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FE 'vV, if any, o f th e gene ra l h ealth 
problems en tail 1110re difficult ies in di
agnosis th an do dental in fections in 

I ela t ion to sys te mic disease. The que stion 
may al so readil y be a sked whether any ca u
sative or co ntr ibut ing factor to t he degen
erative di sea ses is mor e important than 
fo cal in feetion s. T he problem conce rns 
th e radiolog ists probably quite as mu ch , 
i f not mo re, th an the mem bers of oth er 
spec ia lt ies. S ince the interpret ati on o f 
phy sica l rec ord s a lmo st of necessity is r e
lated to qu antitati ve expr ess io ns, we would 
ex pect th at , by compar ison, quant ita tive in 
fect ion s w ill be found di sclosed roentgen o
g ra ph ically. La rg e areas of in volvem ent 
have naturall y been tak en to signif y rela
t ively la rge qu antiti es of in fect ion . P ro b
ably no mo re se r ious mi sap pr eh en sion has 
obtained with rega rd to denta l focal infec 
tions th an th at large zon es o f ra d iolucency 
are ind ica tive o f large quantities o f in f ecti on 
an d small zones ind ica tive of slig ht infe c
ti on. T his has been based on th e prem ise 
tha t the organisms ma de the cham ber o f 
r are'faction. 'vVe now kn ow this to be a n 
er ro r. T he defensive mech ani sm o f the 
host makes th e zones o f r ar e faction , a nd the 
ex tent o f the se zones is in largest pa rt an 
exp re ssio n o f th e indi vidual ' s reaction to the 
irritant. 

In ord er to o r ient ourselves, let us revi ew 
th e pr esent s it uat ion. T he cu r rent belief 
an d basis o f p ra ctice is, in my judgment, 
abo ut as fo llow s : That the roent gen ray 
will reveal th e presence o r absen ce of dental 
in fection , becau se dental infect ions p rod uce 
changes in the support ing st ructures abou t 
an in fect ed tooth in th e form o f a zone or 
ch amber about th e ape x o f th e tooth. T his 

aR ea d befo re the Twelf th Annua l Me et ing of the R a dio 
logi cal Soc iety of Nor th Amer ica, at Milwa uke e, De c. J , 
1926. 

a bsor ption is, in volume , in direct propor
tion to th e a mo unt o f in fecti on pre sent , a nd 
the refo re the da nger to the indi vidu al is ex 
pre ssed q uant itatively by th e ex tent o f the 
zo ne o f rarefact ion. T he precise measure 
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F ig . 1. F ou r pa irs o f incisor s. On e of each pai r is 
pu trescent . T hree of the pa tien ts w ere ser iously ill. 
T he tr ue condition is not r eveal ed. 

o f th is ex tent is believed to be revealed by 
roent gen ogram s. I sha ll prese nt f urther 
ev ide nce . which 1 find myself un abl e to in 
t erpret in an y othe r way th an as cont rad ict
ing th e val idity of much o f th e for egoing 
pr emi se an d as indica tin g an en tirely new 
basis fo r judgm ent. 

In my rece nt ly published tex t ( 1) I fu r
nishecl a qua n tity o f evidence which I sha ll 
a ssume th at my read ers are, in gene ra l. 
famili ar with. I ha ve sho wn, for ex ample , 
th at th e pr esence of a n ex ten ded zone o f 
pu s in the joints a nd m uscles of the lim bs 
o f a rabbit is not revealed by th e roentgeno-
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gram, an d have presen ted other data to 
demonst ra te th at dental in fecti on s may be 
pres ent without being revealed. 

In F ig ure 1 th er e w ill be seen the two 
cent ral incisors of each of fou r indi viduals. 

F ig. 2. Fi "st and second 
lower molars ( shown in A an d 
R, above) , and th eir roots, 
w ith g ranulomas, a fte r ext rac
Lion (s hown in A and B, be
low ). T he g ra nu lomas arc 
larger on the seco nd molal' 
than on th e first mola r, thoug h 
their presence is not revealed 
roe n tgenograp hically. 

One cen tral incisor in eac h case is putrescent , 
with littl e o r no ind icati on roentgenog raph
icall y of eithe r the id entity o f the tooth or 
the extent o f th e in fection. Th ree of th ese 
individuals are seriously ill and one grave ly 
so, with heart invo lvement , Th is rai ses th e 
question a t once: A re we co rrect in th e 
premise as prev iously sta ted ; and, i f not, 
why no t ? 

A s a further introdu ct ion to the cons ide r
ation of th is problem, in F ig ure 2 we ha ve 
a co mpar ison of the appa ren t and actual ap
pear an ce of a practi cal case in wh ich, in A 
a nd B, a bove , w ill be seen the roentgeno
graphic appearance of th e first a nd second 
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mo lars. In A th er e is d istinct roentg eno
graphic evide nce of pe riap ica l radiolu cence, 
which is but sligh t ly, if a t a ll, ev ide nt about 
the roots of B, th e second 1110la r ; and, in 
A and B, below, we see tha t the g ra nulo mas 
on these root s are larger on B th an A. Why 
h as not th e roen tgenogra m told us th e who le 
tru th? (The re is no qu est ion but tha t it 
te lls the truth. ) Is it not beca use we do not 
under stand it s message ? 

