the shadow is greater the i oF 

i cachexia. She was treated by Soe oF a vanced stage of | | nearer the opaque body ‘5 to the focus tube. By a similar Hh l LC 

ff tube placed Re et ot a Pop bal Bee ts ordinary focus 
means we may judge of the position of a foreign body in the i Ne 

i sulted after 110 se me sete spe 
orbit (557). 

i] lr 

i" 
ances distributed over a period of f 

an iY / f 

| months, radiotherapeutic and cnoibeieaelad : or tour 
In other cases we need to know the exact position of the A | 

i ae being used simultaneously, 
saan bette 

| es ee a to extract it. | | 

ji] 

| 

i 

| 

° 
1. The foreign body is im an accessible position, the hand yi 

it . 
: — | or foot, or a limb. It is usually sufficient to examine the i i 

| 
| 3 

region by mearis of the fluorescent screen, and to note its ie 

} | 

position with regard to some bone or other anatomical i! iE 

i | 
| 

, 
point of reference. Then if we examine it in different po- wl 

| 
: ; ee 

sitions, with different incidences of the rays, we may judge |) iE 

il 
| 

the position of the body and its depth from the surface. It | 

| 

may be advisable to mark points of reference on the skin. | 

In operating on thicker regions, such as the thigh, it is bet- i 
| id 
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ter to have recourse to the more accurate methods of locali- 7 
sation described further on, It may be that we are unable to 
find the foreign body after we have made the necessary © 
incision. We may, then search for it further by means of 
the screen. In small operations which may be done in the 
dark room, it is easy to darken the room, replace the pa- 
tient on the couch, and seek for the object with the assist- 

~ ance of the shadow of the forceps in the wound. : 
By this procedure I have often been able to remove a - 

needle from the hands or fingers. We must, however, be 
on guard not to overexpose the patient. It is easy to under- 
estimate the lapse of time when one is seeking for a needle 
which eludes one’s grasp. Moreover, one is liable to bring 
the limb too near to the focus tube. On one occasion I was’ 
more than 40 minutes seeking a needle embedded in the — 
fleshy part of the hand, and produced a dermatitis both on 

myself and on the patient, the latter passing through all the _ 
phases of a lesion of the third degree. oe 

2. The foreign body may be embedded in an inaccessible. 
region, the head, the trunk, or the thigh. We must then use. . 
measures of greater precision. These may be found de- __ 
scribed at length in Bouchard’s treatise. We may employ | 
the stereoscopic method by means of Marie’s stereome- 
ter. Or we may use one of the procedures due to Macken- 
zie Davidson and Hedley, to Rémy and Contremoulins, or 
those of Guilloz, Mergier, Londe, Leduc, or Massiot. The ~ 
method we most commonly employ depends on the principle 
of the three-legged compass used by sculptors. : 

This three-legged compass is placed on ttiree points of 
reference marked on the skin, while a fourth branch gives — 
the direction and position of the foreign body. 

The following is the mode of procedure :— : 
a. Two radiographic projections of the foreign body are 

made, the compasses having been previously placed on 

FOREIGN BODIES 559 

three marked points on the patient’s body which enclose the 

probable position of the object. The patient is then re- 

. ition. ed and the plates replaced in posi oF 

b Since we know the position of the centre of emission 

+1 each case we can reconstruct the cone of incidence by 

means of threads. The intersection will give the position 

of the foreign body in space. 

c. After the patient is removed, by means of special ap- — 

paratus, the three-legged compass may be oe ian 

in the position it occupied when previously placed on 

ient’s skin. marked points of the patien ; 

The ena branch of the compass is brought to touch be 

satersection of the thread cones and 1s fixed then in p 

tion. | uk 

d. On replacing the legs of the compass on the aba 

skin the sound will shew the direction and depth o 

foreign body. 

By. this means the surgeon catl make use of ik ies 

passes in exactly the same way as the sculptor would _ 

The above is the mode of using M assiot's compass . 

which I have already described.* It is given as an ea 

of the principle of the various anterior and posterior de 

d. tectors now manufacture , — ae 

1Radioscopie et Radiographie clinique de precision. Guilleminot, 

1900. 
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major. 
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major. \, a ms t PIG 2 

f ¢ ; [a == Ler ee 

: M. Teres major. _= DW \ : 
ZHAN Se — N. of Serratus 

. magnus. ¥ i (GF 

M. QLatissimus dorsi. igh FAA Wie : 

OY ‘ \ ‘ 

M. Serratus magnus. — 

M. Obliquus 
externus abd. 

_) Mz. Rectus abdominis. 

@ Cervical plexus. 

3rachial plexus. 
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GUILLEMINOT PLATE V 

\e . ; 

| e 

. 

| BD 
® 

nw? » : « ie d £4 

| = Phe A 
3 at 

| > 4 
| \" Fi M. Deltoid. ; 

i ‘ lt 

i ae ‘ ay M. Coraco-bronchialis. -——~ N. Musculo-cutaneus. 

: i M. Biceps. 

| 

K ie | 

4 * * . : 

| | a | M. Brachialis anticus. ‘Median. 

| | . 5 | 

. 

N. Ulnar. 

] ; : N. Ulnar. 

! 9 ea M. Flexor prof. dig. M. Supinator longus. 

i : . | (Supplied by ulnar and median nerves). M. Pronator radii teres. 

A M. Palmaris longus. e 

i 
M. Palmaris brevis. 

i j M. Flex. sub. dig. 

| 
" M. Flexor long. poll. 

| i | IN A: -N. Median. 

Be Ee 
N. Ulnar. — ; 42: 

4 \ | ie 3 ; M. Palmaris brevis. ie ; _M. Abductor pollicis. 

i ) ; M. Abductor minimi digiti. <~@ = X 9 SM. Opponens pollicis. 

& 
| M. Flex. min. dig = ee = “-M. Plex. brev. poll. 

! M 
a ay q . di S OFS = = 

: | oF M. Opponens min. G18. ie Fae Adduct. brey. poll. 

i: « — M. 3rd and 4th lumbricales. ~~ FE | Ml. Ist and 2nd lumbricales 

< E i 

‘A 
H 

Hi ; : - 
| ‘ 

} 
# 

a Hee | | | ‘ 

Hh 
; @ Supplied by ulnar nerve. 

i | | 
. Hl 

(j e Supplied by median nerve, 

aH 

A 

Hi ‘ 
} 

: 

M1)! 
# Supplied by brachial plexus. 

Wy 
i 

\ 
e Supplied by musculo-cutaneous nerve. 
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Vn 
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é 4 

| . * : 

| 
a4 | ; 

| ‘ 
J, 

a 

‘ , a oe 
b | 

; 4 Xe M. Triceps (long head). 

: ‘ M. Triceps (external head). 

eae! Be Ne Miuseulo spinal: M. Triceps (internal head). 
i 

i 

M. Supinator longus. — 

\ a M. Ext. carp. radial. long. — Anconeus. 

| : ; e M. Ext. carpi ulnaris. 

Bcc, > : : 

| : i _ M. Ext. carp. radial. brev. — M. Supinator brevis. 

| " | M. Ext. com. dig. - M. Ext. min. dig. 
ate t M. Ext. indicis. M. Flexor carpi ulnaris. 

| | \ 
M. Ext. ossis metacarpi poll. y 

sais Ar i 
v. M. Ext. De internodii. Moomxt see iutermodil: 

( 
| M. Abductor min. dig. 

ii} 

Hy 
M. Interossei. M. Interossei. 

Hh) 
j 

1h 
Hy} i 

@ Supplied by ulnar nerve. 

e Supplied by median nerve. 
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nN 

i 

! 

: 
ae: M. Tensor fasciae femoris. 

| 

& N. Obturator. 

| 

N, Anterior crura).“—~ 
: 

oe 

M. Pectineus— 

Us g \ 

M. Abductor magnus. ce M. Sartorius. 

M. Abductor longus. 
M. Quadriceps ext. fem. 

“| 
; 

4 

ee, 

| 
3 

‘ 4 Vis M. Rectus. 

| 

M. Crureus- TH 

| 

V) f @ Le = 

| 

i YES, M. Vastus externus. 
ee, B 
ee 
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x 3 : sh Ree @ Li ffi, 

a M. Vastusinternuc__Y¥ .gy Th 

Re GEG IM 

} 

wm 77 YiNig 

] 

zi 4 4%} AWE 

| 

N y: GN 

| 
‘ > 

A vi 7 7RM S 

| say ’ 
. 

tS ; PAN. External popliteal. 

= " 

fy 4 

‘ 
: = 

i: Z 

i 
3 i i i Ss % yy) x A 

4, 
; M. Tibealis anticu gor A@ Z Be M. Gastrocnemius (ext. head). 

: 
; Y Yeh, i 

. 

N. Ext. long. dig. y 1 YR ¢ 

. 
ree Wy WA MM. Soleus. 

‘ M. Peroneus longus. Wi Y@/, Us 

3 

f 

; 
| 

4 | 
| 

M. Peroneus brevis. . 

’ ) 

; M. Flex. long. hallucis. 

| 
VM. Ext. prop. hallucis. = 

i. | 
; ; 

M. Ext. brev. dig. 

/ 

: M.. Abductor hallucis. M. Abductor min. dig. 

| : 
‘ 

ii 
: 

4 
Ss. Dorsal interossei. 

‘I 
| | | 

| 
- 

sey : . E 

Ht 
A 

@Sacral plexus; comprising tensor fasciae, femoris, gluteus medius 

| c 
/ and gluteus maximus. 

e Obturator nerve. 

ay _ 

. é 

| @ Supplied by anterior crural nerve. 

il 

| 
| aes , 
if © Supplied by sciatic nerve before its division into external and internal 

i 
i popliteal. 

| 

@ Internal popliteal passing into posterior tibial. : if 

i e External popliteal passing into anterior tibial and musculo-cutaneous. 
i 
I: 

1) 

\ ' 

i 

3 
‘ t 

I 
1 

| 

1 

; 

Wi | 

Hl 
; 

| 

yi 

i 

| 
| 

I 
i, | 

| 
i 

| 
ia 

i} | | 



Pe. et 
plier 3 Nhs 4 

ps Cay 
z 

> 

; 
: 

a i ‘ 

| | 

| 
Wi 

\ ony ie Se 4” 

| 

} 

a 4 < 
& E ara 

} 

8, 

, . 

/ 

GUILLEMINOT
 ; 3 Die 3 , 

PLATE. VIIr y 

¢ 

| 
i 

ee 
/ 

i 

i 
. 

i 

| ‘ 
a : 3 tg al 

i 

1 
7, re 

ne a M. Gluteus medius. ) PO 
/ ly i 

&§ - M. Gluteus maximus. 

