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ABSTRACT

Nursing caries is a pattern of ranpant dental caries

affecting the rnaxillary prinary incisors of infanls and

young children who engagie in non-nutritive sucking habits

frorn the bott le or breast. Because the tooth surfaces at

risk are readi ly accessible, facilitating reproducible

sanpling and accurate diagnosis of Lesions whi ch develop

raÞidly, nursing caries is an excel lent hunan model for the

study of the ecology of the microflora associated with

dental caries. A longitudinal analysis of the bacterial

co¡¡nunities on selected tooth surfaces was ¡nade in two

groups of nine children aged l0-16 nontlìs, a control group

of chiLdren fron Winnipeg who were at low risk of nursing

caries and a test group of children fron the Cross Lake

Indi an Reserve who were at high rísk of nurs ing caries. Two

susceptible sites, the labial and palatal surfaces of a

Daxillary primary incisor and a non-suscepùible control

site, the Iabial sunface of a mandibular prirnary incisol-,

reere sanpled at approxinnately 6-week intervals in all

children for one year. fn control subjects , the central

occlusal fissure of a naxil lary prinary rnolar and the dorsal

surface of the tongue were also sanpled on the sane

schedule.

Plaque sanples were cultured on a range of nedia including

select ive media for sone genera and species, Each of the 390

sanpìes was analyzed for the presence, isolation frequency

and percentage contribut ion t.o the m i crofl ora of a total of
XJ J



thirty-four species within Streptococcus, Actinonyaes,

Fothia, Eacterionena, LactobaciJlus, Neisseria, VeiJIonetta,

Fusobacteri um, Leptotriehia, Miarococcus, Heøophilus,

Actinobacil-lus, Bacte¡"oides, Capnocytophyga and yeasts. Thc

data were analyzed on a species-by-species and site-by-site

conparison basis within and between the chi ldren by

paranetric and non-paranetric statistical nethocls. The

Lanbda of Good perruutation calcul.ation was used to rneasure

the similarity of populatÍons between sites.

The plaque samples obtained frorn the control chilcìren
provided unique data on the comrnensal nicroflora on dental

surfaces and the tongue in preschool children. The oral
ni crofl ora of preschool chi ldren was foun d to be ¡nuch more

conplex than has been reported. Cornparisons between the

fl ora of control and test chi I dren showed that each site was

qualitatively sinilar, although quantitative variations did

exist. Howeven, few of these were statistically

significant, Sone surfaces were consistently free of
specific organisms. For exanple, -LactohacjJJus was never

isolated fron the upper or lower prirnary incisor teeth in
control children or from the lower prinary incisor teeth in

test children.

Fi ve of the test chi ldren developed lesions at suscept ib I e

sites and four renained caries-free. Co¡0parisons of the

nicrofloras between caries-active test chi Ldren, caries-f ree

test children and control children nere nade. Shifts

XJ.7J



occurred in the nicrobial populations in the comnunities

associated r,rith susceptible surfaces as lesions developed.

The nicroflora at these surfaces in caries-active test
children became increasingly dissinilar to the nicroflora
fron susceptible surfaces in both caries-free test children
and control children, Significant increases in the levels
and isolation frequencies of S, nutans, tractohacillus,
Veillonella and A, viscosus occurred at the sites which

developed lesions conpared to the control sites in the same

¡nouths and susceptible and control sites in the control
children, An inportant observation was that the susceptible
sites which re¡¡ained caries-free in caries-active test
children supported a flora which ?ras not significantly
different fron that of sites which developed lesions, This

suggests that the environment at these sites allowed the

establishnent of a potentially pathogenic flora anrl that
other fact ors are involved in the product í on of a lesion.

There r,rere no significant differences in the nicroflora
between susceptible sites and control sites in the four test
chi Idren who remained caries-free,

The results of this study confirm previous work which has

shown that local ized increases of S, nut.ans and

-tactobacillus are closely associated with the caries
process. However, the results also shor,¡ a positive

association of ,4. viscosus with the developnent of Iesions.
An inverse relationship r.¿ith the caries process was notecì



between ^9, mutans and ,9. nitior and betr,eeen ,4, viscosus and

/4, naeslundii, The variations in the conposition of the

¡¡icroflora between children with caries r.rere such that no

one organisro could be ínplicated as the sole cause of a

carious lesion. Considering that caríes is the end resul t of

a conplex series of ecologic and netabolic interactions

between the microflora , the tooth surface and the oral

environrnent, it is likely that, given appropriate

conditions, anV conbination of aciduric and acidogenic

organ i sns could produce a carious lesion, The resul ts of this

study support this hypothesis.
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I. IXInODUCTIOì¡

'Îhe destruction of the enanel as it occurs in the decayprocess nust be regarded as essentially a parasitico-cheni-
caI process. The loosening of the enanel prisns is caused byacids concerning whose origin there can be no doubt; they
arise in the nouth by fernentation of the carbohydrates....
the bacteria di rect Iy participate in the process, i n as nuch
as they invade the broken down enarnel, perhaps drive theprisns further apart, and destroy the rennant of organic
natter. Microorgansins do not exert a direct influence on
nornal enanel, ' (MiIler 1890) .

IÌith statenents Iike this, and others sínilar to it, W.D.

MiIler has glenerally been credited to be the originator of
the chenico-parasitic theory of dental caries, despite his
acknowledgenent that Professor Erdl in 1843 and Leber and

Rottenstein in L867, followed Iater by MiIes and Underwood

in 188I, had proposed nuch the sane theory. perhaps MiLler,s
cLose association with the eninent nicrobiologist Fobert

Koch and his voluninous outpouring of I64 scientific
articles over 25 years contributed to the recognition he has

received as the father of oral roicrobiology.

Although Mil.ler recognized the inportance of bacteria in the

caries process he faÍled to note the inportance in the

et iol ogy of dental caries of the 'gelatinous nicrobic
plaques' described by both ItiIIians (I897) and BIack (f899).

MilLer's lack of appreciation of this evidence can be noted

in his statenent:

'1 an not convinced that the nature of this filn has been
deternined with sufficient clearness, or whether its signi-
ficance and inportance nay not have been souewhat over-
rated', (1890).

I{ith the developnent of a new nethod for grinding enanel



sections, tf illians (f897) was able to show that bacteria

were always associeted wÍth the decaying enaneI and con-

cluded that they nust be the source of organic acids which

r{ere acting on the enamel. The thickness of the nicrobial

film prevented the saliva fron washing away the acids, He

concluded:

'There seens to be no reason why any rational lnan shoul-d
continue to doubt that acid-forning bacteria are the sole
active cause of dental caries.... if the environ ing condi-
tions of the teeth are such as to favour the developnent and
activity of acid-producing bacteria, and íf those bacteria
are pernitted to becone attached to the surface of the
enanel, it is dooned, although it nay be the nost perfect
that was ever forned. 0n the other hand, if those environing
conditions are not present the ¡+orst enaneL will not decay',
(r8e7).

While this was one of the first references to the inportance

of the environnent in the developnent of dental caries it

did not prevent dental scientists fron searching for a

spec i fi c pathogen in the caries process. The influence of

Koch's postulates led rany researchers to look for a speci-

fic cariogenic pathogen and rnost to ignore the latent petho-

genic potential of nany of the nicroorganisns indigenous to

and ubiquitously found within the oral cavity, Only recently

have investigators turned their attention to the inportance

of nicrobial ecology in the etíology of dental caries. lt is

ironic that today's researchers, well financed and using

sophisticated nethods and equipnent unavailable until

recently, have, Ín sone neasuré, turned away fron Koch's

postulates and returned to a research direction established

over onê hundred years sgo by investigators who had conpara-

tively little with which to ¡vork and ¡rhose efforts have been



largely f orgotten.

fI. the llouth ae a¡ ß¡viron¡ent

In early investigations of the oral nicroflora, the nouth

was regarded as a single, uniforn environment (BIack 1898,

1899, Bloonfield, 1920, Cornelison, 1946, Harrison, 1948,

Mí11er, I890). Investigators assuned that the conposition of

dental plaque was honogeneous and that the oral nicroflora

varied littIe fron one area of the nouth to another

(KIigIer, I9l5). Bibby (1938) was one of the first to show

that the oraL nicroflora did indeed vary fron síte to site,

although he relied on a snear nethod because of the poor

knowledge at that tine of the cultural requirenents of oral

bacteria, He correctly perceived nany of the problens which

still plague investigators today, nanely that a

classification system be used that satisfactorily

distinguishes the types of bacteria isolated, that nethods

of collecting naterial rnust be devised which will uore

effectively exclude organísns fron adjacent surfaces,/sites,

that we recognize the possibility the oral flora nay vary

with tine at each site,/surface and that a syste¡û to diagnose

accurately clinical conditions under study be devised.

Harrison, (1948), stated that 'Án unpublished study by

Hennens, BIayney, and Harrison revealed that except for sone

variat i on in proportionate distribution, there is ,rtrr.

difference between the bacterial flora of the saliva and

that of the dental surfaces.'



Krasse (1953, I954) refuted these findings with a series

of etudies which showed that ,S. salivarÍus r,Jas present in

nuch greater nunbers in saliva than in dental plaque. He

reasoned that since dental plaque forned on 'inactive dental

surfaces', i.e. surfaces not nechanically cleaned by

nastication, it Has not unreasonable to assune that the

nethod of collection (chewing paraffin wax) would renove

nore bacteria fron exposed surfaces such as the tongue and

thus deternine to a greater extent the bacterial flora of
saliva. Subsequent studies confirned that the source of
salivary bacteria is nost often the tongue (Gibbons et aI,
1964; Gordon and Jong, 1968; Richardson and Jones, 1958).

Despite Bibby's findings, as late as 1969, Handelnan and

Hess, (I969), using sophisticated techniques unavailable to

Bíbby in 1938, were unable to show any significant
differences in the overall bacterial profi I e between dental

sites although they did find that the percentage

distribution varied with the site sanpled. They concluded

that the use of pooled plaque sanples was a legitinate
nethod.

0thers have confirned Bíbby's findings of dissini Iarity
between nicrofloras in different areas of the nouth.

Donoghue (I972) showed that the conposition of dental
plaque fron eight sites in a ten-year-old fenale diifered
fron site to sit.e. Although the nethod of sanpling çras

questionable and Day have introduced artifact into the

results, (teeth were first extracted, washed, and sectioned



before the plaque was renoved) differences between sites

were still denonstrable. Reasons suggested for site to site
variations in nicroflora included differences in oral

hygiene between sites and anatonic variations between sites

leading to differences in plaque thickness with its effect
on anerobiosis and pH, Huis In't VeId êt aI, (1979), showed

that the nícrobial conposítion of plaque obtained fron the

sane clinically sound tooth surface in different individuals

was Ìess heterogeneous than the cornposition of approxinal

and fissural plaques obtained fron the sa¡ne individual,
Even plaque from different areas on the sane tooth surface

has been found to be quite dissinilar, The levels of ,t.

Dutans in the centre of white spot lesions can be renarkably

high while sound enanel 100 un away harbours negligible
Ievels (Duchin et al, f978), Considerable site-to-site
variations have also been reported for the conposition of

Eature approxinal dental plaque (Bowden et aI, 1975). The

bacterial conposition of 58 sa¡nples of approxinal plaque

fron 10 individuals was sirnilar at the generic Ievel but

qual itat ive and quant i tat ive differences detected at the

species level were so pronounced that each site could be

cons idered unique,

Given the variety of surfaces available for coj.onization and

the extreEe variability between sinilar surfa""", it is

reasonable to assune that environnental conditions will
fluctuate fron surface to surface or even on the sane sur-

face fron tiroe to tine rnaking each surface habitable by only



certain organis¡¡s at certain tines. the environnental condi-

tions in deep fisures- slow diffusion of nutrients,
relatively low oxygen tension- are quite different fron
conditions on the buccal and IinguaL surfaces of a tooth

where soluble carbohydrates fron the diet and proteins fron
the gingival crevice are readily available to the

nicroflora. This reasoning in conjunction with the realiza-
tion that a significant. portion of the oral flora is facul-
tatively or obJ.igately anerobic and coincident inprovenents

in sanpling, transport and cultivation techniques have fos-
tered the concept that the nouth is actually conprised, in

environnental terns, of a series of nicroecosystens, each

with its own environnental deter¡inants and characteristic
nicroflora.

Although a great deal is known about the ¡nicroflora of the

oral cavity, IittIe is known about the Eouth as en environ-
nent or how the properties of that environnent affect the

conposition and activity of the rnicroflora. It is known that
environnentaL deterninants can and probably do chanÉe with
tine. This is particularly true of the growing child whose

oral cavity changes dranatically fron an edentulous state at

birth, offering only a shedding epithelial surface to

bacteria, to a dentulous state within the first year of lif e

and provision of a non-shedding enanel surface, With

increasing age and naturation of the chiId, the physical,

che¡nical and biological environ¡nental deterninants of the

nouth nay change nunerous tines, Changes in externally



applied environ¡rental factor6 such as diet (Â1fano, I9B2;

Carlsson and EgeIberg, I965; Krasse, I965; Morhart and

Fitzgeral.d, 1976), antibiotic therapy (Bibby, 1970), dental

treatnent (Sakanaki and Bahn, I968; Shklair et al, f956),

and oral hygiene procedures (Åxelsson et aJ., 1978; Bellini
et aI, 1981; Kerebel et aI, I985; PaIin-Palokas et aI, 1984;

Togelius et a1, I984) have aII been denonstrated to have an

effect on the conposítion of the oral nicroflona. However,

it is inportant to note that the relationship of the

environnent to the nicroflora is not unidirectional, By its

netabolisn the nicroflora can alter the physical and

chenical properties of an environnent and induce changes

within a connunity (Dirksen et a1, I963; Donoghue et a1,

1975; Holnberg et al, I973; Huis Tn't Veld, I980; Iwani et

a1, 1972¡ filjenark et al, 1973i Míkx et al, I978; lleerkanp

et al; 1977),

III. The Distribution of OraI llicroorganisra

The areas within the oral cavity which are considered to

support different bacterial populati-ons includer

a) l ips, palate, buccal rnucosa

b) t on gue

c) sal iva

d) gingiva/gingival crevice

e) teeth: (i) occlusal- pits/f issures

( i í ) snooth surfaces- buccal/l ingual

- approxinal surfaces

- gingival areas.



(see table 1-l for surlary)
In this section, the couposition of the r¡icroflora of the

areas outlined above will reviewed. Most of the reported

studies which will senve as the source of data for this
section were conducted using a variety of select ive nedia,

different sanpling procedures and different age groups of

subjects. This nakes conparison of studies so¡newhat diffi-

cuIt. In addition, Eost studies have not been able to over-

corne r¡any of the technical problens associated with the

handling of a nixed nicrobial fIora, the conponents of which

have very different grovrth requirenents and different sen-

sitivities to the dispersion nethod enployed for inoculating

nedia. The taxonony of the oral flora is stí11 inprecise,

hence the identification of aIl isolates in a study of a

particular region or regions of the nouth is not always

possible, There renain a substantÍal nunber of oral organ-

isms which have not been adequately described and

classified, To overcone this, sone investigators have chosen

to allocate isolates to broad categories based on norpho-

logical descriptions, Gran stain reactions and cultural

characteristics. This has advantages in that the entire

flora can generally be categorized but it is inaccurate

because many oral bacteria are pleonorphíc and ¡¡ay vary in

their Gran reaction.



lable 1-1
APPBOXIHATE DISTRIBI'TIOil OT TEB CUITIVABLE BACTENIÂ Iì{

VARIOUS ORAL trAB ITATS

Coronal GingívaI Tongue Buccal
Group Plaque CrevÍce Dorsu.a Mucosa Saliva

l, Gran-positive cocci 40å 35% 50:t 80% 55%
S,øutansRVV-T
S. nitior R R R R T
S,nilleriRRVVT
S,sanguÍsRRRRT
S,salivariusV-RRT
StaphylococcusRnR-T
MicrococcusVVR-T
Enterococcus-V--T
Peptostreptococcus R R R - T

2. Gran-negative cocci I03 IO% 20% 2% 17%
NeisseriaRVRVT
lteÍllonella R R R V T

3. Gran-positive rods 40% 30% 20% <0.1% L6%
ActÍnonyces spp, R R R - T
ItÌocardia spp. R V V - T
Pothia R V V - T
BacterioneøaRVV-T
.tactobacÍll.us spp, V - V - T
Arachnia spp. R V V - T
Eubacteriuø spp, R R V - T
Bifidobacteriun R V V - T
PropionÍbacterìuøRVV-T

4. Gran-negative rods 9% 20% 70% <0. 1% 7%
Bacteroides spp. R R R V T
Fusobacteriu.u spp. R R V - T
I{aenophilus sÞp, R R R V T
.LeptotrichisRRVVT
Eikenella R R V V T
tlibrio V R T
Åctinobaci.lJ¿s spp.R R V - T
CapnocytophygaRRT-T

5. Spirochetes I% l-32 <0,I% <0,I2
lreponeøa spp, V R T
Borrelia V R T

6. Yeasts V V V V T
B = resident to eite, V = variable to site, I = traneient
to site, - = present in low Durbera or abseDt
Sourcesr Bowden et a1, (f975); CarIsson, (I967a); GaIIagher
et al, (I981); cordon and cibbons, (1966); cordon et a1,
( 1968) ; Handelnan et a1, ( 1969) ; Hardie and Bowden, ( 1974) ;Howell et aI, (1965); XiIian et a1, (1979); Krasse, (f970);
I(rasse, ( 1953 ) ; Loesche et al , (1972); Loesche et al ,(19?3); Loesche et al, (1985); McCarthy et al, (I965);
Milnes and Bowden, (1982); Moore et a1, (I982) i Richardson
and Jones, (f958); Socransky and Manganieì. 1o, (1971);
Socransky et al, (1977); Theilade et aI, (1982).



a) lips, palate and buccal lucosa

Few studies have exa¡uined the nicroflora which colonizes the

soft tissueõ of the oral cavity. Those which have, r,rere

concerned prinarily with investigating adherence as an eco-

logical deterninant and focused on Streptococcus species

(Gibbons and Van Houte, 1971, 1975; Gibbons et aI, I972). It
is known that vestibular and palatinal surfaces are sparsely

populated by bacteria and that few epithelial ceIIs have

areas with confLuent bacterial filns. Continuous ceII
desquanation appears to prevent large bacterial
accunulations sinee the tine available for cell reproducti.on

is linited. Van Houte (1982) has proposed that the

proportions of organisrns found on nucosal surfaces are

probably a reflection of the organísns' innate ability to

adhere to the surface as well as their nunbers ín the saliva
which bathes the exposed surfaces. S, nÍtÍor, S. sanguis and

,t, salivarius have a1l been found frequently and in high

nunbers on the buccal nucosa (Gibbons, 1984) , J¡eÍIlonella

and .Àreisseria have also been found on the buccal nucosa and

lips but in low nunbers, usually less than l2; of the total
cultivable flora (Liljenark and Gibbons, t97l) .

Yeasts, in particular CandÍda albicans, are frequently found

on danaged Inucosa of the Iips, at the com¡nissures ín

children and the elderly and on the palates of dénture

wearers who do not ¡naintain adequate oral hygiene and

develop denture stonatitis (Sabiston et aI, 1976). Carlsson

et al (1975) found low nunbers of lactobacilli on the
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palates of nornal children but the organisns did not persist

on this surface, which is in keeping with the finding of Van

Houte et al (I972) who found that lactobacilli do not

adhere well to exposed surfeces and requi re a depress ion of

sone sort for mechanical retention.

Haenophili are frequently isolated in Iow nunbers, 5,7 * 103

colony forning units cn,-2, fron the soft tissues of the

oral cavity ( Ki I ian and Schiott , 1975 ) .

b) Tongue

I{rasse (1953) vras one of the first researchers to inves-

tigate carefully the influence of the tongue nicroflora on

the nicroflora isolated fron other areas of the ¡nouth. He

felt that because the tongue has such a large surface area,

due in part to its papillary structure, it could retain
considerable quantities of food and therefore support a

large and varied nicroflora. Gordon and Gibbons ( I966)

considered it necessary to isolate and study the predoninant

cultivable organisns of the tongue because of the inference

that the nicroorganis¡ns of the tongue influence the flora of

the entire oral cavity. They sanpled the tongues of six

adults aged 2l-32 years, taking care to renove saliva from

the dorsal surface of the tongue prior to taking the sanple.

Their results are sumnarized in table l-2 as are the

results of Milnes and Bowden (f982) for preschool children.

Of interest was the finding that the levels of S, salivarius
differed between aerobic and enerobic cultivation (53,5* of

the total facultative streptococcÍ after aerobic cultivation
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versus 30X of the total facultative streptococci after
anaerobic cultivation; not shown in table),

lable I-2
TEB PREDOl,lIllAl{T Ct IIMBLß FIORA OF lEE TOII¡GUB

Organ Í sns

Gram + facultative cocci
TotaI Streptococci
S, nilleri
S, øitÍor
S. .ùu t ans
S, salivarius
S, sanguÍs
M, øuc Í .I agÍn os us

Gran + anaerobíc cocc i
( Peptos trept ococcus)

Gran + facultative rods
(Diphtheroids )
A, naeslundii
A, viscosus
Eothi a

Gran + anaerob ic rods
Gran - anaerobic cocc i

( lteÍ 1) one 1.1a)
Gran - facultatíve cocc i

(ItteÍsserÍa)
Gran - anaerobic rods

(Fusobacteriun)
( vibrìo)
( B act eroi des)

Gran - facul tat ive rods

Total nunber of sanples
Nunber of Sub jects
Age range of Subjects

* = X of total cultivable flora
- = Not reported

ND = Not detected

Aftêr - Gordon end cibbons (1966)
Mi Ines and Bowden (I982)

Gordon & Gibbone llilnes & Bowden
1966

44,8*
38. 3

8.2

3.6
4.2

13.0

i.n
I6.0

3,4

8.2

3.2

6
6

2r-32

1982

a.o
t4. I
t7 ,2
I8.7
0.4
4.2

ND

5.I
3,4
0.3

ND
6.1

12 .3

0.5

<0.01

I5
4

yrs. 22-32 mos

L2



Âs welL, the Ievels of this organisrn in relation to the

total streptococcal count were Iower (2l-526) than those

previously reported by Krasse (1954), 67%, and Gibbons et

al (I964), 55,3t of the total facultative streptococci on

the tongue. The reasons for this discrepancy are apparently

due to different isolation techniques enployed by Gordon and

Gibbons. Krasse and Gibbons et aI cultured sanples directly

onto nitis-salivarius agar which was then incubated

aerobically. The proportíon that S, salivat'ius represented

of the total streptococcal count could be deternined

directly fron plate counts since ,S. salivarius forms large

nucoid colonies on this nediun and is, therefore, readily
identifiable. In the later study by Gordon and Gibbons,

sanples were first inoculated on blood agar which was then

incubated anaerobically. The higher counts of facultative

streptococci on anaerobically incubated blood agar plates

indicates that other facul tat ive streptococci are fav our e d

by anerobic incubation, whereas S, salÍvarÍ us is favoured by

aerobic incubatíon (Gordon and Gibbons, 1966). Although it
was not discussed in the paper by Gordon and Gibbons,

another reason for the difference in levels between papers

is the I ikel ihood thãt MS agar is selectively inhibitory to

the different species of streptococci, favouring ísolation
of ^t, salivarius ( van der Hoeven and Franken, I986).

Finatly, the taxonomy of ,9, salivarÍus has not been clearì.y

defined. Other streptococcal species are known to produce

large nucoid colonies, considered characteristic of .t,

salÍvarius (Bdwardsson, I968) naking identification by
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colonial Dorphology inaccurate. The other predoninant

streptococcal species found on the tongue is ,S. nitior
although it is found in lower nunbers than .t. salivarius.
lteillonella is also reported to be a proninent nernber of the

connunity (Gibbons and van Houte, 1975; MiInes and Bowden,

I982). These organisns conprise between 5 and I0% of the

total cultivable flora of the tongue, Gordon and Gibbons

(I966) described an unusual Gran-positive, catalase-variable

coccus which was subsequently identified as Micrococcus

øuciJaginosus by Xocur et a1 (I97I). Bowden (f969) has

shown that this organ isn produces an extens ive

extracellular sli¡ne independent of the presence of

carbohydrate and proposed that the slime could play a role

Ín the lubrication of the tongue. Bergen and Kocur (I982)

have proposed that MÍcrococcus nuci)aginosus be renaned

Stomatococcus nucilaginosus. Baírd-Parker (I974) had placed

M, øucilagÍnosus anong species incertae sedis because

several phenotypic characters of this organisn were

significantly different fron those of nicrococci. Since

there are striking differences between the fatty acid

conposition of the ceIl waII of this organism and the cell
walIs of other nicrococci and staphylococci (Jantzen et al,
1974) and the C+C content of the DNA of the new species is

56-60.4 ool% versus 64-75 nolB for other nicrococci (Rubin

et aI, 1978), the proposal by Bergen and Kocur appears

justifiable.

ÀIthough anaerobíc nicroorganis¡ns are not found in large
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nunbers on the tongue it is likely that, given the surface

topography of the tongue, a low redox potential suitable for
sor¡e anaerobes could develop. This nay explain vrhy

frequently organisrns such as B, nelanÍnogenìcus and

fusobacteria can be isolated frorn the tongue (Milnes and

Bowden, 1982), Other organisms which are connonly isolated
from the tooth surface are seldon if ever isolated fron the

tongue, indicating that the tongue harbours a characteristic
flora of its own.

c) Sal.iva

SaI iva which is collected directly fron the ducts of the

various glands is free of bacteria, It is only ¡.¡hen the

saliva cones into contact with the oral tissues that one is
able to find bacteria in whole saliva, It is for this reason

that ¡¡åny do not consider saliva to have an indigenous

nicroflora of its own. The number of bacteria in

unstinulated saliva is in the order of l0s per níIlilitre,
the total aerobes being slightly fewer than anaerobes

(Handelnan and Mi1ls, L965), Mechanically stinulated saliva
contains nore bacteria, possibly because the nethod of

stinulation dislodges nore bacteria fro¡n the oral surfaces

(Krasse, 1954), It is now known that the bacteria found in

saliva are neither quantítatively nor quatitat ively
representat ive of the oral flora found on any other surface

in the nouth. It has been assuned that the surfaces in the

nouth with the greatest area ¡rould be the Iargest

contributors to the nunbers and kinds of bacteria found in
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saliva, Hence, since the tongue and buccal rnucosa have by

far the glreatest surface area and are nore accessible to the

effects of nastication, oral hygiene procedures and nornal

nuscular act iv i ty, the nicroflora in sal iva nost closeLy

mirrors the nicroflora indigenous to these surfaces

(Krasse, 1954; Gibbons et al, 1964). In all the studies

which have exanined the microflora of saliva, streptococci

have predoninated. Others have shown that the IeveIs of

particular organisns can increase when individuals refrain
fron oral hygiene procedures, indicating that dental plaque

nay contribute to the bacteria found in saliva but this is

by no reans a universal finding, Carlsson (I968) found

that the salivary levels of ,S. sanguis increased on

cessat i on of oral hygiene procedures in adul t volunteers. He

concluded that dental plaque couLd contribute equally with

the tongue to the nicrobiota of saliva, Togelius et al

(1984) exanined a sinilar group of indíviduals to assess

short tern variation in salivary levels of ^t, nutans, the

effect of discontínued oral hygiene on salivary ^ç, mutans

and the relation between salivary Ievels of S. nutans and

the nurnber of colonized approximal and occlusal sites. They

could not denonstrate short-tern variation in salivary

Ìevels and found that cessation of oral hygiene had little
or no effect on the salivary levetrs of ^9, nutans, Sirice ^ç.

nutans preferentíaIIy colonizes protected areas of the tooth

surface, naking it relatively inaccessibLe to saliva, the

collection procedure enployed (chewing paraffin) would be
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Table l-3
IEB PRBDO}IIIIAIÍT CULTIVAEIB FLOBA OT EUMAN SALIVA

Organísø Gordon & JoD6 Slack & Bowde¡ Richardson & Jone

Streptococci 41.0 56.3 16,3
S, salivarius 1I.3 I9.7 10,0
S, sanguis
S, nitis

42.0a
20.0b

Anaerobic Gram + çsçsi I3,0 ND
rVe-isseria sp. L 2 29 ,2
Veillonella sp, I5.9 2,9
Gran + rods and filanents 16.6 8.3
Gran - anaerobic rods 4.8 3.6
Gran - facultative rods 2,3

organisns expressed as a percentage of the total
ND = not detected
- = not reported

ND
1,8

15,4

0.01

viable coun t

a = data fron Carlsson, (1968)
b = data fron Gibbons, (1980)
Table nodified fron Hardie and Bowden, (1974)

unlikely to increase shedding of this organisn fron the

tooth surface, They did find that salivary sanples reflected
the nunber of colonized approxinal surfaces but not the

nunber of colonized occlusal surfaces, It is possible,

therefore, that salivary sanples could be helpful in

assessing approxinal caries risk in an individual. This

finding is reinforced by the results of an earlier study by

Enilson (L983) who showed that the salivary concentration

of ,S, nutans was highly correlated with the relative
proportion of the organisn found in dental plaque. At

salivary concentrations of between l0s and 106 colony-

forning units/m1., S, nutans could be detected in plaque

sanples cultured on MS egar. This finding agrees with the

study by van Houte and Green (1974), which exa¡oined the

relationship between the saI ivary concent rat i on of bacteria

and their colonization of the tooth surface and found that
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the critical level for detection of ,S, .ûutans on pre-cleaned

tooth surfaces was 50 * 103 organísns per n1, of saliva.

Other organisrns have been sinilarly exanined and it has been

deternined that each organisn has its own threshold salivary
level below which colonization is unlikely to occur (van

Houte and Green, 1974 ) ,

The influence of salíva on the colonization and netabolisn

of the oral flora has been extensively investigated. One

reason for undertaking investigations of this sort has been

to deternine whether saliva is capable of supporting its own

f1ora. Until recently it was believed that whole saliva is a

poor culture nediun for oral nicroorganisns (Hardie, 1983).

However De Jong et aI ( 1986) studied the growth of

microorganisns fron dental plaque on plates prepared fron

filter-sterilized saliva and conpared the conpositions of

nicroflora growing on non-specific saliva agar and blood

agar, They found that whole saliva supported the growth of
predoninant species fron supragingival plaque, though in

sonewhat lower nunbers than on blood agar. The one exception

was A, odontoJyticus whÍch was recovered frequently fron

saliva agar but not fron blood agar. The authors stated that

this organisn was probably favoured by the reduced

conditions of the salÍva pIate, Dithiothreitol, a cornrnonly

used reducing agent, was added to the sal iva plates b ecaus e

it reduces disulfide bridges in glycoprotein solutions,

thereby leading to a decrease in the viscosity of saliva,
nakíng filter sterilization of pooled saliva easier.
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d) Gingival Crevice

The nicroflora of the gingival crevice has received consid-

erable attention recently. This see¡¡s to have occurred

partly because nany investigators believe that the etiologic
agents in dental caries have been delineated and, wi th no

apparent end in sight to the recent caries decline in the

weetern world, nany would have the rest of us believe that

carÍes is a disease, presently, of little consequence.

The bulk of investigation has centered around the nicroflora
associated with the various forns of periodontal disease in

the adult (Dzink et aI, I985; HoldeDan et al, I985i Loesche

et aI, I985; Moore et al, L982; MuIIer and Flores-de-Jacoby,

1985; Newnan et a1, I984; Savitt and Socransky, 1984; SIots,

1976i 1977; Slots et aI, 1978; SIots et aI, 1980; van

Palenstein Heldernan, 1975; tlolf f et aI, 1985a; t{olf f et al,
1985b; Zambon et aI, i985), Few investigations have been

undertaken to exanine the nicroflora of the healtlLy or

diseased gingival crevice in the child, This, despite the

hypothesis put forward by sone that periodontal disease

susceptibility in adulthood is linked with the acquisítion
of periodontopathic nicroorganisns in childhood (van der

Velden et al, 1985),

t{hile the microflora which is associated with gingivitis,
periodontítis or peri odon tos is (juvenile periodontitis) is

distinctly different fron the nicroflora found supragin-

givally on the tooth surface, there is evidence to show that
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the nicroflora in a healthy gingival sulcus is guite sinilar
to that on the tooth surface. Slots exanined the gingival
nicrof.lora of seven dentists and found that it was predonin-

ately Gran-positive and facultatively anaerobic (SIots,

1977), Gran-positive rods were prinarily Aetinonyces,

including A. naeslundii, A. viscosus and A. israelii. Eothja

and Árachnìa propÍonica were also isolated but in low

nunbers, Streptococcus was the predoninant genus in all
sanples with 5, sanguis and ,5, øÍúis being the major repre-
sentatives, BacteroÍdes and Fusobacteriul¿vrere regularl-y

isolated and conprised 12,7% of the cultivable flora.
Veillonella was found only in low nunbers. The findings of
this study are supported by later studies which exanined a

variety of age groups and used different techniques (Moore

et al, 1982; 1984; Loesche and Syed, 1978; Syed and Loesche,

1978). De .àrau jo and Macdonald (1964) exanined the

nicroflora of the gingival crevice of 5 children aged 3-7

years and found that 52% of the isolates were Gran-positive
and either facultative or anaerobic. As disease develops

however, the gingival nicroflora undergoes transition fron a

facultative Grau-positive flora to predoninately an

anaerobic Gran-negative flora inctuding nany notile bacteria
(SIots, I977; Loesche et aI, 1985).

Of interest is the finding by Moore et aI (1984) thát the

gingival ¡nicrofLora of the child (4-6 years old) is
frequently nore conplex and diverse than that of the aduIt,
In exhaustive studies of experinental gingivitis in young
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åduIts and children, they found significant differences

between the bacteria isolated fron the children and those

isolated fron the adults, particularly ín reference to the

developnent of gingivitis. Children exanined had a flora
predominated, by Actìnonyces naes.Iundii , A, ÍsraeIÍi, Strep-

tococcus anginosus, anò, Capnocytophyg:a.. Other Gram-negative

and Gnan-positive species s¿ere isolated infrequently and in

very 1ow nunbers. Ä total of 160 species and subspecies were

isolated. Children r,Jho were resistant to the developnent

of gingivitís had 2-3 fold higher proportions of
Capnocytophyga and anaerobic vibrios, (Canpylobacter,

Se.Ienoøonas, flo1Ínel1a) than did the adults. In an

exanination of four young adults (Moore et aI, I9BZ) , 166

bacteríai. species and subspecies were isolated and

identifíed, The predoninant genera isolated were

ActÍnomyces, Streptococcus and I¡eillonella. .Ànaerobic Gran-

negative rods and filanents were regularly isolated f rorn the

healthy sulcus but only in low nunbers. I,lith appearance of
gingivitis, ,4ctinoayces naeslundii, 14, odontolyticus,

Fusobacterium nucfeatun, Veillonella and Streptococcus

angÍnosus increased significantly in relation to other

inhab itants of the sulcus.

Since the priDary purpose of this dissertation is to discuss

and define the nicroflora associated with dental carieÉ, an

extensive review of the nicroflora associated with gingival

crevice is unnecessary. However, in ter¡s of dental ÞIaque

developnent the gingival nicroflora does provide so¡ne inter-
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esting contrasts to the supragingival dental flora. ?he

conditions under which the gingival or, nore correctly, sub-

gingival flora develops are quite different fron those to

r+hich the supragingíval flora is exposed. The gingival

crevice and its inhabitants are protected fron the various

oral hygiene procedunes practiced by the host and innate

oral cleansing forces, allowing organisns with weak adherent

capabilities to persist in the crevice, Relative protection

fron saliva with its nunerous antibacterial components ís

afforded to crevicular inhabitants. Unique growth conditions

- a Iow oxidation-reduction potential (Eskow and Loesche,

I97l; Kenney and Ash, I969), gingival fluid and infLannatory

exudate- are also provided. The provision of surfaces

different fron those available to supragingival dentaÌ

plaque bacteria is another Hay in which the gingival

environnent encourages the developnent of a unique

nicroflora. CeEentuD, epitheliu¡n andothernicroorganisns

all are available for adherent interaction. In fact micro-

bial adherent interaction nay be the only mechanisn

available to sone periodontopathic bacteria to ensure their
persistence at a particular site (Cisar, lg82; Xolenbrander

et al , 1983; 1984; I985; Lancy et al , I983 ) . Another forn of

nicrobial interaction of sone iuportance is the provision of

special nutr ients to crev i cul ar bacteria by other crevicular

bacteria. Exanples ínclude synthesis of Vitarnin K and its
use by 3, ne)aninogenicus (Gibbons and Macdonald, 1960),

and the dependency of ?reponena øicrodentiun on golyanines

and a controlled oxidation reduction potential credted by



other nicroorganis!ìs ( Socransky et aI, 1964 )

e) looth Surface

It has been known s ince the t ine of .â.ntonie von Leeur.¡enhoek

that teeth are covered with bacteria ( Bardel I, I982 ) . That.

the bacteria contributed in so¡re way to the developroent of

dental caries was suspected in the nid-nineteenth century

but a concerted effort to deternine exactly how they partic-

ipated in the caries process was not undertaken until the

niddl.e of this century. Since then nunerous studies have

been ¡nade on the structure, conposition, development and

pathogenicity of dental plaque (Stiles et a1, 1976).

Unlike oral nucosal surfaces which constantly shed superfi-
cial epithelial ceI1s, reducing the resident nicrobial nass

in the process, the tooth surface is nonrenewable, thereby

allowing a considerable nicrobial nass to develop if Ieft
undisturbed. In addition, a tooth does not provide a sinSle

uniforn habitat but possesses several distinct surfaces each

of which is suitable for colonization by only certain nicro-
organisns. Specifically the tooth offers snooth ena¡eI sur-

faces above (supragÍngival) and below (subgingival) the

gingival nargin whích can be further subdivíded into approx-

imaI, buccal and lingual surfaces as well as retentive areas

in the fissures of the occlusal surfaces of posterior t eeth,

The approxinal and fissural areas offer the greatest pro-

tection for nicrobial connunities on the teet.h and therefore

these areas frequently show the greatest diversity in the



resident populations, In order to provide an overview of

the distribution of nicroorganisns in a clinax connunity of

dental plaque each of the unique areas on the tooth surface

wi I I be considered separately.

(i) Occlueal- pite/fissures

Given that p its and fissures are regarded as being the nos t

susceptible to the developnent of dental caries (National

Dental Caries Prevalence Survey, l98l; Hardwick, I960;

Parfitt, 1955; Lewis and Hargreaves, 1975), it is surprising

that nore studies have not been conpleted using the fissure

as a nodel for caries developnent, The nain problen

investigators have had to ovencone is the difficulty of

sanpling a narroH fissure. Several nodel systens involving

the inplantation of natural or artificial fissures into

teeth in hunans have been developed to overcone this problen

( t'o'e et al, 1973; Theílade et al, I973i Theilade et al,
1974; Thott et al, I974), These nodels allow for sanpling of

the fissure to its depth and in the case of natural f issures

al Iow for a visual, nicroscopic or nicroradiographic

investigation of the enanel surface of the fissure for
caries.

In alI studies the predoninant cultivable bacteria were

Gram-positive. In general the flora was nuch Iess conplex

than that at other sites and considerable variation in the

conposition of the fissural flora Fras noted between

individuals and between sites within the sa¡¡e fissural

Êysten, This suggests that different fissure ¡norphology
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could lead to areas of heavy infect i on of spec i fi c f issures

or specific Iocations within a fissure. As well, since it is

well known that diet influences the colonization of enanel

by oral nicroorganisns (Carlsson and EgeIberg, I965 ) , the

intinate cont act that the fissure exper iences with dif f erent

food types consuned by an individual could have an effect on

the colonization of the fissure by certain organisns. Svan-

berg (I980) has shown that the salivary concentrations of

,t, nutans and S. sanguÍs are crucial to their establishnent

in artificial fissures. lfhen the Levels of S.nutans were

lowered (ì0e CFU/nl)at the start of the experirnental Þeriod

around the t ine of insert i on of the artificial fÍssure, the

organisn did not colonize the fissures even though salivary

Ievels ¡lere allowed to rise during the experinental period.