I n order to determi ne th e explanation fo r 
thi s phenom enon , I have made a ser ies of 

determinat ions, some of wh ich are as £01
lows : By taking a piece of beef bon e, and 

for thi s t he ste rn um ( tbe butch ers ref er to 
it as the " br isket bone") is pa r ticularly well 
suited becau se it has a consi derable po r tion 
o f spo ngy bone in p ropo rtion to dense, and 
by c utt ing it in half and th en plac ing a metal 
ba r, a pproximate ly one -fou rth inch square 
but wi th teeth on one side, between the t wo 
pieces, an d plac ing these p ieces in a vise an d 
fo rc ing th e met al int o th e spongy bon e, a n 
indenta t ion is made the size of the met al 
bar. T his met al ba r is show n roentgeno
graph ica lly in posit ion in Figure 3-A. In 
Fig ure 3-D we see the photograp hic appea r
ance of th ese two indentati ons, and it will 
readily be observed th at the teeth have reg
ist ered their impr ints in deta il in the hal f 
in w hich t hey were embed ded, whi le the op
po sit e su rface is rela t ively smooth . I n 3-C 
we have th e roen tgenographi c appea ra nce of 
these tw o pieces put in jux taposition , a nd 
several im por tant thin gs are at once d iscern
ible. T h e bone looks en tir ely di ffer ent on 
the side to the left whe re the me tal bar had 
te eth , but s ince the tooth pr in ts a re in align
ment, the re is a sh ading of the density, 
which, if we d id no t know wha t had caused 
it, would not be sugges tive , On th e oth er, 
or ri gh t-h an d side, whe re the meta l bar v....a s 
smooth an d fla t, the hole h as a clear-cut 
lim it ed margin but th e bon e below it o r be
s iele it is mo re dense th an the surro unding 
bo ne, beca use of its condensa tio n. I n 3-D 



F ig. 3. Chamber in bone at different a ng les : .-'1, as made by a m etal bar, pro
ducing a cham ber }::ix;ix 0 inc h; B, ap pearan ce of chambers in se pa ra ted bones; 
C, appea ra nce w ith rays in line w ith the long ax is of the chambe r ; D ( 10 deg-rees ) ; 
E (20 degrees) ; F (30 degrees); G (60 degrees) , an d H (90 degrees) at d ifferent 
angle s ; I (90 degre es), the two piece s sepa ra ted a nd roen tgenog ra phed at r igh t 
angles to the lon g axis of th e chambe r. T he ben t wi res ind icate the a ngle s. There 
is practically comple te disappea ranc e of th is la rge chamber . 
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we have rot at ed th e two pieces approx ima te 
Jy 10 degrees, and th e lin e that separa ted 
th e two pieces in th e middle of the cha mber 
now appea rs to be to one side of the cham
ber , an d th e chamber inst ead of appea ring 
to be squa re with a di ffused margin at one 
side where th e teeth mad e th ei r impression s 
is now oblong and would g ive one the im
pr ession o f being only a fr acti on of th e size 
that it appears in 3-C , whi le it is actua lly th e 
same. I n 3-E we have th e roentgenog raphi c 
appea rance at 20 degrees fr om 3-C and th e 
margin s ar e lost an d th e chamber is ind is
tinct. In 3-F we have a v iew a t 30 degrees, 
and th e cha mber is nearly lost, as a lso at 60 
deg rees in 3-G. In 3-H we see it at 90 de
g rees , and the chamber does not show, al
th ough th er e is a faint suggestion o f th e 
too th pri nt s. In 3-1 we ha ve the ro entgeno 
graph ic appeara nce o f the t wo halves laid 
side by s ide, corresponding with 3-B in 
positi on. It will be noted that whi le th e 
bone wa s compressed in each hal f a bout th e 
sa me amount , th e final distribut ion of ma
teri al, due to d isplacement, is a littl e dif 
ferent on acco unt of th e tap ering shape o f 
the teeth ; and th e half of th e bone wh ich 
received th e plain surface o f metal shows 
pr actically no impr ession or record o f th e 
cham ber, shown phot ographically in th e 
lower part of 3-D. 

W hat I am desiring to demon str at e her e 
is th e effect of a zone o f condensat ion when 
it occurs in the same path as an area of rare
fa cti on. T his is quite clea rly demon st rated 
in F ig ur e 4. In t his case, a squ are-ended 
pu nch wa s dri ven in to th e bon e, as shown in 
4-A, and th e bon e wa s th en roen tgeno
graphed without th e tool in positio n ( in 
4-B) in the same direct ion in wh ich th e 
pr esence of th e cha mbe r is but s lightly re 
cor ded, and in 4-C, at Tight angles to th e 
cha mber which not only shows the cha mber 
distinctly but th e co ndensed bon e, wh ich wa s 
nearl y equivalent in total absorpt ive qu ality 
to th e same bon e bef ore th e tool was d rive n. 

\ Ve have her e a duplicat e of th e phy sica l 
condition th at is fo und in dent al pr acti ce, 
th ough it is pr oduced by a differ ent pr ocess. 
In N ature, th e zone of conde nsation a ro und 
the chamber of rar efaction is pr oduced <IS 

part of th e reaction process, and whe n su
perimpo sed abov e the zone of ra refac tion, 
more or less complete ly di sgui ses o r obliter
a tes it s pre sence. W e shall di scuss lat er 
when and w hy N at ure bu ilds this type of 
bone. 

T ha t thi s is just wha t is happeni ng when 
teeth are roentgenogra phed for evidence of 
infection is ab undan tly dem onstrat ed by th e 
clini cal findin gs. In F igure 5 wi ll be seen 
th e ph otographi c appea rance alongside th e 
roentgenographi c appear an ce o f a number 
of ex t racted teeth in cases in wh ich th e 
g ranuloma remained attached to the root 
and by it s pr esence cou ld demon strate th e 
size and sha pe o f the cha mber fr om wh ich it 
had been removed. T he men who have been 
do ing sur g ical work in th ese conditions are 
a ll fam ilia r with th e fr equency with which 
they find th e ph ysical conditio n ver y d if 
ferent fr om th at sugges ted by th e roentgen 
og ra m. Since we arc study ing her e only 
th e qu estion o f the limita t ions o f the roent
gen ray, I am not justified, becau se of th e 
la rg e number of pr oblems we w ish to cover. 
in taking mor e time fo r thi s par ticular pha se. 

