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An understanding of th e principles of the reflex is essen tial to th e und erstanding 
of disease, yet no effor t commensurate with it s importance is mad e to underst and 
the subject. Cer tain reflexes arising and ending in the voluntary structures ar e 
described in all text books , but the visceral reflexes. receive very little discussion 
except in the writings of physiologists. 

D isease expresses it self in sym ptoms. Sym ptoms ar e disturbances of normal 
physiology. A disease can rar ely be suspected by th e one affected until it bcgius 
to produce changes in physiologic action, such as discomfort , pain , or a disturba nce 
in function of some orga n, as th e eye, heart , lungs, stomach, in testine s, live r or 
kidnev , 

In ~ r der to understand the part played by the reflex in disease it is necessary 
to und erstand to wha t processes activity in the body is du e. Activity of celis is 
automatic . In th e viscera it exists independently of nerve s and hormones, and 
tak es place normally as long as thei r pro tein and lipoid masses ar e bathed in the 
physiologic salt containing body fluids. 

The hormones or chemical messengers are not for th e purpose of ca using action 
bu t of altering the acti on es tablished by certain cells, They ar e more selecti ve 
than the electrolytes found in normal body fluids . Appar ently , calcium on the 
one hand and sodium and potassium on th e other bear a share in the act ivity of 
ali cells of th e body . They a ntago nize each other and when rightl y ba la nced 
keep cellular activity within the bounds of phys iologic equilihrium. The hor
mones on the other hand, th rough selective action , affect cert ain ac tivities to the 
exclusion of others. They, however, form the chemical sys tem for corr ela ting 
acti vity in differen t parts of the body , and ar e thu s a part of th e mechani sm which 
is provided for serving th e more complex organisms. 

FU XCTIO:-i OF TH E N E R VOUS SYSTD[ 

The nervous system, however, is the chief corr elating and integrating sys tem of 
the body , and causes a very complex organ ism made of many par ts to fun ction as 
a un it. from the central ner vous sys tem fibers go out to every muscle and gland 
cell in the body . The neur ons going to the body cells are of two kinds; one for 
picking up stimuli and carrying th em centra lward , th e othe r for translating st imuli 
into action . Every afferent neuron 'which carries st imuli cen tralwa rd ends in 
the post erior root gan glion of th e cord an d the part which corresponds to it in the 
brain. From here the stimulus is carried further into the central nervous sys tem 
by wha t are termed connector or int ercalated neurons . Through these connecto r 
fibers every afferen t neuron is able to join wit h every efferen t neuron of the body . 
Thus is es tablished a mechanism which is able to br ing eve ry part of the body in to 
a close and harmonious rela tionship during conditions of ph ysiologic ac tivity; and , 
thu s is established, furt hermore, a mechanism which is abl e to produce disharmony 
thr ough reflex effect s in any and eve ry part of th e body during condi tions of 
pathologic activity. 

Wh ile the body cells can funct ion without nerves. ve t th eir acti on is under the 
intluence and control of nerv es. There is a diff erence in the nerves supplyi ng 
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different structures. Thus we have the voluntary nerves supplying the skeletal 
structures and the involuntary or vegetative nerves supplying the visceral struc
tures . The latter supply all smooth muscles and secreting cells, and in supplying 
the blood vessels go to every part of the body. The vegetative system is shown 
in Figure 1. 
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fIG. 1. S CHEM ATIC ILLU STRATION OF THE DISTIUDuTIOl'J OF THE T wo C OMPONE l'JTS OF THE 
V EGETATIV E NERV OUS S YSTE M, S HOWIN G ITS D IVl SIO>I L'-ITO SY1dP HIIETIC AND 

P.U,ASYM?ATHE TI C AND THEIR BRANCHES TO TIIE VARIOUS ORGANS 

The thoracolumbar portion of the cord, which gives origin to the sym pa thetic ne rvous syst em, 
is rep resented by lines. Th e portions of the midbrain and medulla, and sac ra l segmen ts of the 
cord, which give origin to the parasympat heti c system, are repre sented in bla ck. The periph eral 
nerves belon ging to the parasympathetics, are shown as solid black line s, while tho se belonging 
to th e sympathetic system ar e shown as bro ken lines. Thi s chart shows the double innerva tion 
of the structures of the bead, heart, and the entire enteral system, and likewise indicates the 
single innervation for the blood vessels, pilomotor muscles and swea t glands of the body. (Symp
toms of Visce ral Disease .) 