N. Sciatic. Adductor magnus. 
Za 

AS 

SSA } s & 
: Bit = i i oy) Semi-membranoSe 

R : p : Wy i 

: 
y j (t—) I, 4 H e s M. Biceps (long head). Rg OF M. Semi-tendinos. 

| 
NH, By), 

| 
| 

WU YZ) 
a M. Biceps (short head). - Wit” oy) 

WA y, / 

| Made ae = N. External popliteal. tf 1s ; N. Internal popliteal. 
Len Vere 

| | . y= Vy 

§ . ; M. Gastrocnemius (ext. head). ou >: __ M. Gastrocnemius (int. head). 

ee ' 
Z Wiles, 

y W/ 

4 

“ 

lie t \! ! 

ot : - a ili 

| i | M. Soleus. i /, M. Soleus. 

| Pie : | | | i 
} | : 

: 
| 

Y We 

if / f , \' q—— M. Flex. long. dig. 

i ~ 
M. Flex. long. hallucis. ______¥g § 

i 
vi N. Posterior tibial, 

| 

( ) a . 

i 
fy ie 

Hl ee o> 
f (\ a i , HE fl 

. i 
if He 

4 @ Sacral plexus. ~ : | | : 

i! 
e Obturator nerve. it 

o Supplied by sciatic nerve before its division into external and internal i 

Hh | 
i popliteal. | | 

4 ! ante : @ Internal popliteal passing into posterior tibial. \ | 

i e External popliteal passing into anterior tibial and musculo-cutaneous. a 

i] = 
ik 

{| 

i} 

! 
| 

lit 
a 

| 

ti , | 

\ | 
Hl i i | 

i 4 S | 

SS, RCT TEST REET PA Frpnner3 SS-bas i ockieieiestishasetis Sst Tse, —— oe eee 2 
SESS aS aey eae FESS Sarge SERS TES Pate Sage eaT oa peg ts sisen opt Sig ots beter aa eerer teeter es : = Tati eS SS > stte-gatstchs Soh Set 



a ae i Boa 
i 

Se ‘ 

iI 

hy ee ee sha 

| hi 

| 
me . ns au ; 

) Aa 

INDEX 

(The numbers refer to the paragraphs.) 

; 

Pat | 

Abnormal muscular reaction.......esseeeeereeerr erste 365 oe . 

. 

Abnormal muscular reaction, test fOGu cee Sei tah Seta 365 Vie 

eR UA tHLALOPS uc uh bowels awe eee on acne eee gee i 

i é 
Acne ee 

mec cenpen ee 

; | § _ 
Acne punctata .......-+- CAINE Same myn eey cry ¢ he SPACO 

« 
Neie: YOSACEA i sce sca lowes oetine o eas iin epee ema 484 

Acoustic nerve, lesion Of.........seseee ese ee crests 519 

Aeromegaly: +. ce: ee Sseieci cies coe wiee crs ons AAS 

Ntive electrodes 3 sjo.0. ccc tie ee rer eerie 58 238 

iz Active electrode, choice of.......-.- Se noc pute, CeO 

4 | 
a 4 Agitte Mmyclitiso cc. ¢- cesses a ER eo oer ills 

“ : | 
| 2. | 3 NAGHIS hee Ge ci a Loe eee ae a ee a a Ae 

a Adiposity.. oe oe ee ee pe Ae: S00 

ie Adjustment of faradic current. peel 2 le ge eG Be 

‘ 
| = § - Aéby—Experiments on muscle contraction Lee ee ge Sh SO” 

. ie Re ee | Se | | Aigrette Se ee eee eres go nacon re. Oce 

a ee 
| a Air resistance in static machine.......---++-: Re ee cS 

- :. Albumen, effect on educuaity of Vacbboclaye mma rene at B 264 

o | Albumen, fixed weight of, in the JOCK Brees oN OOo On © 426 

| Albuminatia~. 3c. soso ees soe ere eee ie ss eee GEC HURy AS 

: 
a Alcoholic. polyneuritis......-. esses eee e eee: Oe oy da Oh tae OOO 

i | | 
Co Alienation and hysteria.........+++--- i emai sieeee pel oes ATI 

| | 
: H IIQDe Cia. 4. oe ee ea st Se LU ele Aa eA OO 

| | Ameénorrhoea ......---- oe Se ne re on ce eae ae 

; : ie (Nanvicis bands. ccmm ce ee ye ene Cetus Beer iy Oe 

- aap ene cies hoes eee 2 He GS Heese tpn tence ME aes HON OS 

Ampere’s law.......se eee ee rec cere ee MM acre ic Ol) 

‘ ? 
Ampere-trn 2... 6. eee eset eee ee eee reete REA Oe mc KOS. | 

| | 
AGeGtHesia’ 1 eck feos aos Seen «3 pe ats sre) 

Anesthesia caused by high fea tency electricity. ic... =.¢-6 327 i 

Analgesia by high frequency for tooth on SIS) 

i : 
q AmanOlOS ys 65 hss eeiceer ar Seer tae eee enya 463 | 

| 
Anelectrotonus ...sccsiceeteceestteccscecscerereesentes 277 | 

| 

| 
4 

33 



\ 
ES STS SS — - sah vy ‘ } : eee — Fn Te ee RE eS 

tm, » © 2\ ov" 

> 
- 

562 INDEX 

Aneurism et eae ene BR coy haat ee 

Aneurism, miliary...... SNe Mae cle teera taco give eau eT Soe 

Aneiokeratotias 4. 0... veces LE ROR ater 
Angioma ee cat es Sree ol Sa 

Amole Of advance. vac Gan th seo s or auc teen: 
Amimal-electrocenesise:.c.3 ciuac bho Sa toa 

Animal electrogenesis, if Arson vane theory oF ARGS EOE .. 288 

Anion . Sw pee Siete Sele aeen oe Sepunaah her eer Mes 243 

| Antolosis s Poona. 5 RES eres te Eee GEE. SES AAT 
Anomalies of galvanic maesie LEACtION Ys ieee SEE 308 

PAM ApPHOTESIS Crs. ee cece ie hare Shiels Nie ee 268 

PRT OSIM NAR cin FS ee Sle ee eae cane Bice CHS See nea onstonneraetints 512 

Antagonism of X: “tays Pe light. ss CRG Uae ees eb G2 

Anterior brachial’ axis sh.0 0: secs a. nos oon he aes eter. ASS 

Interior Ckural: “AxISys ase ie eis Ose brat ae ~ 435 

Anterior crural nerve, paralysis of..... ESE sires BPC AR CXC 7 

Anterior poliomyelitis.......... nae sud bey aac an .» 408 
PMMGep tic ACtHION. Of OZONE... cs. ctc ray one. Ms O54 

Ants, fissure of....... ree Pais ue te wa eater ne a ee 
PND MASIA: Pee ees RGR Ree Ghee ae ARaR eG uaieon ghaegle 

WANING PU ORG ae Gard Son cee eaoneta rays, Soe lars Sarat ge sects SuUnY V Serene 

Appearance of a focus tube in use.......... Pa oee coe eee LOY 

Appendages of the respiratory tracts, diseases of........ 526 

Application of high: frequency currents: s.3i4. 5024.65.00 190 

Atan ‘Duchenne’s disedse. .i....5.. 0.8. se oau Aue eat wet 408 

| Arrangement of battery of cells to give maximum power.. 33 

Arrhenius, theory of electrolytes..... SSNS ees eds 

Arthritic! eczema.......ssscsceeeee 1d So neha Guava] skaro ote Sewele SAGO 

POAT CN PIIS ieee. a Re ee Pe OS es SSL nce eve 440 

Articular rheumatism. <...5-.... Pion SiS, Se RSS 

Se Peubhicial MUSCIEs ss kN. Salo e Sele ees eon ibnbah De Re eOS 

ANsphyxia “Or the extremities, .siss2 a0 os 6 ce ee Be. ts A22 

NSUntWae oe verse ee hk eee Nae ES SEMI EeE EE S20 

PRUNGEOIM A fo naa eye tones wise wots ehele oie sta'e Seeeiahets sees AI 
PRMEtOSIS tf in Re See eee ee ae Pen a . 366 
tO, GenmitiOnOl. sa Se hs Aegon: ee 244 

Atomic: Welent.:.42. 5 oe. Sear A sik Air Oo ar ick, See Sao 24d 

Atomicity of a molecule......... Ec Miele Si ean ee a Wa St QnA 
Atony of the bowel..... SE Feces Gh Er erg ents aio on iS oe esse 

‘Atony of intestines, constipation due to....... Ae oe SS 

Atresia OF Ne sUplialy Catal. s0s.0. 0. sais sv slscee we se ee ee AOE 

INDEX 563 

Atrophic myopathy. .......++.++++: 4 OG Siu ee © 

Atrophy of the optic papilla......... Sikedisibo Sie seh eS 

Atrophy of the tongue..........eseeeetee eee tee eee ee ces OT4 

Atrophy of the muscles of caumatie OLISI1l. «22h. siete, 

Auriculo-temporal point.........seeseeee eee Bet ear 3800 

Auscultation to measure muscular excitation. Fe se SOS 

Auto-conduction ........eeeseeeeeees CEG Ree Stee eee cnl32 

Auto-conduction for gout......... seer steer eee wees 504 

Auto-electric phenomena in living beings.....--.+++++-- oe 207. 

Auto-electric phenomena of muscle in ACHIONG ita wes teres secon 284 

Auto-electric phenomena of muscle in: repose .. 3... 282 

Auto-electric phenomena of nerve in ACHON sy ealecis «a ores 285 

Auto-electric phenomena of nerve if] FEPOSEs sen vet ee e208 

A.uto-electric phenomena, theories Oise Rese ee bike RIZE 

Avogadro’s law.......---- eS nee Ae es ethan Sao . 244 

Axial current in a nerve.......eeee eres ee hn Re a ri 28g 

T Nee (ot ates Rr Hennig nin reat nS O00 000 G COD 20) 272 

B 

Basedow’sS disease ..... sss cceersccree reese cesesseree? 418 

Battery for medical use .......-++-- SRE he oe: aie. Sad 

Beard’s diseaSes....cceeee crete eee cecee BO oe ox LY 

Benédikt’s treatment for constipation .......+.s+seeeeee 535. 

Benoist—Transparency to X-rayS.<.....-. PR er 710 

Bergonié’s cell ....6.-.0. esse cee eee c tees: eG Ses +R BBO 

Bergonié’s rheostat.. ier) a RES tren eee Oe sHietere eS 

Bergonié’s apparatus for Aipihmic faradisation. . Fee ei EONS 

Bergonié’s machine for sinusoidal currents../.......e+ee 116 

Berthelot’s ozone generator. .....- +e essen ees CE ee  etentneae 

Betton Massey’s method of galvanisation ........---- sees 417 

Bi-polar electrolysis for ANGIOMA..... cece see eter eeeeees 428 

Bipolar resonator. .....--..sse cress e cere ees ee a Y/ 

Biliary calculi... 4... -3es5-6+s-.2 28+ sect ee re pen Seo. 