Once ^9. nutans was established in a fissure, experinental

reduction in the salivary levels of this organisa had no

effect on the proportional distribution of ^S. Dutans in the

fissure. This agrees with the results of a study by Burt et

aI (f983) who have shown in a two year study of 473

occlusal fissures of first pernanent nolars ín 279 6-7 year-

old children that initial IeveIs of ^9, mutans were fairly

stable over the duration of the study. This indicates that

the initial inoculun nay be an inportant deterninant for

colonization of fissures and that once infected wi th ,S,

nutans the fissure wiII renain infected,

At least one study showed a

in the plaque flora as the

considerable quantitative change

plaque aged, wi th a decrease in
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the nunbers of Gran-positive cocci and an increase in Gran-

positive rods (Thott et aI, 1974).

In aIl studies streptococci was the doninant genus, Species

representing the predoninant flora and isolated with regu-

larity included ,5, sanguis, ^ç, mutans, S, salÍvarius, A.

naesJundii, A, viscosus and Veillonella. -Lactobaci)1us,

I{aenophÍlus and staphylococci were isolated Iess frequent ly
and in lower nunbers, (see table 1-4 for surrary).

A conparison between studies of the actual species isolated
is difficult since different nodefs and experinental
protocols were us ed. ln artificial nylar fissures The i l ade

et al (I973) found that the nunbers of lactobacilli in-
creased as the plaque aged and in 7-day-old plaque were

regularly isolated. Thott et a1 (1974) using the natural
fissure systen of surgically extracted third nolar crowns

t¡hich had been enbedded in an acrylic appliance, was unable

to denonstrate this, Since nylar is unlike enanel it could

be argued that an artificial fissure nade of nyìar would

favour colonization by a qualitatively different flora fron
that which would be expected on enanel. ,A conparison of the

results of these studies shows that there is little
difference. However, the exanination of the nicroflora ín

these early studies was not very detailed and a nore exten-

sive ínvestigation of both fissural systens would be

necessary for adequate conparisons, fn any event, a1I

studies since have used natural teeth irnplanted in the oral
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cavity as the nodeI. Unfortunately cornparison of studies is
still diffícult. l{hiIe nost studíes have not interfered with

oral hygiene or dietary patterns of subjects, in the t¡ost

conprehensive investigation of fissural nicroflora to date,

Theilade et al (fgBZ) had each subject place a drop of 20%

sucrose solution at the entrance of the inplant ed f issures

twice daily during the experinental period in order to

favour the developnent of a cariogenic flora. As expected,

over the experinental period of 200-27 0 days the levels of

,S, nutans an d, tractobacÍ11us (L caseÍ and L plantarun)

increased to leveIs weII in excess of those in studies where

a sinilar practice was not used, This has lead several to

propose that a retentive site such as a fissure is the

natural habitat of S,nutans in the oral cavity (Ikeda and

Sandhan, 1971; Gibbons et al, 1974; Berkowitz et al, 1975;

Svanberg and Loesche, 1978).

An additional problen with aIl studies has been the

selection of adult subjects who are generally beyond the

¡nost caries-susceptible childhood years. l{hile the data nay

represent the nicroflora of the fissural systen of pernanent

teeth in adults, extrapolation to the child and in

particular, the prinary dentition with its shallower and

less retentive f i.ssures, nay not be poss ib I e. Às yet there

are no data which delineate the e¡tire nicroflora of the

fissures of pernanent or prinary teeth in children.
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Iable l-4
TEB PnEDollIllAl{Î CÛIÎIY^BIB rloR,l OF trl]l¡lAll

DENTÂL trISSUAB PLAOUE

theilade et al
r97 42

Thott et al
19823 I97 44

Organ i sÉ

Total Strep.
S , ni t i or
S. sanguÍs
S , sal i varÍ us
S, mutans
?eillonella
.ileisseria
.[actobaci]lus
Å. naesl undi i
A, vÍ s cos us
Arachnia prop.
Propionibacteria
Eubacteria
Haenoph Í J us
Staphylococci

1973r

30. 3
NR
9.4
4,6
1. r
NR
NR

10.0
NR
NR
NR
NR
NR
NR
NR

36. 0
NR

1r.5
6.0
0.2*
NR
NR
2.0
NR
NR
NR
NR
NR
tt
NR

39.4
2.I
A'
ND

29 .6
12 .2

NR
3.9

t5. 0

4,7,,
2.7+
0.3
9.0

24.5
NR
NR
NR

19.3
40,3
3,3
0.7
NR
NR
t'¡R
NR
NR
NR
NR

t

3.

4.

1.

5.

Artificial fissure; 6 s ub j e c t s / s anp I e s ; ? day results
Thei l ade et al, (1973)
third nolar fissure inplanted in occlusal filling; 6
subjects,/11 samples i 7 day results
Theílade et a1, ( 1974 )
Third nolar fissure inplanted in occlusal filling; 10
subjects/sanples; 20% sucroÊe applied to fissure twice
each day; 200-270 day results
TheÍ lade et al, (I982)
Third nolar fissure inplanted on acrylic appliance; 5
subjects/44 sanples; 21 day results
Thott et aI, (t9?4)
Results expressed as percentage of totai. viable flora on
non-selective rnediun; in papers where results were not
expressed as a percentage of the total viable flora they
were recalculated to this fornat
results fron one subject only
isolated fron one fissure only
not reported
not detected

*
+
NR
ND
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(ii) Srooth Surfaces- buccat/lingual, approxiral, 6ingival
Nunerous studies have exa¡nined the developnent of dental
plaque on srnooth dental surfaces and the structure and

nicrobíal conposition of deposits found on these surfaces
(Bowden et a1, lg75; Carlsson, Ig67a; Gallagher et al, I981;

HoweIl et al, I965; Kilian et al, 1979; Krasse, I9?0;

l,istgarten et al, I975 Loesche et aI , I972; McCarthy et al,
1965; Saxton, 1973; Schroeder and de Boever, 1g?0; Socransky

et al, 1977; Theilade and Theilade, 1970).

The approxinal areas are more retentive in relation to the

exposed buccal and lingual surfaces and provide the greatest

protection to the nicroflora, In this sheltered enclave

bacterial connunites can attain a clinax state of relative
stability (AIexander, l97l) unlike exposed surfaces which

are open to dramatic environnental changes caused by, for
exanple, oral hygiene activities, nuscular action and diet.
ån exarnple of the dietary influence on the conposition of
dental plaque is illustrated in a paper by Hoover et aI

(1980) who sanpled the dental plaque of subjects with

hereditary fructose intolerance as well as control subjects.

Occlusal fissures of pernanent nolars and interproxinal
spaces bet¡{een pernanent nolars were sanpled in both groups.

Ifhile the quantity and chenical couposition of plaque did

not differ between groups, the ísolation of ,S. nutani and

-LactobacÍllus !Jas 3-4 tines nore frequent in the control
group than in the hereditary fructose intolerant group. f,
sanguis was isolated regularly fron both groups, indicating
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that t.he restriction of sucrose in the hereditary fructose
intolerant group had little inpact on its ability to

coLonize and persist at each of the sites.

On a Dacroscopic level the approxinal areas, being the nos t
well protected, wil1, if left undisturbed, accunulate a nore

substantial nicrobial nass than exposed snooth surfaces.
However on a nicroscopic level, the leveI of the nicro-
organisn, studies which have exanined the initial phase of
plaque fornation on snooth surfaces have shown that nicro-
organisns wiLI initially adhere to relatively protected

areas on any tooth surface such as along the gingival ¡nargin

or in inperfections in the enanel (Líe and Gusberti, lgTg;

lie, 1979). Consequently, differences between surfaces in
the conposition of the nicroflora are snaII in the early
stages of plaque fornation. The early microflora is
conprised of prinarily Gran-positive organisns, nostly
streptococc! and .4ctinonyces. S, øitior and .9, sanguis have

been found to be anong the first streptococci to colonize

the tooth surface (Socransky et al, f977). With tine the

conplexity of the connunity wiII increase as environnental

conditions change naking conditions favourable for
colonization by other rnicroorganisms (RÍtz, 196?; l9T0;

Socransky et aI, 1977) . The accunulation of inhibitory
netabolic products, e shortage of nutrients or the towering

of the Eh in the plaque (Kenney and Ash, 1969) wilt
facilitate microbial succession within the connunity. This

kind of succession is caIIed autogenic succession
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(Âlexander, I971). Ritz (I967), over a nine day period,

showed that a progressive shift f ro¡n an aerobic and

facultatively anerobic nicroflora to a preodoninately

facultatively anerobic and oblígate anerobic nicroflora
occurred in developing coronal plaque.

In Dature plaque, Gran positive rods and f il.anents occupy

equaì. proninence with the streptococci (Bowden et al, ì975;

Socransky et al, 1977). ,4ctinonyces viscosus and A.

naeslundii are the predoninant Gran-positive rods in dental

plaque and frequently becone the doninant organisns in an

estabi.ished connunity (Bowden and Hardie, 1978; Holnberg,

I976). S. sanguis, S. øitior (Liljenark and Gibbons, I972),

and ^9, nilleri (Mejare and Edwardsson, 1975) are generally

the nost doninant streptococci in dental plaque and ,9.

sa.livarius is usually found in Iow nunbers in contrast to

íts levels on the dorsun of the tongue, ,S, nutans can be a

proninent nenber of dental plaque with frequent ingestion of

fernentable carbohydrate, in particular sucrose, but its
nunbers tend to be lower than those of other streptococcí

when carbohydrate restriction occurs (CarIsson and

Sundstron, I96B; Enilson, 1983; Fitzgerald, f976) , ,9,

sanguis, S. nÍlleri and S. nutans aLl have an affinity for
hard surfaces and usually do not appear in the oral cavity
prior to tooth eruption (Edwardsson and Mejare, l9?8i

Catalanotto et aI , I975; Berkowitz et al, 1975; van Houte,

f980), It has been known for sone tine that S, øutans, while

not dependent on sucrose for attachnent to the tooth
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surface, will not accurnulate in large nunbers in the absence

of sucrose (Gibbons, f980), It has also been shown that
glucosyltransferase-defective nutants of ,5. ûutans are able

to colonize the teeth of rodents although they display

reduced cariogenicity (Murchison et al, lg8f).
tractobacillus has a relatively low affinity for the tooth

surface and is usually only isolated fron retentive areas

such as fissures or carious lesions (van Houte et al,
1972), Under conditions of frequent sugar ingestion the

levels of lactobacilli nay increase and sone investigators
have used the levels of these organisns for an evaluation of

dietary control and caries risk (Klock and Krasse, l9? 8;

1979), Other Gran positive rods such as Eothia,

BacterÍonena, Arachnia, PropionÍbacteriun, and Eubacteriun

are infrequently isolated and in low nunbers (Bowden and

Hardie, 1978; Holrnberg, f976), Veillonella represent the

doninant Gran negative cocci in dental plaque. It has been

proposed that VeilIozeJ-la occupies a specific niche in the

connunity ín that it nay depend on lactate for its survival
(van der Hoeven et aI, 1978). This nay account for higher

levels of tei-Ilonella in dental plaque frequently exposed to

carbohydrate. Ritz (I970) has proposed that rYejsseria nay

be an inportant pioneer in the developnent of dental plaque

since in individuals with high levels of this organisn the

ensuing developnent of plaque is nore rapid than ín indivi-
duals with Iower levels, In established comnunities however

the levels of Neìsseri€ are generally low (Bowden et al,
1975). cran-negative facultative rods nake up a snall part
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of supragingival dental plaque. I{aenophilus segnÍs, I{,

aphrophilus, H, paraphrophìlus and ,1. parainfluenzae are the

doninant nenbers of this genus found in dental plaque,

albeit in 1ow nunbers and infrequently (Xilian, 1976;

f980). 0ther Gran-negative facultative coccobacilli include

,4ctinobacil.lus (l'Jeaver and Hollis, f 980), and Branhanella

(Morello and Bohnhoff, 1980) both found infrequently and in

Iow nunbers in dental plaque. Actinobacil.lus

actinonycetemconÍtans has been inplicated as a prinary

ceusatíve agent in juvenile periodontitis (Zambon, I985),

Capnocytophyga (Holt et aI, 1979; Leadbetter et al, Ig79)

is a Gran-negative facultative/capnophilic gliding organisn

found in both Eupragingival and subgingival plaque, Its
nunbers in supragingival dental plaque are generally low and

it too has been inplicated in several types of periodontal

disease (Dzink et al, I985) although others feel that its
role here has been overestinated (Holdenan et al, 1985). In
established dental plaque Gran-negative anaerobic rods and

filanents can conprise a large proportion of the connunity

(Bowden et aI, 1975; Moore et al, l984; I982). Bacteroides,

Fusobacteriun and treptotrÍchia represent the najority of

isolates but there is considerable variation between the

relative nunbers of these organisns reported in different
studies. Since the isolation of these organisns r"qr.,i"."
exacting nethods and they do not appear to be inportant in

the developnent of dental caries nany studies have chosen to

ignore then. In addition, the taxonony of the cran-negative
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anerob ic rods and fi lanents is changing rapidly making

accurate identification of this group of organisrns diffi
cult.

Unfortunately, few cornprehensive studies of the conposition

of established nícrobial conmunities on the tooth surface

have been cornpleted. t{ith the realization that dental caries
is a disease of bacterial ori gin, rnany investigators began

to focus on specific organisns which had been shown to be

capable of causing caries in animals. They lost sight of the

role which the entire comnunity could play in the initiation
and progress i on or modi fi cat ion of disease, Studies thus far
which have characterized the entire nicroflora of coronaL

plaque have been cornpleted by the MRC Dental Epideniology

Unit in EngIand. They proposed several paraneters for the

characterization of the bacterial conmunities:

a) the qualitative bacterial conposition in terns of genera

and species,

b) the quantitative bacterial conposition,

c) the stability of conmunity over a period of tine,
d) the persistence of specific bacteri al species (Bowden et

aI, 1975) .

The application of these paraneters to sanples taken fron
well-defined areas indicate that each site harbours its own

characteristic nicroflora with sone organisns denonstrating

fairly constant Ievels over tine and others fluctuating up

or down in nunber in the same period (Bowden et aI,Ig75).
lableg I-l and l-5 sunnarize the nicroflora found on the
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ênooth surfaces of the tooth crown.



leble 1-5
PBBDOIIIIIAI'IT CUITIYABLE FLORA OT EIIMAI'I

SI,IOOIE SI'RFACB IIBìITAT PI,AOIJE

Bowden et aI
t9751

Organ i sÉ

S t rep tococc í 22 ,9
S, nÍIleri 0.5
S, nitior NR
S, nutans 2,2
S. sanguÍs 5.9
S, sal i varius O.7
Genella NR
Grau-positive rods 42,I
,4, visc, /naeslundii 19,I
A. israelii 16.5
tractobacillus 0.5
Eothia 0,4
Propìonibacteriun NR
Eubacteriuø NR
Bifidobacteriun NR
Jreillonella 13. I
-l,Ieisseria 1.5
Gran-negat ive rods 8.0+
Fusobacteriun 0.4
BacteroÍdes NR
IlaemophiÌ.us Nn

I{ilian et aI
19792

39. I

21.6* '

2.2
8.0
0.7
2.6

I1.4
4.7
0.4
0.7
0.6
2,4
NR
NR

36, 2
I.2
3,7,!
NR
NR
L6

Gal lagher et al
I9813

13.1
0,7
t.4
I.0
t.0
3.0
1.1

34 ,4
20 .5

NR
0.7
NR
3.0
5.4
0.3
9.5
NR

23. 5
7.7
8.9
0.4

* Total of dextran + and - strains
! ,{nerobic species only
+ Prinarily B ac t eroi des
NR Not reported

t, 58 sanples of approxinal plaque fron ten I3/14-year-oId
children, aIl subjects caries-free; Bowden et al
(1e75).

2, l5 sanples of supragingival plaque fron buccal surface
of nandibular first pernanent nolar fron fifteen caries-
free 12-year-old Tanzanian children, five of whon were
exposed to water with 3-21 ppn fluoride; KiIian et aI
(1979).

3. 6 samples of snooth surface pì.aque f rorn prenolar or nolar
fron six New Zealand subjects aged 11-4I years, alI
.caries-free; GaI Iagher et aI ( 1981) .

4, Results expressed as percentage of total viable flora on
non-select ive nedi un.
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CEAPÎBN lWO

Developrent of the Oral llicroflora i¡ the Infant

The nouth of the infant is usually devoid of nicrooganisns

at birth but rapidly acquíres an indigenous ¡nicroflora with-
in the first day of lífe (Brailovsky-tounkewitch, ì915).

Sone have postulat.ed that the newborn derives its initial
flora fron the rectovaginal region of the nother. Carlsson

and Gothefors (I975) in a study of 13 newborns and their
nothers, found that lactobacilli, L jensenii and L

acidophilus, could frequently be recovered fron both the

vagina of the nother and the oral cavity of her newborn.

Lactobacilli have been shown to increase in nunber in the

vagina during pregnancy (T,lerner and Seeliger, 1963) and it
is known that the preferential site for colonization of L

acidophiJus is the Iower part of the ileur¡ (Lerche and

Reuter, 1962), Carlsson and Gothefors (1975), proposed that

such an increase in the nother may facilitate colonization
of the infant's gastrointestinal tract at the tine of birth.
Since ít is known that J. acÍdophilus is connonly found in

the oral cavity, this nay indicate that sinilar conditions

for adherence to nucous nernbrane exist in both the vagiina

and the oral cavity. However it is also known that the

species J, acidophilus represents a heterogeneous group of

organisns (Efthymiou and Hansen, 1962). Therefore, it is
probable that different strains colonize each site. In the

study by Carlsson and Gothefors, both species of lacto-
bacilli did not persist beyond a few days indicating that
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lactobacilli are nostly transients in the nouths of

edentulous infants. Gareau et al ( I959) found that

vaginal1y delivered infants frequently acquired E, coli from

their nother and denonstrated the sane serotype in infant-
nother pairs in both the oral cavity and rectun of the

infant.

McCarthy et aì (1965) studied the developnent of the oral

flora in 5I newborns and 44 four-nonth-oId infants,
gathering sanples at birth in the first group and at 4, B,

12, 18 and 36 nonths of age in both groups. Sanples fron 9

of the newborns showed no €irowth within the first 24-hour-

period indicat ing that either the mouth of these infants was

still sterile, that the sensitivity of the nedia enployed

¡{as not sufficient to elicit aII possible organisns or that

the genera which the exa¡niners r1'ere looking for did not

represent the entire oral nicroflora. Streptococcus was the

doninant genus present in the nouths of aIl newborns and

renained so throughout the study period, although its
nunbers fell fron 98,1 of the totaL cultivable flora in the

first day or two of life to 709ø by the tine the child was 12

nonths of age. 0f the streptococci isolated, S, salÍvarius
r{as the predoninant species in over half of the subjects.

Staphylococci were also isolated fron approxinately half of

the subjects but in very low nunbers. Other organisns

isoLated in the newborn group included NeÍsseria, Candida,

tractobacillus, IteÍllonella, and colifor¡ns. These groups of

organisns were isolated infrequently and in 1ow nunbers and
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eJere regarded as transients, In both study groups, McCarthy

et a1 found that the conplexity of the oral nicroflora
increased as the child aged. AIl children were colonized by

Streptococcus, Staphy-Iococcus, Neisseria, anò. lleillonella by

l2 nonths of age, Áctinonyces, LactobaciJlus, .Eothia, and

Fusobacteriun species were isolated fron nore than half of

the infants at l2 rnonths of age while Bacterojdes, .Lepto-

trichia, Candida, and Corynebacteriun were found in less

than half of the subjects. Unfortunately, they were unable

to draw any conclusions regarding the relationship between

the eruption of teeth and aLteration in the oral nicroflora.
Although .Fusobacteriun, leptotrichia, Actinonyces and Pothia

were alI isolated on occasion fron pre-dentate infants, no

infornation was given regarding the persistence of these

groups of bacteria in the nouths or on the tooth surfaces of

individual subjects. This failure could also be related to

the nethod of sanpling enployed in the study, a swab rubbed

over the nucosa and , if present, teeth. It is unlikely that

this nethod r,rould accurately reflect the connunities

residing on the teeth particularly those in the gingivâl

crevice. 0n1y with Fusobacteriur and Actìnomyces was there

an increase in the frequency of isolation as teeth erupted

but this was considered across the subject group and not

within individual subjects, A shorter sanpling interval
would have been necessary to investigate properly the ques-

tion of establishnent of each of the species detected in

this study, This, as weIl es other features, was evaluated
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in a study of the developnent. of the oral flora of infant

nonkeys (lVacaca Írus) where sanples were obtaíned fron the

Douths of these aninals inrnediately after birth and at daily
intervals thereafter (Cornick and Bowen, I97I). A sinilar
sanpling nethod to that used by McCarthy et aI r,eas enployed.

A direct conpariêon of the colonization of the oral cavity
of hunan and nonkey infants is not possible because of the

lnore rapid developnent of the nonkeys, different dietary
regines and post-nataI handling. Hor.¡ever the results of both

studies do reveal several interesting sinilarities and

differences. In both studies, the infants were born with a

sterile oral cavity and, in sone instances in both hunans

and nonkeys, several days passed before organisns were

isolated fron the nouth, Unlike the study by McCarthy et aI,

it was possible to denonstrate a profound change in the oral

nicroflora coincidental with the eruption of teeth, This nay

have been possible because of the shorter but nore frequent

sanpling schedule euployed in the exanination of the

nonkeys. Both studies found that as the infant agêd the

nicroflora increased in conplexity and changed fron a

prinarily aerobic to anerobic flora. Other differences have

been reported by Colman and Hayday (1980) who found that

dental plaque collected fron children contained,

proportionately, Iarger nunbers of 5, sanguis t}:an dental

plaque fron nonkeys and reported that, as yet in their
studies with a successful primate colony, they have not

isolated ,9, salivarius fron the dental plaque of their
nonkeys
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EIIen ( f976) showed, in a cross-sectional study of

subjects rsnging in age fron young infants to adults, that

catalase-negative Gran-positive rods resenbling A,

naeslundii colonized nost infants, including 40% of the pre-

dentate infants, and maintained predoninance anong

facultatively anerobic Actinonyces in saliva and on the

tongue. In contrast the colonization of bacteria resenbling

catalase-posit.ive ,{. viscosus was delayed until after teeth

had erupted and their rise to predoninance over Á,

naeslundii in dental plaque was delayed for several years.

Since both hunan and aninal studies have shown that the

greater proportion or organisns found in dental plaque do

not appear with any regularity until teeth have erupted,

eruption of teeth nust represent a significant environnental

deterninant in the developnent of the oral fIora, Most of

the studies which have exanined the acquisition of an oral

microflora in the newborn have focused on streptococci,
prinarily ,9. .nutans, because of its association with dental

caries. The inportance of teeth in the colonizatíon of S,

sanguis, S. niJleri, and ,9. øutans has been denonstrated

(CarLsson et al, I970; Berkowitz et al, 1975; Catalanotto et

aI , I975; Edwardsson and Mejare, 1978; Stiles et al, 1976)

and all three have been shown to be trangients in the' oral

cavity prior to tooth eruption (Edwardsson and Mejare,

I978; Stiles et al, I976) Carlsson et al (1975), in a 5

year Iongitudinal invest.igation of 30 infants fron birth,
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found that 5, salivarius was a regular inhabitant of the

oral cavity fron the second day of Iife. S, nutans appeared

in the nouths of sone infants after one year and in

consistently low nunbers in the najority of the children

after five years although it r.ras established and

consistently isolated from only half of the infants under

study, Stiles et al (I976) in an examination of 253

children, aged 3-24 nonths, did not find S, nutans in oral

or fecal sanples prior to the eruption of teeth. Following

tooth eruption, the most prevalent serotype of ,S, .Dutans,

identified ¡lith fluorescent antibody, was c, although

serotype e and d were isolated fron several children, ,S.

sanguÍs was isolated from two children without erupted teeth

but its frequency of isolation fron the children rose to 80%

following the eruption of teeth, Berkowitz et aI (I975) in

a study of children with cleft palates who r.¡ere wearing

palatal acryl ic obturators, found that the highest

recoveries of ^9, nutans ca¡ne fron the gingival third of the

labial surface of the naxillary incisor teeth. The

predoninant serotype in the infants and their nothers was

type c,

Since ,S. salivarius prefers to colonize epithelial surfaces

(Krasse, I954; Long and Swenson, 1976), ,S. sangais, the

snooth surfaces of teeth (CarIsson, 1967a) and ,S, iuturt
the pits and fissures and approxinal areas (Ikeda and

Sandhan, I97I; Catalanotto et aI, f975), the ecological

deterninants for the establishnent of these three organisrns



Ðust differ although the organisns appear to share ¡¡any

sinilarities such as nutritional requirenents and poly-

saccharide product i on (Stiles et aI, I9Z6).

Both aninal ( Keyes, 1960; Beighton et al, 1982; Jordan et

al, I985) and hunan studies (Berkowitz and Jordan, l9Z5;

Berkowitz et a1, 1980; XohIer and Bratthall, I9Z8; Rogers,

f98I) have confirned that the nost tikely source of
nicroorganisrns found in the nouth of the infant is the

nother or prinary care-giver. Serotyping (Berkowitz et al,
1975) and b a c t ê r i o c i n - t yp i n g (Berkowitz and Jordan, lgZS)

of ^t, nutans strains isolated fron nother-infant pairs, and

priEary care-giver-infant pairs in the case of aninals
(Jordan et al, t985) , have confirned that naternal
reservoirs of bacteria are available for pri¡nary infant oral
infection. The paranetêrs for successful transfer of the

orElanisrs fron nother to infant have not been clearly
defined, Inportant paraneters nay include the nunber of
ce1ls transferred and available for attachnent and the

frequency of transfer. van Houte and Green (IgZ4)

concluded that a nininum level of .S. nutans in saliva was

necessary for colonization of the teeth, Kohler and

Bratthall (1978) have shown that children of parents with
high salivary Ievels of ,9, nutans are at greater risk of
being infected earlier in life and have a definite risk for
high caries experience. Berkowitz et al (1981) have

extended this finding and, in attenpting to quantify the

risk, have shown that nothers with high levels of salivary
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,S, nutans, greater than 10s

tines nore IikeIy to transnit
offspring than nothers whose

than or equal to 103 CFU per

CfII per nl. of sal iva, are nine

this organisn and infect their

sal ivary reservoirs were less

nl. of saliva.

Another paraneter which has been investigated is the diffi-
culty ¡rith which ,9. .nutans is inplanted in or transferred to
the huuan nouth (Jordan et aI, 1972), Sucrose ingestion has

been shown to facilitate inplantation although it is no

Ionger regarded as essential for attach¡nent to the tooth

surface (Clark et al, I978; Gibbons, 1980). Since it is
known that the pattern of infant sugar consunption is nost

frequently influenced by the nother's sugar consunption

habits and that nost infants are introduced to sucrose-

containing food and drinks at the tine of eruption of the

first tooth (King, I978; Gordon and Reddy, I985), this
paraneter of sucrose-aided i[plantation Hould be satisfied.
The scenario of a nother or father with high nunbers of
salÍvary ,S, mutans, who uses his/her ovrn spoon to feed an

infant food which nay have been sucrose-supplenented would

quite probably prove adequate to infect the infant with .9.

ûutans early in life. A study by Alaluusua and Renkonen

(I983) shor.red that the early establishnent of ,9, nutans ín
the plaque of prinary incisors was predictive of early and

extensive caries attack in the young prinary dentition. This

finding was confirned in two studies by KohIer et aI (1983;

1984) which exanined the effect of caries-preventive
neasures in nothers on caries developnent and the oral
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preaence of S,nutans and lactobacilli in their infant
children. In the test group of nothers, a preventive reginen

was used which successfully lowered their salivary Ievels of

^9. ûutans and thereby delayed transnission and ínplantation
of this organisn in their chi ldren. In the control group by

conparison, nore children were ínfected with ,S, mutans and,

subsequently r¡ore children developed caries. The differences
between test and control groups in ^9, mutans Ievels and the

developnent of caries were statisticalty significant.
Therefore, in terns of the developnent of the oral
nicroflora, neasures directed against the source of
infection can be successful in preventing the establishnent

of potentially harnful bacteria.

The role of diet and innunological factors ín the acquisi-
tion of an oral nicroflora are pert inent to this discussion

as there are several differences in these areas between the

young child and the older child/adult which could have

profound effects on the colonization of specific organisns

and the developnent of disease. It is known that feruentable

carbohydrate in general and sucrose in partícular enhance

the co lon izat ion of the oral cavity by car i ogenic bacteria
(van Houte, 1982). The specific effect of sucrose on the

colonízation of ,S. sanguis, and ,S. salivarius is less

dranatic than for .9, nutans (Kuranitsu and Ingersol l ,

1977), Carlsson and Sundstron (1968) and Skinner and l{oods

(1984) have shown that the conposition of dental. plaque is
affected by exposure to different dissacharides. Sucrose
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encouraged a shift to a flora doninated by streptococci. Ås

weIl the acidogenicity and aciduricity of the plaque

increased, Replacenent of dietary sucrose with xylitol in

the Turku sugar studies (Scheinin and Makinen, I975) did

not affect the proportions of najor bacterial groups in

dental plaque but did reduce the nunbers of acidogenic and

aciduric organisns, in particular ,t. øutans, Þroviding
additional evidence that diet plays a najor role in the

conposition of nicrobial deposits on the teeth, An extension

of this effect, in terns of the development of disease, is

evident since it has been clearly shown that increasing the

frequency of sugar intake leads to the developnent of dental

caries (Gustafsson et a1, I954; König, 1970). The feeding

habits of nost children are such that frequent eating is the

rule rather than the exception (King, f97B), An exanple of
sone pertinence to the topic of this dissertation is the

finding by Short (1976a; l9?6b) that children who are

breast fed on denand wiIl suckle between 30-60 tines in any

24-hour period. A sinilar scenario exists for children who

are bottle fed in a¡ ad Iib fashion (Milnes, unpublished

data). This type of frequent eating nay represent a signi-
ficant environnental pressure on the developing bacterial
connunities of the tooth surface and encourage rapid coloni-
zation, Once the flora is established, frequent ingestion of

lactose in hunan or cow's ¡niIk Eay produce conditions

favourable for colonizatíon by aciduric and acidogenic popu-

lations since it is kno¡rn that both hurnan and bovine nilk
contain sufficÍent quantities of lactose to depress the pH
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in Iocalized areas on the tooth surface (Rugg-Gunn et al,
f985). Hence the dietary habits of the child nay have a

direct effect on the acquisition of the oraf nicroflora.

Interaction of the child with a parent having high salivary
leve1s of aciduric and acidogenic organ i sns inproves the

Iikelihood of colonization of the chi Id's nouth with a

sinilar fI ora.

l{hiIe the innune systen of the young child is not developed

to the sane level as that of the adult, the B cell popula-

tion of the tern newborn appears capable of producing a

nornal antibody response at birth (Stiehm and Fulginiti,
1980). The T cell population is nature by 40 weeks

g;estation and the tern newborn has nornal total nunbers in

the peripheral blood. T ceIIs obtained fron tern newborns

have increased suppressor activity and/or decreased helper

activity resulting in the decreased production of innuno*

globulin production by B ceIIs of the tern newborn (Stiehn

and Fulginiti, 1980) . This Iow Ievel of innunological

actívity nay help in the establishrent of an índigenous

flora in the newborn,

Other forns of in¡nunologícal control nay be exerted by the

breast nilk fron the nursing nother or by innunological con-

stituents of cow's nilk. Hunan ¡iilk and colostrun cóntain

IgA as the predoninant innunoglobulin and very little IgG

which is transferred across the placenta duríng pregnancy

(ÄrnoId et aI, I976; Harnon, 1978). Cow's uilk, on the other
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hand, contains IgG as the predoninant antibody since this
rnannal does not transnit fgG across the placenta (Harnon,

f978). Local antigenic stinulation of the gut-associated

lynphoid tissue (câtT) as a consequence of swalJ.owing oral

organisns wÍIl produce a population of Iynphocytes connitted

to IgA synthesis which will home in sufficient nunbers to
distant sites, such as the nannary gland and result in a

signLficant Iocal production of IgA (Brandtzaeg, 1983).

lliderstrorn and Bratthall (f984) have shown in pregnant

wonen that a narked increase ín salivary levels of TCA

occurs in late pregnancy and postpartun. Since a paraIIeI

increase in the level of serun IgÄ does not occur (RockIin

et aI, I979) , this observation by Widerstron and BratthaII
appears to represent a local effect, This observation is
consistent with observations nade concerning the levels of

ïgÄ in breast nilk (Stieh¡n and Fulginiti, 1980) , The

breast-fed infant therefore receives IgA antibodies specific
for roany of the nother's oral organisns. Eggert and Gurner

(I984) have deDonstrated the presence of specific
antibodies in hunan colostrun against S, mutans, S, sangujs,

,S, salÍvarius and ,S, nitis, Others have denonstrated a wide

range of colostral antibodies against a variety of viruses,

enterobacteria, and enterotoxins (cited in Chandra,

1979), indicatinS that naternal secretory antibodies are

involved in the developnent of a nornal hunan infant
gastroi.ntestinal tract flora (Nagy et aI, 1979) . The

observation by Eggert and Gurner nentioned previously

índicates that the innune systen of a nother does not appear
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to be involved in the selective provision of colostral
antibodies for the inhibition or renoval of potentially
pathoEenic bacteria Rather it seens that the nother

provides colostral antibodies against a broad range of

organisrns that the infant nay encounter. LocaI antibody

product ion by the nother cou 1d therefore repres en t a means

of controlling the establishnent of an indigenous flora in

a newborn and later, on tooth eruption, the colonization of

organisns such as S, Dutans.

Recently, hor+ever, several investigators have shown that .9.

sanguis, S, nitior, B. asaccharolyticus, B, Ínternedius and

Capnocytophyga as well as other nucosal pathogens contain an

enzyne, IgAI protease, which cleaves SIgÅ and serun IgÄ to

forn Fab and Fc fragments (Kilian, 1981; Plaut, 1983). Hsu

and Cole (1985) have dernonstrated that dental plaque fron

two groups of Colonbian children contained cornponents of

degraded SIgÄ and serun IgÂ and only snall anounts of intact
IgA and ICG. Thus, the reason that several oral

streptococcal species are not recognized as being pioneer

coLonízers of the oral cavity nay be related to their
ability to destroy IgA directed against then. The infant fed

either cow's nilk or fornula would not receive this
protection and colonization of the oral cavity ¡,¿ould

probably proceed nuch differently. A study to .orp""" how

colonization of the oral cavity differs between bottle-fed
and breast-fed children could provide valuable infornation
about the developnent of an indigenous bacterial flora in
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the hunan ,

,{s the infant ages and develops, antigenic sti¡nulation of

the cALT occurs and the infant begins secreting specifi-
cally directed salivary SIgÂ. Selner et aI (I968) found IgA

in the saliva of infants by the age of seven days and

neasurable quantities in 97% of sanples taken fron infants

six weeks old. They concluded that secretory ir¡¡nunity

develops faster than hunoral imnunity, Ben-.Aryeh et al

( 1984) confirned this finding and showed that sal ivary

concentrations of Ig,{ were signíficantly Iower in ínfants

than adults, concluding that the maturation of the secretory

inmune systen was inconplete at the end of the infants'
first year, They also showed sinilar Ievels of IgA in the

saliva of breast-fed and bottle-fed infants. However no

attenpt was nade to deternine the specificity of the

antibodies isolated. Thus Io¡ler levels of sIgÂ could allow

for bacterial colonization and the developnent of an

indi genous flora.

As weIl, with tooth eruption and the developnent of eruption

gingivitis, the infant could begin synthesizing IgG serum

antibodies agiainst organisns on the tooth surface i-ncluding

S. nutans, which nay interfere with their colonization and

establishnent, It is not known what influence these anti-
bodies would have at this stage of developnent since the

level of Igc in saliva is very Iow. In addition, the leveÌ

secreted through the gingival crevice would be quite Low and
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probably ineffective if an extrapolation can be uade fron

studies of older children and adults which have exanined

this Eechanisn (Si¡rs, 1985).

Antibodies are only part of the salivary antinicrobial
defense and it is possible that other noninnunoglobulin

fact ors in saI iva nay affect colonization of the ora I cavity

by nicroorganisrs in the infant or young child, The report

by Tenovuo et al (1986) represents the first conprehensive

analysis of these factors in the saliva of infants. They

showed that the innate noninnunoglobulin defense systens

( lysozyne, salivary peroxidase and hypothiocyanate) present

in whole saliva are at the adult level when the prinary

teeth erupt. Innunoglobulin, lactoferrin and nyeloperoxidase

were alI found in snaller quantities than in adult saliva.

Since these factors possess nany antinicrobial properties

such as inhibition of acid production, bacteriostatic and

bactericidal effects as well as the capacity to agglutinate

bacteria and viruses, it is possible that they could

Ínfluence bacterial colonization when antibody systems are

innature.

In suunary, nany questions pertaining to the acquisition of

an indigenous oral flora renain unanswered, Longitudinal

studies should be carried out to invest igåte the effects of

inmune and non-innune factors in the developnent of the oral

flora, nechanisns of transfer of organisns to the infant

during suscept ib Ie periods for colon izat i on and nethods of
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interfering with or preventíng the transfer and colonization

of potential dental pathogens.



CEAPÎBB TEEBß

The llicrobiology of Cariee

I. Eistorical perspect ive.

Despite nany theories having been advanced to explain the

cause of dental caries, a sat is factory ¡ albeit sinplified,
explanation did not e¡¡erge untíl the latter part of the

nineteenth century when Miller proposed his 'Chenoparasitic
Theory' (Miller, 1973). This work paralLeled nany advances

which had been nade in other fields of science and nedicine,

particularly the work of Robert Koch and Louis Pasteur in

nicrobiology, which enabled MiIler to propose that
nicroorganisns present in the oral cavity, by converting

dietary sugars to various ac i ds, ¡rere respons ib le for the

denineralization of teeth and the deveJ.opnent of tooth

decay. Unlike nany who were to follow hin, MiIler believed

that caries vras related to nultiple nicrobial activity
involving acid product ion and proteolytic activity,

c. V. Black (1898) extended Miller's theory with in-
vestigations into the irnportance of 'gelatinous nicrobic
plaques' in the caries process. He recognized that plaques

which forned in secluded areas on the teeth such as pits and

fissures, along the gingival nargín and in the approximal

regions were nore l ikely to cause caries provided thé en-

vironnental conditions Here correct for plaque fornation. In

in vÍtro experinents with oral bacteria, he was able to

study plaque developnent by ¡naniÞulating the culture nediun
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although the changes necessary to influence plaque develop-

nent were never reported by hin. An i¡nportant observation

during his work, that plaques which were associated with

caries differed fron plaques forned in caries-free rnouths,

Ied hin to conclude that a specific nicrobial plaque r,Jas

necessary for disease to occur.

S ince a great deal of Miller's work had been norphological

and he was unable either to grow or identify organisns which

he had íso1ated, Mclntosh et aI (1922) set out

'to discover a bacteriun or group of bacteria present in
dental caries which can produce sufficient acid to decalcify
enanel and dentine' .

They isolated two organisns, one, a long thin bacillus,
which had a narked tendency to parallelisn and palisade

fornation in dried filns and a second nuch shorter

'bacillus' which usually occurred in chains. They proposed

the name Bacillus acìdophilus odontolyticus type I and II
for these organisns, Based on their descriptíon it .seenìs

like1y that type I was probably a tractobacillus and type II
a Streptococcus, This is consistent with other reports fron

this era wherein sone investigators have identified or-
ganiêBs as tractobacjJJus and others have identified simiìar-
ly described organisus as Streptococcus. Since it is now

known that both genera can be pleonorphic it is not sur-

pris ing that this occurred.

