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Vol. IV , N o. I I. Ma y, 1926 

Some Systemic Expressions of Dental 

Infections' 
By W ESTON A . P RI CE, D .D.S., M.S ., F.A.C.D., C l~ve land , Ohio 

WITH the r api dly accumulat
ing .da ta r elating den.tal ~n
fections to sy st emic lTI

volveme nts, particul arly as contrib
uting fac tors to the degenerat ive d i~ 

seases, th er e is developing a distinct 
change in emphas is fro m t he impor
tance of the speci ficity of t he organ
ism to the impor t an ce of the spec ific
it y of the hos t . In the light of the 
newer kn owledge, we are chiefly con
cerned with the soil. I have r ecen tl y 
pres en t ed in much detail evidence 
tending to r elat e denta l in fecti ons as 
impor t an t contr ibuting fact or s to 
th e degener at ive diseases (1 ) . 

Whi le the infect ion of per iodonto
clasia pock ets, and of g ingiva l lesions 
will consist of mixed infections, usu 
all y with spirochetes predominating, 
the locked infecti ons of api cal areas 
of tooth structure are practi call y a l
wa ys streptococca l with occa sional 
incidental associated infection . Th e 
fact t hat st re ptococci are found in 
practicall y all dental lesions of t he 
latter ty pe is probabl y dependent 
upon t he ver y remarkable range of 
ad apt ab ility of that or ganism to en
viro nme nt . With t he r educti on of 
oxy gen tension, and the incr ea se of 
CO'2 t ension, th e streptococci not 
only have the power of continued 
ad ap t abili t y to cha ngi ng enviro n
ment, but wit h th e cha nge of en
viro nme nt, change the ir bio logical 

Read bef or e the Amer ica n Congress 
on I nterna l Med icine , Detroit, Michigan, 
F ebr uary 26, 1926. 

qualit ies in a wa y whic h apparen tly 
is distinc tly to th e disadvantage of 
the ho st . Rosenow has pr esented 
evidence indicating mutat ion changes 
between str eptococci and pn eumo
cocci . Libman in a paper r ead be
fore t he Michigan Sta te Medical So
ciety, September 11, 1924, states : 

T he ae ro bic s trep tococci are divided into 
hemoly ti c, non hemoly t ic, or a nhemolytic 
(so-ca lled Str ep tococcus vir ida ns ) a nd t he 
S t reptococcus mucosus-capsulatus. T he 
op in ion which Dr. Cellar a nd I have had 
for ma ny years that t he a nh ernolytic 
streptococci rep resen ts tra nsition f or ms 
between pn eum ococci an d hem olyt ic strep 
tococi is now receivi ng much suppor t. 

L ibman's statement that t he viri 
da ns group , anhe rnolytic strepto
cocci repr ese nt transi t ion forms be
tween pn eumococci and hemolyti c 
stre ptococci is in complete accor d 
wit h th e earlie r statement of Dr. 
Ros enow. I have und er t ak en to 
class if y the strains of s t re ptococci 
recovered from lesions in animals 
which had been in oculated wit h cul
t ures f ro m teeth of patients suffer
in g from sy ste mic involve ment. In 
100 success ive patient s so studied 
t he strai n of s tr eptococcus isolat ed 
most frequ en tl y by this means was 
feca lis, wh ich was fo und in 65 per 
cent of the cases. Next came in
freq uens 9 per cent ; mi ti s 7.5 per 
cen t ; pyogenes 4.5 per cent; non
hernolyticus I, 3 per cent ; non
h.emoly ticus III, 3 per cent ; hernoly
ti cus I, 3 per cent; ig navius, sa li
var ius, and subacidus eac h 1.5 per 
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cent . Of these, all produced a green 
zone on blood agar plates, hence 
were viridans, except hemolytic us I, 
subacidus, and py ogenes, which a re 
hem olyzing strains. The strain of 
streptococcus most frequently f ound 
in t he sali va is saliv ar ius. It has 
ordinarily a ver y low dis ease pro
ducing quality. It is the strain 
which is most fr equently available 
for the infection of car ies and pyor
rh ea pockets. It does not, however , 
r etain the sugar f ermentation quali
ties which gi ve it t his cla ssi fication, 

came finally to grow by suit able 
transfers in a concentration of 1 :320. 
Similarly for a saturated solution of 
iodof orm and alc ohol, the organism 
change d fr om growing at the be
gi nning in 1 :80 to 1 :10 ; with alc ohol 
a change from 1 :400 t o 1 :20 ; I have 
r ecently presented evid ence (2) indi
cating a marked tendency to accom
modation to various medicam ents 
which are used for the tr eating of 
infected pulpless t eeth. This prob
ably explains wh y such a large per
centage of extract ed root-filled t eeth 

Effect 01 v((,rious -medicaments on [ermen ui tion. quali ties du ring acquisition. 01 t oler an ce 
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M EDICAM ENT S 

All s ta rted as sal ivari us ; nea r ly changed to mitis an d t hen to f ecal is w it h 

increa sing concentrati on s of medicaments . 

when growing under lower ed oxygen 
tension, and increased CO 2 tension 
of devitali zed bone or to oth struc
ture. 
. The remarkable power of accom

modation of organism s of the stre p
tococcus group to various ch emical 
compounds has been brought out in 
many of our studies. I have pre
viously sh own in Volume I, ab ove 
r eferred to, that the strain of strep
t ococci which r equired a dilution of 
formalin of 1 :10,000 in order to per
mit of growth in t he medium used, 

are found on cult ure to be infe cted, 
and grea tly emphasizes the need t or 
the devel opment and utilization of 
means for the prevention of dental 
caries, r ather than t he present and 
past method of repair. Th e preven
tion aspect constitutes t he chief 
emphasis of our r esearch at this 
t ime. The influ ence of change of 
environment upon t he biological 
qualities of the organisms is ver y 
imp ortant, which change may be 
t owar d t he increase of virulence Or 
disease producin g qu ali t y, t ogether 
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with t he formati on of a prot ecting 
capsule. This latt er greatly reduces 
the abili ty of the host to r eact t o a 
definite attack against the invading 
organism. The accumulating evi
denc e str ongly indicates that the 
irritation of medicaments ma y be 
a contributing fa ctor in producing 
this unfavorable change in the qual
ity of the organisms. These influ
ences are shown in figure 1, whi ch 
r ecords t he results when a number 
of disinfectants were added to cul
ture media in various dilutions. A 
single strain is shown, no. 43, sali
varius. In the creosote it changed 
to mitis ; in triolein to mitis; in 
lys ol, first to miti s then to fecalis; 
in osogen t o f ecalis ; in natkalium 
firs t to mitis ; then to fe calis ; in 
phenol t o fecali s ; in euca lypt ol com
pound firs t t o mitis then t o fe calis ; 
in chlor ofo rm, first to mitis t he n to 
fecal is ; and in alcoh ol first to mitis 
then to fec a lis. In all of t hese medica
ments, th e change was in the direc
tion of an increase in vir ulence. 
Th ese data str ongl y suggest that we 
sh ould expect an infected seques
trum, such as an infected tooth be
comes, t o be not only a source of 
grave danger as a zone in which or
ganisms may thrive protected from 
the normal defenses of the body, 
but an ever-increas ing danger be
cause of the increase in offensiv e 
and disease-producing qualities. 
When there obt a ins a protected 
zone providing a lowered oxygen 
tension and increased CO 2 tensi on, 
a cul ture medium consist ing of ti s
sue degenerative products or with 
these depressing irritants, there is 
being developed a menace whi ch in 
susceptible individuals may become 
an important contr ibuting fa ctor in 
the producti on of t he degenerative 
disea ses. This w ill probably occur 
through some of the means, and 
with some of the expre ss ions pr e
sented in t he following paragraphs. 

ANN A LS or- C Ll N I C.,\ L M~D IC 1N E: . VO L. iv . NO . I t 

EJ,ECTI VE LOCALIZ ATIO N QUALITIES 

OF DENT AL IN FECTIO NS 

While the enor mous am oun t of 
evidence indicates elect ive localiza
tion of strains secured from dental 
infections for cer tain t iss ues of the 
body, I consider of far greater im
portance and significance the evi
dence that those qualities of the 
orga nism are an expression of the 
env ironme nt and cult ure medium 
furnished by the host. I do not 
mean by this that a child with endo
car dit is of necessity has the heart 
lesi on before he has dental infec
tion, but I do mean that the ch ild 
with an inherited susceptibilit y t o 
endoca rdit is furni shes a group of 
influ ences, one of whi ch is provided 
in the sera of t he body, which tend 
to devel op a quality in t he organism 
which makes it more r eadily attack 
that individual's heart . This might 
be illu strated in the f ollowing:' A 
lad , fourteen years of age, was 
brought by the sch ool nur se with a 
sto ry that he had been suffer ing 
from rheumatism which had in
capacitated him f or a few days from 
school. Th e history of this case 
showed that he had one se ver e at
tack of toothache som e six week s 
previously. F ollowing this an acu t e 
rheumatic pain developed which 
made it necessary for him to be 
helped home from school. The j oint 
involvement subsided and he re
turned to sch ool. The teacher se nt 
a note to the parents that he was 
not interested in hi s play, and sug
ges ted t hat the visit ing nurse see 
him . Our fir st examina t ion r e
vealed definite heart in volvement. 
Th e too th in ques ti on was found t o 
have a vit al pulp, tho ugh ver y deep 
cari es. The pulp was not exposed. 
Th e t ooth was removed und er local 
anes thet ic, and cul tures mad e from 
th e pulp tissue wi th great care to 
prevent contamina t ion. Thirty rab
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bits were inoculat ed. T wenty-eight 
of t he 30 developed carditi s, an d all 
of the 30 developed a r th r it is . Th e 
boy was taken by the visi t ing nur se 
to hi s hom e wit h instructions t hat 
he be kept in bed und er the care of 
t he district physician. The par ent s 
of t he boy did not give proper co
opera tion wit h t he t o-be-expected 
r esult t hat t he boy was buried in 
about six months. When t his str ain 
was grown fo r sevent een days under 
aerobic cond it ions in liquid mediu m 
and another gro up of animals in
oculat ed, t he vir ulence had been so 
greatly r edu ced that it now pro
duced heart lesions in 10 per cent 
only of the animals as compa red 
with 93 per cent whe n the f resh 
cult ure was used. Th e accumulating 
evide nce seems stro ngly to suggest 
t hat chro nic dent al infecti ons r e
tained over a very long period of 
t ime can furnish mean s for r ein 
ocula tion of suscept ible heart s, and 
that one of t he important factors 
which has compe lled t he con victi on 
t hat heart leisons mu st always be 
conside red ver y grave has been this 
fact or of r ein oculati on but, as Lib
man and ot hers have stressed, t he 
emphasis is cha ng ing . L ibma n 
states (3): 