Birth marks........seeeee cere See aewastuntes eee HEA2s 

Bladder, paralysis Of.....+.--cerceeerescerer
 et teeter ses 473 

Blephanitis. .o1e. . 2523 oa. ue ce eee Een eNa Waae 5A8 

Blondlot’s oscillograph....... Sept cr ht seas ore oy 7 

Blood, normal composition Of.......eeee creer eee e ee eeces 433 

Blood, action of ozone on..... Sec eu eeadcens YESS PE ENS 

Blood pressure, influence of static bath on...... eee aes elo 

Blue pressure, influence of sai Bath Onn or-o5 416 



: ae, Ye 
¥ if vy 

! ps | - + t 

564 : INDEX’ °- Die 
att 0) agai 

Bones endiointe diseases of. Mane en emir ares ited «5 
Bougie, ringed. ciiecitititnmeeeiees seins seh tSecies se esse oe AOE 
Brain, galvanisation of....... sSoocovesefagavosannnmtehcape ah, css, IN Sea TE 
Breast, -Canceniotun Src uses Fe PUR ON ae ons 559 
Brenner’s secondary excitability. fein a Ee Lee 519 
Bronehitigt aw ei socks Ge: sisislnn exalttexcmtel Massie teint eo 
Bulbar paralysis..2. 0. ...... ens 

Caleuli, urinary. ..,.. 
Calefaction .. 

Cancers (ele: ag Daye Sse a Pe tees Gulescbievotol fees coasck 6s 580 
Cancer of the uterus....., : 
Canctoid nc a eae aa Gee en 

Capacity. ce. s0 se ne ( Ags ne 
Capacity of a eeiencon went diaias ps otacy 5 RUMEN Mac Ge eet) eee 160 
Capacity of a conductor raat 
Capillary electrometer. way ie sfils -2O8 
Carcinoma. fee oe a Sage Tas eaten Pi Savicise 
Gandiac hypertrophy. . 6s ge se. wisn aioe Sh CG lg ki es AO 
Carnay’s theory of muscular contraction........ 2 Wash 208 

Cataphoresis. Bais oise nia tbi « oleragie elev cleieisteuela. HNO atiAs s POAT 268 
CaMMelectrotomus <cas ck ocr: One hs eee Wak a 277 
Catenitisation, of dvair follicte 3.0 4. 20.) 20) ie a 406 
Caode rays hay. hk aa ie to toy.| 
Cathodic evaporation Sphinn ieds 0 pees. «+ +185, 189 
Careline i, dase eee De Neer sain oS AR SELLS aia 
CaZenOvers UPUS ee sale) oui ce ren a ayaa cu . 481 
Celie. x ols, Bird, Vy ements G 503 
Cellular life, action of high anon, ONES ese eee eae 
Cerebellar Meas ee ee 409 
Gercutal Acthcia sc ae ak ee ee 
Cerebralohcmorchase... (5.0.50 okies Nee ke ak. AIY 
Cerepral paralysis, ce A ree ST 10.6) 
CcleDial SON CHING Wo Wee sl Ae he eee, 412 
Cenyico- brachial neuralsia, ¢70, 3 Glew ina 398 
Cenyico-Occipital’ neuralsia: 3.0. iy ae eee a. 308 
Cvarsing, accumulators... 34). 9,65 be 43-63 
Charge of cathode raysy ins wnnee: 8. et ae ae 18s 
Charge a Wimshtitst, to.....:..... aig sha aca yak Sate Pag WS 

INDEX 565 

Charpentier’s interruptor .....,... 2.5.2: «2 6.5 Te 

Chemical equivalent... .2...00: SoG ck LL 

Cheval’s process for electrolysis of eee. 

GhaNblains yo 6s Fe «seas ties eh ase ose adie die ma dieay <b ceneje se OO 

Cholesterine—T ransparency to X-fays...3........-: stun 505 
BOCA soso oes sve aio ohics os ince Gssilane: euial alle Veverel a repusloge amet une gman 

Ghromo phi. eee w las Sore eh ae oelg 05: Aare easel ap are els Seba eieee SERIO S 

EMrOMOLAGlOMELEH Goes sais vias we cress sae Meese Se iss Ua coer w et OO 

@hronic-rheumatisny. 25. s-< Peeks sere til ive, Clee ay OOO 

Gicatricial tissues. ho hoy ane ee ree lee tae oes aA 

Circular electrolysis for stricture of urethra.............. 465 

eGigatte ae ee ar ee UO eee Cee eae 481 
Clot NESAVE Se hse okies ois gis! ale a. volettnn o peueehoees est mene OTe 

Coefficient of ital cdacuen eee A ec mee (07) 

Coefficient of Sadun oe ee 107 

COCLCIVE, FORCE reo ers Was ee SAR eT oe ee eLLOg 

Cold: radiationss:. fcc aie ses eee iss Area ieee ee eaten oS 
Collectors for batteries ..... sili etR Te Sct CL cada SOIC Meat 41 

GComedOnes oo eee ooh s Saws os os BGS hoe eee 

Composition of the human :-bodyas . wstce cen ee. ow an sales OO 

GCOMPLESSOM ole sis en's 5 Se kee sy Weeeons bia oie osu Fane ee eee eS 

Gondensation, high: frequency: .s5c0s tis secs ee poate es 

Condensation Of aqueous Vapoutsss) js. soccer. se. 2 oe 209 

Gondetisine: force: ; . 6s cing sso shes Gime soeetaee clean eee BES 

GONGENSOLS oes oo AEG Cem Gee aOR eS a see Ee es Saas ESO 

Conduction of human body........,...eecesceseeeeeeee es 249 

Conductivity of animal tissues........¢..cuvecsstsedeees 257 

Conductivity of gelatinous ters ee 264 
Gondtctivity. Of Serum. .% ... ccswl eek oe pce ssa een ee 

Gondylomata sea cy eos cc vie cc oce ee ieee ee eee 
Gonical’-eclectrodes. oe eee hs Ses hin SORES eis PS OOO 

@onstants of an electric..ceneratots. -a5nioyshe as sic 23 

GUSH DALION ee eas bees oe as Gee oe ree 

Constipation due to atony of Naeectines Chao bicare Reseed. aes oS 

Constitution of matter... 5. cay. os ei d oeuties  epbnyen ew CA 

Constitution of muscle.......... ee Van RRO Te AIC 1 

Gontinuous CULTents . so eo  e Seid Sahel attra aie 25 TS 

Continuous current for medical week aot Cal bale sacra eees 34 

Gontinuous: current Curves... o>. $6.55 aercrs eee. eens esis So 

Continuous current, physiological effect of............ 269 

Contractility of smooth muscular fibre ................++ 207 
@ontraction; “muscular yo sic be sas eels ecco n 298 



¥ 

566 INDEX 

Géntractutie-.¢ciiss.sqekeess soe 403 

Contremoulin’s method of obstetric radiodiagnosis....... 

Corneal opacity2.c. 2.2 s =. eae eee \. 

Corpulence and adiposity, difference between.. Rees 

460 

551 
506 | 

Coulomb sors Ge esc ets ce ec ome eee tte pun: 10, 164 

CretinisM F003 co 6 ce vise sae see teee eee eee 

Re 
cs6k ao eo ee 

@ryosc
opy < 246s te coke tebe soos ores: tae eee oe 

ee 
ee 

Current, unit ee
 ee a 

Current and resistances, ratio between...: oF haga
 

Current rectifier.......ccce
cceseeeeeeees oe eae 

Ciitancous cancer
...) 15 aa. ot er 

Cutaneous bo se) Meee nee ee 

Cystic disease of thyroid.............2eeees 

D 

D’Arsonval self-recording alternating current register 

D’Arsonval resonator............ 
oy ee Mena 

D’Arsonval high frequency apparatus... Sy ee 

Deafness Se oe Se re 

Débédat’s olive-shaped eeoie
e  e 

Decrease of resistance of human body, cause of. 2 aaa 

Defects of nutrition, diseases due to.........65. “aie 

Degeneration, muscular reaction of (D R). eae ots ; ons 

Degeneration, reaction Of............+s00- 
BOareican 

Degree of adiposity..........e0eeeee
 ey alee 

Dend nites 2... 8. ak cee ee ON: PORTER ONS wueaoee ss 

Depolarisers e
e 

eoevrseeor eer ot 

/ 

ADETINOS La PMISHIs Asi shige ses ps ‘ 

Detachment of retina....... pGeite eine aise 

Deviation of cathode ray iene 
6 ee 

DAD EECS Peers Swi a tale di h'g 6 see aio. o nieiecesshere ae 

Biiietcs tucotmont by Wet treauengy te 

hoe dee He ee Sa < 

Diapositive:....:4-.s
.- ee ee eee 

te a
 siletal cia oteretene Ie erelie

ie slepetene 

Diffuse MGC, eee a 

Bee as me aducsons et ee an heaete th 

Dilatation, bronchial........ phe Aes ae 

Boric act ae en lee 

245 
408 

9 
83 
55 
494 

120 

136 

123 

519 
465 
266 

503 
374 
305 
506 
272 

38 

340 
555 
185 

507 

ci 
‘ 
3 

‘Diphtheric polyneuritis ....-.-sseereer re 

INDEX 
567 

Dimensions of electric quantities.....+sseeeeeererreeec
es 7 

Dionisio—Phototherapy for OtitiS, ...eceeee eee erecceees 

Dislocations, eadiO-dia@NOSIS Of -. v.60 eos ge . -435 

Disturbances of nutrition Of HOMES. .: seer cee eee ert t ee . 445 

Diuretic action of einuisoidal clrremtS i ee 

Douche, BICGUIC? pac er rt soe 

Doumer’s conical electrodes....-- 1 Se easaetearags 

DR, pathological significance Of...--+++: é : 

Diichenne’s dise
ases. <>< ers ete 

Duchenne’s rheostat......--ess
eereeree ree 

Duchenne’s method of testing muscle..... ee Mees 

Dynamos ....-eseseees ere ae nia ape Aa aa 

Dysmenorrhoea ...eeseseeseer esse 

Dyspnea Ca CAG ee een ee 

EB 

eee eeee © © 8 

Ear, diseases pe ee ire comgo 20d a 2078. 819 

Ectodermic cell......--seeesreette picnoe cues 

itczemas S46 eect sess ete oe eee 

Fdison accumulator......sssssrr
srer tt Biss 

Eddy Seat
 ea ees Sevag, uae n

ee ae 

BRIGIENEy St ec es aya 
Efficient current ...--++++> Ba oe eee Sava Seay sae Seana 118 

Efficient E.M.F. ...-----e es BEES: BN 
eNO OO aa ERO 

Effleuve ...-:--+e: ORN
S Sa hae cio setters 

Effleuve, technique of treatment by....--eesssFertere? Lt aIGO 

CU vations coe
ds en ee 

337 

Einhorn’s method of intra-stomachic electrification. .... £3555533 

Flectric enema ...--::: a 

Electric energy. ..---sesereet
er eee are 

Flectric exhaustion.....++-+sse
errtetrc rs? 