DIFFEREK CES I N T YPE OF L OCAL REA CTION
 

AS A nx srs FOR CL ASS l nC ATI ON O F
 

I N D1VID U ALS
 

A nothe r of our accepted fundam ent als 
presupp oses th a t an in fection , if pr esent in a 
too th , will pr oduce a destruction of bone 
about it s root apex , wh ich o f necessity must 
ap pear as a zone of radiolu cence. T his as
sumes th at individuals will behave similarly 
in the pr esence o f an in fecti on o r rather as 
a result of th e p resence of <Ll1 infected tooth 
structure within th eir ti ssues, I prev iously 
have pr esented extended deta iled ev idence 
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F ig . 4. L im ita tion s of roentgen F ig. 5. Co mpa r iso n 0 f roen tg e nog r ap hic a ppea r 
r ay to d isclo se cha mbe r in bon e: A , a nces 'with the ac tua l as r ev ea led by pho tog ra phs 0 f 
squa re-end pu nc h ill po sit io n ; B, p er ex tr acte d teeth w i th g ran ulomas. Th e a bse nce o f 
pendicula r roent g enog ra ph ic appea r  r oentgenog rap h it evid ence 0 f pe r ra pical in vo l vc rnent 
a nce o f cha mbe r; C, r igh t angl e ap ma y L.: n teel. 
pearance of c ha mb er. A zori e of 
conde nse d bone o bs tru cts t he view 
in B. 

indi cating that indi vidual s do not react sim suppo r ting structures by a g ive n dental in

ilarly, as regards th e suppor ting str uctures , fecti on. I pr obably should repea t fre quent
to a given d ental inf ecti on. O ur further de ly the words "g iven dental infecti on ," for 

tail ed st ud ies add much evidence that , in I am cont inually mi sunderstood because 

general , ind ivid ua ls do not present similar peopl e a ppa re nt ly ci a no t under st and wh at 
reactions, bu t that th ey ca n be di vid ed int o I mean by a given dental infection . If a 

t hr ee main g rou ps on th e basis o£ th e t ype single-rec ted tooth bas a pu trescent p ulp, it 

of reaction or t issue chan ge pr oduced in the pr esumabl y has m arc infecti on w ith both 
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Pig. 6. S ix cases repr esenting three d is tinct types : A and B, ex tens ive 
api cal decalcificat ion s with root end ab sorptions, in indiv idua ls with a high de
fe nse a nd sus ceptibility g roup absent ; C and D, ind ividual s w ith conde nsat ions 
sur ro und ing zones of raref a ction, acquired susceptibility gr oup ; E a nd F, teeth 
wi th sligh t apical abso rption wi th tend ency to co ndensa tion, in sick pati en ts, 
inh erited suscept ibility group. 

the capacity of th e pulp chamber and dentin some indi viduals will produ ce a very large 
availabl e than it would with the dentinal tu zone, some a large zone of radiolucence sur
buli alon e. Simila rly, a molar has more rounded by a zone o f radi opacity, and others 
capacity for holding infection than a lat er al, very slight evidence of rarefaction at th e 
assuming each to have a put rescent pulp. In apex , with or without considerable evid ence 
the presence of a given dental infection , of increased den sity; and a given dental in
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fection ma y produce cha nges within thi s 
wide range in diff er ent individua ls. 

In F igure 6, we ha ve six tee th, two o f 
wh ich repr esent one of three types. In 6-A 
we have a central incisor w ith an extens ive 
zone o f abso r pt ion of th e alveolar bon e 
about it. T here is all th e infection o f a 
put rescent pulp. You will note par ticularly 
the ab sence of a zone of condensation about 
this zone of raref action. You will also not e 
th at th ere is disti nct evidence of absorption 
of th e root substance itself. In 6-B we ha ve 
a simila r cond it ion about th e molar. In this 
type, on surgically open ing the bon e ti ssue, 
i t is fo und th at ther e is a marked tendency 
for the organized tissue th at occupies this 
space to be in direct contact with th e medul
la of th e bone. The tr abecul re tend to be rel
ati vely sma ll and th e intratrabccular spaces 
r elati vely la rge. Figur es 6-A and 6-B are 
typical of Grou p I. In 6-C we have a molar 
that shows a marked zone of ra diopaci ty 

about a large zone o f radi olu cence. The 
zone o f dense bone tend s to sh ut off quite 
complet ely th e direct commun icat ion be
tween th e orga nized gran nlomatous ti ssue 
an d the medulla. III 6-D we see a sim ila r 
con dition, thoug h more marked . Fi gures 
6-C and 6-D ar e typical o f Group I I. 

In 6-E and 6-F we have th e qua nti ty of 
infection of putrescent pulps and laterals, 
and in eac h case relati vely a mu ch smaller 

zone o f radi olncence ; pa rti cularl y in 6-E, 
it will be noti ced that th e intratrabecular 
spaces a re smaller th an in 6-A . F ig ures 
6-E and 6-F are typical of th e third gro up 
so far as th ey show the sma ll zo nes, tho ugh 
in many cases we find mo re conde nsat ion 
th an is show n her e. T hese a re both in 
yo ung persons, however. It is strange that 
phenomena that ar e so far- reaching in im 
portan ce have received so little a ttention 
when Stich a vas t throng has been in close 
contact with this problem. Th is is probably 
largely d ue to th e fact tha t we do not see th e 

bon e tissue fr ee fr om its included organized 
or disorganized soft er st r uct ur es. 