Shortly after this work Clarke (I924) consistently

isolated fron carious lesions a streptococcus which dis-
played a pleonorphisn dependent upon the growth conditions
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to which it was exposed. I'or this reason he naned the or-
ganisn Streptococcus .øutans. 1n his investigations of the

nicroorganisms present in carious teeth he noted:

'The fact that the colonies of ^9. nutans adhere cÌoseIy to
the surface of the teeth appears to be of great inportance,
as a local concentration of acid in contact with enanel is
thereby produced, and this could obviously give rise to
rapid decalcification, independently of the acidity of the
nediun as who1e, '

Although C I arke is generally credi ted with the first des-

cription of this bacteriun, CoInan (I976) reported that

Hein had described a si¡ni1ar organisn slightly earlier in

1924 which he naned Streptococcus halitus, Maclean

(1927) was also able to isolate organisns resembling ,S.

øutans fron carious teeth of chi ldren and adults and, in

retrospect, nade an inportant surnnary of all the work which

had been done to that point on the nicrobiology of dental

cari es when he said:

'Thus far we can say fron the results of i¿ vitro experi-
nents, both Strep, nutans and, 8acÍ1l.us acidophilus are
poss ib 1e factors in the product i on of natural dent al caries,
but in the absence of a laboratory aninal in which we can
easily induce dental caries, it ís inpossible to say exactly
what is the role of bacteria in dental caries.'
Although sporadic reports of sinilar organisns continued to

appear after CIarke's description (Tunnicliff and Hannond,

1938a; 1938b), his work was largely ignored unti. l the

I960's when in depth investigations of the role of S. nutans

ín dental caries were undertaken.

Bunting et aI ( f928) in an investigation of dental caries

in several groups of children wíth different degrees of

caries susceptibility found, in attempting to apply Koch's
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postulates to dental caries, that the third and fourth
postulates, namely that a pure culture when inoculated into

an aniìal causes the typical disease with which it is assoc-

iated and that fron such experinentally induced disease the

nicroorganisn nust again be isolated, 'did not apply because

of the unusuaf nature of dental caries.' They reasoned that

as techniques for isolation and cultivation of oral bacteria

had inproved, the group of organísns proposed by MiIIer to

be responsible for caríes in hunans could in fact be

narrowed down to one category- BaciJlus acidophilus. They

also proposed that the presence of B, acidophilus was

predictive of future caries attack since they denonstrated

in a large nunber of subjects that those caries-free sub-

jects who harboured the organisn eventually developed caries

and those fron whon B. acidophì Jas could not be isolated did

not develop Iesions, This fínding was confirned by Enright

et al (1932), An additional observatiÕn connon to both of

these studies confirned that the caries attack was not

constant but internittent. These results indicated that to

assess properly the nicroflora associated with the initia-
tion and progression of caries longitudinal studies are

preferable to cross-sectional studies.

To address this concern, Hennens et aI (1946) conducted

what, up to that tine, was the nost conprehensive study of

the nicroflora associated with caries developnent, They

reasoned that if caries occurs as a result of bacterial

act i on the search for the bacterial agents respons ib 1e for
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caries should be nade in and under the plaque associated

tyith a carious Iesion and not in the saliva or in pooled

plaque sanples. They hypothesized that nicrobial guccession

could occur in a carious Lesion as ít does in other eco-

systens. Since the bacterial agent which initiated the

car i es act iv i ty nay not have surv ived ihe evolut ion of the

lesion, an exanination of nore advanced Iesions night reveal

other organisrns associated with progression. Hence, an

assessnent of the stage of Iesion developnent was an inport-
ant part of this investigation,

In their exanination of 269 approxinal sites of newly

erupted prenolars ín 85 children, sanples vùere gathered at 6

week intervals, radiographs at 3 nonth intervals, and sites

were followed for 6 nonths after the appearance of a lesion.

At the study's conclusion, 939 plaque sanples fron 87 sites

in 44 children were avail.able for analysis. The average

Iength of observation was one-and-one-half years but so¡¡e

sites were followed for as long as four years.

The nicrobiological analysis was very detailed and it
appears that the ínvestigators went to great Iengths to

identify all isolates. Unfortunately the taxonony of oral

bacteria was poorly understood at this tine and hence nany

bacteria could only be broadly class i fied. As a neasure of

the degree of challenge to a surface, the frequency of

isolation yJas calculated for all categories of bacteria

isolated ín the precarious, transitional and carious periods
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of the study. This paraneter had not previously been con-

sidered in other studies. Generally it was deternined that

the najority of rnicroorganisns recovered showed so¡ue degree

of negative correlation with the carious process. AIpha-

henolytic streptococci, treptotrichia, Actinornyces, anaerobic

fusiforn bacilli and ¡Yejsserja decreased narkedly in nunber

with the onset of caries. Micrococci, l¡eillonella and Gran

negative filanents aIl occurred in low nunbers and showed

little change with the onset of caries. In the precarious

and transitional period, that period irnnediately preceeding

the diagnosis of a lesíon, lteiJloneJJa, Gran negative fila-

nents, diphtheroids, acidur i c streptococci and

Staphylococcus albus were alI found nore frequently. Given

the lack of knowledge concerning the netabolisn of dental

plaque and nicrobial interactions in plaque it is not

surprising that Hennens et aI saw no significance in the

increased level of l/eillonella in the face of increased

Iactate Ievels preceeding lesion developnent, 0f all the

categories of organisns isolated, the aciduric streptococci

were the most frequently found in the caries period. The

organisns which showed the largest increase in numbers

durj.ng the carious period were the lactobacilli. This

increase led the investigators to propose that these

bacteria were associated with the developnent of a lesion to

greater degree than any other type which was fo,rn¿ in the

cultures. The fact that aIl groups of organisns were

sporadical ly ísolated in all three of the stages of the

investigation clearly perplexed the authors, They suggested
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that either the ni.croorganísns were not cont inuous Iy present

or rdere present in such snal1 nunbers as to nake isolation
inpossible,

Other research initiatives have confirned that bacteria are

essential to the developnent of carious Iesions. The work by

McClure and Hewitt (f946) and Iater I{eyes (I960)

denonstrated that the addition of penicillin to a high-

sucrose diet. of rats and hansters will prevent caries in the

aninal consuning the experinental diet as well as in the

litter rnates of caries-susceptible fenales whose penicillin-

sensitive flora had been depressed during pregnancy and

lactation. Sinilar findings have been reported in children

who are taking antibiotics on a Iong-tern basis for ¡nedical

reasons ( Loesche, 1986).

ff. Caries atudies - experirental anirals

Ilith the recognition that dental caries in hunans was a

staggeringly co¡nplicated process, investigators began

looking for a suitable aninal nodel in which various factors

thought to be inportant in the caries process could be

either individually or collectively varied, providing sone

rneasure of control in the experinental process. The denon-

stration by 0rland et al ( 1955) that gern-free rats did

not develop caríes even when fed a high-sucrose cariogenic

diet but that caries rapidly developed when an

'enterococcus' was irnplanted in the nouths of aninals fed a

sinilar diet r{as the first rnajor study of its type and
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established a basic nethod for the investigation of caries

in experinental aninals.

This nethod and variations of it; conventional aninals har-

bouring a nornal oral flora, the relative gnotobiotic aninal

wherein the nor¡nal flora has been suppressed by pretreatnent

with an antibiotic and spec í fic-pathogen-free an inals which

carry a conventional flora but are giuaranteed to be free of
particular pathogenic nicroorganisrns, have been used to

study nany aspects of the caries process. This includes the

transnissibility of specific bacteria known to be cariogenic
(l(eyes, 1960) the effect of various dietary regines and

fernentable carbohydrates on the inplantation, colonization
and cariogenicity of nany organisrns thought to play a role
in the caries process in the hu¡nan (Krasse, I965; 1965 i

König, 1970; Fitzgerald et al, 1983; Gibbons and Keyes,

I969; Larson, I976; van Houte et al, lg76; van Houte and

Upeslacis, 1976; van Houte and Russo, Ì985) and the effect
of nicrobial interactions in dental plaque on plaque

developnent, plaque netabol isn and dental caries (Mikx et

al, I975; I976; I972),

Although a great deal of useful inforuation has been gleaned

fron animal studies, fundanental differences between the

aninal species used and the hunan nust be carefully con-

sidered before direct extrapolation of experinental fi.,aing=

to the hunan sit.uation can be nade. The norphology of the

rat noìar is not conparable with that of the hunan tooth.

Rat nolars possess deep fissures and have a thin layer of
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enaìnef , (one twentieth the thickness of hunan enanel

(König, f966) which does not cover the cusp tips, 0n tooth

eruption, rat enanel is hyp orn i n e r a I i z e d particularly in

fissures, unlike hu¡nan ena¡eI which is lrore highly

nineralized at the tine of tooth eruption, .As weIl, the

post-eruptive naturation of enanel nay continue for up to

two ¡nonths in rodents (Fitzgerald and König, 1968).

Therefore, the selection of aninals based on age is an

inportant consideratíon since younger aninals with recently

erupted hyponineralized teeth are more IikeIy to be caries

prone than older aninals. Furthernore, the indigenous oral

flora of the rat differs from that of the hunan (Hall et

e1, I984). Since rats are coprophagic, recycling up Lo 35%

of their feces daily, this habit could introduce organisrns

to the oral cavity nornally associated with fecal naterial

such as coliforns, enterococci and Gran negative rods and

giving proportionately higher counts in the rat as conpared

to the hunan (Hall et a1, I984), Most studies enploying

experinental aninals in caries studies nake no attenpt at

oral or general hygiene procedures. Hygiene procedures could

inflict najor disruptions on dental plaque and should

therefore be considered as najor ecologic deterninants. The

lack of this substantial environnental pressure in the

aninal nodel represents a significant departure fron the

hunan experience. Furthernore, nost experinental aninals are

fed ad libitun with extrenely high concentrations of

ãucrose, a situation ¡lhich predisposes the aninal to
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frequent eating which in itself nay be caríes conducive

(Loesche, 1982) and which is quite different fron the hunan

experience. However, a sirnilarity nay exist in the young

hunan infant who bottle- or breast-feeds ad libitu¡r. This

parallel has been noted by van Houte et al (1982) in a

study of nurs ing caries

fn the gnotobiotic aninal the influence of ¡nicrobial inter-

actions is absent. Mikx et a1 (f978) have shown that this
can be a powerful environ¡¡ental. deternínant influencing

colonization and disease production in the oraÌ cavity.

Hence, another illustration that the experinental aninal

nodel does not reflect the clinical situation, Despite these

shortconings, nany organisns have been shown to be

cariogenic in rats and hansters. Table 3-I sunmarizes these

data.

Ân aninal nodel ¡nuch nore sinilar to the human is the pri-

nate, Their dentition and pattern of caríes developnent are

quite si¡niIar to those of the hunan and it is possible to

naintain the aninal on a diet sinilar to that consuned by

rDan. ln addition, the oral flora of oId world prinates is
quite sinilar to that of nan (Cornick and Bowen, 1971). The

najor acids found in nonkey plaque are quite siníIar to

those found in the hunan and f ollo¡,ring sucrose ingestion the

pattern of acid production parallels the hunan with a sig-

nificant increase in the level of Iactic acid (Bowen, 1980).

The developnent of carious lesions is a slow process in the

nonkey, nuch like it is in the hunan, and the
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Iesions which develop are i n d i s t i n gu i s h ab I e fron the those

in the, human (Bowen, 1980),

TabIe 3-L

I{ICROORGAI{I SI,IS CAPABLB OT PRODUCITG
ANIMAL IIODBIS

n^T*

Organisn Fissure Snooth Root
EnaneI

Streptococcus
nutans + + +
faecalis + -
salivarius + + +
sanguÍs + +
øitior + -
nilleri + +
Lactobacillus
casei + - +
acÍ dophi I us + -
fernen tun
salivarÍus
Act inonyces
viscosus + + +
naeslundii + - +
israel i i + - +
Peptostreptococcus + -
Rothia
l,/eisseria
Yeasts
Gran - rods

CARIBS IT TIiO

EAMS TE NE

Fissure Snooth Root
EnaneI

+

+
+

+

+

+

+
+

+
+

* gnotobiotíc, relatively gnotobiotic and conventional rats
ê specific pathogen free and conventional hansters
+ caries produced
- no caries produced

After: van Houte (1980); Gibbons and van Houte (I9?8);
Ed¡rardsson (f 986).

CoInan and Hayday (1980) conducted a study to exanine the

nicrobiology related to the onset of dental caries ín Macaca

fascicularis. The results of this study are sunnarized in
lable 3-2 and 3-3. GeneralIy these results are very sinilar
to those of hunan studies in that the levels of ,S, nutans
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increased just prior to caries onset. .tractobacillus

increased in a sinilar fashion and re¡¡ained elevated in the

caries active aninals although nunbers were 1ow. ActÍnonyces

showed a decline prior to caries onset but increased after
the Iesion was established. VeÍJIonella, S, sanguÍs, ,9.

nÍ tior, and -Fusobacteriun al l decreased as caries

developed, SignificântIy, the aninals which renained caries-
free showed alnost ídentical changes in the nicroflora
inhabiting the caries-susceptible study site, Since the

ecosysteDs in both locations nust have undergone sinilar
environnental changes such that sinilar nicrobial
populations could be found, this indícates t.hat other, as

Vet, unknown non-nicrobiological factors nust have been

involved at the sítes which developed lesions.

In a sinilar but much nore Ii¡nited study, BeiEhton et al
(1985) longitudinally exa¡nined the effect of dietary

sucrose supplementation on the total nunber of bacteria and

proportions of ,S. nutans, S, sanguis and total streptococci

in the palatal groove of a naxillary deciduous tooth in

lVacaca fascicularis. The sanple site and sa¡npling nethod

were virtually identicaÌ to that enployed by Colnan and

Hayday in 1980. The introduction of the sucrose-containing

diet induced a rapid increase in the total nunbers of

bacteria isolated fron each groove and a rapid du..uu"u in

the numbers and frequency of isolation of ,t, sanguis,

Conconittant ¡rith the decline of ,5, sanguis r,ras an increase

in the nunbers and frequency of isolation of S, Dutans,
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Table 3-2
TtrB È'ICBOPI,ORA ASSOCIATBD TIIl[ TEE LITGUAL

DEVEIOPMEI{TAT, GROOVß TN I.TACÁCA FASCTCAT¿ETS
CANIES_FREE ANIIIALS

Sanple nunber

Organisn* 1

Yeasts 0.01
tractobaci I I us 0, 09
Total Streptococci 66.5
Total 5. nutans 5.1
S, nutans (c) 2.6
S, sanqiuis/nitior 7,0
Neisseria 0.3
Gran- aerobic rods 0,4
Áct inonyces-aerob i c I. I
Actìnonyces-anaerobic 3.5
Bacteroi des 0. 0
[usobacteriun 9,6
Veillonella 18.5

Data fron Colman and Hayday (1980)

organísn* I

Yeasts 0.03
.Lactohacillus 0,0I
Total Streptococci 66.4
Total 5, nutans 11 . 6
S, øutans (c) 11,5
S. sang./nitior 9.4
ÀIeisseria 0,3
Gram- aerobic rods 0.2
Actinonyces-aerob ic 2.0
A c t i n onyc es- an a e r ob i c 2.7
Racteroides 0, 0
Fusobacteriun 3.6
Veillonella 24,7

Table 3-3
Tf,E IIICROT'trORA ASSOCIÀTED IIITE TtrB IINGUII,I

DEVBTOPMEilTAL GROOVß ÎN i]ACACA TJ'SCTCATAPTS
C.[NIB S-I.CT I VB AI{IMALS

SanpLe nur¡ber

23

t

0.0t
0.01

49.6
14 ,2
0.5
2,1

0.5
16.6
1I.0
0.03

16. 2

0 .02
0.08

I8,I
7.A
2.8
0.6
2,0

20 .0
11.5
0.4

19. 4
2.7

0.04
0,7

ao 7

4r .7
óo. /
0,01
0. 03
0.5

14.6
0.01
1'
0.9

0.09
0,8

62.9
3I.9
26.9
0,2
0.03

oo
15,4
0.7

3.8

4

0.0
0.01

53.5
72 ,0
11.9
0. 02
1.0
1,7

13.9
I9.6
0.0
9.4
0.01

4

0. 03
t. t

37. I'7,t
6.5
0.6
0,2
1.4

20 ,0
3?. I

0.6

resuLts expressed as rnean percentage of total viable
fL ora on nonselective nediun
Sanples gathered fron Iingual developnental groove of
naxillary deciduous nof ar
Carious Iesions becane apparent at this site betwee¡r
sanple 3 and 4
Sanples spaced 6 nonths apart
N = 1I an ina Is
Data f ro¡n CoIman and Hayday (f980)
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Grooves which subsequently becane carious harboured

significantly nore bacteria and had higher levels of S.

mutans at each sampling period than grooves which remained

caries free. They concluded that the level of S. nutans al a

site could be a useful predictor of future car i es activity

at individual sites on the dentition. Despite sirnilar

nethods the results of this study appear to conflict with

those of CoInan and Hayday with respect to shifts in bac-

terial populations on carious and caries-free surfaces.

The arguroent supporting bacterial specificity in the caries

process has b een made by many ( G ibb ons and van Houte, 1978;

Loesche, 1982; van Houte, l9B0). The results of these anirnal

studies and others conducted in hunans illustrate the

confusion which still exists relatíve to caries etiology.

The following section will exanine the concept of bacterial

specificity r¡ore thoroughly in a discussion of human caries

studies.

IIf. Caries studies - hu¡ans

In any caries study involving hunans the evidence gathered

to support a specific hypothesis is general ly indirect since

the investigator cannot control, for ethical and practical

reasons, aIl the factors which may affect the data to be

collected. An unfortunate result of aninal studies has been

an over-enphasis on controlling experinental conditions such

that the role played by ni croorgan i sns in the caries process

has been disproportionately enphasized at the expense of

other contributing factors, Following the observation that
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the Gram-positive flora of the oraÌ cavity appeared to play

a central role j.n the car i es process, attention was directed

away fron studies of the oral flora as a whole. The search

for a spec i fi c pathogen ignored the ecologic aspects of the

disease. Aninal nodels ernploying gnotobiotic aninals or

exaggerated levels of sucrose in the diet unrealisticallv
distorted the disease process and failed to "on"ia."
the effects of other factors ir: the ecosysten, such as other

constituents of the diet which are anti-cariogenic,

bacterial interactions involving conpetition or antagonisnì,

imnunological conponents and oral hygiene pocedures which

nay nodi fy the car iogen i c chal lenge in the hunan situation.

Sinilarly, clinical studies which have limited the invest-

igation to the role of specific organisns in caries have

ignored the effect of the entire ecosysten. It is nore

appropriate to consider dental caries as a disease of al-

tered ecology (Morhart and Fitzgerald, 1976) rather than

focusing on the narrow question of bacterial specificity in

dental caries. It is the purpose of this section to consider

the nicrobiology of dental caries as deter¡¡ined fron studies

of hu¡nan subjects and to discuss briefly sone of the

ecologic deter¡ninants which r¡ay regulate the microflora

involved.

Most studies of the etiotogy of dental caries in hurnans have

focused on 5, nutans and tractohacillus since it has been

shor,tn in aninal studies that these organisns can be involved

in both the initiation and progression of caries (Tanzer,
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l9Bl ) . Hunan studies, on the whole, have shown that plaque

re¡noved fro¡n carious lesions contains elevated levels of ,S.

nutans and ,Lactobacillus in conparison r,Jith plaque fron

tooth surfaces $¡hich are disease-free (Bowden et a1, 1976;

Duchin and van Houte, 1978; Hardie et a1, 1977; Huis In't

Veld et al, 1979; Ikeda et al, 1973; I{rasse et a), lg68;

Loesche and Syed, lg73; Loesche and Straffon, 1979; Loesche

et al, I975, I984; MiInes and Borçden, 1985; Swenson et al,

1976). Several of these studies h¡ere cross*sectional

epiderniological surveys of rando¡nIy selected populations and

they demonstrated a positive correlation between the

presence of 5, mutans and a carious lesion (Duchin and van

Houte, lS?8; Krasse et al, I96B; Littleton et al, 1970;

l,oesche and Syed, 1973; Loesche et al, I975), However, il is

now recognized that a najor deficiency of c r o s s - s e c t i o n a I ,

association type studies ís the inability to demonstrate a

cause-and-effect relationship between the isolation of

specif j.c bacteria and the initiation of disease at a

specific site (Duchin and van Hout e, I978). The presence of

an organisn such as S, nutans at a specific site nay refìect

a clìange in the environrnental conditions at that site which

favour colonization and eventual proninence by the organísrì,

Furthernore, since it is known that the developrnent of a

caríous lesion in hurnans is a slowly progressive process

involving periods of d en i n e r a I i z a t i o n followed by disease

renission and renineralization (Bernan and Slack, 1973;

craig et al, 198ì.; GrondahI, I979; Shwartz et aI, I984), in
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cross-sectional association studies i

deter¡nine whether the sanples eJere

progression or regressíon of a lesion.

t is inpossible to

taken at tines of

In other words, the

effect of tine in the disease process is ignored.

Although the evidence from cross-sectional studies regarding

the associ at ion of S, mutans wi th caries is convincing it is

by no neans conclusive. Loesche et al (1975) found a

significant association between percentage levels of ^t,

nutans and caries in plaques re¡noved fron single occlusal

fissures and in pooled plaques removed from representative

occlusal and approxinal molar surfaces present in children

nho were either caries-free or had ranpant caries
(DMfT=>10). 7l?; of the carious fissures sanpled had leveLs

of "ç. ûutans accounting for l0% or ¡nore of the total culti-

vable flora in the fissures whereas 70% of the caries-free

fissures had no detectable ,5, mutans, However they found

carious fissures ¡,¿ithout detectable levels of ,S', nutans as

well as high levels of S, nutans with a nean value of 33% of

the totaL cultivable flora in caries-free fissures of I

children. In conparison, the nean percentage of S, ttutans in

the fissures of children with ra¡¡pant caries was l8%. These

data indicate that in a chronic disease such as dental

caries, it is difficult, on the basis of cross-sectional

data, to assign overt pathogenicity to only one nenbel of a

very comp l ex flora,

In order to overcone the doubt which resulted fron cross-

sectional studies, several longitudinal exaninat ions of the
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nicrobiology of caries have been cornpleted recently (Bowden

et a1, I976; Boyar and Bowden, 1985; Hardie et al, tg77;

Huis fn't VeId et aI, 1979; Ikeda et al, Ig73; Loesche and

Straffon, 1979; Loesche et aI, 1984; Míkkelsen and

Poulsen, 1976; Mikkelsen et a1, 1981;. Milnes and Bowden,

1985; Swenson et a1, 1976) . The advantage of a longitudinal

study is that variations ín the cornposition of the

populations under study can be cornpared with changes which

¡nay occur over tine on initially clinically sound tooth

surfaces. More precisely, if a specific organisn is

suspected of initiating disease, its nurnbers should

increase at the sus cept ib I e site prior to the deve I opmen t of

a lesion (Ikeda et a1, 1973). However, Iongitudinal studies

are not without their own special problens. These will

discussed in a subsequent section which will review problens

in the nethods of dat a collection and analysis.

Earlier longitudinal studies of Ikeda et a1 and Loesche and

S t raffon were concerned pr inar i 1y with the role of S. øu tans

and lactobacilli in the developnent of dental caries. Ikeda

et al (1973), in an LB-nonth study of dental plaque

assocíated wi th inítiaIIy caries-free occlusal fissures,

approxinal and buccal surfaces of the lower first pernanent

nolar of l2 Negro children, found that the initiation of

caries was preceeded by elevated levels of both ,S, nuta¡¡s

and lactobacilli. Caries was found in the absence of lacto-

bacilli but not in the absence of S. nutans. lllhen

Iactobacilli were found the nunbers were usually lore, 0,I%
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of the total cultivabl.e flora or Iess, As well the frequency

of isolation for S, nutans was nuch higher than for
lactobacilli throughout the study. The authors concluded

that their results supported a role for ^9. nutans buL not

lactobacilli in the initiation of carious lesions. They

suggested that Iactobacilli instead r.¡ere involved i¡r

furthering the progression of the lesion once initiated.

Loesche and Straffon (1979) provided support for these

findings in a report from a two-year longitudinal study of
the roLe oî S. nutans in fissure decay, In an exanination of
52 children aged 5-12 years, 195 prinary and permanent rnolar

teeth were examined and occlusal fissures were sampled at 6

nonth intervals for two years, During this period 42 teeth

developed fissure caries. In 37 of the 42 teeth which becarne

carious a longitudinal analysis of the data revealed that
the percentage of .9. nutans increased significantly at the

tine of caries diagnosis. Cross-sectional conparisons showed

that the proportions of ^ç. mutans were signifcantly higher

in the carious fissures than in caries-free fissures, UnIike

the resufts of the study by Ikeda et at (1973) five new

lesions developed which were associated with Iow or

undetectable Ievels of ,9. ûutans but high levels of

Iactobacilli (25.2% of the total cultivable flora six

Eonths prior to caries diagnosis and 4% at the tine of

caries diagnosis), By conparison, the proportions of lacto-

bacilli were low to zero in all other subjects at sll tines.

An additional interesting finding was that in g2 teeth which
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reDained caries-free for the duration of the study from

chíldren who were either caries active during the study or

showed evidence of previous high caries activity, the level

of S, nutans averaged l0% of the total cultivable ffora fron

these sites, levels whích are consistent with caries

developnent in fissural and approxi¡nal sites (Ikeda et al ,

1973; Boyar and Bowden, I985). The authors concluded that

although the results inplicate "9, nutans in fissure decay,

they shorç that decay can occur in the absence of S, nutans

and that consistentfy high levels of .9, mutans can persist.

or'r sound tooth surfaces without initiating caries, For

exanple, in one caries active subject, three prernolars which

erupted and Here sanpled during the study showed an

increase in .9, mutans frorn zero to proportions consistent

with canies developrnent on teeth of other individuals. No

decay occurred over a three year period in these teetl¡ but

the individual developed four new approxirnal Iesions during

the sarne tlme period. This observation suggests that factors

which proûÌote the developnent of carious lesions were

operative in the ¡nouth of this individual during the study

but that the caries attack in the fissures reas so¡:ehow

nodified. It also denonstrates the uniqueness of

ni croecosys t ens associated with tooth surfaces, indicating

that they should be considered individually rather than

col lect ive ly. Other env i ronmen tal factors nust be operat ing

to allow sinilar nicrofloras to produce disease in one area

and not another, 0thers have nade si¡¡ilar observatio¡ls
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regârding consistently

surfaces which rernaín

Mikkelsen and Poulsen,

et aI, 1977; Bowden et

high leveIs of S, nutans on tooth

caries free (Burt et al, 1983;

I97 6; Mikkelsen et a1, 1981; Hardíe

aI, 1976 i Mi lnes and Bowden, l985 ) .

Two studies f rorn Loesche's group at Michigan furthered the

earlier investigation by Loesche and Straffon into the

etiology of fissure caries, Ðurt et al (1983) in a two

year study of the occlusal fissures of 573 nandibular first
pernanent nolars in 279 children aged 6-7 years, found that

the teeth under study rapidly becane infected with ,S, muta¡ts

and only 4,4% of the teeth renained uninfected at the end of

the two year study period. Once infected, the leveìs of ó'.

mutans isolated renained quite stable; those teeth infected

with high leve1s of ó", mutans tended to stay high and vice

versa. High levels of infection were associated more often

with the deveì.opnrent of caries than were lorç levels of

infection although the Dajority of occlusal surfaces

(approxirnately 75%) e¿ith hÍgh levels of 5. .ûutans rernained

sound. This may have been related to the fact that teeth

which developed Iesions were excluded fron further analysis.

Hence, the teeth left for subsequent anal.ysis may have

represented the nore resistant t eeth,

Loesche et al (1984) reporting on the sane .study
population, studied the nicrobiology of fissure plaque iso-

lated fron 368 children over a three year period to deter-

nine the re 1at ionship between the proport i ons of ,5, nutans,

,5, sang:uis, /eillonella, lactobacilli and an unidentified



actinonyces-like organis¡n ând the diagnosis of dental

caries. 0f 115 chi l dren who were categorized as exhibiting a

low caries activity, 93 deveì.oped an average of 7,2 new

lesions per child. fn contrast, 176 of I83 children ín the

highly caries active group developed an average of 7, 9 nern'

Lesions per child. The highly caries active group had, at

alI t ine per i ods, signíficantly higher fissural leveIs of S.

mutans than did children who remained caries free. However,

in those fissures which developed decay, the levels of .ç,

mutans at the ti¡ne of caries diagnosis for both the low and

high caries groups were virtual ly ident icat at 24% and 25r¿

of the total cultivable flora, respectively, Interestingly,

decay appeared to devel op nore rapidly in the l ess caries-

active children (6-I2 Donths after the increase ín S,

mutans levels) than in the highly caries-active children

(f8-30 nonths after the increase in S, mutans Ievefs). Ás in

their previous study of fissure caries (Loesche and

Straffon, 1979) there were teeth on which the proportions of

S, nutans were high and decay did not develop, T,oesche et aI

sugÉiested that this ¡nay have been related to several

factors: the spatial relationship of S. nutaus to the enamel

surface, that a 'cocariogen' such as lactobacillus r{as

necessary for the lesion to develop and progress, or that

the caries attack r¡as nodified by other organisEs iri the

dental plaque and saI ivary fact ors,

lactobacilli were sporadically isolated fror¡ the teeth of

children in aII groups. At the tir¡e of caries diagnosis,
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Iactobacilli represented 7,L% of the total cultivable flora
in the less caries-active children and 5.2% in the plaques

taken iron highly caries-active children. These values were

significantly higher than the corresponding values for
car i es- free teeth. In both groups of children the levels of

lactobacillí increased 6 nonths prior to the diagnosis of
caries and they were invariably isolated fron teeth which

were destined to be either decayed or filled. They appeared

therefore to play a role in the progression of the lesiolt.

This is in agreeÌnent with the results of a study by Boyar

and Bowden (1985), who shor{ed a positive correlation

between the isolation of lactobacilli fron a carious lesion

and progression of the lesion.

The Ievels of Veillonella in carious and caries-free

fissures were relatively stable and generally not signif-

icantly different until the diagnosis of caries was rnade,

when the levels were 5.0% in the decayed fissures and 1.4%

in the caries-free fissures. This nray have refLected a

continuing suppì.y of lactate in the car i ous fissures due to

higher proportions of lactic-acid-producingi bacteria such as

.ç, nutans and lactobacilli. Since these fissures were

carious however, it does not appear likely that VeÍllonelJa

nodified the caries attack as suggested by aninal studies

(Mikx and Svanberg, I978).

The association of ,9, sanguis wi th car i es, as expressed by

the ratio of the levels of S, Dutans to,9, sanguis, has been

75



reported to be negat i ve. This ag;rees wí th earlier results

fron Loesche and Straffon (1979). However, the results of

Boyar and Bowden ( 1985 ) , Mi lnes and Bowden ( I985 ) and

Swenson et al ( 1976), suggest that this relat i onship exists

between S. nutans and 5, nitior rather than ,9, sanguÍs, This

discrepancy can be explained by the identífication ¡lethods

enployed by Bunt et aI and Loesche et. aI in their respective

studies since colonies resenbling .9. øitior were included in

the ,9, sanguis counts. The actinonyces-like organisn showed

no renarkable changes in the plaque with tíne.

The data presented in the papers of Burt et al and Loesche

et al shon that ^S. úutans and, to lesser extent,

tractobaci I I u,s are inportan t pathogens in the caries process.

However they do not rule out the possibility that other
groups of organisns could be involved ín nounting a car i o-

genic challenge to a tooth surface.

The sanpling interval of six nonths used by Loesche and

Straffon and Loesche et a1 in the studies previously cited

tay have been too long to define accurately the changes

which occur in the nicroflora as disease develops. This is

supported by the observation that in the low caries group,

lesions developed quickly (6-12 nonths), suggesting that

¡{ith only one or a naxinun of two samples during, this
period, successional changes in the microflora at these

sites t¡ay have been ni ssed. Sinilarly, the increase in the

leveIs of lactobacilli could only be denonstrated 6 nonths

prior to caries diagnosis, Shorter sanpling intervals Iay
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have identified children wíthin the arbitrarily designated

groups who displayed variations in the pattern of nicrobial

succession reported in this paper. Furthernore, it is
curious that the authors did not identify the actinonyces-

like organism which appears to have been regularly isolated.

As we11, the criterion for caries used in these stuclies

represents a terminal event in that the surface of the tooth

had to display softness or a definite break in the ena¡¡ef .

Presunably they chose this tine to nake the diagnosis as it

is difficult to diagnose incipient fissure caries

accurately even under ideal conditions, lt is possible that

in their examinations with nirror and explorer the surface

of a lesion in an incipient state could have been danaged,

creat ing condi t i ons favouring coÌonization and eventual

doninance of the ecosysten by nore aciduric organisns such

as S, mutans and lactobacilli, with resultant cavitation.

LastIy, besides indicat ing that a 26 gauge needle was used,

the authors stated that the entire fissure Iength r,ras

sanpled. Since it is weIl known that fissure caries develops

ín isolated areas of the fissure systen (Miers and Jensen,

1984), this procedure ¡{ould effectively elininate the

separateness of individuaÌ ecosystens. Sanpling specific

Iocations within each fissure would have p..=erved the

differences between ecosystens although this would have been

nuch nore ti.¡¡e consuning and Iabour-intensive.

While it has been conceded that 5.
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pathogen in dental caries, nany studies have found that
dental caries can occur in the presence of either Low or

undetectable levels of S. mutans (Bowden et al, jgZ6;

Hardie et al , 1977 ; Loesche and Straffon, 1979; Mikkelsen

and PouIsen, 1976; Mikkelsen et al , I98l ; Swenson et al ,

r976).

Swenson et a1 (1976) longitudinally exanined and sanpled,

over a two-year period, the buccal and ¡nesial approxinal
surfaces of clinically caries-free rnaxíììary and ¡nand jbular

first pernanent nolars in 781 6-9-year-oIds. plaque sanples

were gathered at six month intervals and poo 1ed. They f ound

that, although the nicrobiological results generally

reflected the caries state of an individual, s dentítion, the

detect ion of ^9, nutans alone was not sufficiently sensitive

to predict e i ther individual.s who would develop caries or

specify those surfaces which would becone carious. This

could be attributed partly to the method of detection of
specific organisr¡s (identification of colony-forning units
based on their colonial norphologies ), and the use of pool ed

plaque sanples, bot h of which could underestimate the actual

levels of spec i fi c organ i srns at spec i fi c sites.

Based on the results of aninal caries studies with .5',

Ðutans, nany of the hunan caries studies investigatea' t¡.

relationship of this one orgianism only to caries initiatíon,

with the conclusion that S, nutans Þ¡as the principal

organisn responsible. More thorough exaninations of the
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entire nicroflora associated with caríous Iesions have beerr

conpleted by others in recent years. Mikkelsen and poulsen

( 1976) , and Mikkelsen et al ( l98l ) exanined two

populations, pre-schooì chiÌdren in Denmark and highly
car i es-sus cept ib 1e adults in Green I and. In the longitudinal

study of Danish pre-school chitdren, the prevalence of ,S.

ûutans was Iow both on surfaces which developed lesions and

those which did not. However, in 6 of the 1B children who

did get caries, .Ç, nutans was ísolated in higher. nunbers

approxirnately 6 nonths prior to lesion developrnent. In the

othe¡'s no clear relationship between S, mutans and caries

developnent could be established, The only parameter which

showed any change in relation to lesion development was an

increase in the anaerobic microflora and a coincident

decline in the aerobic nicroflora. In a later cross-

sectional investigation of a highly caries susceptible adul t
population in Greenland, a situation not unlike that of

Canada's nat ive popul at ion, quite different results $)ere

obtained. .9, nutans was present in nearly 100% of sanples

fron cari ous and n on-cari ous surfaces. Unlike their previous

study, Mikkelsen et al found no difference in the

aerobe/anaerobe ratio between carious and non-carious

surfaces, They were also unable to discern any difference

between the microbial conposition of dental plaque covering

carious and non-carious tooth surfaces as deternined by Gran

stâin, Thus, in both studies, no association between ó',

ãutans and tl¡e developnent of caries could be demonstrated

although 1t could be easily argued that the microbiological
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nethods enployed were inadequat.e to mal{e such a conclusion.

By far, the most thorough examination to date of tlre rnicro-

flora associated ¡,,¡ith the development of carious lesions has

cone fron the MRC Dental Epideniology Unit of the The London

Hospital Medical College (Bowden et a1,. 1976; Hardie et al,

i97? ) . This study appeared to take up where the study by

Henrnens et al (1946) had Ierf t off, in that sinilar

subjects, children in the Iate r¡ixed or early pernanent

denlitions, and sinilar sites, approximal surfaces of

erupting premolar teeth, t{ere used, In examining lg

chilclren, plaque samples were collected fr<¡n the distal

surfaces of the naxillary first prenolar. Caries developed

at l5 target sites dur ing the s t udy. Thes e data were f urther

subdi v i ded into snal ler groups based on the t ime of caries

diagnosis and the nurnber of samples taken before and after

canies was detected, This ¡nade statistical anaì.ysis in-
possible because of the srnall nunbers in each group. In

general the composition of the nicroflora at the generic

level was sinilar between carious and non-carious sites

both before and after the diagnosis of caries. ,4ctinoûyces

rvere predoninant at al1 sites. High nunbers of

Streptococcus, Veillonella and, Bacterojrles were also found.

Others connonly isolated included .Neisse.t-ia, lactobaailJus,

I{aenophi1us, Fothia, Eacterionena, treptotrichia, Eubacteriun

anò. Fusobacteriun, although they were present in snall num-

bers, In only 2 carious sites did the levels of S, nutans

increase prior to the diagnosis of caries. fn the other
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sites the l.evels of S, nutans and lactobacilli increased

after caries diagnosis. S, nutans was not isolated in 2

other sites which developed caries. ó', nutans cotld also

persist on nany surfaces without subsequent developnent of a

carious lesion. Hardie et al concluded that donination of

the nicroflora by .s, .nutans at a specific site vras not

essential for the developrnent of a carious lesion.

Further¡nore, they could not associate any species with the

onset of caries.

Although found in low nurnbers, the rnost cornrnonly isolaled

species of lactobacilli was J, casei, L acidophilus, L,

buchneri and J. fermentun were also found but infrequently.

It was thought that progressive lesions were those assoc-

iated gJith increasing nur¡bers of ó., nutans after caries

diagnos is. This agrees with the results of a study by Huis

In't Veld et al, (1979) in caries-active lB-20-year olds,

7I% of lesions which progressed into dentit) had Ievels of .9,

nutans in excess of 5% of the total cultivable flora, High

Ievels of this organism were also found on surfaces which

remained caríes-free. 5. mutans serotype d was the nost

cor¡non serotype in caries-act ive individuals but serotype c

was found in both caries-active and caries-free subjects,

Boyar and Bowden ( 1985) have recently shown that the

progressíon of íncipient lesions is alnost invariably assoc-

iated with lactobacill.i and, to lesser extent, Å,

odontoJyticus as well as S, nutans,
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Not surpr i s ingIy, the proponents of a speci fic bacterial

etiology for dental caries have attacked the results of
studies which have failed to cone to the sane conclusion.

The choice of surfaces sampled, the sampling procedure, and

the handling of plaque sarnples have all been cited as

potential reasons for the difference in results, G íven that
fissures and approxinaÌ surfaces are rnorphologically

different and that they therefore represent different

environnents it does not seen unreasonable to propose that
the initiation of caries in each location maj, have a

different etiology, It is knor.¡n that approxinal plaque

supports a nore diverse ¡nicroflora than fissures (Bowden et

al, i975) and that rnany of the organisrns isolated from

pLaque are capable of producing acid fol lowing exposure to

carbohydrate. Within the nutans streptococci exist 6

'subspecies', each demonstrating varying degrees of
cariogenicity in hurnans and ani¡nals (Gibbons, lgB6) . s',

øutans (serotype c, e, f) , .9, rattus (serotype b), .ç. cricetus
(serotype a), and S. sob¡-Ínus (serotype d,g,h) have all been

shown to be cariogenic in aninals (Gibbons, 1986), 
^ç.

mutans and ,9. sobrinus have been shown to be cariogenic in

hunans (Gibbons, f986). Since this species designation for
the nutans streptococci is now accepted (Coykendall and

Gustafson, 1986; Bergey's Manual of Deterninative

Bacteri o l ogy, 1986), perhaps it is ti¡ne to begin looking for
these species in nicrobiological studies of caries. This nay

help to explain differences in results between nany
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carefully conceived and conducted studies. i4.nother najor
problen in any of the studies cited is the standardization

of the sanpling procedure. Since it is known that the

proportions of a given organj.sm nay vary on different teeth

in the sarne nouth (van Houte and creen, I9T4), and in

different locat ions on a given t ooth surface (Duchin and

van lloute, l9?8), accurate sanpìing of the sarne site nust

occur at each sample collection. However, none of the

studies discussed have indicated, nor can they guaran t c,e,

that all sites were reproducibly sampled. Therefore, this

defect nust be conmon to all longitudinal studies.