Electric Fe, ae is ae de ee Sth Su Bivens 

Electric light, physiological action of 

Electric excitation and muscular response 

Electrified bodies, properties Of......s+eere
rerrrn Higa 

Flectrocaustics ...--seersrer ttt Nee i emcaren 6 0 iss 

Electrochemical equivalent....--.+++ee
sreect ett 

Electrodes ...----++°: ha hc ase coronene 

wi 

Serato ae 3 tSSio ne ebETbee eekieebteckiseeiaetd 

Spireaemis Stee te ethos TSS arse FE: , = aos 

SES a Se eee 
sean 

ee Ss 5s So oes ess Rost. e ahes tapes tors 4 TSS RHRESSEREN EES + r3is32s sttecis: 



568 

Electrodiagnosis: sc. avis 

Electrodynamic units. 

Electrodynamometer ....... 

Electro-genesis in animals 

BUS CHRON SIS Hah Her cis oe Oe oA ks 

Electrolytic conduction.... 

Electrolytic electrode, polar action of..... Seales aoe 253. 
Electrolytic transport.... ROT Ca eee ee ene ae shades OP, 
Electrolytic Valves Sek aera eA Ned Rien, omen aS 56 
Electromagnetic theory of light Le eta Vpn ee ee Sc siera eee 
Fleetromotive force, unit of.,.. 2.02... srnolis ‘ we II 
Electromotive force of muscle........ Ps ea Fe Vane Uy Sista (22 
Electromotive force due to muscles of heart....... sepeon eke eOO 
BCC ER ON SOW foie earopateuat setae Fon raluno reer Son sige tare ; 244 
Blectrophysical inversion in muscles, .;... 2...) .. 2. occ: 371 
leetrostaticnv batho. cows, cee ite ant ey eee aes at ba iguiols 2360 
Electrostatic field... F coc Nee ee tee Hehe Melee ee LGO 
Electrostatic machine, therapeutic use of.. satel eee 
Electrostatic ozone generator......... a ed scene ate att ori oa 
Blectrostatic pressure) .2. ..34.0. 0, Seselei eeia mia otal tea ea ie sTAS 
lectrostatic unitacccsa cas Ck ee itis Cite smrcays DASaTOs: 
Bleetrotonic-eurrent........2.. Aer OAR IT ee if 
Electrotonic current in nerve...... Peeerdieie eee sie e SA ie SReOS 
BISCtEOLONUS rey coro oe eee can 271,.270,.279 
Electrotonus—Effect on excitability of nerve. ua a cuetewrg ego 
Embolism> ..1..; BES OD Dea ais ts hehe) Meas Sc Ei ene 
EMp hy Sema 625 cdi jared: PUA ONB RS Ci Ree ebay Nee are cette: 524 
Encephalon, disease of the... saan cherwialois ie sir.0 aheloieterly sia kO) 
Endarteritis obliterans ......... sere bi) s Ural ea le ot ; 559 
Endodiascopy .. BO Rae ee ole enn EOL Rn ere he) 
PMGOMCMIMS Aes ee Pe Pe Ss 8 SS Det rene 7) 
Hnema, CleCtiies. 2o 400 ee eat LS ESCS 
Engelmann’s theory of muscular contraction.... See NeOd 
EMtrOplon. fee Gee SA es Shope Ser APS he 546 
Ephelides 7 e207 eco: SR Une sede Stak Ae, Me eee .. 491 
Epilation ns SietaloreG in ee Sie Malas V olemeeremes som tet ee oas Suara OO 
pileptiform-neuraleias. ce oN ee Berd ne re rs OO 
Epithelioma . SGC ir Gear Copel eee dee See 494, 559 
Equality of irradiation in X-rays....... sree earth ae essen SOO 
Mquilibrial layer. 24.08. Ue: tS Os A RES SG Se s. 147 
Equipotential surface........... Re rageRCa Ne Oe meet ea fetes TS 

# 

Equivalent resistance......+-sescerreeee eet tense rece eens 85 

Erb, experiments Ole eens Ba eb raine A ct RE RAs ee AML 

Erb’s treatment for constipation. .....++s+eeeeeseerecee : = 

MBC PDs atele te lols cle Sons's ieee ot ee 2 

Eroration, eieairic Pe ee we 

Estimation of ozone in GAD oes es eat Ce eae ¥ 

Eustachian tube, contraction of......-.+.-. Saute 5 ae ae: 

Evaporation, electric...... umes: RRS Sor arena Gr A se 

Excitability of nerve under slectoronue. ee lay et a 

Excitation characteristic....... Bares cc ets neae: reel te: i 

Exciters for high frequency currents....-++ee+sesrrerr es : 

Exhaustion, -electric.. Bane eo 5 

Exophthalmic goitre..... SE VU Arcs tages cada toabeLe oe 

Exophthalmic goitre, electric resistance in......--++-+- ie 

Exploration of nerves and MIUISCLESs neki cies Dee natatalets : 3 2 

Extra current spark. ......-esecerre ree eeeceee Ba thee) be 

Extremities, local ee Ohauar eres Bee ein ; : oe 

Eye, diseases of..... eee saa aiie Se ea Reg amen taal et ahs (sete 

E 

Facial muscles, progressive atrophy of.... Le seengerte eres: . 

Facial neuralgia. ..++++seree sans, Ce ee . 

Ae pages 2s ee fsa ey 

APACE) oak ss oie oe Vlas Soke Oise es eeueiei =.= 

Faradic current... Snips ee ne Eee a 

Faradic current diagram....... see tn eee eae base oe 

Faradic current, effect on sensation........ REE Ge Soe ai i 

Faradic current, physiological ACO AOL eseeeersenes Br eset east oe 

Faradic current, test of nerves and muscles by.......-. ree ae 

Faradic current, type Of.......->- sy oes aaa tea cae tv smay atecess cnet 

Favus eee 
= 

Pynsen Wehbe 6c coc. i oe ences oe ee ae ee 

Fissure of the anus....... sects ol Eig oe 

Fixed albumen, weight of in body....... FOR RR Pees OG O05 

Flaccid chorea......--.-sseecrsrreree ‘a
aa 

Plate foots: seus. siclye ss OM ei oil d IR SNE ge ee Reteg eg iaicteke HR 

Flat spirals for generating ozone....... TPN Ce oi 

Fluids of the human body, resistance Ghee oes: Ce apoiee 

w@oeooee eee @ 211 

Fluorescence caused by X-rayS....-+eees see eee e 

Bilux Of 106CE-.-. 25> =. IR SdH Oh gana aa Meu ae 

Focus tube..... 
eoeereere © © eeenveve 

20282 2 & + eeesre eee 



570 

Force at a point, electric. . 

Force, lines of... 

Foreign bodies in the eye.. 

Foreign bodies, extraction of... 

Formation of a focus tube..... 

POucault current... 20s, s 

Fractures, radiodiagnosis of. 

Franklinisation .... 
_ Freckles treated by red ene. ae 
Freezing point of solutions...... 
Friction, electric nes 

Friction machine, electric....... 
Friedreich’s disease.... 
Frontal radiograph.... 
Fustigation, electric.... 

ee @@ 

eeteee 

eeseeee 86 6 @ @ 

176, 335, 338 
Sele sshaleraaicunge ene ee as IO 

Deere eae AGS 

Gaiffe’s high frequency apparatus... 
Gaiffe’s transformer fot X-ray work............... Ahem ceto 
Galvanic anomalies of muscle reaction.» * 
Galvanic current 

Galvanic knife. . 
Galvano-cautery 
Galvano-faradic current . 
Galvano-faradic current, physiological action “of 
Galvano-puncture ae ieee arose oe tine aces co tele a GAOT 
eGalvanometer. 207). (eo) ee: 
Gangrene, senile. 
Gauss 
Gelatinous solutions, eoituctivity of 
General system, physiological effect of sinusoidal current 

ONtier oa 
Gilbert wre 

Glandular Aree spatgmuarein teres 
Glandular orifices as path for ions. 
Glaucoma 47.2348 wees jessie tists Sira’s seo o's sieve os we SA 
Glonus: hystericuses cc. Ser ee ke eee ates seins ee ATO 
Glossophegia ............. : di Gial'e era apsisieis sls ois oe OTA 
Gluteal point 3 ee , P09 eteo ese SOF 
Glycogen, effect of X- ~rays on. Ee 

oooeoe*sev eee Seeven ese 350 

Glycosuria or eo @ @ EU sehekenweleoeneheicensnelevioue 
te tone set one on socn 507 

eeeeeeet eee eese 

eeereeeeve. 

eseeveeeveeeese 

OUD *, 9). 9). 0 (050 OO 6-10 8 01010 0 01016 0 0706 0.8 

es®eeeeeeeeeeeeaeenesn 

ee dese ee ee 

eeoeeoee 

) Sagas ve ae Leth 
AO OO Deo OOo SAS ene ale stone euesene etietene 150 

gsi sheinta wisi isin ove cheep ieee ae oe AOAGy 

= 2),0,,0 K OF 65. 0> O10: 0, OF'0: -0, O16 I29Q . 

INDEX - 571 

. Pe ee oa srs So 
Citterio eee aes oct ee Fer Pe es ot O/ 
Goose. skits ee 

Gouguenheim’s electrode ... 

Gout 

Gramme molecular weight.. 

Graph of an alternating current.....+-- 

AVES GiISCASE! tastes ee 
oe 

eee of muscle caused by gabeane:farsdieaio® 
3 

Guinea pigs, effect of ozone Coa 
2 aa 

Gymnastics, muscular, for obesity ..--+->- cS 

Gyneco
logy 

Pe CECE Oi CEL ROY I) OOD ORS 

H 

ab’s electromagnet ...-+-sssesterr sett 

See effect on conductivity of serum 

Hemorrhage, Gee F
ey S 

Hemorrhage, uterine ...--eerserreret Ze 

Hemorrhoids ele 
ee 

Hemostatic action ....+-+ereersees : 

Hard and soft tubes.. ; : 

Hardness of a tube, to Aah: .% i . ne 

Hardening of a focus tube, to oreven Se 

Headache due to neurasthenia.....+--8- ee ee 

Heart, affections of the a oe ee 

Heart, E.M.F. due to “muscles of PNG sicla ocsexe core ee, 

Heat baths ....--+--seeceee: ees
 pees 

Heating effect of cathode ee 
5 Ene 

Heberden’s nodes ..---+sssererrrtrtt 
7 

Hebra’s telangiectases .. 

Hebra’s prurigo ..+-----: 

' Belmholtz ...-.+++++-°- 
Hemichorea .. 

Hemiplegia ....-- 

Hemiplegia due to softening 

Henry .. 

Henson’s band .... 

Hereditary neurasthenia ....- 

Herpes zoster : 

Hertzian A tinisation ie 

Hewitt lamp 

Hiccough ....--- 



502 INDEX 

eae ey currents, direct application of. .122, 131, 13 
+igh Irequency currents for tuberculosis... aati 
High frequency condensation ........ oe a 
High frequency current, physiological action ob. bee 
High frequency ozone generator. ; -+ + 323 

Hollows eee oi byals ie claw she trey ath witaists 225 

Holzknecht’s Sao nOfidionieter ee isu ee 

Holzknecht unit ....... bee e ce neees SPONGES HU ZO 

eo ee Se 

Houzeau ozone generator. . as mee aes Serena! 

