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ABSTRACT

A 'longi tudi nal ana'lysi s has been made of ihe mì crof I ora assoc j ated

with approxjmal incipient caries lesions and comparisons have been

drawn between lesions which became ìarger, les'ions which remajned static

and caries free control sites. SubiecLs were selecÙed for lhe study

on Lhe bas'is of their dental status as revealed during regu'lar sjx month

recall examinatìons. Suitable subjects were those who showed one or more

approximal incipient les'ions and who also fitted other criteria such as

good genera'l health and availability for study. Parental consent was

obrained in all cases. Twenty-cwo children, aged 4-9 years were selected

and these children had a iotal of thirty-two lesions at the commen-

cement of ùhe study. Each test site (ìesion) was paired in each ch'ild

with a caries free control surface. Microb'io'logicaì sampìes were

taken at six or twelve week intervals over a period of one year. Radio-

graphs of the sites were taken at the routine denial recall examinatjon

of the subjects at 6 monbh intervals. The subiects.were instructed not

to modify ùheìr denùal hygìene practices throughout the study period.

The routine radiographs were used to anaìyze the slate of the lesions

rhroughout the study. Incip'ient lesjons whìch had progressed at 6 or

l2 months were restored and, in some cases, the restored surface was

sampìed as a part of the siudy. The data from the radiographs was used

to clivide,ùhe lesjons into two groups (a) progressìve les'ions and (b)

static lesions. Iù was assumed that les'ions which had progressed had

been in an actìve caries state at some tjme during the study period.
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The microb'iologìca'l samples from each s'ite were cultured on a range

of medìa including select.ive media for some genera and specìes. The

organisms identified included Streptococcus mutans, Streptococcus sangujs,

Streptococcus mitior , Streptococcus mj I I eri S ùrep tococcus sal 'ivari us ,

Acti nomyces viscosus, Actinomyces naeslund'i j, Actinomyces odontolytjcus,

Neisseria species, and Veìllonella. Lactobacillus strains were identified

to the specìes level. The composjt'ion of the mjcroflora at the sites

was described as the percentage contrjbution of each of the organisms

to the botal cultivable flora. The data was anaìyzed to provìde information

on two parameters of the microflora at each s'ite: (a) the mean percentage

of the organìsm at a sjte over the total period of the survey (degree of

colon'ization) and (b) the numbers of positive'isolat,ions of the organism

at the site over the study period (persìstence). These two parameters

were used to define the degree of chal'lenge that a gìven isolate gave to

the enamel surface at a particular sjte. Colonjzation and pers'isbence

were compared for pai red si tes 'in a g'iven subject using the student " t"

test. Comparisons were drawn between progressive lesions, non-progressive

lesions and control si bes.

During the period of observation l4 of the 32 lesjons progressed and

they were restored. Simpìe observatjon of the data revealed that

Lactobacillus was associated with 85% of the lesions which progressed and

was never isolated from non-progressjve les'ions or control siùes.

Lactobacillus was a'lways detected prior to the demonstration of progressìon

by the rout'ine radiograph. Statistjcal analysjs of the microbiolog'icaì

data showed that some organ1sms showed a posjtive association with

progression while others showed a neg ati ve associ ation. Lactobaci I I us
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S. mutans and A. odontoìycicus showed significant pos'itive associat'ions

'in both colonizat'ion and persistence. S. mitior and A. naeslundii

showed signifjcant negative associations with pnogress'ion in both coio-

nizations and persistence, however, A. vjscosus showed a negatìve

association onìy ìn colonization. Examinatìon of the data for sites that

had been restored showed that the ama'lgam was recolonized by all of the

bacteria identìfjed wjth the exceptìon of A. odontoìytjcus and Lacùo-

bacillus. This su ggests that these bacteria require a habitat wh'ich

prov'ides sujtable njches for their survival, and that the restorarìon of

the lesion destroys or alters this habitat.

The results support the evjdence available'implicating S. mutans

and Lacùobacillus jn the etiology of canies. Another important aspect of

the study is that it clearìy associates Lactobac'illus wjth lesion progression

Laccobacillus may be defìnìùe'ly impìicated in the mechanjsm of progression

or the p resence of Lactobaci I I us may indicate a more extensive lesion

ùhan is shown by rouùine radiographs. in either case, a simpìe laboratory

test based upon the isolation of Lactobacillus from a pproxìma'l incìpìent

lesions could be of value in helping the clin'icjan to d'iagnose the state

of the lesion. Such information is fundamenial to the decision to restore

ùhe lesìons or to attempt prevention with fluoride treabment..
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CHÀPTER T

INTRODUCTION

A) HTSTORY OF CÀRIES

Through the ages, people of most races have suffered from

the effects of tooth decay. As with other maladies, expla-

nations for this disease were sought and many theories were

put forward. The earliest theories vrere based on very lit-
t1e fact but v¡ere plausible explanations given the extent of

general scientific knowledge at that time. These theories

included from parasit,ic worms, imbalance of "vitaf humours"

(Greek), destruction by an unidentified chemical agent and

microbial parasites 1 .

The birth of the modern theory of dental cavíty formation

is often attributed to w.D. MiIler, in 18902. He termed his

hypothesis the "chemo-parasitic" theory because it, stipu-
Iated that caries was the result of decalcification of den-

tal tissue (enamel and dentine) by acids produced by

microorganisms residing in the oral cavity. MiIler's con-

clusions were based on a series of experiments which demon-

strated that: (i) saliva mixed with different carbohydrate-
0

containing foods and incubated at 37 could decalcify the

crovrn of a tooth, (ii) at least 30 species of oral bacteria

could produce enough acid to cause dental caries, (iii) lac-
tic acid was an end product of fermentation of carbohydrate-

saliva mixtures, and (iv) a variety of microorganisms were
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seen to invade carious dentin. The observations of plaque

by witliams in 18973 added support to MiIler's conclusions.

WiIIiams speculated that dental plaque provided the means of

]ocalizing the organic acids, produced by bacterial fermen-

tation, against the tooth surface. It was proposed that

plaque ímpeded the dilution and neutralization of the

organic acids bY saliva.

Stephan4 was the first person to demonstrate these con-

cepts in vivo. By use of minute pH electrodes placed in

plaque on accessible tOOth Surfaces in the mouth, he was

able to demonstrate the dramatic drop in pH Lhat occurs

after rinsing with glucose or sucrose. This vras followed by

a gradual return to "resting" pH after about 40 minutes'

More recent studiess, 6 using indwelling telemetric sensors

at interproximal surfaces, have shown that the period of pH

depression probably Iasts much longer than 40 minutes at

these sites. It has also been observed that the pH response

to a carbohydrate challenge is dependent on: (1) the type of

carbohydrate , (2) concentrations of substrate, (3) the

microbial composítion of the plaque, (4) ttre amount of

plaque and (5) the rate of salivary flows'6'

B) ETIOLOGY OF CAR]ES

From these

dental caries

env i ronmental

and other observatÍons it is apparent that

is dependent on the relationship of 3 main

factors. These are: the host, the microflora
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and the substrate. For the caries process to be active,

these three envíronmental factors must be in a critical

relationship. A fourth factor, time, must also be consid-

ered, âs caries is a dynamic process. The host factor

refers mainly to tooth and salivary characteristics. For

instance, tooth morphology and tooth positioningT influence

plaque accumufation and food retention and the fluoride con-

tent of enamel- influences its soIubilitys. Salivary flow

rate and salivary buffering capacity can influence pH

responses in plaques. The predominance of acidogenic and

aciduric species of organisms in plaque promoLe the caries

process 1 0. Conversely' a high proportion of lactate-

metabolizing organisms (".9. vei llonelIa ) 1 t *ay exert a

neutralizíng effec.t on plaque pH. The type of substrate

(carbohydrate), its concentration and the duration and fre-

quency of its availability to plaque organisms wiIl also

influence the caries process12l13 t14.

C) CONTROL OF CARTES

Since all three principle factors must be present to

produce caries, it should theoretically be possible to stop

the disease by eliminating or modifying any one factor. For

instance, it has been demonstrated that by eliminating fer-

mentable carbohydrate from the oral cavity, the caries pro-

cess is arrestedl5. Similarly, it has been shown, in animal

experiments, that if the oral microflora is eliminatedr câr-

ies will not occur16. However, it is impractical to con-
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sider modifications of oral conditions of this type in human

populations. Therefore, efforts to disrupt the caries pro-

cess have been multifaceted in an attempt to minimize the

caries potential of each factor. People have been encour-

aged to minimize -trequency of carbohydrate intaker7 (partic-

ularIy refined sugars); to eliminate dental plaque through

brushing and flossingls and to fluoridate water supplies to

decrease solubility of enamel by incorporation of fluor-

ide1e. These measures have resulted in a significant

decrease in the rate of caries in industrialized coun-

tr ies 2o .

D) SUSCEPTIBILITY OF HUMAN POPULATIONS TO DENTAL CARIES

Dent,al caries is generally regarded as a recent disease

of mankind. Even sor evidence exists that caries was plagu-

ing humans t,housands of years ago. It spread from being a

disease that affected a few teeth in a limited number of

individuals to a situation where greater numbers of teeth

Írere afflicted to a greater extent in a larger number of

peopleas.

The present world picture of dental caries is one of div-

ergent trends143. rn the developing countries there is a

rapidly increasing incidence of dental caríes14a and a scar-

city of dental heal-th manpower. On the other hand, in the

industrialized countries there is a marked decline in inci-

dence of dental carieslas and an adequate supply of dental
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manpower. Àpparently, the major influencing factor is a

change to modern diet and dietary habits, parÈicularIy the

consumption of greater amounts of commercial sugar-

containing produc¡s147. A similar effect has been identi-
fied within industrialized societies, where higher consump-

tion of refined carbohydrate is associated with lower

soc io-economic status r a I . Spec i f ic aroups of people, such

as native populations, within, or on the periphery of indus-

trialized societies have exhibit,ed patterns of disease that

are related to dietary habitslso/151.

The decline in caries incidence in industrialized coun-

tries became markedly noticeable in the early 1970's. The

decline has been attributed to a combination of (1) Lhe

.elimination of most of the accumulated caries, (2) wide-

spread public health programs of fluoride brushing and/or

rinsing, (3) availability of fluoride dentifrices and (4)

water fluoridation 1 4e.

In industrialized countries, the effect of fluoridation
of water supplies on reduction of caries incidence in chil*
dren is wel-I documentedla3/ lsz t 15 3 and statistics show an

apparent decrease of about 50e" in incidence of caries

attributable to fluoridation of water supplies. However,

there are also decreases in incidence in non-fluoridated

areas. A number of authorsls4 ) 15s have attributed much of

this change to increased use of fluoridated dentifricesl5s.
À reduction of caries incidence of 25% has been generally
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attributed to fluoride toothpastes.

Along with an overall decreased incidence in caries,
there has been a change in the susceptibility of specific
sites on the teeth. Fissure caries now accounts for a

larger portion of Iesions, particularly in fluoridated
areas1s3. However, approximal (smooth lesions) Iesions are

still- observedls 2/ 1s6. Approximal l-esions of ten appear to
develop very slowly, remaining in an incipient stage of

development for an indefinite period of time157/1s8.

These changes in the incidence, in the susceptible dental

sites and in the rate of development of dental caries have

influenced everyday dental practice, especialty in fluori-
dated areas, where the frequencies of recall examination and

diagnostic bite-wing radiographslss are being reevaluated.

The value of preventive intervention techniques, such as pit.

and fissure sealants is increasing 1 6o. Furthermore, the

criteria for restoration of incipient approximar resions are

changing as evidence grovrs regarding their slow develop-

ment21.

E. DENTAL MORPHOLOGY ÀND CARIES LESIONS

The shape of teeth and the physical relationship of teeth
to each other provide a diversity of environmental situ-
ations for microorganisms. Some areas, such as the facial
and lingual surfaces of teeth, are relatively smooth and

exposed to mechanícal trauma during mastication, speech,
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etc. These surfaces, therefore are less susceptible to síg-
nificant bacterial colonization than are the more protected

areas. By comparison, the surfaces of teeth adjacent to
other teeth (approximal surfaces) are more isolated from

mechanical trauma and the effects of saliva than the facial
and lingual surfaces. Arso, these protected areas of teeth
tend to harbour food remnants more than the exposed areas.

Therefore, metaboric substrate is more avairable in these

isolated areas and bacteria have a better chance for sur-
vival. Às a result, caries lesions are more prevalent in
Locations that provide a protective environment and avail-
ability of food than in more exposed locationsise.

the most caries susceptible areas of teeth are those sur-
faces with developmentar defects such as fissures and

pitsl8s. These fissures are most common, and tend to be most.

pronounced, on the occlusal surfaces of teeth, pârticularly
molar teeth. Pits and fissures offer isolated environments

for bacteriar incubation and readily- trap food that is
driven into their depths during mastication. The shape and

depth of typicar occrusal fissures even prevents the removar

of praque and food debris by tooth brushing. other surfaces

with pits and fissures, such as the buccal of mandiburar

morars and paratar of maxirrary morars are quite susceptible
lo caries attack, also. This is particularly true when lhe
pits and fissures are very pronounced. Approximal surfaces

are the next most caries-susceptible surfaces, providing a



I

relatively isolated environment for microorganisms, but not

as isolated as the depths of pits and fissures and not pro-

viding the inroads to the depths of enamel that are afforded

by pits and fissures. As an example of the variation in

susceptibility of surfaces, the likehood of decay of lower

first permanent molars, in descending order, is: occlusal,
buccal, mesial, distal and linguaI. Not only is there vari-
ation and predictability in the caries susceptibility of

different surfaces, but it has also been shown that the rel-
ative composition of the microfrora varies from site to site
184/188.

It is important to note that inherent differences between

surfaces and sites have resurted in a differential response

to fluoride exposure. It has been demonstrated that in

water fluoridated communities the over-all- caries rate has

decreased dramatically, but that the proportion of fissure
caries (occlusal) has increased relative to smooth surface

caries152 Apparently, the benefits of fluoride deposition in
surface enamel are much more significant on smooth surfaces.
Furthermore, especially in fluoridated populations, approxi-
mal lesions have been shown to be much more slow-growing

than occlusal lesions. pn fact, approximal lesions often
appear to arrest progress and even remineralize or regress,

whereas untreated occlusal lesions usually do not158.

The progression

is quite different
destruction in

that in fissure

smooth surface lesionsof

to car ].es . Smooth sur-
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face Iesions, when sectioned longitudinallyf are cone-shaped

with the apex directed towards dentine. That is, there is a

broad area of surface attack and a narrow advancing deep

front. In contrast, the fissure lesion usually starts on

t,he sides of the fissure wall and penetrates perpendicularly

toward the dentino-enamel junction, guided by the direction

of the enamel prisms, resulting in a broad advancing front'

The cone-shaped lesion in f issure caries has its base

towards dentinel eo. The clinical significance is that fis-

sure caries tend to involve a broader area of dentine than

might be expected from the clinical appearance and smooth

surface carieS involves a narrov¡er area of dentine than

expectedlse.

Therefore, becauèe of differences in susceptibility to

caries, microfloral composition, rate of caries progression

and pattern of caries progression, fissure and smooth sur-

face caries deserve separate consideration in terms of diag-

nosis, Prognosis and treatment.