There is a free and intimate communication between the various neurons of 
the voluntary system with each oth er, and the various neurons of the vega tive 
system with each other, and the vari ous neurons of the voluntary sys tem with 
the various neurons of the vegetative system, which binds together visceral and 
skeleta l structures in such a way that action under either physiologic or pathologic 
conditions in one organ or structure of the body may influence other organs or 
structures through reflex action. 
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Wh enever disease exis ts in the bodv it alters funct ion in few or man v s t. ruc
tures. It may pro duce its effects in seve ral different ways. It may be an infec
tion produ cing bac teria l toxins. It may exer t a des tructive action on cer ta in 
tissues and cause toxins to be liberated from them. I t mav in terfere wi th the 
action of some irnport an t organ so that it fa ils to do it s work and a llows a retention 
of po isonous pr oducts to circula te in th e body fluids. It may exert an injurious 
effect locally beca use of it s assum ing an inflammatory na tu.re. L astly, it may 
dist urb fun ction in ot her viscera reflexlv, 

We mu st a ttemp t to lind ou t in what way func tion is disturbed as a result of 
th e above mentioned harmful influences. We assume tha t toxins which cir cu lat e 
gene ra lly produce harmful effects 0 0 the cells thr oughout th e body. This affects 
to a va rying degree the au tomaticity of th e cells th emselves an d further affect s 
them in the aggregate as found in definite st ruc ture s and organs. T hus we 
assume th at higher cen ters in the central ner vous sys tem, the nerves themse lves, 
as well as gla nds, mu scles a nd other peripheral struc tures, come in for inju ry from 
toxins. 

T hro ugh th eir effects on ganglia in th e central nervou s sys tem toxins produ ce 
harmful stim uli which are sent periphcralward , where they produce dysfun ction. 
T his is ev iden t in cases of gene ral toxemia where the equilib rium of the ent ire: 
vege ta tive system is dis turbed. T he chief periphe ral effect , however , is tha t or 
an oversyrnpa thet ic stimula tion. The reflex is most evident in d isease caused 
by definite orga nic inflamm a tion . In such instances the inflamm atory process 
causes stimula tion of the senso ry neurons whose recep tor s are found in the tissues 
affected by the pathologic process, beyo nd th e degree of stimula tion which is usual 
for that organ or tissue in health, These excessive stim uli cause impul ses [0 be 
carried cen tra lward and to be tran smi tted to efferent neurons which translate 
them in to act ion , often excessive, in ot her st r uctures . 

Th is excessive actio n is represen ted as symp toms of disease. It may be a pa in , 
or a mu scle con trac ture, or disturbed secre tion in some glan d , The retlex ac tiv ity 
may affect on ly one organ or it may ext end widely according to laws which we 
shall discuss lat er. 

T here are several groups of reflex sym ptoms possible in the pr esence of disease, 
such as; (1) from one pa rt of the volunta ry sys tem to ano the r par t of the same 
sys tem, as is met in inflamma tion of a join t ; (2) from the volun ta ry sys tem to the 
vegetative system, the pr inciple of which is ut ilized IV hen hea t or blisters a re 
appl ied to th e surface of th e sk in in order to influence in te rna l organs ; (3) from 
tbe vege tat ive syste m to the volun tary system, as is illust rated by th e muscle 
spasm in ske letal m uscle in the p resence of viscera l inflamma tion; and (-1,) from 
the vega ta tive system to th e vege tative system , as is witnesse d so of ten in visceral 
inflammat ion and is espec ially well known in th e so-called func tiona l sym ptoms 
wh ich affect one pa rt of the gast rointe stina l canal when another pa rt or a neighbor
ing organ is th e seat of in rlam rna tion. 

T'£PES OF R EF LEXE S ME T CUNICA LLY 

R eflexes common ly met in clinical prac tice are : (1) th e motor retlex in casc' of 
v isceral di sease, such as th e spasm of th e m uscles of th e abdomen in appendicitis, 
gall-bladder disease, an d ulcer of th e stomach ; of th e mu scles of the shoulder girdle 
an d diaphragm in tuberculosis of the lung; of th e in tercosta ls in pleurisy ; an d of 
th e lum bar mu scles when the kidney is inflam ed as in tube rculosis of that organ; 
(2) th e sensory reflc» or pa in which is reierr ed to the sur face of the body when 
rrnportant viscera such as the appendix , ga ll-ba ldder, stomac h, pa ncreas, uri nary 
blad der, kidney , ure ter, heart, lungs and pleura are in flamed (this is not a true 
rerlex, physiologically, but may be so cla ssed clinically ); (3) the trophic retiex which 
shows as a degeneration of tissue when ner ves have long been irr i ta ted by excessive 
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st imuli, such as is best illustrated by the atrophy which take s place in the muscles 
and skin and subcutaneous tissue innervated hy those cervi cal nerves which 
express reflexly the stimuli arising in the lung in chronic pulmonar y tuberculosis; 
and (4) the motor and secretory reflexes which are usuall y spoken of as functional 
symptoms for which the stimuli ari se in one organ and are expressed in an other, 
such as the mot or and secretory changes in the gastro in testinal canal caused by 
inflammation of the app endix, gall-bladde r, stomach (ulcer), lungs, heart , kidn ey 
and genit ourinary organs, or th e as thma resulting from nasal irritation and the 
cardiospasm and pylorospasm which result from vari ous visceral irritations . 

N ATURE OF RE FLEXES 

Reflexes may be comparatively simp le or very complex. While a reflex requ ires 
only thr ee components: a sensory receptor to pick. up the stimulus, a motor 
effector to translate the stimulus into energy, and a synapse, where the st imulus is 
transferred from receptor to effector, ye t such a simple arrangement is probably 
never found. There a re usually several and more ofte n man y neur ons inter posed 
betw een the receiving and affecti ng nerve. Therefore reflexes are , as a rule, quite 
complex. 