Maman body, resistance of... ees Ts ef : 1) 229 

Eeydrarth tosis... a... Cera ie trees eee e eee es 205 

Soo mes er ua feats . 443 
ee a aaa Se ree es ae Bd 502 

ee ee ‘ wipeuacdhey he SA 

Hypertrophic acne ........ prince sir cea A Wem abate $4.42400 

ee ee 5 a Syatand ten sees vAOS 

isysteresis av a Oe eri ann: cn 

iiysteria ...... RS PS oe camels cheryrnn et OF 
See, sijelo slsie ere Tofitepedeiens heey kas rend LO 

Hysteria, treatment with magnetism 
Elysterical aphonia .:... ., Raa iu 
Hysterical contracture......:.. 
Hysterical deafness ...... Lp Sah Ah a eeotoeoeoeoeeeeveeeeeeeened 519 

eeooevce¢e 

I 

Idio-muscular Contraction: «.. 5... 
Illumination of X-rays....... Sst peeseccveccceecs es 300 

Imbert, contraction 
of muscle. : coeeeeere eevee eve nee 200 

MM PO LENCE sia cis peice ook web ain uc? 

Incontinence of urine... < rete eer eee eee ces 469 

Indifferent electrode ...... oe ee ye 
Induced current of b sect trsho eis cele ieueleng: © & Spe intehe ero ao) 

; reak, physiologica 

Induction amperemeter cc Fae ae. ae 

Induction, electrostatic .......,.......... sr cudhe gel aaa eES 140 

Induction coil oes P er eee O16 0b ee 16 ete 144 

Induction, coefficients of............ ee os Peg e ese wale 100 

Infantile spinal paralysis....... Sec HOY 
Inhibition J a en Seoeevoereeevee eee oe 408 

Injury to nerve causing DR....... teen eee’ , 327 

Intensity of X-ray, irradiation..,....2. ees es Se 

Intercostal neuralgia ................... ee he 
3 LONE s Ssonriclohet hav feces senate eG Lnscierego 

x 

£ 

Se a Vee 

ces 

oo te er) 

as ee Rear E tee eis 

RACES Rae cae JN a ig ahah SO ES 

INDEX Bug 

Inter-lobar pheumonia ....-. NE Or een eh 56 3 8 SL) 

Internal resistance of a galvanic cell........+e+eee--- 19 

Internal resistance of a focus tube........--- ti caeuee 192 

~ International C.G.S. units..-..--++++°- jeyee bees seeahe 8 

Interpolar action ...-+++eseeererts Jelk) Sia Hahsiata Iyae Sect OO 

UAberkuplOF
S 66 yee ces ree eet eee es 

A ane 98 

Interruptors, electrolytic ....-ceeeeeeeeets ee 
128 

Interruptors, mechanical. ..cececvsene seen 
127 

Hpestinal OCCIUSION ov Fe. he rer cents WiaR ENS cee 538 

Tet estinal WOlMSc
- -& .-» ical csee secs oe SE a se 538 

Intra-temporal paralysis ....++s-reerrsese ttt Soe 
5 304 

Intra-rectal electrification for constipation ......--e seers? 535. 

‘Invagination ..0..d..-+..eee ee eeees Blaha cuit gg auctiaatar 538 

Inversion, electrophysical ......--- SoS ses rice OFF 371 

Inversion of order of muscle reaction.....-+e-seeees: 368 

Inversion of physiological formitla ss. ee oes ue meee 369 

Ion, definition Of....---+--+++++:: REG
AN er oO 245 

Ions, penetration of integument by.....----: Reels | Ape Oe 

Ions, role of, in organic electrogene
siS.....eee reer ees 289 

Ions, theory Oho as Ges Oe ee ce ea os . 244 

Ions, transport of sinusoidal current by...----++-+++-> 7820 

Llonisation .......-: UG tee weer eee es Bao ; 206 

Jonisation with lithium for gout....----++++> use ccna 504 

Aid O=cHOTOIGILES, «- + siecle Geil sneer ey ates ee 552 

Fa tiS: oven ba Hee eb es ait ts eet ee 552 

fiproration= clecefiC <..e.c+ sees 2: tbs ee 335 

leet 
Joints, diseases PAT ep des rac a rare SUG K NS SOOO § A34 

Tene) Re aro eean conn i tciape yamiicle SS ae 15 

Roules daw Corecess ner ss ae 22 

Junius’ cell: 00.6222 320-2 eet rs PER OR ars 30 

K 

Kanalstrahlen ......+++++++> cia EWES IN seks ee 184 

AEE Ge Soe ee epee a ed 489 

Keratitis <....-+-++s+*: AU saa ilietg anne euebegs Diana aie ey il 

Kidney afiections...- 650) +073. 072 or ce 6 aan 472 

Kienbock, X-rays for pelade...... a em ait ad oa 5 A09 

L 

Labbé’s ozofie generator. ....-seseere eee Ve ere eS 

Labile high frequency applicationS....ssrreeereer eres 131 

SSS 

— 

SSS SS 

= 

ayn t 

A att \gR=a 

A 

i 

ES 
ES 
sey 

Loo 

pas 

a: a 

: 



SSSSS99B9aa=SaS 

574 . INDEX) 

Labour and its complications.......... rr Oe 

Labyrinthine. Otitis...0..5. 33.3 .s Silas Sera. GLO 

Lachtymal ducts << onc pe osteo ce ee cee tne tags eieiee oat .. 549 

Ractation 25 433% GAs earner oate,s Le eee hho ba tet AOD 

Lagriffoul’s experiments on high frequency for tuber- 

GUIOSIG @ 2 sess hr ss ete et e's Slee Riss Ge lnie'sce SEER RARE OSS 

Wealaide Collis ciceck cracrsie) chew leversicter evs LESSEE a ti eee 30 

Tete Ss Otte risa prete-g sieteth wreisiptarcite ot oot eeated nn ope ‘pica al73 

arynx paralysis: Of6.66.%.6% tu. 0 tutes sees Se ane 527510 

Latent period of muscle excitation ..........6..-...66. : 301 

Lead in dynamos......--+-++++++++>. SLE NA a oiae, she aga 

Leduc’s operation for phimosis.,.........4.-...0:-; NADA 

Leduc’s oscillatory rheostat............ eRe eas 116 

eenard: tayvses ites ins ose pip cee eee ne CES RRS 185 

MSCUICOCY CEMA ci sj. eter cer taeeterhe Sah oa he ieee oneetr et sieges 433 

TSEUICO MTs ise. greeter aee ee isle iid chey (Cate sates a aa Gee ope Sean eger 551 

Hemkcemia: Vcc? 77st SEoheucce Seen iat a Es bets RASS 

Lewandowski’s rheostat .../......-. Ris PSS e 2 een BO? 
Light, electromagnetic theory of....... fie on Ss 102 

Linear electrolysis: for stricture. .:2 6.2. ..0..% 60. ioe eR PAOA 

TeiteS Of LOL CEs fav ae heen ee ane: Any PA eanrie?celSO 

TerehTaSiS! 3 eines ae es ore oeseletarete Less Rie OO RES OS 

Rittle’s: disease: . 3 cade RENE EL ARE 407 
Local collection of adipose tissue. ...... P.2/o. en ee 506 
Local effects of high frequency current..............» 333 

Locomotor ataxy........ Sie a Braces pik he eae $i EI : 403 

Longitudinal reaction of muscle......... do 802872 

Longitudinal reaction of Remak-Doumer............. 408 

Loose bodies in the joints...... HSmacehi/asutayat nes ahtuarou neon .. 444 
Lortet and Genoud’s phototherapeutic apparatus..... 230 

TEE DAS Or es ies ears waueie oecs ceca ieee SEMEL sewers 1300 

Lungs, non-tuberculous affections of Sica ahs Bees aod 

TPs Ce iastNeINatOSUS. «oh bee ecw ec os wale teeteee Pe vos 
Lymphangioma= 2... Rai Rerate  sfoc Naleer BA is te mae salaries ae A431 

Lymphatic SVSEEMI ceo eee ee ies 
ole ene haa ak areas nosthia Gen ease t2 Seat Getye S Uegce te RASS 
VIPNAadema <1. sfei. cose ses Sea Sie tre Regie oS este Sue rea ree SASS 

M 

WMacroclossiags: 23.0 ac. cds os weaien. ou eathaie See Eee HEE ABI 
WMacnetic. fields. 2. 3: cas eiae tabs yee ee 9902 

pet aia es & 

Tn 

INDEX was 

Magnetic Geld causing rotation of plane of polarisa- 

{IONS as Ge EGA gg giglaits <tal ecore BS € ong a 355 

Magnetic flux.......-+-+: age weer aa wee corral enone 102 

‘Magnetic permeability .....-+++++se00+: by . ae OR 

Magnets and electromagnets....---++++++> id Sept eae 52234 

Magnets, physiological AGHION- Of a1. 6.0 ss ee 6 so meeer ne serecmeas 355 

Magnetomotive force....++-++++++* irae cheers. < aie seek O2 

Malformation of wees CUE ees SEA CASEIN [Bia SS see we. 445 

Malignant tumours.....-.+++ssesrerreeeee 
ah sae eR tia . 553 

Manometric electrode.......---sreersreretr
rt Perey sy. (0. 