Thus far, the discussion has center.ed around the initiation

of caries and a few organisrrs found to be associated with

this event, Since it is known that a pH gradient exists in a

carious lesion, nj.th the lowest pH recorded at the depth of

the cavity (Dirksen et al, 1963 ) , and that the buffering

effect of saliva is negligible at the depth of a cavity
( Edgar, I976), ext ens i on of a lesion int o dentin nay involve

s evera I phases of succes s i on in the microflora resuJ.ting in

doninance by aciduric organisns at the advancing front of a

lesion (Loesche and Syed, 1973). Edwardsson (1974), in a

detailed study of this kind of situation, renoved sanples

fron the pulpal side of lesions in 46 extracted teeth.. IJe

found a ¡nixed flora doninated by Gram-positive rods.

Propi oni bacteri um,'4c t inonJ,ces, Bi fi dobacteri un, Euhact e¡.j um

and -Lactobacillus were the najor genera in thÍs group, This

group collectively accounted for nore than 50% of the total
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cultivable flora found in the carious lesions sanpled.

-Lactobacill us was the genus found nost frequently, The high

incidence of J. casei and -L, acidophi lus in carious dentin

agrees with results of Loesche and Syed ( f973) , Edwardsson

could not find any specific conbination of organisms whi ch

was ass oc i at ed with carious lesions.

A rnore recent investigation by Hoshino (1985), using an

anaerob ic glove box systen to sanple 4 extracted teeth in a

similar manner to Edwardsson, found that the overwhelrning

majority of the rnicroorganisrns isolated were obligate

anaerobes, suggesting that conditions ín the dent in r{ere

strictly anaerob ie, The results general ly agreed with those

of Edwardsson. However, in addition to those genera reported

by Edwardsson, Hoshino also found ,4rachnia, CJostridia,

Peptococcus, Peptos treptocoacus, Streptctcoccus,

Fusobacteriun and Eacteroides as relatively ninor cornponents

of the flora. A significant negative findíng was the absence

of ,S, nutans in the carious lesions sanpled. Although

Edwardsson found this organisn in carious lesions, its

isolation was sporadic and its nunbers snall when isolated.

Hence there is sone agreenent between these two studies

about relative irnportance of .9, Dutans at this stage of the

caries process. However, Loesche and Syed (1973) ,f ound

that "ç, nutans accounted for 24"¡. of the dentinal isolates. A

reason for this difference could be re I ated to the nethods

of sanpL ing used in the studies cited. Edwardsson and

Hoshino both sanpled the lesions f rorn their pulpal side to
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avoid contanination fron either the superficial layers of

the lesion or the overlying dental plaque. On the other

hand, Loesche and Syed sanpìed the lesions during cavity

preparation. This would increase the likelihood of

conta¡nination of the carious dentin with organisns fro¡n

carious enanel or the nore superficial layers of carious

dentin.

In any event, the snall nu¡nbers to conÞfete absence of S,

nutanÊ in carious dentin of teeth sanpled by Edwardsson and

Hoshino indicates that conditions for growth exist which are

hostile to this particular organisn, The ]ow pH found in the

depth of a cavity nay therefore sel ect for nore aciduric

bacteria such as lactobacilìi.

Table 3-4 sunnarizes the results of these investigations. A

striking feature of this table is the large nunber of

di fferent organisrns which have been found in carious dentin.

Interestingly, nany of these organ i sns have not been tested

for their capacity to cause either caries in hunans or

aninals or nodify the caries attack in a regressive or

progress ive fashion once it is initiated,
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Table 3-4
1tr8 IfICROTI,ORA ASSOCIATBD I{ITE CANIOUS IIBIITII{

organism Edwardsson ( 1974) Hoshino(1985)
PropÍ on Í bact erì un
P, acnes
P, avi dun
P, lynphophÍlun
P, granul osun
P, jensenii
Eubac t eri un
E, al act olyt i cun
E, aerofaci ens
E, saburreuø
Årachnia propionìca
tractobacÍÌ.Ius
-L, ninutus
tr, pJ antarun
tr, cat en forne
-L, cri spa t us
tr, b revi s
I. ceI IobÍosus
tr. casei i
tr, aci dophÍ J us
.L, salivarius
-L, f ermen tuø
tr, buchneri
B i fi dobac t erÍ uz
B, breve-líke
B, bifÍdun
B. eriksoni i
Lc t Ía oryces
A, israelii
Å. naeslundii
A, viscosus
Á, odonto)yticus
Peptococcus
P, Dagnus
P, s a cch arol yt i cus
Peptoe treptococcus
P, anerobiosis
P. parvul us
Cl os trÍ dÍ un
C, di ffÍ cl e
C, bei jerincki i
Ç, ranos uû
S t rept ococcue
S, internedius
S. norbi I J oruø
S, nillerÍ
S, nutans
S. nitior
S, sanguis
VeÍ.Il.one1.la
Íusobact erÍ un
Bact eroi des

+
+

+
+
+
+
+

+
+

+
+
+
+
+
+
+

+

+

l
+
+
+
+
+

+

+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+

l

;
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

i

;
+
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In sunnary, when caries is viewed fron an ecological

perspective, it is clear that specific ecosystems, each with

its own unique conbination of etiologiic agents, are involved

in the developnent of carious Lesions. This disease,

therefore, is unlike other infectious diseases in that,

rather than b eing associated wi th a spec i fi c organ ism which

invades the host, the indigenous nicroflora assunes a

pathogenic role as a result of an ecological inbalance which

develops because of internal or external environnental

pressures applied to the ecosysten, The attractiveness of

this approach is that the nultifactorial nature of dental

caries is acknowledged without precluding a tnore prominent

role for sone factors than others. For exanple, this nodel

is consistent with observations nade in both cross-sectional

and longitudinal studies regarding the role played in caries

developnent by acidogenic and aciduric organisms like S,

nutans and tractobacilJus, which under nornal honeostatic

conditions occupy a narrow niche. However, when dietary

pressure is applied through increased intake of refined

carbohydrate, these organisns can assune a larger niche and

coLonize nore sites, thereby increasing the risk for the

initiation or progress ion of carious les ions. OnÌy those

orgânisns whích are ecologically fit will survive in the new

1ow-pH-environnent, The harnonious relationship .which

existed before between the host and the nicroflora becornes a

pathogenic relationship as a result of the ecological

inbalance which has occurred. HoeJever, this hypothesis does

not preclude the possibility that other conponents of
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different ecosytens could produce disease. In conparison

with the relatively sirnple flora of the fissure, the

nicroflora of the approxinal area has been shown previously

to be nore conplicated, For exanple, the higher nunbers of

Áctìnonyces in approxinal plaque coupled with their high

level of fluoride resistance nay allow then to assune an

important role in the inítiation or progression of

approxinal Iesions.

These observations pronpted Bowden et a1 (L976) to propose

that the oraL cavity supports a 'basic plaque' which

generally lives in harnony nith the host. Since

environnental conditions of the oral cavity have, over tirne,

selected for bacterial populations which are ideally suited

for growth in this location, the basic plaque can be

considered to be conprised of autochthonous bacterial

species. This hypothes is is supported by evidence fron a

variety of aninals (Dent and Marsh, 1981). Under nor¡nal

conditions lesions could be produced by the bas ic plaque,

but because of the weak cariogenicity of the plaque these

lesions would progress slowly, allowing for periods of

renineralization and hence sone neasure of control by the

host . This suggestion is consistent wi th aninal studies in

erhich a variety of organisns have been found to be capable

of causing caries ( see previous discussion). It also does

not discount the opinion regarding nicrobial specificity in

caries etiology, Rather, it extends this concept by

recognizing that, ín individual ecosystens, other organisas
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or groups of organ isms can cause caries.



CEAPÎßR FOUR

l{urs ing Caries

I. The Clinical Picture

Nursing caries has been descríbed as a pattern of ranpant

decay affect ing the nax i I Iary prinary incísors of infants

and young children (Ripa, 1978) . Nursing bottle caries,

nursing bottle nouth, nursing bottle syndrorne, night bottle

syndrone, baby bottle caries and bottle caries are synonyns

for this condition. They have been replaced by the tern

nursing caries since a sinilar pattern of decay has been

described in demand breast-fed children (Gardner et aI

1s77).

Nursing caries was first described by Jacobi, an Änerican

pediatrician (1862). Fass is most often credited wi th the

first nodern description of 'nurs ing bottle ¡¡outh' in t 962

(Fass, 1962). Since then nany papers have been published

des crib ing various aspects of the condition, In aIl of these

the unique distribution of decay on the teeth of affected

children was sinilar and aIl the authors have attributed it
to non-nutritive sucking habits which persist beyond twelve

nonths of age (Crawford et a1, 1974; Kroll, Ig67; Picton

and l{iltshear, 1970; Robinson, I963; tlinter et al, IgTl;
I97I).

II. Bpideriology and Clinical Characteristice

Many articles about nursing caries describe only its
clinical Eanagenent. Since nany of these are written by
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individuals who frequently treat the condition, they often

give a biased view of its prevalence. 0nly a handfu] of

epideniological studies have been published i.n recent years

and these indicate that only a snall proportion of infants

can be expected to develop nursing caries (Tab1e 4-l), These

studies were carried out on predoninantly white urban popu-

lations having, for the nost part, easy access to dental

care, Such studies have nasked a much higher prevalence of

nursing caries in specific populations. For exarnple, a

serious situation exists in Canada's North in the Native

population of children under four years of age. Albert et

al, in an as yet unpublished survey of 200 Inuit children in

the North-west Territories of Canada, found that 90% of them

had evídence of nursing caries, most of it ranpant,

Table 4-l
I{URS Il{c CTtRIBS PREVALBIICE STUDIES

Author Country Year/reference Prevalence %

Beltrani and Ronieu France 1939 2.5
Goose Britain 1967 6.8
Goose and Gittus Britain 1968 5.9
Winter et al Britain l97i 5,2
Currier and Glinka U,S.A. 1977 4,9
Richardson et al S, Africa I98l 11.7 rural

12. 0 urban
Derksen and Ponti Canada 1982 3.2

In .the opinion of nany who work with Natives, infants and

preschoolers are the poorest nourished of the Natíve fa¡rily
(Riley, f975). This is partly as a result of the fairty
lenient attitude Indian parents have towards their chi ldren

which includes allowing the child to feed whenever she,/he so
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desires. In addition, traditional Native nethods of food

preparation and nany traditional Native foods have been

discouraged by whites and displaced by nutritionally inade-

quate, conmercially prepared convenience foods, nany of

which are high in carbohydrates (Snith, I975), Thus when

the infant or young child fusses, nany Indian ¡nothers will
feed their child to pacify hin/her. Because the pronotion of

breas t feeding has not been very successful in nany Native

connunities, nost infants are bottle-fed. Therefore, before

(and often after) the introduction of soI id foods, rDany

infants and young children spend a significant portion of

their day sucking on a bottle which is fiIled with nilk,
fornula, juice or any variety of liquids to which the mother

frequently adds sugar. The Hudson Bay Çonpany, the najor,

and frequently only, suppl ier of foodstuffs to the Native

connunity, is also partly responsible for this serious

dental condition. Recognizing that young Native children

often eat nutritionally inadequat e diets, The Bay has pro-

¡oted the use of citrus juices supplenented with vitanín C.

Since these liquids have a pH range of 3.22-3.65, and they

are consuned by the young child over a long period of tíne,
they could promote rapid denineralization of the teeth

( Sni th and Shaw, 1987).

Additional at-risk populations are recent third wortd

innigrants to Canada, who, on arrival from countries where

bottle feeding is prohibitively expensive and water supplies

unsafe, fínd that it is affordable and can be easily adopted
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in thi6 country, freeing both parents to go to work, The

addítional stress of having both parents working and the

guilt that sone parents feel as a result of having to be

away fron their fanílies for nany hours each day is usually

sufficient to postpone an equal ly stressful task of ¡rean ing

the young child fron the bottle. Thus the scenario of pro-

longed, and frequently ad tibiturn, bottle feeding is estab-

Iished. This observation is supported by results fron the

Ca¡nden study (Holt et a1, 1982) of 555 British children
12-60 nonths of age and a study by Gordon and Reddy

(I985), which exanined, anong other things, the node of

feeding and the prevalence of dental caries in infancy in

I00 South African chi ldren of nixed racial des cent aged I2-
24 nonths, In both these studies bottle feeding appeared to

be related to socioecononic status, with nothens fron the

lower strata rore Iikely to bottle feed,

In the vas t najority of cases, the les ions of nurs ing caries

involve the prinary naxillary incisor teeth in the infant
and later spread to the posterior teeth depending on how

Iong the habit continues. Teeth are attacked according to

their sequence of eruption. The age range of children

affected falls between 6-48 nonths. Band-like carious

lesions develop first on the gingival third of the labial
surface or in the lingual fossa of the prinary incisors
(Figures 4-I - 4-4). The next nost susceptible teeth are the

prinary rnaxillary first ¡oIars which erupt at 12-18 nonths.

These teeth frequently develop fissure caries and later
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snooth surface câries involving the facial and lingual
surfaces. In nost cases the nandibular incisors are not

affected. Coverage of these teeth by the tongue during

sucking appears to offer sone measure of physical

protection, The close proxinity of these teeth to the

subnandibular and sublingual salivary gland ducts nay also

protect then since they are bathed in saliva which nay both

dilute and buffer organic acids produced in the plaque. The

severity of the decay wi 1l vary according to the age of the

child, the feeding pattern and the type of carbohydrate

contained in the liquid. lt is not unco¡nmon to learn from

the parent that they frequently add sucrose to their chi ld,s
bottle.
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Several studies have recently appeared describing the char-

acteristics and backgrounds of children affected by nursing

caries, The inportance of such infornation is that it nay

help the dental health tean to direct preventive neasures to

susceptible children. Johnsen (1982), Johnsen et a1

(1984), and Dilley et al (i980), found that children who

devel.op nursing caries slept with a bottle or were put to

bed with it until they fell asleep. MiIk was the predoninant

liquid found in the bottle but other liquids, including

juices, sweetened tea, Kool-Äid and other sr.¿eetened drinks

were also found with decreasing frequency, Parents of

affected chi ldren were Iess l ikeIy to have attended

university, were often obese, over-indulgent, did not know

when r,reaning should occur and when oral hygiene procedures

should begin, Most parents were unaware of the cariogenic

potential of the liquids contained in the bottle' The

problen with extrapolating the results of these studies to

those children who are nost seriously affected in Canada is

that the studies were conpleted on predoninantly urban

populations with rei.atively few barriers to dental care' In

Canada, the nost seriously affected chíldren Iive in renote

connunities, receive very IittIe health education and, nost

significantly, live in societies which are in a crisis of

transition fron a nonadic Iifestyle to a sedentary

existence. Many of the values of white society, ln.f uaing

health care, are encroaching on the traditional values by

s¡hich Natives have Iived for thousands of years,

Unfortunately, sone Native connunities are not adapting well
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and their general ill-health is a reflection of this lack of

adaptability.

fII. Bt i ol ogy

Nursing caries ís a particularly interesting type of caries

because of the rapidity with which it develops in the

presence of inproper feeding practices. Frequent ingestion

of foods containing carbohydrate represents a significant
environnental pressure on the oral flora and invariably
Ieads to an ecological expl os i on in the population of car i o-

genic bacteria, nost notably S, mutans and LactobacilJus, ín

Iocalized sites on the teeth, In nany ways, nursing caries

represents the kind of caries produced in gnotobiotic

aninals which are fed, ad Iibitun, a high 6ucrose diet
(0rland et al, 1955; I{eyes, 1960; Tanzer, l9BI),

Coincidental with tooth eruption, the infant is usually

acquiring increasing voluntary ¡notor control includin€i the

dexterity to place objects, such as a nursing bottle, into

the oral cavity. These actívities can and often do occur

without the help of the parent. A favourite tine of nany

parents to give their child a bottle is at bedtine. Since

nany children will protest at being put to bed, providing a

pleasurable device, Iike a nursing bottle, wiIl help to

soothe not onÌy the child's feelings, but also those of the

parents who nay not be abl.e to tolerate the nightly crying

associated wi th bedt ine.

I{hat nakes this type of decay so devastatingly ranpant can
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be related to the tine of day when fer¡¡entable carbohydrate

is present in the nouth. During s l eep, salivation virtually

ceases (Schneyer et al, I956) , and so does deglutition

(Lear et aI, 1965). The buffering and diluting capabilities

of saliva and oral clearance on deglutit j.on are therefore

absent. Since the child is nost frequently given a bottle at

bedtime, constant dripping of fluid into an oral cavity in

which salivation and deglutition have ceased allor+s the oral

microflora to netabol ize fernentable carbohydrate freely

producíng organic acids and rapid enanel dissolution.

0bv j.ously the thinnest enanel, the cervical enanel, is the

first to breached and the typical pattern of cervical caries

and later fissural caries resuLts.

À further, quite provocat ive extension of the Iogic assoc-

iated wi th decreased s aI ivat i on and nurs ing caries relates

to the uass ive snooth surface decay associated wi th I inear

hypoplasia in the prinary teeth of children frorn all over

the worId, most notably nalnourished children. In these

popuì.ations, the anount of decay in the pernanent dentition

is Iow while it is high in the prinary dentition, the

reverse of what is usually found in our society. The feeding

practices in these developing societies usually involve

denand breastfeeding for proLonged periods of up to two to

three years. If the sane Iogic holds true, that the child

falIs asleep wÍth breast nilk in the nouth, a¡d this is

repeated nany tines during the day and night, the sane

resultant decay nay occur. In this instance the thinnest
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ênanel r,Jould be at the linear hypoplastic defect instead of

the gingival nargin; hence the di fferent clinical pictures

( Sweeney, 1979).

TthiIe there is little doubt that fruit juices and other

sweetened juices or drinks are car iogen i c ( B i rkhed, I984),

controversy exists as to the ability of nilk to foster

enanel decalcification proceeding to caries initiation and

progress i on. Several investigators have concluded that nilk

is not a causative agent and exerts a protective effect on

the enanel due to its calciun and phosphate content

(Jenkins and Ferguson, 1966; Shaw et al, 1959) , 0ther

anticariogenic conponents of ¡niIk include casein. fn hunan

nilk the concentrations of calciun, phosphate and casein are

so¡newhat lower (Vianna, f97f), but other constituents rçhich

are present, notab).y antibody and Iipid, nay have

protective effects, 1n rat caries experinents, bovine nilk

has repeatedly been denonstrated to be non-cariogenic and to

reduce the cariogenicity of sucrose-containíng diets

(ReynoIds and Johnson, f98l ). 0thers have found that milk

is indeed a causative agent and, even without the addition

of carbohydrate, has cariogenic potential (PowelI, 1976;

Vianna, I971). Rugg-Gunn et al (1985) have shown that hunan

nilk causes e greater fall in plaque pH and ü¡ore enanel

dissolution in vitro than does bovine ni1k. However, they

also showed that these effects were less for both bovine and

hunan nilk ¡,¡hen conpared ¡+ith solutions containing si¡niIar

lactose and sucrose concentrations. Lactose has been
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inplicated as the najor factor in the decalcification

potent j.a1 of nil.k although the plaque pH does not drop to

the sane extent on exposure to Iactose as it does when

exposed to sucrose or gl.ucose (Neff, 1967). The lactose

content of hunan níIk (7,2%) is higher than that of bovine

nilk (4.5%) or nilk for¡¡ul a (7.0%) (Vianna, 1971), It is

readi ly netabol ized by nany oraÌ nicroorganisns ir vitro, in

particular by .9, mutans (Hanilton and Lebtag, 1979), and

probably serves as a substrate in vivo although it nay not

be as cariogenic as other connon sugars in the hunan diet.

Given that nursing caries occurs so rapidly on surfaces

which are readily accessible to the investigator for both

accurate caries diagnosis and sanpling of both sound and

carious areas, it is surprising that the only conprehensive

investigation of the nicroflora associated wi th the lesions

forns the subject of this thesis (MiInes and Bowden, 1985).

Berkowítz et al (1984), and van Houte et al (I982) 'both

exanined the nicroflora fro¡n carious lesions in young

chi ldren but on Iy in a I ir¡i t ed fashion and after Iesions had

developed, van Houte et al (I982) sanpled carious Iesions

in six children aged I8-42 nonths on one occasion each, The

sanple sites were lesions on the upper anterior primary

teeth, the white spot nargins of those lesions. and

clinically sound enanel in the gingival areas of the sane or

other upper anterior teeth at Ieast 3 nn or nore renoved

fron the lesion(s). In addition, sanples were obtained fron

clinically Êound enanel on the buccal, Iingual or approxinal
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surfaces of posterior teeth distant fron the highly car i ous

anterior teeth.

They found that carious and non-carious anterior tooth sur-

faces contained unusually high concentrations of ,5. nutans

(61% of the total viable flora). Sound posterior tooth

surfaces also had high levels of ,S, øutans (27% of the

total viable flora). This high level of infection with .9.

nutans bears a striking resenblance to that observed in

conventional rodents infected experinentally with ,5, nutans

and fed a high sucrose diet ad Iibitun, resulting in the

developnent of ranpant decay (Tanzer, 19BI). van Houte et

aI also found Iactobacilli in nost plaque sanples although

the nunbers r,rere very Iow. The concentraLion of Iactobacilli
was higher in carious lesions (4.0% of the totaL viable

flora), Unlike other studies where lactobacilli have been

found in association only with progressive carious lesions

(Boyar and Bowden, l985; Ikeda et a1, 1973), in this study

they were also found in low numbers (0,5% of the total
viable flora) , in very early white spot Ìesions. Berkowitz

et al (1984), clained to have extended the study by van

Houte et aI (f982). fn fact, they nerely duplicated the

nethods and reported on a lesser range of organisns than did

van Houte et al, Iiníting their results to the nunbers of

,9, nutans and tractobacillus frorn sound enanel, white spot

lesions and cavities in seven children who had been

hospitalized for dental treatuent of nursíng caries. The

¡nean concentration of ,S. øutans deternined on MSB agar and
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expressed as a percentage of the total colony count on blood

agar was 12,58% for sound enamel, 58,58% for white spot and

17,672d for carious Iesions. îhe corresponding fígures for

tractobacill us were 0,066%, 0.88? and 14,66% respectively.

llhile both van Houte et al and Berkowitz et al state that

their findings provide further evidence that .9, nutans is

the prinary etiologic agent in dentaL caries and reemphasíze

the concept t}:at tractobacÍllus has li¡nited involvenent in

the initiation of dental caries (van Houte, I9B0), they

fail to denonstrate a cause-and-effect relationship as

sanples were gathered only after rampant caries had de-

veloped. It is inportant to renenber that caries is the

result of acid attack on the enanel and not the result of a

specific bacterial toxin. Data such as these can only

denonstrate that ,5. nutans has an affinity for decalcified

en ane I .
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CtrAPTER FIVB

Revie¡¡ of Bxperire¡tal tlethode and lrlethods of Data Analyeis

I. longitudinal versus cross-sectional studies

Although it is known that nost b io logi caI values vary over

tirne, only recently has this been taken into consideration

when studies to investigate the nicrobiology of caries have

been designed. It is now generally agreed that, despite the

need for greater resources, the returns fron longitudinal
studíes are proportionately greater than those from

association or cross-sectional studíes (Loesche et a1,

t984; Loesche and Straffon, 1979; Bowden et aI, 1976;

Swenson et aI, 1976). The advantage of longitudinal
observation is that changing trends in variables under

investigation can be ¡nore accurately linked with the

developnent of disease. In other words, cause-and-effect

relationships can be ¡nore clearly denonstrated.

II. Site selection, sarpling procedure and caries diagnoeis

It is known that the conposition of the dental nicroflora
can vary:

1. at different sites on the sane tooth;

2. at the sarne site in different nouths;

3. at the sane site, sane nouth but contralateral side;

4, at the sane site, sane nouth, sane side, but different
tine (Bowden et al, 1975; Duchin and van Houte, 19781 Marsh

and Mart in, 1984).

For these reasons it is inportant to select carefully a site
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r,rhich is snall and well defined, is accessible for

reproducible sanpling and allows accurate caries diagnosis,

Histological studies by Hardie and Bowden ( 1974) have

shown that bacteria often exist in plaque as discrete nicro-

colonies. By selecting only the snallest area for sanpling

an accurate assessnent can be nade regarding flora

distribution and the developnent of caries.

Sanpling of the accessible s¡rooth surfaces of the tooth

presents few problens in sanple collection or site

definition. However reproducible sanpling of the nore

cari es-sus cept ib I e fissures and approx inal areas is nuch

more difficult, A varíety of methods have been used to

sanple fissures but nost are a variation on the dental probe

since the ¡¡orphology of the fissure wi 11 not allow other

devices to penetrate. The developnent of appliances into

which tooth crowns can be inplanted has sinplified

fissure sanpling (Theilade et a1, 1974; Thott et a1, 1974).

Sanpling of approxinal surfaces has proven nuch ¡nore

difficult and a variety of nethods have been used including

dental floss (Loesche et aI, 1975; Gibbons et aI' L974;

snenson et a1, 1976), scalers (Hemnens at al, I946;

Littleton et a1, I970; Mikkelsen and PouIsen, 1976;

Mikkelsen et al, I9Bl ) , dental probes (Duchin and van

Houte, 1978), and abrasive strips (Bowden et a1, '1975;

1976, Boyar and Bowden, I985). The nain problen in sanPling

the approxinal surface is that it cannot be viewed directly.

Therefore, the investigator cannot be precise about the area
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sanpled, no natter what saDpling procedure is used.

Another problen relates to the diagnosis of caries. This has

been based on either cl inical or radiographic exaninations,

or both, of the test sites by the investigator, For

approxínal surfaces, the diagnosis of incipient lesions has

depended alnost entirely on the radiograph for reasons

nentioned in the previous paragraph. It is well known that

the radiographic inage of a carious lesion does not

accurateì.y reflect its cl inical or his to I ogi cal status,

Bille and Thylstrup (I982) denonstrated the inaccuracy of

radiographic diagnosis of caries in a study which cornpared

the radiographic image with the appearance of the lesion at

restoration. 0f the lesions found on the radiograph, only

20% of those which extended into the anelodentinal junction

and 50% of those which had extended into dentin exhibited

cavitation of the enanel surface as deternined at

restoration. Gwinnett (1971), in an exarnination of

approxirnal carious lesions in pernanent teeth, found that

when a Lesion was first detected on a bite-wing radíograph,

histologically, alteration of the underlying dentin had

already occurred. Thus, relíance on the radiograph for

diagnostic purposes ¡.¡ould overestinate the clinical severity

of the Iesion regardíng cavitation and underestinate the

histological severity of the lesion in terns of its deþth of

progression into the enanel and dentin. Since the actual

state of a lesion would be unknown, this diagnost ic

inaccuracy could affect the interpretation of the results of
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a nicrobiologicãl exanination of approximaf caríous lesions,

The investigator would have no i dea whether the organisns

isoÌated and identified were assocíated with an intact or

broken enanel surface, Hence, the relation of the nicroflora

to a lesion at a particular stage of developnent, a hallnark

of I ongi tudinal studies, would be lost because of diagnostíc

inaccuracy. This problem can be overco¡ne i.f the nursing

car i es node I is us ed to s tudy the nicroflora associated with

the development of caries, The susceptible areas in this

nodel are on the IabiaI surface of the naxillary incisors

which can be readily viewed by the investigator, allowing

accurate sanpling and, nore irnportantly, diagnosis of caries

fron initiation to cavítation.

Standardization of sanples has been an important part of

nany studies. Weighing of the sample has been one of the

more connon forns of standardization employed in studies

which have used pooled plaque (Carlsson, I967, Krasse,

1954), However, when sanples are reDoved fror¡ areas where

the sanple obtained is too snall to be weighed (< 1 nÉ. ,

Loesche and Syed, 1973), eg, approxinals, where exposure to

rooD air during the weighing process nay jeopardize the

viability of strict anerobes in the sanple (Moore et aI,

I982), or in field studies where the transport of heavy or

bulky pieces of equipnent is expensive and inpraöticaI

(KiIian et al, 1979) , this procedure is usually bypassed.

fnstead, it seeDs reasonable to standardize the sanpling

technique rather than the sanple, so that the sanple becones
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the naterial carefully renoved by a standardized technique

rather than a specific weight of plaque which has been

randonly collected (Bowden et a1, 1975) .

Consideration should also be given to the population to be

selected for study. In order to reduce unwanted effects, the

investigator should exanine the honogeneity of the

population to be studíed, For example, the conditíon of the

tooth surfaces under study and tooth age nust be considered

in study design and subject selection. Different Ievels of

risk are associated with najor variations in norphological

features such as the presence of enanel defects and the

shape and depth of pits and fissures, An exar¡ination of

individuals with s j.¡!ilar tooth age and hence sinilar caries

susceptibility for those teeth under study will reduce the

heterogeneity of the populatíon.

Álthough the effect of the nany variables or risk factors in

the caries process have been identified, the exact nechãnisn¡

by which they operate either to reduce or anplify the caries

process is unknown in nany cases. For exanple, although it

is known that increasing carbohydrate exposure wiII lead, in

nost cases, to increased caries attack (Gustafsson et al,

1954 ) , it is not clear at what level of carbohydrate

exposure this beco¡aes an ínportant variable. Sinilar

exanples can be illustrated for fluoride and antibiotic

exposure. As weII, nany risk factors are exanined in

isolation or in tanden (nicrobiological exaninations are an

exa¡npLe of this kind of experinental behaviour) when, in
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reality, they function sinultaneously and jointly (Lu,

H.K., cited in Bibby and Shern, f978), Thus to con t ras t risk
factors under study and conpare susceptible tooth surfaces,

honogeneity of the other risk factors which are not under

study wi 1l help to prov i de nore explicit results.

III. llethods of llata Ânalysis

Many nethods exist to analyse the data fron a

nicrobiological investigation of dental caraes.

Unfortunately, the nost caries susceptible areas, the pits

and fissures and the approxinals, are also the nost

difficult to sanple in a reproducible fashion as has been

previously discussed. This neans that the investigator is

often dealing with unstandardized sanples, The investigator

t¡ust then decide how to express data which in nany

scientific circles wou 1d be unaccept ib I e because of its I ack

of both standardization and reproducibility.

Direct nicroscopic counts of the dispersed but undiluted

sanple have been regarded as the best vJay to deter¡¡ine how

nuch of the flora is detected by the isolation nediun.

Although the nethods are relatively si¡nple, debris in the

sanple precludes an accurate count in nany cases. Moore et

al (fgB2) have found that cultural recoveries ranged fron

I5-1859 of the direct nicroscopic count.

Most studies heve relied on the total cultívable flora or

total viable count (usually anaerobic), çchich is deternined

fron a non-selective ¡oediun such as blood agar, as the basis
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against which all other colony counts are expressed. Since

plaque contains a large variety of bacterial species

representin€i a vride range of optínum growth requirenents, it
is usually necessary to provide a variety of media and

gaseous conditions when attenpting a conplete count. This

ensures that organisms which nay be unable to conpete with

faster growing organisns on the non-selective nediun are

recovered fron the sarple. The success of this nethod

depends to a large extent on the anaerobic techniques used

in the initial culturing of the sarnpì.e. ManganielLo et al
(L977) found that failure to recover organisrns could be

attributed to inadequate dispersion of the sanple, adhesion

of organisrns to glassware during dilution and spreading

procedures and an inability of any single cultural
environnent to support the growth of all types of bacteria
present in the sanple. The greatest recovery of organisns

occurred when sanples were dispersed by anaerobic sonic

oscillation in pre-reduced anaerobically-sterilized one-

quarter strength Ringer's solution which was supplenented

with l8 sodiun netaphosphate, 0.05% L-cysteine and 0.0001%

resazurin. The resulting suspension was anerobicaLly

serially diluted and spread onto sheep blood agar which was

incubated in an atnosphere of 802 Nz , I0% Hz and l0% COz,

60% of the total ¡nicroscopic count could be recovered, An

additional \5% of the flora could be recovered using

addi t ional nedia and cul tural conditions.

The choice of selective nedia is inportant since sone nedia
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have been sho¡.¡n to be nore inhibitory than others to the

sane organisn, Schaeken et al (I986) cornpared the recovery

of ^t, nutans fron five nedia, Mitis-Salivarius agar (MS),

Mitis-Salivarius sucrose bacitracin agar (MSB, Gold et al,
I973), Trypticase Yeast.-Extract Cysteine (TYC, De

Stoppelaar et aI, Ì969), TYC plus sucrose and bacitracin
(TYCSB, van Palenstein Heldernan et aI, 1983) , and a new

nediun TSY20B developed by the authors, The ^9. øutans counts

on TYÇ and TYCSB were significantly higher than on MS and

MSB by alnost a factor of I0. NotabIy, sanples with high

levels of 5, mutans serotype d/E gave Iow ,5, rnutans counts

on MSB. The authors concluded that MSB was inhib i tory to ,S.

nutans and should not be used. This finding was conf ir¡¡ed in

an earlier study by CoInan and Hayday ( I9B0) . No

significånt differences could be detected between TYCSB and

TSY2OB,

Once the initial cultural period is over the colonies nust

be counted and representatíves of each selected for
identification. Many authors have chosen to identify
selected organisns, in particular streptococci, on the basis

of their colonial norphology on selective rnedia, usual ly MSB

(Krasse et a1, 1968; Littleton et al, 1970; Loesche and

Straffon, I979i Swenson et a1, 1976). 0ther authors are

reluctant to bel ieve that an accurate identification of

col.onies can be nade sinply by inspection of colonies

(Bowden et aI, 1976¡ Colnan and Hayday, lg80; Moore et al,
I982). To attenpt to isolate aIl colonies f rorn a sarnple
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would be an alnost iupossible task. HoÌrever, for accurate

statistical analysis of the bacterial coroposition of a

sample, it is necessary to obtain a representative cross-

section of the cultivable flora. So¡ne groups choose to

isolate representatives of each colony type frorn both non-

select ive and select ive nedia ( B owden et aI, 19?6), Others

choose to isolate a predeternined nunber of colonies in a

rando¡n and unbiased nanner (Moore et aI, I982 ) . This latter

nethod allows for exanination of nore patients and Dore

sites t han the prev i ous nethod and statistically, if nothing

else, should provide a nore representative analysis in terns

of the entire population under study. However, this nethod

obscures individual variations which nay occur between both

sites and subjects and hence, nay not have as ¡nuch clinical

relevance. The selection of colonies is, therefore, at the

discretion of the investigator. Moore et al (I982) have

suggested that the nunber of colonies to be picked fron each

sanple is dictated by the purpose of the study and the

available reÊources. Although it is known that total viable

counts and counts of individual colony types are subject to

neasurenent error by the investigator, this nay be offset to

sone degree by choosing to count plates with a relatively

high nunber of colonies since the higher the nunber of

observations uade the lower the sanpling error and the

greater the statistical precision of the count (Meynell and

MeynelI, 1965),

Socransky et a1 (1983), have exanined a variety of nethods
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for handling rnicrobiologicaì count data. The analysis of

this data presents several problens, Absolute counts of

plaque sanples often span as nany as nine orders of

nagnitude and thus are subject to unusally high variability,

Äs well, there is a threshold of detection below which

nicroorganisns cannot be accurately enunerated. For

nicroscopic counts this threshold is approxinately 10s and

for cultural counts approxinately 103. Therefore a zero

count nay represent any nunber from zero (it was not there)

to as high as I05 , The handl ing of zero counts in the

analysis of the data causes concern. It is evident frorn nany

nicrobiologic studies of dental plaque that nicrobiological

counts of dental plaque do not have a nornal distribution.

Considerable variability exists in that in rany sanples a

particular species nay be absent but in sanples where it is

detected it nay be present in very Large nunbers, This

problen can be dininished by data transfornation ( log,

square root) but as Socransky et al (1983), have shown,

transfornation of data such that it will be nornalized is

not successful for nost of the categories of organisns

enunerated, i.e, differences between neans of raw counts

¡,¡i Il not necessarily be the sane as differences between

neans of transforned data, Both are nathenatically correct

but which is biologically correct is unclear.

Having obtained the total viable count and because of the

difficulties involved in obtaining accurate and reproducible

plaque sanples, it is Eost conrnon to express the
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quantitative data in terrns of percentages of the total

viable count (Hardie and Bowden, f976). However, viable

counts of bacteria are known to be subject to wide variation

(PooIe and Gilnour, 1971; Jordan et al, 1968) and since the

relative concentrations of organisns are often obtained from

different dilutions on di fferen t nedia, consideration of

the percentages alone can be nisleading. Jordan et al

(I968) have suggested that it nay be nore appropriate to

think in terns of 1ow, ¡¡ediun or high Ievels of an organisn

at a site because of this inaccuracy. Not all agree that the

expression of bacterial nunbers as a percentage is correct.

Ðenepitiya and Kleinbergi (1982) have stated that this

nethod can be nisleading and that a better nethod would be

based on the anount or volune of plaque. In their study of a

conparison of the conposition of pooled hunan dental plaque

and saì.ivary sedinent, they expressed the nurnbers of

bacteria as a function of total nitrogen, which is directly

related to the nass of the plaque or sal ivary sedinent. They

felt that this would be useful for nost plaque enuneration

studies because as IittIe as I ug. of nitrogen can be

estinated. This anount of nitrogen is equivalent to

approxinately 60 ug, wet weight of plaque or 10 ug, dry

weight.

If percentage concentrations of an organisn are to be used

as a way of expressing results, it is inportant that they be

expressed in a similar fashion, otherwise conparisons are

difficult, if not inpossibìe. An exanple where this was not
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done can be found in the study by lkeda et al (i973), in

which ^9, mutans is expressed as a percentage of streptococci

and L casei is expressed as a percentage of the total
cultivable flora. This has the effect of overestinating the

contribution nade by ^9, nutans to the total flora and the

developnent of a lesion and dininishing the contribution of

-L, casei to the sane process,

Ânother paraneter which can be used in the characterization

of a bacterial connunity is isolation frequency (Bowden et

al, f975). This can be interpreted as a ¡ìeasure of the

persistence of a particular species at a site and nay give

sone indication of the exposure of a site to specific
bacteria as well as the stabí1i.ty of the connunity over tine
(Bowden et al, 1976; Svanberg and i{estergren, 1986),

Statistical ¡nethods enployed in the analysis of

nícrobíological data for the nost part, lack precision, This

relates partly to problens discussed previously but also to

the use of paranetric statistics which are based on

underlying assunptions such as a nornally distributed
population and equal variances for each subpopulation. Non-

paranetric statistics are less restrictive and are a

poI.Jerful alternative to paranetric tests when the data are

nonjnornal or involve few subjects. In addition, use of non-

paranetrie procedures in the analysis of nicrobial count

data obviates the need for special handling of zeros, data

transfornation and the concern of excessive variability in
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the data (Socransky et a1, 1983 ) .

Because of the I ack of precision of the current statistical

methods, several groups have developed new nethods to

characterize the nícroflora associated r,rith healthy or

diseased sites. Moore et aI (1982; I984i 1985) have

described the use of Good's 'coverage analysis' (Good,

f953), This has served as a useful indicator of the

conplexity of the nicroflora in the sample and as an aid to

deternine the nunber of isolates to be analysed. It

represents a predictíon factor that the invest igator has

isolated al1 possible species fron the site under study.