DEGREE OF SUSCEPTIBILITY TO RHEUMATIC
 

GROUP DI SE ASES AS A BASJS F OR
 

GROUPJNG TN DI vmU ALS
 

The diagn osis, prognosis, and treatment 
of dental in fect ions, as almost univer sally 
conceived and pr actised, have, as th e funda
mental tenet, that va rious indi viduals are 
com pa ra ble to one another because th ey 
wi ll, in the pr esence o f simila r in fecti ons, 
react with uniformity and simila rity. In 
tern ists an d surgeons ha ve long observed 
tha t man y indi viduals <Ire found who, not
w it hs ta nding extensive den tal infecti ons, 
a re in exce llent health and give a histor y of 
a lways ha vin g been so. Severa l yea rs ago, 
I began recording ev idences of a familial as
pect both for th e type o f syste mic involve

ments th at tend cd to develop and fo r th e 
ty pe of dental pathologic process th at tend
ed to ex ist in such individu als, classifyin g 
in deta il th e fam ily cha racte rist ics in cases 
in which indi viduals suffered from acut e 
and chronic infection s associated with den
tal lesions. These dat a a re nov" very ex 
tensive, inc!udin g a st udy of mo re tha n 
1,500 fa milies . The indi vidual in quest ion , 
his or h er bro thers and sist ers, the f ather 
and mo ther, th e brothers and sisters' of each, 
an d the four grandparents hav e aU' been 
cons ide red. T hese stud ies hi ve shown, as I 
have repor ted in detail , th at individuals may 
be divid ed int o three ma in g ro ups on the 
basis of the pr esence or absence of a SllS

cept ibility to th e rh eumatic group diseases , 
T hese g ro ups are , fir st, those wi th an ab
sence of susceptibility, which has cha rac te r
ized th e past and pr esent of th e indi vid ual 
and in ge neral th e memb ers of th e f amil y ; 
seco nd, those with an acq uired suscept ibility 
( these, in th e main, having been £ree fr om 
rh eum at ic g ro up di sturbances but havin g 



recently developed th em und er physical 
ove rload ), and , third, those who have fre
quentl y been affec te d, as have th e memb ers 
of th eir famili es. T his is readily demon
st ra ted by such ana lysis of the ex te nsive 
data as the following : 

T en indi viduals we re selected (a nd on the 
fo regoing basis there is an average of ap
prox ima tely sixteen members for each of 
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their fam ilies) haying each of the following 
affec t ions: rh eumatism or a rth rit is, heart 
in volvement, break in the ne rvo us sys tem, 
lesions of intern al organs. This study is 
made to compare th e nu mber of lesions in 
the va r ious member s o f these families with 
those of the members of each o f th e other 
groups. T his study shows th at in th e group 
o f ten fa milies, or approxima tely one hun 

10 



RELA TION OF PE1UODONTOCL;\SlA TO SYSTEM IC DISTUR BANCE 

Relation of Periodontoclasia to Su sce ptibility to R heu matic Group L esions .
 

Fifteen T ypical Families in Each Gro up-Gro up II .
 

No. of lesions pe r fami ly I P el" cent 
Per cen t Pe riodon-

Severe
S uscep tibiIi tv 

Ca ries Severe and mild toclasia 

31 Absent 16 40 40 
Acqui red 9663 80 33 
In herited 201144 67 33 

O ne side mild I 

227 308 93 20 
Two sides mi ld 

Inherited 

Inh er ited 

338258 80 20 
One side strong 

Inher ited 754 483 93 0 
Two sides stro ng 

I 
I 

Table 1. Rela t ion o f pe riodontoclas ia to sus cep t ibility to rheum at ic group lesi on s (fifteen typical 
f am ilies in ea ch g roup). 

dred six ty individuals, whe n th e pati ent's 
ch ief lesion was rheumatism or a rthri t is , 
th ere were fifty-n ine suffer ing from thi s af 
fec tion; whereas, in th e other th ree g ro ups, 
th e number affected with th is typ e of lesi on 
was t wenty-f our, fiftee n, a nd thirteen , re
spective ly. In the group with hear t involve
m erit , the figures a re fi fty-seven as co mpared 
w ith seven, ni ne, and ni ne; in the ne rv ous 
affect ions, one hundred fo rty-two as com
pared with nineteen, twenty- five, and thi rt y, 
and in lesions o f an inte rna l organ, ninety 
as compared with ninet een , thi rteen, a nd 
twenty -eight. As impo rtant as thi s o bse rva 
t ion is, it bas a vastly enla rged interest a nd 
use in th e light of th e next important dis
covery, nam ely, that individ ual s, when 
g ro upe d o n t he basis of the typ e of den ta l 
pathologic co nditio n, and the presence or 
abse nce o f susceptibility, tend to ha ve th e 
same uni t g ro ups, for it proves to be th e 
case th at those individual s who have the 
large zones of ra refact ion, as ill ustrated in 
Figures 6-A and 6-B, are the indi vidu al s in 
the group with th e absence of r he uma t ic 

gro up susce pti bility. By rh eu matic g ro tlp, 
we m ean lesions of j oints, muscles, hearts, 
kid ney s, nervous system, etc., which ten d 
largely Lo develop in suscept ible ti ssues o r to 
be aggrava ted by st reptococca l foc al in fec
t ions. The accumu lat ing data make the 
ma ss o f evidence so overwhe lm ing that ther e 
seems no other possible way to account for 
th e close as soc iat ion bet ween the type o f 
den ta l pathologic condi t ion and th e typ e of 
sy stemic reac tion. 