Warie-Davy galvanic cell... 32-25) -e te Be 

Marie’s phototherapy....-----+essrrettt
t wean eer cae 231 

Marie and Ribaut’s radiodiagnostic method.......-- .. 460 

Massotherapy ee
 ee Sate 356 

Maximum power of ealcanic Cellist es es re eee 33 

Neascwee lle circa ctenistete rele tes Roms eee packs hoes a 102, 162 

Niean aolecular: conductivity ~.+.0 2573 -e . 246 

Measurement of high pregucney “current eer Re ee 140 

Measurement of resistance of human body..... Perce: 266 

Mechanotherapy ..-.+-eeeeees rete tl SR eae oak 227, 356 

Mechanical application of electricity....-+++ssserrrees
 355 

Mechanism of muscle contraction......+-+eees tees ne 201 

Median nerve, paralysis of.. : Ree ae ec 388 

Mediate excitation.......+++++see: SE ees AY ag Se 385 

Medicaments, transport by Hicclaoluaian: ais Nee. ees F207, 

Medulla oblongata, diseases Ole sae caine eedOO 

Menorrhagia ...----+eeeer ee ree es uk ee ae ce d54 

Menstruation, disturbance ps: Fe A PON icine 5c 454, 455 

Metalisation of focus tube..-..--++++++se: Be rea Ore 190 

Metric radiography....---++eessersrre
 ees SL SEI 460 

Mietritis sus os ose e's stewie cee es UR ES Pa
ts Re aan a AAg 

Metronome .o.--eseeeereees TEST RSE RAY Sea hayes 98 

Microbes; action Of OZONE, OM... 7 <a eee 354 

Microbes, action of high frequency current on. wee 332 

Nipeainen ces sce a ete yee Wee es (0): 

Miliary aneurism...... Meee say oe ignitor Aires Big. 314 

Milliampere, definition of...... Seis a ieee A abnorare aa BA Bsa) 

Milliamperemeter ....-----> Soe sie Eva) eho pete eae . 95 

Molecular conductivity ...-..-seecs
s eee ee reste: 1: 5 SEG 216 

Weolecular weights
. ee ere eet ieee 244 

Molecule, definition of......---- se See E as ead eheu pete ene aeee EAE 

| & 

a. 
il E 
ie 
es 
i) ie 
| E 
a 
Le 
i) E 

1 
| 
We 

if 
| 
4 ; 

ie 
he: 

ie qi] 

vt 
Nee 



576 : | INDEX 

Metric radiography.. 
Monatomic molecules.. is Nevus, non-vascular.. 
Morpheas:.. Gia: ee, Be | Nevus, vascular 
Morton current. a : Nasal painful spot in neuralgia 
Motor branch oF ieeminal nerve, pacalysis of Naso-lebular painful spot. 
Motor dynamo...... | | Needle for electrolysis, choice of 
Motor effects of the electric current.... 2 ee Negative bath.. 
Motor effects of the direct spark. Negative clot 
Motor plate, Rouget’s sii Negative phototherapy 
Motor points er ae i Negative variation of current of repose 
Motor points, displacement of a Nephritis 
Mouth, cancer of..... 

Mouth, papilloma of 
Moxa electric.... 

Nerve structure 

Nerve testing 

Nervous vomiting 

Nervous asthma 

Neuralgia 

Neuralgia of the sciatic 

Neurasthenia 

Neuritis 

“ Neuroderma 

Neurodermatitis 

Neuro-motor dyspepsia 

Neuro-muscular system 

Neuro-sensitive system 

Neurone 

Neurosis 

Newmann’s olive electrode 

Muscle, autoelectric phenomena of 
Muscle, diseases of 

Muscle, 
Muscle, . 
Muscle, inversion of order of reaction of 

Muscle, longitudinal reaction of..... 
Muscle, testing..... 

Muscular atrophy.. Sees 
Muscular Poutrachon:. 293, 303 
Muscular contraction, fafiuen ck of pOLneation ON icatcr BOA 
Muscular contraction, influence of surface tension on.. 295 
Muscular excitation, Weiss’ laws of 
Muscular reaction of degeneration (DR).......... | Nocturnal incontinence in children 
Muscular reaction in disease Noises in the ear 
Muscular rheumatism 3 Non-excitability of nerve to high frequency 
Muscular ) i is 802 | Non-oxidisable electrode, polar action of 
Musculo-spiral nerve, paralysis of the................ 387 2 Normal weight, calculation of 
Mutual induction. Nose, diseases of 
Myalgia Nuclein, effect of high frequency on 
Myelocythemia Nutrition of bones, disturbance of 
Mycosis fungoides Nutrition, diseases due to defects of 
Myelitis ~.. 

| 
Myoclonus ... os 
Myopathy ... ae 26 Obesity 2... 
Myositic enchyléme .. a. Obstetrics, radiodiagnosis in 
Myxcedema ......<... | we | Ocular muscles, paralysis. and spasm .of../.... 3..4 36550 

| 36 we nn, Hae 



. fate: = 7 

578 INDEX 

Ocdema = 3.5. &. fee ee ae 

Ocdemarblicw esis. oe. ote 
Oerstedt ...... a ee See una a oe : pipes © 
Ocsophaetis.acancer-Of.. ss... og ie 
Oesophagus, organic stricture of...... Pane Hat j = 
Oesophagus, spasmodic stricture of........ 

O’Farril and Lebailly’s resonator.................... og 
(Ol alia ie irs ae Aether NO eae ee ie ee 
Ohmiismlaw. .v5c5..5's pee Sauer Soe ea ee! 
Ohm-meter method of measuring resistance of human ; 

a DOG. eis wetness at) o ace cre ceitarskary 261 
Ohmic: curve for human body....................... 266 
live: <clecttode a0 ee 5 eo i a eke es = ae 6 
Opacity of the vitreous body of the eye..... ek oe 
©plithalmoplegiac: ie ac ee Ge ee ae 
Optic neuritise ..5 i685, Lo eee ee : ase ee 168 
Oreanic stricture of esophagus... 1. : 
@rthodiagrap hss. 2 ven hee Ce ye ee 
Oscillating rheostat ...... eee Pee = 
@ccillorraph ee ee - 
Osmo regulator... 22.30. | Se ae S = 
@smiosis: infuence of Mtays om = 
Osseous tuberculosis ..... Po ee ae oe 
Osteomyelitisen  Sbu., ee eee ee Se ie — oC eee ee a 
Olns lebyuaihine. =. et EA nee, Se 
@udiues: bipolar tesonatoness ae 
Oudin’s- ozone -generator::............ e eS eu 
Oxidisable electrode, polar action of..... es - 
Oxyhzemoglobin, effect of high frequency on ee 
Ouaprotcic acide as ue a a eee ee aor Se ee ge Cae 331 

EO ee rs a 
Ozone, actionzon animals... so8 : pe eee ee 
Ozone, estimation of.......... = oe Do aet ao 
Ozone. generators. 5... ae eos ee 
Ozone, physiological action of....... ee ee 
Ozone in tuberculosis...... Bie aorta: - ee = 

Lee TE 

® 

INDEX 579 

Pp 

Paget’s disease.......ese seer eee eee REAP ee .. 446 

Painful points of Valleix...........seee:: is eats gee 61016 

Palpebral painful points in Neuralsias ences n.c SA SOO) 

Papilloma of the mouth.........+s-eeeseeeese reece Se5k3 

Parallel arrangement of cells......-..eee eee eeeeeee 16 30 

Paresthesic neuralgia......... eee ence ere teres Pos ate ~4OO 

Parkinson’s diSease........e ee ee essere cette eR ALO 

Passive SyMNasticS......seeeeeerere esse esees 1. ++ 227, 503 

eater Fe vk whe Oe aie ieee love nts late toto ote teteie motes sesiet cyt . 499 

Pelvic OfZanSi.ecvcc cc ceece eee tere ees oy See: 244456 

Penetration of integument by ions........-+++++-+: .. 254 

Perforation of the intestine..........e eee eee eee 538 

Perforating ulcer....... SSR PRESET, SBSLe. SERB U ee a Suen ste etoce 423 

PReriostitis: ck witics corto tire se tie: MES ee 436 

Peripheric paralysis...........se eens eee e reece es . 383 

Permanent state of galvanic current.........+++++-- seer 

Permeability, magnetic.........---- Ade ee Seg ore ere 102 

Peroneus longus, paralysis Of.......--- eee e reer eee 378 

PRiti@ Sis. ek to wv ace elie an A oh e Tal ok Pe as Batic 471 

Phlebitis: 223.6 csese: eae a EE an eye HM Ge eee ae 429 

Photo-experiment, negative....... eee e ee eee eee eens 248 

Photo-experiment, positive........+seeeeeeeees Ae eRe 349 

Photographic action of X-rays.........- See seeeeee 212 

Phototherapy .....cccdecccersccssceecs ect eetrers sees 228 

Physical action of ozone........-. scaletaks oe oe ee 351 

Physico-chemical action of constant current.......... 2A 

Physiological action of continuous current........ 238, 269 

Physiological action of faradic current.........+--.+- 308 

Physiological action of galvano-faradic current....... 313 

Physiological action of high frequency current....... 323 

Physiological action of sinusoidal current....... MARIE STO 

Physiological action of static electricity a2. 384 

Physiological action of variable current.........-. 67200 

Physiological effect of faradisation.............. See erl 

Physiological effect of induced current of break. 2.7%."300 

Physiological effect of Morton’s current..........++++ 343 

Physiological effect of radio-activity.......+-..++++++ 350 

Physiological effect of X-rays..........--- EE OBR TS 350 

Physiological effect of various radiations............ 344 

Physiology ...ccsceceec scence crete eect eecsscnee ss 237 

, 

ar aa sina iC 
Stet tt oe 

SESS 

nS 

ae 

F i 7 

cre ae i 
Hs 

if 
f it 

Sanit 
fa esta iats ts 
tii 

best 
TF 

iret: start 
te 

34 ty 



580 INDEX 

Plantar point... °., . pees 
LCUPIGY Pie el cere Oe a hee oe bed 
Pleurodynia. 2 ~. 

PAICUNTOMI a eee 200s SON eters ee sl gts 

EmMetim othionax i eek ieee Ve 
Polar SeUOU eo ee ee ee ee s 
Polar action in living tissue.......... oe. ae pen 
Polar action of non-oxidisable electrodes...... fee : 251 
Polar action of oxidisable electrodes... a 2 
ROlarsemects 2 3 bee ae 
Polarisation Co ee 
Polarisation, influence on rareculas conta ion. ae = 
Polarisation, rotation of plane of: ...5.. hess 
Polarisation within the tissues........ oa ee a 
Polarity, determination a eo au 

Bolie-myeclitis. 5.20.4. .3.00. | 
Polyneuritis By he on an Olelelelere.e ° ee 

Polypus of nee ee Z sie (tha %e: offs) s)eus. oilehe “ee 6819/1 BOO 

Rep liteal point... 2.0 oes: Tea O SS STO 

Positive clot.......... eee SAE et dO] 
Bositive faradisation.. 0.0... 2. fee ‘ a oer 25 L 

Positive phototherapy...... Ye seuee . si sls(d;sieie oe ete IQ LO 

Post-partum hemorrhage ..........2.00. 0.0008 a 
Potential | Lees er ge cate MEIC 2 OU 0.0 449 

Potential, difference of.. ene os = 151 

Potential energy of ohareed conductors) 4. i he he, 
otential: reduceric: a5. snd s+e+- 155, 156 

Power, electric.............. Ge Ae ees 
Power dependent on arran minteb stele sates tpnl seneeee te LO 

igement of elvan cells.. 
Practical electrical units. 32; 33 

Pregnancy, vomiting of ......... ee Aaa ene es 8, 169 

Primary Cells osc s hin : Be Tecate aa vee he 
eoe ee eee ceo eee eee esOreereee 3 

Proressional crampiiceiids scias. S58 
Progressive locomotor ataxy. ae. 
Progressive muscular cas 
Prolapse of uterus. 

