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ORIGINAL COMMUNICATIONS.

Article I. - ?0n Dental Caries, and the Preservative Ipflyence of the
Saliva in that Disease. Ry J. Smith, M.D., 12, Dundas Street,
Edinburgh.

In most of those animal tissues which are in the living body ex=-
posed to the influence of external agents, there is to be observed a
series of actions indicative of properties, by the operation of which

= self-protecting power i¢ manifested, whereby they are, if a great

measure, enabled to preserve themselves from the effects of those
mechanical and chemical forces which, acting from yithout, would
otherwise lead to their destruction. I do not so much mean the

power ©Of assimilation and nutrition possessed by these gtructures,
as of that action, by which a protective material is thrown out as a
defence from external injury. Thus, in the skin and mucous mem-

brane, this property is well exemplified in the increased develop-

ment of gpithelium, according to the necessity arising for its pre-
sence, as Well as the increased flow of the secretion peculiar to

mucous membranes, as occasion mgy, render it serviceable. But in
one instance, regarding which a few remarks are here proposed to
be made, there gppears to be no such gelf-protective property pos-
sessed as to enable the particular tissue in question t° adapt itself
to the action of external forces, although liable to be placed in cir-
cumstances at least as trying == either of these structures just men-
tioned. I allude to the teeth, where circumstances seem to necessi-
tate the pregence Of = preservative agent acting in a different man-
ner from the protective resources of other tiggyes, and not imme-
diately connected with these organs; and where the existence of
one agent, apparently i this capacity, seems to have been as yet

unnoticed, ?I mean the saliva.
The idea that the saliva constitutes this defence, suggests itself

principally from the consideration of certain facts observed in con-
nection with this secretion in the commencement and progregs Of
dental (aries, as well as from the alkaline and other gualities de-
monstrated py numerous chemical gnalyses. And the necessity for
such a means Of protection, appears to arise from the exceedingly
feeble power of self-maintenance helonging to = tooth, and conse-
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quent want of such means in itself as would be necessary for its
preservation.

Besides the liability of these grgang to mechanical injury, it must
be observed, that, Poth py their structure and gituation, they =re
exposed to the influence of chemical decomposition, apd without
the power ©Ff resisting the operation ©f this agency, ©r ©f repair-
ing the injurious effect produced by it, become disorganised and
broken down, exhibiting, as the regylt, that peculiar series of
changes known as dental caries; but which, in reality, appears t°©
be, mnot caries, but, in all probabilityl neither more nor less than

chemical decomposition.
It will be recollected that three different tissues enter into the

formation of a tooth :?the pody of the tooth is composed, of the
substance termed dentine, which i, on the crown of the tooth,
covered by enamel, and on the fang by cementum. All these struc-
tures differ in the amount of their organisation in different animals.
In many cases these three tissues are seen to be mere modifications
of one another; and the dentine, and even the enamel, in several
instances, appears, like the cementum, to be a living substance;
but in the human tooth, to which I shall restrict these remarks, the
case is quite different, as the substance of the dentine, as well as
the enamel, here gppears, after its development is complete, to be
destitute of all vital poyey, if not of all vitality, In these teeth,
the dentine (Fig. 1, d), when examined microscopically, is seen to
consist of a mass of minute tybes, radiating from the central or
pulp cavity towards the whole surface of the tgoth, and imbedded
in = translucent homogeneous material, having in section somewhat

the appearance of thin and transparent horn . while in the cavity
of these types, and on their yalls, is deposited the calcareous matter

which imparts the characteristic whiteness and opacity to the sub-
stance of the tooth.

The enamel again (e) is composed of a s0lid mass of closely-
packed crystalline and gemi-transparent columns, appearing under
the microscope ©f = yellowish-gray colour, and placed vertically to
the surface of the subjacent dentine; The cementum (q) in struc-
ture yery closely resembles bone, being laminated in formation, and

provided with canals for hlpod-vessels, and with cells communicating
with these and with each other by means Of numerous canaliculi

radiating from them in all directions. The cementum is endowed
with a considerable share of vitality, as evidenced by the changes
which take place in its bulk and character during exostosis and
other pathological conditions of the fang.

In the human tooth, there appears to exist in the enamel and
dentine, == = vital function, the power ©f development only; and
that process being once comp]_eted’ no means are left by which to
maintain their condition in withstanding the changes to which they
are Subjected by the action of external influences. With their

development, their yitality ceases.
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Different views, however, have been from time to time advanced

upon this subject; and at present very different opinions appear t©
be held regarding it, especially in so far as the dentine is concerned.