,Vhen we t ake fifteen fa mi lies as bein g 
typi cal of each o f these d iffe re nt "grou ps, 
and th en di vide the la st gro up ( namely, 
those with an inh erited susce pt ibility) into 
fo ur g roupings (one side mi ld , two s ides 
m ild, one side st rong , two sides st rong) an d 
use fi Iteen fam ilies for eac h, we are able to 
make impo rtant observations which suggest 
elements th at are in volved fac to rs, if not th e 
fun damenta l ca uses, of some o f th ese phe
nom ena. T his is illustrated in Table I , in 
wh ich th e column headed "Sus cep ti bility" 
shows the diffe rent classifica tions as sug 
gested , an d th e sect ion headed "Number of 
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Lesions per Gro up" sho ws the incid ence o f 
th e rh eumati c grOllp disturbances. It will 
be noted that th e total numb er of seve re 
rheumati c g ro up lesions ( by seve re, I mean 
tho se that have either incapacitat ed or 

F ig. 8. Streptococci with in th e sheat h of 
a m uscle fibe r. The tiss ue wa s removed 
f ro m th e n eck of a patient s u ffe r ing f ro m 
to r ticoll is w hic h com pletely d isappeared af
ter the rem oval of denta l in f ecti on s. Part 
of th e tissu e was also cult ured. (See F ig. 9.) 

caused dea th) is pr ogressively g rea te r as 
th e inher itan ce of the susceptibility In

creases in int ensit y. T he re is not oppor
tunity in this text to review in deta il th ose 
dat a which ha ve previou sly been reported. 

III the column heade d " Severe and M ild" 
we have included th e mild lesion s with those 
th at are seve re ( by mild, I mean th ose th at 
'have pr od uced seve re incon venience and dis
com for t, but not caused incapacit y or 
death ), and he re again it will be noted th at 
th er e is presented th e number of th ese le
sions in the di fferent Ia rn ilies. T hese dat a 
suggest th at th e memb er s of the families in 
th e last g roup (namely, those with two 
sides st rong) a re subjec t to a pr obability 
for the developm ent of these lesions fr om 
twent y to thirty tim es as great as th ose in 
th e f amilie s o f th e groups classed as absent 
suscept ibility. T his furn ishes a very im
portant fac to r in each di agno sis, prognos is, 
and tr eatment, for the fac to r of sa fe ty of 
th e last of these gro ups is ve ry mu ch less 
th an that of th e preced ing gro ups. 

These dat a immedi at ely suggest tb e an

swe r to th e parad ox th at has produ ced prob
ably mor e of th e d ifferences of opin ion th an 
any, if not all, other fa ctors combined ; 
nam ely, W hy i t is, in ou r genera l clini cs, 
that those pati ents who ap parently have the 
most dental infection in their mouths, as 
judged by flowin g pus f rom fistulas and 
number of broken-down and abscessing 
root s or suppura t ing pyorrhea pockets, gen
era lly present th emselves witho ut a histor y 
of th e rh eum ati c gro up disturbances. as 
th ey app ear in gene ra l or accident clinics? 
Conve rse ly, \V hy it is that th e pati ent s who 
do show severe o r fr equent breaks with the 
rhe uma t ic g roup disturban ces a re so ofte n 
those who have very littl e evid ence of oral 
suppura tive, inf ecti ve p rocesses? W hereas, 
in th e forme r g ro up th er e is a histor y of 
recurring tend ern ess of th e teeth to make 
certai n th at th e teeth a re infected , in th e 
la t ter g ro up ther e is usually little or no hi s
tory of such inflammato ry reaction s o.r pain
f ul disturban ces. 

If t ime permitt ed, we would des ire to pre
sent many st riking illust rations of elect ive 
locali zati on . Typical o f such would be 
show n in F igure 7, ill which will be seen 
t he rotation o f th e rabbit' s head from th e 
culture take n fr om th e tooth of a pat ient 
su ffering from torticolli s, and which was en
tir ely relieved in the pati en t by th e removal 
of th e d ental infection . When thi s animal 
was placed und er an anes thetic, its head 
took a na t ural posit ion only to return aga in 
when the anima l came from th e an esth etic. 
A not he r and perh aps more st riking illust ra 
ti on is th at of a pati ent suffering fr om acute 
torti collis which for a week had pr event ed 
her fr om lying down . It had been slowly 
developin g with incr easing sever ity during 
a period of two yea rs, fo llowi ng th e plac
ing a f a questi onable type of dent al resto
rat ion. ( The dent ur e was allowed to cover 
embedd ed roo ts.) T he roo ts were rem oved, 
upon which followed, w ith in twenty- fou r 
hours, a ve ry marked improvement in the 
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Deck involvement. At th at time a piece o f 
the muscle o f th e neck was removed, und er 
aseptic conditio ns , a part of it being cul
tu red and an other part sectio ned. Fi gure 8 
shows th e streptococci with in th e shea th or 

- '""1 

ing th ese studies, sim ilar lesion s have not 
developed , except with a f ew cultures, and 
wh en they have dev elope d th ey have been 
cha rac teristic of a la rge percentage of th e 
g- ro l1 p inoculated. Thi s pati ent had no r e-

F ig. 9. T hese rabbits were in ocul at ed with cult ures f rom pa tients 
w ith tort icolli s, on e of th e tw o at th e upp er r igh t with the cultu re fr om 
the extracted r oot s an d th e other wi th th e cultu re from the neck 
mus cle. S eve ra l rabbit s f rom eac h g ro up ha d involveme n t and cho reic 
movement. The lower an imal is 
fro m the cu lture from th e root s. 