F) APPROXIMAL CARTES LESIONS

Approximal caries lesions occur on adjacent tooth sur-

faces which are in close contact. These lesions are

described as smooth surface lesions as they do not originate

in developmental pit,s or fissures. This is an important

consideration when the initiation, progression, prevention

or remission of these lesions is studied. Approximal
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lesions ar.e usually present, immediately gingival to the

contact area of the teeth (figure 1 ). This location is rel-

atively inaccessible and approximal lesions cannot be diag-

nosed cliníca1J.y (by visual or tactile examination) until

they have progressed to a very advanced stage. A lesion at

this advanced stage poses a threat to the vitatity of the

dental pulp and restoration involves the removal of gross

amounts of toot,h structure. This difficutty of diagnosis by

tactile or visual methods has meant that the dental bite-

wing radiograph has been used extensively by dentists on a

regular (usuaIly 6 monthly) basis for screening the approxi-

mal surfaces of posterior teeth. Radiographs are able to

detect approximal lesions at a much earlier stage than the

clinical examination and an experienced dentist can detect

very minor radiol-ucenc ies in the approximal enamel. Such

lesions are diagnosed as carious and subsequently restored

with a dental filling. However, it has been shown thab a

precise diagnosis of the extent of approximal lesions cannot

be made from radiographs2l. On restoration the lesion may

be more or less extensive than was expected from the radio-

graph. A recent study by BiIIe et aI 21 which compared

x-ray diagnosis to clinical findings at the time of restora-

tion has emphasised the inaccuracy of radiographs. These

authors 2 1 found that only 20eo of. the lesions which extented

into the amelodentinat junction and 50eo of lesions extending

into dentine showed actual cavitation of the enamel surface'

Furthermore, a similar study 22 of 827 operative treatments
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revealed Èhat 462 or 56eo of the restorations were placed in

sites without actual cavitation. This study 22 also found

that there was a greater tendency towards premature treat-

ment in younger pat ients. I t vras determined that in

patients under 16 luears of age only 13e" of approximal

lesions restored showed actual- cavitation at the time of

restoration. This evidence places in question the value of

bi te-wing radiographs as the sole diagnost ic tool for

approximal caries. It also indicates that in many cases'

restorations were placed into teeth where the surface enamel

was intact and the l-esions could remineralize. Accurate

diagnosis can be seen to be an important consideration in

these cases.
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CHÀPTER TI

HIS Y OF CÀRIES

In order to understand and appreciate the nature of the

caries process it is necessary to know the ultrastructural

nature of the caries lesion. This is particularly true of

the surface st,ructure, which is of significance relative to

remineralization.

1 FOUR ZONES

Histological examination of developing carious Iesions of

dental enamel has revealed Some interesting phenomena '

Normal human enamel is highly mineralized, being composed of

about 97eo míneraL in the form of hydroxyapatite and 3e"

organic material and water. The caries process involves

dissolution of the mineral component, resulting in an

increase in the total pore volume of the enamel'

when viewed through a light microscoPe, longitudinal

ground sections of early carious lesions are seen to be com-

posed of several layers or zones. There has been contro-

ver5y over the years as to the number of zones that are

actually present. It seems as though much of the confusion

is due to the fact that the zones äre not all clearly demar-

cated. There are transitional areas between zones, and in

cross section the zones overlap. In 1956, Darling 24

described three zones, while a year later Gustafson 25
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described seven zones. It has been generally agreed 26 that

four zones can be delineated within the lesions. These are:

(1) a translucent zone at the deepest part of the lesion :

(2) a dark zone just above the translucent zone (3) the so-

called body of the lesion above the dark zone and (4) a nar-

rovr, intact zone at the outer tooth surface. The third zone

(body) occupies the bulk of the early lesion and shows the

greatest degree of demineralization.

When examined with a polarizing microscope, normal enamel

displays negative intrinsic birefringence. Birefringence

refers to the property of a medium which causes it to show

more than one index of refraction when transmitting plane

polarized light. Intrinsic birefringence is characteristic

of crysLalline materials (such as tooth enamel) and is

related to an asymmetrical alignment of chemical bonds, ions

or molecules. A sign of birefringence is given to the

structure based on the path taken by the slower and faster

rays. Enamel has a negative intrinsic birefringence, rela-

tive to prísm direction. Enamef, particularly carious

enamel, contains pore spaces aS well as prism structures. A

mixed body of rodlets and pore spaces which contain material

of a different refractive index from the rodlets produces a

positive birefringence relative to the orientation of the

rods. This is called "form birefringence". As dissolution

of the mineral content takes place and pore volume

increases, a positive form birefringence is produced by the
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intercrystallite spaces. The observed birefringence is the

visible result of the combination of positive and negative

birefringent effects. Therefore, âs demineralization and

pore spaces increase, there is a transition from negative to
positive birefringence. This produces an observed decrease

in negative birefringence. When the pore volume is suffi-
cient, Þositive biref ringence wiII dominate and t,he observed

effect wilt be a positive birefringence 23. The birefrin-
gent effect is also dependent upon the medium occupying the

pore spaces. The greater the difference between the refrac-
tive index of enamel and the substance ( imbibition medium)

occupying the pore spaces of enamel-, the greater is the

posit,ive birefringence. The extent of the demineralization

of the enamel can be quantitated by employing imbibition
media of different refractive indices2T. By varying the

imbibition medium filling the pore spaces I a quantitative
measurement of the pore volume can be made and the degree of

demineralization calculated 27 .

Two groups of imbibition media have been employed in this
process. The first group consists of a series of aqueous

sol-utions of potassium mercuric iodide or Thoulet's solutíon

which provides a range of refractive indices. These media

have been employed in studies by Darling '01", Silverstone
2s and others. The second group of imbibition media is com-

prised of the aliphatic alcohols and quinoline 23 r28. This

group of media has the advantage that both the molecular
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size and the refractive index increase in order from

methanol through octanol. The observed birefringence is

measured by instrumentation which calculates the total path

difference at specific locations2T ) 28 t2s within the enamel.

The development of these techniques has

ers to examine the mineral izat ion of t,he

early enamel lesions.

B. SURFACE ZONE

allowed research-

four zones of the

EarIy enamel lesions, with an intact enamel surface show,

on micro radiographic and polarizing microscopic examina-

tion I a well mineralized surface zone about 30 um thick.

The enamel immediately below this surface zone is, by con-

trast, highly demineralized. This phenomenon was first dem-

onstrated on microradiographs in 1932 by Applebaum3a. The

intact surface zone was a surprise and puzzled early workers

who attributed it to many causes, ranging from photographic

artifactsas to a protective influence of an organic coat-

ingtu. A number of investigators suggested that the surface

zone $ras manifested due to special properties of the super-

ficial enamel. These properties included a higher degree of

mineralizations4, a high fluoride and Iow carbonate con-

tentso and the attraction of acid anions to the enamel sur-

face which provided a protective coatingu t . Several studies

have supported the idea that the surface zone is a result of

greater resistance of the surface enamel to dissolution.

Thewlis52 (1940) and Brudevold (1948)ss maintained that the
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greater mineralization of the surface enamel was the criti-

cal factor. Isaac et alsa cited higher a fluoride and lead

content in surface enamel as contributing factors. Darling

suggested that a greater amount of insoluble protein in sur-

face enamel imparted a resistance to dissolution2T.

However, a number of studies23, s4 have shown that a fairly
well-mineralized surface zone of enamel in caries can be

created on enamel surfaces which have been abraded or where

the surface enamel has been otherwise removed. It is sug-

gested26 that the surface zone remains well-mineralized by a

process of reprecipitation of calcium and phosphate ions

dissolved Plaque on the enamel surface, which is saturated

with these ions may also be a source for ions which precipi-

tate into the surface zone, Silverstone26 suggests that the

localized high fluoride ion concentration resulting from

dissolution of the surface enamel would favour such precipi-

tation. It is also significant that saliva is supersatu-

rated with respect to calcium and phosphate ions and this
would favour precipitation2l 1. Therefore, it is likely that

the surface zone is a product of both the special properties

of surface enamel- and the tendency for reprecipitation to

occur at the surface of enamel associated with a lesion.

The mineral loss within this surface zone is reported to be

about 59o compared to sound, normal enamel47. Magnesium lev-

els show no consistent difference between surface zone

enamel and adjacent sound enamel. Both areas contain about

40eo by weight less magnesium than sound interior enamel4 I .
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Ultimately in the progression of the carious lesion, the

surface zone is demineralized. This event is considered to
represent a late event in the progression of the lesion.
Studying the progression of caries in viLro, Silverstone23

described t,hís stage as - small areas of demineralization

spreading from the outer enamel surface towards the body of

the l-esion. In the same study, Silverstone noted that the

rate of progression of lesions increased significantly when

the surface zone $ras disrupted.

EÌectron microscopy has shed some nevr Iight on the mecha-

nisms involved in the production of early caries lesions.
However, much of the information has been contradictory and

many features that are visible at the light microscopic

level have been difficult or impossible to identify at the

ultrastructural leveI. In 1971, Mortimer and Trantnerss

utilized the scanning electron microscope to look at small

enamel lesions. They reported that the Striae of Retzius

appeared Iess demineralized than the surrounding enamel and

they noted loss of materiaL from prisms and from prism cen-

tres. These workers proposed from their findings that the

carious attack involved the prism core and necks of prisms

(nigure 3). However, much of the difficulty and controversy

in ultrastructural investigation of both normal and carious

teeth comes from the problem of preparing specimens of the

hard tissue. This is coupled to the problem of determining

which of the visible features are artifact. It is on this



17A

u

Fi gure 3

u

A r
bosol
f oce

pilsm
f oce

B

C

Schemat'ic representatjon of the jnjt'ial dissolution of a hexagonaì
hyd roxyapa tj te crys ta j I j te .

A - intact crystallite
- active sites of demineralization are indicated: I II III

B - 'ini tial etchp j t fornration

C - later stage - centre of crysLal removed paraììeì to
ìong axì s.

I I

I
t



The body

small-enamel

1B

of the lesion occupies

lesions. Longitudinal

the largest portion of

ground sections through

basis that Poole and Silverstone56 differed in their opinion

of t,he ultrasLructural features of carious enamel.

Using transmission electron microscoPY, Johnson5T

reported an increase in intercrystallite spaces, suggesting

a loss of mineral from the external surface of crystallites.

Besides this slight etching of crysLallites of the outer

enamel, he reported defects in the enamel surface up to 4 um

in width and 5 l* in depth. Johnson and other workerssT/58

also reported areas of demineralization at the centre of

crystallites, giving them a hollow-tube type of appearance.

It is important to note that no observable changes can be

detected by electron microscopy in the first two zones of

enamel caries. The changes noted here are aII observed in

the body-of the Iesion, where there is maximal- demineraliza-

tion. Therefore¡ Do correlations have been made between the

light microscopic and electron microscopic features of the

transLucent and dark zones.

Although conflicting evidence has been presented, the

most outstanding ultrastructural investigations indicate

that demineralization occurs from both inter and intrapris-

matic enamel, with a greater degree of susceptibility at the

prism junction.

C. THE BODY OF THE LESION
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Iesions imbibed with quinoline and viewed with transmitted

light show the body of the lesion as a translucent zone with

pronounced Striae of Retzius. When viewed through the

polarizing microscope, sections in quinoline appear very

similar to those viewed by transmitted Iight. Vlhen irnbibed

with water the body appears positively birefringent compared

to the negatively birefringent normaf enamel. Darling'7

reported a minimum pore volume of Seo at the periphery of the

Iesion, increasing to 25e" or greater at the centre. In the

same study, Darling reporÇed alternate radioluscent and

radiopaque l-ines about 30 ¡m apart running obliguely through

the body of the lesion. He also noted, v¡ithin the body of

Èhe Iesion, a pattern of alternating radioluscent and radio-

paque, Iines at right angles to the enamel surface and spaced

6-8 ¡m apart. In many sections the radioluscent lines were

oriented at right angles to prism direction. Darling2t sug-

gested that these findings represented the result of acid

invading the enamel through the SÈriae of Retzius with dem-

ineralization progressing along the interprismatic subs-

tance, through the cross striations of the prisms to the

prismcores. Other workers, such as Crabbas disagreed with

this theory. Crabb noted that the Striae of Retzius showed

significant positive birefringence in quinoline and he

explained this by proposing that the birefringence vtas asso-

ciated with the slow progression of demineralization (as in

the dark zone). He suggested that the striae actually pre-

sented obstacles (or areas of resistance) to progressive
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demineralization. Further studies by Crabbas r46, using

quantitative microradiographic procedures, led to two theo-

ries suggesLing, ( 1 ) that the alternate radiopaque and

radiolucent bands in the body of the lesion were an expres-

sion of an inherent structural feature of enamel and not

related to direction of spread of demineralization, however,

their appearance was dependent on the extent of deminerali-

zation of the enameJ-, (2) that demineraLization spread out-

wards from subsurface areas to the surface of the enamel.

Mortímer37, in two-dimensional microdensitometry studies,

supported these ideas and suggested that as the alternate

banding corresponded with the periodicity of the prisms of

enamel, deminerafization occurred along the prisms, with

areas of greater susceptibility where they crossed the

Striae of Retzius.

A number of studies have identified radiopaque, weIl-

mineral-ized bands in the body of the lesion. SiLverstoneaI

found 15 lesions exhibiting these Laminations irr an examina-

tion of 100 carious lesions in deciduous molars. These

radiopaque laminations foIIow a contour similar to the

advancing front of the lesions. This suggests that the

Iamination defines t,he advancing front at various stages of

lesion development and may be the result of a temporary

period of arrest of the lesion.

Bergman and LindaT, using quantitative microradiographic

procedures, showed a wide variation in demineralization of
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the body of t,he l-esíon. The degree of demi.neralization was

independent of the depth of the lesion. The lowest mineral

content observed was 29eo by volume. This data is similar to

that of Hallsworth et aI, ot Yho found an average reduction

of 24eo in mineral content of t,he body of the lesion compared

to sound enamel. These authors also determined that there

was an average reduction of 20.1% of magnesium by weight in

the body of the lesion. These bands were often, but not

always identified in early enamel lesions.

D. THE DARK ZONE

The "dark zone" of the enamef cariouS lesiOn can be dem-

onstrated in 85-90e" of lesions28. It is visible by trans-

mitted light microscopy after imbibition with quinoline or

Canada balsam and appears dark brown. On examination with

polarized Iight after imbibition with quinoline, enamel

Iesions show the dark zone as positively birefringent.

Studies wtih the polarizing microscope have yielded consid-

erable information about Lhis zone. Some confusion vras cre-

ated because this zone appeared positively birefringent and

yet in contrast microradiographs showed that the dark zone

was more mineralized than the body of the lesion, which

appeared negatively birefringenta 2. Applebaums 2 in 1 935

first proposed that the explanation for these observations

might be a difference in permeability between the two zones.

À convincing theory for the difference between the potential

light and microradiographic data vras not put forward until
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1961. Darling et aI (1961)27 showed that if a variety of

alcohols were used for imbibition media, the observed biref-

ringence vras more a product of the size and shape of the

molecul-es of the imbibition media than their refractive

indices. Darling et aI 27 suggested that the dark zone con-

tained micropores that show selectivity on the basis of size

and partially exclude the Iarger molecules of imbibition

media. The greater the molecular size of the media, the

greaLer their exclusion from the micropores.

The origin of the micropores vras explained by Silverstone

gf gI8 l2t, who demonstrated that a dark zone could be cre-

ated in a lesion without a dark zone if the lesion v¡as rem-

ineralized. They ventured the theory that a combination of

micropores and large pores d.evelops in the dark zone by a

process of remineralization of Some of the large pores.

This concept would support the school of thought that por-

trays the caries process as a system of constantly changing

phases of demineralization and remineralization.

It is important to note that the presence of a dark zone

appears to depend on a relatively slow rate of caries

attack. Thís statement is based on information from several

studies of the progression of caries lesions !g vitro. Gray

and Francis6o used lactic acid in a nvaro*v]nr, ".fiulose
base to produce enamel caries in vitro, within 96 hours, and

showed that only a narror{ dark zone was produced.

Silverstone6 1 , using an in vitro system of gelatine gels of
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varying geI concentration, demonstrated that when the demin-

eral-ization process was slowed down so as to take several

months I a dark zone vras produced that vras virtually identi-

cal to that of natural caries. He found that the concentra-

tion of the gel was the criticat factor, demonstrating an

inverse relationship between the ge1 concentration and rate

of attack.

Histochemical data available for the dark zone is derived

mainly from the micro-dissection study by Hallsworth et

e-L4 t . These authors reported a 6eo reduction in mineral con-

tent in the dark zone when compared to normal enamel. They

felt that this figure might be a litt1e high due to a possi-

b1e bias in their method. Hallsworth et aI also reporLed an

average 12eo reduction by weight in magnesium in the dark

zone. DarIingzT demonstrated a 2 lo 4eo pore volume by exam-

ination of the dark zone by polarized Iight.

E. THE TRANSLUCENT ZONE

The translucent zone was first reported as a "1ight" zone

in caries lesions by williams3 in 1897. In 1922, Mummery32

described thís zone as a 'translucent zone'. Considerable

controversy then ensued over the nature of this ,zone, with

some authors stating that it was an area of hypermineraliza-

tion produced by a vit,al response3 3/ 3 4. Gustaf son 2 s , in

1957, observed that the translucent zone appeared more neg-

atively birefringent that normal enamel. He concluded that
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the translucent zone was hypermineralized. However' Iater

studies, using two-dimensional microdensitometry3T, estab-

lished that the translucent zone was in fact demineralized

enamel-. The apparently greater negative birefringence of

the translucent zone compared to the adjacent normal enamel

has been explained3s to be a result of the failure of the

small pores of normal enamel to be filled with large mol-

ecules of quinoline inhibition media. This produces smaII

amount of positive form birefringence. The pores of the

demineralized translucent zone are large enough to accept

the quinoline molecules and the positive form birefringent

effect is not present. Thus the observed birefringence is

slightly more negative than that of sound enamel.