Although this nethod has been applied prinarily to

periodontal nicrofloras, it could also be applicable to

nicrofloras associated wi th dental plaque in general or

dental caries specifically. The foruula is:

[1-(number species seen once,/nunber isolates analysed) ]

100 = X coverage.

Exanple:

In a sanple fro¡¡ which 30 isolates were taken, I3 species

were found. 7 species occurred once. The coverage was

tI-(7/30) I X I00 = 77%. The estinate indicates that the 13

observed species accounted for 77% of the total colonies in
the sanple, The renaining 23% of the colonies that wele not

represented by these species night incìude Dany other

species which occurred in very Iow nunbers (Moore et aI,

1982), SiniIarIy, if fron the sane sanple 30 different
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isolates were taken, then the probability that alI species

had been accounted for in the sanple would be 0%

The coverage analysis can also be used with gunnations of

data fron Dany sanples in order to conpare the coverage

between large groups. A refined version of the coverage

analysis also includes consideration of the frequencies of

those species that are observed nore than once (Good,

I953). The validity of the coverage analysis is dependent

upon the care which is taken to identify correctly each

ísoIate. As the flora becones nore complex, the coverage

estinate will decrease. In addition, the relative

homogeneity of the different nicroflora can be deternined by

exanining the nunber of species or taxa observed and the

coverage est inate ( coverage percent ) (Moore et al, I982 ).

Socransky et al (I98f ) have described a sinple method of

conparing conplex nicroflora. Terned the coefficient of

sinilarity, it neasures the sinilarity of the conposition of

flora as the sun of the percentages of each species in

connon in the two sites. The variation between sarnples is

enphasized by using only the lower percentage in either

sanple should the shared species occur nore than once in the

two sites.
Exanp I e:

Two sites contain the sane five species

proport i ons l

in the following

Site I -

Site 2 -

22 .2%, 3 ,7%, 0%, 55 . 6s, 18. 5x

22,2%, 35,9%, 40,L%, 0%, 1.8%

lt7



The sun of the lower percentage for each species between the

two sites, 22,2% + 3,7% + 0% + 0% + l,a% = 27.7% represents

the nininun sinilarity between site L and site 2. Socransky

et al felt that this nethod of pattern recognition would be

useful in defining the microflora associated wi th different

sites, different states of disease activity or different

clinical syndrones, Once nore, like the nethods of Moore et

al and Good, the usefufness of the coefficient of sinilarity

is directly dependent on the care taken in the

i dent i fi cat i on of the isolates,

Because of the conpl ex i ty of the various nicroflora under

exanination by Moore and his group at the Virginia

Polytechnic Institute as well as the non-norrnaL distribution

of bacterial species in periodontal. nicroffora precluding

the use of standard statistical tests, Good (I982)

developed a sinulation anaìysis to deternine the statístical

significance of differences between the sinilarities of the

sanples within and between subjects (si¡nilarities

deternined by the method of Socransky et al as above). The

sirulation calculation is based on the nean sinilarity

between two subsets (e. g, subject I sanples versus subject

2 sanples ) divided by the nean sini larity within the

subsets, to obtain a ratio value which is called the Lanbda

valrie. This analysis hes, in turn, been called the 'Ianbda
test of Good'. It provides an index of separateness between

groups by conparing the variation in microflora between

subjects within groups wíth differences in the nicroflora
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between groups and tests the statistical significance of any

differences.

Exanple:

24 sanples fron subject I (subset I) are conpared with 24

sanples fron subject 2 (subset 2), A total of 576 between-

subset nininun sinilarity conparisons can be made. This is
divided by the rnean similarity of all 552 possible

conparisons within each of the two subsets, The value

obtained is the lanbda. The 48 sanples are then randonly

redistributed into two new subsets 10s tines and reanalysed

each tine to deternine the probability of detecting a ratio
as low as the observed ratio. The greater the difference

between the subsets, the Iower the mean between-subset

sini larity and the resulting between/wi thin rat io, (i. e. the

lanbda).

This nethod appears to be applicable to studies which have

isolated extrenely conplicated nicroflora and nay be of

sone assistance in definíng subtle rìifferences bet¡,¡een

these,

fn su¡lnary, a variety of considerations in study design,

experinental rnethodology and data analysis have been

presented. The era of the experirent in which only one

sanple was collected fro¡r subjects of differing age or

disease susceptibility and/or in which risk factors were

exanined in isolat ion in relat ion to the disease process

appears to be over. .At present, the nethods of data analysis

Ðost expressive of the bacterial connunity on the tooth
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surf ace include;

1. the presence or absence of an organisn at the

test or study site;

2, the frequency of isolation of organisns fron a

site as a rneasure of connunity stability;

3. the nunerical value, expressed as a percentage

of the total viable count, of each species isolated and

identífied;

4, nunerical f luctuations of species r.,¡ith tine

both in disease-free and diseased states;

5. the coeffícient of si¡nilarity between

nicroflora;

6. the lanbda test of Good.

7, non-paranetric statistical tests which have a

two*way design.

Continued developnent of new nethods of data analysis nay

help to unravel the complicated puzzle that is dental

disease.
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CEAPTEN SIX

Rationale for the preeent study

a) Bxperi¡entaL rationale
Reasons for selecting pre-school children as subjects and

nursing caries for a study of dental caries are related to

problens which were addressed in chapter 5, Since nursing

caries develops rapidly on accessible tooth surfaces, it was

possíble to design a Iongítudinal study in which initially
caries-free but suscept ib Ie tooth surfaces could regularly
be visually exanined and sanpled until lesion fornation

occurred, The tactile nethods associated with the diagnosis

of fissure caries were unnecessary. Therefore, because it
was possible to diagnose accurately the state of each

surface and carefully and reproducibly sanple each site, an

accuratê correlation could be nade between the status of the

tooth surfaces under study at each sanpling period and the

microflora isolated fron each. This is the first study of

caries etiology which is able to denonstrate this kind of

correlation.

b) Cl inical rationale
Although the incidence of dental caries has been recently

declining in the western world, sone individuals stiII
experience extensive carious activity. This is especial Iy

true of the young child who develops nursing caries. ,nu

young child is particularly susceptible to this disease

because he/she is required to rely on parents who often do

not have all the necessary infornation to prevent dental
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disease. Furthermore, the ages of the children at risk falls
below the age at which nost parents take their child for
his/her first dental visit. Thus, the transfer of inportant
preventive health infornation fron dental personnel to

parents cannot occur. This situation is further conplicated

by the geograph i caI and/or cu 1t ura I ísolation of nany groups

of children nost at risk to this disease; native and

innigrant children. Therefore, in selecting a group of

native children as study subjects fron a remote connunity of

Northern Manitoba , it was anticipated that a start could be

nade in raising the awareness of at least one native

connunity about the seriousness of nursing caries and

educating both resident health care workers and parents

about nethods to prevent this disease,

i{s well, if significant differences existed in the

nicrobiology of carious and non-carious surfaces, specífic

nicrobiologic tests could be des i gned which would aid the

dentist or other health care personnel working in renote

sreas in predicting which surfaces night progress to

cavitation. I{ith this infornation, nore intensive preventive

therapy could be provided to those children at higher risk
of disease.
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CtrAPTER SB VEN

MateriaLs and Methods

Tr,ro groups of children, a control group and a test group,

were sel ected for study. The control group consisted of ten

chi ldren, 2 boys and 8 girls, aged 8- l3 nonths, all resident

in Ilinnipeg. The control group e)as selected to provide a

baseline on the nature of the flora which ¡las present in

children wíthin this age group who had a negative or extren*

ely Iow risk of developing nursing caries, The test group

also consisted of ten children, 6 boys and 4 girls, aged ì.0-

l6 nonths, chosen fron the infant population of the Cross

Lake lndian Reserve in Manitoba (Figure 7-l ) , These children

were selected because of the I ikel i hood that sone or all of

then would develop nursing caries during the study period

despite cautions given to the nothers by nyself about the

hazards of prolonged bottle feeding. Both groups were

exanined for a period of 16 nonths.

The nature and purpose of the study were explained to a

parent of each chi ld. Fol lowing this, parents were asked to

sign a consent forn to all.ow their child to participate,

MedicaI, dental and feeding histories were obtained for all

children at the first sanpling period and updated ât

subsequent sanpling periods, AII children underwent an

initial clinical exanination under standardized conditions

using an exanining light, nirror and explorer. This was

updated at each sanpling period. On initial exanínation al1

children were caries free. Both 5-day and 24-hour recall
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dietary records were used in an attenpt to correlate

carbohydrate exposure r,;ith the developnent of dental caries.
5-day dietary record sheets were distributed to parents at

each sanpling period for collection at the subsequent

sa¡npling period. Unfortunately, this was perceived by some

parents to be an arduous task end in nany cases the 5-day

record sheets were either fi I led out incorrectly or not

filled out at all, Therefore, although the quality of the

data received was inferior, greater use was nade of the 24-

hour recal I nethod,

f. Sarpled Sitee a¡d Plaque Collection

The surfaces nost susceptible to dísease in the nursing

caries syndrone are the labial and palatal surfaces of the

upper anterior teeth. Therefore, in both groups, the labial

surface of a naxillary prinary incisor (Site 1) and the

palatal surface of the sane or another naxillary prinary

incisor (Site 2) were selected for sanpling, Selection e,las

dictated sonewhat by the eruption pattern of these teeth, Â

third surface, the labial surface of a nandibular prinary

incisor (Site 3), was selected as a non-suscept ib Ì e control

site internal to each subject. In control children onIy,

sanples Ììrere also col Iected fron the central occlusal

fissure of a naxiJ. lary first prinary nolar (Site 4), An

inportant feature of the saüpling was that each sité was

exanined J.ongitudinally, This provided an insight into both

the conposition and also the changes in the population

ratios that occurred at a given site as the child grew
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older. Sanples were taken at approxiruately 6-week intervals.

Â ¡nininun of eight sanples were collected f ro¡n control

children over a l6-uonth period and a ¡naxinun of six samples

were gathered fron test children over a I2-nonth period. A

slightly different sanplíng schedule for the test group was

necessitated by travel arrangenents to and fron Cross Lake

and the availability of technical assistance in Winnipeg

during the trips to Cross Lake. In view of the rapidity with

which carious lesions developed in this group, this did not

appeâr to affect the resul t s adversely.

Using sterile orthodontic bands bent into the shape of a

snaII spoon, plaque sanples were renoved fron the gingival

third of the labial surface of both the naxillary and mandi-

bular prinary incisors and fron the lingual fossa of the

¡naxillary prinary incisor. The central fissure of the

prinary nolar was sanpled by neans of a sterile disposable

dental probe. In contrast to nost studies of the

nicrobiology of a site on a tooth, the ready access to the

tooth surfaces in this study nade poss ib le reproducible

sanpling and accurate diagnosis of a white spot or carious

lesion. In both groups sanples were renoved fron the

anterior two-thirds of the dorsal surface of the tongue

(Site 5). This area vras sarnpled in control children to

d.eternine the nature of the indigenous flora and in' test

children to deternine whether this surface could serve ss a

reservoir for Streptococcus mutans and tractobacillus, The

tongue nay have a partícular significance in nursing
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children as it rests against the upper incisor teeth during

feeding. After carefully drying the tongue wi th sterile
g,avze, sarnples r^rere collected with a sterile tongue

depressor which was firnly scraped over the dorsal surface

four tines. AIl sarnples were transferred to screw-capped

glass vi aIs fi I led to capac i t y wi th redúced transport fluid
(RTF) (Loesche et a1, 1972), to nininize oxygen diffusion
into the transport nediun. Sarnpìes fron Çross Lake were

flown to I9innipeg for processing within 24 hours, IÌinnipeg

sanples were processed within two hours of collection,

II. Èlicrobiological ltethods

Upon arrival in the laboratory, plaque sanples were

dispersed in the transport fluid by sonication using a

Kontes sonífier at a power setting of 4 for 30 seconds.

Serial I0-fo1d dilutions fron 1:10 to I:5000 were nade in

RTF and a volume of 0,02 mI. of each dilution was cultured

on blood agar (Oxoid CM 27I Blood Ágar Base No. 2)

supplenented with haemin, Vitanìn I{r and 5% sheep's blood

(Atlas Laboratories, Winnipeg, Manitoba) , blood agar plus

vanconycin, (7,5 lÊ/nI , Eli tilly), TYC agar and TYC plus

bacitracin (0.2 units/n1. ) (de Stoppelaar et a1, 1969) and

Rogosa SL agar (Difco Laboratories). Two sets of plates of

supplenented blood agar and blood agar plus vancornycin

were used with one set incubated aerobically at 37oC for 48

hours and the other set incubated in an anaerobic chanber

(Coy Man Co., Ann Ârbor, Michigan) at 37 oC in an atnosphere

of 85% Nz, 5% COz, and l0B Hz for 5-7 days. The TYC, TYC
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plus bacítracin and Rogosa SL ptates ¡.Jere incubated for 4

days in anaerobic jars (0xoid Canada) each fitted with a

palladiun catalyst and an anaerobic indicator and filled

nith the sane gas nixture as the anaerobic chanber. Total

colony counts were deternined f ro¡n plates containing between

20-300 colonies and representatives of each colony type

were subcultured onto supplernented blood agar for
purification and identificatíon. Colonies that touched each

other and had the sane rnorphology were counted as one.

Coun ts of individual genera and species were cal cu I ated as a

percentage of the total cultivable flora on supplenented

blood agar which had been anaerobically incubated for S-7

days.

III. Identification of Isolates

Purified isolates were initially characterized by their Gram

reaction (Hucker and Conn, 1923), cell norphology,

atnospheric requirenents and catalase production (paik,

1980). They v,ere then grouped on the basis of this
prelininary dat a into 5 groups;

Group I Gran positive facultative cocci

Group II Gran negative cocci: aerobic, anaerobic

Group III Gram positive rods: aerobic, anaerobic

Group IV Gran negative anaerobic rods, filanents

Group V Gran negat ive facultat ive rods , fi l anents

Table 7-1 lists the references which were consulted during

the identification of the isolates.
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TABLE 7-I

SETECTBD RBFBRENCBS FON IDEI{TIFICATIOI{ OF ISOLATES

CBI{US REFßRENCE

Streptococcus Hardie and Bowden, 19?6
Shklair and Keene, 1976

Áctinonyces Bowden, Hardie et al, lg76
Ho lnberg, 1976
Slack and Gerencser, 1975

.Lactobacillus Bowden, Hardie et al, 1976
Buchanan and G ibbons , I974

Fothia Slack and Gerencser, 1975
Holnberg, 1976

Bacterionena Slack and cerencser, i975
HoIde¡ran et a1, I977
Holnberg, 1976

Neisseria Morello and llohnhoff , 1980

l¡eillonella Rogosa, 1964; 1964
Fosenblatt, 1980

Fusobacteriun Holdenan et al, 1977
Finegol d and C i tron, l9B0

Bacteroides Finegold and Citron, 1980
Ho l dern an et al, 1977
Mayrand et al, 1980
llilliams et al, 1975

Henopltilus Kilian, 1974; i976
Kilian and Theilade, 1978
Kilian, I980

Áctinobacillus l'leaver and Hollis, 1980
Kilian and Schiott, 1975

Capnoaytophyga Leadbetter et aI, 1979
Socransky et a)., 1979
lleaver and Hollis, l9B0

treptotrichi, Cilnour et aI, 196i

Micrococcus Buchanan and Gibbons, 1974
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a) Group I Gral positive facultative cocci

The catafase test was used to subdivide this group into
Streptococcus and. Micrococcus, The latter did not receive

further testing. Streptococci were further characterized on

the basis of results fro¡r tests listed in Table ?-2 (Hardie

and Bowden, 1976).

TABrE 7-2

IDEI{TIEICÀTIOI{ OF STESPTOCOCCUS

L Grarn stain reaction

2. Facultative growth

3, Catalase product i on

4. Hydrogen perox i de production
(Merckoquant strips, Merck, Darrnstadt,
cÐR )

5. Hemolys i s on blood agar

6, Fer¡¡entation of- nannitol
sorbitol
raffinose
nelibiose

7. Argin i ne hydrolysis

B. Esculin hydroìysis

9, Dextran production on sucrose nedium

10. Colonial norphology on sucrose nedium

b) Group If Grar negative cocci: aerobic, anaerobic

Strains growing aerobicalì.y were tested for catalase (paik,

1980), and oxidase activity (Xovacs, 1956), fernentation of

naltose and the production of extracellular polysacchar i de

from 4% sucrose in Brain-Heart Infusion agar (Difco) (Cowan,

I974). Anaerobic strains $rere grown in Iactate containing
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broth for detection of volat i 1e and non-vo1at i le fatty acids

by gas-liquid chromatography, (CarIsson, 1973).

c) Group fff Gra¡ positive rods: aerobic, anaerobic

Isolates in this group were tested for growth on Rogosa SL

agar (Difco laboratories), hydrolysis of starch agar, ce11

norphology following growth on both supplenented blood agar

and Rogosa SL agar. ?hese and other tests are sumrnarized in

Table 7-3. Isolates which grer.¡ well on Rogosâ agar and were

catal,ase negative $rere assuned to be Iactobacilli and

submitted to the tests Iisted in Table 7-4. Gas product ion

from glucose, sodiurn gluconate and naltose was deter.mined in

broth using Durha¡¡ tubes. .4ctinonJi'ces were identif ied by

agglutination of whole cells of the isolates by antísera

prepared against Actinonyces viscosus (hrVU 627 ) , Aat inon¡,ces

Ðaeslundii (ATCC 12104) an,J '4ctinonyaes odontoJyticus (NTCC

9935 ) .

TABIB 7-3

IDENTITICAÎION OF GRAM-POSITIVE RODS AI{D FILAIqENTS

l. Gran stain reaction
- ce 1l norphology

2, Colonial Dorphology
- pigmentation (red or white)

3, Facultative growth

4. Catalase production

5. Hydro 1ys i s of s t arch

6. Glucose fer¡nentat ion

7. Acid end product analysis

8. Serologícal reactions-,4,ctinoøyces
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TABIE 7-4

IDENTIFICâ,TION OF TACTOBACTTtrAE

1, Gram stain reaction

2. Growth on Rogosa SL agar

3. Esculin hydrolysis

4, Fernentation of- anygdal in
arabinose
cellobiose
fructose
galactose
glucose
gluconat(j
lactose
nannose
¡nannitol
nelezitose
melibiose
raffinose
rhaDnose
ribose
sorbitol
sucrose
trehalose
xylose
xylitol
d-arabinose
d-erythrose
d*fucose
turanose

5, Gas production f ronr- glucose
gluconate
rnaltose

d) Group IV Gra¡ negiative anaerobíc rods and filare¡ts

This group of isolates r.ras the ¡nost difficult to

characterize because of the current 1a ck of agreenen t as to

what are acceptabÌe nethods for identifying these organisns

and the rapid changes which have occurred in the taxonony of

the genera involved. To expedite testing, strains r.rere

inoculated into ÂPI 204 strips (API Laboratory products
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fnc., St. Laurent, Quebec) and PYG broth (0.5% gtucose, VpI

á,naerobe taboratory Manual , 4Lh edition) for acid end

product analysis usíng gas-liquid chronatography, Ântibiotic

sensitivity testing, to support the s eparat i on of isolates

into genera, nas deter¡nined on supplenented blood agar

using the disk-agar diffusion ¡¡ethod ( Ai- Iden t D i sks, Oxoid

Canada). These disks were inpregnated wi th penicillin (z

units), kananycin (i000 ¡g. ), vanconycin (5 2S. ), colistin
(10 ¡e. ), rifampicin (15 ,¡rC. ) and erythrornycin (60 ,¡rC. ). A

sunnary of the tests used to identify these isolates ís

included in Tab 1e 7-5.

TABIB 7-5

IDBI{TIFICATIOI{ OF GRAM_I'¡EGATIVB ANAENOBIC
ROÐS AIiTD f ILAITIENTS

1, Gran stain reaction
2. Facultative growth
3. Catalase product i on
4, Escul in hydrolys is
5, Liquefact ion of gelatin
6. Hydrolysis of urea
7. Fornat ion of indole
B. Fermentation of - glucose

nannitol
lactose
sucrose
maltose
salicin
(d+) xyl os e
(l+) arabinose
glycerol
cellobiose
nannose
¡¡elezitose
raffinose
sorbitol
rhannos e
trehalose

9. Acid end product analysis
10. .{ntibiotic sensitivity tests



e) Group V Gra! Degative facultative rods and filane¡ts

Although fecal Gran-negative organisns are not connon in the

rnouth (Hardie and Bowden, 1974 ) , tests vuere made to

de¡nonstrate their presence, The najority of the isolates

appeared to fall inLo lfaemophilus and, Aatinobacillus. Sus-

pect Haenophilus anð Actinobacillus were subcultured onto

chocolate agar and incubated at 37 oC in the presence ol I0%

CQz for four days or until growth appeared, Catalase and

oxidase tests were conpleted and growth on MacConkey agar

assessed for each isolate. Ferrnentation of lactose, rnannitol

and glucose was deternined in nutrient broth to which 0.005%

henin and 0.005% nicotinanide adenine dinucleotide (NAD) had

been added, Requirernent for factor X (hemin) and factor V

(NAD) was assessed by subculturing each isÒlate onto

nutrient agar to which were added disks (Difco Laboratories,

Detroit, Mich. ) containing these factors and then exanin ing

each plate for growth after 48 hours. As a nore accurate

assessnent of factor X requirenent, each isolate was

exanined for the product i on of porphob i l inogen and

porphyrins when suppl ied with delta anínolevul ini.c acíd

(KiIian, 1974).

IV. Becordin6 and Analysis of the Data

Selected colonies were counted on dilution plates r,rith. bet-

ween 20-300 colonies. Colony counts were expressed as a

percentage of the total nunber of colony-forming units on

the supp l enented blood agar plate which had been incubat.ed

anaerobically for 5-7 days. Thus for each site in a subject
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a pattern of the nicroflora over a period of tine was

assembled. The control children gave data on the pattern of
the flora in the 'normal situation' .

It nas possible to di v ide the group of test children into
those who did not develop Iesions at arìy sÍte and those who

did deve I op lesions at one or rnore of the suscept ib 1e sites,
Iìithín the Iatter, a conparison was possible between the

percentage of a given microorganisn at a sus cept ib I e site
which developed decay, a susceptible site which renained

caries-free and a control site wi thin the sar¡e subject. It
was also possible to conpare data fron each site sarnpled in
the test group, with the sane or similar site sanpled in the

control group of chi ldren. As a further neasure of control,
data fron suscept íb I e s ites in each child could be conpare<ì

with data fron non-susceptibte sites within the sa¡ne sub-
ject,

The conparison of the flora at a given site coulcì be nade in
several ways:

Presence or absence of an organisrn

The percentage of the total cultivable flora of

a given organ i srn

The isolation frequency of a given organism

fron a site over tir¡e.

The nean percentage of the organisns over

1.

t

?

4.

tine.

these points could be usedl{hile all of
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orgânisn's challenge to the tooth surface, points 3 and 4

are the essence of a Longitudinal study and provide the real

neasure of the degree of chal lenge to the tooth surface by a

given organisn.

The data fron sanples fron the tongue.for both groups of

ch i l dren were used in a relatively simple way to assess the

likelihood of this surface serving as a reservo i r of oral

nicroorganisns.

V. Statisticaì. analysis

The nean level of each organisn isolated in each sarnple nas

expressed as the ¡¡ean percentage of the total cultivable

flora f ro¡n each site. In this nay the levels of organisms

isolated fron each site could be exar¡ined over tine for the

individual child and gave sone indication as to the degr"ee

of colonization for each organ i sn, As well it was possible

to conpare the levels of organisms f ro¡n sites lçhich

developed disease with those which renained disease-free,

In addition nean levels fo¡ each orgíìnisÍt lrlere calculated

for each site in both the test and control groups as a who 1e

in order to conparc control and test children. percentage

isolation frequenc¡', i. e, the percentage of positive

isolation for an organisn fron a site, was also calculated

for.each organisrn. This was done in orde¡- to deter¡nine the

persistence of each organism at the study sites. Together

the nean percentages and persistence figures provided a

practical Þray of ¡¡easuring the degree of challenge by a

specific organisn to a tooth surface.
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Conparisons of the ¡nean percentages and percentage isolation
frequencies for each organism were nade between sites within
both the control and the test groups as wel I as between the

control and test groups. For exanple, susceptible site I in
control children could be cornpared with suscept ible site ?,

and non-susceptible site 3 in control children and

susceptible sites I and 2 and non-susceptible site 3 Ín test
children.

Because a nunber of sites were sarnpled in each child, each

in different locations within the child's ¡nouth and with
varying degrees of susceptibitity to dental caries, each

site was regarded as a separate ecosysyten which harboured a

nicroflora entirely different from that found on the other

sites within the sa¡ne nouth. White this assurnption was nade

with respecl to sites within each chi l d's nouth, sirnilar
sites between children, eg. all site 1, were assuned to

harbour sinilar nicroflora since they would be exposed to

siniLar environnental conditions. This served to increase

the nunber of observations at each sanpling interval fron g,

the nunber of children in each group, to 27, the total

nunber of sanples fron either group of control or test

children at each sanpling interval. Data from sinilar sites
in control and test ch i I dren were grouped such that all site

1 sanples f ro¡n control children forned one group, all site 2

a second group and so on. This provided large enough nurnbers

for statistical conparison of the groups, Additional groups
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t{ere forned in the test children based on the developnent of

dental caries at study sites. This provided caries-active

and caries-free groups which were further subdivided on the

bas is of lesion progression in the caries-actíve group into

susceptible sites whích developed lesions (pre-lesion and

lesion), susceptible sites which ronained car i es- free in

both caries-active a¡rd caries-free children and non-

susceptible controf sites in caries-act ive and caries-f ree

chi ldren. These groups were conpared to one another as well

as to the all sites in control children. Therefore it was

poss ìb 1e to obtain some neasure of difference b etween the

¡¡icroflora of the caries-free control and test children an<ì

that of the caries-active test children in both a general

sense and disease*specific sense.

Statistical nethods enrpi.oyed in coroparing either nean

percentages or isolation frequencies were the one-way and

two-way analysis of variance (AN0VA), two-sample and paired

Student t-tests and the chi square test, This provided

infornation relative to each individuat species or genus r{e

chose to exa¡¡ine. However, a 14eakness of these nethods is

their inability to co¡¡pare the nicroflora as a whole fron a

particular site with either the nicrofLora fro¡¡ the sane

site at a different tine or the ¡¡licrof lora f rorn another

site. ,4,s well, these kinds of analyses, for the nost part,

assune a nornal distribution of bacterial species in the

popul at i on under study, S ince this is usual ly not the case,

a sinulation analysis, the Ianbda test of Good ( l9B2) , nas
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used to conpare the variation in microflora between the

groups of subjects previously defined, This test provided an

index of separateness between groups and tested the

statistical signíficance of any differences.
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CtrAPlER EIGtrT

Results

I. Subject Data and Sanples CoIlected

Eighteen of the twenty subjects originally selected renained

after the conpletion of the study. These chil.dren were

followed for an average of 16 nonths with a range of B-28

nonths, The nost regular sanpling intervals were obtained

for the children in Cross Lake. Since travel had to be

arranged to and fron the reserve an effort was Eade to
exanine and sanple all children during the one-week clinics
which were held on the reserve, In winter, during spring

break-up or fall freeze-up this frequently neant travell ing

on foot or by snownobile to the subjects' houses when

adverse weather or road conditions prevent ed their travel to

the nursing station. Paynent for transportation costs was

offered to all participants in Cross Lake and a snall gift
was given to each child at each sanpling episode. these

actions helped to secure a higher level of cooperation than

could have been otherwise anticipated. In tiinnipeg, all
sa¡npIes were coLlected during visits to each subject's home,

A total of 259 sanples fron the control subjects and 180

sanples fron the test subjects were collected and exa¡nined

during the study. None of the control sanples was lost
during the study. However, 49 sanples frorn test children
¡{ere lost because of adverse weather conditions which ¡rade

travel fron Cross Lake inpossible. This left l3I sanples

fron the test children for analysis. TabIe 8-l sunnarizes
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the distribution of sanples collected for both the control

and test chi ldren.

D ISTRIBUTION

Subject
ME
KE
.AM

ST
IY
KA
MV
SH
BL

Totals I

Subject
WR

JGX
TS
cHx
AM
DH
tÐ x
DSx
KT'(

Tota1s I

123
16 4
205
205
205
205
246
246
246

180 45
lesions durìng the study

Table 8-l
OF SAMP],ES FROM CONTROI, AND TEST CHILDREN

CONTROL CHILDREN

No, of Samples No. of Exaninat ions
2A
28
28

2B
?o
30
30
30

259

5

6
tl
o
6
7
7
B

56

TEST CHILDREN

No, of Sanples No. of Exa¡ninations

* Subjects who developed

II. leeion Developlent

Ä11 of the control subjects remained caries-free during

their respective periods of observation. Five of the nine

test subjects developed lesíons at the sites selected for
study. Five of the total of eighteen susceptible tooth

surfaces in these subjects becane carious during the study.

The other susceptible site and the control site in these

five individuals renained caries free. This neant that in
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each subject erlith caries it was possible to cornpare a

carious and non-carious susceptible site. The four other

children in the test group renained caries free throughout

the s tudy period.

III. ClinicaI Data

An essential part of the study was the collection of

clinical data thought to be inportant in the as s es snen t of

children at risk to nursing caries, TabIes 8-2 and B-3

sun¡narize this data for both the susceptible (test) and non-

susceptible (control) groups of children. Only one test
chi ld was breast- fed. All other test ch i 1dren were bottle-
fed in an ad lib fashion. This feeding pattern included

having the bottle in bed at night throughout the duration

of the study despite regular warnings that continuation of

the habit was potentially harrnful to the child. Seven of the

nine test children were given bottles at níght containing

Iiquids which had been suppler¡ented with honey, corn syrup

or table sugar. Five of these seven children developed

nurs ing caries during the study and a sixth child developed

the disease sfter the study was concluded. In contrast, alI
but one of the control children were breast-fed f ro¡n birth
with occasional supplenentation by bottle feeding, The

najority of the control chi ldren had been weaned from both

the breast and bott I e when they were included in the study.

None of the control children were given liquids other than

nilk by bottle and none had the bottle in bed.

The control children were exposed nuch nore frequently to
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oral hygiene procedures than the test children. Às well they

nere exposed to fluoride in both the water they drank and

the toothpaste they used, Since it is known that fluoride

can affect the ¡netabolisn of nost nembers of the coronal

PIaque, it has been proposed that it nay be an ecological

deterninant in the developnent of dentáI plaque (Loesche,

1976) , However, Kilian et al ( 1979) could not detect

differences in the conposition of the supragingival plaque

flora of Tanzanian children exposed to either high (3-Zl

ppm), or low (0.3ppm), levels of fluoride in the drinking

water, Therefore, in the present study the difference in

fluoride exposure was not considered inportant in terms of

the composition of the nicroflora at the study sites.

It r.¡as surprising to fearn that five children in the test
giroup had older siblings who had had nursing caries. Four of

these test children r,eent on to develop nursing caries during

the study, None of the fanilies of the control children had

had any experience wíth this type of tooth decay. This

contrast is inportant because it points to a problen which

has been noted by Bany who have worked in the North in that

nany Natives appear to consider nursing caries a nornal

occurrence in childhood. This apparent acceptance of a

serious dental problen has nade its prevention extrenely

difficult.
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CEAPTBN XINE

Corparieon of the l,licroflora Fro¡ Co¡trol and lest Chil.dren

I. I¡troduct i on

This study had two prinary ains. The first was to determíne

what is the nornal oral flora of the young child. This was

acconplished by longitudinally sampling a variety of oral

habitats in children at low risk of dental caries (control

children), A great deal of data exists which details the

nornal oral flora of the oLder chitd and aduLt but there ís

a paucity of sinilar data for the young preschool child. The

results of this study show that the oral flora of the young

preschool child ís nore conplex than has been previously

reported. In all children a diverse range of organisns,

including nany obligate anerobes, could be isolated fron all

surfaces sanpled.

The second ain was to exanine longitudinally the microfLora

f ro¡n the test children in order to deternine how it changed

as disease devel oped. Data re I at ing to this aspect of dental

caries has also been published but in nost studies the

exanination of the nicroflora was linited to only a few

species thought to be significant in caries etiology,

(Loesche et al, I984). llhere a thorough exanination of the

nicroflora has been conpleted (Bowden et al, I976) the

diagnosis of caries was nade using radiographs, a nethod

which is known to be inaccurate, (Bille and Thylstrup,

1982). fn addition, accurate, reproducible sanpling was

hanpered because the surfaces sarnpled could not be
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visualized, Hence the correlation between the diagnosis of

caries and changes in the nicroffora was weak. In this

study, the sites under examination could be readity

visualized such that caries diagnosis and reproducible

sanpling were easily conpleted and the correìation between

disease developnent and nicroflora changes rnore easily and

accurately nade.

ÂIthough repetitious of the nethods section of the thesis,

the following outlines which sites were sanpled in both

control and test children, This should nake exanination of

the tables of data which follow nore cornprehensive since

site identification was excfuded fron each table to sinpl ify

then. In addition, the reader should note that the location

of the site is not as inportant as its degree of

susceptibility to dental caries,

SURFÂCES SUSCEPTIBLE TO NURSING CARIES

Site I - the gingival third of the Iabial surface of a
max i l1ary prinary incisor

Site 2 - the lingual fossa of a naxillary prirnary incisor

SURFACES NOT SUSCEPTIBIE TO NURSING CÀRIES

Site 3 - the gingival third of the labial surface of a
nandibular prinary incisor

SURFACES SAMPLED ONLY IN CONTROL CHILDREN

Site 4 - the central occlusal fissure of a naxillary first
prinary molar

Site 5 - the anterior two-thirds of the
the tongue (Also sanpled in
only for the presence of
-[actobacÍ]lus

dorsal surface of
test children but

,5, mutans and
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fI. General ltlicrobiological Deta

A total of 9,583 isolations were nade fron both groups of

children, 5,975 fron control children and 3,608 fron test

children.

In general, the flora fron both test and controf children

was qualitatively sinilar. This is illustrated in tables 9-t
to 9-4. Noticeable differences were the alnost conplete

absence of tractobacillus ín control children and a sirnilar

absence of ,Åctinobaci))us, Bacteroides and Capnocytophyga ín

test chi l dren. The nicroflora of test children had a ¡nuch

higher proportion of streptococci (50%) than the control

chiLdren (30%), This was true for test children who

developed Iesions and those who did not, (table I0-1,

Chapter 10), It is interesting to note that nany potential

oral pathogens, both dental and periodontal, were regularly

isolated fron both groups of children in the absence of

overt disease.

Table 9-4 contains the nean percentages and isolation

frequencies for organisns isolated from site 4, the occlusal

fissure of a naxíIlary first prinary no l ar, and site 5 the

dorsal surface of the tongue, bo th in control chi Idren, No

statistical conparisons were nade between these data and

that representative of Èites l-3 in control or test

children. A generaf comparison does however indicate that,
qualitatively, the nicroflora fron both these sites is quite

sinilar to that fron sites I-3 in both groups of children.

Site 4 had a relatively higher level of ,S, sanguis and
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Neisseria than the other sites, Site 5

very high level of 5, saJiyarius and a

Gran positive rods in conparison to all
sites had higher Ievels of streptococci

both test and control chi Idren.

as expected had a

very low level of

other sites. Both

than sites l*3 in
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Table 9-l
Mean values for organisns isolated from susceptibì.e tooth
surfaces in control and test chi ldren

tr, fermentu.ø ND
-t,, plantaru.¿r ND

-L. salivarius
.1 , acidophilus

r.5 (0.6) 2.L (r.2)
r.3 (0.7) r.o (0.5)
0.3 (0.2) 0.2 (0.1)
2,4 (r.t) 1.2 (0.8)
0.002 (0.002) 0
0.03 (0.03) 0.0r (0.003)
0.Ì (0.07) 0.02 (0.0t)
1.2 (0.8) 0.t (0.09)
0.1 (0.06) 0.8 (0.6)
0.s (0.8) 0.2 (0,r)

ORGÂN I SMS

S, nilleri
S, ni ti or - hard
S, øítÍor - sof t
S, nutans I
S, nutans lt|
S, s al i vari us
S, sanguis
Total St reptococci
A, naes I undi Í
A, viscosus
A, odontolytÍcus
A, naesJ undi i,/

viscosus
Eothi a
Bacteri on ena
tractohacillus spp,
l, casei
-[, brevis

CONTROL

SITE 1

4. 3â ( 0. 6 ) b

8.6 (1.4)
6.3 (r,6)
2.3 (0.8)
0,6 (0.4)
3.4 (0.7)
4.4 (r,3)
29. I

r1.r (2.4)
14,8 (1.9)
2.4 (r.0)

CHILDREN

SITE 2

2.8 (r.0)
Il.r (2.8)
6.3 (2.4)
r.B (0.9)
0.2 (0,1)
6,0 (r.5)
4.3 (r.4)

32.5
12.3 (2.0)
7,r (2.0)
r.s (1.0)

r.e (0.6)
10.6 (3.0)
0.6 (0.4)

0

0
ND
ND
ND
ND
ND

34 .4
4,3 (0.9)
3.r (1.0)
0.9 (0.4)
5.3 (1.0)

13.6
r. r. (0.7)
r.B (1.3)
3.? (1.4)
0.8 (0.4)
r.l (0,9)
3.5 (1.0)
r.5 (0.8)
0. i (0. r)
0.3 (0.2)
0,8 (0.4)

Percentage of

TEST

SITE 1

6.r (0.8)
11.3 (2.8)
6.3 (2.0)

r2.5 (3.8)
1.3 (t.r)
6 ,2 (t .2)
4.2 (o.s)

47.9
r6.4 (3,8)
r0.7 (2.6)
0.7 (0.4)

CHITDREN

SITE 2

7.6 (1.7)
11.5 (3.0)
2.s (1,t)

r0.3 (5.0)
2.2 (t.2)
7.3 (r.4)
5.2 (o.e)

47 .0
14. 6 ( 3.2 )
r0.2 (3.r)
0.e (0,6)

to
3.7

n9
0.2
ND X

(r.5)
(0.8)
(l.r)
(0.2)
(0.2)

ND
ND

Total Grar + Rods 37.5
¡Yeisseria .A+P+1 3, 7 ( 0. 9)
ltreisseria A+P-2 3. 8 ( l. 6)
¡Yeisse¡ia Á.-P-s 1.5 (0,6)
Iteillonella 5.7 (1.1)
Total Grar - Cocci14.7
FusobacterÍun 0.8 (0.3)
treptotrichÍa

0.08 (0.04) 0,02 (0.0r)
0.2 (0.08) 0.2 (0.07)
r.2 (0.6) 1.8 (0,7)
0.2 (0.r) 0.2 (0.r)
0.5 (0.2) r.3 (0.8)
3.0 (0.s) r.6 (0.5)
0.5 (0.4) 0.3 (0,r)
ND NÐ
ND ND
ND ND
the total cultivable

33. 2
2.3 (r.0)
2.3 (r.6)
0.4 (0.4)
8.1 (1.1)

t3. I

30. 2
4,9 (2.2)
3.1 (0.s)
0.02 (0,0r)
7.8 (1.e)

15.8

r.i (0.4)
Aerobic -ve Rods 2.6 (0,7)
.å,naerobic -ve Rods I.5 (0.5)
Yeast
Mi croc oc c us
I{a en oph i J us
Áctinobacillus
Bacteroides
Capnocyt ophyga
a Mean value expressed as a

flora
b Standard error of the nean
I - acid and po Iysacchar i de producing strains
2 - acid producing only strains
3 - non-producers of acid end polysaccharide
ô - It()L ueLcuLcu

1.3 (r.2)
4.0 (1.5)
r.7 (0.6)
0.r (0,05)
0,7 (0,3)
0.8 (0.3)
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Table 9-2
Conparison of the nean values for the percentage
isolation frequency of organisns from susceptible sites
in control chi Ldren and test chi ldren

CONTROL CHI LDREN TEST CHI LDREN

ORGANISMS

S, nilleri
S, nitior - hard
S, nitior - sof t
S, øutans f
S. .nutans IY
S, salivarius
S, sanguis
A, naes I undÍ i
Å, viscosus
A, odontolyticus
A. naeslundii/

viscosus
Eothia
Bacterionema
-Lactobacillus spp,
.L, casei
tr, brevis
.L. fermen tum
,L, plantarun
tr. salivarius
tr, acÍdophilus
,ile i sseri a Á+P+
NeisserÍa A+P-
Nei sseri a A-P'
Í¡eillonella
Fusobacteriun
treptotrichia
Aerobic -ve Rods
A,naerobic -ve Rods
Yeast
I+îÍ croc oc c us
I{aenophilus
ActinobacÍllus
Bacteroi des
Capnocyt ophyga

SITE 1

54a
74
67
JT

B

5B
46
67
79
to

10
60
19

t

SITE

JJ

65
56
¿at

5
63
44
77
60
27

to
77

7
0

SITE 2

74
I9
50
2t
69
o¿

69
12

t5
40
19
19

0
5

t0
7
5
t

62
7

86

24
50
IO
50
3L
It

63
47
2A
74

60
2I

5
51

,
16
26

65
58

7T
EA

4b
65
4A

6
40
42

4
17
44

2 SITE 1

51
73
44
56
I7

61
oõ
77

77

7
t,

2
5

10
IO

5
63
41

93
2t
27
51
15
59
4l
l2

a Mean percentage - frequency of isolation
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Mean values for
tooth surfaces in

ORGÄNISMS

S, nilleri
S, øÍ ti or - hard
S, ni tior - soft
S, nutans I
S. nutans IY
S, salivarÍus
S. sanguis
lotaI S t rept ococc i
Á, naesl undi i
,4. viscosus
A. odontolytìcus
A, naesJundii/

viscosus
Rothia
Bac t eri onena
tract obaci I lus spp.
-[,, casei
.[, brevÍs
-L, fermentun
-L, plantarun
-L, sal i va ri us
.L, acÍ dophi l us
Total Grar + Rods
y'l¡e jsser j a A+P+
Neisseria A+P-
Nei sseri a A-P-
Veillonel-Ia
Total Grar - Cocci
Fusobacteriun
I,eptotrichia
Aerob i c -ve Rods
Ânaerobic -ve Ro ds
Yeast
Mi crococcus
EaenophÍ J us
,4ctinobacillus
Bacteroides
Capnocytophyga

SITE 3
Mean % (S.8.)