It is evide n t th a t I ha ve p r esen ted t he 
subject of t he charac te r ization of t he va 
ri ou s f orms of endocarditis in a very 
broad way only. I t is realized that the 
var ious subjects tha t ha ve been discu ssed 
mu st la t er be taken up in 11 m or e detailed 
fashion. On e thing is clear . It is ev i
den t th at t he disease wh ich w as consider ed 
rare, su bacu te bacterial endocarditi s, is 
now r ecog ni zed a s one of th e commo n 
di seases. Of gr eat in terest is th e change 
in our p oint of view . It was sup posed 
to be a pr a ctically un if or mly fatal disea se. 
Now w e are observing mor e a nd m or e 
parti al or complete r ecover ie s. We fin d 
that very m ild ca ses ex ist, a nd that there 
is a recurrent f orm of the disease. I n 
other words, t he inter est is sh ifted to wa r d 
th e qu estion of he a ling. I t will be of the 
grea test va lue, if a n ac tive ca m paign is 
un de r take n for t he p urpose of preven ti ng 
th is a s well a s other f orms of en docar ditis. 

If time pe rmitted, we would des ire 
to present many str iking illustra
t ions of elective locali zation. Typical 
of such would be shown in figure 2, 
in which will be seen the rotation of 
the rabbit 's head f rom the cult ure 
taken f r om the tooth of a patient 
suffer ing hom torticollis, and which 
was entire ly r elieved in t he pat ient 
by t he r em oval of t he dental infec
tion . When t his animal was placed 
under an an estheti c, it s head too k 
a natural pos ition only to ret ur n 
again whe n t he animal came f ro m 
t he anaesthetic. Another and per
haps mor e str iking illustrati on is 
t hat of a pat ient suffer ing from 
acu te tort icollis which prevented 
her f r om lyin g down for a wee k. It 
ha d been slowly developing with in
cre asing severity dur ing a per iod of 
t wo years , f ollowin g t he plac ing of 
a questionable type of denta l 
r estorati on. (The denture was al
lowed t o cover embedded roots.) 
Th e root s were rem oved with a very 
marked improvement in the nec k 
in volvemen t in t wenty-f our hours at 
which t ime a piece of the mu scle of 
t he neck was r emoved under aseptic 
condit ions, part of which was cul
t ure d and an other part sect ioned. 
F igure 3 shows t he streptococci 
with in t he sheath of a mu scle fibr e. 
Cult ures were grown f rom t he ex
t racted roots and f rom t he excised 
muscle ti ssue. Each culture. was 
inoculated in to a group of rabbi t s. 
Fi gure 4 shows t wo of t hese rabbits. 
"A" was inoculated with the culture 
from the t ooth , and "B" was in
oculated with the cult ure f rom the 
mu scle. Both gro ups of rabbit s had 
marked chore ic movem ents, and 
displaceme nt of t he h ead as shown 
in t he photographs . I have motion 
pictures of these two groups of rab
bits showing very similar nervous 
an d muscular sy stem disturba nces . 
In over two t ho usand rabbit s wh ich 
I have used in mak ing these studies, 
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similar lesions ha ve not developed 
exce pt wit h a few cult ures and when 
t hey have developed, t hey have been 
characteristic of a large percentage 
of t he group inocula ted. Thi s pa 
t ient had no return of her to rt icollis 
for two years when it developed 
suddenly on th e oppos ite side of her 
neck wit h t he rot ati on of her head 
in t he opposite direction. A tooth 
was fo und with an exposed pulp be
neath a bridge. Wit hin five hours 
after removal of the tooth the neck 
sy mptoms h ad practically disap
peared and did not recu r . 

Ano ther and very frequently see n 

FIG. 3. S TREPTOCOCCI W ITHIN T H E S HEATH 

OF A M USCLE FIBRE 

Th e t issue was removed fr om the neck 
of a patient suffering from tort icollis 
which comple tely dis appeared after the 
removal of dental infectio ns. Par t of 
th e tissue was a lso cultured (see fig . 4 ). 

illustrati on of localizati on is to be 
found in eye invo lvements . Figure 
5, shows the eyes of rabbits wit h 
"B" normal, but "C" to "I" var ious 
stages of corneal ulcer te rminating 
in complete blindn ess, Cult ures 
were taken from teeth of t he pa 
tient sufferi ng from ac ute r et initi s 
with approximately 1/5 vision as 
repor t ed by the oculist who se nt 
him. Five r abbit s were inoc ulated 
wit h t hi s culture, and 4 developed 
lesions in one or bot h eye s. 

A striki ng ill ust r ati on of involve
me nt of the nervous system will be 
seen in figure 6, t he roentgenogram 
of t he teeth of a patient, a young 
woman, who is suffering from r ecur
ri ng attacks of an obsc ure ner vous 
t ype. Four rabbits were inoculat ed 
with t he culture f rom these teeth . 
Th ree of t he 4 were paralyzed fr om 
t he center of their spi nes backward . 

Another important localizati on 
expression t hat h as deve loped in our 
work has not so far as I know bee n 
reported by ot hers, namely, the very 
marked tendency of certain strains 
taken from inf ected teeth to select 
ovaries and tubes. In figure 7, f or 
example, will be seen an ovarian 
cyst which was as large as a sma ll 
hen 's egg, and whic h took about 
three months to deve lop. Six small 
ova rian cysts have deve loped in a 
si ngle r abbit after inocula t ion with 
the cu lt ure fro m t he tooth of a 
woman who had been operated on 
six weeks pr evio usly for r emoval of 
an ovarian cyst which was t he size 
of a large goos e egg. These are also 
shown in figure 7. In two thousand 
r abbit s, d i v i d e d approximately 
eq ua lly as to sex, such lesions have 
not deve loped in 2 per cent of female 
rabbits . I n several cas es, where the 
patient from whose t eeth the cul
ture was taken was suffering from 
ovarian in volvement , a number of 
fe male rabbits have developed 
lesions. Direct smears and cult ures 
made f ro m the cyst shown in figure 
7, showed Gram-positive diplococci 
which corresponded morphologically 
with t hose inocu lated into t he a ni
ma l fro m t he dental infection. I 
have p re viously reported a number 
of suc h ca ses. 

Our us ual method of inocul at ion 
has been to use about 1 cc. of an 
eighteen- to twenty-fo ur -ho ur cul
tu re of a stra in grown in deep as
cites t ubes containing dextrose 
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brain broth , usu all y with vaseline 
covering same. We have found 
that t he elective localizati on quali
t ies were very rapidly lost , partic
ularly under ae robic conditions and 
t hat it is more important to have a 
young cultu re of organisms , eve n 
t hough scant in growt h, than to 
h ave a n older cult ure even though 
t he lat t er is ric h in growth . We 
have, for ex ample, bee n able to pro-

hood of one millionth part of a gram. 
I have done much wor k by plac

ing infected teeth beneath t he skin 
of anima ls thro ugh the sma llest bu t
tonhole incision that would permit of 
t heir entra nce, care bein g taken not 
to contaminate t he wound which was 
carefully closed wit h sutures and 
sealed . Approx imately 75 per cent 
of such teeth caused the death of 
t he animal in a few days or weeks 

F IG. 4 

These ra bb its were inoc ulated with cu ltu res fro m patients with 
to rticoll is . One. of th e t wo at t he upper r ight with the culture from 
the extracted roots and t he ot her with t he cultu re f rom the neck 
muscle. Severa l rabbits hom eac h group ha d neck involvem en t 
and chore ic moveme nts. T he lower ani mal is paralyzed in his 
hinde r extremities f rom the cu lt ure from t he roots . 

duce acute endocard it is, wh ich and about 25 per cent became en
caused the deat h of t he rabbit in caps ulated which rabbits lived for 
two weeks, wit h t he organisms mont hs and f requently deve loped 
was hed from t wo infect ed teeth of a nephri ti s and streptococcal pne u
young ma n suffering from ac ute monia sometimes after a year. One 
endocarditis . The calculated weight tooth was transferred from rabbit 
of t he organis ms in ject ed as determ to rabbit to see if t he virulence of 
ined by a count fo r es tablish ing the t he organism could be broken by 
concentration was in the ne ighbor- t his proced ure . Th irty rabbits were 
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kill ed in suc cession, all but one in 
six da ys or les s. Th is tooth had 
been r emoved from the mouth of a 
pati ent suffering from ence phalit is . 
Th e chief sympt om was recurring 
spasms of th e muscles of mastica
ti on, ches t , an cl arms. Th ese re
peated about every fifteen minutes 
and las ted fo r about five minut es. 
In the spasms, she would gnash her 
t eeth so t hat it would be heard in 
t he s ur ro unding ro oms . A culture 
was made from the abo ve t ooth and , 
in oculated subdurally into a rabbit, 
and at the same time a cult ure from 
a to oth of a pa t ient not suffe r ing 
fr om encephalitis was inoculated in 
a s imilar manner into another rab
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FTG. 5 . E YE I NVOLVEMENTS I N R AllBIT I N 

OCULA TED WITH Cur,TU RE Fn OM TOOTH 

Of' PAT1ENT WITH ACUTE R ETI N ITIS 

The upp er eye is n ormal. Of 5 r ab
bi ts inoculated w it h this stra in, 4 had 
ac ute eye involvem en t . 

bit. In a few hours time, the rab
bit inoculated from the patient with 
encephalit is wa s ha ving recu rring 
spasms with gnashing of it s te eth 
and spas ms of the muscles of the 
f orelegs and the muscles of ma stica
tion ver y similar to th e expression 
in t he patient. These two rabbits 
are shown, one in spasm , in figure 8. 