There seems to be no question regarding the existence of Vitality
in the cementum ; and it seems equally well egstablished, that after
its formation, which is very often defective, the enamel constitutes

an inorganic Substance’ incapable of nutrition or growthl and devoid
of all sensibility' These’ then, may be passed over without further
remark. But with regard to the dentine, the question becomes

somewhat more difficult to decide, and has been the subject of
much controversy. The facts brought forward in evidence of the

vitality of this substance, are, its alleged vascularity and sensibi-
]-itY: and its being the seat of certain apparently vital actions during

the progress ©f decay. The proofs of its vascularity =re supposed
to consist in the dentine becoming of a red ¢oloyr, under the action

of madder, given te an animal a]opg with the food; and instances
are even cited where it was alleged to become of a red colour, as
the consequence Of inflammation of its substance.

The madder, however, in these experiments was given during
the period while the teeth were in progress of formation, and con-
sequently when they would of course exhibit their vital functions

in full activity, although, == before gtated, these gy become ex-
tinct with the Completion of deVelopment; so that what are neces-
sarily characteristics of this particular stage of their existence, by
no means prove that the same qualities are to be found at a later

period. Besides, these yery experiments themselves go far to prove
the reverse Of the doctrine which they are intended to support,

since Mr Hunter gtates, that such partg of the teeth as are formed
before the animal takes the madder remain white; while only
those which are formed while the animal is taking the madder will
be found to be of a red colour.

And Mr Tomes gstates, that in his experiment only the pulp

CaVity, and cement, ?the two structures allowed to poggess vitality
in the human tooth, ?were coloured along with the rest of the

skeleton. " Byt," he adds, " I could not discover that the colour
extended further in the tubular than in the inner tubular tissue.
Neither did the opaque line which marks the interior of the tubes,
as seen by reflected ]ight, seem coloured." Then as for the in-
flammatory redness of dentine, it goes to© far to be held yp as any-
thing like a general example, since it would involve the existence,
not only ofyitality, but of a very high degree of vascular organisa-
tion jndeed, before such an amount of blood could become collected
in this tissue as to produce such marked effects.

In some instances, »o doubt, traces ofblood-vessels are found in the
dentine of the human tooth , but these are perely abnormal modifica-
tions of the rudimentary condition ofthis gtructure, and are not to be
appealed to as proofs of the continuance ofthis now extinct condition,
but gught rather to be regarded == resulting £rom imperfect formation.
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The Sensibility imputed to the dentine, under certain circum-
stances, has never been Satisfactorily demonstrated; nor can it well
be ¢, for two reasons,?in the first place, because wherever caries
has existed, this substance has been so much softened as in many
cases to be gquite elastic, and, 1% consequence, easily pressed down
upon the sensitive pu]_p ]_ying underneath; and when not so much
softened as thig, at all events its texture has become much more
pervious to the entrance of fluid mattere, &c.,?and thus, in both

cases, Iwithout any absolute exposure Of the pulp, pain may be ex-
cited in jf, and in this way referred to the substance of the den-

tine. The immediate proximity of textures, such as the pylp and
cementum, endowed as they are with gengation,- renders the lia-
bility to this mistake yoyy Obvious ; and indeed before gpy positive
decision could be jygtly arrived at, determining the sensibility
of the dentine, proof would be required that nervous fibres
existed in the substance of this structure: the presence ©f such
fibres, notwithstanding 2!l the minute jpvestigation te which the
tissue has been Subjected, has never been yet, in
nised.

Regarding the " consolidation of the living part of the dentine,"
next to a portion attacked by caries, as Spoken of by Mr Tomes
(p. 203 of his work on Dental gyrgery), it appears questionable
whether this be avital or merely = chemical and mechanical change.
The mere probable doctrine, however, is, that it consists of ope, or
a combination of hoth, of the two latter,?since a very similar, if not
the same, appearance may P€ observed in the decay of the dentine
of the hippopotam‘us' tusk, employed in the manufacture of artificial
teeth, when these have been worn for some time in the mouth.
Here in many cases three different results are visible as the effects
©of decomposition, and these, occurring simultaneously, give rise to
appearances which I am inclined to believe identical with those
occurring in the natural teeth.

Upon making a section across the substance of such an artificial
set of teeth’ which have been worn for some length of time’ the

any way, recog-

appearances presented to the naked eye are those represented in
Fig. 2 of the accompanying plate. First, we observe the disco-
loured and decomposed surface of the dentine forming the external
layer, 2= represented at Fig. 2, a; next, 2nd jmmediately within
this again, = translucent band is obgerved, as at b; while within
this again, and separating it from the healthy bone gy an opaque white
band occurs, as seen at c. Now, upon Submitting such a portion of
dentine as this to picroscopic examination, these appearances,
viewed by transmitted 1ight, are seen to consist in an apparently
corroded condition of the whole interior aspect of the typyli, which
appear 22 if their walls had fallen in, and filled up the ordinary
canal in them with detritus, rendering the structure at this point
dark and gpaque, 25 seen, Fig. 3, a;?while the translucent line
seems to be only the result of a more advanced stage of this pro-
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cess, and to consist in the removal by some means oOFfHJrdetritus
mentioned just now, and consequently of the opacity. The broken-
down calcareous substance previously contained in the tubuli being
thus removed, they are left widened and empty, and, with the
homogeneous translucent substance in which they lie, of course ap-
pear 2 2 transparent =ome Detwixt the gpaqye Pand and the super-
ficial layer, = is represented, Fig. 3, at b. The external surface of
the bone again appears quite demolished, decomposition having

gone on =o far as ygterly to destroy @l structure, rendering the
substance a dark-brown coloured pass, as shown in the drawing at

c. The healthy substance is seen at d.