FIG. 2 . DIAGRA.MMATI C Rc:PRES E~ 'l'AnO~ OF A PRnflTIV E V ERTEB RAT E :\~ nrA L-TIIE AMPIDOA"US 
DIVIDED ,' OR C o~n::-' ILN <:E I:-iTO TH REE SF.G ~NTS FOR TIlE I-l EAD, S EVEN FOR T HE NEC K, 
T WELVE FOR TID: Tuos - . OEH l-iUE NU MBER ....x, NINE fOR THE Lt:MIJOSAC'RAL R EGIO N, A.' JO Al' b
 
FOR THE C C)<;CYG£ AL RECIO ~
 

For clea rness of comparison the heart (ll ) is rep resen ted as occu py ing the same posit ion as in 
man, so th at an ad equate stimulus (rom t he hea rt would cause pain in the distribution of the (our 
upp er thoracic nerves covering and prot ect ing the heart. (Ross and Mc ckenzie.) 

The complexity of reflex action is pr ovided for by th e multiplicity of connecto r 
neurons in .the central nervous sys tem as pr eviously mentioned , which connect 
the incoming nerve bearin g the stimulus with all motor nerves of the body. This 
widespread connection is seen in s trychnia poisoning where the resistance a t the 
synapses is hroken down and universal contrac tion of muscles may be reflexly 
affected from irritating any afferen t neuron. 

While widespread efferent paths are open to all stim uli, yet most reflexes arising 
in definite tissues and organs are expressed in certain o ther defini te ar eas, accord
ing to a well established law and vv·hen a departure from this regular course takes 
place, it too, follows definite laws which will be discussed later. 

Segmental nature oj reflexes. In order to understand visceral reflexes we must 
acquain t ourselves with the embryologic dev elopment of the body , for here alone 
can we acquir e a comprehension of the segmen tal relationship s which are funda
mental to und erstandin g th e reason why acti on in a given tissue or organ, or a 
definite skeleta l area , is expressed as a result of impulses arising in other definite 
tissues or orga ns. It is quite easy to understand the segmen tal relati onships of 
such organs as the heart and stomach ill pr evertebrate life where underlying 
viscera and overlying skeletal stru ctures are inne rvated by nerves from a corre
sponding cord segment , as may be inferred from Figure 2, in which each segment 
is complete in it self; but to underst and the relati onships of the viscera in the 
thorax and abdomen thr ough the crani al nerves to the somatic structures of tile 
head is not so obvious; ye t it follows the same segmental law of body development. 
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In vertebrates segmentation for striated and unstriated muscle, as the relation
ship is shown through spinal and sympa the tic neurons , is evident thr oughout the 
en tire length of the body. The lateral ganglia send connec tor fibers segmentally 
to the smooth dermal muscles just as the anterior roots supply the s triat ed muscles 
of the body. F urthermore, connector fibers pass peripherally to visceral muscula
ture through definit e ganglia, thus connec ting th em segmentally with the somatic 
segments. The segmental relationship in man may be seen best in the embryo 
as illustrated in Figure 3. 

Th e segmental rela tionship between the soma tic and endoderrnal musculature 
in the ver tebra tes, as the relationship is shown throu gh the cranial and parasym
pa thetic neuron s, however, is just as regular. The endodermal musculature was 
derived from the appendicular unstriated musculature of the invert ebrate which 
was closely related segmentally to the head and face muscles. Thus in evolution, 

FIG . 3. D IAG RAM Of .... H t:MAN E llBR YO, FI fTH \V EEK, SaOWD1G 'HIE ARlL\...'lGE:\1E:-; T M Il> 
EXTE NSION OF THE MESOBL ASTI C SEGME NTS 

The first and last of each segment enter ing into the forma tion of the limbs is sti ppled (c. V. 
and D.II , and L.!. a nd S .II!) . The posit ion is indicated in which the ste rnum is formed . 
(A. M. Pa tterson.) 

vagus innervation, which was related to definite somatic head an d face segments 
in the invertebrate was carried as far as the colon as i t developed into the digestive 
tube of the ver tebra te. 

So we must understand the stri a ted skeletal musculature, the smooth dermal 
musculature and the visceral muscul ature, all as being relat ed segmentally in 
such a manner that the relationships in the more primitive organ isms are preserved 
in the vertebra te. 

Reflexes are primarily segment al because the neuron connec tions of tissues 
belonging to the same segment are most closely connected . From a clinical 
standpoint this is extremely important for it poin ts the way for interpreting 
reactions which accompany disease. 