In t he light of the later work of 
Dr. Rosenow relating strains of dip-

locoed to aff ections, simulating en
cephalit is , and in view of the results 
of our other inoculations with 
strains fr om patients not suffering 
from encephalitis, we fe el impelled 
t o give consideration t o the ass ocia
ti on of these symptoms as produced 
ill the rabbit with the infection from 
which the patient was suffering, 
quite regardless of wh ether t he or 
ganism inv olved is a filter-passer or 
one of the st reptococcus group. 

F or those who are interest ed in 
this phase of the pr oblem I would 
refer to my recent re view (4) which 
is ma de up almost completely of suc
cessi ve series of ca ses in which 
lesi ons were developed in animals 
corresponding to lesions from which 
the patients were suffer ing, and 
with a hi stor y of marked improve
ment in a large number of the pa
tients with r emoval of dental in
fecti ons. 

S ,' IROCH ETAL INFE CTIO N OF' THE 

LUNG S 

Sev eral writer s have recently 
s tre ss ed the imp ortance of spiroche
tal infections from the mouth as 
pr imar y or secondary invaders in 
lung lesions. Kline and Berger (5) 
ha ve repor ted 16 cases that have 
come to autopsy Where the spiro
che tes were found in profuse num
bers ill the lun g lesions. I have re
ported a case with the following his
t ory: A man about thirty-three 
years of age had a lung lesion which 
had been diagnosed as tuberculosis, 
was running a daily temperature, 
rai sing a very foul sput um, als o had 
lassi tude and was working only part 
time as a street car conduct or. 
About hi s t eet h were great quanti
t ies of spirochete infection, which 
organism is characteris t ic of perio
dontoclasia lesions. With t he re
duction of the gingival infection, 
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A 

B 

" FIG . 6 

These 3 rabbits a re paralyzed from the cente r of t heir spines 
bac kwa rd, Four were inocul a ted with the culture from t he r oots 
of t he tooth sh own , taken from a patient w ith seve re but 
obsc ure ner vou s disturba nce. 
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partly by extraction, and partly by 
treatment, he gained sever al pounds 
in a f ew weeks time, the afternoon 
t emperature ent irely disappeared 
and f or a year and nine months h e 
has had no return of his tubercular 
sy mpt oms. Figure 9 shows th e 
lun g pictures bef ore and six months 
after the rem oval of hi s dental in
fec t ions . Th e dia gn osis made by 
the lun g specialist was for th e first 

marked tendency to peri odontocla
sia, or pyorrhea alv eolaris, and since 
pyorrhea in fecti ons are practi
ca lly always spirochetal, ther e is 
alway s a marked danger of spiro
che t al involvement from pyorrhea 
pocket s as a complicat ion wit h 
tubercul ous infecti on. The spiro
chete would usually be difficult t o 
recognize except as the result of 
special search. 

FIG. 7. OVARIAN C YSTS PRODUCED ll Y DE NTAL CULTURES 

Th e one to t he rig ht was as l a r ge as a s ma ll hen's eg g. Tbe r a bbi t at t he left had 
six ovar ia n cysts . It had been inoc ulated with t he cul ture from t he too t h 'of a 
woman from w hom ha d been rem oved a n ova r ia n cys t as large a s a goose egg six 
weeks previousl y. 

s t udy probable tuberculosis , and 
with the second, no evidence of 
tuberculosis and he now expres sed 
the doubt that ther e ever ha d been 
a tubercular infecti on. Since the 
t ype of patient wh o ma kes the poor 
fight against tuberculosis is of a 
decalcifyin g type, and sin ce the de
calcif ying t ype patient has a 

HEM OPH1LIA 

Another very important compli
cation of gingival infection which 
sho uld be emphasized will be f ound 
in those t ypes of organisms whi ch 
produce pri mary and secondar y 
anemia. Some st rains of st r epto
cocci sh ow marked t end ency t o 
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hemolyze r ed blood cells. We see 
t hese cases freq uently presenting 
with disturbances of clotting and 
death is not infrequent from slow 
spontaneous hem orrhage from t he 
gums. Such a severe case is t he 
fo llowing: A young man, abo ut 
t h irty years of age , suffered f rom 
hemorrh age from his gums f or a 
period of t h ree months, pract icall y 
cont in uously night and day. On two 
occas ions , he became unconscious 
from loss of blood and was given 
transfusions . A hem orrhage int o 
the int ernal ear had prod uced com 
plete deafness in t hat ear. His clot 
ting t ime was abo ut ten min utes. 
Close examinations showed that t he 
hemorrhage was greatest abo ut his 
pu lpless teeth . Cult ures from one 
of t hese te et h inoculat ed into rab
bit s prod uced multi ple spontaneous 
hemorrhage t hro ughout t he body. 
F igure 10 sho ws the h emorrhages 
in the t high and kidne y of a rabbit 
which died in twenty h ours after 
in oculat ion with th is str ain. The 
rabbit pr acti call y bled to death f rom 
hemorrhage int o its tiss ues . With 
the r emoval of t his patient's infec
t ions, and the use of a vaccine made 
f rom t hese strain s, hi s clotting time 
was rapidly reduced to three min
utes and in five weeks t ime h e was 
back 011 t he r oad as a commercial 
travelle r . I have reported similar 
strains that have k illed animals in 
eight ho urs by mu ltip le spo nta neous 
hemorrhages. 

PRHI ARY AND SECON DARY ANEM IA 

A new interest in the gingival in 
f ect ions is to be fo und in t he rece nt 
ly reported st udies on t he re lat ion 
of the yeast Monilia psi losis, and 
its effect in sp rue and anemia. As h
fo rd (6), working in Porto Rico , re
ports finding this yeast organism to 
be present in a very large pe rcent
age of the cases of sprue which is 

very pr evalent t here. Gro ve, Vines, 
She lton and others, not only fo und 
the blood calc ium lowered in sprue 
but have been successful in treat
ing that affection by t he use of para

-... -- - - ---- --- - -- --l 

F IG. 8. I NTRAO URAL I N J ECT ION OF CUL


TURE molYl TOOTH OF A PATIENT WITB
 

ENCEPHALITIS
 

Th e rabbit to t he r igh t has spa sms 
of the muscl es of ma stication and fore
legs, very simila r to those suffered by 
the patient. The rabbit t o the left was 
snn ila r'ly injected with cu lture from 
toot h of a pa t ien t not suffer-ing f rom 
ence phal it is . It did not develop similar 
sy mpto ms. 

F IC. 9 . iMPROV EME NT I N L UNG C ONDI 

TION BY REMOVAL OF SEVERE PYOR-· 
RHETJ C T EETH FRO :'l1 A PATIE NT WITH 

TUBERCULAR S YMPTOMS BUT WITH
OUT TUBER CLE B ACILLI I N THE 

SPUTUM 

thyroid and calci um lact at e. Wood 
(7) ha s stres sed the probable re la 
tionship between sprue and perni 
cio us ane mia, since he has fo und 
t he Monilia psilosis in gingival in
fection s and fece s in large numbers 
in both groups . We have not been 
ab le to find t his organism in t he 
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mouths of normal individuals in by stomac h tube directl y into the 
Cleveland. sto mac h . Gr oup "B " has received 

Str ains of Monilia psilosis, ob th e exotoxin as a bacter ia -f re e ultra
tained f r om pyorrh ea pockets and filtrate, obt ained by use of a cello
f rom feces of patien t s suffe r ing idin sack and 150 mm . mer cury 

i 
."1

FIG . 10. MU LTIPLE S PON TANEOUS H EM ORRH AGES I N RABE IT CAUSING DEATH I N
 

T WE NTY HO URS FROM CULTURES FROM TOO TH OF PATIE NT , PROSTRATED
 

FROM S PONTANEOUS H E MORRH AGE FROM T HE G UMS
 

f ro m pernicious an emia and sprue pressure . Gr oup "C" received an 
have been run in rabbits divided endotoxin sec ured by separating the 
into three group s. Gro up "A" has organisms by cent r if uging and 
received cult ures of th e organism was hing in several changes of nor