These sections were taken from different artificial getg, made
from the hippopotamus‘ tusk, and were cut transversely from that
portion of them corresponding in situation to the molar teeth.

Now, in the human tooth undergoing caries, as it is termed, there
may Pe observed not only the translucent portion of the dentine,
mentioned as ariging from consolidation, but also, as in the other
case, the gpaque boundary between this and the healthy substance,
although met s well defined in this ipgtance, the texture of the
human tooth being so much finer and denser in quality. If we
place = section of a carious tooth under the microscope, there will
be observed, first, as in the artificial getg, the completely disorgan-
ised crust forming the outer layer, 2° seen, Flg 4, at a. Then the
translucent line jppeqrg as at p, intervening between the dark mass
at 5, and an jrreqular opaque Pand of dentine, =s represented at -
The jrreqular form of these geni-transparent @0d opaque bands in
the human tooth, when compared with those seen in the dentine of
the hippopotamus, as well as their occasional absence altogether,
may be accounted for, as before-mentioned, by the difference in the
texture of the two gtructures; and not only this, but even in differ-
ent parts of the same tooth belonging to the human subject, there
is to be found a great variety in the degree O.f density, se that even
in one tooth the gpaque line may be visible in some places and not
in others, as may Pe observed when examining = very thin section
placed upon 2 black ground’ so as to exhibit the opacity of the more
dense portions, = seen, Fig. 5, Where the onaqye band is also seen

surrounding the hollow produced by caries in the crown. Had this

occurred more towards the fang, in all probability this appearance

would have been here scarcely distinguishable from the opaque sub-
stance which is seen to exist in that situation.

Thus I so far z4ree with Mr Spence Bate, and those who con-
sider the translucent line to result from the solution and removal
of the calcareous contents of the typeg, and not from their solidifi-
cation. However, I would go still further than them, and state
that a change, preliminary to this stage Of the process, is to be ob-
served in the breaking down of" the contents and walls of the den-
tinal tubuli, previous to the removal of the calcareous matter as
debrisl and the formation of the semi_transparent zone; which pro-
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cess 1s the cause of the gpgque barrier appearing to exist betwixt
the carious and heglthy parts ©of the tooth, as shown in the an-
nexed drawing, ?none ©f which sppearances @re any proof what-
ever of protective powers being possessed by these bodies. In this
way, then, we find good grounds for believing that the process OF

decomposition, and gubsequent removal of their component parts,
occur in the same manner, Poth in the dentine worn as artificial

substitute and in that entering into the formation of the natural
human teeth, and that in neither case are those changes, either in
i/heir progress o arrestment, dependent upon, or connected with,
inherent yitality in the substance attacked, but merely the result of
chemical action.

These considerations, then, and the facts with regard to the
vascularity and gensibility of the dentine, certainly appear at vari-
ance with the Suppositionl that the tissues liable to dental caries are
capable of self-maintenance in apy degree adequate to their sub-

jection to disorganisation; and the existence of this gpparent de-
fect, taken in connection with several circumstances observable in

relation to the influence which the saliva seems to exercise over
dental decay, renders it yery probable that this secretion has been
substituted by nature for the gypply of this deficiency, as = fluid
suitable for the protection of those structures from the deCCmpOSing
forces, whatever they may be, to which they are obviously se ex-

posed.
That the saliva should constitute a preservative medium for the

teeth, is a doctrine at complete variance with the opinion of many
authorities upon the subject of dental caries; but that this secre-
tion, in its normal gtate, so far from leading to their destruction,
contributes by its peculiar qualities to their protection, appears

=n assertion capable ©f being supported by mest convincing and
decisive proofs_ Most yriters, indeed, who have adverted to this

subject, have considered the galiyary secretion as a source of dental
decay only in those instances where it exists of abnormal quality,
as in dyspepsia’ gc., wrhere it assumes an acid re-action, and will
then at least assist the gperation of those solvent patters, the
action of which ypon the substance of the teeth seems to be the
cause Of this disease. But Mr Spence Bate, in one of his lectures,
published in the "Medical Gazette" for July 18, 1851, asserts
that the saliva giveg rise to caries from the pregence in it of carbo-
nic gcid, derived from the products of respiration, and that, conse-
quently, this acid renders it a destructive gagent even in its normal
condition.