One can interpr et the origin and expression of reflexes only as one understands 
the mann er in which the body has developed from more simple segmental organ
isms; and can understan d them only by possessing a knowledge of the physiologic 
laws which govern reflex action . 
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THE LAWS OF REFT.EXES 

The law of the minimal stimulus . Sensory end organs in tissu es are being 
subjected to stimulation more or less cons tan tly; but the y withstand a certa in 
streng th of stimulus before they pick it up and carry it centralward. All stim uli 
which are insufficient to affect the sensory receptor are called subminimal. The 
one which is just sufficient to affect it is called the minimal stimalus, Subminimal 
stimuli, if repeated in sufficiently rapid succession, are raised to minimal or even 
above , and cause impulses to be carried to the higher cen ters, 
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In the figur e the connec ting neu rons ar e thos e which belong to the th orac olumbar out flow; 
except tho se going to the diaphragm, which ar e sp inal nerve s (phrcnics) , The motor cells (or the 
viscera a re found in the va rious colla tera l gan glia. 

The figure shows that the inne rvation of the va rious viscera may be d ivided into groups. T he 
heart and lun gs are innervated [rom practically the same segments, the uppe r Ist to VIth t horacic . 
The s tomach, liver, and pancreas from the same segments, Vth to IXth thoracic . Th e colon, 
kidn ey, and pelvic viscera [rom pr actically the same seg ments, 1X th and Xth thorac ic to 11lrd 
and IVth lumbar. 

In spite of this grouping in innervation, each organ is br ought in reflex connect ion with efferent 
neurons, both sensory and moto r, which are more or less definite, in suc h a way that the motor 
an d sensory reflexes do not overlap as much as might be indicated . (Symp toms ol Visceral 
Disease.) 

E ach tissue or org an develops sense organs capable of picking up th e particular 
type of sensory stimuli to which that tissue or orga n is subjected . The somatic 
receptors ar e thus a ble to pick up a nd translate into th eir pr oper sens ory mani
festations such forces as heat, cold, light, sound, pin ching, cutting and p ressure , 
because the skin naturally comes in con tact with all such forces and mu st develop 
th e sensory end organs for them as a mat ter of defense. The internal viscera, 
on the other hand, do not meet conditions which require the developm en t of 
many types of sensory receptors . The viscera normally never come in contact 
with such forces as heat, cold, light , sound , pinching and cu t ting, consequen tly 
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have 110 senso ry appara tus to pick up thi s type of s tim ulus. In orde r to carry 
impulses cen t ralwa rd the part icula r receptor foun d in an orga n m ust be exci ted 
by th e part icu la r stimulus wh ich it is designed to convey and th e stim ulus m ust 
be a t leas t mi nimal in strength . T he term adequate stimulus is used to design a te 
that th e stim ulus is of a qua lit y to exci te ac tion . A s tim ulus can no t produce 
reflex action unless i t be both adequate and at least minimal. 

Sherrington 's law of segmental proximity. Sherring ton en unc iated a law which 
governs the produc tion of spi nal reflexes as follows : 

" Broadly spea king the degree of rcficx spinal intimacy between affereJ/t and efferent spinal roots 
ta ries directly as their segmental prox imity ? 

An d then , by way of mak ing th e law mo re exp lici t he says: 

"Taken generally, fo r each afferent root there exists "n immediate pro"Cimily to its own place 
oj ent ranc e in the cord (e _g.. i ll its O~, II- segmen t) a refl ex m otor pltth of as Iow a thr eshold aiul of 
as hi gh poten c» as <lily open 10 it <l !ly:~lure _" 

I have suggested that in orde r to mak e th is law comple te it should be und erst ood 
that this re la tions hip of affe rent and efferent neurons in the co rd preserves develop 
me ntal rela tionsh ips ; then, it will apply to all viscera, incl uding th e lung which 
otherwise would be an exception, sin ce its ske leta l reflexes take place thro ugh 
cerv ica l nerves (the union being comple ted by in tercala ted neu ron s), alth ough 
th e afferen t impulses enter the cord through the upper five or six thoracic seg
men ts. 

The somatic segmen ta l nerv es in which reflexes from the p rinc ipal organs are 
exp resse d , according to Sherring tons law , may be inferre d fr om F igu re -1, in 
which th eir sym pathetic innerva t ion is shown , 

Law governing the spread of retlexcs. Wh en a stimulus is suffic ient to d ischarge 
reflex ac tivi ty over ce rtain efferen t ne urons it p roduces as mu ch activi ty in the 
skele ta l muscle fibers inn erva ted by those particular ne uro ns as tho ugh the 
s tim ulus were man y tim es st ronger, accord ing to the "all or no ne" law of act ivity, 
T hat is , whe n a muscle fiber cont racts it produces a ma xim al contraction , A 
s tronger sti m ulus ca n not make it s cont raction st ronger bu t can express itself 
only by ca using act ivity in more m uscle fibers. 

The coro llarv to th is muscula r action is th at a m inima l stim ulus affec ts a m in i
ma l num ber of efferen t nerve fibers , whi le a maximal stimulus spreads to many , 
th us widen ing the ex ten t of the reflex . 

VI SCER AL P AIN 

Visce ra l pain in a ph ysiologic sense is not a reflex but from the clinic al standpoin t 
we rnay be a llowed to discuss it as such. 