955 Systemic Expressions of Dental Infections 

mal salt solution. Th e organisms 
were then g roun d wi th sand in a 
tumbler fo r several hours and the 
material se par at ed. One of the 
ch ar acter is t ic r eactions in g ro up 
"An (wh ich g roup receiv ed the or
ganisms by stomach tube) has been 
an increase in a weeks t ime of t otal 
calcium of the blood of 20 to 30 per 
cent , without a corr esponding in
crease in inorganic ph osphorus. The 
diffu sible calcium has increa sed to 
ab out the same ex tent . Some st ra in s 
have proven t o be mu ch more toxic 
than others as several of the rabbits 
ha ve di ed wit hin a f ew days after 
beginning the treatment. There is, 
however, a marked diff erence in the 
virul ence of the diff erent st r ains . 
P olychromatophilia, ani socytosis, and 
poikilocytosis have been f ound in a 
number of th ese rabbits, as have 
a lso nu cleated red cells . The rabbits 
of group "E" re ceivin g th e exo tox in 
inj ected directl y intraven ously have 
mo st of them di ed within a few days 
time, especially with the exot oxin 
from cer t a in of th es e strains. Most 
of them have di ed before extreme 
blood ch a nges have developed , 
though several have developed quite 
striking changes such as r eduction 
of erythrocytes, in cr ease of color in 
de x, nucleated r eds, pol ychromat
ophilia , anisocytosi s and poikilocy
t osi s . Th e to xicity of the endot oxin 
used in group "C " has been marked
ly less than that of the ex ot oxin. 
Some change s in blood morphology 
have developed in this gr oup, and 
an important ch ar acter is t ic has ap 
peared in tbe blood ch emical studie s 
a s a reduction in t otal ca lcium. In 
one of these rabbits about 30 per 
cent of th e red cells contained bodies 
r esembling the malaria plasmodium. 
Figure 11 sho ws two specim en s of 
blood, 011e taken from a patient with 
pernicious anemia in an ad vanced 
stage, and the ot her from a rabbit 
which received the bac ter ia l prod

uct of the culture taken from the 
pyorrhea pocket s of a pernicious 
anemia patient. The patient's case 
of several year s standing, h as been 
dev eloping for ab out as many 
m onths as the rabbit' s has da ys. 
Th ey cannot, therefore, be consid
ered compar able in hi stor y. It is of 
importance, h owever, that many 
point s of similar ity are evident . This 
patient with a veno us eryth roc yte 
count of 1,439,000, and 29 nucleated 
r ed cells in counting 235 Ieucocytes, 
has a total calcium of 8.9, diffusible 
ca lci um of 5.4, non-diffusible or col
loid al of 3.3, which con stitutes so 
ser ious a hyp oca lcemia asto greatly 
disturb all organ and ti ssu e function 
of the body. Other ch ar acteris t ics 
of t h is pati en t 's blood were marked 
polychromat ophilia, p o i ki I ocy t o s i s 
and ani socytosi s . Hi s hemoglobin 
was 30 (by Da r e), leu cocyt es 5800, 
Arneth index 52, pol yrnorphonu
clears 44.7, small lymphocyt es 52.3, 
large lymphocytes 2.9, transiti onals 
2 .9, ba sophilic cells 1.2, with no 
eos inoph ils. I will presently present 
data indicating that one of the 
body' s ear ly reactions in t he pres
ence of inf ections which disturb 
calcium le vels is to in cr ea se th e to
tal calcium as a means of holding 
up certain depressing calcium fac
tors . The accumulating data bear
ing on the r elation of monilia psil
osis to pernicious an emia, strongl y 
sugges t that ca lcium disturbances ' 
are not only one of the important 
ch ange s in volved but that t hey di
r ectly contribute t o se ver al of the 
blood changes su ch a s the produc
tion of leukopeni a. Owing t o the 
extrem e t oxicity of the bacteria
free exoto xin, it has been necessary 
t o r educe the quantity of intra
ve no us in ject ion, since many of the 
rabbits died within a few da ys wit h 
char acter ist ic central n ervous sy s
t em disturbances wh ich drew t h e 
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head backward and those that were ported a ser ies of pernicious anemia 
observed while dying suffer ed vio cases in which the major symptoms 
lent clonic contractions with indica appeared as brain and cord les ions 
ti ons of marked disturbances in and they have str essed the impor t -

c D , . ' 
. .. ' .'• 

F IG, 11. ANEM IA AND SPRUE STUDIES 

Cultures taken from pyorrhea pockets of patients suffering from sa me. A, a 
paralysis of side of the face, and part of side from placing culture in stomach by 
stomach tube. B and OJ blood cell cha nges produced in rabbits. D , blood smear from 
patient wi th anemia. 

brain and cord . These ti ssues are ance of lesions of the nervous sys
being run for pathological changes . t em as being usual involvements. 
Reese and Beigler (8) recently re- Whether it shall be demonstrated 
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that pyorrhea infections constitute 
an important etiological factor in 
pernicious anemia, the evidence 
compels very serious consider
ation, and necessitates a program 
of exacting treatment and preven
tion, if pyorrhea is not to be a com
mon contributing factor in the va
rious primary and secondary anem
ias. 

COMPLEMENT FIXATION 

In our complement fixation stu
dies data have been secured strong
ly indicating that strains of organ
isms cultured from infected teeth 
tend to show a positive comple
ment for the blood of the individual 
from whose mouth the teeth were 
taken. We have used a number of 
our own stock antigens and a number 
secured from Dr. Burbank of New 
York. For example, patient no. 
1650 presented a mild anemia. Her 
blood was tested with ten antigens 
one of which was made from her 
own tooth, to which she had a four 
plus reaction. The strain was viri
dans. She Was positive to three of 
our standard strains aU of which 
were hemolyzing strains. Also an
other patient who had been bedrid
den much of the time for the past 
year with arthritis of the spine was 
positive to seven strains of which 
five were from arthritis deformans 
cases, one from periarticular ar
thritis and one from perisynovial ef
fusion. A number of patients were 
positive to antigens from arthritic 
cases who had had mild attacks of 
arthritis but who were not suffering 
from same at the time of the test. 
One patient who was completely 
rigid in his right knee and hip and 
almost completely so in the spine 
was positive to only one standard 
antigen, It was a Streptococcus 
hemolyticus from an arthritis de
formans case. Two strains of strept
ococci recovered from his urine, one 
a mitis, and the other an ignavius, 

and which were not killed by his 
blood, when incubated with it for 
twenty-four hours, were used for 
making antigens. These antigens, 
when tested with his blood were 
both strongly positive. When his 
blood was vaccinated in vitro with 
a vaccine made from these strains 
there was a change in the bacter
icidal efficiency from 5000, 10,000, 
and 15,000 colonies per unit area to 
o in twenty-one tests, and 1, 19 and 
56 colonies in three other tests. In 
other words, more than 99 per cent 
of all the organisms in twenty-four 
tests were destroyed by the vac
cinated blood in vitro. These illus
ti-ate our method of selecting the 
strain from which to make a vac
cine and the checking of the vaccine 
before using it on the patient. The 
difference between the 5000, 10,000 
and 15,000 was caused by the dif
ference in the time the organisms 
were in contact with the vaccinated 
blood. When in direct contact for 
four and one-half hours, 15,000 colo
nies grew out; twenty and one-half 
hours, 10,400 colonies; and forty
four hours, 5,200 colonies. 

MORPHOLOGICAlj AND CHEMICAL 

CHANGES IN THE BLOOD 

The rapidly accumulating data re
garding blood stream changes and 
their significance suggests strongly 
to the writer that the changes in th'e 
cellular and chemical constituents 0( \ 
the blood present an argument for 
the elimination of chronic dental in
fection which is even more impor
tant than the clinical data. Chronic 
dental infections tend to produce a 
change in the leucocytas as a rel
ative depression of the polymorpho
nuclears and an increase of the 
small lymphocytes. This is the con
dition which presents when infected 
teeth are placed beneath the skins 
of rabbits. During the period of ac
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tive aggressive warfare, there is an 
increase in t he polymor ph onu clears, 
wh ich soon changes if the an im al 
is to be ove rco me by t he presence of 
t he tooth as occurs in 75 per cent of 
the animals in a few da ys or we eks . 
This is typically illu st rat ed in fig
ur e 12, which shows t he progr essiv e 
changes. Th e polymorphonu clears 
decr ease from 57 to 31 pe l- cent, a nd 
t he small lymphocytes increase from 
34 t o 62 per cen t. A gro up of pa
ti en t s with chronic dent al in fections 
are shown in figur e 13, in which it 
will be seen that in all of the cases 
presen ted the polyrn orphnonuclears 

point , wh ile the tota l wa s 0.6 mgm. 
above it s st arting point. We have 
mad e t hese observat ions man y hun
dreds of t imes and have found con
t inually t h a t as t he rabbit s ' active 
calcium has become depressed to 
ab out 5 or 6 mgrn., t he rabbi t s go 
in t o conv ulsions and die. Thi s will 
ofte n occur wi th t he stomach full of 
fres hly t aken foo d. This has led us 
to in t ensi vely s tud y the vari ous ca l
cium factor s in rela tion t o ch ro nic 
infect ion s, dent al and othe r wise. 

Any observatio ns a s to compar 
ative levels will of n ecessity be on 
t he presumption that r ela ti ve nor-

Comparison of changes in blood morpliol oin; and calcium due to cu Lture in ocul a,tions 

D Al E HEM O . 