Weatherall3e and Hallsworth et aI, oot41 using micro-

dissection and microchemical techniques, reported that the

translucent zone had lost approximately 1.2e" by volume of

the mineral content. The same studies showed that the

enamel of the translucent zone had a lower carbonate content

and 12eo by weight less magnesium. This data has established

beyond doubt that the translucent zone is demineralízed

enamel.
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CHAPTER I I I

INCTPTENT CARIES LES]ONS

Oxford Dictionarv defines "incipient" as

initial stage".

Webster's Third

pient" as "beginning

initial".

lnternational Dictionary defines "inci-
to be or become apparent" scommencing,

B. CLINICAL APPEÀRANCE

CIinical1y, when a carious lesion occurs on a visible
smooth surface or on an approximal surface of an extracted

tooth, the earliest visible appearance of caries is an

opaque white area, compared with the translucency of adja-

cent sound enamel. In fact, Lhese incipient lesions are

often termed "whiLe-spot Iesions".

When incipient lesions occur approximally they are found

just cervical to the contact point of the tooth. Larger

Iesions follow the cervical curvature of the facet of the

contact point to form a kidney-shaped contour (nigure 4).

When examined with a dental explorer, the incipient lesion

is found to have a surface indistinguishable from sound

enamel, that is, the surface is hard and shiny32. Some

incipient lesions are brown in colour, apparently due to

absorption of exogenous staining material from the environ-
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Diagramat'ic representatjon of an earìy (incìpìent) approximaì caries
lesion of a deciduous moìar tooth.

A - ìntact enamel

B - 'incìpìent caries (white-spot ìes'ion)

C - contact po'int

D - cervìcal margin.
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ment. Usually it is assumed that brown, intact lesions have

existed longer than white lesions and have absorbed these

staining substances into their porous surfaces. These

lesions are of ten caIled "brown-spot lesiollsr'. The extent

of staining is probably related to specific environmental

influences such as smoking.

C) RADIOGRAPHTC APPEARANCE

Radiographically, incipient carious lesions appear as

small radiolucent areas in the outer enamel (Figure 5). Às

previously described, radiographic diagnosis of the extent

of carious penetration is very inaccurate. However, it is

believed that at this stage the dentin is unaffected and the

lesion does not necessarily require restorationrsT.

D) CLINICAL STGNIFICANCE

Once an incipient lesion is detected it must be monitored

radiographically and clinically for evidence of progression.

Lesions which do progress are restored. It is possible that

incipient, lesions may be arrested or reversed (remineral-

ized) it the environmental conditions which initiated t,he

Iesion change or are changed (e.9. by improving local plaque

control habits). This fact was demonstrated on a large

scaIe, in vivo, in a study in Karlstad, Sweden6 2.

Similarily, a study at the University of Alabama6s illus-

trated that if strict oral hygiene criteria were met and

maintained, apparent arrest of aII incipient lesions, diag-



26A

Figure 5

Radiograph illustrating two incipient approximal caries lesions.

L - incipient approximal lesion

E - enamel

D - dentine

P - pulp.
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Figure 6

Radiograph ïllustrating an advanced or "overt" approximal caries lesion.

L - caries lesion

E - enamel '

D - dentine

P * pulp
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nosed at the beginning of the study, could be accomplished.

Histologically, the incipient approximal lesion is simi-

lar to the early enamel tesion described in the preceding

section, having an intact surface zone of enamel and subsur-

face zones called the body, dark zone and translucent zone.

Generally, the incipient stage is said to be6a that stage.of

development of the carious lesion beginning at the time that

the lesion is first identifiable in vivo (clinicalÌy or

radiographically). Detection by radiograph is possible when

translucency is first lost in the surface enamel (white-spot

formation) and approximal lesions ¡qq¡¿ be detected as slight

radiolucencies of the surface enamel. The incipient stage

is past when surface breakdown occurs and actual cavitati.on

of the lesion takes place (rigure 4). Therefore, the inci-

pient carious lesion always has an intact surface zone of

enamel. This description recognizes that there is a stage

of development preceding the clinically identifiable lesion

during which partial demineralization of the surface layer

of enamel occurs, allowing passage of H* ions and subsequent

subsurface demineralizat ion6 a .

E. REMINE RÀLT ZÀTTON OF INCIPIENT CARTES LESTONS

A number of studies62 t6 t / 65 have shown clinical- evidence

that the progression of incipient approximal lesions often

ceases and the lesions may regress. Nygaard and Ostby6s

created experimental cavities on smooth surfaces of teeth in
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vivo by mechanically creating an environment favourable for
plaque retention. When incipient carious Iesions were

formed, the devices vrere removed from the teeth and the

lesions appeared to remineralize. Some of the lesions dis-
appeared completely, while others became discoloured but had

hard surfaces. Silverstone66 demonstrated, by quantitative
assessment of enamel solubility, that acid etched enamel-

returned to normal solubility levels after 48 hours of expo-

sure to oral fluids.

Silverstone and Pool-e67 I 68 exposed intact teeth with

smaLl enamel- Iesions to human saliva and synLhetic calcify-
ing fluids and subseguently examined the lesions histologi-
ca11y. Using adjacent, unexposed lesions as controls, they

reported remineralization of lesions in saliva to a maximum

depth of 100 -!m, with most specimens limited to depths of

20-40 _um. Specimens exposed to calcifying fluids were modi-

fied throughout their entire depth. Silverstone6s showed

that t,he changes noted under the polarizing microscope were

due to an increase in negative intrinsic birefringence,
inferring that there was "deposition of oriented mineral

crystallites". Silverstone speculated that the Iimited rem-

ineralization with saliva might be due to either limitation
of penetration by the viscous nature of saliva or rapid sur-
face mineralization by saliva, blocking ion movement to
deeper areas of the lesion. The latter theory is supported

by the fact that maximum remineralization with synthetic
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calcifying fluids occurred when calcium concentrations were

between 1 and 2 mM. When concentrations higher than 2 mM

were used., the changes in mineralization were limited more

to the surface of Lhe lesion. It is believed6s that at

higher calcium concentrations, the more acidic phases of

cal-cium phosphate are saturated and that they rapidly pre-

cipitate ont.o the enamef surface, blocking pores and Iimit-

ing remineralization to the surface enamel.

Not only is remineralization of demineralized carious

enamel possible in vitro and in vivo, but the remineralized

enamel has been shown to be less soluble in acid than normal

enamel. This is probably due to the formation of larger

cryst.allites and the incorporation of fluoride into the rem-

ineralized enamelT o.
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CHAPTER IV

M] CROBTOLOGY OF CARIES

À) INTRODUCTTON

Microorganisms are essential to the development of dental

carious lesions. This fact vras "I..tly demonstrated by the

studies of orland et aI 71172, using gnotobiotic rats, who

showed that germ-free rats do not develop caries even while

on a highly cariogenic diet. Caries developed after the

same rats were infected with an enterococcus and an entero-

coccus plus a pleomorphic bacterium and maintained on the

same diet. However, there has been considerable disagree-

ment over which organism or organisms are the prime etiolo-

gical agents in the initiation and progression of human car-

ies. Investigations have been complicated by the complexity

of the oral flora and by the numbers of strains of organisms

isolated from the lesions.

Gnotobiotic animals have been used to identify organisms

capable of inducing caries. Monoinfections of animals with

oral bacteria have pinpointed certain species with a high

cariogenic potential. It has been foundss/ 1o3 in such stud-

ies, that Streptococcus mutans (several strains), a strain

of S. sal ivarius 1I , S. milleri '1, g. sanquis (several

strains) I 1, Peptostreptococcus intermedius, a strain of

Lactobacillus acidophilus 136, L. casei 136 and Actinomvces

122 species can produce caries. Other oral organisms in

experimental caries, particularly Veillonella species have
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been identified as possible modifiers of the caries process

because of their ability to degrade lactatell. In order to
provide a basis for the discussion of the microflora associ-

ated with incipient Iesions it is necessary to describe

those bacteria which have been shown to be associated with

caries in man.

B) BÀCTER]A ÀSSOCIATED WITH CARIES TN MAN

1 ) STREPTOCOCCUS MUTANS

In 1924 Cl-arkess isolated strains of Streptococcus from

carious lesions in human teeth to which he gave the species

name mutans. The species name derived from the varying mor-

phology of the cells depending on the growth conditions.

Thirty-six years - later this organism was "rediscovered" by

Sims who demonstrated the similarity of his isolate to the

g. mutans described by Clarke, and deposited a culture
(¡¡rcc. 10449) with the National Type CuÌture Collection,

EngIand.

a ) Characteristics

g. mutans is described as a group of non-motiIe, catalase

negative Gram-positive streptococcisl (tables 1 and 2). g.

mutans is usually alpha or non-hemolytic, however, some

beta-hemolytic strains have been reported.

i ) CelIuIar morpholoqv



32

Cellular morphology is highly variable, depending on cul-

tural conditions and varies from smalI coccoid organisms to

short, wide rod shaped cells. The cells are usually

arranged in short to medium length chains.



33

ii) Colonial Morpholoqy

ColoniaI morphology varies with media used for cultiva-
tion. When grovrn on Mitis-salivarius agar, $. mutans f orms

highly convex to cushion-shaped, opaque colonies. Colonial

morphology on sucrose containing medium is most commonly

hard and rough, âIthough smooth and mucoid variants have

been reported. Smooth to rough reversion has been demon-

strated after smooth strains have been cultured in experi-

mental animals.

iii ) Biochemical Differentiation

Shklair and KeeneT e originally separated S. mutans

strains on the basís of biochemical tests and proposed five

"biotypes" designated I to V. ln general, these correlated
with serotypes a to e. Later these workers incorporated

serotypes f and g into their 5 designated biotypes.

However, it has been demonstratedso that there are some dis-
crepancies in this correlation between serotype and biotype
(table 1 and Table 2).

ív) Seroloqical Identification of Strains

Bratthallee described five serotypes of g. mutans

(a,brcrdre) and two other serotypes (f ,g) þrere identif ied by

Perch78. The specific antigens of each serotype have been

purified and characterized chemically as cell-wall polysac-

charides. Serotyping is the most convenient and relaLively
reliable means of subdividing strains within g. mu.!ans..
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v) Genotvpic Identification of Strains

On the basis of analysis of DNÀ base composition and D¡¡a

homology, CoykendaIlsl suggested that strains of S. mutans

could be identified as one of four (t to IV) "genospecies".

He found strong correlation between these four genetic

groupings and serotypes cr b, at and d.

vi ) Metabolism

Acid Produc t i on

g . mutans has been reportedsa to be a homofermentative

lactic acid producing organism. In the presence of excess

glucose, the major fermentation product of S. mutans is lac-

tate. However, when glucose availability is limited during

chemostat growth, formate, acetate-and ethanol are produced,

together with lact,atesa. S. mutans utilizes sucrose at a

faster rate than other oral bacteria, such as S. -ggnq-U-!-S., .S..

mitis and Actin omvces viscosusss.

Glucose Transport

Glucose transport in S.. mutans utilizes a membrane asso-

ciated phosphoenolpyruvate (pnp)-dependent transferase sys-

tem; sucrose and lactose are transported by the same sys-

tem223. Hamilton has shown2sd that at low pH the PEP system

is repressed in S. mutans Ingbritt growing in continuous

cuLture and another, as yet unidentified system is utilized
for glucose transport. Further sÈudies have indicated that
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the alternat,e system is driven by proton motive force228.

I t vras f urther shown that there v¡as an increase in f luoride

resistance at low pH22s. The PEP-system is inhibited by

fluoride by suppression of the enzyme enolase, which is

involved in generation of pgp220. The aciduric and

fluoride-adapLabte behaviour of S. mutans are factors which

may contribute to its cariogenic potential. It shoul-d be

noted that fluoride resistance may be both phenotypic and

genotypic and that Hamilton noted that freshly isolated

strains vrere more inherently resistant to fl-uoride than a

strain which had been transferred many times in the labora-

toryl I 1.

I ntracellular Polvsacchar ide

Some strains of g. mutans are capable of producing large

amounts of intracel-Iular polysaccharide (tpS) in cytoplasmic

granules when grovring with excess sugar23o. Under condi-

tions of carbohydrate deprivation, the organisms degrade the

IPS as an energy source and produce lactic acid, acetic acid

and ethanoI22T . The ability to produce and store IPS has

been suggested to be a factor in the cariogenic nature of g.

mutanss6 however, it has been demonstrated in animal experi-

mentssT that strains that produce litt1e IPS can be highly

cariogenic. On the other hand, mutants of serotype c¡ which

produce little IPS, have been shown to be less cariogenic

than normal strainsss. Therefore, it seems that IPS may be

only one of the factors contributing to the cariogenicity of
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S. mutans

Extracellul-ar Polvsacchar ides

S. mutans also synthesizes extracellular polysaccharides

(glucans and fructans) from sucrose by way of the enzymes

glucosyltransferase and fructosyltransferase. These poly-

saccharides, particularly glucans, are considered to be

extremeLy important in dental plaque formation because they

are water insoluble and promote retention of the bacteria to

the tooth surface. Therefore, they provide a bulking effect
to plaque and tend to insulate the deeper areas of plaque

from the oral environment. Differences have been observed

in glucan production between sLrains of S. mutans. Trautner

et e_I8s ¡ound that serological type d strains synthesized

significantly greater amounts of glucan than type c strains
and that the ratio of insolubl-e to soluble glucans was

higher in type d strains. This finding may be relevant to
the observation made by otherss0 that serotype d is more

often associated with subjects with high caries rates.

b) Ecoloqv

i) Dis tribution

g. mutans is most frequently isolated from the human oral
cavity, however, it has also been isolated from humanes and

rat fecese5. In wild animals, it has been isolated from the

Patas monkeys 6, the Indian Fruit bate 6, wild rat,s living in

sugar cane fieldssT and Rhesus monkeyssE. It is, however,
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relatively rare in animals other than man.

i i ) Ac idoqenic itv and Acid uricitv

Many oral organisms are glycolytically very active. In

fact I as illustrated by Hamilton and Bowden223, there are

strains of ot,her organisms, such as S. mitior which, under

controlled conditionsr cân be glycolytically much more

active than S. mutans, however, S. mutans is able to grow at

pH values significantly lower than S. mitior 223. It is

theorized that in the isolated environment of organized den-

tal plaque the highty aciduric nature of S. mutans would

give this organism a competitive advantage over most other

oral organisms.

The combination of this acidogenic nature

to synthesize intracellular polysaccharides

provide a potential to produce and maintain

bat within the plaque community.

and

inS

an

the ability
. mutans may

acidic habi-

iii) Mutacins

Strains of E. ru-@. can produce bacteriocinse l and this

may provide an ecological advantage in the microenvironments

of dental plaque by inhibiting competing bacteria. Hamada

and Ooshimae2 proposed that the bacteriocins of S. mutans be

called "mutacins". These substances have been shown to be

active against a wide variety of oral organismse 2.

Information on the mechanism of action of mutacins is lim-

ited, but there is evidence t,hat they inhibit synthesis of
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DNÀ, RNÀ and proteins in susceptible strains of bacteria.

c ) Pathoqenicitv

i) ÀnimaI Studies

Ànimal models have been used extensively to study the

cariogenicity of S. mutans, âlthough some of the earlier

studiesee 101 used strains of streptococci no't specif ica1ly

identified as S. mutans. In 1960, Keyeslootlol demonstrated

that experimental hamsters, fed a high-sucrose diet, would

not develop caries. He termed these animals caries-inactive

hamsters since they vrere apparently free of indigenous oral

microorganisms that could induce dental caries. However

when Keyes implanted "a cariogenic streptococcus" in the

mouths of these animals, they developed caries. Moreover,

the organisms were passed from parent to offspring' demon-

strating the "infectious and transmissable nature of experi-

mental dental cariestt. Many streptococcal strains isolated

from the human mouth have been shown to be cariogenic in a

variety of animal models, inctuding monkeYs 1 o 2, gerbils I o 3 
,

mice1o4, rats and hamsterslos. The majority of these car-

iogenic Streptococci are strains of .9. mutans. However' it

must be recognized that other organisms besides S. mutans

can induce caries in animalslo6.

ii) Human Studies

Studies of humans also strongly implicate $. mutans as a

prime etiologic agent in caries.