M ost confusing to students is th e fac t t hat sha rp v isce ra l pa in is no t in t he 
orga ns a ffected ; but su ch is true, as may be read ily seen in the pain in the a rm 
cau sed by angina , and pain in the ep igastric region in ulce r of the sto mach ,whether 
the s tomach has a h igh position as in individua ls of s then ic build or is found at 
the pe lvic brim, as in individ ua ls of hypos thenic build, as poin ted ou t yea rs ag o 
by Macke nzie, 

There is a feeling of pressure or d is ten t ion , a nd one of contraction, in such 
viscera as the s tomach and in test ines tha t may be noted an d found direct lv in 
the org an according to H ead. B u t a tru e sha rp pa in ca n not be expressed by the 
senso ry receptor s of viscera whic h have nev er come in con tact with or developed 
a sensory organ for de tec ting such sensations, 

Head has announced the followi ng law governing visce ra l, or referred pain: 
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"When a painful stimulus is app lied to a part of low sens ibility in close cen tral connec tio n 
with a par t of muc h grea ter sensibility, t he pai n pr od uced is fel t in the pa rt of highe r sensi
bili ty rather tban in the part of lower sensib ili ty, to which the stimulus was ac tually applied." 

It should further be noted that th e pr ojection of ref erred pain follows th e same 
laws of the segme nta tion of th e body as is followed by the visce romo tor reflex. 

In harmony with th e preceding disc ussion, i t can be seen that the visce ra l 
nerves mus t be very ac tive in conditions of disease. T hey ar e disturbed by all 
toxemias, and they are irri tated whenever a tissue Or orga n is inrlamed. If th e 
stim ula tion is sufficient, it is followed by action in some or many othe r tiss ues 
and orga ns . Such action is ab nor ma l although it follows th e usual nerve pa th s. 
It is recog nized as a part of th e symptom-complex of th e p art icula r disease in 
qu est ion . 

The bes t preparat ion for app recia ting visceral reflexes is an unde rsta nding of 
th e vege ta tive nerves, and th e laws which govern reflex action. T here are certain 
reflex disturbances in orga ns which ca n be prod uced by stim uli comi ng from many 
sources. Instan ces are ca rdiospasm a nd pylorosp asm , which may be caused by 
stim uli from ma ny organs such as th e lung, gall-bladder, appe ndix, s tomach and 
in testin es, urinary bladder , kidn ey or gene rat ive orga ns. The stim uli from th e 
different organs her e me ntioned will ente r the cord a t all leve ls from th e firs t 
dorsal to th e upper two or three th oracic segme nts, but no matter where th ey 
enter , before media tion with mot or neuron s occurs, the imp ulses will be carried 
to tha t part of the cord , thora cic segmen ts 5 to 10, from which the ner ves supp ly
ing tbe pyloric an d ca rdiac sp h inc te rs a rise . 

The fact that stimu li ari sing in so man y orga ns can cause disturbed funct ion in 
a single organ, and stimuli from a sing le orga n ca n cause reflexes in so many organs , 
is ve ry confusing in it self, bu t th ere are always other symp toms, very of ten other 
reflexes, which will help to indicate th e orga n which is disease d . Every impor ta n t 
org an has th rough its affe ren t sym pa thetic n erves and thei r connection in th e 
cord wit h sp inal nerves par ticu lar areas for exp ressing reflexes in th e skeletal 
structures, whic h are fa irly definite , because th ey follow th e laws of segme nta l 
relationship . 

In my boo k on Sy mptoms of Viscer al Di sease I en uncia ted the following law 
as gove rn ing th e sub jec t of viscera l reflexes exp ressed in skeletal structures (1) : 

" Every impor tan t in ternal viscus is so connected in the central nervous system tn" t it is 
ab le to produc e reflexes through afferent sympathetic a nd efferent spi na l nerves . with definit e 
skelet a l struc tu res; and. if acutely inflam ed, should show motor rcdexes a nd a lte red sensa t ion 
(pain) , and if chronically inflamed, tro ph ic changes. Therefore, spasm of muscle s. altered 
cutaneous sensation, and dege nerarion of mu scles. subc uta neons tissue and skin . in a reas having 
definite limi ted segmenta l innervation become important diagnostic phenomena ." 

While the 10. IVS he rein disc ussed as govern ing reflexes hold in most inst ances, 
ye t reflexes some times fail to follow such laws. Fortunately, we have lear ned 
some of the imp or tant reasons for such fa ilure. vVe find causes at every physio
logic level of the ind ivid ual. The firs t cause may be in the cell itse lf. T he 
electro lytes in the cell may not be pr esent in p rope r proport ion . It has been 
show n in the expe rimenta l hear t , for exa m ple, that if calcium is in excess in the 
cell, s tim ula tion of th e sym pathetic nerves may cause inh ibi tion instead of 
accele ra tion. 

Aga in the relative ac id ity of the tissues makes a difference in nerve reaction 
and might ma ke uncertainty in reflex action. 