7 . 0a ( 1 3 ) b

13,I (2.5)
6.3 (2.8)
4.5 (1.3)
0,5 (0.3)
8,0 (1,8)

ro.2 (3.3)
46.9
10.0 (1.9)

7 . B (2.8)
0.7 (0.3)

0.8 (0.6)
3.2 (1.r)
1.6 (0.7)
o.2 (0.2)

0
0

0.01 (0.01)
0.2 (0.r)

0
0

24.3
4.3 (0.8)
i.7 (0.7)
I.s (r.4)
4.4 (L.4)

L2.3
0.3 (0.1)
0.3 (0.2)
2.9 (0,9)
0.5 (0.3)
0.2 (0,r)
r.2 (0.5)
r,3 (0.5)
ND*
ND
ND

SITE 3
Mean % (S.8.)

2.3 (0.8)
13.2 (r.5)
B.B (2.6)
2,2 (0.9)

0
5.5 (r.8)
5.0 (1.6)

37. 0
tl.2 (2.5)
s.0 (r.3)
0.4 (0.2)

27 .6
4.5 (r.r)
2.8 (0.8)
r.7 (1.r)
3.3 (r.0)

12.3
2.0 (0.8)
1.2 (0.4)
4,r (0,7)
2.3 (1.0)
0.2 (0.2)
5.9 (1.7)
1.5 (0.5)
0.r (0.03)
0.4 (0.2)
0.7 (0.3)

lable 9-3
the organisns in sanples fro¡n non-susceptible
test and control children

TEST CHILDREN CONTROL CHÏLDREN

TF%

45c
7I
38
43
12
57
48

67
57
t4

I4
52
I7
t
0
0
t

0

0

7T
40
26
62

to
36
ÀE

19
5

2I
3Ì

0.4 (0.2) 4
5.5 (r.5) 72
r.0 (0.6) 20
0,r (0.04) 4
0.r (0.04) 4
00
00
00
00
00

Tî%

35
80
67
30

0
57
46

74
63
1t

54

43

52
.tJ
67
50

t
43
41

7
ló

b
c
*

nean value expressed as a percentage of the total cultivable
flora
standard error of the nean
percentage isolation frequency
not detected
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lable 9-4
Mean values for organis¡os isolated fron central occlusal físsure
of a nexillary prinary molar and the anterior two-thirds of the
dorsal surface of the tongue in control children

OCCIUSÀL
FISSURE TONGUE

Mean %(S.8, ) IE %ORGÂNISMS

S, nilleri
S. nitior - hard
S, øitior - soft
S. mutans 1

S. mutans IV
S. sa.Iivarius
S, sanguis
Total S t rept ococc i
,4, naeslundÍi
A, vi scosus
A, odontolyticus
A, naeslundÍ i,/

viscosus
Eothia
Bac t erÍ on ena
tractobaci I I us spp
Total Gra¡ + RodÈ
l,[eisseria A+P+
Itleisseria A+P-
Neisseria A-P'
l/ei-llonella
Total Gra¡ - Cocci
Fus oba c teri un
trep t ot ri ch i a
Aerob i c -ve Rods
Ânaerob ic -ve Rods
Yeast
Mi crococ c us
I{aenoph i I us
Åctinobacillus
Bacteroides
Capnocyt ophyga

Mean %(S, E.

3.6a(1.8)
9.6 (r.7)
6.6 (2.4)
r,8 (0.7)
0.5 (0.4)
7.r (2.8)

1r.0 (3.2)
40.2
rr.2 (4.2)

7 ,5 (2.6)
1.3 (0.8)
2 .3 (1 .2)

4.2 (r.6)
0.3 (0,2)
0.5 (0,4)

27 .3
r0,0 (3,5)
2,s (r.2)
r.5 (0.5)
8.4 (4.4)

22.2
0,6 (0.3)
0,2 (0.r)
2.7 (r.5)
1.r (0.6)
0,6 (0.6)
3.r (r.3)
0,4 (0.2)
0.2 (0.1)
0.2 (0.r)
i.0 (0.6)

) rF%

37b
73
47
23

7
77

CJ
27
T7

t3
l0

73
50
37

20
47
ea

3

40

7
7

4.7 (t.B)
3 .8 (2 .2)

r1.8 (2.3)
r.0 (0,8)
0.5 (0.4)

t¡> e lo 1\
-4t! \.,tJ

7.6 (1.7)
51.7
2.6 (0.s)
r.3 (0.7)
t. r (0.6)
0.3 (0.2)

0.s (0,4)
0.l (0.03)
0.3 (0.2)
6.6

14.o (2.3)
2.8 (0.8)
3.4 (1,0)
6.3 (0.8)

26.5
0,6 (0.2)
0.2 (0.r)
2.3 (0.8)
l.B (0.3)
r.0 (0,s)
5.5 (1.2)
0.6 (0.2)
0.r (0.03)
0.4 (0.2)
0.1 (0.04)

42
30
75

8

94
58

t7
l7

4

t1
4
t)

on
3i
40
73

I3
40
40

4
46
I9

4
t5

6

a Mean value expressed as a percentage of the total cultivable
flora
b percentage ísolation frequency
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Corparisons Bet¡deetr Data fror Sites |{ithin and Between Test

and Control Chi ldre¡

Conparisons were nade between the mean percentages and

isolation frequencies for each species isolated fron each

site in both groups of children, Tables 9-5 to 9-17 shor4

data for aII species that were significant. ly different as

deternined by one-way and two-r1'ay analysis of variance. fn

each case a single site ( eg. control children- site l) was

compared to aIl other sites in both the control and test

children.

III. Corparison of the Flora fro¡ Sites llithin Co¡troI

Chi I dre¡

Data for conparisons between sites in the control children

are shown in table 9-5 for nean percentage and table 9-6

for percentage isolation frequency, fn general, the

nicroflora fron each of these sites was sinilar as is

evident fron the few statistically significant differences

shown in the tables. However differences did exist, For

example as shovrn in table g-5, r{ith the exception of À.

naeslundii, site t had higher levels of a1l. other species of

Actinonyces than site 3. The nean level of l. viscosus at

site 1 was 14.8% which differed significantly from the

Ievels at site 2 (7,1%) and site 3 (9.02). The level of

Rothia at site I (3,7%) was significantly loreer than the

corresponding value at site 2 (10.6%). P values are

displayed in the tables in order to denonstrate the level of

significance between percentages.
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Site 2 and site 3 differed significantly only in the Ievels

of EothÍa (10,62 at site 2 versus 5.5% at site 3) and

Anaerobic Gram negative rods (0.8% at site 2 versus 2.3% at

site 3). These data were not tabulated and are not shown,

Table 9-5
Comparison of the nean values for organisns between control
s ite I ( suscept ib I e ) and susceptible and non-susceptible
tooth surfaces in control chi ldren

SPEC IES S HOIî I NG SIGNIFICANT
DIFFERENCE FROM CONTROL SITE 1

ORGÂNISMS

A, viscosus

STTE 1

Mean %

r4.8

STTE 2 SITE 3

7.1" 9.0
(0.007)b (0.036)

- 0,4
(0.023)

A. odont oJyt i cus 2,4

A. naeslundii,/
viscosus 2,9

Eothia ,t. t

Fusobacteri um 0. B

t0,6
(<0.001)

0,4
(0.05s)

2.0
(0.004)

a Mean percentage expressed as percentage of total cultivable flora
b p values as deternined by two way analysis of variance
- indicates no significant difference, p>0,100

Data shown in table 9-6 indicate that there were also f er.¡

percentage isolat ion frequency di fferences between sites in

control children r.¿hich reaffirns the sirnilarity of the

nicrofloras at all three sites. Differences which did exist,

although statistically significant, were ninor. For exanple,

A, viscosus was isolated f ro¡n 79% of the sanples fron site I

and f ro¡n 60% of the sanples fron site 2, (table 9-6). Ät

site 2 on 1y two differences were detected and these were not
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tabulated. The percentage of isolation was significantly
different for VeiIlonelIa (77% at. site 2 vs. 52% at site 3,

p=0,030) and å,naerobic Gran negative rods (21% at site 2 vs.

50% at site 3, p=0.004 ).

Table 9-6
Conparison between the nean values for the percentage
isolation frequency of organísns fron site 1 in control
chi ldren and sites 2 and 3 in control chi tdren

SPEC]ES SHOWING S IGNIFTCANT
DIFFERENCE FROM CONTROL SITE ]

SITE 2 SITE 3ORGANISMS

S. nilleri

CONTNOL
S I TE I
l4ean %

54

A, vi s cos us 79

-Fus ob ac t eri uø 54

Anaerob i c-ve Rods 48

33
(o.o3B)

60
(0.051)

(0.038)

2t
(0.007)

34
(0.05e)

IV. Corparison of the Flora Betweeu Sítes i¡ Control and

Test Chi ldren

Data for conparisons between sites in control and test
children is shown in tables 9-7 to 9-12 for nean percentage

and percentage isolation frequency. These conparisons

revealed a larger nunber of differences between groups than

cornparisons within either the control (Tables g-5 and 9-6)

or test groups (TabIes 9-13 to 9-I6), This ¡,ras expected

since the control children were considered to have " to"
risk of developing dental caries in conparison to the test

children. The conparison of site 3 in the control children

to sítes 1,2 and 3 in the test chi Idren revealed the Iargest
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nunber of statistically significant differences between

sites (Tables 9-II and 9-I2). These differences were not

confined to one spec i fi c group of organ i sns but were broadly

spread throughout the various genera isolated. The 1evels

of ^t, mutans at site I (2.3%)(Table 9-7), síte 2

(I.8%)(Table 9*9) and site 3 (2.2%) (Table 9-11) in the

control chi ldren were s ign i fi cant 1y lower than the Levels at

site ), (I2,5%) and site 2 (I0,3%) in the test children, An

inportant observation was that at site 3, a non-susceptible

intra..subject control surface, the levels of ^9, nutans and

tractobacillus did not differ significantly between control

and test children although slightly higher nunbers were

found in the test children (TabIe 9-11), As shown in Tables

9*7 and 9-ll the Levels of tractobacillus at site I (0,2%)

and site 3 (0,1%) in control children were significantly
Iower than the Ievels at site I (2.4%) in the test children.

0ther differences in nean percentages are shown in Tables 9-

7, 9-g and 9-11.

TabIes 9-8, 9-10 and 9-I2 show that differences existed

between control and test children in the percentage

isolation frequency for a large and diverse nunber of

species. For exanple, in TabIes 9-8 and 9-10 the isolation

frequency of ,S, nutans fron sites 1 and 2 in control

children is shown to be 3IX and 23% respectively 'which

differed significantly fron an isolation frequency of 56%

for site I and 50ã for site 2 in test children, leillonella,

-Lactobacill as and yeasts were aLso isoLated nore frequently
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fron susceptíbl.e sites in test children than control

children, In contrast, ,S, nÍtÍor, Eothia, Fusobacterium,

Anaerobic Gran negative rods, IaenophiJus and Micrococcus

were isolated nore frequently fron the control children, The

least nunber of differences existed between sites I, 2 and 3

in control children and site 3 in test children.

Several of the comparisons shown in each table are not

statistically significant but are included to indicate a

possible biologically significant difference, For exarnple,

the leve1 of .9, nutans biotype IV at site 2 (2.2%) ín the

test chi L dren is not statistically di fferent frorn the levels

at sites L (0,6%, Table 9-7) or 2 (0,2v,, Table 9-g) in

control children. Nonetheless, the differences nay be

biologically inpor t ant especially if sone cons iderat i on is

given to the isolation frequencV (17% at site 1 anð, 2l% at

site 2 in test children) of this organisn being higher ín

test children than in controÌ children in addition to its

mean percentage at each site,
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TabIe 9-?
Conparison of the nean values for organísns isolated from
site I (susceptible) in controt chitdren and susceptible and
non-suscept ib I e tooth surfaces in test children.

SPECÏES SHOI{ING SIGNIFICANT
DIFFERENCE FROM CONTROL SITE 1

CONTROL T E S T
ORGÂNISMS SITE 1 STTE I SITE 2 SITE 3

Mean %

S, nilleri 4.3 - 7.6
(0.065)

S, nitior - soft 6.3 - 2.9
(0.076)

S, nutans I 2,3 12.5 10.3
(0.003) (0,020)

S, nutans IV 0,6 - 2,2
(0.0e3)

S. salivarius 3.4 - 7.3 8.0
(0.036) (0.014)

S, sanguis 4.4 10,2
(0.00s)

.[actobaci]lus 0,2 2,4
(<0.001)

Á, naesl undi i II.I 16.4
(0.060)

A, viscosus 14, 8 7 ,8
(0.013)

A, odontolytÍcus 2,4 0,7 - 0.7
(0.053) (0.053)

Bacterionena 2,3 0,3 0,2
(0.013) (0.012)

- indicates no significant di fference, p>0.I00
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TabIe 9-8
Conparison between the Dean values for the percentage
isolation frequency of organisrns f ro¡n site I in controÌ
children and sites l, 2 and 3 in test children

SPECIES SHOWING SIGNIFICANT
DIF'FERENCE FROM CONTROL SITE I

CONTROITEST
ORGANISMS SITE 1 SITE I SITE 2 SITE 3

Mean %

S, nitÍor - soft 66 44 19 38
(0.031) (0.000e) (0.007)

S, nutans I 31 56 50 42
(0.0r8) (0.070) (0.254)

A, vi scos us 79 57
(0.024)

A, odontolyticus 29 12 12
(0.05r) (0.045)

Pothia 60 32 4I
(0.007) (0.05e)

tractobaci I I us 2 22 -
(0.003)

Neisseria A-P- 38 - 7
(0.001)

Veillonella 70 92
(0.00s)

Fusobacteri un 54 21 72 29
(0.001) (0.000s) (0.014)

treptotrichia 46 - 24
(0.02s)

Anaerobic -ve Rods 48 15 10 I9
(0.001) (0.000e) (0.004)

Yeast 6 59 50
(0.0009) (0.0009)

I{aenophi I us 42 12 12
(0.002 ) (0.002)
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Table 9-9
Çonparison of the nean values for organisns isolated from
site 2 ( suscept ib 1e ) in control chi l dren wi th susceptible
and non-susceptible tooth surfaces in test children

SPEC IES SHOWING SIGNIFICÀNT
DIFFERENCE FROM CONTROL SITE 2

CONTROLTEST
ORGANISMS SITE 2 SITE 1 SITE 2 SITE 3

Mean %

S, nilleri 2.8 - 7,6
(0.00e)

S, nÍtíor - soft 6,3 - 2.9
(0.081)

,J. nutans I I.B 12.5 10.3
(0.002) (0.014)

S, nutans I\ 0,2 - 2,2
(0,038)

S. sanguis 4,3 I0 ,2
(0.008)

tractobacillus spp, 0 2,4 LZ 0,2
NS NS NS

Fothia 10.6 1.3 1.0 3,2
(0.00r) (0.00r) (0.003)

treptotrichi a 1.8 0.2 0.2 0.3
(0.0r2) (0.0r2) (0.025)

Fusohacteriun 1, 1 0.08 0.02
(0.006) (0.004)

Aerobic -ve Rods 3,7 I.2
(0.04r)
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lable 9- l0
Conparison between the nean values for the percentage
isolation frequency of organisns fron site 2 in control
children and sites l, 2 and 3 in test childnen

SPEC IES SHOWING S IGN]FICÄNT
DIT'FERENCE FROM CONTROL SITE 2

CONTROLTEST
ORGANISMS SITE 2 SITE 1 SITE 2 SITE 3

Mean %

S, nitior - soft 56 19
(0.0009)

S. nutans I 23 56 50 43
(0.002) (0.0r0) (0.055)

S, nutans I1'l 5 - 2I
(0.02r)

.[,actobaci]lus 0 22 I9

Pothia 77 32 40 52
(0.000s) (0.001) (0.01s)

Neisseria A-P- 2A - 7
(0.0r2)

Veillonella 77 93
(0.025)

lusobacteriun 33 - 12
(0 .022)

Yeast 5 59 50
(0.000s) (0.0009)

Mi crococcus 51 - 31 2I
(0.058) (0.004)

llaenophílus 33 12 12
( 0. 026 ) (0 .022)
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TabIe 9- l1
Conparison of the nean values for organisns isolated from
site 3 in control children and susceptible and non-
suscept ib I e tooth surfaces in test chi ldren

SPECTES SHOWING S IGNIFICÁNT
DIFFERENCE FROM CONTROL SITE 3

CONTROLTEST
ORCÁNISMS SITE 3 SITE I SITE 2 SITE 3

Mean %

S, nillerí 2,3 6.1 7,6 7,0
(0.032) (0.005) (0.0r2)

,q, nitior - soft 8.8 - 2.9
(0.004)

S, nutans I 2.2 I2.5 10.3 4.5
(0.003) (0.0t8) NS

,9, sanguis 5.0 10.2
(0.0r8)

.Lactobacillus spp, 0.I 2,4 1,2 0,2
(0.0005) Ns NS

Fothia 5.5 1.3 1.0
(0.02e) (0.021)

lteillonella 3,3 B,I 7,8
(0.013) 0.020)

Fusohacteriun 2.0 0,08 0.02 0,3
(0.0001) (0.000i) (0,001)

Âerobic -ve Rods 4.1 L2 1,8
(0.012) (0.067)

Ânaerobic -ve Rods 2.3 0,2 0,2 0.5
(0.005) (0.004) (0.013)

Micrococcus 5, 9 - 1.6 1,2(0.003) (o.oo2)
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Table 9- l2
Conparison between the nean values for the percentage
isolation frequency of organisns fron site 3 in control
children and sites 1,2 and 3 in test chi ldren

SPEC IES S fiOII I NG SIGNIFICÁNT
DIFFERENCE FROM CONTROL SITE 3

CONTROL T E S T
ONGANISMS SITE 3 SITE I SITE 2 SITE 3

Mean %

S. nÍtior - soft 67 44 19 38
(0.t27) (0.0009) (0.006)

,9. nutans I 30 56 50 43
(0.0i6) (0.061) (0.226)

,s, øutans ÍV 0 17 21 72

Rothi a 72 32 40
(0.000e) (0.003)

.t,actobacillus 4 22 19 2
(0.014) (0.030) NS

. eisseria Á+P+ 5 - 76
(0.032)

Neisseria A-P- 43 22 7 -
(0.033) (0.000s)

Veillonella 52 93 86
(0.000s) (0.001)

Fusohacteri uø 52 21 72 29
(0.003) (0,0009) (0.02r)

Anaerobic -ve Rods 50 15 10 19(0.0009) (o.oooe) (o.oo2)

Yeast 2 59 50
(0.0009) (0.000s)

Mi crococcus 43 2I
(0.028)

HaenophÍ lus 41 12 IZ
(0.002) (0.002)
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V. Co¡parieon of the Flora fron Sites llithin Test Children

Data for conpari sons between sites in test ch i ldren is s hown

in tables 9-13 and 9-15 for ¡¡ean percentage and tables 9-14

and 9-I6 for percentage isolation frequency, Sites I and 2

were quite similar. 0nIy the level of acid and

polysaccharide producing ¡ly'eisserja ¡las significantly

different between these two sites although this difference

was ninor. The najority of statistically significant

differences existed between site l and the internal control

site 3. ,{s shown in table 9-13 the levels of ^9, øutans

(12.5% vs. 4.5%), /4. naeslundii (16.4% vs. I0.0%), and

.Lactobacillus (2,4% vs, 0,2%) were aII significantly higher

at site I than site 3,

A sinilar pattern existed fc¡r the percentage isolation

frequency conparisons as shown in tables 9-13 and 9-I4,

Sites l and 2 were very sinilar but both sites differed fro¡n

site 3. ltei.IIoneJIa (93% and 86% vs 622¿) , LactobacÍllus

(23% and, 19% vs 2% , and yeasts (59% and 50% vs. 5%) v,¡ere

isolated more frequently fron susceptible sites I and 2 than

non-sus ceÞt ib I e site 3.
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Table 9- l3
Conparison of the nean values for organisns isolated fron
site 1 (susceptible) wi th site 2 ( suscept ib Ie ) and site 3
( non-suscept ib 1e ) in test chi ldren

SPECIES SHOWING STGNIFÏCANT
DIFFERENCE TROM TEST SITE I

ORGANISMS SITE I SITE 2 S]TE 3
Mean %

,s, øitior - S 6,3 2.9'
(0.078)

S, nutans 1 12,5 - 4.5
(0.018)

S, sanguis 4,2 - I0.2
(0.007)

Å. naeslundiÍ 16.4 - 10.0
(0.024)

tractohacillus 2,4 - 0,2

Neisseria A+P+ z.z 4.g 
(o'oo1)

(0.037)

Table 9-14
Conparison between the nean values for the percentage
ísolation frequency of organisrns from site I in test
children and sites 2 and 3 in test chi ldren

SPEC IES S HOI,9I NG SIGNIFICANT
DIFFERENCE FROM TEST SITE 1

TEST CHIIDREN

ONGÂNISMS SITE I SITE 2 SITE 3
Mean %

S. nÍtior - soft 44 19(0.015) -
Rothia 32 - 52(0,057)

tractobacillus 23 - 2(0,006)

Neisseria A-P- 22 7(0.055) -
Veillonella 93 - 62(0,001)

Yeast 59 - 5(0.0009)

MÍcrococcus 4I - 21 (0.049)

I{aemophi -I us 12 - 3l(0.038)
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Table 9- l5
Conparison of the nean values for organisns isolated f ro¡¡l
test site 2 (susceptible) with test site 3 (non-
suscept ib 1e ) in test chi ldren

ORGAN]SMS

S. ni tior - sof t

SITE 2
Mean %

to

SPEÇ IES SHOWING S IGNIFICANT
DTFTERENCE FROM TEST SITE 2

SITE 3

t). J
(0.076)

4,5
(0. 083)

0,5
(0.07s)

r0 .2
(0.023)

SPEC IES SHOWING S IGNIFTCANT
DIFFERENCE FROM TEST SITE 2

SITE 3

38(0,053)

2(0.014)

40(0.04s)

26(0.019)

62(0.0r3)

29(0.057)

5(0,0009)

31(0.033)

S, mutans I 10.3

S, sanguis 5,2

S. nutans 79

ORGANISMS

.j, nitior - sof t
tractobacillus

¡Yeisseri a A+ P-

Neisseri a A-P-

Vei .11 onel I a

Fus obact eri un

Yeast

Eaenophi I us

TabIe 9- l6
Conparison between the nean vaLues for the percentage
isolation frequency of organisrns fron site 2 and site 3 in
test children

SITE
Mean %

19

l9

o¿

7

86

12

50

12
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CEAPTBR TEI¡

Colparieon of the llicroflora I{ithin and Between Sites in

Teet Children and Control Childre¡ as Dental Caries

Developed

f. Introduct i on

A study of the nicrobial factors involvêd in the etiology of

dental caries would not be conplete without considering

changes which occur in the conposition of the nicroflora as

disease develops, Because of the ease of accessibility to

the study sites in all children and, in particular each

caríes-act ive chiId, it was poss ib le to correlate accurat e 1y

the stages of dental caries developnent with the rnicroflora

isolated at each sanpling period. TabIes 10-l and l0-2 show

data for the ¡lean percentages and isolation frequencies

respectively of species isolated fron sites 1, 2 and 3 in

both caries-active and caries-free test children, In total

there were eighteen surfaces at risk of dental car i es in the

group of test children. The PRE-IESION and LBSION colu¡¡ns

present data for five surfaces which progressed from a

caries-free status to open lesions during the study, The NO

IBSIOl{ colunn presents data for five susceptible surfaces

which remained caries-free in caries-act ive chi ldren. The

CONTBOL cofunns show data for the non-susceptible surface

(site 3), five in the caries-active group and four in the

caries-free group. The HO LESIOII colunn under the CARIES

trREB CSIIDRBN heading presents data for susceptible

surfaces (eight surfaces in total) in test children who

renained conpletely caries free throughout the study,
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II. Conparieo¡ of the Flora I{ithin Test Children

A comparison of the data shown in tabLes 10-L and l0-2

indicates that there were noticeable differences between

surfaces which developed disease, those which were

susceptible but remained caries free and controf surfaces.

Surfaces which developed lesions had the highest proportion

of streptococci (55.8%) of all surfaces under study. The

surfaces having the lowest proportion of streptococci
(4L3%) were the susceptible surfaces in children who

remained caries-free (Table l0-l), Within the streptococci,

the lesion g;roup of surfaces had the highest proportion of

,1 , nutans (27,7%). Interestingly, susceptible surfaces which

re¡¡ained caries free in the caries actíve children had the

next highest proportion of ,S, nutans at IL4'/., In the pre-

lesion group, the level of S, nutans was only 4.4%, siníIar

to that found at site 3 in both caries active and caries

free children, 4.5%. The caries free group of children had

Euch higher levels of ^ç, nitior, 17,gv. at susceptible

surfaces and 20.8% at control surfaces, than the caries

active children did at susceptible surfaces which had a

lesion (I1.2%) or suscept ib le surfaces which re¡nained caries

free (L2.7X) (Table I0-1), The inverse relationship noted by

ôthers (l,oesche and Straffon, I979) which invoLves a

decrease in the nunbers of ,9, sanguis as the nunbers .of S,

Ðutans increase was not seen in the present results. Rather,

this relationship appeared to exist between the dextran-

producing variants of ,5, nitior (pre-lesion 18,4%, lesion

5,4%) and ,t, nutans (pre-Iesion 4.4%, Iesion 2?,7%), A.
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viscosus was regularly isolated fron all surfaces in caries-

active children (TabIe 10-2) and represented the doninant

species of this genus in this group of children (Table 10-

l), In contrast, A, naesJu¿dii was isolated r¡ore frequently

and in higher nunbers than d, viscosus.fron the caries-free

children (TabIes l0-l, 10-2) , The other organisn showing

an obvious di fference betr{een caries-active and caries-f ree

children was -LactobacilJus, This genus was only isolated

fron one of the sanples (3% isolation frequency) fron

caríes-free children while II (69%) and 6 (24v.) sanples

respectively fron lesion sites and caries-free sites in

caries-active children were positive (TabIe l0-2),
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III. Corparison Within Test Children Based oD Caries

Ilevel oprent

Conparisons were nade between the nean percentages and

isolation frequencies for each species isolated fro¡r each

site in caries-active test children and test children who

renained caries-free throughout the study. These cornparisons

vgere based on a consideration of the disease status of the

surfaces which were conpared, For exanple, surfaces which

developed lesions could be conpared with other disease-free

surfaces both prior to and after Iesion developnent. The

categories defined in this section of the results were

explained on page 172 of this chapter,

Tables l0-3 - l0-ll show data for species that were

significantly different between categories in both the

caries-active and caries-free children. In each case a

single group in the caries-active or caries-free children
gtas conpared to alI other categories, 0ne-way and tno-way

analysis of variance were used to test the statisticat

significance of differences between the nean percentages.

The statistical significance of differences between

percentage isolation frequenc i es was tested by either the

chi-square test or Fisher's exact test-two tail when the

nunber of observations was lower than expected by the chi-

square test.

The cornparison of pre-lesion sites to other groups of sites
in the test children did not reveal ¡nany significant
differences (Tables I0-3 and l0-4). This suggests that the
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nicroflora of the pre-lesion sites did not differ

significantly f ro¡n the other groups of surfaces which either

re¡nained caries free or developed lesions. ,S. nutans

comprised 4,42 of the flora at the pre-lesion sites and

27,7% in the lesions. Älthough this difference just failed

to neet the level of s ign i fi cance, the isolation frequencies

did differ significantly between the two groups (36% vs.

92%), The failure to reach statistical significance nay have

occurred because of the relatively snall nunber of

observations in the pre-Iesion group, A símilar difference

occurred wíth tractobaci.Ilus, Âlthough the nurnbers of yeasts

were not significantly different between the groups of

sites, the isolatíon frequency was nuch higher at the pre-

lesion sites ( 82%) than either control site in caries-active

(4%) or caries-free (6%) children or the susceptible

surfaces (27%) in test children who re¡nained caries free

( Tab Le 10-4 ) .

The cornparison of the nicroflora fron surfaces with lesions

to the other groups of surfaces provided the largest nunber

of statistically significant differences (tables 10-5 and

I0-6). The Ievels of ,S, nutans, tractobacillus and A.

viscosus increased on surfaces which developed Iesions while

the Ievels of other species on these surfaces decreased,

However, nany of these differences Here not highly

significant. Ilhile several different species of

tractobacillus were isolated fron Iesions (Table I0-l) only

the levels of L, fernentuø ín the lesions were significantly

I78



different fron the levels on other surfaces. Again this nay

have occurred because of snaII nunbers of sanples, á,

conparison of the percentage isolation frequencies provided

nany nore highly statistically significant differences than

the conparison of nean percentages (Table l0-6),

The conparison of susceptible surfaces in caries-active

children which remained caries-free with other surfaces in

both caries-active and caries-free children did not provide

any uniforn differences (TabIes l0-7 and l0-8), Those that

did occur were not highly statistical ly significant and

appeared to occur randonly rather than in a consistent

pattern. However, there were paraIIeIs to conparisons nade

against the lesion surfaces in tables 10-5 and I0-6. For

exanple, A, viscosus conprised 14.7% of the flora on the

cari es-free suscept ible surfaces in caries-active ch i l dren

but only 2.4% on the control surface in caries-free

children, Similarly, A, naeslundii was found in higher

nunbers (2L9%) in caries-free children at susceptible

surfaces than in caries-active children at lesion free

susceptible surfaces (10.1%) (TabIe 10-7).

As had occurred in other conparisons, the percentage

isolation frequency conparísons in this instance differed

between nore species in a nore s ignificant fashion than did

the conparisons of nean percentage (Tab1e I0-8). As weIl,

the significant differences, rather than bein€ isolated,

randon di fferences as had occurred r,rith the nean

percentages, could be grouped based on the surfaces which
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ltere conpared. The conparison of susceptible caries-free

surfaces in caries-active children to sinilar surfaces in

caries-free children for¡ned one group with significant

differences existing between the Gran positive populations

i,e, streptococci and Gran positive rods. The second group

consisted of the suscept ib I e caries-free surfaces and the

controL surfaces in the caries-actíve chi Idren. D i fferences

here f.¡ere evident between .Lactobaci.Ilus and the Gram

negat ive populations,

Fusobacteri un,

Nei sseri a, lteillonella, and

The last cornparison to be ¡¡ade was between the control

surfaces in caries-active children and the susceptible

surfaces and control surfaces in caries-free children. These

data are displayed in tables 10-9, 10-10 and Ì0-Il. There

were no differences between the sus cept ib le surfaces and

controì surfaces in caries-free chi Idren in e i ther the nean

percentages or isol.ation frequencies for isolated organisns.

A, viscosus was found in higher nunbers (L2,I%) and isolated

Dore frequently (68%) fron the control surfaces in caries-

active chi ldren than either the suscept ib I e surfaces (nean

percentage 5.8%, isolation frequency 56%) or control

surfaces (nean percenlage 2,4v., isolation frequency 4L%) in

caries-free children (TabIes 10-9, I0-10, I0-11). The levels

and isolation frequencies of S, nutans and tractobacillus

vrere very sinilar for all three sites shown in tables I0-9,

l0-10 and 10-11.
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Table 10-7
Conparison of the nean percentages for organisns isolated fron
susceptible tooth surfaces which renained caries free (sites 1
and 2) in caries-active test children vrith other grouÞs of
caries-active and caríes-free test children

ORGANISMS

S, nitior - hard

S, salivarius

S. sanguis

Á, naes I undi i

A, viscosus

Eothi a

Yeast

Haeøoph i I us

SUSCEPTIBIE
NO LES ION

Mean % ( S . E. )
8.8(1.8)

i0.1(1.4)

3.2(r.6)

r0.r(2.6)

14 .7 (4 .4)

0.s(0.4)

0.2(0.08)

0.4(0.2)

CÅRIES
ACTIVE
CH I ],0 RE N

CONTROL

CÂRIES FREE

SUSCEPTÏBLE
NO LES ION

5,3(r.5)
(0.05r)

2r .9 (2 .4)
(0.024)

CHILDREN

CONTROL

r8.0(2.8)
(0.023)

2 .4 (r .2)
(0.048)

0,01(0,01
(0.068)

9.9(2.1)
(0.033)

4.r(r.5)
(0.104)

2.1(0.8)
(0.074)
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Table l0-B
Conparison of the nean values for the percentage isolation
frequency of organisns on Iesion-free susceptible sites in
caries-active chi. ldren wi th les ion-free sus cept ib I e sites and
control sites in caries-free test children and control sites in
caries-act ive chi ldren

CARIES CARIES FREE CHIIDNEN
SUSCEPTIBLE ACTIVE SUSCEPTIBLE
SURFACES CHILDREN SURFACES

ORGANISMS NO LESION CONTROL NO TESION CONTROL
Mean %

S, nutans - I 60 - 38(0.098) 35(0.116)

S. nutans - MB - 9(0.080)x

S, salivarius 76 - 56(0. fII)
,4, naeslundii 56 - BB(0.005)

Á, viscosus 84 - 56(0,022) 4l(0.004)

tractohacÍlIus spp, 24 4(0.098)x 3(0.035)x 0

Neisseria A+P- 56 24(0,02I ) -
¡lleisserja.à-P- 8 40(0.008)

veillonella 96 64(0.005) - 59(0.004)x

Fusobacteriun 4 2B(0.049)*31(0.009) 29(0.032)x

treptotrÍchia 20 - 4l(0.085) -
Yeast 60 4 ( 0 , 0 0 I ) x 2 7 ( 0 . 0 I 0 ) 6(0.0009)

* p value fron Fisher's exact test - two tail
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Table 10-9
Conparison of the nean percentages for organisrns
Ísolated fron susceptible tooth surfaces (sites l
and 2) which renained caries free in caries-free
test chi Idren wi th a non-suscept ib 1e tooth surface
(site 3) in caries-active and caries-free test
children

CARIES FREE CÀRIES CARIES
CHILDREN ÀCTIVE FRE E

SUSCEPTIBIE CHIIDREN CHITDREN
ORGANISMS NO TESION CONTROL CONTROL

Mean % (S.8.)
S, sangui s 4,6(0,8) 9.9(2.l)

(0.060)

A, naes l undi i 2L9(2,4) 6,9(t.?)
(0.003)

A. viscosus 5,8(1.1) 12.f(4.0)
(0.030)

Neisseria A+P- 4.5(f.B) 0.8(0.4)
(0.094)

Veillonella 7.3(1.4) 3.0(L4)
(0.050)

HaenophÍl us 0.I(0.1) 2.1(0.8)
(0.060)
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Table l0- l0
Conparison of the nean percentages
isolated fron a non-susceptible tooth
3) in caries-free test chi ldren with
in caries-act ive test chil.dren

for organisns
surface (site
the sane site

ORGÂN I SMS

S, nutans I

.LactobacÍllus

S, nitiot'- hard

,4, naeslundii

Á, viscosus

Haenophi J us

CARIES
FREE
CHILDREN
CONTROL

Mean % (S,8.)
4.5(1.7)

0

r8.0(2.8)

13.8(3.1)

2 .4 (r .2)

0.3(0.2)

CARIES
ACT]VE
CHIIDREN
CONTROL

4,5(2.0)

0.4(0.4)

9.r(3.i)
(0.077)

6.9(1.7)
(0.078)

12.1(4.0)
(0.071)

2.1(0,8)
(0.078)
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Table l0-ll
Conparison of the nean values for the percentage isolation
frequency of organisns on control sites in caries-active
children with lesion-free susceptible sites and control
sites in cari es-free test chi Idren

CARIES CARIES FREE CHILDREN
ÁCTTVE SUSCEPTIBTE
CHILDREN S URFACE S

OFGÀNISMS CONTROI, NO LESTON CONTROI
Mean %

S, øilleri 32 62(0,024) 65(0,037)

S. nitior - hard 60 - 88(0.08ì)x

,e, nitior - soft 48 2t(0.026)

A, naesl undi i 60 88(0.012)

A, viscosus 68 - 4I(0,085)

.|,leisseria A+P- 24 62(0.002) 65(0.008)

Neisseria A-P- 40 - 6(0.016) *

Yeast 4 26(0.034)x

Ilaenophi)us 36 6(0.006) * *

,{erobic Gram - Rods 36 65(0.029)

* p value fro¡n Fisher's exact test - two tail

IV. Corparison of the Flora Between Control and Test

Children as llental Caries Developed

S ince the test chi ldren were divided into caries-active and

caries-free groups it was possible to nake a nunber of

different conparisons between the above groups. These are

illustrated in tables l0-I2 - 10-20. Conparisons were nade

between the nicroflora fron each dtage of Iesion developrnent

in the caries-active test children Hith that fron sites 1, 2

and 3 in the control children. This provided an additional

neasure of how the flora changed as disease developed. In
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addition, cari es-free suscept ib le sites in the caries act ive

children could also be cornpared to sites I, 2 and 3 in the

control children. Conparisons were also nade between the

nicroflora fron susceptible sites and control sites in test

children who renained caries-free with sites l, 2 and 3 in

control ch i l dren. S ince both sites I and 2 were cons idered

susceptible sites in test children, the data fron both these

sites were conbined and cornpared to the three sites in the

control children as well as combined site I and 2 data in

control children (Table 10-I4 ) . ThÍs increased the nu¡nber of

observations fron susceptible sites, The nunber of

significant differences between test and control sites also

increased fo I l owing this nanipulation.