In a study of children 13 to 14 years oldt Littleton et al
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1o7 f ound that S. mu.!ans. vras isolated in plaque f rom all
carious lesions but in only 23e" of samples from sound enamel

surfaces. LoescheloB examined the microflora of carious and

non-carious occlusal fissures and found that 71% of caries

fissures contained S. mutans, comprising more than 10e" of

the viable count. On the other hand, 70eo of non-carious

fissures contained no detectable S. mutans. More recently,

Loesche and Straffonlos and Huis in'tVeld et al 'o, have

demonstrated a close association between the presence of g.

mutans and occurrence of caries.

iii) Summary

There seems littfe doubt, based on both human and animal

studies, that StreÞtococcus mutans is a significant factor

in the caries process. Certain characteristics of E. mutans

have been identified which seem likely to be relevant to the

cariogenicity of this organism. These properties are:

i) The highly aciduric nature of S. mutans

ii) Its capacity to colonize hard, smooth surfaces.

iii) Its high rate of metabolism of sucrose and Lactic acid

produc t i on

iv) Its ability to produce large amounts of insoluble

extracellular polysacchar ides

v) Its ability to produce and store large amounts of

intracellular polysacchar ides .

vi) Its abitity to produce broad-spectrum bacteriocins,

2, STREPTOCOCCUS M]TIOR
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a) CHÀRACTERTSTTCS

i ) Cellu1ar Morpholoqv

ceLls are Gram positive

¡rm in diameter. Long

spherical or ellopsoidal 0.6

chain formation is usual in

cultures.
ii) ColoniaI Morpholoqv

Colonial morphology includes rough and smooth variants

with frequent reversion of rough to smooth upon subculturing

in broth. Alpha-hemolysis of blood agar occurs when incu-

bated aerobically. A soft' non-adherent colony or a hard

adherent colony may be formed on sucrose agar 1 7 5.

iii) Biochem ical Identif ication

Most strains do not hydrolyze arginine and esculin while

fermentation of raffinose is variable (rable 1 ). S. mitior

is peroxidogenic but does not ferment inulin, sorbitol or

mann i toI.
v) Metaborism

The final pH range in glucose broth is 4.2 5.8' averag-

ing about 4.5. Acid is also produced from sucrose and mal-

tose. Extracellular polysaccharides may be formed and many

strains form intracellular polysaccharides 1 7 s. Hydrogen

peroxide is produced when the organism is grov¡n aerobically.

iv) Serol oical- Identif icat ion of Strains

No group antigen has been shown but many serological
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types have been illustrated

Serological reactions seem to be

fication of this species 1 7 a.

b) Ecoloqy

the prec ipitin test.

tittte value in identi-

0.0 1.2 um in

derived from the

by

of

S. mitior is a common component of the resident flora of

the human respiratory tract and a regular constituent of

dental plaque. Because S. mitior actively ferments glucose

and sucrose and achieves low final pH values in broth cul-

tures, it is conceivable that it may contribute to a cariog-

enic situation when present in plaque

c ) Pathoqen ic i tv

No strains identified specifically as S,. mitior have been

reported to produce experimental caries in gnotobiotic ani-

mal studies. However, because of the difficulties in sepa-

rating these organisms from other similar streptococci, such

asS..@',thiSmaynotbecomp1ete1yva1id.Theabil-
ity of $.mitior to achieve low pH values in broth cultures

by fermentation of glucose and sucrose makes it a potential

pathogen in the caries process. Carious dentin yields a

high proportion of .S.. mitior 17 3.

3) STREPTOCOCCUS SANGUI S

a ) Characteristics

i ) Cellular Morpholoqv

Spherical or

diameter. The

Gram-positive cocci

name $. sanquis is
ovoid,

spec ies
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fact that it is often isolated from the blood of patients

with subacute bacteriaL endocarditis. In broth the ceIIs

occur in medium to long chainslTs.

ii) Colonial Morpholoqv

On Mitis-salivarius agar S. sanquis produces small- zoc-

gleic colonies with a firm consistency and which are imbed-

ded in the medium. Many S. sanquis strains produce spread-

ing zones around the colonies indicative of twitching
motility when cultured on blood agar. Hemolysis on blood

agar is alpha-typel7s)17s. À hard adherent colony is pro-

duced on sucrose agar.

iii ) Biochemical Identification

S. sanouis strains hydrolyze arginine.and
produce ac id f rom glucose r rnâItose, sucrose,

often raffinose. Mannitol, sorbitol and xyJ-ose

mented. All strains recognized as definitely

esculin and

lactose and

are not fer-
s sangul s

produce extracellular glucans (dextran) from sucrose (table

1).

iv) Seroloqical Identification of Sbrains

Five serological types have been identified, with some

strains having more than one type-specific antigenic deter-
minant. À close relationship has been recognized between g.

sanguis and group H streptococci, but serological studies

have failed to define specific groups and simplify the ser-

oIogyl78.
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v) Metaborism

The final pH in glucose broth is 4.6 5.2.

peroxide is produced when grown aerobically. g.

strains produce predominantly soluble extracellular
(dextran) from sucrose.

b) Ecoloqy

Hydrogen

sanqui s

j

g lucan s

Carlsson demonstrated that the main habitat of g. sanquis

in humans is the oral cavity and particularJ-y in dental

plaquelso. Low level-s of g. sansuis have also been reported

in human feces I I 2. g. sanquis is often implicated as a

pathogen in bacterial endocarditis 1 I 1 .

c ) Pathoqenicitv

g. sanquis is often found to be the predominant strepto-

coccus in dental plaque and Loes"h"162 has noted that it

tends to predominate in plaque from non-carious tooth sur-

faces. The capabilities of S. sanquis to ferment sucrose and

glucose and produce extracellular glucans plus the low pH

values reached in broth culture would seem to implicate it

as a potential cariogenic organism. In fact, gnotobiotic

experimental animals monoinfected with strains of S. san ll1 s

have developed dentat caries87. This organism may contrib-

ute to the caries process prime etiologic agent.

4. STREPTOCOCCUS SALIVARTUS

a) Characteristics

i ) Cellular Morpholoqv
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Gram positive with

diameter. Chain

IS

in

spherical

Iength is
or ovoid

ext reme 1ycells 0.8 - 1.0 ym

variabIerTs.

i i ) Colonial Morpholoqy

Colonial morphology may be rough or smooth with reversion

from rough to smooth on subculturing in broth. This organ-

ism is non-hemolytic on blood agar and does not produce per-

oxide. 9[hen grovrn on sucrose agar most strains produce

soluble levans (fructans) which contribute to the formation

of typical large, mucoid, dome-shaped colonies. Some

strains are said to produce insoluble dextransl83.

iii) Seroloqical Tdentification of Strains

Although several group antigens other than recognized

Lancefield grouping antigens have been identified for E.

salivarius, the majority of strains can be classified into

two types (t and II). Type I reacts with Lancefield group K

antiserum and accounts for 7Seo of strains isolated from t,he

respiratory tract.
iv) Biochemical Identification

Acid is usually produced from fermentation of glucose,

sucrose, maltose and raffinose. Mannitol and sorbitol are

usually not fermented. Final pH in glucose broth is in the

range 4.0 4.4. Esculin is usually hydrolyzed by this

organism but arginine is not. Extracellular levan from suc-

rose formation is usual.
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b) Ecoloqv

g. salivarius is most frequently isolated from the sur-

face of the oral soft. tissues and in particular t,he tongue

and it is usually found in saliva' possibly being dislodged

from the tissue surfaces. It is frequently identified as a

constituent of dental plaque, but some disagreement exists

as to whether it is usually an integral part of the plaque

ecology or whether it exists there transiently, being depos-

ited from salival84.

c) Pathoqenicítv

Although a strain of g. saliv arlus reportedly has pro-

duced experimental caries when inoculated int.o the mouths of

gnotobiotic animals, clinical findings do not associate the

presence of, or the proportion of, S. salivarius in plaque

with caries incidence. This organism is infrequently iso-

lated as the pathogen in subacut,e bacterial endocarditisls5.

5. VEILLONELLA

a ) Characteristics

i ) Cel1ular Morph

Representat ives

smal1, spherical,
pairs, masses and

i i ) Colonial

oloqv

of this genus are anaerobic,

Gram-negative cocci. They

short chains.

Morpholoqv

non-mot i le ,

are found in
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Lactate agar media containing 7.Syg/nl of vancomycin

favor isolation. Colonies on poured plates are 1 to 3 mm.

in diameter and are smooth and sometimes lens-shaped or dia-

mond or heart-shaped and opaque grayish whiLel 12.

iii) Genotypic Identification of Strains

Veillonella are strictly anaerobic and do not ferment

any carbohydrates or polyols. During growth, Iactate is

metabolized to propionic acid, acetic acid, COz and Hz while

resting celIs also metabolize pyruvic, oxaloacetic, malic,

fumaric and succinic acids 1 I 2. In contrast to Neisseria

VeilloneIIa are generally cytochrome-oxidase negative'

VeÍIlonella are sensitive to the antibiotics penicillin,

erythromycin, and bacitracin and resistant to vancomycin,

streptomycin and neomycin 1 1 2.

b) Ecoloqv

Veillonella occur in the naturaL cavities of humans and

Two species of Veillonell-a have been recognized, V.

vula and V. alcafescens. DNA analysis has recently

that these two organisms are homologous 224.

iv) Metabolism

some animals. They are found in the human mouth'

tory trac¡ 1 13 and int,estinal trac¡ 1 14.

c) Pathoqenicitv

These organisms are normally present without any

identified

par-

shown

respl ra-

patho-

in thegenic effects, although they have been
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mixed flora of suppurative infections of periodontitis, pul-

monary gangrene, tonsilitis and appendicitis 1 1 s. The role

of VeiIIoneIIa in these infections is not cIear. However,

they have been shown to contain Iipopolysaccharides with

endotoxic characteristics 1 1 6. Therefore, they may play a

significant role in the progression of these infections.

VeiIloneIIa have been shown to contribute significantly to

plaque formation once colonisation of tooth surfaces has

been accomplished by other organisms. The role of

VeilloneIIa in the dental caries process has not been pre-

cisely established. It is speculated that the ability to

metabolize lactate may give Veillonella a protective role in

caries by reducing the size and duration of pH decreases in

plaque. This concept has been supported by a study utiliz-
ing germ-free rats1l although more recent studies in man may

not support i¡161. No direct rel-ationship has been defined

between Veillonella and periodontal disease. VeiIlonelIa is
present in subgingival plaque of normal, clinically healthy

mouths.

6. ACTINOMYCES

i) Cellular Morpholoqv

Actinomvces are Gram-positive, non-motile,

organisms which occur as branching rods and

varying length12s.

ii) Colonial Morpholoqy

non-sporrn9

f i laments of
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Actinomvces grow well on blood agar or agar with serum.

A. viscosus and A. naeslundii grovr relatively rapidly pro-

ducing colonies of 2-3 mm in 48 hours. The colonies are

white or cream in colour and generally of a soft consis-

tency, they are usually matt and sometimes have a granular

sur face . In contrast A. ontol ri us produces brownish

coLonies of 2-3 mm often with a metalic sheen. Older colo-

nies (q4 days) of À. odontol-vticus grovrn on blood agar

produce a brown/red pigmentation. A. israelii grows slow1y,

its colonies only becoming macroscopically visible after 4-7

days incubation. Two colony forms occur, one is not dis-

tinctive, being domed, white, with entire edge. The second

form is rough, írregular white 1-2 mm in diameter and typi-
ca1 of of A. israeli i. In general serotype 1_ strains of A.

israelii produce the rough and serotype II strains produce

the soft colonies.

iii ) Biochemical Characteristics

The Act I nomvce s are generally actively saccharolytic and

have Iittle or no activity against proteins. Biochemical

tests such as fermentation or hydrolysis of different subs-

trates are of littIe value in identification of species.

Actinomyces are best identified by chemotaxonomic analysis

of the ceII waII components or serologyl2e/20o.

iv) Seroloqical Characteristics

Serology has proved most valuable in

and identification of Actinomyces 12s.

the characterization

most of the species
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have more than one serotype (fable 3).

In some cases gel diffusion of celI sonicate has been

attempted as an identification method but it lacks the con-

venience of the FA Lechnique. More recently a simple whole

ce11 agglutinatio -n test has proved valuable .in the initial

separation of isolates (niflery personal communication).

This method has the advantage of being easily applicable to

the type of study undertaken here.

b) Ecoloov

The are uniquely oral organisms and have only been iso-

lated from the oral cavity or the tonsils of man and ani-

mals2oot 12s. This genus is present in large numbers on the

surface of the teethl 6 1 . and can be easily isolated from

carious dent,ine 1 2 8, 1 32. Àctinomyces colonise the mouth rel-

atively early in life and there appears to be some selectiv-

ity with e. viscosus colonising younger children2oe. À11 of

the species of Actinomvces with the exception of A. bovis

can be isolated from man. A. bovis has only been isolated

from animalsl2s.

c ) Pathoq nic itv

Although almost aIl isolations of Actinomvces species are

from the oral- cavity of man and animalsr âctinomycotic

infections can occur anywhere in the bodyl2s. Many of these

infections may be traced to the oral cavity as the source of

infection via bites or oral trauma20lT 202. However' some of
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these infections cannot be linked directly to the oral

cavity and are believed to be the result of transient bac-

teremias. Bacteremias have been demonstrated after oral

surgical procedures and even toothbrushing2o3 and it has

been demonstrated that the frequency and extent of the bac-

teremias increases inversely with the level of oral
hygiene2o4. Inhalation has been identified as a potential
route for pulmonary actinomycosisl 25.

Actinornvces species have been implicated in both dental

caries and periodontal disease. A. naeslundii and A. visco-

sus both synthesize extraceltular polymers which may facili-
tate adherence to tooth surfaces, enabling them to colonize.

Actinomvces species have also been shown to aggregate in
saLiva2os. In addition !. naeslundii wiII aggregate with

streptococci2o6 and A. viscosus has been shown to aggregate

with VeilloneIIla2o7. These aggregation properties would

certainly enhance plaque formation. À. viscosus and f.
naeslundii have been shown to induce fissurells and root

surfacel2o caries in gnotobiotic rat studies. À. odonfolvt-
icus is a species t,hat was recognized by Batty in 1958128,

when it was isolated from deep carious dentine. Some years

Iater, Edwardsson 1 3 2 also made a definite association

between this organism and deep carious dentine. Although

Iittle is known about the ecology of A. odontolyticus the

indications are that it is involved with the later stages of

development of caries lesions. A. viscosus and A. naeslun-
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dii have been shown to initiate periodontitís in gnotobiotic

rats and hamsterslle,2o8 and since they are usually present

in gingival crevices of humans, it is possible that they may

play a role in periodontal disease in man.

7. ORAL LÀCTOBÀCILLI

a) Characteristics

i ) CeIlular Morpholoqv

Lactobacilli are describedlsi as rod-shaped, varying from

Iong, slender forms to short coccobacilli. Chaining of

cells is common. Motility is unusual. These are

Gram-positive organisms which tend to become gram-negative

with age or increasing acidity of the media. They are non-

sporing. . . :'

ii) Colonia1 l-o

Colonial morphology varies with the species, however,

colonies are characteristically unpigmented white to grey-

white with the odd light yellow variant. Colonies are one

to three millimeters in diameter and usually rough or duII

textured.

iii ) Metabolism

Lactobacilli are generally microaerophilic in nature,

although some anaerobic forms are known226. Lactobacillus

metabolism is fermentative and these organisms are charac-

teristically saccharoclastic. At Least half of the end-

product carbon is lactate, other end-products of metabolisn

may be acetate, formate, succinate, carbon dioxide and etha-
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nol 1 e 1 . Lactobacillus species are classified as either
homofermentative or heterofermentative. Homofermentative

species generally produce lactic acid as 85eo or more of the

the end-product of glucose metabolisml 30.

Heterofermentative species produce about 5Oeo lactic acid as

end-product of glucose metabolism, plus COz, ethanol and

acetic acidl 3o. Fermentation of carbohydrates varies from

species to species and provides a basis for species identi-
fication (rable 4).