( 19 23 ) G LOB I N 

- - - 
6-1 * 85 
6-2 85 
6-4 80 
6-5 80 
6-6 85 

E AY i HR Q · 
cYT.E S 

6,900 ,000 
6,150,000 
5,75 0,000 
5,800,000 
5,100,000 

L E;U CO · 
cY. £::S 

15 ,000 
27,70 0 
19 ,80 0 
16,600 
14 ,800 

eot.v , 
M O tO'. P HO _ 

NU ~ 

C L EA R.S 

57 
70.1 
35 .5 
64.7 
31.2 

LYMPHOCYT E S 

B A SO A~ NE't H C'.A LC I l.PM C A L.C I UM 

P H IL ES IJ'olOE )I: ACTIV E 'TO T A L 
L A RGE S M Al- l

-  - -  - - - - - - - - -

7 34 . 2 83 11. 53 13.00 
14.4 15 .4 48 11. 80 13.22 

8.8 533 

1 

2.4 9.45 13 .66 
16.8 17.9 8.46 8.71 

6.4 62.4 
I 

8.05 9.80 

* Be f ore in ocul ation . (Case N o. 1406 . Ra bbit No . 1221.) 

FIG. 12. S HO W ING MARKED R EDU CT IO N I N P OLYM ORPHONU CLEARS, AND I NCREASE I N
 
SMALL LYMP H OCYTES ASSOCIATE D W ITH DECREASE I N T OTAL AND A CTlV E CALCIUM
 

P RODU CED BY THE I NJECTlO N I NT O TH E AN IMAJ. OF S TREPTOCOCCAL CU LTU RE
 

were below 55 per cent and t he small 
lymphocytes usually a bove 35 pe r 
cent. This ph ase has been cons picu
ous fo r years, and our studi es ha ve 
been conce ntr a ted quite intensi vely 
upon t he ca us at ive factor s. By r e
turning t o figure 13, it will be n ot ed 
that t he acti ve ca lcium at fir st in
creased as did als o t he t otal calc ium 
but t hat t he active soon decrea sed 
while th e t otal was s till increasing. 
This seem s t o be part of the na tural 
mechanism fo r holding up certain 
calcium fac tor s which are being de
pressed. On the fourt h day, t he 
acti ve cal cium was at 9.4 or more 
t han 2 mgm. below t h e starting 

mals ar e known. Th e literature on 
the qu estion of various ca lcium 
levels furnishes much data r egard
ing t he tota l calcium but very little 
regar ding oth er factors . Evert. nor
m al t otal calcium is gi ven quite 
wid e la ti tud e. My own st udies have 
ind ica t ed t hat there is a differen ce 
in what cons t itutes the normal level 
f or differen t individuals, an d furth
er t h at individuals ca n be divide d 
in t o th r ee gro ups on t he basis of t he 
presen ce or absence of susceptibility 
t o rheumati c group affections, and 
al so on t he basis of the type of r e
action in bone in t he presence of 
den tal infection, wh ich groups will 
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show a difference for what may be systemic defense and susceptibility. 
cons idered normal calc ium levels. Typica l ill ustrations of the differ 
F urther my researches show t hat ence in dental pathology in these 
we will have t he same individu als diffe rent gr oups are shown in figu re 
in the va rio us gro ups by each of 14. "A" and "B" show ver y large 

Blood m 01'phology of dinicnl crzses sh o'win g t.ypica.l low poiurnorph.onu.cl.ears 
and high ly1nphocytes 
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pe r per i 

I I 
per I per per I per I·per Iper 

cent cent cent I cent cen t cent cent cen t 
1237 98 44 .5 5,680 ,000 6,200 0.96 

I 
-0 .2 \ 75 45.1 I 42 .2 5.8 3.3 0.5 1.1 

1233 100 33A 4,860,000 7,000 1. 04 -0.9 68 42. 2 40 .0 9.2 4.5 1.3 2.8 
1213 I 98 43.0 5,672,000 5,400 0.95 -2 .0 57 52 .2 4 2.1 2.1 1.4 2.2 
1198 I 97 53.0 5,080,000 5,400 0.97 - 1.0 53 45.4 45. 2 4.4 0.7 0.7 3.6 
1197 I 100 51.0 5,8 30,000 4,800 0.86 -2.4 61 50.7 32 .2 4.3 1.4 0.7 10 .7 
1189 

I 
95 49 .2 5,190 ,000 6,200 0.90 - 0.4 58 4 6.5 47 .0 2.4 2.9 0.6 0.6 

1187 97 44 .5 3,620,000 4,270 1.32 - 2 .8 53 50.0 42 .0 3 .5 1.1 0.5 2.5 
1186 

I 

94 49 .5 6,060,000 7,400 0.78 - 0.1 58 52.9 39. 8 4.0 1.8 0.5 1.0 
1183 105 50 .5 4,840,000 ' 4,600 1.10 - 1.8 72 4 4.8 44 .8 5.4 2.5 0.4 2.2 
1182 97 42 .0 4,7 80 ,000 5,300 - 1.8 68 51.2 41.4 4.1 1.2 1.2 1.2 
1179 I 98 43 .5 5,560 ,000 5,400 .087 I - 1 .7 63 50.0 40. 0 6.5 2.0 0.0 1.5 
1175 92 46 .0 5,060,000 8,600 0 .89 -1.3 70 51.0 35 .1 6.4 3.7 0.6 3.2 
1173 98 50 .4 6,100,0 00 8,000 0 .81 - l A 68 53. 0 4 1.0 1.2 1.2 0.6 3.0 
1171 100 49 .0 5,060,000 8,400 1.00 - 1.2 70 50.0 38.0 1.6 1.6 1.1 2.7 
1168 98 39 .5 6,200 ,000 10,000 0.80 -3.1 61 48 .3 45 .4 2 .8 1.7 0.6 1.2 
116 '4 90 50 .5 4,840,000 4,400 0.94 - 2.6 67 48.6 33.3 9.8 3.8 0.0 4 .5 
1163 95 46 .0 5,575,000 5,400 0.86 - 1.1 69 45.5 1 38 . 5 4 .0 4 .5 6.0 1.0 
1149 

t 
96 16'60 0,00 0 19,200 0.87 4 0 .2 14. 5 6.0 0.0 38.5 

1146 98 5,450,000 4,200 0.91 - 3A 71 53.2 33.4 5.7 2.8 1.4 3.5 
1143 85 4,930,000 5,000 0.86 - 3.7 64 52.6 35 .5 5.9 1.8 0.6 3.6 
1133 80 4,520,000 9,000 0.89 -1.9 67 50 .0 4 1. 4 2.6 1.6 1.1 3.3 
1131 85 5,100,000 7,300 0 .84 - 0.0 66 48 .0 39.3 5A 3.8 0.0 -0,.5 
1130 90 5,675,000 7,000 0 .85 -0 .2 55 50 .0 39. 0 4 .0 5.0 2.9 1.1. 
1123 85 5,650 ,000 7 ,600 0.80 - 0.5 71 53.0 3 7. 5 5.0 2.5 3.5 0.5 
1121 80 5,920,000 5,200 0.76 -2.3 57 51.0 4 1.8 1.2 1.6 1.2 1.2 
1114 85 5,344,000 5,400 0.83 -1.9 58 52 .5 35.6 6.0 5.5 2.0 0.5 
1112 85 5,640,000 1 7,800 0 .80 -0 .3 60 5 0. 0 37 .0 4 .2 4.2 1. 6 0.5 
1110 85 4,680,000 6,400 0.85 -0.7 44 52.1 40.0 4.0 2.5 0.5 3.0 

FIG . 13. A GROUP OF PATIENTS W IT H C HRONI C D ENTAL I N F ECTlO NS, SHOWING CHARAC

TERISTIC DEPRESS ION OF POLYMORPHONUCLEARS AND I N CREASE IN SMALL L YM PHOCYTES 

these two methods of classificat ion. areas of rarefaction about the apices 
There is, the refore, evidence of a di of roots with putrescent pulps . These 
r ect re lationship between the type individ ua ls have a history of com
of reaction in bone and the type of plete f r eedom f rom rhe umatic group 
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affections, and their large zones of 
rarefaction are direct evidence of 
good capacity for making a local re
action which constitutes a quaran
tine between the infected tooth and 
the host. On the basis of dental 
pathology, I have classed the indi
viduals of this group as the decalci
fying type, and ou the basis of their 
history of the rheumatic group le
sions, I have classed them as the 
group with the absent susceptibil
ity. "C" and "D" represent the 
next group, characterized on the 
basis of dental pathology, with a 
zone of more ' 0 1' less extensive con
densing osteitis about a zone of 
rarefaction. These are the individ
uals whose type of local reaction has 
changed. Incidentally the quaran
tine is not efficient and the organ
isms and toxin from the infected 
teeth are not destroyed and can in
vade the patient. On the basis of 
clinical history or disease suscepti
bility, we class them as the group 
with the acquired susceptibility. 
These individuals are physically 
breaking, and the process mayor 
may not have gone to the point 
where the patient complains of def'
inite symptoms or localized lesions. 
"E" and "F" are characteristic of 
the individuals of the third group 
who on a basis of dental pathology 
have very little evidence of reaction 
about teeth with putrescent pulps. 
There is marked absence of ade
quate reaction about the root apex, 
and the toxic material and infection 
can invade the patient. The teeth 
are not sore, are difficult to extract 
and constitute at once the type with 
greatest danger and the greatest 
probability of being entirely over
looked or passed on the basis of in
sufficient evidence of pathology. On 
the basis of clinical history, these 
individuals tend to have recurring 
attacks or some rheumatic group 
affection or affections. Whereas in 

the two former groups, the other 
members of the family have been 
largely free from rheumatic group 
disturbances, in this group, on the 
contrary, there is a marked inher
ited susceptibility. We accordingly 
term them the individuals with an 
inherited susceptibility. 