a mu scle fiber. Cultures wer e g ro wn fr om 
th e ex t racted roots and fr om th e exc ised 
muscl e t issu e. Each cult ure was inoc ulated 
int o a g ro up o f rabbits. F igure 9 shows 
seve ra l of these r abbit s. O ne gro up wa s 
inoculat ed with th e cult ure fr om th e too t h, 
and anot her g ro up wa s inoculated with th e 
cult ure fr om th e mu scle. Bo th g ro ups of 
rabbit s had m arked 
and di splacem ent of 
in th e ph otograph s. 
tures of th ese two 

cho re ic m ovem ents, 
th e head as shown 
I have moti on pic
g ro ups of rabbits, 

sho wing very similar nervou s and mu s
cular sys tem' disturbances. 111 ove r t wo 
th ousand rabbits wh ich I hav e used in mak

par alyzed in h is hinder ex tre mi ties 

turn of her torticoll is for tw o yea rs, when it 
develop ed suddenly on th e oppos ite side of 
her neck with the rotation o f her head in 
th e opposi te direction , A tooth was found 
with an ' ex pose d pulp beneath a bridge. 
Within five hou rs after the r emoval of th e 
tooth the neck sy mpto ms had practi cally dis
app eared and did not recur. 

A no the r an d very f requen tly see n illu s
trati on of localizati on is t o be found in eye 
in volvements. F igure 10 shows th e eyes 
of rabbits , wit h th e upper one normal , 
wh ile th e sev en lower ones ' show va ri
ous stages of co rnea l ulcer terminating in 
complete blindness. Cultu res we re tak en 



fr om teeth o f the pati ent suffe ring fr om sand rabbits, divided appr oxi mat ely equa lly 
acute r etinitis with approx imately 1/5 vi as to sex, such lesions have not develo ped 
sion as reported by the oculist wh o sent in 2 per cent o f female rabbits. In severa l 
him. Five rabbits we re inoculated with thi s cases. whe re the patient f rom whose teeth 

Fig. 10. Eye involveme n ts in rab bit inoculat ed with 
culture Iroui too th of patient wi th ac ute reti ni tis. T he 
uppe r eye is normal. 0 f five rabbit s inocula ted wi th 
this s tra in . [our had ac u te eye in vol vem ent . 

culture, and fo ur develop ed lesion s in one 
o r both eyes . 

A s tr iking illu stration o f involvem ent of 
th e ner vou s sys tem will be seen in F igu re 
11, th e roen tgenogram of th e teeth o f a 
pati ent, a young woman, wh o is suffe ring 
f rom recurring a ttacks o f an obscure ner
vous type. F our rabbit s were inoculated 

.with the culture from the se teeth, Three of 
the fou r were pa ra lyze d from th e center o f 
their sp ines backward. 

A nothe r important locali zati on ex pression 
th at ha s developed in our wo rk has not , so 
far as I kn ow, been reported by o thers. 
namely, th e very marked tendency of cer
tain stra ins tak en fr om in fected teeth to se
lect ova ries and tubes. In Figure 12. for 
ex ample, will be seen an ov aria n cys t as 
large as a hen ' s small egg, which took abo ut 
three months to develop. Six small ovaria n 
cys ts have de veloped in a single rabbit a ft er 
inoculation with th e culture from th e tooth 
of a woman wh o had been opera ted on six 
weeks prev ious ly for r emoval of an ova rian 
cyst the size of a large goose-egg. T hese 
are also show n in Figure 12. In t wo th ou -

the culture was taken wa s suffering fr om 
ova r ian in volvement, a number of femal e 
rabbits have develop ed lesion s. Direct 
smea rs and cultures m ade f r0111 th e cys t 
sho wn in Fi gure 12 showe d Gra m-positive 
dipl ococci which cor respo nded morphologi
ca lly with th ose inocul at ed into the an imal 
fr om t he denta l infecti on , I ha ve pr eviou s
ly re po rted a number of such cases , 

O ur usual meth od of inoculation has been 
to use abou t 1 C.c. of an eightee n- to t wenty
four-hour cultu re o f a st ra in g r,own in deep 
ascites tubes co ntai ning dextrose brain 
broth , usu all y with vaseliue covering same . 
Vve have found th at th e elective locali zati on 
qualities were ver y rapidly lost. parti cularl y 
uncler aerobic condition s, and that it is more 
imp ortant to have a yo ung cultu re o f o r
ga nisms, even th ough sca nt in growth, than 
to have an olde r culture even th ough the 
latter is rich in g ro wth, \V e have, for ex
amp le. been able to produce acute endocar
diti s, which ca used th e death of th e rabbit 
in two weeks, with th e organisms wa sh ed 
from two infected teeth of a young man 
suffe r ing from acute endoc arditis. The cal
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Fig . 11. T hese three ra bbits a re pa ra lyzed f rom the ccu ter o l 
their spi nes back wa rd. F ou r were ino culated wi th the cul tu re from 
the root s of the tooth shown, tak en from a pat ivut w ith se ve re 
but obscure nc r VO\IS d is t urba nc e . 

cula tcd weight of th e o rg an isms inj ected as through th e smalles t button-hole in cision 
det erm ined by a cou nt for es tab lishin g th e th at would per mit o f th eir entrance, care be
concentrat ion wa s in th e neighborhood of ing taken not to contaminate tb e wound , 
one m illionth par t of a g ra m. wh ich was ca re fully closed w ith sutures and 