Prolapse of pe ctuii: ‘ 
Prolonged uae of high Siena 
Propagation of X-rays. ns 
ROStAGIUIS HL 440 ceca haw en ge Clk tae ee 
Prurigenous eczema. a : yee pane el S 

Se aur ay 70a 
ae ay A Nia a 403 

Pe rere graye (01 
diay, Seaieaa sia olate Late selye Scie uiels wea 

ee 
22 Bath Pa2s 

See eee neces 

— 

- areas 

re eS 
NS aes 

ee 

INDEX 581 

Prurigo Cs NN aidan sos gia aiare dior tee ee rn 

PRapitus: os eee Ered rain SUE H A ONC: jel ehevecehs Risen 

Pruritus ani....-.... RE ORR See oy Suita, sigs Cotes 

Bruritus. vulvee sac ee o-): Laide Piste UG ediels Sea Haak ‘ais See 458 

Pseudo-elephantiasSis ....--+-+eeseeeees BREAD oo. ORO 

Pseudo-hypertrophic paralysis.......-eeeese seen eee ey AO) 

Pseudo-rheumatism ......-..seeeererc cers reese cers . 508 

Psoriasis’ 62.3 42cs fe ieiaiad: = lek din che as sos acta . 479. 

Pulmonary sclerosis....... icc here Seas ituaee intl See GEA 

Pulmonary tuberculosis........+++++++ Salute eee ences 

Pulse, hypertension Of.......--eeseeer seers Glee ates 417 

Pulse, influence of ozone on...... SL Een Aes Ps ie B52 

Pulse, influence of static Wrath Ollie sk. svaihes soe o augteeteue 330 

Purulent otitis of the middle ear.....-. sees eee eeeeeees 521 

Q 

Quantity of electricity, unit (Ss ana ree aege BE pcre Stee das a EO 

| R 

Radiant: heat oniick cs) «aie SUSE as eal as i as a ak ae es .. 345 

Radiguet’s interruptOr.......,s2reercee sr enre es iavabesats 127 

Radio-activity, physiological pfreet OP cede ee .» 350 

Radiochromometer ....-.+-++-++++: eeu ecie s AS ects .» 204 

Radiodermatitis ......+.+- is aCe, dbstios eI j4Ae 350 

Radiodiagnosis of fractureS.........+-+reeeees le eeAsS 

Radiodiagnosis, Varnier’s apparatus Oe Cee Bee S57 AGO 

Radiogoniometer ......-++eeeees Scileieinle weet eae .. 215 

Radiographs ........ccesseeceesersereses ae Ee See aS 

Radiology and doe ony. Loantis form LE Se eR aU 

Radioscopic diagnosis of affections of Reon aN REE ott 425 

Radio-active bodies, physiological action Of .........+.+-- 350 

Radium-therapy for lupus.........+--- RE SI RAB 

Ramsden’s friction machine.......... eee eee eee eees . 170% 

Ranvier’s theory of muscular contraction .......-.+-++++- 293 

Reynads discaseg fo. os gee a ee es 422 

Rectum, prolapsus Of.’.....c.cee cess reese cere eeec cess 539 

Recurrent laryngeal paralysis.......+.++++- aA Bilin OsTO 

Red light for freckles.....-...-+seesereees hts pane AGH 

Regulator of charge of accumulators. o.2 4s. vee 43 

RIS CEAI CE iia caren Bau rah rene ore Siereres oie tes cet e ones 2 302 

Reluctivity.< 2: <teies-s 3 cela fap eseeivevatalerstote a a etenete oe Shanes . 102 

Renzi and Reale’s S nenments on oxyproteic acid ...... 331 

a CET a 

See S ESS eee aE SET Eee aE 



582 INDEX 

Repose, negative : 
; vatjation of curr Beidul mcr ent of.. i eeiece ss 204 

So aee ee: ces cae San Reet EOE 
Resistance So aah ste ee as | Heike ea hers ertome cose eee eeeeeeee 13,97 

Resistance of human oe Sone on Ee ae 05 ons ecm ie , 259, 2 
Resistance of hum 2 ati: body, influence of liquid electrode 

oee eee ee OF 0105 05 0,0 0/01 O90) ele. (e:7@ of ee ee 

Resistance of human b ody, measur 
stone bridge method = ee te ee ee 

Resonator for high frequency. = SPURNS NN SSa TS ESET ee On EES 

Reconatot, bipdlan 2 ee Us sg 2833 

Respiration, gs of static bath on. Pee 390 CPO RTA Saree Heer Ye} 

nee of current.. eee a 
Rheostats 

oe ese eveeee vite cenee ene gsaeatiie 98 

eee 2 i) Of 05 ONO 01040270) 0610 1,040.6 50 ne 

Rice Se eee oe es Ae ams 3 ete 508 

Riophymy ee ON Te 379 
Rhythmic current reverser............... HOS ess ek A85 

Rhythmic current, effect on ieee SE EDA AE isis tee BOS 

rete niels Saree BET 
Rhythmic faradisation, Pereonies appar tas oe 
Ruch’s: reaction... ... 05. » ITZ 

Meee 2 ee Pelee cine 308 
Riaged bousie. ©. Mal rae + Haretereeee AGO 
ee Soa »+ +465 

ne ee an Se ne .. 497 
pl ae eaves web Sadie Bide ny, 
Ronegen ways. |. Ga ued ye ee eee 494, 559 

Rotary ozone sencrator...... a ie aco 17 

Roumailhac’s electrode........ ee elise Sas segaies 226 
ee Fe sesh gcie 

ins Tee ces 

Sabouraud and Noiré’s apparatus. 
Sagittal position i n radio raph 
Sarcolemma ae 

Sarcoma . 

siotisibeieisisianis os ah arees 2208 
sie ow slniencricilogint ati aoe 

sales els en pate HeO2 eee 8 @ @ e OOO OOF 6 01/0. 6) -e-6 Le oe eee 
eeee ey 

Saturnine polyneutics 558 

scapulo-humeral atrophy.... ee DAY. iets eistoee. Sproles, oe. de AOS! 

BOER ee gh rir +5 24206). 

RAAT 

foal 

SRE OO 

/ 

INDEX | 533 

Schall’s phototherapy....-s
.++eseeer teense scree sree: 230 

Schall’s process for electrolysis in ozcena........ MS Se OLE 

Schuh—Venous telangiectaSes....-+-++-+++: ee hee C0) 

Schwann’s white substance....--++++- eR hilo i i 

Sciatic nerve, neuralgia Of.....-.eeeee eerste ees soc bg ROT 

“ Sciatic nerve, paralysis Of....2.esee se sestt ces 5303 

Sclerodactylia .......sseeeereerseeree® 

OO 

CRO OSIS oars coins oie om rev eceteasrenent Sym Oh sen e 

Seborrheic eczema. Be Geceeer eete aie 

Secondary cathode favs Shea eenciadonis Roe a eae Ste 1208 

Secousses, effect of a series Of eleCEfiCs seriak ss hee 300 

Secousse musculaire .....--+++- Pe FORCE Sire Weal eseenee (aa OO 

Sedative action of static breeze.. Sie Tite Peeheieree ta: Sy! 

SarenductiOn <oeo ete e e e e 107 

Self-recording register for alternating currents. 120 

Seminal losses......- PA ware beaks ary Snes aiara rg arelinsee eke eas -. 470 

Senile gangrene.......+eeeeeeee a ee Lee oo =, A422 

Sensation due to polar eects ae electrodes: ..... 05+ s+ 250 

Sensation, effect of faradic current on. Acces B12 

Sensation, effect of continuous ae OM serra Mor ston seca one 270 

Sensation, effect of Watteville ClurrentsOn:.)..- ees. 316 

Sensory Nerves ...eeee reece rer eee etree ee S304 

Septum naSi......-+++ee- FEE ORE ead, Se Deh netase eee OOO 

Series of galvanic cells........eeesseeeeeeees Seeeeeae 29 

Serum, conductivity of.. ph aa ge Gabe g Meta tar ol lets Geonenee Ste .. 204 

Singers, electricity for hee voice oe Pe pee yaa one. 

Sinusoidal current.......--eeseeeeee ee 

Sinusoidal current, snesctienvent GEES ers ese sees 118 

Sinusoidal current, physiological effect Of. 0 ec ys 2a BES 

Sismotherapy -...--sss-e
rss see essc tee ne® Pee aces 227, 350 

Size of heart, measurement Of......+--+erereeee Sie eae 426 

Skin diseaseS.......++2s-ee2s eS ESE PO Lean oe es 476 

Sleep, static bath to catise......--. Mepis at er aa 330 

Smooth muscle ...... aro Onl socom okt so ap Suaseaa Lee siwiotere Stare 205 

Smooth muscle, action of variable state On......---->: 307 

Smooth muscle, contractibility Of .......-eeeer eerste: 205 

Soap Hite DleSs 21s cece ahs oss eis era ge wishes cele seelalveele e280 

Solenoid: . 22... a ade sees Pee ays te tet Pe acai rey 234 

Solutions, theory Of......eeeeeeeeeerr eer ceeees sos weedy 

SGnitlambulistt . oe os ee ee 420 

: 

i 

eet a ef 

pandie 



4 

084 Ree INDEX 

oo ere ere ee ee Wie Cine FOO NOLO nO SLO” Ore tele eietie > 338 \ 
: 

sila sates Voce GENE Ne eed: ES capac BL-4016) Spasmodic stricture of the eesOphaguse alee (eo 25 520 SPetilic? heat. ai ee Ricks Bedeis Run en rien Fara We sl 2AA Specific inductive CADACIUY 58 es ain hee, BEDE eee TOF Sphincter SU PGUANGIS O8 Sena le. ek .. 540 SPCC RMetOn SMe ee Heyhar ye ae 193 Spinal accessory Herve, patalysis. Of...) .e0iNees tee 386 ppl cond, diseases. Of.) iyi iis eis 402 pommel patalysis, infantile, | 4 es ies ee 408 pbiel Tesedatory i i oa eo 138 Stable high PreQUGNGy Te ce ee de eA nei oe 131 pediicy bathe ce) ee Pree coh ry tan (74) Static breeze, sedative ACHORHOT. C3. Sater « het ststes @3a7 pletic (electricity, .2 4, en SSR einige en Sra Static electricity, Physiological action of..........._. B34 slabic machines #5045.) ie ak NGS TE oe IO Static machine for Motay Wonks Uh ee a 181 Stemosis, bronchial, i/o. iiidin Oi dears ane: : 524 Stereoscopic radiography and fadioseoOpy .. 1 216 Stomach, cancer of ay Bie a ieee ahi semaeat ict 5 ee Peo 559 Stomach, dilation of : SiR Pepataeeeueyerieh ot sls Naite teiteite: toe ei, kN coe, STR oe 533 Striated muscle, contractility Of 2 eS! RS: eee 201 Striated muscle, effect of variable Stateront tier, SOO Striated muscle, effect of Watteville current on........ 315 Stricture, linear electrolysis: for ..00. erie aig’. aris .. 464 Stricture, circular clectrolysise torn, 8) igh oe ». 465 Sta Nvitus’ dance: 95.408 STodetele «Pied coos SUtNS 4 ave ae ee ALS pub evte Dronclitis eee 524 Subinvolution of uterus............._ Te IBS 452 Suborbital painful Spot in neuraleias:, 2.2 en te ’. 306 pulmauOn, Of Stina eae eres oats 306 wounDrin ec Me iteh crear ea A eG gah SR 349 Supraorbital painful Spot in neuralgia. 2.08 3 ae 7300 simiace density: 6) | dgelee iene pelea VG sath Guetta los 146 Surface tension, electric phenomeénarols.c., | a8 So O88 Surface tension and muscular contraction....... BN 205 SLICES 8 gid eho oten e Mae c se Rie ape: 488 Syndrome geictnaeye inlets sore wicca cane wot Maa: reece eees 365 

reer ee re a 

INDEX 589 
; oly Sea eer Syndrome of degeneration ae ee TS ee oe 

Synovitis, chronic tendinous......... 2 en ae 

Syphilis EG e AER ene ee 406 

FAMOMY ClItIS hu Geta Rees Fens oe Syringomy T bs 

Tabes oy Nes eee Lae a 

Tabetic deafness .. tesesece ee 8 

Teple Ofc comochem ical ed me 

Tache motrice........- ee re a 
Tachycardia ....+-.-0rr++-. pre a ae 

OU 
428 Me apeiecteses ee eee we 

endinous synovitis....... teense oo re a 
ee redexes and galvanic excltabUhY sy. a5 aie os 
Tertiary effects of 10S ......-.eeeee reer eee as 

ee ne a SI aoe 309 sticle, neuralgia Of.......--+++-++: : ae bs 
ie se nerves and muscles by electric currents. a 