È) Ecoroqv

Lactobacillus species occur commonly in the mouths of
humans, hou/ever, they are normally present in 1ow numbers

792 13 3in dental plaque . Studies have shown that strains of
lactobacilli have a low affinity for enamel surfaces relati-
ve to such bacteria as Streptococcus sanguis. The aciduric

133nature of Lactobacillus suggests that acid habitats may

favour their colonization. 
'The 

oral lactobacirli have been

studied in detail 
t ".rrd have been considered since the early

.l 37
days of oral microbiology significant component of the

oral flora.
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The most common oral- species of Lactobacilli arel 131

Homofer tat i ve Heter oferment ative
L. casei

L. acidophilus

L. pJ-antarum

L. salivarius

L. fermentum

L. brevis

L. buchneri

L. cell-obiosus

L. casei and L. r ermentum are the most common oral_ spec-
ies131. Lactobacilri are frequently isorated from deep car-
ious dentinels2 and salivary counts of Lactobacirri are seen

Lo increase with greater caries activity.

c ) Pathoqe_niqitv

Lactobacilli have been found to represent only a very
smarJ. portion of the praque frorals2. This fact led Loesche

and syedloe to speculate that Lactobacirri may be secondary

contributors to the caries process rather than primary fac-
tors.

The l-ow af f inity of Lactobacilri f or the enamel_ sur-
face133 and the coincidence of Lactobacilri appearance with
development of carious tesions red Fitzgerar¿r3a Lo specu-

Iate that Lactobacitli favour the environmental conditions
offered by active carious lesions. They therefore coronize
as a conseguence of the carious lesion rather, than being an

etiologic factor in caries formation.
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Lactobacillus counts in saliva have been used in the past

to monitor caries susceptibility. Whatever the precise

relationship is between Lactobacillus and caries formation,

Sims 1 3 s has shown that elimination of Lactobacillus f rom t,he

oral cavity results in arrest of the caries process.

Lactobacillua have been tested for their ability to

induce caries by inoculation into gnotobiotic animals.

These experiments have shown that few strains of

Lactobacillus can induce caries and the caries that vlere

induced were confined to occlusal pits and fissureSl 36.

This evidence fits well with the finding that Lactobacillus

has 1ow af f inity f or the tooth surf ace r 3 3 .

The evidence seems to Point to

involved with the caries process with the

an etiologic agent, particularly in later

ment of caries lesions.

Lacto eilli being

potent ial

stages of

of being

develop-

C. MTCROBIOLOGY OF LONGITUDÏNAL STUDIES OF CARIES

Relative to the total volume of microbiological

research of caries, there is a minimal amount of information

derived from longitudinal microbiological examination of the

caries process.

One of the earliest comprehensive studies was

Enright et aI in 1932137 who discovered, after

reported by

an initial,
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single bacteriological analysis .of clinically diagnosed

"Caries Àctive" and "Caries Immune" patients, that the car-

ies process is not necessarily constant. Thereforer ân

accurate analysis can be made only through repeated, longi-
tudinal analyses. The results of their repeated observa-

tions of the same patients led Enright et al 137 to conclude

that the presence of lactobaciIli was a "prognostic indica-

tor" for caries activity.

Prior to the study of Enright, et al, tt7 ¡.tr38 had pub-

lished the results of a less extensive longitudinal study

which concluded that "BaciIlus acidophilus" appeared in the

oral cavity prior to the clinical onset of dental caries and

that such changes in the oraL microflora could be predictive

of caries attack.

It should be noted that both of these studies relied
heavily on the use of seLective media that probably signifi-
cantly influenced the final results Furthermore, some diffi-
culties with taxonomy existed which resulted in some

researchers identifying organisms as Lactobacilli and others

identifying the same organisms as Streptococci.

Microbiological methods of analysis have been refined over

the years to give a more accurate picture of the bacterial
composition of plaque. In 1939, Bibbyt ss suggested that,
based on a1l of the relevant bacteriological information

available at that time, the dental caries process was prob-

ably due to an association of several different organisms.



Hemmens et aI 1 40 report,ed a study in 1946 which observed

Iongitudinally and in great detail the microflora of plaque

sampled from approximal surfaces of erupting premolars. The

microbiologic information gathered v¡as then related to the

development of or absence of dental- caries. They fgund that

the organisms most significantly related to development of

caries were lactobaciIli. They also noted a high incidence

of what they called "aciduric streptococci" at active caries

sites. These workers reported a decreased incidence of

Leptotr ichia Actinomyces, alpha-hemolytic Streptococcus, S.
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bacteria and Neisseria associated with the

les i ons .

mitior fusiform

progression of

Ikeda et aI 141 | reported a study which identified the

microflora of plaque from three surfaces of initially non-

carious teet,h. Samples were obtained and teeth inspected

every three months for one year. Caries initiation vras cor-

related with the presence of Streptococcus mutans in the

plaque on the site before caries was detected. Caries ?tas

not observed when S. mutans was not isolated. However, the

authors neglected to calculate such correlations for lacto-

bacilli. Lactobacilli vtere found in only low numbers prior

to caries onset and some sites became carious without detec-

table lactobacilli. They suggested that lactobacilli may be

involved in progression of lesions, but that they make lit-

tIe or no contribution to caries initiation.
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A study carried out in Èhe Net,herlands by Huis in't veld

et aI eo demonstrated that caries development occurs predom-

inantly on tooth surfaces that harbour relat.ively high num-

bers of S. mutans ( sso) in the plaque associated with the

Iesion site. Furthermore, this study pointed to serotype d

g. mutans as the most common serotype in caries active sub-

jects.

In the same year, Loesche and Straffonloe' published the

results of a longitudinal study of the microflora of occlu-

sal fissures. They concluded from their observations that

sometimes Lactobacillus may also be a prime agent, with very

Iow or even undectectable l-evels of S. mutans. Furthermore'

they noted that levels and proportions of what they identi-

f ied as S. sanqui s tended to be tr,igher in car ies-f ree f i s-

sures.

A longitudinal studyla2 I 146 has been made in which ini-

tial caries-free approximal surfaces of premolar teeth in

children vrere observed with periodic sampling of plaque from

the test sites. A detailed microbial analysis of the plaque

samples rras related to caries activity or inactivity. They

concluded from their results that domination of the micro-

flora by S. mutans at a site of caries was not essential for

caries to develop. Furthermore, in a small number of sites
(Z of 15) which became carious' g. mutans was never iso-

lated. They did note a trend to increased numbers and iso-

lation frequencies for both S. mutans and Lactobacillus at
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sites after caries detection.

The evidence avaitable from these longitudinal studies

offers us the best understanding of the relationships

between specific microorganisms and the caries process.

Based on this information one must conclude that no single

organism is excLusively associated with the initiation of

caries. However, it appears that S. mutans is an organism

that is most frequently a prime etiologic agent in the car-

ies process. Other organisms, notably Lactobacillus seem to

be closely associated with the caries process. Furthermore,

Iongitudinal studies have demonstrated that the microflora

of plaque associated with caries active sites is in a con-

stant state of f1ux, probably because the environmental con-

ditions change constantly as the Iesion progresses. This

may result in a transitional progression, whereby the prime

etiologic agent in the caries process changes as the loca1

disease state progresses and local environmental conditions

change.
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CFIÄ PTER v

RÀTIONALE FOR THE PRESENT STUÐY

In populations with low caries incidence, particularly in

water fluoridated areas, early approximal caries lesions

often appear to develop very s1owly, sometimes to not prog-

ress at all, and sometimes even to regress or remineral-

ize157)158.

These early approximal Lesions in deciduous teeth of

children with low caries incidence pose a diagnostic and

treatment planning problem for clinicians. That is, whether

these early lesions should be Ieft and monitored radiograph-

ically every six months to ensure that those lesions that do

progress are intercepted, or whether all lesions should be

restored, Do matter how smalI.

It would be beneficial if a re1iable, Iess invasive and

safer diagnostic test could be used to aid in treatment

planning for these inaccessible areas of the teeth. Medical

practiLioners routinely use microbiologic tests to determine

the etiology of disease processes and to monitor the status

of infective diseases and to decide on the interventive
therapy to be used. There seems no good reason yrhy the den-

tal practitioner should not follow the same procedures given

sufficient information on the caries process.

Dental caries has a microbial etiology that has been
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studied extensively and the caries process has been examined

longitudinally. However the longitudinal clinical study of

caries presents special difficulties. In order to study the

caries process from the initial stages, it is necessary to

sample plague from a large number of caries-free but caries-
susceptible surfaces. This method requires an enormous

amount of laboratory work in order to monitor enough sur-

faces over a sufficient period of time to include a siEnifi-
cant number of developing lesions in the study. In spite of

much effort, the few good longitudinal studies reportedlao
141/161 have a smal-L number of lesions included in the data.

Therefore, this present study was designed to avoíd the

problem of too few lesions by observing the microflora asso-

ciated with early enamel lesions (incipient) in the-approxi-

ma1 surfaces of deciduous mol-ar teeth. This allowed the

study of all but the very initial stages of the caries pro-

cess while providing a ready pool of caries active sites.
Some of these lesions were expected to progress during the

observation period and some were not. Therefore this study

allowed for a microbiologic comparison to be drawn between

Iesions which progressed and those which were static. If
significant microbiological differences could be identified
between the progressive and non-progressive lesions, spe-

cific microbiologic tests might be designed to aid in diag-
nosis or in prediction of the progression of these early
lesions. Such tests could allow monitoring of these early
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lesions with less frequent exposure of chirdren to x-rays.
Thus, the study vras intended to detect significant micro-

biologicar differences between lesions which progressed and

static lesions. The intention vras to use this data to
develop simpre tests to aid the cLinician in the accurate

diagnosis of incipient lesions.
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MATERIALS AND METHODS

A. SUBJECT GROUP

Twenty-two children ages 4 to 9 years were selected for

t,his study. Most of the subjects were patients of the

Children's Hospital DentaI CIinic, winnipeg, Manitoba. AI1

subjects were on a six-month regular dental recall examina-

tion and topical fluoride treatment program and vrere pre-

selected upon diagnosis of at least one incipient approximal

caries Iesion from bite-wing radiographs during a regular

recall examination.

The nature and purpose of the study were explained to the

parent or parents of each chiId. Parents who were willing

to allow their child to participate in the study were asked

to complete a questionnaire (Appendix 1 ). The guestionnaire

was reviewed, along wíth the medical history of the child

and any potential subjects who showed a poor history of

appointment-keeping, had a history of frequent antibiotic

therapy, were significantly medically debilitated, o! who

showed signs of potentially exfoliating the teeth to be

examined during the time of the study were eliminated from

the subject pooI. Parents of subjects chosen according to

these criteria were then asked to sign a consent form

(Appendix 2) signifying that they would a1low their child to

participate in the study. No subjects were lost' during the
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time of the study. Continued participation was encouraged

by presentation of a small gift to each child at each visit.
Parents and participating children were instructed that, no

changes in routine diet or oral hygiene practices were to be

made dUring the study and these aspects vrere not monitored

during the study.

Thirty-two inc ipient approximal carious lesions were

available for study in the 22 children. Whenever possible

the contralateral site to each lesion site in the same child
was chosen as the control site. Control sites were all
judged (from radiographs) to be caries-free.

B. DIAGNOSTIC CRI TERT A FOR CÀRIOUS LESTONS

Radiographic diagnosis of carious Iesions was determined

by agreement of three . experienced cIínicians who examined

radiographs independently and made diagnoses without consul-

tation with each other.

1. rNcrPIENT AppRoxIMAL LESIoNS were defined, for the

purpose of this studyr âs early approximal enamel caries

lesions that did not require restorative treatment. To be

included in the study, incipient lesions had to be diagnosed

as such by the independent observations of aII three observ-

ers (nigure. 5).

OVERT APPROXIMAL LESIONS vrere defined as caries lesions

requi reon approxímaI surfaces judged, from radiographs, to
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restoration (nígure 6).

3. PROGRESSTOI{ OF LESIONS

Progression of Iesions vras determined by a change in sta-

tus from incipient to overt lesions. This method of defin-

ing progression allowed for a clearer determination of pro-

gression from radiographs, rather than attempting to judge

fine degrees of progression. It has been demonstrated pre-

viously that it is very difficult, if not impossible to make

fine determinations of progression of approximal carious

l-esions from serial radiographs, even with standardization

of technique. Bite-wing radiographs were availabte at time

0, 6 and 12 months during the study and were aII produced by

the same X-ray machine, at the same settings, and by Lhe

same operator. Subsequent radiographs were reviewed by the

three clinicians independent of previous graphs and without

knowledge of the identity of the subject or the point of

time of the subject in the study.

C) SAMPLING METHODS

Plaque from the approximal test and control- sites was

sampled by the methods reported previously by Bowden et al,
161 .t 260. Samples were collected on either a six-weekly or

twelve-weekly schedule for a period of twelve months. Any

lesions which were diagnosed from radiographs, ât 6 months,

to have progressed to a point requiring restoration were

resampled, restored and usually resampled after restoration.
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These sites were then eliminated from the study. Likewise,

most Iesions diagnosed as requiring restoration at 12 mont,hs

vrere resampled and all- were restored.

The device for plaque collection consisted of a strip of

flexible, steel-backed abrasive tape soldered to a 6 cm.

piece of 0.036 inch orthodontic wire that provided a handle.

The abrasive strip was shaped so that the end tapered to a

point, with the working tip being approximately 2 mm by 10

mm in size. The collection devices were pre-sterilized and

stored in' sterile packages with sterile gauze and sterile
0

scissors (121 C for 20 minutes).

Cotton rolls were placed buccal- and lingual to the tooth

to be sampled to isolate the area. Sterile gauze was used

to wipe the buccal surfaces of the teeth adjacent to the

sample site. The point of the abrasive sampling device was

placed just gingival to the contact point of the site to be

sampled with the abrasive side toward the tooth to be sam-

pled. The device was pushed in and out of the approximal

space six times, removed, and the smooth side of the device

wiped cfean on a piece of sterile gauze. The tip of the

abrasive strip containing the sample of plaque was then cut

off with sterile scissors and dropped into a disposable ste-

rile test-tube containing 1 mI of sterile reduced transport

f tuid (ntr) 14 3. Thus the sample vras maintained in a moist

environment and the viability of anaerobic organisms vras

protected.
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At the time each sample was collected, brief notes were

made regarding each test and control- site. IL was noted and

recorded as to the extent of plaque accumulation. accumula-

tion. Any obvious gingival inflammation vras also recorded

and whether the sampled site bled when probed.

D. MICROBIOLOG]CAL ANÀLYSIS

1. Culturinq of Samples

The samples in RTF v¡ere sonicated using a Kontes Sonifier
at a power setting of 4 for 30 seconds. The samples were

then serially diluted 1:10; 1:100; 1:1000; 1:5000 times in
RTF. Dilutions were cultured on: blood agar (Oxoid CM 271

Blood Agar Base No. 2) supplemented with haemin, Vitamin Kr

and Seo sheep blood (atIas Laboratories, Winnipeg); blood

agar with 7.5 yg/mL. vancomycin (ef i r,iIIy); TyC agar with

and without Bacitracn 0.2 units/nl 262 and Rogosa agar

(oi f co LaboraLor ies ) . These cultures were incubated at gZ.0C

both aerobically and anaerobically for 72 hours (aerobic)

and 120 hours and 120 hours (anaerobic ) (80eo Nz, 10eo H2, 10eo

cor).

2. Countinq of Colonies

Colonies were counted on plates where ditutions yielded

50 to 2OO colonies per plate. The total cultivable flora
vÍas estimated from supplemented blood agar plates incubated

anaerobically for 120 hours. The counts for each identified



67

organism isolated were then converted into a percentage of

the total cultivable fIora.

3. Identification of I solates

The Hucker-Conn2l a modif ication (r,ittie 195321s ) of Gram

stain was used to differentiate Gram positive from Gram neg-

ative ceIIs.
i i ) Catalase

The production of catalase vras tested by the method

described by Cowan and Steele213.

iii ) Atmospheric Resuirements

a) Tests used for the initial
i ) Gram stain

separation of isolates

agar plates

an anaerobic

chamber (Coy
0

37 .c.

a standard

All strains vrere tested for growth on blood

in the following atmosphere:

1 ) Aerobic

2) Ànaerobic 8Oeo Nz r lOeoHz , 1jeo COz.