1 have done much work by placing in sea led . A pproximately 7S per cent of such 
fected teeth beneath the skin of animals teeth ca used th e death a f th e an ima l in a 
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few days or weeks and about 2S per cent be
came encapsulated, in which cases the rab
bits lived for month s and fr equentl y devel
oped nephriti s and streptococcal pneumoni a, 
someti mes after a year. On e tooth was 

a simila r manner into another rabbit. In a 
few hours' tim e, th e rabbit inoculat ed f ro m 
the pati ent with ence phalitis was having re
curring spasms, with gnashing of it s teeth 
and spasms o f the mu scles of the forelegs 

F ig . 12. Ovar ian cyst s pro duced by dental cult ures. The one to the right was as 
large as a sma ll hen 's egg. The rabb it a t the left had six ova r ian cysts. It had been 
inoc ulated wit h lhe cult ure f rom th e tooth of a wo ma n f ro m wh om had been removed 
six weeks previously an ova r ian cys t as large as a goose egg . 

transf erred h om rabbit to rabb it to see if 
th e vir ulence o f th e orga nism co uld be 
br oken by thi s procedure. Thirty rabbits 
were kill ed in success ion, all but one in six 
days or less. Th is tooth had been removed 
from th e mouth of a patient suffer ing fr om 
encepha litis. The chie f sy mpto m was recu r
ring spasms of th e mu scles of mastication, 
chest, and arms. These r epeated about 
every fifteen minutes and last ed for about 
five minutes. In the spasms, she wo uld 
g nas h her teeth so that it would be heard in 
th e su rro unding ro oms. A cult ure was 
made fr om th e abo ve tooth , and ino culated 
subdurally into a rabbit. A t the same t ime 
a cult ure f ro m a tooth of a pati ent not suf
fering fr om encepha lit is was inoculated m 

and th e muscles of masti cati on very similar 
to the exp ression in th e pati ent. These two 
rabbits are shown, one in spas m, in Fi gure 
13. 

In th e light of th e lat er work of D r . 
R ose now relating st rains o f d iplococci to 
affect ions simulating enceph alitis, and in 
view of th e res ults of our othe r inoculati ons 
with stra ins frorn pati ents not suffering 
fr om encepha lit is, we feel imp elled to give 
cons ide rat ion to th e association of th ese 
sym pto ms as pro d uced in the rabbi t w ith th e 
infection fr om which the patient was s uf
fer ing, quite regardl ess of wh eth er th e or
ganism involved is a filter -passer or one of 
th e st reptococcus group. 

For those w ho are int erested in this phase 
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of the problem I wo uld ref er to my recent 
r eview (1 ), which is mad e up alm ost C0111

pletely of success ive se r ies of ca ses in wh ich 
lesion s were devel op ed in an imals corre
spo nding to lesions from whi ch the patients 
were suffering, and with a history of 
marked improvement in a large nu mber o f 

Fi g. 13. In tra dural inj ect ion of cu lture from too th 
of a pa tie nt with encep hali tis. The rabbit to th e 
r ight has spasms of the mu scl es of mastication an d 
the f orelegs, very s im ila r to thos e suffe red by the 
patien t. The rabbit to th e left was simil arly inj ect 
ed w ith culture f rom tooth of a pa tien t not suffe ring 
f rom encep ha litis . I t did not develop s imila r symp
toms. 

th e patients upon removal of dental infec
tion s. 

SPIIWC H ETA L IN FECTION OF THE LUNGS 

Severa l w rite rs h ave recently s tress ed th e 
imp ortan ce o f sp iroc hetal infection s fr om 
th e mouth as primary o r secondary in vad er s 
in lun g lesions. Kline an d Berger (2) hav e 
reported six teen cases that hav e come to 
autopsy in whi ch th e spirochetes were fo und 
in p ro fuse nu mb ers in the lung lesion s. I 
have reported a case with the followin g hi s
tory: A man about thirty-three yea rs o f 
age had a lun g lesion wh ich had been dia g
nosed as tuberculou s. H c wa s running a 
dail y t emperature, raising a very foul spu
tum, also had lassitude and was w orking 
only pa r t time as a st reet ca r conducto r. 

A bout hi s t eeth were great quantities of 
spiroc heta l in Iecti on , due to an orga nism 
which is charact eri st ic of peri od ontoclasial 
lesions. With th e reduction of th e gin giv al 
in fection, partly by extracti on and partl y by 
treatment, th e pati ent gain ed severa l pounds 
in a few week s' time, the a fte rnoon tern-

F ig. 14. Improvem ent in lung condi tion by re
moval of severe pyorrher ic teeth fro m a pa tient w it h 
tube rculo us symptom , bu t wi thout tu bercle bac illi in 
th e sput um. 

perature cnti rely di sapp eared, and for a yea r 
and nine months he has had no return o f 
his tuber culou s symptoms . Figure 14 shows 
th e lun g pictures bef ore and six months 
a f te r th e removal of his dental in fection s. 
The diagnosis mad e by the lung speciali st 
was, for th e first study , "probable tuber cu
losis," and at th e time of th e second, " no 
evide nce of tuber culosis." H e now ex
presses doubt whether there ever had been 
a tuberculou s infecti on . S ince the pati ent 
who makes th e poor fight against tuber
cu losis is of th e d ecalcifyin g typ e, and 
s ince th e decalci fying type o f patient ha s a 
marked tendency to peri odontoclasia, o r py
o rrhea alv eolaris, and s ince pyorrhea! in
fecti ons are practi cally always spiroche tal, 
th er e is alw ays a marked danger of sp iro
cheta l involv em ent from pyorrhea pock ets 
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Fig. 15. :11'1 u lt iplc s ponta neo us hem oi rhages in rab bi t ca usi ng dea th in twenty 
hours, fro m cul tu re from too th of pati ent pr ostrat ed fro m spon taneo us hcm orrhagc 
from th e g ums. 

as a complication 'with tuberculou s inf ection. 
The spiroche te would usually be di fficult t o 
recogrnze ex cept as th e result o f special 
search. 