Tables I0-I2 - l0-16 illustrate the conparisons of the ¡nean

percentages found to differ significantly b etween caries-

act ive test children and caries-free control chi ldren. In

tables 10-I2 and 10-13 data for those surfaces which

developed Iesions are dispLayed for the pre-1es ion and post-

lesion stages. The nicrofLora f rorn sites I and 2 in control

children was for the nost part quite sinilar to that f rorn

test chi ldren both prior to and after Iesion developnent,

0n1y the Ievel of Eothia at pre-Iesion sites in test

chíldren (0. f%) were highly significantly different fro¡n the

level on control sites (10,6% at site 2)(Table 10-12), There

were slightly nore differences when the pre-Iesion

nicroflora r{as co¡npared to site 3 and site l/2 in control

children. Note that the Eean percentages and isolation
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frequencies (Table 10-19) of S, nutans anà .f,actobacillus did

not differ significantly between these sites prior to lesion

development. After lesíons developed (Tab1e l0-i3) a larger

nunber of differences existed between the microfloras, The

level of 5. .tÌutans increased fron 4.4% pre-lesion to 27.7%

in the lesion and this was significantly higher than the

levels on site I (2.3%), site 2 (1.8) and site 3 (2,2v¿) in

control children. The only other organisn showing a highly

significant increase in percentage after lesion developnent

was tractohacillus, In the Iesion it accounted for 6,4ra of

the flora while at each of the sites in control children it

was either absent (site 2) or present in very low nunbers

(sites I and 3). The largest nunber of differences existed

between the pooled data for sites L and 2 in control

children versus lesion sites in test chi ldren. Concerning

isolation frequencies, the number of significant differences

also increased after lesion development (Table 1.0-lB, l0-19

and 10-20). The isolation frequencies for 5. ûutans I (9226),

^9. mutans IV (38%) , S. sanguis (77%), tractobacillus (69%),

Veillonella (92%)and Yeasts (92%) were significantly higher

for lesions than sites I or 2 in control children (Tables

t0-r9, I0-20),

Table 10-15 displays data conparing the susceptible surfaces

in caries-active test children which renained caries-free to

sites l, 2 and 3 in control children. Note that the nunber

of statistically significant differences between test and

control children is higher in this table than in tabtes l0-
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I2 and I0-13. This could have occurred because the number of

observations in the test children was higher in this

category than in e i ther the pre- Ies ion or lesion categories.

Nonetheless, the predorninant differences between test and

control children at sites I and 2 occurred in the Gra¡¡

pos i t ive acidogenic flora and at site 3 in control children

ín Streptococcus, tractobacillus and the Gran negative flora.

Álthough the ûean percentages and isolation frequencies for

organisns found to differ significantly between test and

control children were lower at these surfaces than in

lesíons they were higher than those for pre-lesion surfaces.

This could have occurred because as Iesions developed in the

caries-active children increases in the nunbers of organisrns

thought to be cariogenic on these surfaces were paral I ed by

sinilar increases in the sane organisns on surfaces which

renained caries-free. Therefore the nean percentage

calculations for caries-free susceptible surfaces in caries-

active children were based on sanples taken both before and

after Iesion developnent at caries-active surfaces, Ân

exanination of longitudinal data for each child de¡lonstrates

this (Appendix Â). Longitudinal dat a for both caries-active

and caries-free test children wilÌ be presented Iater in

this chapter.

l{hen the data prior to

in test children were

nicrofÌora alluded to

clearer ( Tab Ie 10-f4),

Iesion devêlopnent fron sítes I and 2

conb i ned, the differences between

in the previous paragraph beca¡ne

In addition, because the nunbers of
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observations increased for the test children nany of the

differences between test and control children becane nore

significant. However, the caut ion expressed in the previous

paragraph regarding when the sarnples were collected and the

effect this could have had on the calculations shouLd be

renenbered.

lable I0- l2
Conparison of the mean percentages for organisrns isolated f rorn
susceptible pre-lesion surfaces of nax i l Iary incisors (sítes t
and 2) which developed lesions in test children and sites I,2
and 3 in control children

ORGANISMS

S, salivarÍus

.Pothia

CONT

PRE-LESION SITE I
Mean %

8.2(2.3) 3,4(0.7)
( 0. 0e7 )

0.1(0,05)

ROI

SITE 2

CHILDREN

SITE 3 STTE I/2

r0.6(3.0) - 7,r(1.7)
(0.002) (0.018)

4.3(0.9) 4.5(1.r) 4.0(0,7)
(0.025) (0.0r8) (0.023)

3.5(0.s)
(0.087)

- 3.3(r.0)
(0.0ee)

- 2.0(0,8)
(0.046)

3.7(r,4) 4.r(0.7) 3.2(0.8)
(0.032) (o.0re) (0.045)

- 2.3(L0) -
(0.056)

r.1(0.s) 0.2(0.2) r.2(0.7)
(0.038) (o.or7)' (0.026)

y'¡¡eisseriåA+P+ 0.?(0.4) 3.7(0.9)
(0.054)

Neisseria A+P- 0,5(0.3) 3.8(L6)
(0.086)

Veillonella 7.1(3.3)

Fusobacteriun 0,02(0.01)

Aerobic -ve Rods 0.2(0.1)

Anaerob i c-ve Rods 0.1(0.I)

Yeast 6,4(4,3) 1.3(1.2)
(o.o4B)
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Table 10-13
Conparison of the nean percentages for organisns isolated fron
susceptible surfaces of naxillary incisors (sites I and 2) after
lesion developnent in test children with sites 1,2 and 3 in
control children

ORGÄNISMS

S, nitior - hard

S. nutans f

S, nutans IV

A, naeslundii

A, viscosus

Eothia I.4(2,5)

CHILDREN
SITE 3 SITE 1/2

13.2(1.5)
(0 .027 )

2.2(0.e) 2.r(0.6)
(0.0001) (0.000r)

0 0 .4(0.2)
(0.067)

- 11.7(1.5)
(0.076)

s.0(1.3)
(0.05r)

- 7.r(r.7)
(0.053)

0.1(0.04) 0.1(0.1)
(0.0002) (0.0002)

- 3,5(0.e)
(0.054)

3.3(r.0) 5.5(0.?)
(0.0r5) (0.065)

2.0(0.8)
(0.045)

4,r.(0,7) 3.2(0.8)
(0.0r5) (0.033)

LESION
Mean %

5.4(2.7)

27 .7 (4 .3)

2.6(i.0)

5.4(3,0)

16.4(2.s)

CONT
SITE 1

2.3(0.8)
(0.0001)

0.6(0,4)

RO L

SITE 2

_

1.8(0.9)
(0.0oor)

0.2(0,1)
(0. 06e)

12.3(2.0)
(0.078)

7,1(2.0)
(0.0r6)

r0, 5 ( 3, 0 )
(0.007)

0-t,actobaci I I us

y'l¡eisseria.A+P-

Veillonella

Fus obac t erÍ un

6.4(r.2)

0.2(t.5)

10,r(2.i)

0.01(0.7)

0.2(0.2)
(0.0002)

3.8(i.6)
(0.056)

5.3(r.0)
(0.079)

Aerob i c -ve Rods 0,02(I.3) - 3 ,7 (r.4)
(0 .024)
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Table 10- 14
Conparison of the ¡¡ean percentages for organisns isolated f ro¡n
alI suscept ib I e surfaces of ¡¡axillary incisors ( s ites I and 2,
excluding sanples fron 1esíons) in caries-active test children
and sites 1,2 and 3 in control chi I dren

Å, odontolyticus 0. 03 (0. 7)

ORGANISMS

S, nilleri

S, nutans !

S, salivarius

Fothia

8ac t eri onena

tractobaci I I us

Neísseria A+P +

-Nusohacteriun

Aerobic -ve Ro ds

PRE_LES ION
Mean %

7,7(r.r)

7.9(r.5)

e.2(1.5)

0.5(r.6)

0.07(0.6)

r,3(0.4)

1.7(0.e)

0,01(0,5)

0.9(0.9)

CONTROI

SITE ] SITE 2

4.3(0.6) 2.8(r.0)
(0.045) (0,006)

2.3(0.8) 1.8(0.s)
(0.0r4) (0.008)

3.4(0.7)
(0.0r3)

2.4(r.0)
(0 .022)

- r0.6(3.0)
(0.000r)

2,3(1.r)
(0.0r6)

0 .2 (o .2)
(0.05e)

- 4.3(0.s)
(0.042)

3.7(r.0)
(0 .027 )

CHILDREN

SITE 3 SÍTE T/2

2.3(0.8) 3.5(0.6)
(0.002) (0.006)

2.2(0.s) 2.1(0.6)
(0.013) (0,004)

- 4.7(0.9)
(o .024)

- 2.2(0.7)
(o'017)

- 7.r(r.7)
(0.003)

0.1(0.04) 0, r(0,09)
(0.038) (o.or9)

4.5(r.1) 4.0(0.7)
(0.028) (0.003)

3.3(1.0)
(0.023)

2,0(0.8)
(0.00s)

4.r(0.7) 3.2(0.8)
(0.0r5) (0.03e)

2.3(1.0)
(0.014)

Â otl 7\
(0.05s) '

lteillonella 8.I(f ,4)

Ânaerobic-ve Rods 0. 1(0, 6)

Mi croc oc c us 2 .4 (r .2)
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Table l0- 15
Comparison of the nean percentages for organisns isolated f ro¡n
susceptible surfaces of naxillary incisors (sites I and 2)
which renained caries free in caries-active test children and
sites l, 2 and 3 in control children

S. mutans I 1I .4 (4 .2)

S, nutans IY 2.0(1.3)

ROL CHIL
SITE 2 S]TE 3

2.8(1 .0) 2.3(0.8)
(0.0003) (0.000r)

1.8(0.9) 2.2(o.e)
(0.0005) (0,0008)

0.2(0.r) 0
(0.017)

6.0(r.5) 5.5(1.8)
(0.088) (0,055)

7.r(2.0)
(0.036)

i0. 6 ( 3. 0 )
(0.004)

ORGÁNISMS

S, øilleri

S, sal i vari us

,4, viscosus

SUSCEPTIB],8
NO I,ESION
Mean %

s.9(2.4)

1o.r(r.4)

14.7(4.4\

CONT
SITE 1

4.3(0.6)
(0.003)

2.3(0.8)
(0.000s)

0.6(0.4)
(0.057)

3,4(0.7)
(0.008)

2.4(r.0)
(0.082)

DREN
srTE l/2
3.5(0.6)
(0.0003)

2.r(0.6)
(0.0002)

0.4(0.2)
(0.01s)

4.7(0.s)
(0,016)

2 .2 (0 .4)
(0.085)

7.r(1.7)
(0.035)

0.1(0.00s)
(0.00r)

5.5(0.7)
(0.070)

A, odontolyti cus 0.I(0.05)

Pothia 0.s(0.4)

Bacterionena 0.1(0.09) 2.3(1.1)
(0.07r)

tractobacillus 2,2(1.3) 0.2(0.2) 0 0.1(0.04)
(0.004) (0.003)

t¡eillonella 9.2(3.1) 5.?(1.1) 5,3(1.0) 3.3(1.0)(0.12r) (0.08r) (o.olo)

Fusobacteriun 0.01(0.005) 2.0(0.8)
(0.045)

Anaerobic-ve Rods 0.2(0.1) 2.3(1.0)
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Table l0- 16
Conparison of the nean percenta€ies for organisns isolated fron
the labial surface of a ¡nandibular incisor (site 3) in caries-
active test chi ldren with sites 1,2 and 3 in control chi ldren

CARIES ACTIVE
TEST C O N T

CHILDREN
ORGÀNISMS SITE 3 SITE I

S, øilleri 5.9(l.i)

s, sangui s 9.9(I.9) 4,4(1.3)
(0.030)

Pothia 4,0 (2.5)

Mi c¡'ococcus i.I(1,8)

RO L

SITE ?

2.8(r.o)
(0.032)

4.3(r.4)
(0 .027 )

r0.6(3.0)
(0.050)

CHlL
SITE 3

2.3(0.8)
(0.0r3)

5.0(r.6)
(0.050)

5.9(i.7)
(0.043)

DREN
srTE t/2
3.5(0.6)
(0.066)

4.3(0.9)
(0.0r6)

The least nunber of differences between caries-active and

caries-free test and control children occurred when the non-

susceptible sites were conpared (Tables l0-16 and l0-18).
Both groups of test children had higher levels of S, nilleri
(5,99r in caries-active, Table 10-16 and 8,2?¿ in caries-free,
Table 10-LB) than controf children at site I (4.3%), site 2

(2,8%) and site 3 (2,3%), As weIl, both groups of test
children had lower Levels of Eothia than the control
chi ldren. A sinil.ar scenario occurred when the isolation
frequencies were compared. The isolation frequencies for ^f.

nutans and tractobacÍ I l¿J.r were not significantly different
between site 3 in test chi ldren and sites l, 2 and 3 in

control chíldren (Table l0-I9, 10-20, 10-21). Only site I in

control children had differences which couLd be considered

highly significant (TabIe 10-19) but these were .few in
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nunber.

The comparison of susceptible sites in caríes-free test

children and sites l, 2 and 3 in control chiLdren i.s shown

in table 10-17 (nean percentages) and tables l0-19 - 10-21

( isolation frequencies). The naj or i ty of differences in mean

gercentages occurred for ,9, øiJleri, ,5, mutans, and ,A,

naeslundii (Table 10-f8). The level of significance was 1ow

for S. mutans however.

Table l0-17
Cornparison of the nean percentages for organisrns isolated fron
susceptible surfaces of nax i 1l ary incisors (sites I and 2) in
test children who renained caries free and sites I ,2 and 3 in
control children.

ORGÄN]SMS

S, nilleri

S, nutans 7

,Å, naeslundii

A, vi s cos us

Fothia

VeilloneJla

Fus oba c t eri un

CARIES T'REE
TEST C O N T

CHILDREN
SÍ.TE 1/2 SITE I
Mean "/.

7.0(0.9) 4.3(0.6)
(0.030) (0.00t)

6.3(r.e) 2.3(0.8)
(0. r35)

2L.9(2.4) l1.r(2.4)
(0.003)

5.8(r.7) 14.8(1.s)
(0.0007)

r.4(r.9)

7.3(r.2)

0.r(0.6)

B0i,

SITE 2

2.8(i.0)
(0,0004)

r.8(0.9)
(0,094)

12,3(2.0)
(0.007)

10.6(3.0)
(0,00r)

LDREN

srr0 L/2

2.1(0.6)
(0.072)

1r,7(1.5)
(0.002)

11.0(1,6)
(0,0rs)

7.r(1.7)
(0.0r7)

CHÏ
SITE 3

2.3(0.8)
(0.002)

2 .2 (0 .9)
(0 , t24)

Lt.2(2.5)
(0,003)

3,3(i.o)
(0.017)

2.0(0,8)
(0 .022)
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Table 10-18
Conparison of the mean percentages for organisns isolated from
the labial surface of a nandibular incisor (site 3) in test
children who renained caries free and sites l, 2 and 3 in
control children

CARIES FREE
TEST C O N T R O L

CHILDREN
ORGÁNISMS SITE 3 SITE ] SITE 2

s. nilleri 8.2(1.5) 4.3(0.6) 2.8(1,0)
(0.033) (0.005)

S, ni ti or hard 18.0(3.0) 8,6(1.4) ll.l(2,8)
(0.014) (0.064)

A, viscosus 2.4(2.5) f4.B(I.9)
(0.0003)

Fothia

CHILDREN
SITE 3 SITE Ì/2
2.3(0.8) 3.5(0.6)
(0.002) (0.008)

- 9'8(1'5
(0.020)

9.0(r.3) 10.e(1.6)
(0.038) (0.005)

2 . 1(2 .9) r0,6(3.0)
(0.021)
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V. Longitudinal Data on the llicroflora fror Susceptible and

l{on-susceptible Sites in Caries-active and Cariee-free Test

Chi ldren

The data presented in this chapter and chapter I neasure the

statistical significance of the differences between the

nicroflora fron susceptible and non-susceptible tooth

surfaces in caries-act ive and caries-free chi ldren. l{hile

this is an irnportant analysis, it distorts the longitudinal

nature of the data and changes a dynanic process into a

static one; the cause-and-effect relationship of the

longitudinal data is lost to sone degree.

In this section, the nean percentage of the contribution of

genera and species to the flora is shown in relation to the

clínical state of the sarnpled tooth surface. The nurnbers of

sanpLes taken at a tine period varies but between 3 and 5

sanples were taken close to the production of a white spot

or extensive Iesion, ln table 10-22 increases in the

levels of ^9, nutans, tractobacill us, and ,4, viscosus can be

s een associated with the deve I opnent of white spot Iesions

or cavities. In addítion, decreases in the Levels of other

organisns, ^9, nitior, ^9, nilleri and Á, naeslundii, can

also be seen associated with the sane incident. However, the

caries-free sus cept ib Ie sites in caries-active children

showed parallel increases in S. nutans, tractobacillus and, A,

viscosus as well as decreases in .9, øillerÍ and ,S, nitior

in the absence of 1esÍon forrnation (TabIe 10-23),
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Table l0-24 shows longitudinaÌ data for susceptible surfaces

r,,¡hich renained caries-free in test children who did not

develop caries. A conparison of the data in this table with

that in table 10-22 and I0-23 indicates that the leveIs of

55, nutans at the susceptible surfaces in caries-free test

children and caries-active test children becane increasingly

different as caries developed, The other organism shoning a

obvious difference between susceptible sites in caries-

active and caries-free test chi Idren is .Lactohacillus. This

genus was only isolated from one sanple fron the caries-free

children.
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TabIe 10-23
Longitudinal data on the flora of the susceptible sites
¡.¡hich remained caríes-free in caries-active test children
expressêd as a nean percentage of the total cultivable flora

CANIBS
35

FRBB
555l{u¡b e r of Sarples 2

ORGANISI{
S, nilleri 6.3
.q, nitÍor * hard 6.9
S, øitior - soft 0
.9, nutans - I 0
S. nutans - lY 0
S, salivarius 24,5
S, sanguis 1.0
Total Streptococci 38. 7

t9.6
9.3

20 ,0
I.3

9Ã t
10. 0
85. 7

A, naeslundii 30,4 5,7
A, viscosus l.B 0.9
,á, odontoJ 1't i cus 0 0
Fothia 0.2 0
Bacterionená 0 0
tractobacillus 0 0
.L, casei 0 0
L, brevis 0 0
.[, ferøentun 0 0
,L, plantaruÐ 0 0
.[, sa]Ívarius 0 0
tr. aci dophi I us 0 0
Total Gran + Rods 32.4 6.6

Neisseria A+P+ 3,3 0
Nei sserí a ,4+P- 0 ,2 6. 9
Neisseri a A-P- 0.I 0
î'teillonel.la 10.9 LB.1
Total Grar - Cocci 14.5 25.0

Fusobacteriun 0 0
.Leptotrichia 0,2 0
Aerobic -ve Rods 0 0. I
.Anaerobic -ve Rods 0 0
Yeast 0 0.1
Mi crococcus 4 ,2 0
Eaenophi J us 3. 0 0. I

tB.3 t5.5 0.4 0.3
12.0 10.9 2,I t0.7
0 0 13.2 7.8
0.6 16.6 13.4 10.6
0.2 L7 8. I 0,7

14.3 11.3 1.4 0.5
2.8 2.0 t.5 3.7

44.2 58. 0 40. l 34. 3

16.I
0,2
1.6
0

0
0
0
0
0
0
0

23.2

4,5 9.4 16,1
8.7 2L,9 18.9
000
0.8 0,2 I.1
0 0.6 0.3
0 6.3 2,9
000
0 0.1 0
0 0.1 0.1
0 6.3 0.1
0 0.1 2.9
000

t4. 0 45.0 42.4

0.5 6.4 2.3 4.1
2.5 1.3 0 2.3
0 0,2 0 0
4.4 7.4 4,4 14.8

11.4 15.3 6.7 2I .2

0 0 0 0.I
0.1 0 0.1 0.t
I.3 0.3 3.9 3,2
0 0.7 0.1 0.2
0.3 0.t 0.6 0,2
0 7.5 L2 0
0.3 0 0 0.t
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Table 10-24
Longitudinal data on the flora of the susceptible sites
in test children who renained caries-free throughout the
study expressed as a nean Þercentage of the total cultivable
flora

CÄRIBS rRBB
44l{urber of Sarples 2 4

ORGAI{ISTit
S. nilleri 9,4 8,2
,9. nitior - hard 6.5 25,0
S, nitior - soft 8.4 4.5
S, nutans - 1 0 I.3
S, nutans - I9 0 0
S, salÍvarius 6, 9 5,8
S, sanguis 2,7 2,7
Total Streptococci 33.9 47 .5

A, naeslundii
A, vi scosus
Á, odon t ol yt i cus
Fothia
Bacteri oneøa
-Lactobaci I lus
-L, caseì
l, brevis
tr, fernen t un
-L, plantarun
-t,, salivarius
.L. aci dophi J us
Total Gra¡ + Rods

Fusobacteriun 0, 1 0, I
leptotrichi a 0.4 0,1
Aerobic -ve Rods 7.3 3.8
Anaerobic -ve Rods 0,2 0
Yeast 0 0,7
Micrococcus 0.9 L2
I{aenophiJus 0 0.9

7,8 1.8 11.4
t8. 5 t0, 6 19. 0
2,2 2,6 0.3
4,9 t0.t 5.1
0 1.5 2,5
8.5 0,3 3.7
t.8 3.5 11,2

43.7 30.4 53.2

12,6 33.8 18.0
4,1 7,2 9.6
0 5.9 0.1
1,4 0.1 3.8
o 1.2 0,2
000
000
000
000
000
000
000

t8.t 44.2 31.7

34. I t8. 6
5.6 1,9
0 0.8
0,4 2.7
00
0.1 0
00
00
00
0,I 0
00
00

40.3 24.O

Neisseria A+P+ 0.2 3,2 9.5 6.8 6.4
Neisseria A+P- 7.3 3.0 7.4 4.4 2.7
.|,leÍsseria Á-P- 0. 1 0. 1 0. 1 0 .2 0, i
Veillonella 12,5 7,4 11.0 4.4 3.2
lotal Grar - Cocci 20.1 13.7 2A-O 15.8 11.8

0.3 0,1 0.1
0.3 0.5 0.1
3.7 0,7 0,3
0,2 0.5 0.r
0,1 2.0 0.1
0.3 5.4 2,3
0.2 0 0

Tables t0-25 and l0*26 show data for the non-susceptible

sites in caries-active and caries-free test children

respectively. These intra-subject contrÕl sites were

colonized by a flora quite sinilar to that which colonized
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the susceptible

chi Idren. The

not appear to

caries-free chi

the control site

sites in either caries-active

control sites of caries-active

be rnore heavi ly colonized than

Idren. tractobacillus was not

in caries-free test ch i l dren,

or caries-f ree

children did

those of the

isolated frorn

204



Table 10-25
Longitudinal data on the flora of the non-suscept ib 1e sites
in caries-active test children expressed as a nean
percentage of the total cultivable flora

NOH_SUSCEPTIBTE CARIB S_FRE B
llu¡b er of Sanples
ORCÂN I SU
S, nilleri
S, nitior - hard
S. nÍtÍot'- sof t
S. nutans - I
S. øutans - ït'l
S, sal i varí us
S, sanguis
Total S t rept ococc i

Å. naeslundii
Å, viscosus
Á, odontolyticus
Fothia
Ba c t eri onena
.Lactobacillus
-t,, casei
-L, brevi s
,L, fernentun
L, pl an t aruù
-L, salivarius
.L, aci dophi Jus
Total Grar + Rods

l'/eisseria A+P+
.l,leisseria A+P-
Neisseria A-P-
Veillonella
Total Grar - Cocci

Fus ohacteri un
.Leptotrichia
Aerob i c -ve Rods
Anaerobic -ve Rods
Yeast
Mi croc o c cus
I{a eø oph i I us

35555
8.9 15.3 7,2 7.2 0
4,6 t0.9 4.8 7,5 17,6
9.6 0 13,9 t1.5 18.4
0 3.7 t3.l 3.6 2.1
0 0,I 0 0 I.3

22.7 6,2 6,8 4.7 0
30.5 9,2 3.4 0.5 15.9
76.3 45.4 43.2 35.0 55.3

3

1.9
0,2
0
0

0
6.I
0
9.0

r1.9
8.4
1.3
0
0

0

0
0
0
0
0
0

2r.6

0

0,1
0.1
3.9

0. t
0
0
O,I
0
b.J
8.2

5.0 4,r
2,9 13.2
1,2 0,2

19 0 l R

00
00
00
00
00
00
00
00

22.O I9.0

6.4 9.2 3.6
6.1 19,5 8.0
2.0 0.2 0
4.4 5.6 Lt
0 7.7 0.4
0 1.4 0
000
000
0 0,1 0
0 t.3 0
000
000

18.9 43.6 t3.l
4.4 3.0 3.7 2.A 5.1
2.4 2,4 0.2 0 0
3.9 0.8 8.0 3,5 0
4.4 4.0 4.0 1.8 r.5

t5.t t0.2 15.9 8.t 6.6

0 0.5 0.1 0.1 0.I
0 0.4 0.1 0.4 0.1
0.3 5,7 3.6 0 0.3
0 0.1 2.4 0 0.1
0 0 0 I.6 0,r
1.2 0 0.3 ].4 0
0.2 1.9 0 0.7 0.1
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Table 10-26
Longi tudi na l dat a on the flora of the non-sus cept ib 1e sites
in caries-free test ch i I dren expressed as a rnean percentage
of the total cultivable flora

I{OI{-SUSCEPT IB LB
l{u¡b e r of Sarples 2
ORGAI{I S¡I
S, nilleri 5,0
S. øitÍor - hard 0.6
,Ç, nitior - soft 18.5
S, nutans - I 0
.ç, ùutans - M

S, salivarius 14.2
S, sangui s 9,4
Total Streptococci 47.7

Á, naes I undi Í 13.4
A, viscosus 2.5
A, odontolyticus I.0
Fothia 8,4
Bacteríoneøâ 0
.Lactobacillus 0
.L. casei 0
tr, brevis 0

-L, fernentun 0
.L, pJantarun 0
tr, sal i vari us 0
tr. acidophi.lus 0
Total Gra¡ + Rods 25.3

Neisseria A+P+ 0.4
.l{eisseria Á+P- 14. B

Neisseria A-P- 0
l¡eillonella 1.0
Total Grar - Cocci 16.2

Fusobacteriun 0. I
.Leptotrichia 0
Aerobic -ve Rods 0.2
Änaerob ic -ve Rods 0
Yeast 0
Mi crococcus 0
I{aeøophilus 0.1

344
7,0 L3.2 9.7

38.8 18,0 12.2
0 0 3.7
3.2 7.7 0.1
0 2,0 0.1
6.0 I0.6 6.1
1.4 12.B 7.5

56.4 63. 7 39. 5

7,9 3,3 6,4
L2 L0 I.5
000

19.1 6.0 4,1
24.2 10.3 12.O

0 t.I 0.9
0.2 0,5 t.3
0 7.3 9.6
0 I.4 0.2
000
3.1 3.1 0
1.4 0 0.1

CARIBS_FREB
4

I.5
20,3
t.0

10.5
0,7
7.4
o9

51.0

5,8 4.6 i7.3 28.I
1.5 0 5.8 2.3
4.8 5,0 0 2.0
L9 0.6 I.9 2.0
0 0 7.3 t.4
0000
0000
0000
0000
0000
0000
0000

14. 0 10. 2 26. 3 35. I
6,6
t1
0.1
0,1
9.5

0
0.1
0.7
0
0.t
0.3
0,3
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CtrAPTBR BIBYEX

f. Per¡utation Analysis Corparing the Sililarity of the

llicrofloras llithin and Between Control and lest Chitdren

Ânalysis of nicrobiological data by traditional statistical

nethods is fraught with nany problens, This was considered

and explained in the literature review in Chapter 5 and wil]

not be discussed here. However, ¡¡any of the problems

encountered by others were also encountered in this study.

This Iead to a search for statistical nethods which would

either circunvent or reduce the significance of a problern or

problens identified in chapter I, such as non-nornally

distributed data, in data analysis, ln addition, we felt

that the use of such nethods would provide an interesting

contrast with the traditional nethods which were eventually

enployed, the results of which have been presented in

chapters 9 and l0 of this thesis.

Because there is a scarcity of agreernent regarding correct

statistical nethodology in the anaì.ysis of nicrobiological

data, very fe¡.¡ n er,v nethods have been developed for use in

this ârea. One ¡rethod which has been developed is the

'Lanbda Änalysis' by Dr. I. J. Good at the The Virginia

Polytechnic Institute and State University, This nethod was

described in the literature review on pages t13-117. It is a

non-paranetric nethod and, as such, addresses the problen of

analyzing data which are far fro¡¡ being nornally

distributed. The Lanbda of Good analysis is based on the

nean sinilarity between two subsets of sanples (eg. sanples



fron one subject, group of subjects or equivalent sites

forning subset one and sanples fro¡n a second subject, group

of subjects or equivalent sítes forming the second subset).

In this instance we chose to use the coefficient of

siailarity described by Socransky et al (I9Bl) as the

neasure of sinilarity although any neasure of sinilarity

could be used including sinply neasuring the presence or

absence of species (I. J. Good, 1987 personal

connunication), The statistical significance of

differences between the si¡nil.arities of the sanples within

and between subjects or sites can be deter¡nined by a

pernutation calculation whichcalculates the probability

that the sanples (or subsets of each sanple) are identical,

The accuracy of the pernutâtion calculation is increased

when the pernutations arê randornly distributed. Further

increases in accuracy can be expected when the nunber of

randonly deternined pernutations is increased. For example,

if the nu¡nber of poss ib I e pernutat i ons is 15 the p-value can

not really be less than 1/15 (0.067), however it might be

estinated to be less than that if randon pernutations are

used. If the nunber of randonly deternined pernutations is

[uch higherr sâV 1000 or ¡nore , as occurred in this study,

the accuracy of the calculation increases and prvalues can

be nuch lower, in the range of I/I000 (0.00I). The analysis

used in this thesís is contained in version 2.22 Lanbda of

Good, an MS-D0S cox0puter progran wrítten by Jean-Michel

Lacroix at LavaI University.
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The najor difference between this nethod and the analysis of

variance nethod enployed in chapters 9 and 10 is that the

Lanbda of Good bases a conparison between subsets on all the

species isolated from a site or sites within a subject or

group of subjects. 0n the other hand, the analysis of

variance is able to conpare only one species at a tine to

all other species in the analysis. The advantage of the

Lanbda nethod therefore is that it is possible to co¡nplete

an overall conparison of the populations isolated from a

site or subject rather than focusing on single specie

conparisons. This advantage is particularly inportant rahen

exaniníng the changes which occur in the conposition of the

nicroflora as disease develops at a site and represents a

nore ecologically sound approach than has been used

previously when examining diseases of nicrobial etiology

where conplex floras are found. Àn exanple of this princíple

can be found in the study by Moore et al (1982) which

exanined the bacteriology of experinental gingivitis in

young adult hunans. Using the sane pernutation analysis as

this study to anaì.yse the conposition of the flora during

the developnent of gingvitis, Moore et al (1982) found that

the composition of the flora of each person was different

prior to disease developnent fro¡n that of every other person

in the study, Despite these differences gingivitis developed

in aIl subjects and the initial differences between subjects

were naintained and anplified. In fact, the conplexity of

the flora increased as gingivitis developed indicating that
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rather than a sinple increas e in the quant i ty of the init j.al

species, a progression of species was requ i red for disease

to develop.

Sinilarity cornparisons were also made between individuals in
this study (data not shown), Generally the flora of each

individual was distinctly different from all other subjects
although there were occurrences where individuats had

si¡nilar flora. IIowever, thi s was I imited to ei ther the test
group or the control group and in no case was there a high
sinilarity between chiLdren in the test group wi th children
in the control group. This issue will be addressed funther
in the discuss Íon of the results.

II. Corparison of the Flora fron Susceptible and llon-

susceptible Sites in Test and Control Children

À large nurnber of conparisons between and within the test
and control children were nade. Tables 1I*l to lI-4 present

the results of conparisons nade using the Lanbda of Good

analysis. In all cases the data used in the Lanbda analysis
wene entered separately for each subject so that individual
differences between test and control children could also be

exa¡nined. This also served to increase the nunber of
sanpì.es (observations) in the subsets thereby increasing the

nunber of randon pernutations and the accuracy of the

statistical determination. The species entered in the

analysis are the sa¡r¡e as those presented in Table g-1 in

chapter 9. The nunbers in the table are p-values indicating
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the probabílity that the populations in each subset are

identical; the Ior^rer the p-vaIue the greater the probability

that the subsets are different.

In table 11-1, the flora fron susceptible sites l and 2 and

non-susceptible site 3 in test and control children are

cornpared. Two groups can be identified in Table 1l-1. As

expected, the flora fro¡¡ test chi ldren was different f rorn

the flora of control chi l dren. In the test group, only site

1 and site 3 were statistically significantly different (p =

0.005), A sinilar trend Has observed in tlte control

children. For exanple, the flora f ro¡¡ site l in control

children was significantly different fron the flora at site

3 in control children (p = 0.030), However, when the

sinilarity of the flora between test and control groups was

compared the flora at susceptible sites in test children

was highly significantly different (p<0,001) from the f lora

at the sane sites in control children. The flora at non-

susceptibLe surfaces, site 3, were nore sinilar but the

di fference rias significant at the 0. 025 leveI.
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Table ll-I
A conparison of the similarity of the nicrobial populations
fron susceptible and non-susceptible surfaces in test
children (test site I, 2, 3) Þrith that fron control
chi ldren (control site l, 2, 3).

TEST TEST TEST
SITE 1 SITE 2 SITE 3

TEST sITE I 1.000è 0.917 0.005

TEST SITE 2 I.OOO O.]63

TEST SITE 3 I. OOO

CONTROL S]TE 1

CONTROL SITE 2

CONTROL SITE 3

CONTROL CONTROL CON TRO L
SITE 1 SITE 2 STTE 3

0.005 <0.001 <0.001

<0.00t (0.001 <0.001

0. 002 0. 035 0. 025

I.000 0.038 0.030

1. 000 0. 293

1.000

a - p value as deter¡nined by the T,anbda of Good analysis
indicating the probability that the populations at each site
are similar

Table Il-Z displays the similarity conparisons between

caries-act ive and caries-free test chi ldren and caries-f ree

control children. In this table, each site in the test

ch i I dren was conpared to each site in the control chi ldren

and the developnent of dental caries r.¡as considered in the

conparisons. Thus caries-active children could be conpared

to control children both before and after the developnent of

dental caries. Generally, the flora at the susceptible

surfaces, sites I and 2, in test children was significantly

different fron sites 1, 2 and 3 in control children whether

disease r,,las considered or not. 0nly site 3 in the test

children displayed a sinilarity to sites 1, 2 and 3 in

control chi I dren. Surprisingly, after Iesions had developed

in test children at sites I or 2, the non-susceptible
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surfaces, site 3, in test children harboured a flora r,vhich

was quite sinilar to that found at site 1(p = 0.383) and 2

(p = 0,I27) ín control children.
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III. Conparison of the Flora Within and Bet¡*een Sites in
Caries-Active and Caries-Free Test Children

Tables 11-3 and l1-4 display p-values for sinilarity
conparisons which were nade within and between the groups of
test chi l dren, The test ch i l dren were divided into those who

developed lesions and those who renained caries free. A

site by site conparison was then cornpleted.

Pernutation calculations showed that príor to the

developnent of dental caries at the sus cept ib 1e sites the

caries-active children had a flora which r{as not

significantly different f ro¡n the test children who re¡nained

caries-free. Âs shown in Table l1-3, p-values for the

conparisons caries-active children (before lesion) vs, all

sanples were site I vs. site 2, 0.427, site I vs. site 3,

0,448, and site 2 vs. site 3, 0.074. Those children who

renained caries-free had re¡¡arkably sinilar flora at all

three sites. P-values for the conparisons caries-free vs.

caries-free were site L vs. site 2, 0.775, site I vs. site

3, 0,691, and site 2 vs. site 3, 0.843.
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îable I l-3
Conparison using the La¡nbda of Good analysis of the
nicrobial populations fron susceptible and non-susceptible
surfaces in caries-active and caries-free test children.

SUBSET
COMPARISONSC

â1I sanples-
each site

Caries act ive chíldren 0,427
(before lesion) vs.

SITE ] SITE I SITE 2 SITE 1(ÇAE )vs. vs. vs. vs.
srTE 2 srTE 3 stlE 3 sITE 1(CFb)

0,91?d 0.005 0.163

0 . 44A

Caries active chiLdren 0.0I5 <0,001 0.093
vs, All sanples

Caries free chíldren 0.849 0.090 0.093
vs. .{11 sanples

0.074

AIl sanples

Caries active children (0.001 <0.001 <0.001(after lesion) vs.
Al1 sarnples

Caries active vs. 0,310 0.019 0,063
Car i es active

Caries active vs. 0.016 <0.001 0.106
Caries f ree

Caries free vs. 0.089 0.007 0.005
Caries act ive

Caries free vs . 0.775 0. 691 0. 843
Caries f ree

<0.001

a - caries active children b - caries free children
c - each conparison is set up such that the first subset
defined under this colunn is derived fron the first site
defined in each colunn heading and the second subset is
derived fron the second site defined in the column heading.
Exanple: the first conparison, aIl sanples-each site
involves all sanples fron site I versus aIl sanples from
site 2 p = 0.917
d - p value as deternined by Lanbda of Good analysis
permut at i on calculat ion
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In table 11-4, al1 conparisons are based on the effect that

progression to overt disease had on the conposition of the

microflora at susceptible and non-susceptible sites in

caries-active and caries-free test children. Examination of

the p-values indicates that at those surfaces which

developed disease there was a progressive change in the

¡nicroflora to the point where nicrofLoras which were

relatively sinilar príor to disease initiation becane quite

diss ini Iar after di seas e developed, P-values for the first

two conparisons in the table, caries-active children (bcfore

lesion) vs. all car i es -act ive children (site I vs. site 2,

p=0.280, site I vs. site 3, p=0.567, site 2 vs, site 3,

p=0.010) and caries-active children (before lesion) vs. all

caries-free children (site I vs. site 2, p=0.220, site I vs.

s ite 3, P=0.087, site 2 vs, site 3r p=0.425, site 1 vs. site

1, p=0.112) indicate that, in general, the floras were quite

sinilar. However after lesion developrnent, the p-values for

the conparisons caries-active children (after lesion) vs.

all caries-active children (site I vs. site 2, p=0.013, síte

I vs. site 3, p<0.001, site 2 vs. site 3, p<0.001) and

caries-act ive children vs. all caries-free chi Idren (site I

vs. site 2, p(0.001, site I vs. site 3, p<0.001, site 2 vs.

site 3, p=0. 002, site I vs, site I, p<0.00I) indicate the

floras had becone dissinilar, Further corroboration of this

occurrence is shown in the last conparison in the table,

caries-active children (before lesíon) vs. caries-active

children (after Iesion), in ç,rhich p-values have norç reached

highly significant levels, p<0. 001 .



TabIe ll-4
Conparison using the Lanbda of Good analysis of the
rnicrobial populations from susceptible and non-susceptible
surfaces in test children at various stages of disease
progression.

sITE I SrTE I SIÎE 2 SITE I (cÁe )SUBSET vs. vs. vs. vs,
COMPÂRISONSC SITE 2 SITE 3 SITE 3 SITE I(CFb)
Caries active children 0,280d 0,567 0,0I0
(before lesion) vs.
All caries act ive

Caries active children 0.220 0,087 0,425 0.112(before lesion) vs,
.å.ll car i es f ree

Caries actíve children 0. 090 0.514
(before Iesion) vs,
Caries act ive chi I dren
(before lesion)

0.206

Caries act ive children
(before lesion) vs.
Caries active children
( aft er lesion)

Caries act ive chi Idren
( after Iesion) vs,
.AlI car i es f ree

0.033 0.534 <0.001

Caries active children 0.013 <0.001
( aft er lesion) vs.
AII caries act ive

<0.00I

0.002 <0.001<0.001 <0.001

Caries active children 0.774
( aft er lesion) vs.
Caries active chi ldren
( after lesion)

0. 008 0. 050

Caries active children <0.00I <0.001 0.002
( after lesion) vs.
Caries act ive chi I dren
(before lesion)
a - caries active children b - caries free children
c - each conparison is set up such that the first subset
defined under this colunn is derived fro¡¡ the first site
defined in each colunn heading and the second subset is
derived fron the second site defined in the colunn heading,
exanple: the cornparison caries active children (before
lesion) vs. alI caries active children involves sanpJ.es fron
site I of all caries active children before a lesion
developed conpared to sanples fron site 2 of al1 caries
act ive ch i I dren; p = 0,280
d - p value as deternined by lanbda of Good pernutation
calculation
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Diecussio¡

f Hethods- Relationship to previous studies

The nethods enployed in this study are sinilar to nethods

used in other longitudinal studies of dental caries (Bowden

et al, 1976; Boyar and Bowden, 1985; Hardie et a1, 1g?Z;

Huis In't Veld et al, 1979; Ikeda et a1, 1973; Loesche and

Straffon, I97 9; Loesche et al, Ig84; Swenson et al, lg76).