D ifferen t horm ones produce selec tive act ion on cer tai n body cells an d whe n 
grea tly in excess or markedly deficien t migh t th row th ese cells into disharmony 
which in turn migh t be reflec ted in any reflex ac tion whic h was to be expressed 
in these tissues. 
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The ner ves themselves become hypersensit ive a t times, their threshold of 
response becomes lowered and action takes place as a result of what und er ordi
nar y conditions would be subminimal stimulation, This is oft en met in clinical 
pract ice. We see it particularly in the toxemias of various kind s and in nerves 
which have been subject to prolonged st imulation, as occurs in such chronic 
conditions as pleuri sy, pulmonary tuberculosis, pelvic troubles and chronic kidn ey 
inflammation. The neur ons connec ted wit h these organs become so easily 
affec ted, that is, their threshold of response becom es so lowered , th at pain or 
discomfort is shown whenever any marked physiologic adap ta tion is required of 
the patient. Und er condi tions of tiring, worry, changes in wea ther, or o ther 
disease, the neurons connected with the particular , injured organ, respond with 
pain or discomfort, while sensory neurons from other structures react norm ally, 
so that as far as they are concerned the individu al is entirely unaware of the 
extra load . 

Last but not least, reflexes are alt ered by emotions . Through such harm lul 
emot ions as fear, anger, worry, disappointment , discontent , and unhappiness 
nerve reacti on becomes alt ered, and this manifest s itself in chan ges in the reflexes 
which are hrough t about by disease. In the presence of such emotions, reflex 
ac tion is of ten exaggera ted, We see this in the various disturbances of function 
in internal viscera and the exaggera tion of referred pain. 

If man were a machine ins tead of a th inking, emotiona l, ph ysiologic and 
pathologic human being, our problems would be more like test-tube reactions, 
more cert a in but less interesting. It is the qu est for the hidden , the concealed , 
the desire to underst and the vagaries in man's reactions that make the study of 
medicine so interestin g and so worth while. With a kn owledge of the vege ta tive 
nervous sys tem, an unders tanding of the physiologic action of the body cell, an 
acq uaintanceship with the laws of the reflexes, and the factors which ac t to prevent 
reflex activity from following these laws, we have a t our han d the key to tbe solu
tion of man y of our diagnosti c and therap eut ic pro blems. 

DISC~ SS IO :--r 

SEC RETARY M ALLOR Y: M r. Chai rman , I should like to discuss D r. Pottenger 's paper. f irst. 
I wish to express my apprecia tion of it. H e cer ta inly gives us an illust ra t ion of t he rare Iaculrv 
of a ma n who ca n cond ense his ideas an d words. H e has give n us in this very brief paper the 
gist of th e whole text on th e subject. 

T his im presses me as being very impor tan t and appropria te to p resen t before the T he ra
peu tic Society , because it gives us a ra t iona l poin t of approach to the real philosophy of 
t hera peu tics . 

In the first place th is undoubtedly is a me thod of interp retin g the origin and mecha nism of 
symptoms and thereby comes to a just conception of the rea l na ture of the disease proc ess 
with which we wish to dea l. 

The second point is t hat that very unde rs ta ndinc leads us to wha t I consi der the phi losoph y 
of th erapeuti cs , the understand ing of the v icious process an d bri ngs ab out a physiological 
re versal of t he p rocess very much as t he chemists bri ng abou t a reve rsal of certain chemica l 
p rocesses. 

T he imm ediat e inference from D r. Pottenger 's pa per was lar gely inte rp retative a nd diac 
nostic, but I shou ld hke to mention one or two points in which I think it is also of definite thera
peuti c value. 

I n the mat ter of symp toms referable to the abdomen , to tue stomach, and the whole d iges
t rve tract , it has been my experience repeatedly to ha ve to survey and exa mine pa tient s wit h 
pers iste nt and continua l diges tive distu rban ce, a nd on the most tho rough su rvey t ha t a who le 
team can g ive them. noth ing will be found , bu t these were pa tients who for the pa st five or 
eigh t or te n yea rs had carr ie'! diagnosis of pulmonary tuberculosis min ima l, or pulmonary 
tuberculosis act ive , chronic tuberculosis . pulmonary tuberculos is arreste d. T he pr esent exnm
inat ion by the intern ist would perhap s give tb ern d ry pleur isy or the diagnosis of pylorospasm 
or colonospasm , and I am glad to hea r Dr . P ot te nge r mention t hat beca use I had felt a tilt, t,; 
hes itat ion in making such a diagnosis and att ribu trng it to such a cau se, a nd I ce rta inly :J'; r. '" 
with h im on tha t, 
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T h ere is o ne o the r im porta n t a pplicat ion of this tha t I be lieve shou ld he a ppreciated a lit tle 
mor e widely. Po s t-opera tive ly we see in pa tients who ha ve had abdominal operations, so me 
very ac u te a nd a larming situa tions develop , a nd the Question ar ises whether th ey rea lly have a 
post-operative obs t ruc tio n or no t. Some times th at sto rmy pe riod goes over suc cessfully . 
Somet.imes it does not , and I have see n tw o a u to ps ies upon patients who di ed wit h all th e sym p
toms and sig ns of intestinal obs t ruc tion who a t th e exa mination sho wed no in tes tina l obs truc
tion but colla pse and no fault wi th t he opera tio n, no lea ka ge, no in fect ion , bu t diseased ga ll
b ladder or s to ne in the kidney . 