I have presented data in several 
communications (9) indicating that 
the calcium levels tend to be differ
ent in these different groups, and if 
time permits, I shall desire to pre
sent evidence indicating that de
fense and susceptibility are directly 
related to calcium levels, and to fac
tors of calcium metabolism. In or
der further to make clear the differ
ence in these three groups, I pre
sent in figure 15, resistance and 
susceptibility chart together with 
typical roentgenograms of a patient 
that would be in the first of the 
three groups by each of the two 
methods. On the basis of dental 
pathology, it will be noted that 
there is a very marked decalcifica
tion about the involved teeth. There 
is evidence, therefore, of a splendid 
defensive mechanism which main
tained a quarantine between the in
fected teeth and the host. Note in 
the first two columns the patient's 
history showing quite complete ab
sence of rheumatic group affections 

' with only an eye involvement to se
riously disturb. The patient has 
aeven " g~o th er s and three sisters, all 
of whom have been free from rheu
matic group affections. Both sides 
ofthe ancestry, including the fath
er and mother, the four grand
parents, and the uncles and aunts 
on both sides are shown to be free 
from rheumatic group affections. 
You will later see that the calcium 
in this group tends to be high. Fig
ure 16 shows the zone of calcifica
tion about a zone of rarefaction. 
This girl, at twenty-two, has had in
fluenza; she has had two serious 
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FIG . 14. CLA SSIFICATION OF I NDIVIDUALS INTO THnEE G ROUPS ON THE BASIS OF 

THE TYPE OF REA CTION lN B ONE ABOUT I NFECTED TEETH 

.ti, a nd B, marked decal cification and cavi ta ti on with r oot r esorption . C and 
D, conde nsi ng osteitis su r ro unding r arefying . E and F , r elatively littl e r eac
ti on compared with quantity of infection . 
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dental infecti ons, has a nervous 
breakdown following influ en za and 
does not recover. With the r e
moval of the dental infections she 
makes a very rapid impro vem en t. 
On the bas is of the dental pathol
ogy, we have the condensing oste
iti s, about t he raref ying . With her 
broken def ense from influ enza she 
cease s to maintain the qu arantine. 
From the re sistance and su scepti
bilit y standpoint she would class ify 
as having an acquired su sceptibility. 
Note the quite complete absence of 
rheumatic group aff ections on both 
sid es of the an cestry. In figure 17 
will be seen the association of the 
data by t he two methods. Thi s girl 
at t wenty-t hree, is an invalid with 
hear t in volvem ent and rheumatism . 
Note the absence of adequate de
fe nsiv e rea ction ab out the la teral 
which has a putrescent pulp, and 
therefore, an absence of an adequate 
local quarantine, Not e that this 
girl, who is breaking with heart in
volvement, and rheumati sm has 
five brothers and sisters, several of 
whom have had both heart involve
ment and rheumatism, H er fa ther 
and mother are both dead at a bout 
fifty years of age with heart in
volvement. Th ere are eight cases 
of rheumati sm in the family and 
nine of heart in volvem ent, four of 
whom wer e dead at the time, and 
an other has since died'. This girl 
was born with a handicap. She not 
only is predisposed t o heart in volve
ment and rheumatism, bu t very 
strongly predisp osed to dental 
car ies , and t he refor e, t o pulp in
volvem ent with its inevitable peri
api cal infecti on. 

If we arrange these individuals on 
the basis of these var ious groupings, 
abs ent, acquired, and inherited 
susceptibilitij , and divid e t he inher
ited group into f our s ubdivis ions
one side mild, t wo sid es mild, one 
side str ong, two sides st ro ng- re

ferring t o the strength of t he in
heritance, it will be not ed that t here 
is a ma rked diff er enc e in the inci 
den ce of rheumatic group aff ections, 
in the individuals of t hese various 
group s. I have now made suscep ti 
bili t y records for over 1600 individ
ual s and their famili es and in mak
in g my dedu cti ons, I have not used 
about half of these becau se of in
complet enes s in some parts of the 
r ecord. In this char t , I have select
ed fifteen typical families f or each 
of t he groupings and in each family 
ther e would be on an average, fif
t een people r ecord ed fo r study. In 
t hese 240 individuals in each group, 
we find on the ba sis of t heir hi s
tories t hat the r ecord s show sever e 
rheumatic group lesi ons, in the ab
sent group 16, acquir ed group 63, 
inherit ed one side mild 144, inher
i ted two sides mild 227, inherited 
one sid e st r ong 258, inheri te d t wo 
sides stro ng 483; or if we take the 
severe and mild rheumatic group 
lesions, the figures are r esp ectively 
31, 96, 201, 308, 338, 754. Th e indi
viduals, therefor e, who are born in 
the last group are more t han 20 
t imes as mu ch in danger of rh eu
matic group affections on the aver
ag e as are the indi viduals in t he 
fir st group . It will further be not ed 
that there is a progressive increase 
in t he incid ence of dental car ies on 
th ese bases of groupings from 40 to 
93 per cen t. The individuals ''in the 
s trongly inheri t ed group show" an 
incidence of 93 per cent with dental 
car ies . ' It is of inter est that the 
group with the acquired sus cepti
bility namely, those who have re
cent ly broken fr om overloads, show 
an incid ence of caries twice that of 
t he individuals in the absent group. 
On the bas is of presenc e or absence 
of pyorrhea alveolaris it is of great 
significance that this aff ection de
creases in incidence as we descend 
t his ord er of grouping. You are 
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FIG. 15 . ABSE N T SU SGEPT mrL ITY GROU P 

No te th e clear reco rd of patient and f amily fr om rh eum atic. g ro up a ffec

tions and marked decalci fication a nd r a r efaction a bout infected tee t h. 
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doubtless all familiar with the viduals with a high defense for 
clinical fact that caries is practically rheumatic group affections. If time 
never found in pyorrhea pockets. permitted I could furnish abundant 
However, since both pyorrhea le evid ence indicating that in most 
sions and caries lesions persist, the individuals periodontoclasia or pyor
two may develop in the same mouth rhea is a defensive reaction against 
at two different periods, and both local irritants and that there are 
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FIG, 16. ACQUIRED SUSCEPTIBILITY GROUP 

Ner vou s breakdown following influenza. N ot e condensing osteit is surrou nd
ing rarefying a nd absence of rheumatic group affections in family. 

be recorded in the skeleton. Note seve ral systemic factors one of the 
that the individuals with the most important of which is good 
marked t endency to periodontocla capacity for a defensive reaction . 
sia or pyorrhea tend to be the indi- These individuals tend, while hav
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FIG. 17. INHERITED S USCEPTIBILITY GROUP 

N ote many rheumatic group disturbances in patient and family, particularly 
heart and rheumatism and absence of adequate apical r eaction. 
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ing this high defense, to have high 
calcium levels. In passing, I wish 
to stress that physical overloads 
constitute one of the chief fa ctors 
in changing peopl e from the group 
of the absent susceptibility to that 
of the acquired, and that this prob
lem of overl oads becomes still more 
important in the disturbances of the 
individuals of the inherited group 
for they are born with a definitely 
weak link in the chain . To illus
trate this point I will refer to figure 
18, in which will be seen reproduc
tion of genealogical tree by Hurst 
(10). It shows that in the total 
number of 28 individuals, 16 have 
developed nephritis. Hence their 
marked increased danger from den
tal infections in the presence of 
systemic overloads, for their dental 
infections will tend to express them
selves in this weak link in the chain. 
I have previously shown (11) that 
there is evidence of a r elationship 
between the type of systemic dis
turbauce, whether streptococcal or 
non -streptococcal, which tends to 
develop in the individuals of these 
different groups, that the individ
uals of the inherited susceptibility 
group, characterized by a lack of 
local r eaction in bone about infected 
teeth, and history of rheumatic 
group affections in the family as 
well as in themselves, have a low 
calcium level and low bactericidal 
efficiency of the blood for strepto
cocci, and that when they br eak the 
affections t end to be among the fol
lowing: heart involvement, pro
liferative arthritis, acute rheuma
tism, nervous breakdown, stroke , 
kidney involvement, and marked 
tendency to dental caries. The 
group with the acquired suscepti
bility, characterized by condensing 
osteitis about rarefying osteitis, 
tends to have the calcium level lower 
at the time of their break, as also 
the bactericidal efficiency of their 

blood, and that the records of their 
breaks show the following lesions: 
dental caries, kidney involvement, 
stroke, nervous breakdown, degen
erative arthritis, neuritis, and va
rious of the sensitization reactions 
of the skin, hyperesthetic rhinitis, 
asthma, or hay fever. Th e third 
group with the absence of suscep
tibility to rheumatic group affec
ti ons, characterized by the marked 
rarefying osteitis with extensive de
calcifying processes, tends to have 
a high blood calcium, both total and 
active. The bactericidal efficiency 
of their blood is high for strepto
cocci, and while they have the sensi
ti zation reaction, and periodonto
clasia, they largely furnish the indi
viduals with diabetes, tuberculosis, 
cancer, and certain of the anemias. 