Plates for anaerobic incubation were placed in
jar (Oxoid Canada) or an anaerobic

Man.Co. Ann Arbor,Mich) for 4 days at

Plates for aerobic incubation were placed into
incubator at 370 c for 4 days.

b) Identification of species
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The description of tests

which were a ) most commonly

in the in the study. These

Lactobac i Ilus Veill nella

below is limited to those genera

isolated and b) of significance

were Streptococcus, þb:!¡prngg,
and Neisseria (rab1e 5).

c ) Strep tococc Í

The characteristics
Streptococcus foIIow

Bowden2l6. (table 1).

used to classify the oral species

those described by Hardie

The tests used are outlined below.

of

and

i ) Carbohvdrate Fe rmen ta t i on

A peptone broth2 r 6 vlas used as the basal medium and test

carbohydrates vrere added to this medium at a concentration

of 0.seo w/v, Acid production was indicated by a change in

colour of phenol red from red (pH 7.6) to yelIow (pH 5.5).

The four carbohydrates used in the tests were all heat sta-

b1e and the medium with added carbohydrate vras autoclaved at

1 1 50 c for 20 mins.

ii) Production of H^02.

Isolates for testing were grovrn on blood agar plates

under anaerobic conditions ( gOeo Nz, 10eo Hz ¡ 109. COz ) f or

?4hrs and then grown for 16 hrs under anerobic conditions

before testing. The initial anaerobic incubation with added

COz ensured good growth of the isolates and aerobic incuba-

tion encouraged H2 production. The test was made by scrap-

ing colonies from the plate and putting them onto a reagent
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Table 5

Initial separation of isolates

Genus

S trep tococcu s

Staphyl ococcus
M'icrococcus

Ce'l ì morphoì ogy Gram Catalase Aerobi c
Growth

Anaerobi c
Growth

Cocca I + + +

Cocca I + + + +

Rod +

Rod +

+ + +

+ +

Acti nomyces
Rothi a
Bacteri onema

Acti nomyces
Lactobaci I I us

Rod + + + Propion'ibacteria

Rod + + Acti nomyces
Arachn i a
Eubacteri um

Cocca I + + + Neisseria

Coccal _/+ + Veillonella

Rod + Bacteroides
Fusobacteri um

Capnocytophaga
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Darmstadt, Germany) .

blue coLour within 2

69

perox ide

Pos i t ive

mins.

iii) Hydrolvsis of Escul-in

Isolates were tested in

ferric ammonium citrate and

cause the medium to lose

blac k .

(Merckoquant strips Merck,

isolates produced a definíte

esculin broth2 1 6 which includes

strains which hydrotyze esculin
its blue fluorescence and turn

iv) Hydrolysis of Arqinine

strains were grovrn in arginine broth 216 and the produc-

tion of ammonia was tested by the addition of NessLer's

reagent (eoH chemicar). positive curtures gave a bright
orange colour which rapidly faded.

v) Colonv form on sucrose asar

some oral streptococci produce extracerrurar grucosyr

transferase enzymes which will cataLyze the conversion of
sucrose to glucans and levans. This activity can resurt in
distinctive colony features e.g. adherence, hardness, gummy

consistency. AII streptococcal isolates were cultured on

TYC (de stoppelaer218) for 48 hrs at 370c under an anaerobic

condition (80eo N2, 1Oeo H2, 10e" COz ). The colonies vrere

examined under a dissecting microscope at a magnification of
1 0 times.
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d) Actinomyces

The characteristics used to classify these organisms are

selected from those described by Slack and Gerencserrl2e and

Bowden and Hardie20o (table 5). The tests used are outlined
below.

i ) Carbohvdrate fermentation

The Streptococcus fermentation

concentration of 0.5>" w/v of test
íi) Starch hydrolvsis

basal- medium vras used wíth

carbohydrates.

Isolates were tested by growing them for 96 hrs on agar

medium (Oxoid Blood agar base No. 2 CM271) with 1e" w/v solu-

ble starch (gOH Chemicals). Starch hydrolysis was tested by

flooding the plate with Lugol's iodine. Positive isolates
vrere surrounded by a halo of uncoloured medium on a bLue/

black background.

iii) whole cell agqlutination

Antiserum to A. naeslundii (strain ATCC 12104), À. visco-
sus II (strain wVU672), A. odontolvticus I (NCTC 9335), A.

odontolyticus II (wvu482), A. israelii I (NCTC 4860) nd e.

israel:LtL II (wvu307) vrere prepared in rabbits following the

methods described by Bowden and Hardie2ls. A simple whole

celL slide agglutination test was used226 in which a suspen-

sion of cells in saline from a plate culture $ras prepared on

a microscope slide and a single drop of ant.iserum ( I in 10
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in saline) l¡as added. The slide
side and agglutination confirmed by

secting microscope.

vras roc ked

exami nat i on

from side to
under a dis-

e) Lactobacillus

i ) Rososa asar

All catalase negative Gram-positive rods v¡ere curtured
anaerobically for forty-eight hours on solid media selective
for Lactobacillus, âs described b1z Rogosa2lo. Catalase neg-

ative rods which grew aerobicarry and anaerobically were

identified as Lactobacillus species.

ii) BTocHEMIcAL IDENTTFIcÀTIoN oF SPEcIEs

A short series of biochemical tests, as described by

Bowden et al 211 ì were used to identify the various species

of Lactobacillus isolated (rable 4).

carbohydrate fermentation vras tested in the basar MRs

broth2 I 2. The following carbohydrates vrere added al concen-

trations (w/v) of Zeo, glucose, ribose, cellobiose, mannitol,
melribioser râffinose and melizitose. Bromocresor purpre

was added as a pH indicator. Ribose and escurin solutions
were filter sterilized while arl other carbohydrate soru-

tions were autoclaved at 11Soc for twenty minutes. Glucose

and sodium gluconate broths were used to test for gas pro-
duction. After anaerobic incubation at 370c for forty-eight
hours, pH determinations were made for each carbohydrate and

the esculin broth was tested for hydrolysis by the addition
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of 1eo w/v ferric chloride. Strains positive for esculin

hydrolysis gave a black col-our.

f ) Veillonella
i ) Acid production

Gram-negative anaerobic cocci were cultured in 1.0% glu-

cose broth to test for acid production. Cultures were incu-

bated anerobically for forty-eight hours at 370C and pH

determinations were recorded. No pH change vras indicative
of VeiIlonel.Ia.

i i ) End-product analysi s

Gram-negative anaerobic cocci with negative cytochrome-

oxidase tests were cultured in a peptone 5¡e¡¡2 1 s containing

sodium thioglycollate, sodium lactate (1e" w/v) and

L-cysteine ( 0.05e. w/v). Cultures vrere incubated at 379,C f or

at least seventy-two hours and later analyzed by gas-Iiquid

chromatography for the presence of volatile acids231.

g ) Heisseria

i ) Cvtochrome-oxidase (oxidase) test

All aerobic Gram-negative cocci were tested for
cytochrome-oxidase activity by means of the Kovac's

method220. A piece of filter-paper in a petri dish was

impregnated with 1eo solution of dimethyl-p-
phenylenediamine (Sigma, St. Louis, t"to) and a platinum-wire

Ioop with some of the cultured organism was wiped on the

filter paper. A posítive reaction, indicative of Neisseria
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was indicated by the development of a dark purple cofour

within ten seconds2s 1.

rr) Maltose fermentat ion

Gram-negative facultatively anaerobic, oxidase-positive

cocci were cultured in a heart infusion broth contai.ning

maltose at a concentration of 1.Oeo w/v. Bromocresol green

was added as a pH indicator. Cultures vrere incubated aero-

bically at 370C. for seventy-two hours and final pH determi-

nation vras made. À pH decrease f rom 7.6 to 6.0 or less vras

considered indicative of carbohydrate fermentat ion.

Neisseria were grouped as saccharolytic or asaccharolytic by

this test.

iii) Polvsaccharide Production on Sucrose Media

Isolates identified as Neisseria were cultured on heart

infusion agar with sucrose 4.Oeo w/v. Cultures were incu-

bated aerobically for seventy-two hours at 370, C. and the

plates were then flooded with Lugol's iodine2ls and the ino-

culat,ed areas examined for colour-change. A dark blue-brown

appearance of a culture vras indicative of extracellular
polysaccharide production.

E. STUÐY DES]GN

Children yrere selected rather than

group for the following reasons.

lesions occur in permanent teeth and

adults for the study

Incipient approximal

in adult patients as
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well as deciduous teeth of children. Incipient approximal

lesions in deciduous molar teeth were selected for study for
several reasons. It is clinically more acceptable to avoid

restoration of approximal incipiencies and observe them

instead, particularly in children with low caries experi-
ence. Very often a slowly progressing or non-progressing

lesion in a deciduous tooth does not become clinicalÌy sig-
nificant before exfoliation of the tooth occurs. Ä1so, the

enamel in deciduous teeth is only about one-half as thick as

in adult teeth. Therefore, there was a greater chance of

having incipient lesions progress to the dentino-enamel

junction in deciduous teeth during the 12-month period of

obse rva t i on .

The sel-ection of a suitable control site for each lesion

or test site v¡as made on the basis that the control site
should be subject to as similar an environment as the test
site. Therefore, the identical site on the contralateral
side of the mouth to the test site was chosen, where possi-

ble. T.f. the contralateral site was missingr cârious or

restored, the nearest similar surface was chosen.

Since the objective of this study was to monitor the

microbiology of plaque associated with incipient approximal

Iesions in children under normal conditions, the major deci-
síons to be made in study design were: (1) how to monitor

]esion progression, Q) how to sample t,he plaque in a rela-
tively inaccessible location and (3) how long and how often
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to monitor boLh aspects.

In consideration of how long to study each lesion and its
control, it vras decided that a twel-ve month period of obser-

vation would: (1) provide a reasonable number of samples

from each site, (2) Uased on information about progression

of approximal lesions, allow sufficient time for significant
progression to occur, (3) allow enough lesions to be studied

to be statistically significant and (4) be a reasonable

length of time to request subjects to participate (which

would encourage enrolLment and minimize subject loss).

As previously explained in section B of this chapter,

incipient approximal lesions are observabl-e only by vray of

radiographs and þite-wing radiographs provide the usual and

best clinical information. It was felt that in order to be

clinically ethical, the study could obtain radiographs no

more frequently than usual clinical standards aIlow.
Theref ore, radiographs could be availabl-e at time 0, 6

months and 12 months in a one year sludy. The diagnostic

criteria are explained in section B of this chapter.

Consideration was given to employing devices custom-made to
fit the mouth of each subject to position the radiographic

films in identical locations in serial radiographs. This

would help to standardize the radiographic results. The use

of standardized radiographs from custom-made film-holding
devices could not be justified since the initial radiographs

were not standardized. Reradiographing detected lesions



76

with a standardized device for the benefit of the study

arone would be unethical. Furthermore, because the subjects
r.rere aIl in a mixed dentition stage of deveJ-opment during

the study, changes to the teeth and jaws would make it vir-
tua1ly impossib]-e to construct a device for each subject

that woul-d be truly stable over a 12 month period.

The method of plaque sampling was chosen because of the

success of the technique as previously employed by Bowden et

al I 6 1 . The consistency of the results obtained longitudi-
nally from each sampling site in that study was considered

to be indicative of the validity of the method. A criticism
of the method is that it does not sample precisely the

praque associated with the lesion, but obviously must obtain
plaque from across the approxima] surface. Also, because of

the method of sampling and the small amount of plaque col-
lected, it was not possible to quantify the plaque samples.

Therefore, the data had to be managed by rerating numbers of

specific organisms as proportions of the total cultivabre
flora from each sample.

Frequency of plaque sampling was chosen to be once every

6 or 12 weeks. It was felt that eight samples over a 12

month period of observation wourd give a good profile of the

microflora at each site. Hov¡ever, in some cases, difficur-
ties were encountered in gaining access to subjects due to a

variety of personal reasons ranging from subject illness to
subject holidays. This necessitated a revision of sample
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scheduling for some subjects to a twelve-weekly basis.

These are not unusual problems and must be recognized as

difficulties to be dealt with in human longitudinal studies.

F. RECORDING OF DATA

Col-onies from each sample were counted and recorded

according to the methods previously described. An estimate

of the total cultivable flora from each sample was made by

counting aI1 colonies on supplemented blood agar incubated

anaerobically for 120 hours. Since each sample was dis-
persed in 1.0 mI of RTF, all counts were calculated to

reflect the numbers of organisms t,hat existed in the origi-
nal sample. Since 20 yL of each dilution was inoculated

onto each plate, the counts were multiplied by 50 and then

by the dilution factor for the plate counted. For example,

if 25 colonies of a particular isolate v¡ere counted on a

plate where the dilution of the inoculum was 1:1000 of the

original sample, the calculation is: 50 x 25 x 1000 = 1.25 x

106 organisms. This allowed for comparison of numbers of

organisms in each sample. The proportion of the total cul-
tivable flora which each organism represented in each sample

was calculated by dividing the number of each organism in

the original sample by the estimate of the total cultivable
flora for that sample and converting to percentage. This

method allowed the comparison of relative proportions of

similar organisms between samples.
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G) ANALYSIS

1. DEFTNIT]ONS

The numerical significance of an organism to the micro-

flora of plaque from a particular site or group is described

herein as the "degree of challenge" by that organism.

The degree of challenge

a ) Deqree of colon ization

of the percentages of

by an organi'sm in all
b) Persistence - proportion

tions of an organism

has two components:

which is reflected by the mean

the cultivable flora represented

the samples.

(percentage) of positive isola-
from all the samples.

Thus, these two percentage figures reflect the degree

coLonisation by an organism over the total period of time

observation. This concept has been described previously

a similar longitudinal study by Bowden et aI I 6 I .

of

of

1n

2) STATTSTTCAL COMPARTSONS

a ) Test Versus Con t roI Site in each Subiect

Àlthough paired data vras available from each test site
(incipient lesion) and its designated control site (non-

carious contralateral síte), the number of samples from each

pair of sites $¡as too few (varying from 3 to 8) to allow

significant intra subject statistical comparison.

b) Grouped Data
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Grouping the data from similar sit.es provided statisti-
ca1ly significant numbers for comparison. The groups of

sites that were compared in regard to both mean percent of

cultivable flora and percent positive isolations for each

organism (genus or species) were:

Progressive lesions

Non-progressive lesions

Control sites (a11 32)

Control sites for progressive Iesions.

Comparison of means of paired data for each organism was

made by means of the student t test, yielding a level of

significance of association of each organism.
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CHAPTER V] I

RESULTS

A. DATA COLLECTED

1 ) SUBJECTS

Twenty-two subjects aged from four to nine years

included in the study. No subjects were lost from the

during their twelve month period of observation.

2) TEST SITES AND CONTROL SITES

Thi rty-two inc ipient approximal cari es lesions

sites) and thirty-two control sites were included

study.

were

study

( test
in the

3) SAMPLES COLLECTED

À total of three hundred and fourteen plaque samples v¡ere

colLected and examined. Test sites and their control sites

were sampled at the same tíme and equal numbers of times.

Each site Ì,¡as sampled f rom three to eight times, depending

on the frequency of samplíng and on the progression or non-

progression of lesions. Tabl-e 6 shows the distribution of

samples for different sites.

4) MICROORGANISMS I SOLATED

A total of 10,217 microorganisms were isolated from all

of the samples collected. Table 7 shows the numbers of

identified organisms isolated. The organisms not identified
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Table 6. The distribution of the sites with lesions based n the
n rso samp es ta en from eac S te

Number of sampìus tutunil Number of sites

Progressive I esionsu) Non-progressi ve I esions b )

3

4

5

6

B

3
b)

7

3

I

0

0

0

ls

0

2

a) An equivalent number of sampìes were taken from control sites.

b) Samples taken post restoration were not included.
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Table 7

Distribution of total orqanisms isolated and ident ified

Orqani sms Number % of total

S. mutans

mi ti or

sangu i s

salivarius

m'il I eri

fecal i s

A. vi scosus

A. naesl undi i

A. odontolyticus

Lactobaci I I us

Veillonella

Nei sseri a

7lB

654

763

9lB

157

66

4382

471

67

26

I 068

167

7.6

6.9

8.0

9.7

1.7

0.7

46. 3

5.0

0.7

0.3

11 .2

l.B

Total I .457 100%
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IeveI were categorizedto species

belonging to

study.

on initial grouping as

specific interest of thisgroups outside of the

GeneraIly, these figures of isolates (rable 7) corre-

sponded well with the resul-ts f rom similar studies. The

relative numbers of A. viscosus and A. naeslundii do not

agree with the findings of Ellen20s who found A . naeslundi i
to- outnumber A . vrscosus in subjects of this age-group.