T hat may sound a little bit rem o te , but not long ago 1 saw a repor t in literature of this type . 
A wom a n who had had a pe lv ic ope ra t ion , no t on the di gestive t rac t. sho r tly a fterwards, in a 
few days, develope d an illness wi th evi de nce a nd signs of obstruc tion. A consu lta t ion was 
he ld , the internes, the su rgeo ns and others, a nd it was !ina lly de cided af te r a ll the o rdina ry 
measu res of produc ing a movem ent of t he bowels had fa iled, that intes tinal o bstruction was 
present and operation was im pera tive , bu t as the patien t had a lso d eveloped bronch ial pncu
rnoni a , it wa s decided to pe rfo rm the opera tion under sp inal a nesthes ia . Wit lrin a few mi nu tes 
after the anes thetic had ben in jec te d th ere was a copious movem ent of t he bowels an d the 
patien t m ade comple te recovery wi thout a ny op era tion for in testi nal obstruc t ion . I have 
see n two or th ree who were cons idered fo r ope ning the ab dom en t ha t we re rel iev ed by the 
use of a d rug th at th e pharm acolog ists sa y ca use s inh ibition of action of the vagus t hu s re
duci ng ac tivi ty in the in voluntary muscles of the tract, namely, belladonna . I won 't repo r t 
t he ca ses in de ta il, bu t they had the same findin g t ha t occu r in intesti na l obstruc tion , excep t 
that und er intensive belladonna tr ea tm en t the symp toms subsided a nd t he feca l vom it ing 
was no longe r pr esent, an d th e patien ts made good recovery. 

So I feel t ha t what Dr. Po t tenger ha s presen ted to us is a thoro ugh aid in diagnosing a n d 
leads up to a for m of therapeutics tha t is thorough ly ra tion al. 

I enjoyed his pa per very m uc h, a nd I cer ta inly hop e a sid e fcom it s publica tion in Transa c
t ions, I will have repr in ts from it . I am su re tha t many members o f our profession a re no t 
u t ilizing the information that Dr. P o ttenge r has given us and t hat he has sta ted in h i" book. 
They a re all lee ry of inte rp re ta tions and ac tio ns based u pon the sympathetic ne rve sy s tem. 
Th ey are a fra id of tha t a s they are o f th e endocri n sys tem and probabiy wi t h some rea son . 
bu t the re is s ti ll so me well es tablished info rm a tion u pon wh ich /we can Lase sa fe act ion, a nd 
I believe he ha s g ive n it to us. 

Cr-rAillMAN M ACCREADY: Is there any fu r the r d iscus sion? Dr. Pottenger, ha ve yo u any 
th ing to add? 

D R. P OTTENGER: I wish to th ank. D r . :\Iall,)!) ' for his remarks . They a re per tinent. Of 
co.urse, our a t ti tude toward t hings of this kind comes from a wrong fram e of mind. Our me dic a l 
min d has been d omi na ted for tii tv or se ven tv -rive years by the s tructurai idea in .\led ici ne. 
As physicia ns, on the othe r hand: we are constantly dea l1l1g with Iunc u onal distu rba nce , bu t 
thinki ng In ter ms of struc tu ral change , 
. Weha ve a ll see n physicia ns :;t:arch ior some important struc tu ral d isease . a nd n ot findi ng 
It consider that the fu nctional di st u rb an ce was no t worthv of a t tention . f unc tional di s tu rbance 
is always worthy o f co ns ideration . The pa tie n t is ju s t as s ick wit h fun c tional d istu rba nces , 
SO fa r as his feelings a re co nce rned. a s he is with some definite organ ic lesion . We have had 
too much of a n idea th a t o rga nic les ion s m ust be rem oved: a nd that functiona l lesions wiil 
remove th emselves. 

A very in ter est ing approach to Medicine is to consider d isea se accor d ing to its relationsh ip 
to t~e ~egetat iv e nervou s system. A ve ry la rge g roup of ind iv id ua ls have a very delicate 
eq u ilib rium main ta ined be twee n the sv mp a t.hctic a nd the parasympathetic sys tem s. If the 
sympa thetic n er ves a re p redominan t , we have one group of symp toms; if the pa rasyrnpathe t ics 
a re p redominant, we have ano ther . These two typ es of ind iv id uals react d ifferen t ly toward 
disease , a nd they rea ct very d ifler en tly from t he indi vid ual who bas a mo re stab le balance . 
T ake the ind ividua l of whom D r. M allory spoke. H e ,YOUIii be ve ry apt to show d istu rba nces 
of a liypermotility in the gast roin testi nal trart , du e to his vagotonia. We mus t remember the 
vege tative nerv ous system is 3. sy s tem whicb ca rr ies impulses fo r retlexes i rorn a ll the in tern a l 
viscera . I .ve ry often see di sturbances in th e gast rointestinal t ract which a re p rod uced by 
impulses a nsing in the lung. We all kno w ho w o th e r di s tu rb anc es in the giLslrointesttna l tra ct 
a re prod uced by disease of the gall . bladder. D r. Toland of Los An geles recen tly desc ribed 
severa l cases of intes ti na l obstruction whi ch wer e pure ly fun ct ional , resu lti ng from d isease of 
t he ga ll-bladder. T he rctlex from the gal l-bladde r p roduced a block whic h, SO fa r as symp toma
tology was concerned, was iden ti ca l with a n o rganic obst ruction . I have see n pylorospasm 
p roduced by pulmona ry tu berculosi s ni any times. 