We have made chemical analyses 
of the blood of over 1200 typical in
dividuals of these groups, and while 
it is impossible to be exact in the 
matter of classification, the figures 
strongly indicate a marked tendency 
to differences of calcium level in the 
individuals of these various groups 
at the time of our making our ob
servations, which in the second and 
third group would be largely at the 
time, and frequently because of the 
recognition of the patient's unto
ward symptoms. These individuals 
would show a different calcium level 
at ot her peri ods. An average of a 
series of each of these three ~oups 
is shown in figure 19, in which it 
will be seen that group I, in whom 
the resistance is high, tends to have 
both a high total and a high active 
calcium, namely, an average of 11.9 
f or total and 10.5 for active calcium. 
In group II, with mild breaks, there 
t ends to be a high total and low ac
tive calcium, 11.2 and 9 r espectively. 
In group III, with severe breaks, 
the total calcium av eraged 9.5, and 
the active 8. This does not include 
severe condit ions such as osteomy
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elitis . In one case the total calcium ficient local quarantine, temporarily 
was down to 8.5, with non-diffusible so at least, or a series of changes 
or colloidal calcium at 1.2, and in take place in the blood, which I have 
another the total calcium was down indicated previously, namely, de
to 8.7 and the active to 7.9. pression of the polymorphonuclears, 

I have now accumulated a mass increase of the small lymphocytes, 
of data which is consistent in its depression of the active calcium, 
general uniformity and which be and often of the total calcium. 
cause of its apparently great signif have also stated that when the ac
icance and importance, I am putting tive calcium decreased to about 5 or 
in the form of a monograph, it be Gmgrn, the animal goes into spasms 
ing too voluminous for inclusion in and usually dies in a short time. 
technical research reports. These Prior to this crisis, there is a 
data strongly indicate that the in marked increase in sensitiveness or 
jurious effects of dental infections nerve reflexes and sometimes 

A.-GENEALOGICAl, TREE (HURST) 

I I I 
1. Male.; 2. Male; 3. Female; Female; 

died, aged 1,.. died, a,ged 11. aged 60. aged 50. 

I I 
I 

Female.* 6. 7 . Male 

L.em ale; Female; 
33. died, 
~ aged 21,.,


I -1- '-- 1
 
Total number 28I I I 

12 . 13. 14. 15. Female. 16. Male. With nephritis 16 Female.
Male; Female; Female. Female. Male ; 

agedlO. a,qed8. aged 6. 

Cases suffering' from nephritis are italicized. 
* Has had a ttacks of epistaxis and hematemesis . 

FIG. 18. GENEALOGICAL TREE OF FAMILY WITH NEPHRITIS
 
Total number 28; affected 16
 

upon the defensive factors of the tetany. We, of course, do not get 
blood, and upon the disturbance of this extreme picture in humans. We 
its normal levels, particularly of do, however, find many individuals. 
calcium and its compounds, have who, for long periods are in a state ' 
not been adequately emphasized. of disturbed calcium balance. The 
These effects, constitute one of the limited time does not make possible 
most important, and probably the the presentation here a mass of evi
most important disturbance pro dence which is available for sup
duced by them. When an infected porting the above thesis. I will, 
tooth is placed beneath the skin of therefore, be able to present only a 
a rabbit, it practically always pro few limited illustrations, from both 
duces one of two conditions-either experimental and practical cases. 
the foreign substance is surrounded Figure 20 shows a graph of the 
by a highly vascularized defensive consolidated story of the inoculation 
membrane which constitutes an ef of rabbit no 1356 by putting an in
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f ect ed t ooth beneath its skin at 
which time the total calcium (1) 
st ood at 13.9 mgrn.; the active cal
cium (2) at 10 .5 mgrn.: non-diffus
ible (4) at 8.4 mgm .; diffu sible (5) 
at 4.9 mgm. ; inorganic phosphor us 
(3) at 4.5 mgm.; total calcium bal
an ce (7) at plus 21 mgrn.; (the pro
duct of in organic ph osphorus and 
to t al calc ium minus 4.0 ) t he active 
calcium balance (8) at plus 8 mgm.; 
(the produ ct of active calcium and 
in organic phos pho rus minus 40). 
Th e horizont al lin e on the char t 
r epresents 40 , and the figures abo ve 
and below t h is lin e r epresent pos

active calcium decreased from 10.5 
t o 6.2; the inorganic ph osphorus 
decreased from 4.5 to 3.4; and the 
calcium balance fo r both t otal and 
active accordingly dropped rapidly. 
All animals and all individuals 
wh ose calcium balance lines are be
low t he ba se lin e are presumably in 
a pathological st ate. In over 200 
rabbits studied by placing an in
f ected tooth beneath t he skin, 75 
per cent have di ed as I have st at ed 
whe n the active calc ium decreased 
to the vicinity of 5 mgm. This rab
bi t was at the end of seven da ys, 
t he re fore, in very grave danger. 

Tab le 13.- A ven .(,ge ea, lcium levels of th re e typical health gI'rmps of eleven each on the 
basis of blood chemi stry. 
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34 .3 11.96 10.59 - 0.3 -4.8 108 27 139 607 511 3.2 14 1.5 

3.0 33.4 1l.25 9.02 39.5 -5.5 32 143 689 540 -13·°1'" 
36 .31 9.58 1 8.07 3.0 58.6 - 12.6 -14.6 101 29 112 6941550 

I 
F tG. 19. T H REE GENERAL T YPES OF BLOOD PICTURE 

Gr oup I, hi gh t o tal, high active ca lc iu m; group II, high t otal a nd low acti ve 
calc ium; group III, low t otal an d low ac t ive ca lciu m. 

itive or negative calcium balance. 
The weight lin e which is represent
ed by increa se or decr ease above or 
below the starting point, 2200 gm. 
is shown in (9) and the leucocytic 
count , starting at 7000 in graph 
(10) . Th e heavier perpendicular 
lines of t he squares represent num
ber of days, and the hea vier hori
zontal lines milligrams per cent. It 
will be not ed t hat in the fir st five 
days, aft er the in fected to oth was 
pla ced under t he skin of the animal 
t he t otal calcium decreased from 
13.9 to 12.5, during wh ich t ime t he 

Th e active calcium balance stood at 
minus 22. According to the histor y 
of previous cas es, the animal would 
soon have been dead. At t h is point, 
an inj ection was made of parathy
r oid extract, a t which time, t he leu
cocy t ic count , which had gone up 
during t he fir st f our days, wa s r e
ceding. It will be noted t hat wit h 
the three inj ections of our own 
preparation of parathyroid by the 
method of Collip, which increased 
the solubility factor of the blood 
f or calcium, all the graph s rapidly 
moved upward, the t otal going from 
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12.2 to 14.4, the active from 6.1 to 
8.2; the calcium balances both 
changed. The leucocytic count im
proved but this improvement was 
temporary. The rabbit soon began 
to decline. With this temporary im
provement, at which time calcium 
was being taken from the bones 
through the increase in the solubil
ity factor of the blood for calcium, 
there was a marked loss in weight 
of the animal, coincident with the 
improvement in the clinical picture. 
The fuel for the defense was secured 
at the expense of the body tissues. 
At this point, to check the further 
decline, and in order to pay the cal
cium bill from without, activated 
cod liver oil and calcium lactate, on 
two days in succession were placed 
in the rabbit's stomach by tube, as 
shown at the point of the arrow on 
the ninth day. Again there was a 
marked improvement in the calcium 
balance, largely through the rein
forcement of the metabolism of in
organic phosphorus. This improve
ment was again temporary. Note 
that the total calcium came down 
progress! vely, at the figure marked 
(ll) following the administration of 
parathyroid, but with the adminis

' t r at ion of	 the activated cod liver oil 
and calcium lactate, the active cal
cium came up rapidly to 10.2 ap
proximately its starting point. The 
rabbit was still carrying the infec
tion, and a quantity of pus, making 
an abscess about as large as a hen's 
egg, had accumulated around the 
tooth. Ultraviolet irradiation was 
given on three successive days, at 
the point marked (12) on the total 
calcium line. Note the increase 
shortly after this in the leucocytic 
count, which jumped from 9000 to 
28,000. With this splendid defens
ive reaction, the size of the accumu
lation about the tooth decreased 
from the size of a hen's egg as pre
viously to about the size of a hickory 

nut so that the pus was no longer 
palpable. Note that the calcium 
balance for both total and active 
calcium passed well above the base 
line; the total calcium again mount
ed to and above its original normal, 
15,3; the tissue over the tooth broke 
down and the tooth was exfoliated 
and the animal was out of danger. 
At the time of this writing, six 
months after the above experiment, 
the animal is apparently still in good 
health. Space does not permit the 
inclusion in the graph of extension 
of the lines to the time of the ex
foliation of the tooth. 

At the same time that this ex
periment was run, in fact the inoc
ulations were made simultaneously, 
a similar one was made on another 
rabbit, no. 1357, as shown in figure 
21. In general the charts started 
out the same, except that with the 
less rapid decline of the active cal
cium, as shown again in line (2) 
there was an increase in the total 
calcium, instead of a decrease. The 
calcium balance lines both go rap
idly down, since the infection has 
greatly disturbed both the active 
calcium, and the inorganic phos
phorus levels. Note that in this 
case, the non-diffusible calcium has 
steadily advanced. The injections 
of parathyroid correspond with 
those in the previous chart, and the 
results are similar with the admin- , 
istration of activated cod liver oil 
and calcium lactate. Note that the 
leucocytic count increased from ll, 
000 to 20,000 with the injection of 
the parathyroid, thereby gaining 
9,000, and with the administration 
of the activated cod liver oil, and the 
calcium lactate, increased from 12,
700 to 24,000, then falling rapidly 
to 13,000. During all this time the 
total calcium kept well above its 
starting point. The calcium balance 
lines which show the marked im
provement at the time of the boost 
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given with the parathyroid and 
activated cod liver oil, started down
ward again, but wer e temporarily 
turned back t oward the zero line, 
with the use of ultraviolet radiation, 

by a change in the direction of the 
var ious levels and the animal rap
idly pr ogressed toward its normal 
as shown by the upward direction 
of practically all th e lines. Note 

FIG. 20. C HANG ES PRODUCED I N VARIO US BLOOD F ACTORS BY P LACI NG I NFECTED T OOTH 
B ENEATH THE SK IN OF THE RABBIT 

1, to tal calcium ; 2, active calcium; 8, ino rgan ic ph osphorus ; 4, non-diffusible 
ca lcium ; 5, diffu sibl e cal cium; r, total calcium balance; 8, active calcium balance ; 
9, wei ght; 10, leu cocyte count (r abbit, no. 1356 ). N ote marked changes, especially 
of active calc ium and re sponse t o treatments . 