Tetanised muscle.....-.+++-+++++- Re oes 365 NS eye ee 243, 245 Theory of iOnS.......+.-++-+++s- tp Ue eae 
hermic galvanometer......---- Eee ee ae 330 ee ees effect of high frequency on.. a: 

Thermophore, electric.....--+.eeeeeeees si ac ae 

BUSS Se a eg eee ce pot 

Tomson Gets a ge hes 

cece cd oe te gn See oe Ai2 FER TOMDOSIS 05. aje,0)-.<00e oes eae ites eee 
CNG eaten Ghee ase mk I Senet ae ane 
Wie COlOKEUX so... ee eee es Po bec 
ee OA ee ee fon 
nea dueto Ctonemic BION ae ise 

Tongue, atrophy of.......... Se pees 
Tongue, cancer Of.......-.---e0:: oe Se 

ee a a 470 
Homie ee ee 34s 
‘Liwachoma.. 2.x: Ro oe ee boat 
Transcurrent faradisation..........++-+s ae ue 

Transparency ee Ce oe ee 
SEAYV Sc sloil ce as Se ser Seman Transparency and , a vet SN e320 

Transport of ions by sinusoidal current....... 

= eso 
<< a ee 

-- — a — ae AIF eo eg £5 RR SP ES a ——————— == Se CAD ee tne bee ck a =F : Ths = it = 

‘ Gaoteoteass gS SS psssiasest~s abt: Tipe; z sattites: Sess = 33 Ty Sgt ee SQ St 

SN . 

‘} i 

a i 

rai i F i 

33% 3 

ae if 

re 



586 INDEX 

Transport of medicaments by electrolysis. . oy aiei'e de aeavar 2OF, 
Eraumatic muscular atrophy= o-w.casee ns. Rieivle Gait OTIS 

Trigeminal nerve, paralysis: Of..0 os aah cle ene eareT AOS 
Arigeniunals weiral pia a0. 8¢c08s cr hee. Fee 306 
MP TOCHAnteric: POllt. ker see felon ac ek eee 307 

PTIGHIASISH. Gc fan oe oe: sas taeecees 544 

PRGDERCMIOSISN 2 ir hrs. Sov ord 

Tumours .......... Sistgte by Sareea sees aes acres ge 
Tympanum, faradic massage of........... , a ee 521 

| U 
Wilcerperioratine 8 ee - 
Ulnar nerve, paralysis Of ee ee ed s 
Undulatory current ees alee te yi 
Wiis CIOS 2 ee ee oe ae 
Unpolarisable electrodes............. Fee nS a 249 
Upper arm, pakalysis off... 7. 22. FE irate sale, petit 390 
Urethra, stricture of. ee as 6 
Wrethritisss cs. os, pine 7 ere 2 eee heh ie Ui oe 
Urinary secretion, action of high frequency on. poe ihe 
Urinary secretion, action of static bath on... ~. 2. oe 330 
Ure, incontinence: Of... 
Wrotoxic, coeficient.....0 genie he 
Wirticamia’ oh es er ae ee 
Weetultpower... 3 ae es SS pe 
Uterine appendagés: disease of. 6” ae ats ee 
Uictine ‘deviation ee hee 
Uterine: fibroma: 273 eee. ee ahi Le 
Uterine hemorrhage....... Dah es _ 225 es ce sei 

: V 
Vagina, affections of....... ees | 
VeioiniSmus <<o..5.. 2220, St Bee eee oe os 
Valleix, painful points........ : 2 Cole eee 
Valves, electrolytic ............. oe es = 
Viabve;: Villard! %n-e ee ee 
Wapour batho. PiU Neha Ce Ae ce 
Vapour pressure ..... ane ced te We ie ee ae ee se 
Variable current, physiological effect ots ha Se ns 290 

ENDEX 587 

Variable period of closure.........----- apace 
4 

Variable state of current.......--- eRe nS Oe No” 237 

Variable state, action on smooth muscle .....-.+-+see+++ 307 

Variable state, action on striated MUSCLE, oo sta Fe tee 300 

Variable state, effect on sensation ......-- Sree Br es ls 

Varicose ulcer ..... Pn ne es eo SURE 429 

Vani caso sec ose Sicha asst Ae eg a errs ar .. 429 

Varnier’s radiodiagnostic apparatus ...---+++++++s gerne 460 

Vascular and lymphatic systems......+--+++++eer08'' 425 

Vascular nevus ....----+-+: te he ase aes baste at ee 428 

Viacodilatation <4... 2c wast est ee 257, 476 

Vasomotor effect of electric spark......- Melia cree ogee . 340 

Vegetations ....... ee eee oh anne _ Saes, cose 

Velocity of cathode rayS....--+-+++- Poe age rar 
Gols 

Velocity Of i0MS ......eee cesses ees eeees oes Supailoe nem ene ~ 2204 

Velocity of X-rayS ......-++seee> se HERS HM rater 178, 210 

Velum palati, paralysis OL Sie oe a See ee paar . 386 

Venous telangiectaseS .....-+++: Pao nly een oO Gas 428 

Ventilation, importance in high frequency work: «3.5. 329 

Verney’s electrode for urethral stricture......-+-+-+> 465 

Vibratory massage ....--- bt ee tay teas, eu se ehecatere en 
227, 

Vibrotherapy .....-+--> eee ee ONDER Ere IG <2, 227 350 

Villard’s current rectifier ... ..----+:- pins eee ac: 55 

Villard’s interruptor .......---+eeeeeesereee 
SENG oes eeee ey, 

Villard’s valve .....--+-ee:: PN igre Be on ae ee Or gene OO 

Vocal fatigue ..-..-.--- gun cae Cae eR os suman aa Cee elie 

Voice: static breeze [0m .- 0s... Se es ee re Bye ene 9/ 

Wolt 3. 22 seca bh SE eee Be ee eT Rae tees Sorc Mes rats II 

Voltmeter ccsscck so eae- ae BES ee hg oe Be 06 

Wialvatthlas!. ce eco ees BA a CR a cS ee PG ae Ree etc} 

Vomiting, mervous .......eeee eee e etree menos) iter 532 

Vomiting of pregnancy ......--- Eh ene Oe Sone, on ies 459 

Vulvar affections ........- ect eee ee as SEs Se a 45S 

W 

Warren de la Rue galvanic Gallic coke hirano toe 

Natio cain a Siescnueione: siseeeiens Pe peg are. Seer ERs AOS 

Watt eA ld a gam cael tl @rinaigr a ous's ails, siecerele '* ec eusies one cacieuene m
en mare 16 

Watteville current .......---> se tonal teste tegs Bee OG hey OS) 

Watteville current, influence on censations. + 4s. ee oO 

Watteville current, influence on striated muscle....... 315 
HH iH 

t 

= 

pisttt ze 

ibs f a 

ETI ae Ste 
ste tas 

trees | 

} Be 

“Bhs 

| Te 
beeaet 

£ = 

3 



Nig Ge TG a x Be A as og 
Tr 

és: 
oSez se i 

- tials \y We o SEN 

’ ay 

} ig 

ay 

= 

S33 

Hees 

588 INDEX aq : | | 

Weight, loss‘of, under X-rays.. Dene e cece eeeeeres 350, a . 
Weill’s ozone enoritonmlent (tes pa eoose Glue a 223 | ey d Weiss’ law of muscular Se atlas 298 sree : ] Weiss’ oscillograph . 
Wheatstone bridge foe measuring resistance.......... 260 
White substance of SCHWanin.. <5. nse ks vel ee to wn ne eRe ; 

4 White swelling STE Sie ati otansi al SOR ME Maer nn a Teal PT uel hae 438 . 1 
b | Wihoopingacoue he. oo. Coe a Sea oe ter ae 527 = . 4 | Wimshurst machine ....... ies aeaeh oie vate ieacerhiin eloige Male one hg MG: ; 
| Winey matlonc sano aos. ti Be cela) ae MENG RIA Ze 4 ‘ _ Wait leles od o6)ccsescseastl sis GS eS Me AMUSE COREG ONS LENT: rb 0) 2 | | | Writer’s cramp ....... Ae Pitt eee eee seers + 1366, 415 

ORO OB) OOO 40. OO, 0.0.0 O10 6 @ (0. @ 01'6 6 8) 6: 016 6 I2I 

| 

| ) | | Wehnelt interruptor .......... pine salt ec cay won ener tit) cBOmeS | | 

: 

i 
; 

i Re anthe lass. is Oh ek ha ces Mrs ens AO: 547 
a edie paar f | 

| Mielaysew yc. ee  Merayse oe. Rio EO eRe arene NI Ope Cy i i = 0 X-rays, physiological effect Ge fe" cin v ciel ate cise sw ein eee Ea OO | | X-rays and osmosis........ | 350 } | 
| 

ooo ec oe ee ew @ eoeeeeoeoeeteeaeeeeee 

" X-rays from walls of focus tube isle. Coueceis anor elele earare sa CO 

Table of Coatents on Page XI. : | 
tt 

= 

ea 

\ 

i 

| 

cS | 
: { | 

| 
| 

: 



ext. 

th
is
 

iH 
i 
t
i
t
 

a
e
 

ts
 

. 

i
 

Sg
 
g
S
 

a
r
r
 

NS
 

h
e
 

ye
t 

os
 

e
e
 

—
—
—
—
 

~ 
= 

_ 
— 

. 
aoe

 



pt ears Ste 

ae 

‘ ert} 

aie 
hia 

ee
d 

iby 

P
I
S
S
 

Fi 
ma
 

Leeeas-a! =) 
eetrery 
Sta 

Ri 

ii
t 