This was attributed to Ellen's use of a selective media for

c I om ces which ma v favour ! . naeslundi i.

5) LESTON PROGRESSTON

During the twelve month period of observation of each

lesion and control site, fourteen of the thirty-two (44e")

incipient lesions progressed to a point at which restoration

was required. Eighteen of the lesions did not progress.

One of the initially non-carious control sites developed a

lesion during the study and this lesion progressed to a

point requiring restoration. All sites that developed

extensive lesions requiring restoration were restored and

ten of the fifteen restored sites were sampled after resto-

ration.

6. COLONISATION OF LESIONS AND CONTROL ST TES

The results of

Table I and Table

mic robi ologi cal

Table I shows

analyses are shown

the percentage of

the 1n

o the
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Table B

The median values_and ranges for the bacteria in sampJes from thelesion and control siùes expressed as a percentage oî tne total
cul tivabJe flora.

ìAN I SMS PROGRESSIVE N = l4 NON-PROGRESSIVE N = lB CONTROL = 32

NStamu

mi ti or

sanguì s

sal i vari us

rr scosus

aesl undi i

s.7a)

(+.1 - 16.3b)

3.9

(o ^ e.2)

6.1

(o.s - l3.s)

5.7

(1.6 - 12.5)

28.9

(20.3 - 3e.B)

0.25

(o - 4.8)

0.75

(o - 6.6)

0. 66

(o - 5.1)

10. 6

(4.8 - 13.6)

3.3

(o - 8.7)

5.4

(o - 13.4)

8.5

(o - 16.5)

6.3

(o - l3.s)

32.8

(25.0- 4e.3)

4.5

(o - 20.l)

0

(o - 0.6)

0

0

8.9

(o - l2.o)

6.6

(o.zg - iz.4)

3.6

( o - 6.5)

6.4

(r.5 - 11.5)

8.5

(r.o - 14.4)

32.3

(24.4 - 42.2)

2.3

( o - 5.3)

0

( o - o.oz)

0

0

9.4

( 5.4 - 15.3)

idon t

l

l
I

l0 baci I 'lus

one'l 'la

a) Median vaJue. b) Range.
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-BI B -
The median values and ranges for_the percentage isolatìon frequencyof bacteri a i n samp'les from the I es'ion and coñtro'l si tes

GAN ISMS

mutans

mi ti or

sangul s

sal i vari us

naeSl undi i

lonella

PROGRESSIVE N = l4

l00a)

(60 - roo)b

50

(o - loo)

100

(50 - loo)

100

100

100

100

50

(o - loo)

50

(o - roo)

75

(o - too)
.l00

(66 - loo) ',

CONTR0L N = 32

75

(o - roo)

66.6

(o - roo)

100

(0 - roo)

100

(40 - roo)

100

100

BO

(o - l0o)

0

(o - 25)

0

vi scosus

nt.do

bacillus

o
i

N0N-PROGRESSiVE N = lB

75

(o - loo)

100

(0 - 100)

87

(o - loo)

100

(20 - loo)

100

100

BO

(o - loo)

0

(o - 40)

0

100

(o - l0o)

100

(83 - roo)

a) Median value. b) Range.
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totar cultivable flora for the significant organisms. This

poored data is expressed as median varues (fírst rine) and

ranges of percentages¡ (in brackets) from l-owest to highest
for progressive lesions, non-progressive lesions and control
sites. Tabre 9 shows the frequency of isoration of each

organism ( in percentage) from progressive 1esions, non-

progressive and control sites. This is expressed as median

values and ranges from lowest to highest values.

ANALYS] S OF DATA

MICROBIOLOGY OF CONTROL STTES

Plaque sampred from control sites was microbiologicalry
simírar to data previously reported for approximal praque in
childreneo 166 (rabres I and 9). species of streptococcus

and Actinomvces vrere consistently isolated from arr samples

from all control sites. The following organisms were iso-
rated at the following frequencies in the samples from the

control sites: S. mutans 68e"ì g. sanquis 80eoi g. mitior
80e"i A . naeslundi i 81e" and S. salivarius 84eo. VeiIlonella
vras isolated from all but three samples from control sites.
A. odontolvticus v¡as isorated from only two sampres from

control- sites. Lactobacilrus species were never isorated
from control sites.

2. MIcRoBToLoGY oF PRoGRESSTVE LESIoNS
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Ies i ons

vl se osus

83

microbiological findings in samples from progressive

were similar to controL sites with respect to A.

and g. salivarius. The percentage of isolation was

S. mutans, 85eo for S. sanquis, 42eo for S. mitior and

A. naeslundi i. . velIlone_L'Lã Yras isolated f rom alI
sample. (rab1e 9).

g ge"

45e"

but

for

for

one

very s ign i f icant di f ferences vrere noted between the

microflora of the progressive lesion and that of the control
sites with respect to the isolation of A. odontolvticus and

Lactobacirlus. A. odontorvticus was isorated from 4seo of

samples from progressing resion sites. This organism was

not isorated at any time from five of the fourteen progres-

sive lesions. Lactobacil-rus was isolated from 49eo of sam-

pres from progressing resions but !Ías absent from arl of the

samples from three of the fourteen sites.

3. MICROBIOLOGY OF NON-P SSIVE LESIONS

The microbiologicar findings from the sites of non-

progressive lesions more closery resembled the results from

control sites than from progressive lesions. rsoration fre-
quencies for the most prevarent organisms in non-progressive

lesions were: g. mutans 71eoì S. sanquis 85e"i g. mitior B0eoi

s. salivarius 96% and A. naeslundii 7Leo. veirronerla was

isorated from all but seven samples and five of those sam-

pres were from one subject who was consistently negative.

À. odontorvticus was isorated six times, somewhat more often
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than from control

isolated from any

sites. Notably, Lactobac i l lus vras not

non-progressive l-esions (tabIe 9).

4. SIGNTFTCANT DIFFERENCES BETWEEN THE MTCROFLORA OF

LESIONS ANÐ CONTROL SITES

The most significant differences between the microbiology

of different sites was with respect to the isolation fre-
quencies for A. odontolvticus and Lactobacillus. A. odonto-

lyticus was isolated significantly more frequently from pro-

gressive lesions (p < 0.01 ) than from non-progressive

lesions or control sites (p <0.01) (see Table 10). An even

more striking difference is seen in the isolation frequen-

cies of Lactobacillus which was detected only at progressive

lesions (p < 0.01) and never at control sites or non-

progressive lesions (table 9).

À comparison (table 10) of the isolation frequencies and

mean percentage of the cultivable flora of progressive

lesions and control sites by means of the student t test
revealed a significant positive association between

increased colonisation by S. mutans, Lactobacillus and f,.

odontolvticus and lesion progression. Progressive lesions

vrere found to have higher numbers and more frequent isola-
tions of these organisms than control sites.

Comparison of non-progressive lesions and

sites by means of the student t test showed

differences in the microflora of either mean

their control

no significant
percentage of



Comparjson of the isolation frequencies and mean % of the
cul ti vabl e f I ora f ronll esions and the'ir control si tes .

-84 A

Table l0

l,lS = does not reach p < 0.05

0rgan i sm Isol atj on frequencies Mean %

S. mutans

S. m'itior

I
I

sanguj s

. sa I i'vari us

Lactobaci I I us

A. odontol.yticus

A. naesl undì i

A. vi scosus

Veillonella

p < 0.05

NS

NS

NS

p < 0.0.I

p < 0.0'l

NS

NS

NS

p < 0.05

NS

NS

NS

p < 0.05

p < 0.05

NS

NS

NS
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Table ll
The association of varrous q enera and species with íncjp ient I esions

a)

b)

c)

which p roqressed.

Isolation frequency

Mean percentage cu.ltivable flora.

Djd not reach p < 0..l.

Nature of Association
POSITIVE NEGATIVT

ORGAN I SM )I FA lrl%
b)

IF t4%

Lactobaci I I us

odon tol yti cus

Veillonella

mu tan s

sal'ivarius

A

mi ti or

naesl undi i

sangul s

t.
S.

s.

A.

A.

t.

vi scosus

NSC )

NS

NS NS

p < 0.05 p < 0.01

p < 0.05

p < 0.01 p < 0.05

p < 0.01 p < 0.05

p < 0.05

NS

NS NS

p < 0.05 p< 0.05

p < 0.0.| p< 0..I

NS p< 0.05

NS NS
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the cultivable fl-ora or isolation frequency of organisms.

(oata not shown ) .

When the isolation frequencies and mean percentage of

cultivable flora for the various organisms from progressive

Iesions were compared to non-progressive lesions utilizing
the student t test, both positive and negative associatíons

were revealed (table 1 1 ). Positive associations are those

instances where increased colonisation by an organism (genus

or species) is associated with Iesion progression.

Positive associations (tab1e 11 Left hand cofumn) were

made for $. mutans, S. salivarius, À. odontolyticus and

VeilloneIla.

Negative associations are

colonisation by an organism

gress i on .

those instances where decreased

is associated with lesion pro-

Nega t i ve

lundii and A

associations l¡ere noted f or S

vlscosus.

mitior A naes-I

A comparison between the results from control sites of

progressive versus those of non-progressive lesions showed a

significant difference only for S. mutans. This organism

vras isolated significantly more often (p <0.01) and in sig-
nificantly greater proportions (p <0.01) from control sites
of progressive lesions. VeilloneIIa was also isolated more

often from control sites of lesions however, the signifi-
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ïable I 2

Mean val ues for % fre uen of i sol ation for bacteri a 'i sol ated
rom contro S SO proqress ve an non-proqress'l ve ES ons.

ORGANISMS Control sites of
progressive lesions

n = l4

Control s'ites of
non-pdfogress i ve

I esions

N = ìB

Sì gn ì fi cance

S. sanguis

S. salivarius

A. vi scosus

A. naesl und'ii

A. odontoìyt'icu

Lactobaci I I us

Ve'illonella

S. mutans

S. mi tior

92

6l

9l

95

100

B4

BO

0

0

65 p < 0.0.|

70

NS

100 NS

100

NS

NS

NS

100 NS

NS

94

NS

84

0

0

NS indicates failure to reach a p< 0.1 level of significance.



-85g-

Table l3

va'l ue for % of total cultivable flora of bacteria from controls
S tes o progressive an non -proqre s s VE es'l ons

NS indicates failure to reach a p < 0.0ì revel of significance.

n

0rgan i sms Control s'ites of
progressive lesions

n = l4

Control si tes of
non-progressive

lesions

N = lB

S i gn i fj cance

S. sangui s

S. sa'l i vari us

A. vi scosus

A. nae$l und'ii

A. odonto'lytì cus

Lactobaci I I us

Veillonella

S. mutans

S. mi tior

32.4

0

0

8.4

3.9

6.8

7.5

2.7

8.9

32.9

0. 0l

4.7

4.1

7.2

8.7

2.1

0.0

9.9

p ( 0.01

NS

NS

NS

NS

NS

NS

NS

NS
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cance did not reach the level of p< 0.1 (rable 12 and 13).

5. COMPARISON OF

RESTORAT]ON

PROGRE SSTVE LESTONS BEFORE AND ÀFTER

Ten progressive lesions were sampled after they were

restored. The values determined for percentage contribution

to total cultivable flora and frequency of isolation of sig-
nificant organisms vrere recorded before and after restora-

t.ion (tables 14 and 15) and compared by the student t test
(fables 14 and 15). g. mutans, Lactobacillus VeiltonelIa
and A. odontolvticus were found to be present in greater

proportions before restoration than after restoration. It
was found that A. odontolvticus and Lactobacillus did not

readily recoLonize the restored sites of progressive lesions
(rable 15). In fact, Lactobacillus did not recolonize any

restored sites

6. LESION PROGRESSION RELATED TO SUBJECT ÀGE

The twenty-two subjects ranged in all from four to nine

years. There were fifteen incipient lesions studied in

children four to six years of age at the beginning of the

study and seventeen lesions observed in children seven to

nine years old. Eight of the fifteen lesions in four to six
year olds (53e.) progressed and were restored (tab1e 16).

Six of the seventeen lesions in seven to nine year old (35e,)

progressed and v¡ere restored. Because the numbers in each
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Table l4

Mean % of total cul tivable flora from sites of ressive lesions
e re an a ter restora on.

n = l0

Orqan i sms Pre-restoration Pos t-re s tora ti on Si qni fi cance

S. sanguis

S. sal ivarius

A. vi scosus

A. naesl undi i

A. odonto'lyti cus

Lactobaci I I us

Veillonella

S. mutans

S. mitior

ll.3

23.4

11 .2

3.7

6.9

6.8

2.4

0.9

0.8

27 .5

0

0

6.9

3.8

6.2

8.2

2.4

8.1

p ( o.os

NS

NS

NS

N8

p < 0.05

p < 0.05

p < 0.05

NS

NS desÌgnates that significance did not reach p < 0.1
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Table l5

% Frequencv of isolati on from sites of proqressive lesions before
and after restoration.

Pre-res torati on0rqan'i sms Pos t-res to ra ti on

A. odontolyticus

S. mutans

S. mitior

S. sangui s

S. sal ivarius

A. vi scosus

A. naesl undi i

Lactobaci I I us

Vei I lonel la

100

70

100

100

100

60

BO

100

BO

90

BO

BO

100

100

100

20

.l00

0
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group are small it vrourd incorrect to formulate a firm con-

clusion on the basis of this data, however, it appears that
younger children with incipient approximar lesions may be at
greater risk of having the lesions progress than older chir-
dren. This may simply refrect a difference in the speed of

the caries process in different indivÍduaIs. perhaps in

many of the older children with incipiencies, it simply took

longer for the lesions to become radiographically evident,
and the slower process resulted in no evidence of progres-

sion during the study period.
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Table l6

ge at beq'i nning of study and proq ression of les'ions

Subject
Age

No. of Lesions No. progressed % progressed Grouped %

4

5

6

7

I

9

3

6

6

B

7

2

2

2

4

3

J

0

66%

33% 53%

66%

3B%

43% 35%

0%
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CHAPTER VT I I

DI SCUSSTOì.I

MTCROBIOLOGY OF PROGRESSION OF INCIPIENT APPROXIMAL
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LESIONS

1. RELATToNSHIP To PREVToUS STUDTES

This study employed methods simirar to those used in
other longitudinal studies of dental carieslaT 122. A sig-
nificant difference between t,his study and others that have

been published is that this study selected, for examination,
areas of enamel that had arready been diagnosed as having an

earry or incipient enamer l-esion. This pre-serection
allowed a longitudinal microbiorogical comparison of inci-
pient lesions which appeared to be active and those which

appeared inactive.

The observations made in this study, âs wilr be dis-
cussed, are similar to those made in other studies of caries
and do tend to implicate simirar organisms in the caries
process.

2, LACTOBACILLUS AND PROGRESSION OF CARIES

The association of Lactobacillus with progression of
incipient lesions was particurarry remarkable. This study

detected Lactobacillus only at the sites of íncipient
lesions which progressed and never at non- progressive
lesions or control sites. Furthermore, Lactobacirlus was
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never isolated from the sites of restored lesions.

The nature of this association is open to speculation.

It may be significant that Lactobacillus was usually found

to represent only a very small percentage of the total cuL-

tivable flora (< 1e") . The obvious question that arises is
whether an organism apparently present in such low numbers

could be a significant active factor in the caries process.

This is, perhaps¡ êVidence that Lactobacíllus is opportunis-

tically associated with later stages of caries. The aci-
duric nature of this organism may predispose it to adopting

a habitat where there is a well-established and isolated
acidic environment. However, consideration should be given

to the possibility that the Lactobacillus detected in this
st,udy represented only stray or peripheral organisms. That

is, if Lactobacillus is associated with the cavitation phase

of carious lesions, there may be a reservoir of

Lactobacillus in the depths of the lesion where the environ-
ment is likeIy more isolated and more acidic132. The plaque

sampling technique employed in this study would have picked

up surface plaque from the lesion which contained only a

relatively smaIl number of the organisms present. Whether

Lactobacillus is involved in later stages of caries progres-

sion or opportunistically present at later stages is not

clear from the evidence of this study.

Furthermore, because of

caries from radiographs, it
the inaccuracy of

is possible that

diagnosis of

Lactobac i I Ius
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vras found at the site of l-esions that were initially much

Iarger than diagnosed from radiographs. That is, some of

the progressive lesions sampled may have involved more than

surface enamel when included in the study and may have

already reached a stage beyond incipiency. Nevertheless,

the evidence from this study clearly indicates that the

presenc e of Lactobacillus at the site of an approximal

lesion is indicative of progressive activity in that lesion.