and then started downward. At particularly the decrease in the 
this point, t he pus was evacuated weight line , until the tooth was r e
surgically and the t ooth was re moved , and then its steady increase. 
moved. This was promptly foll owed I have much data on these var ious 
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problems whi ch I interpret t o indi
cate that th e increase in t he total 
calcium level is a mechanism of na
ture to maintain or to draw upw ard 
the lowering active calcium level. 
Th ese data in s upport of this con-

Figure 22 gives t he cond en sed 
summar y of important calcium 
changes and the effect of treatment 
upon t he same. This patient had 
several dental infections, and had 
a cellulit is develop, foll owing ex-

FIG, 21 

Similar trea tme n t to that shown in figu re 20 wa s given. T he too th wa s less t oxic, 
No te rise in total ca lcium with fa ll of active ca lcium and r api d improvem ent with 
r emoval of tooth. 1 , to ta l calc iu m ; 2 , active ca lcium; 8, non-diffusibl e ca lcium ; 4, 
diffusible calcium; 5 , in or gan ic ph osphorus; 6 , to ta l ca lcium ba la nce ; 7, active 
calcium balance; 8, weight; 9, leu cocyte count (rabbit no. 1357) . 

sist not only of many animal r ec tracti on und er ga s. We do not have 
ords, similar in many phases, t o t he details as it wa s done in another 
these t wo protocols j us t cit ed, but city. He had bee n a semi-invalid, 
also many practical cases from prac unable t o carry on hi s bus iness, for 
ti ce which will be typi cally illu s a couple of years . In connection 
tr at ed by the fo llowing . with the r emoval of furth er dental 
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infections, we made blood st udies. 
The total calcium was at 9.7, and 
active at 7.5. Hi s neck had been 
la nced in several places, wh ich were 
draining. With the r emoval of ad
ditional dental infection, and the ad 
minist r at ion of pa rathy roid sub
stance , and calcium lactat e, his total 
calcium increased to 11 mgm. and 
his active calcium to 10.6. In six 
weeks t ime after this treatment 
st ar t ed, he wa s so gr eatly improved 
physically t hat he returned to hi s 
ver y exacting duties, and f or t hr ee 
years has carr ied same with splend
id efficiency. You will note from 
the chart that the treatment was 

with t he sodium ch lor ide solution; 
t he second afte r an interval of six 
minutes, and the third f our minutes 
as reprod uced, sh ows -t he effect of 
calc ium sa lts favor ing the contract
ing condition of the vent r icular mus
cle, the first with normal blood, and 
the second and third with sod ium 
chloride solution containing calc ium. 
His third series of tracings illu s
trate the antago nism between ca l
cium and potassium . The first re
corded beats were obtained with the 
heart perfused with blood ; the sec
ond with the heart perfused with a 
solution of sodi um chlor ide contain
ing calci um . He calls attention t o 

Effect of pa.?'uthyroid omd. cal r.ium lactate treatm ent on activ e cr[lc iU7n of blood 

I
DA T E H O Ur. 

TR SA't" ME N T pO R A CT lVE 

CA L C I U M A,CTl VE C A L C I U M T O T A l. C A LCI UM 

8-31- 22 
9- 6-22 
9- 13- 22 
9-26-22 
1-24-23 
2-16 23 
4-25-23 

(t .m . 

9 :00 
10 :00 
11:00 
I I :00 
11 :00 

Began 
Continued 
Continued 
Cont in ued 
Discontinued 
Re sumed 
Continued 

7.5 
7.9 
8.1 
8.2 

10.6 
9.2 
9.4 

9.7 
9.9 
9.5 
9.4 

11.0 
11.1 

9.9 

-
F 1G. 22. BLOO D CAL CIUM C H AN GES FOLLOWI NG TREATME NT ASSOCIATED W1TH CHANGE 

FROM I NVALIDISM TO RETURN TO S PLEN DID HEALTH 

disconti nued tempor arily at wh ich 
time his calcium levels both r e
ceded, and the treatment was again 
instituted. He had learned to keep 
up t he treatment himself, and comes 
from t im e to time f or checking. In 
figure 23, I have r epr oduced trac
ings made and published by Profes
sor Ringer. Th ese illustrate in a 
very beautif ul way the antagonistic 
relation of calci um , sodium, and po
tassi um ions. Hi s figure 21 illus
trates the inability of a solution of 
pure sodium chloride to maintain 
the beats of the frog's ventric le. 
The first beats were obtained eight 
minutes after replacing the blood 

the prolongation of t he systole 
which is t ypical of the action of 
calcium. When a small quantity of 
potassi um chloride was ad ded to 
the perfusing fluid, t he effects'. of 
the calcium were antagonistic; the 
beats became normal, as shown in 
the last portion, which tracing wa s 
obtained 10 minutes after the addi
tio n of the potassium chloride. 

If time permitted, I would desi re 
to present here considera ble data 
whic h seem to r elat e dental infec
tion t o disturbed f unction of the 
heart, kidney and ot her tissu es, by 
depression of fu nction t hrough the 
red uction of calcium ions of t he 
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blood and bod y ti ssu es, and it is m y 
belief t hat this constitutes the m ost 
frequent, and in t otal, the m ost se
rious expression of dental in fection . 
When an infected too t h is placed 
benea th t he sk in of a rabbi t , wit h 
the depressi on of the active calcium, 
there is a marked reducti on in the 
rate of motili t y of the leucocytes, 
which is readily disclosed b y placing 
a capillary tube, cont aining infect
ed culture medium with it s open end 
und erneath the skin. The leucocy
tes have been s hown t o migrate only 
lJ2 inch in t wo hours, whe n t he cal
cium is depressed 20 per cent, and 

roidectornized animals is preceded 
by a h ypersensitiveness of ner ve re
sponse, progressing t o ext re me irri
tability as convulsions and tetan y 
approach. Th ese are r eadily relieved 
by t he administration of ca lcium. 

An analysis of over 1200 human 
blood chemical studies, wit h special 
consider at ion of calcium fact ors, in 
relati on t o dental infections has pre
sented 
similar 
animals 
fection 
similar 

much evidence indicating 
change s t o those f ound in 
in which chro nic foc al in
has been established and 
im provem ent has f ollowed 

the removal of dental infecti ons . A 
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F IG , 23 . E FFECT OF PRESE NCE OR A BSENCE OF CA LCIUM OK H E.\RT MU SCLE C ONTRACT ION 

upon inj ecting calcium lactat e eithe r 
subcutaneously or by rectum, as 
suggested by Hamburger , or by 
plac ing calcium lactate and cod liver 
oil in the sto mach the rate of mi
gr at ion has been notably in cr eased 
in two hours t ime. A very com
mon clini cal imp r ovement in the re
moval of dental infection is the de
crease of la ssitude, and in heart 
cas es, the removal or decr ease of 
se nsations about the heart . 

Nerve irritabili t y has been abun
dantl y show n to be very directly r e
lated to the concent r at ion of cal
cium ions. Th e tetany of parathy

t ypical illustration will be seen in 
the' f ollowing: This patient at 
six ty-one years, pr esented with one' '. 
of hi s chief symptoms , nervo us irri
tability and lassitude. With the re
moval of hi s dental infections the 
alkalinit y index of hi s blood in
cre ased in t wenty-five days f r om 
33.4 t o 36 (40 t o 45 being normal) ; 
to tal ca lcium from 9.7 to 11; active 
ca lcium from 8.5 to 9.4; inorganic 
phosphor us from 3.5 to 4.1 and non
protein nitrogen reduc ed from 40 t o 
30. With the r em oval of the dental 
infe ctions and coincident wit h the 
r eturn toward normal of t he calcium 
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factors, this man exp erienced a ver y 
marked improvem ent and rapi d r e
turn to normal health . 

We have many times noted a 
characteristic irritabilit y of th e 
heart show marked improvemen t 
wi th t he removal of the dental in
fecti ons, and coincident with the im
provement of calcium levels . Wh en 
the wr iter 's ca lcium is depressed, 
he can r ecogni ze the conditi on by 
the irritable way iu which his heart 
does its wor k, and whe n the blood 
calc ium is normal he is not cons
cious that he has a heart . Of cour se , 
many ot her fa ctor s than dental in
fe ctions may disturb calcium levels. 

To summar ize I would st ate that 
the accumulating evide nce strongly 
stresses th e impor t ance of focal in 
f ecti ons such as a dental focal infec
tious, being an import ant contrib
u ting fa ctor to degenerative disease, 
an d that one of the mos t important 

aspects is to be f ound in the direct 
effect upon blood stream changes, 
particularly of calcium levels, and 
th ereby upon the functi on of var ious 
or gans and tisu es. It is fur ther 
stro ngly ind icated t hat disturbances 
of calcium cannot be est imate d by 
determining simply t he total cal
cium, which factor may be increa sed 
instead of decreas ed as part of na
ture's mechanism t o hold up cer tain 
depressing constit uent calcium fac
to rs. If ultimately we are to pro
vide preven tive measures, it seems 
very strongly indicated that we 
shall eliminate focal infections be
fo re t he re is sy stemic evidence of 
their pr esence, as clinical lesions. 
This does not mean that wh en in 
doubt all t eeth sh ould be extr acted, 
but it does mean that mor e care f ul 
distincti on must be made to deter
mine what is, and what is not, a 
contributing dent al infecti on. 
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