If one only und ers tands t he ner ves that supp ly a n o rzan . and th eir connections in the cen t ral 
nervous sys tem. t he n he kno ws wher e to look for refl ex a c tio n ; a lt hough be ruus t a lway, :"':Lr 
in min d that reflexes mal' be me di a ted highe r or lower in t he cord tha n the leve l at which the 
impulse enters, acco rding to the la w that' I men tioned in my paper . 
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I often wonde r th at indiv idua ls are able to o\'~ rC OD1e t he inj u ry which resu lt s from an a bd orn 
inal operation a s eas ily as t hey do . Some w ill ha ve a complete relaxa tion a t the ileu m ; others 
will not. T his is d fect ed through r efle x s t im ul i. Since different individuals ha ve diffe rent 
nerve ba lance, so the y react d ifferen t ly to di sease , in jury and em otional st ress es. P hysio logic 
eq ui librinm is d is tribu te d by many unrecognized factors . I t is a s t range thing to me that the 
profession has no t recognized t bis iac t to a grea te r degree. This condi tio n ma y be illus tra ted 
by pa in . T h is is very commonly experi enced by people who have ha d in flamma tion in some 
importan t organ ; for exa mple : p leu risy, or pulmonary tubercu losi s, or inr lamma tion in the 
pe lv ic orga ns. Under many kin ds of emot ional or ph ysical s t ress these pain s ma y re cu r. I 
see them in my patients whe n the y be come wo rried, discontented , unhappy, tired from ove r
do in g ; also wi th chan ges in weath er, an d a t t he period time in women . We have long k no wn 
tha t pat ients su ffering fro m ch ron ic r heuma ti sm or ne urit is sh o w pain in weathe r cha nges, but 
i t is also true tha t o thers do t he sa me thi ng . C ha nges in wea the r requi re a g reat deal o f co m
pe nsa i ion on the pa r t oi man in o rd er to mai ntain a physio logic eq u ilib rium . Patients with 
a poor nervous ba lance fail to com pe n sa te a s they should ; conseq uen tly they suffe r from sleep
lessness, inc reased nervou sness, dig es tiv e di stu rban ces, as well as pain, duri ng' wea the r cha nge s , 

We must lea rn to look at Mc dicine from it ph ysiologic as well as s t ru ctu ra l bas is . Pa rt of 
t he fa ul t lies with ou r teache rs of p hys iology. There ha: been en tirely too much frog p hys iolog y . 
a nd no t eno ugh of huma n ap pl ica tion, Physio logy ha s been too fa r from cl inical me d icine , a nd 
th e cli n icia n ha s bee n too ia r from adeq ua te phy siology . Phy siolog ists ha ve the biggest , np o r
t uni ty in th e world today , if they wou ld on ly gr asp it. Clinica l Med icine is ju st begin n inp to 
recogn ize t he impo rtance o f i t s physiologic basis . bu t neithe r clinicians no r p hy siol ogi s ts see m 
to grJ.;.p i t fully . nut ere 1 '.Jll ~ the re will u ndoub ted ly be rai sed a gro u p o f p hysiologists vuo 
do recognize this Iac t an d wbo will be a ble to te ach physioiouic change in Medicine th e sam e 
as tbe pa thologists have been a ble to leach st ructu ral change . 

For the bas ts of p hysiolouic )Iedicine we mus t s tud y both inher it ed and en vi ro nmental 
Jac tors, We must know t he:: cell, irs development, i ts chemist ry a nd ph ysics, the in te rn a l 
secre ri... .ns, and t he vczctative n c rYQUS svs tem . 

The vege ta t ive ne rvous sys te m is a ve ry comp lex system , and at the sa me t im e the tru ths 
wh ich Me necessa ry to be know n io r the un ders ta nd ing oi clinic a l )Ied icinc a re compa ra 
t ively simple. 

It is necessary to k now tha t i t is ma de u p of t wo compon en ts , t he sympathetic a nd pa ra 
sym pa thet ic ; and tha t whe n any s t ruc tu re o r organ is su ppl ied by both, one p rodu ce; action 
and the ot her inhibiti on of action. It is fur ther n ecessa ry to know that different nbers co urse 
in each sy s tem and carry impulses which join III t he ce nt ral ne rvous system wi th o ther neu ro ns 
to form retlcxes , in bot h ske le ta l and ...·isce r;d structu r _, a cco rd ing to law s which I ha ve d is
cus sed in m y pa per. T he ner vous sy stem m us t be un d ers tood a s a corr e la ti ng and in tegratiru; 
system wh ich ma kes the body act as a whole ins tead of as so ma ny units . T hen with the knowle dg e 
ol the innervat ion of th e importa n t organ-, o ne has th e ba s ic fac l; for unde rs tand ing much tha t 
ta ke s place in th e body d uri ng d isease. 
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