Now, a= that gentleman himself denies the pecegsity ©f any flaw
in the enamel for the development ©f caries in gpy particular spot,
it would certainly appear, if his theory hold good, that all teeth
would be equa]_]_y subject to decay, 2but this we do not find to be
the case; and, == for surmounting the difficulty by imputing the
predisposing cause Of caries to the facility with which the saliva
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lodges in the natural crevices present in certain of the teeth, &c.,
how is the commencement of caries ypon the smoothest surface of
enamel explained, as when it attacks the external surface of the
eye-teeth, where all that is presented for the action of any destruc-
tive agent is only = smooth cone oOf enamel ? And how is the
idea of the saliva being detrimental to the teeth, to be reconciled
with the fact, that in those very situations where this secretion
lodges in the greatest quantity, the teetfi are there least affected
with decay? as we find in the lower jaw, and especially among
the front teeth of the lowerjaw, where caries, in anything like the"

same extent we meet with in the upper jaw, is quite an exception
to the general rule. Even in the dentine used for artificial teeth,
the same course gppears to Pe followed py the decay occurring
there, as in the natural teeth,?since there is a tendency to much
more rapid decay 1n the ypper pieces all gyer, @nd in the back parts
corresponding to the molar teeth of the lower ones.

Another circumstance seems greatly to militate against the
theory that a destructive tendency ©f this kind should exist in
the galiva,?since the constant pregence ©f so powerful =» agent in
the immediate Vicinity of the teeth, as could lead to such serious
consequences, would Dbe ynparalleled by any Other instance in the
animal economy. We do notv find gny danger te the parts with
which it is designed to come in contact from the secretion of the
kidneys,?a fluld highly irritating to most tigsues, even in its
healthy state neither do we find such results in any other similar
case; and it is very improbable that, without any plausible reason
whatever, the saliva should constitute the golitary exception to this
very general, and in fact ghsolutely necessary, law. Even when
diseased in quality! it is far more likely that this gecretion, instead
of taking any active share in the development of decay, should
exert only = passive influence over the process of that affection, by
its not being at such times of a nature calculated for the neutra-
lization of destructive ggents, altogether apart from, and indepen-
dent of itself.

We pight even go =° far as to remark, that in those animals
whose food is of a quality more gpt to originate injurious effects
upon their teeth, as 1n the herbivora’ we find the Salivary apparatqs
much mere largely developed; and there is a possibility that this
arrangement may, as Well as for other p,,rpoges, Pe for affording
additional protection to the teeth under these moxre disadvantage-
ous circumstances. No doubt the prolonged process of mastica-
tion performed by these animals demands and produces = greater
flow of saliva , but it is not in every case found that the amount of
this secretion is in proportion to the duration of mastication, ?since

-in old pergons Who have lost all their teeth, and, consequently, do
not chew their fpod, the saliva continues to flow in quantity for

some time after having taken a meal. The food is probably the
main source of the agent which does produce decay of the teeth,



however that agent may vary under different circumstances ; but

it is unlike]_y that the g3liva, even when its reaction may be 3cid,

possesses any very great power 1 originating the disease, although
g P 9 9

in this state it may act, as mentioned before, as a passive agent in
the progress Of the disease. That in its heglthy state it should

constitute the means of injury to a set of organs whose destruction
from their situation would be =o inevitable, appears t° be a conclu-
sion we are quite unwarranted in adopting; and when we consider
the deficiency of vital power in the great bulk of the tissues enter-
“ing into the composition ©f = tooth, which would be pecessary for
enabling it to withstand the effects of the numerous deleterious
influences to which these organs would be subjected but for the
interposition of some means of defence, there appears t© be a neces-
Sity for certain of the fluids of the mouth acting in this manner,
and from the facts just mentioned as bearing so forcibly upon
this gubject, viz., the proportionately increased.amount of decay

occurring according to the diminished quantity of the saliva lodg-
ing in the neighbourhood, there seems to be little doubt that that

secretion acts in this capacity.

I have advanced these few remarks upon this subject as one not
altogether devoid of interest; and in doing so, the mere facts, as
they are observed to occur during different conditions of the dental
tissues, have been more my object than any attempt at explaining
the cause of them, as this is a matter which would require more
investigation than I have been enabled to make with regard te it.
However, it is likely that the destructive agent does not consist in
the alteration of any of the natural fluids of the mouth at g]], but
rather in some abnormal product, arising from different sources al-
together, being added to them, the nature of which has not as
yet been ascertained.

Nothing further can be positively said with regard to it at pre-

sent ; but in another paper I may perhaps be more prepared to
enter into the discussion of this part Of the gubject* constituting as

it does the most interesting question connected with the matter.