HEMOPHILIA 

A nothe r ve ry important complicat ion of 
g ing iva l infecti on which should be emph a
sized w ill be found in th ose types of or
ganism s whi ch produce primary and secon

dary anemia . So me st ra ins of streptococc i 
sho w marked tendency to hemolyze r eel 
blood cells. V"';e see these cases frequently 
presenting 'with di sturban ces o f clotting, and 
death is not infrequent from slow sponta
neou s hemorrhage fr om the gums . Such a 
seve re case is the following : A young man , 
about thirty yea rs of age , suffered from 
hemorrhage trorn his g um s {or a peri od of 
three months, practicall y continuo us ly night 
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and day. On two occas ions , he becam e un
conscious from loss of blood and wa s given 
t ransfu sions. A hemorrhage into th e in
ternal ea r had produced complete dea fn ess 
in th at ear. His clotting t ime was a bout 
ten minutes. Clos e examinat ions showed 
that th e hemorrhage was g reatest about h is 
pulpless teeth. Cultures f rom one o f th ese 
teeth inocu lat ed in to rabbits produced m ult i
ple spontaneo us hem orrh age thro ugh out th e 
bod y. Figure 15 shows the hemorrhages in 
th e th igh and k idney o f a rabbi t which d ied 
in twenty hours a f te r inoculation wi th thi s 
stra in. T he r abbit practically bled t o death 
f ro m hemorrhag e into its t issues. W ith th e 
removal of thi s patient's in fect ions, an d the 
use o f a va cci ne made f rom th ese st ra ins, 
hi s clo tting time was rapidly reduced to 
three min ut es and in five weeks' time he was 
back on the road as a commercial traveller. 
I have reported simila r st ra ins that have 
kill ed animals in eight hours by multipl e 
sponta neous hemorrhages. 

S ince dental in fections are so Important a 
facto r in health , and even in ex tent o f li Ie 
for so ma ny individu als, we a re imm edi ately 
concern ed wit h th e respon sibil ity of their 
preven tio n. T h is is a prob lem whic h pri 
marilv concerns humanity in genera l. and in 
the heal ing pr ofessions co ncern s th e de ntist 
in particula r. De n ta l abscesses a re th e r e
sult chiefl y o f dental cari es. T eeth with 
norm al vita l pulps g ive very littl e tr ouble 
or con cern. W ben abno rma l, however , even 
though vita l, they may be an im portant 
source of infecti on invad ing th e body. If 
a bone of th e bod y is poo rly organ ized dur 
ing its for mati on, its high vascula rity mak es 
reconst ruc tion not on ly possible but us ually 
effecti ve. T his co ndition does not, however, 
obtai n with rega rd to th e teeth. P oorly or
ganized or deformed tooth st ructure r e
mains def ormed duri ng th e period of its 
ex is tence. 

It is es timated th at 90 per cent of ad ult 
individ uals ha vc den tal in fection, and of 

thi s nu mber th e majority have infected pulp
less teeth. S ince ove rloads , which a re so 
imp or tant as cont ribut ing fac tors, cannot be 
ent irely controlled, and since 25 per cent of 
all dea th s are est ima ted to be due to degen
erat ive di sea ses (over 10 per cent from the 
heart a lone ) , a g rea t responsibility fa lls on 
eac h ind ivid ua l to have focal in fection s re
move d hef or e suffi cient overload, whe ther of 
age or othe rwise, lower s the defense suffi
cien tly so that the orga n isms in th e focal in
fect ion may br ing about a serious break. 

A surgeon has reported to me th at he has 
within a per iod of two o r three months re
mo ved seven eyes becau se of dental infec
tion. In considera tion of thi s, how impor 
tant to those individ uals it wo uld have been 
if th e den tal in fections had been found and 
rem oved bef or e th e involvemen t had oc
curred. P eriod ic examina tions are ex 
tremely im portant fo r th e safe ty of each in
dividual. A boat may sa il the seas with de
fec t ive planking so long as the weathe r is 
calm, bu t the bu ffet o f the sto rm breaks the 
weakened boards. I t is not possible then [or 
the boat to be taken into d ry dock for th e 
repairs wh ich, if placed in time, wo uld have 
pr event ed th e t ragedy. I ndiv id uals mu st 
ac t bef ore, an d not d uring , th e sto rm, with 
regard to denta l in fect ion s. 

Programs for the pr evention of den ta l 
car ies are now ca pable of pr eserv ing in th eir 
normal sta te th e majority of the 'teeth th at 
for me rly have decayed during child hood , 
per iods of illness, pregn an cy, etc. A de
tail ed sta tement of these pr eventive meas
u res involves ca lcium met abol ism, a d isc us
sion o f whic h would in vol ve as muc h space 
as is available fo r thi s pa per- a lready over
long. I have cons idered the qu estion of pre
ve ntion at length in other papers (3 ) 
(4) (5) . 

O ur entire viewpoint r egard ing dental in
fect io ns has changed. W he reas forme rly 
we looked upon dental ca ries and g ing iva l 
in fection s as invasion s by specific organis ms, 
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we now cons ide r th em to be expression s of 
th e cha rac ter istics of th e so il. W e are now 
primar ily conc ern ed with th e specificity of 
th e host , rather than with th e spe cificity of 
the orgClnISm. 
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