It wouLd be beneficial to undertake a further study which

would obtain enamel samples from approximal lesions and

rel-ate surf ace histology to microbiologic f indings in an

effort to clarify the relationship between presence of

Lacto cillus the stage of lesion progression and the state

of the .surf ace enamel.

3. S. MUTANS AND PROGRESSION OF CARIES

The results of this study reemphasize the close associa-

tion of S. mutans with the caries process previously estab-

lished by many other studies. This organism vras isolated

significantly more often and in significantly higher propor-

tions from progressive or active lesions. This indicates a

significant role for this organism in the progression of

incipient approximal lesions.

These results also illustrate the ubiquitous nature of E.

mutans in dental plaque. It was isolated regularly from

inactive lesions and control sites as well as active
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Iesions. The presence of S. mutans in plaque is not, there-
forer €vidence of clinicaL caries activity at that site.
Once we become able to detect very early carious changes in

enamel, changes that are not yet clinically detectabler w€

may discover that g. mutans is associated with early stages

of caries that occur much more universally on the surface of

teeth than previously suspected. These early changes may be

part of a cyclical process of demineralization and reminer-

alization that in many cases may never reach the sLage of

being clinically detectable.

Serotypes (d and g) of S. mutans have been implicated as

being more closely associated with active caries than other

serotypese0. g. mutans isolated in this study were differ-
entiated biochemically according to biotype as suggested by

Shklair and Keen (gable 2). It was found that Biotype I
predominated in both progressive and non-progressive

lesions, with no significant differences in Biotype IV, cor-
responding to serotypes d and g. (fab1e 17). These results
are conLradictory to t,hese of Huis In'tVe1d et aI who f ound

serotypes d and g closely associated with caries activity.

It is possible that levels of S. mutans at a given site
might be an indication of caries activity. However, the

wide-spread presence of E. mutans in dental plaque, evi-
denced in this study, would reduce the reliability of such

an evaluation. À similar type of study as'this, with iden-

tification of serotypes of g. mutans, might provide more
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Table l7

Median values for iso'lation frequency of biotypes of Sprogressive and non-progress.ive lesions
mutans from

N.B. - Samples from which no S. mutans were detected were subtracted

from the total number of sampìes from those sites.

BIOTYPE Serotype

I a

n=54
Progressjve lesions

n=90
Non-progress j ve lesions

No. o/
No o/

45 B3 72 BO

II b 0 0 0 0

III cle/f 0 0 5 6

IV dls 4 7 5 6

Unidentified 5 9 B 9
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valuable indications.

4 ACTINOMYCES ODONTOLYTICUS AND PROGRESSION OF CARIES

The observations of this study indicate an association

between !. odontolvticus and progressive caries lesions.
The nature of the relationship is not clear. That is, it is
not apparent whether this organism is a significant influ-
ence in the caries process or whether it simply finds a

niche in the advanced lesion. The association of À. odonto-

lvticus with progression has not been widely recognized in

the past. However, it is notewort,hy that this organism was

first described by Batty upon isolation from carious den-

¡l¡ 1 o a. Edwardsson I r s also reported its frequent isolation
from the advancing front of deep carious lesions. This

study found that A. odontolyticus was usually isolated in

very low numbers (means of percentage of total cultivable
f lora = 0,75e") . Since many prulrious isolations were f rom

deep carious dentin, consideration must be given to the pos-

sibiLity that the organisms isolated in the surface plaque

samples may have been rrstrays" originating from deep in the

lesion. This would suggest¡ similar to the speculation

about Lactobacillus, that the presence of A. odontolvticus

may be indicative of loss of the intact layer of surface

enamel.

combined histological and

the microflora directly to

A microbiological study to

the stage of lesion devel-relate
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the relationshuip of both Lactobacillus

to the caries process.

opment

5. VETLLONELLA ÀND PROGRESSION OF CARTES

Àlthough veirlonelra was armost universarly present in
the plaque samples taken for this study, it was isorated in
significantry higher numbers from progressive resions than

from non-progressive lesions. This finding seems to contra-
dict the evidence from animal studies20s which suggested

that this organism courd inhibit the caries process. The

theory hinged on the lactate metabol-izing characteristic of
Veillonelra. rn the present study, the higher l-evels of
veirlonella at progressive sites seem to indicate that high

Ieve1s of Vei I lonelIa do not inhibit caries activity by mod-

erating pH through metaborism of ractate. Based on the ani-
mar studies mentioned and the nature of this organism, the

expectation vras to find higher levels of

progressive sites.
VeiIloneIIa at non-

À possible

VeiIlonella at

thrives better
e1s of lactic
sites.

explanation for the higher levels of

progressive sites is that the organi sm

where there are higher or more constant lev-
acid¡ âs would be expected at caries-active

6. BACTERIA WITH NEGAT]VE

PROGRESSION

ASSOCTÀTIONS WITH CARIES
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Several organisms v¡ere discovered, in this study, to be

isolated l-ess frequently and/or in lower proportions at pro-

gressive lesions. This relationship has been termed a neg-

ative association.

g. mitior was found significantly less frequently and in

lower percentages at progressive lesions. À similar finding
was made by Loesche and Straffon 157 for S. sanquis who

noted a relationship between g. mutans and S. sanquis which

they described as a ratio of proportions of the two organ-

isms. À higher S. mutans to S. sanquis ratio was indicative
of caries activity or potential and a lower ratio rras indi-
cative of caries inactive plaque. ft is possible that both

this study and that of Loesche and Straffon are describing

the same phenomenon. The mèans of identifying S. sansuis in

the previous study was by colonial morphology, which was

much less specific than the methods used in the present

study. Because of the colonial similarities between g. mit-
ior and S. sansuis it is quite possible that both studies

are describing the same organism. The higher g. mutans and

lower S. mitior levels at caries active sites may be a

reflection of competition between the two organisms. At

sites where g. mutans dominates its greater cariogenic

potential results in caries progression.

A. naeslundii was found

bers and A. ¡1iscosus. was

bers at progressive sites.

less frequently and in lower

found in significantly lower

These negative associations

num-

num-

have
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not been commonly reported in previous studies. However, in

a comprehensive longitudinal study, reported in 1946,

Hemmens et aI 121 described a similar observatíon for

Actinomvces. They also reported decreases for Leptotrichia,
alpha hemolytic streptococci, fusiformbacteria and

Neisseria.

It is understandable that if increased proportions of one

or more organisms with cariogenic potential, such as S.

mutans, results in caries activity this activity will be

associated with decreased proportions of other organisms.

From an ecological viewpoint, this shift could be due to

differences in the environment which favour some organisms

more than others, rather than a direct antagonism between

organisms. This is referred to as "autogenic succes-

siontt222. À progressive site, therefore, is one at which

the écological factors favour the cariogenic organisms.

This statement is supported by the observation in this study

that the microbiologic findings at non-progressive sites
were indistinguishable from control sites. In both situ-
ations, during the period of observation, the plaque vras

non-cariogenic because ecological conditions did not suffi-
ciently favour cariogenic organisms.

7 . RECOLONT ZÀTION AFTER RESTORATION

Tables 14 and 15 show the findings at

gressive lesions just before restoration
the

and

pro-

month

sites of

then one
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or more after restoration. The most notable feature is the

failure of Lactobacillus to recolonize at all at these

sites. AIso sígnificant is the decreased colonization by A.

odontolvticus after restoration. Means of the percentages

of totaf cultivable flora (tab1e 14) show decreases in rela-
tive numbers of g. mutans, À. odontolyticus, Lactobacillus

and Veillonella at a Ievel of signif icance. of p 0.05.

Although the sample size is sma1l (n = 10), this,data sug-

gests that the locaI environment is changed significantly
when lesions are restored. The decreased levels of these

organisms suggest that the environment is less suitable for

aciduric organisms. This is an example cf "allogenic suc-

cession", wherein a community is altered because the habitat
is altered by non-microbial factors222. In the case of

restored caries lesions, this change may be due to the

altered surface composition (enamel replaced by amalgam) or,
probably more I i kely, the elimination of the cavity.
Cavitation provides a more protected, isolated environment

that is more suitable for maintenance of highly acidic con-

ditions23 2. This wouLd favour the aciduric organisms.

Elimination of the cavity alters this situat,ion and continu-

ous low pH conditions are no longer present. This would no

longer favour the aciduric organisms and would explain the

decrease or elimination of their numbers after restoration
found in this study.

8. FLUORIDE RES]STANCE OF LACTOBACILLUS
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The significant association of the presence of

Lactobacillus and caries progression revealed by this study

renewed our interest in this organism. ln the course of

conducting an extensive series of tests for species identi-
fication of some of the Lactobacilli isolated during the

study, it was observed that these organisms demonstrated a

strong resistance to fluoride inhibition.

À freshly isolated strain from the longitudinal study was

used by Dr. I . Hamil¡e¡1r 7 1 to investigate its f luoride

resistance in continuous culture. The strain of !. casei

examined was observed to survive in a complex medium with

glucose limitation with littIe change in cel-I numbers at pH

ranging from 7.0 to 3.8. Below pH 3.8, the organism was

inhibited and cell numbers in the chemostat dropped. It $¡as

found that when the pH in the chemostat was dropped from 7.0

to 5.0, fluoride resistance (pH 5.5 and-10.SmM NaF) devel-

oped within twenty-four hours. Reestablishment of pH 7.0 in
the chemostat resulted in a return to the initial F sensi-

tivity (pH 4.5 mM and 5.3 mM NaF). Exposure to 20 mM NaF

fluoride in the continuous culture media caused no drop in

ceII numbers until the pH feII below 6.0. The addition of

20 mM NaF to the continuous culture produced F- resistance

of 16 mM at pH 5.5. Glycolytic activity was monitored dur-

ing the manipulation of pH and fluoride concentration in

continuous culture and was found to be fairly constant. It
was notable that 10.5 mM NaF fluoride added to continous
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culture stimulated glycol1z5is except when the organism was

adapting to a pH decrease in the media. The conclusions

were that Lactobacillus possesses an inducible resistance to

fluoride and this resistance appears to be associated with a

unique characteristic of the organism in relation to intra-
cellular pH.

This knowledge of the fluoride and acid resistance of

Lactobacillus may be important to the role of Lactobacillus
in the caries process, particularly in a wat,er-fluoridated

area or where children receive regular fluoride mouth-

rinses. The apparence of Lactobacillus in later stages of

the development of the caries lesion may be a reflection of

the favourability of highly isolated, constantly acidic con-

ditions which we would expect to find in a cavity. In such

an environment, pârticularly in the presence of fluoride,
Lactobacillus would probably have an ecological advantage

over other oral¡ âcidogneic organisms, including S. mutans.

9. STGNTFTCANCE OF THE FTNDTNGS

The association of Lactobacillus with progressing inci-
pient Iesions could be a significant etiologic factor or

simply an opportunistic phenomenon occurring Iater in the

caries process. In either case their presence could be a

significant diagnostic indicator of the state of the lesion.
À simpfe test could be employed, using a highly seLective
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medi/um, to check for the presence of Lactobacillus in
plaque from an incipient approximal lesion. such a test
would alIow dentists to monitor incipient approximal lesions
and make more accurate diagnoses of the state of the
lesions. This would invoLve fewer radiographs and therefore
less x-irradiatiorÍ of patients,

Before this method could be used on a widespread basis,
it wourd be necessary to test the validity of this procedure

by examining a much rarger group of subjects than was used

for this study. Furthermore, it would be desirable to be

able to clinicarry and historogicatry assess the state of
incipient lesions with and without the presence of
Lactobacillus. The resurts of such a study wourd alrow a

far better correration to be made between the presence of
Lactobacirlus and lesion progression than can be made by

radiographic interpretation. The comparison courd be made

by performing comprehensive bacterial anarysis on praque

from incipient lesions and then restoring them. In the res-
toration procedure, a crinicar analysis courd be made of the
state of the lesion and the approximal enamer containing the
lesions courd be removed intact and retained for histologi-
cal analysis.

The information gathered in the present study arso sug-

gests the possibility of employing rocarized chemotherapy to
interfere in the progression of incipient approximal

resions. The demonstrated resistance of Lactobacillus to
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fluoride suggests that a local chemotherapeutic treatment

would have to include an agent in place of or in addition Lo

fluoride. In fact, early results in an effort to find a

suitable agent have found most strains of Lactobacitlus

tested to be resistant to chlorhexidine, particularly at low

pH. (Cleghorn Bt and Bowden, G. personal communication).

Erythromycin has proven to be effective against these organ-

isms. Theoretically, if a chemotherapeutic agent could be

used to eradicate the cariogenic organisms at the site of an

incipient approximal Iesion, remineralization could be pro-

moted by a simultaneous application of fluoride. The bac-

terial community may be altered by this treatment and

undergo allogenic succession similar to that shown to be

related to restoration in the present study.
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GLOSSARY

Approximal (adjective) between the proximal surfaces
of adjoining teeth.

Arch, Dental the ensemble of teeth
jaw in the form of an

in either
arch.

Buccal (adjective) Pertaining to the cheek;
the cheek or next to the

towards
cheek.

Cervical (adjective) pertaining to the neck or to any
cervix, i.e., that portion of a
tooth near the junction of crown
and root.

Contact area the area of contact of one tooth
with another in the same arch.

Crown (noun) a name applied to that part of a
tooth which is covered with enamel.

Dentin, dentine (noun) the calcific tissue forming the body
of a tooth, underlying the cementum
and enamel.

Deciduous (adjective) that which will be shed; specifically,
the first dentition of man or
animal

Distal (adjective) distant or farthest from a central
point; away from the median line or
the face, following the curve of the
dental arch.

EnameI (noun) the hard calcified tissue which covers
the dentin of the crown portion of
teeth.

Fissure (noun) a deep ditch or cleft; a developmental
linear fault found usually on the
occlusal or the buccal surfaces of a
tooth; commonly the result of thej-mperfect fusion of the enamel during
tooth formation.

that part of the gum tissue and mucous
membrane that immediately surrounds
a tooth.

Gingiva (noun)



Lingual (adjective)

Mesial (adjective)

occlusal (adjective)

Pit (noun)

Proximal (adjective)

Pulp, dental

Radiograph (noun)

r32

pertaining to or affecting the tongue.
Next to, or toward the tongue.

toward or situated in the middle, as
toward the median line of the dental
arch.

t.he surface of a molar or premolar
tooth that meets the opposing teeth
in the closure of the jaws.

a smal1, pointed depression in dental
enamel, usually aL the junction of
two or more developmental grooves.

nearest, next, immediately preceding
or following.

the highly vascul-ar and innervated
connective tissue contained by the
pulp cavity of the tooth.

the photographic representation of
opaque objects produced by the action
of roentgen rays upon a sensitized
plate or film.
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Figure 7. Dental Ana Terminolo
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APPENDIX I

Study by Dr.
of Manitoba,
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OUESTIONNAT RE

R. Boyar and Dr. G. Bowden, University
Faculty of Dentistry

CHILD'S NAME:

BIRTHDATE:

Has your
illness ?

child had any serious
If sor please specify:

YES NO

T

2

3

Does your child take
medications? If sor

any piJ-Is or
what ?

Has your child
biotics during

taken any
the l-ast

Winnipeg?

receive

anti-
year?

4

5

Do you live in
Does your child
dental care?

regular

Has this child's mother and/or
father had many problems with
dental d.ecay?

6

7

B

9

Do you restrict yogr
access to candy, s.oda
other snack foods.?

child' s
pop and

If you have other children, have
they had many problems wi.th dental
decay?

llhat do you think is the most
important thing you can do to
protect your child's teeth?
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Appendix 2.

CONSENT FORM

I do hereby consent to allow my child

to participate, as a subject, in the experimental study conducted by

Dr. R. Boyar and Dr. G. Bowden.

I understand that dental pìaque samp'ìes w'ill be taken from my

ch'ild's teeth at'intervals of 6 or l2 weeks over a period of one year

for purposes of bacterial ana'lysi s.

The nature and purpose of this study have been expìaìned to me

to my satjsfaction.

I understand that I have the right to revoke this consent and

w'ithdraw my child from the study at any time.

Si gned

Date

Rel ationshi p to chj I d

W'itness

Chi I d's Name

Bi rthdate

Address