However, there are several important di fferences betv,leen

this study and others which require anplification.

This is the first study in which preschool children have

been followed longítudinally until dental caries has

developed at sus cept ib I e study sites. Other studies have

selected school-aged chi Idren or adul ts for similar studies
(cited in previous paragraph). There are several advantages

of us ing preschool ch i l dren ín a longitudinal caries study,

In the young preschool child who engages in deleterious

bottle feeding the teeth which are nost at risk of dental

caries are the prinary naxillary íncisors, Because these

teeth are readi 1y access ib le, the s urfaces under study can

be reproducibly sanpled. This allows the investigator to
state with certain t y that the study surface, and the lesion
itself if it exists, has been sanpled in each ínstance.

S ince the investigator can visual ize the tooth surface to

diagnose dental caries at each stage of Lesion development,

changing trends in the microflora under investigation can

then be nore accurately linked with the developnent of
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disease. In other words, cause-and-effect relationships can

be nore clearly denonstrated.

Attenpts to reduce the heterogeneity of the population under

study have been shown to help provide nore explicit results
(Lu, H.I{., cited in Bibby and Shern, l97B). Ä sample

population consisting of preschool children is probably a

more hoDogeneous group than a group of older children. For

exampÌe, parents are more likety to follow r e c ornn e n d a t i o n s ,

such as dietary advíce, fron a health professional when

their child is in the infancy and toddler períods of life

than they would when the child is older and nore

independent, The suggestion is that children in this age

group will have di ets which are nore sinilar than the diets

of older children, s ince the younger child is under closer
parental scrutiny than the older child. rq,nongst the test

children in this study who bottle-fed ad tib, it is even

nore I íkely that their di ets were very sinilar since these

children tended to use a bott 1e frequently over a 24-hour

period. Because frequent ingestion of carbohydrate-

containing liquids or solids is known to suppress the

appetite (Spiegel, 1973) , it is probable that the najor
portion of each child's daily caloric intake was obtained

fron juice or ¡nilk, both of which contain large anounts of

sugar, This supposition is supported by research which has

exanined the nutritionaL quality of the Manitoba Native diet

in various age groups and found that infants and

preschoolers are the poorest nourished of the Native fanily
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(Riley, I975). Although it is knorçn that increasing

carbohydrate consunption wilI lead to increased caries

attack, it is not known at r.¡hat level of carbohydrate

exposure this becones an irnportant variab j.e.

In addi t i on, young preschool children will have t eeth of a

sini lar age and thus sinilar car i es susceptibility. Since

the tooth surfaces under study here are smooth surfaces,

they are Iess l ikely to be affected by the different levels

of risk associated with rna jor variations in tooth

norphology, such as those associated with pits and fissures.

Subjects who display anomal ies in tooth norphology can be

excluded fron the study to inprove the honogeneity of the

sarnple popul at ion.

The sanpling interval enployed in this study, six weeks, was

nuch shorter than that employed in other studies. For

exanple, Loesche et al (ì.984) sanpled caries-susceptible

fissures of first permaneut ¡nolars at six-month intervals.

Although the six-week interval required significantly nore

intensive laboratory work than if a longen interval had been

seì.ected, the advantage of this shorter interval was that a

¡nore accurate correlation of changes in the conposition of

the nicroflora to the status of the tooth surface could be

Dade, This interval was selected partly for this reason, but

also because of the rapidity r,,lith rlrhich nursing caries

develops, which in itself is an advantage in that it

Einimizes the anount of tine that subjects are required to
participate and could reduce subject drop out,



An addi t i onaì advantage of the nodel chosen for this study

refates to the criterion which was used to diagnose dental

caries. fn the study by Loesche and Straffon (1979) and

Loesche et al ( 1984 ) the di agnos i s of car i es was a ter¡ninal

event ín that the surface of the too th, the fissure, had to

display softness or a definite break ín the enanel surface,
Bowden et a1 ( 1977 ) and Hardie et aI ( 1972) used radiographs

to diagnose approxinal caries. Bil1e and Thylstrup (lSB2)

have since shown this to be an inaccurate nethod even r.¿hen

accurately standardized. Both these nethods were required

because the surfaces under study could not be seen eas i 1y

by the investigators in either study for a nacroscopic

evaluation. In this study it was possible to nake a much

more accurate diagnosis of caries, including the white spot

stage, and the deve l opnent of dental caries was not regarded

as the terninaL event of the study. This, coupled with the

nore frequent sanpling interval, provided a superior

opportunity to correlate nicroflora changes with tooth

surf ace changes.

II The l{or¡al Flora of the Preechool Chitd

Most studies which have examined the conposition of the oral

nicroflora have focused on groups of individuals, older

children and adults, who are at risk of deveLoping the two

najor oral diseases, dental caries and periodontal disease.

fn general, these studies have ignored the infant and young

child who are acquiring, early in Iife, the najority of



organisns which are reported as components of the indigenous

oral flora of the older child or adult. While the data on

older children and adults are extrenely valuable and

necessary, others workers have recently turned their

attention to the acquisition and developnent of the oral

nicroflora in infants and young children (Berkowitz et al,

1980; Carlsson et a1, I975; Eggert and Gurner, tgB4 ¡ Rogers,

19Bl ) . The rationale for this res earch direction is that if

it is understood how and when potentially pathogenic

organ isns are acqui red, nethods nay be developed to inhibit

cc¡lonization by such organisrns and prevent disease (Kohler

and Jonsson, 1986 )

The results presented in Chapter 9, l0 and l1 of this thes i s

indicate that the oral flora of the young child is nuch nore

conplex than has been reported, Previously, it has been

hypothesized that nany of the organisms found in this

investigation nere t rans i ents in the oral cav i ty. However,

the isolation frequencies deternined here indicate that this

is not the case. These results suggest that the

pathogen íc i ty of nany of the oral bacter i a is latent and not

expressed until ¡¡uch Iater in the individuals' life when

environnental conditions nay allow its population to expand.

a) Fiesure lfi croflora
The data shown in Table 9-4, outlining the nicroflora of the

central occlusal fissure of the maxillary first prinary
nolar in preschool children, while nore extensive, reveaf
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trends sinilar to those found in data fron other studies

¡rhich have exanined the nicroflora of pernanent nolars ín

young adults (Theilade et al, 19731 1974; 1982; Thott et al,

1974) (Table t-4). A detailed comparison of the data is not

possible since, in the previously reported studies, the

fissures were either artificial or were naturaL fissure
systens which had been re¡noved fron extracted teeth, placed

in acrylic appliances and inserted into the nouths of

experinental adult subjects. In addit ion, wi th the

exception of the study by theilade et al in l9B2 the range

of organisrns isolated was linited. However, ít is evident

that the predoninant cultivable bacteria were Gran*positive

and Streptococcus was the do¡ninant genus in each study which

has been con fi rned in the present investigation,

A direct conparison of the present data to that of Theilade

et aI (1982) is also not possible since each subject in the

Theilade et aI study was required to place a drop of 20%

sucrose solut ion at the en t rance of the inpl an t ed f issures

twice daily during the experinental period, This practice

favoured the developnent of a flora which was doninated by

55, nutans and represents a conpletely different set of

circunstances to those experienced by control subjects fron

whon fissural data vuas obtained in the pfesent

investigation,

The data presented here, therefore, represents the first

conprehensive exanination of the nicroflora of the nolar
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fissure systen of prinary teeth, Atthough the ¡lodel ernployed

by Theilade et al (1982) and others would provide for a nuch

r¡ore detailed exanination and preserve individual

ecosystens, it is un l ike 1y that chi ldren l2-36 nonths of age

would cooperate and wear such an appliance. As sanples were

collected directly f ro¡n the entire length of the central

occlusa] físsure in this study, it is probable that

individual ecosystens were combined and therefore obscured

by the sarnpl ing nethod.

b) Tongue Microfl ora

Although several studies have been published which outline

the nicroflora of the tongue in the adult (Gordon And

Gibbons, 1966; Krasse, i953), there are no cornparable data

for children. An abstract (Milnes and Bowden, 1982) based

on inconplete data, is all that exists at present to

describe the nicroflora of the t ongue in young children,

It appears that in deternining the autochthonous species of

the tooth surface and periodontal sulcus, investigators have

ignored a surface which nay serve as a reservoir for the

najority of species found in other habitats within the oral

cavity. This appears to be a possibility since in the

current study, the entire range of bacteria found on the

tooth surface could also be isolated fro¡n the tongue, glbeit

in different proport ions and wi th different frequenc i es f ron

that on the tooth. i{, s expected, ,S. salivarjus rltas the

doninant streptococci which is in agreenent wíth other

studies (l(rasse, I953, I954; Gibbons et al, 1964).
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Stonatococcus nucÍJaginosus, formerly a nenber of
Micrococcus, was al.so regularly isolated. Although anaerobic

organisns are not found in large nunbers on the tongue, its
surface topography nay allow for the develop¡nent of a Iow

redox pot ent i al such that even strict anaerobes can survive,
Data fron this study support this contention, For exanple,

Veillonella was isolated frorn 73% and anaerobic Gran-

negative rods fron 4O% of the sanples fron the tongue.

The study by Gordon and Gibbons ( 1966 ) is quite inconclusive
in its description of the tongue,s nicroflora possibly

because the identification nethods of the day veere not

sufficientLy advanced to allow for a nore conprehensíve

profile of the ¡nicroflora (Table I-2). Thus, it appears that
the data presented in this thesis (Table 9-4) are the nost

cornprehensive to date and represent the only available data

on the flora of the tongue for chí Idren,

c) llicroflora of the Slooth Tooth Surface

In this study plaque r{as renoved fro¡n the labial and lingual
srnooth surfaces of prinary incisors, surfaces which are

susceptible to nursing caries and, unlike the sheltered

enclave provided by approxinal areas, exposed to the

harshness of the oral environnent, eg. tenperature

fluctuation, nucosal abrasion, oral hygiene activities and

diet, An illustration of this effect on plaque developnent

occurred in th j-s study when several children had their teeth
brushed just prior to a plaque sanple being taken. The



result in such situations was often a co¡nplete lack of
nicrobial growth on the entíre range of nedia enployed.

In general, the results presented here on the plaque
rnicroflora are in agreenent with other studies which have

reported on a broad range of nicroorganisms found in the
dental plaque of order chirdren and adults (Bowden et ar,
1975; Ii]ian et al, tg?9; Ga]lagher et at, l98I) (Tabte i
5). The results also agree with those of an early report by
Mccarthy et al (1965) who have published the only otrrer
longitudinal conprehensive study of the ¡nicrofrora of the
infant and young chi ld. The value of the results of the
latter study, however, r{as lessened by the lack of
infornation at that tine on cultivation and identification
of oral bacteria.

fn the control children, those who were at low risk of
nursing caries, the Gran-positive rods and filaments
(prinarily ,{. naeslundii and L viscosus) doninated at both
susceptible sites l and 2. This agrees with the data for
approxinal surfaces reported by Bowden et al in 1gZ5 and

with the data for snooth surface plaque fron premolars and

nolars reported by Galragher et ar in r9Br, Kilian et aI
(I979) found a nuch lower proportion of Gran_positive rods
in supragingival plaque renoved from the buccal surfaceé of
first pernanent nolars. This result is supported by data
fron this study when the labíal surface of a nandibular
incisor, the intrasubject control surface, site 3, is
considered. 0n this surface streptococci were by far the
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predoninant genus in both the test and control chíldren.

Anongst the streptococci isolated in this study, S. øitíor

was the doninant species both in absolute nunber and

frequency of isolation, at sítes 1, 2 and 3 which agrees

with the study by I(ilian et al (1979). This differs from

earlier work which reported that ,S. sanguìs is the

predorninant streptococcus insupragingival denlal plaque

(Carlsson, I965, 1967a; Loesche and Hockett, I972), The

reason for this discrepancy can be explained by differences

in nonenclature used in different laboratories since the

taxonony of the S, sanguis/ni fjo¡ group of organisrns is as

yet unclear (KiIian et al, I986),

fn contrast to the resufts of other studies cited in this

section, the doninant Gran-negative coccus isolated was

,1,/eisseria and not Veillonella. În those children who

eventually developed decay, Veillonella was found in higher

numbers than .rVeisseria, possibly indicating a higher level

of lactate on the tooth surface in these children which

favoured l¡eillonella. Ritz (I967) found that during early

plaque fornation Neisseria was a doninant nember of the

co¡nnunity but that in nore '¡nature plaque' (9 day old) the

levels of NeisserÍa declined as the Ievels of l¡eillonella

increased beyond those of I'leisseria, He reasoned that the

growth of anaerobic organisrns, such as t/eillonella, was

dependent on prior growth of aerobíc and facultatively

anaerobic organis¡ls such as ìleisseria, If this explanation
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is correct, the data in the present investigation could

reflect, in part, a conmunity in which elther conditions do

not favour autogenic succession or conditions in which

prinary feeders such as lleisseria exist side-by-side nith
secondary feeders such as Veillonella before the prinary or

pioneer stage of connunity developnent has been terninated

through autogenic success ion,

There were a ì.arge nunber of other species found which

occurred with varying frequencies, Their nunbers were

generally low ( Tables g-l to 9-4), These organisms have not

been reported very often by other workers. The results f or

preschooì children reported here agree with those of Bowden

et a1 (1975), Kilian et a1 (I979) and Galtagher et al (1981)

for older children and adults and McCarthy et al (I96S) for
infants and preschool children regarding the relative
proportion assuned by these various speeies in the oral

cavity. However, the taxonony of oral bacteria has, in
general, becone nuch nore conplicated since these papers

were published, Studies to investigate the plaque flora in

vari ous age groups as extens ively as possíbIe woul d provide

an inportant addition to the literature.

III Corparison of the llicroflora fror Test and Control

::t:::';"."ious sections, the discussion rocused on the oral
nicroflora of the preschool children who were at low risk of
nursing caries. In ihis section the discussion ¡,ui1l centre

on the conparison nade between the oral nícroflora fron
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ch i I dren at Iow risk
that fron children

chiìdren.

den t a1 caries (control children) and

high risk of dental caries (test)

Álthough the statistÍcal analyses of the flora at different

sites fron these tvúo groups of children have shown that in
nany ways they were sinilar, the habits which fostered the

developrnent of nursi.ng caries in the test children, bottle-
feeding ad 1ib, frequent ingestion of carbohydrate and low-
pH drinks and a Iack of oral hygiene procedures, were

already in place at the beginning of the study. Thus, the

hypothesis can be nade that factors favouring nicrobial

succession toward a cariogenic flora in the test children

were also probably in place. Support for this hypothesis is
given by the differences which were detected betÍeeen test
and control children i,e, the observation of higher levels
of streptococci in the test children than in the control
children, indicating that an acidogenic and acíduric

nicroflora was present in the test chi ldren at the outset of
the study. The lower leveIs of anaerobic Gran-negative

organisns, including a failure to detect Bacteroides,

Actinohacillus anð, Capnocytophyga, in the test children at

both sus cept ib I e and non-suscept ib 1e sites also supports

this hypothesis.

The conparisons within and between control and test children

which were nade in Chapter 9 also provide support for the

acidogenic and aciduric flora in test children, Conparisons

of

at

230



which were nade within each group of children indicated that

the flora between children in the sane group was generally

sinilar. This could indicate that sinilar oral environrnents

exísted within each child in either the test or control

children. Cornparisons nade between test and control children

indicated that a larger nunber of .differences existed

between groups than within, which provides evidence that

different oral environnents existed in the two grouÞs of

children. However, the tables s¿hich outline these

differences are sonewhat nisleading. For exarnple, Table g-7

lists ll species which differed in proportion between site I

in control children and sites 1, 2 and 3 in test chi ldren.

Superfi.ciaLly, this appears to represent a significant

difference. However, when sites are individuatly compared

the number of differences rapidly decreases. For exanple,

site 1 in control and test chi Idren, a sus cept ib Ie surface,

had differences between the levels of 5 organisns. While the

p values indicate that the di fferences were significant at a

p<0.061 Ievel, consideration of the actual percentages for

each organisn denonstrates tl¡at in 2 of the 5 cases the

differences ¡{ere s¡naIl (see Table 9-7). It is renarkabl.e

that, given the differences between the test and control
groups in feeding patterns and oral hygiene pract i ces, the

differences were so few in number. Perhaps this illustrates

a resistance to change of the ecosystem, in general, and the

nicrobíal connunity, in panticular, except in situations of

set'ere environ¡nental pressure.
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This can be further explained if an exanination of the

differences and similarities between groups based. on the

susceptibility of the tooth surfaces to dental caries is
undertaken, This revealed that the rnajority of differences
in the composition of the nicrofLora existed between the

susceptible sítes in test children as one group and the non-

susceptible site in test children conbined with the
susceptible and non-susceptible sites in the cor¡trol
chi ldren as a second group. fn other words, the non-

susceptible intra-subject control site in the test children
harboured a nicroflora which was ¡nore si¡riIar to that found

at all three sites in the control children than it was to
the nicrofLora f rorn the susceptible sites in the test
children. Both the ANOVA and Lambda of Good analyses support
this observatíon. This indicates that the susceptible sites
in test ch i I dren were un i que and alnost certainly exposed to
a different environmental chaltenge which either encouraged

shifts in the nicrobial connunity or favoured colonization
by specific organisns. These phenomena are recognized

responses of any bacterial conmunity and are not linited to

the oraf cavity (Alexander, 197I). .A discussion of the

environnental challenges in nursing caries will follow in
the section which considers the developnent of nursing
caries,

IY Chenges in the llicroflora as Caries Developed

An intent of the present investigation was to deternine,
over tine, the quantitative relationships among each
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conponent of the nicroflora recovered fro¡n caries*free

surfaces, so¡¡e of which developed lesions. Äs nentioned

earlier, the nursing caries nodel is well suited for a

l ongi tudinal investigation of dental car i es in nan because

of the rapidity with which lesions develop in full view of

the investigator. I{h i 1e it is recognized that a Iongitudinal

investigation prov i des proport i onal Iy greater returns than a

cross-sectional, association-type study, an inherent

disadvantage relates to the size of the population which

$ust be studied ín order to acco¡nmodate the uncertainties of
patient cooperation and the I ikel ihood of any given tooth

surface beconing car i ous during the study period ( Loes che et

al, f979) , Tn this study, nine of the ten subjects in each

group renained at the conpletion of the study, which, in

the end, allowed for the collection of a sígnificant nunber

of sanples. 0f the 1B susceptible surfaces in the test

children, 5 developed lesions, represenTing 28% of the

susceptible surfaces under study in the test group. lllli 1e

this is not a large nunber upon which concLusions can be

nade regarding caries etiology, the nunbers of subjects and

lesions are sinilar to those fron other longitudinal studies

of both dental caries (Bowden et a1, 1976; Hardie et a1,

1977 ; Loesche and Straffon, 1979) and periodontal disease

(Moore et al, 1984, I985 ) .

In addition to the size of the study population, the nunber

of sanples taken from each subject should be considered as a

t!easure of the reliability of the data, The nunber of
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samples taken in this study (390) is in excess of sarnples

collected in other longitudinal caries studies (314 sanples-

Boyar and Bowden, 1985; 224 sanples-Hardie et a1, l9?Z) in

whích attenpts were nade to identify as broad a range of
isolates as possible. 0n the other hand, the sanple nunber

is significant).y less than that in other studies (ZlB4

sanples-Loesche et aI, 1984; 3005 sanples-swenson et al ,

1976). However, in these studies the range of n j.croorganisrns

identified was severely restricted in conparison to either
the present invest igat ion or the studíes by B oyar and Bowden

(1985) and Hardie et al (1977). This all.owed for a

corresponding increase in the nunber of subjects and

sanples. Nonetheless, enuneration of a single species or

fraction of the bacterial connunity considers only one

aspect of the relationship of the nicroflora to disease

(Bowden et aI, i975), This may be acceptable for short-tern

studies, However, valuable data are lost if nore extensive

exaninations of the nicroflora are not nade, For exanple,

infornation relative to the stability of a given populatiorr

of bacteria over t ine or species interrelationships at a

site as disease deve Iops could be potentially beneficial for
either predict ing dis eas e susceptibility or non i tor ing the

effect i veness of therapeutic reginens.

The results of this investigation agree with and ex t e;d the

findings of cross-sectional studies conducted by van Hout e

et aI (1982) and Berkowitz et al (t984). They denonstrated

heavy colonization of the naxillary anterior teeth by S,
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ûutans (6I% of the total cultivable flora) and tractobacillus

(4.0% in carious Iesions) in children with nursing caries.

This pattern of colonization was present in white spot

lesions, caríous lesions and on intact enanel surfaces. No

children exposed to a sinilar environnent who remained

caries-free were studied by either van Houte et al ( I982 ) or

Berkowi tz et al (1984). van Houte et al (lgB2) also reported

on the proportions and isolation frequencies of .ç, sanguis

and 5, sa.livarius on the naxillary anterior and posterior

teeth as well as in the saliva. The data f rorn the present

investigation include a nuch wider range of bacteria than

the studies of e i ther van Houte et a1 ( 1982 ) or Berhowitz et

al (1984) and the nicrobial colonization pattern fron

clinically sound enamel to Lesion fornation.

The extensive exarnination of the microflora in this

investigation revealed that signÍficant shifts occurred in

the microbial population at susceptible sites in test

children who developed nursing caries. Shifts in the

populat ion were characterized by changes in both the species

cornposition and the relative frequency wi th which resident

organ i sns could be isolated such that, as disease developed

and the environnent becane increasingly acidic, the

het erogeneí ty of the popul at i on decreased. ,{t this point the

population eras doninated by S, nutans and various specles of

-Lactobacill us, organisns which are known to be nore aciduric

and acidogenic than other oral bacteria and therefore

capable of survival in and preservation of this environ¡¡ent



(Hayes et aI, 1983) . This observation is in keeping with
observations of other ecosystenìs rich in carbohydrat e but

poor in 02. For exanple, in the fernentation of cabbage,

cucurnbers, nilk and ensiled ptant remains, tractobaciJJas and

Streptococcus species form considerable lactic acid, the

accunulatíon of which ultinately elininates the pioneer

organisns and favours the pro 1i ferat i on of acid-tolerant
anaerobes (Alexander, I971).

The preceeding conditions appear to exist also in specific
areas of the naxillany incisor teeth which are susceptible
to nursing caries in the child who engages in deleterious
bottle feeding. In this instance, the diet is the major

environmental deterninant influencing the bacterial
connunity on the tooth surface. Sinee the najority of
children rdho develop nursing decay eíther sleep with a

nursing bottle or are put to bed with it until they fatl
asleep (Johnson et a1, I984), the relative absence of saliva
at this tine (Schneyer et a1, tg56) and its potentially
protective effects, dilution and buffering of acid, a

decrease in the frequency of deglutition ( Lear et al, Ig6b)

and the high frequency of suckling on denand (Short, lgZ6a,

1976b) all serve to increase the severity of the díetary
challenge to the tooth surface. The nicrobiological response

ís a shift in the conposition of the population as has been

observed in this study,

The frequency of isolation gave a nore statistically
significant depiction of the population shifts than did the
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percentage contr ibut i on of each species. This could have

occurred because of very large standard devíations in the

nunbers of several of the organisns isolated, in particular

^ç, nutans, The effect that this had was to reduce the

significance of the differences between the 1eve1s of

various species found on the tooth surfaces at the different

stages of disease progression, For exarnple, as shown in

TabIe l0-3, 5, mutans anò, .Lactobacillus accounted for 4.4%

and 0,4%, respectively, of the total cultivable flora in the

pre-lesion sanples. This increased to 27 ,7% for ,5, nutans

end 6,4% for -Lactobacill us after the lesions developed,

Ìevels which appear to be sufficiently different fron the

pre-Iesion Ievels to reach the rather lenient level of

significance used in this investigation.

A broad range of other organisr¡s on surfaces which developed

les ions afso showed changes in their percent age contribut ion

to the nicroflora but even nore statistically significant

differences in their frequency of isolation as a response to

the changing environment. For exanple, in conparison to the

pre-lesion sarnples, the percentage contribution to the

nicroflora of 5, nilleri, the dextran producing variants of

S, øitior, S, salivarÍus, A. naeslundii, atypicaì LIeÍsseria,

aerobic Gran- negative rods including Henophilus and yeasts

decl ined as the Iesions developed. Thes e differences rrere

not significant but represented observed trends. A decline

in the f requency of isolation f or S, nille''Í, lt[eisseria,

aerobic Gran-negative rods incLuding, I[enophi]us rdas also
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noted. The percentage contribution to the nicroflora

increased for the following organisms as caries developed:

S, nutans 1, .ç, nutans IV, .¿, viscosus, A, odontotyticus,

frothia, Bacterionena, tractobacjJ-Zus, and llei-Ilonella. Those

organisms showing an increase in the frequency of isolatíon
at the tine of lesion developnent were soft variants of ,9.

nitior, S, autans I, S. nutans IV, .9. sanguis, A, viscosus,

Á, odonto.IytÍcus, Bacterionena, -Lactobacill us and yeasts,

Thes e results agree wí th nany others but in part i cul an with
sinilar hunan studies by Bowden et aI ( 1976) and Hardie et

a] (f977) and studies on nonkeys by Col¡nan and Hayday

(1980). In addition, the observation that the changes in
isolation frequenc i es were statisticalty nore prec i se t han

changes in the percentage contribution to the nicroflora
indicates that, perhaps, I ess attention should be paid to

absolute nunbers of organisns and nore to shifts in the

populat ion and the pers i s tence ( repres en t ed by isolation
frequency) of organisms in an ecosystem. Thís may help

further our understanding of diseases associated with
conplex ¡nicrof 1ora.

Hhile ít is clear that the largest percentage change

occurred with ,S, ùutans, the s¡naller percentage changes

which occurred for other organisns cannot be igrlored,

Cons iderat ion of these percen t ages as we l1 as the changes in
the percentage isolation frequency indicate that the

changing environment favoured those organisns which are nore

aciduric than others. This trend is clearly indicated in

238



Tables I0-22 to 10-26 in Chapter I0 which display the

longitudinal changes in the flora as disease deve l oped and

is supported by the Lanbda of Good analysis in Chapter 1t

whích shows a increasing dissimilarity of the flora between

caríes-active test children and control and test children

who renained caries-free, The sweeping changes which are

documented here lend support to the hypothesis put forward

by nany that dental caries occurs as a result of an

ecological i¡nbalance in the microflora (Bowden et al, 1984;

Morhart and Fitzgerald, 1976) rather than as the result of

car i es attack by a speci fi c pathogen (van Houte, i9B0).

An inportant finding in the present investigation was that

the nicrobiology of the susceptible surfaces which developed

a lesion was quite sinilar to those suscept ib I e surfaces

which renained lesion-free in the sane children. In

addition, shifts in the population which were observed at

the sites which developed lesions were also observed at

those surfaces in caries-actíve chíldren which renained

caries-free. These observations suggest that the environnent

of these sites is also sinilar, aIì.owing a specific

nicroflora to establish. However, the Iocal condítions at

individual sites also apparently dictated the production of

a lesion. The denonstration of a siniLar nicroflora with a

difference in the caries status of a site could explain in

part the findings of sor¡e workers who have shown that the

consideration of ^9, nutans alone nay not give a clear-cut

result on its role in caries production (Mikkelsen and
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Poulsen, 1976; Mikkelsen et aI, l98l; Sç'¿enson et al, 1976).

V Organisrs Poeitively Associated with Dental Caries

a) tractobacì I I us

The association of tractobacillus with dental caries has been

known for over 50 years, In almost all studies on caries,

lactobacilli have been shown to have a strong correlatíon

wi th lesions. S ince these organ isns are we ak 1y adherent to

the tooth surfaces they nay require a retentive site, such

as a carious lesion, ín which to colonize (van Houte et al,

I972), rl recent study of incipient approxinal lesions in

chi ldren living in an area wi th water fluoridation has shown

that lactobacilli were associated with those lesions which

progressed to a point where restorat ion was required (Boyar

and Bowden, t9B5), In the present investigation lactobacilli

r{ere isolated fron white spot lesions as well as f ro¡n

cavities at susceptible sites in test children.

Interestingly, lactobaci11i were isolated on one occas ion

only from a non-susceptible site in one test child after a

lesion had developed at a susceptible site and f rorn a

susceptible site in a test child who renained caries-free

(Appendix A, Iongitudinal data on selected organisns for

individual subjects), indicating a possible unique

association of .LactobacilJus with the carious tooth surface

and confirning the findings of others. However, after

lesions developed in test children, lactobacilli could be

isolated fron susceptible surfaces which renained caries-

free in these children, This reaf f irrns a point nade earlier
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regarding the inportance of the environnent in the

establishnent of similar ¡¡icrofloras at those sites which

developed Iesíons and those whi ch renained caries-free,

Recent studies on the nicroflora associated wi th dental

caries in nan have not identifieci the species of
.Lactobacillus present in association wíth the lesiol¡
(Loesche and S t raffon, I g79; Loesche et al, l gB4; van Houte

et aI, 1982; Berkowitz et aI, lg84). Fitzgerald et a1 (1980)

have identified hunan isolates of Lactobacillus which irere

tested for cariogenicity in anirnals. These isolates included

.L,casei, Lsalivarius, L Jactis, L plantarun, L

cellobiosus and J. fernentun. The ídentification of these

species fron caries in nan is in agreenent with the range of
.Lactobacil.lus spp. identified in this study. In a Iater
study by Fitzgerald et a1 (1981), strains representing g

species of hurnan oral Iactobaci I I i were tested in
gnotobiotic rats. In the rat system, strains of all the

specíes produced caries wi th the exception of l. lactis.
These results suggest that atl the tractobaci I I us species

isolated frorn the Native chi ldren could be involved in the

product i on of carious Lesions.

b) Streptococcus rutans

While the results of this
others and reenphasize the

with the carious lesion,
presence of high levels of

study agree with the resufts of

close association of S. nutans

they do not indicate that the

S, nutans afone will necessarilv
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lead to the developnent of a carious lesion, The

longitudinal data for test children presented in TabIes 10-

22 and, Ì0-23 show that high levels of ^9, mutans were found

on surfaces which were caries-active as weLL as those which

renained caries-free, The levels of ,S, mutans on surfaces

which developed lesions are generally higher than on caries-

inactive surfaces and this could be interpreted as an

indication that the caries-inactive surfaces were less

like1y to develop decay (Alaluusua and Renkonen, l9B3;

Beighton et aI, 1985; KohIer et al, fgBl). However, at

present, there is no agreenent as to what constitutes a

nininun threshold vaLue of this organisn for caries to

develop. More inportant variables could include the spatial

relationship of acidogenic organisns to the tooth surface

(Listgarten et a1, I975) and the netabolic activity of the

plaque, and organisÍts within, over t ime (Hayes et al, 1983;

Margolis et a1, 1985).

The Ievels of S, Ðutans reported for caries-free surfaces in

this study are consistent wi th levels reported for carious

lesions in other studiês (T,oesche et aI, I9B4). This nay

indicate that high levels of .ç. nutans represent an

exploitation of environ¡nental conditions by this organisrn

and a superior ability to conpete in an acidic milieu

(Bowden and Hanilton, 1987),

Huis In't VeId ( 1979), in a study of caries-active IB-20-

year olds, found that 7I% of the lesions which progressed

into dentin had levels of .S, øutans in excess of 5% of the
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total cultivable flora, As in the present study, high IeveIs

of this organisn were also found on surfaces which renained

caries-free. ,9. nutans serotype d/g was the nost conmon

serotype in caries-active individuals but serotype c was

found in both caries-free and caries-active subjects, which

irnplicated serotype d/g as a factor in caries activity and

progression, In the present study, isolates of .ç, nutans

r.rere biochenically differentiated according to biotype as

suggested by Shklair and Keene (1974). Biotype I,

corresponding to serotype c, was the predoninant nutans

streptococci present in the test children both b e fore and

after the development of carious lesions. Álthough íts

frequency of isolat ion was lower in the control chi Idren

than in the test children, S. nutans biotype I was regularly

isolated fron a1I sites in control children confirming the

widespread presence of S. Ðutans in dental pl aque.

,9. ûutans biotype IV, corresponding to serotype à/ 8,. was

isolated frorn four of five subjects who were caries-active,

O¡re of these subjects (CH- Appendix Ä) Í,ùas heavily

colonized. 5 of 6 sanples were positive fron the site which

developed a lesion and 3 of 6 sanples were positive at the

site which renained caries-free. The non-susceptible site in

this subject gave 2 positive isolations of S, nutans biotype

IV in 5 sanples. This data suggests that .9, nutans blotypu

IV was inportant in the progression of the Iesion in subject

CH which âgrees with the findíngs of Huis In' t Veld et al
(1979), However, in subject DS, this organisrn was never



detected in the carious lesion, In addition, subject HR, who

renained caries-free, showed persistent colonization wíth
biotype fV at susceptible site 2 and non-susceptible site S.

This appears to contradict the results of Huis In't Vel.d et

a1 (I979), A poss ib I e expl anat Í on for.this discrepancy ís

that, r,rhile the nicrofloras which vsere responsible for
lesions in each caries-active test child shared

sinilarities, there were significant environ¡¡ental

differences wi thin the nicrofloras thenselves, such as those

alluded to previously, which prevented colonization by

certain species in certain children. Furthernore, this
observation supports the concept that dental caries occurs

as the result of acid attack by the nicroflora as a whole

rather than by a specific pathogen. It does not rule out the

possibility of nicrobial specificity in caries etiology.

Rather it extends this concept by recognizing that, in

certain ecosystens, other specific organisns may play a role

in production of a carious Iesion.

c) Åct ìnozyces

A positive association between A, viscosus and the

developnent of a carious lesion was noted in the present

investigation. Ä weaker association was noted for A.

odontoJyticus but this was evident only in conpa4isons

between test chi 1dren.

A. viscosus was regularly isolated in high nu¡nbers fron both

the controf and test children in this investigation
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(Appendix A), This is in keeping with the results of others

who have shown that this organisn is a prorninant nember of

the connensal oral flora (Bowden and Hardie, I975; Gallagher

et aI, fg8l), fn this study, as decay developed at

susceptible surfaces ín test children, the level and

isolation frequency of ,{, viscosus increased to the point

where the levels in the caries-active test children cornpared

to those in the caries-free test and control chi l dren v,,ere

significantly different. This implied that either A,

viscosus was a significant organisn in the caries process or

it sinply found an expanded niche to occupy in the nodified

environnent. .A role for this organisrn in root caries has

been previously described (Sunney and Jordan, IgZ4).

Furtherrnore, Edwardsson (1974) isolated Á, viscosus as well

as nunerous other Gran-positive rods fron the advancing

front of carious lesions in dentin. Hoshino ( 1985 ) isolated

other species of Actinonyces incìuding ,{, odontolytìcus, ,4,

naeslundii and l. israelii but did not find ,4, viscosus.

Taxon oni c studies have shown that hunan A. naes I undi i and ,4,

viscosus are biochenically very sinilar to one another and

can be serologically related as well, However, Schaal (in

Sneath et aI, 1986) describes several biotypes and serovars

within Á. viscosus and ,{, naeslundiì and the taxonony of

these and related Actinonyces species as far frorn cornplete,

Thus, the discrepancy between the results of Edward""on .n¿

Hoshino with respect to l. viscosus could be as a result of

the use of di fferent nonenc I ature. Nonetheless, isolat ion of

ùhese orgianisns fron a highly acidic environnent signifies



that they are I ike ly to be aciduric.

The association of .¡l , odontoÌytÍcus with carious lesions i.n

the present study is not as clear. Batty (I958) first

described this orgän i sn fol lowing isolation fron carious

dentin, In addition, both Edwardsson (19?4) and Hoshino

(1985) isolated A. odontolyticus lrom the advancing front of
deep dentinal carious lesions. Although it was isolated in

Iow nunbers (0.75% of the total cultivable flora) , Boyar and

Bowden (1985) found that .4, odontolytic¿.¡s was positively

associated with the progression of incipient ena¡neI lesions

to the point where restoration was required,

In the present study, A, odontoJyticus r,ras Eore prevalent

once the enanel surface was no Ionger intact and cavítation

had occurred. This agreed wi th Boyar and Bowden who proposed

that the presence oî A, odontolyticus could be indicative of

loss of the intact layer of surface ena¡nel, Tnterestingly,

tlre levels of A, odontoJyticus were higher in control

children than either the test children who renained caries-

free or, nore significantly, the test children who deveì.oped

lesions. Therefore, the relationship of l. odontolytÍcus to

caries, based on the present results, remains equivocal.

Loesche et al (I984) regularly isolated an Actinonyces-Iike

organisn fron carious and non-carious fissures in a

longitudinal study of fissure decay. During the developnent

of decay this organisn showed no renarkable changes in its

relative proportion to the nicroflora or its isolation

246



frequency. It is indeed unfortunate that no attenpts h'ere

nade to identify this organisn, but this epitonizes the kind

of problen that can occur in an invesligstion which has

focused on the relationship of one or tr{o species to dental

caries and ignored the increasingly obvious fact that dental

caries is a disease of altered eco I ogy.

d) leÍlloaella

l¡eillonella has been considered as a genus which coulcì

nodify the caries process in nan by netabolizing lactic acid

thus reducing the extent of the plaque pH drop and

presuDably the cariogenic challenge to the tooth surface
(Bowden et al, 1976) . Some studies in animals have suggested

and denonstrated this concept (Mikx et a1, I972, i9Z6) .

However, the results presented in this study suggest that

the high levels of l¡eillonella nay reflect an environnent

high in lactic acid. The possibility that Veillonella

modified the caries attack in test children is reduced by

the finding of no significant difference in their nunbers at

susceptible sites which developed lesions or renained

caries-free. fn additíon, although the nunbers of

l¡eÍ-llonella at susceptible sites were higher in test

chi ldren than in control chi I dren the di fferences were not

significant. Ä significantly higher isolation frequency for

Veillonella in the test children supports the contention

that the environrnent at the susceptible sites in test

chiLdren had a higher level of Iactic acid than the sane

sites in the control children,
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e) Other Organisle of fnterest
As nentioned earlier in this dis cuss i on, there were other

organisms which underwent a change in their proportions

relative to the entire flora and,/or a change in their
frequency of isolation.

Yeasts were regularly isolated fronr the susceptible sites of

caries-active chi ldren wi th or wi thout les ions. S ince they

were rareLy found on the non-susceptible site in test

children (2 of 40 samples) or on the susceptible sítes in

those test children who remained caries-free (g of 36

sanples), their abundance at the acidic Iocations previously

¡nentioned probably indicates the existence of an environnent

nore to their liking. This agrees with data published by

Xrasse (I954).

A, naeslundii was the predoninant organisn at susceptible

sites in test children who renained caries-free, In the

caries-active test children this organisût underwent a

progressive decline fron doninance to virtual absence as

lesions developed. This negative association has not been

frequently reported in previous studies. Hennens et al
(1946) reported that alpha-hernolytic streptococcí,

.Leptotrichia, NeisserÍa, anaerobic fusifor¡¡l bacilli and

Actinonyces aII decreased narkedly in nunber with the onset

of dental caries. The specíes of Actinoøyces which decreased

in nu¡ber r,eere not identified,
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Thus, the levels of l, naeslundii and ,4, viscosus appeared

to be inversel.y related to one another as dísease developed

at susceptible sites. This k ind of ratio has been reported

for .ç, sanguìs/nitior and S,Dutans (Loesche and Straffon,

1979; Boyar and Bowden, 1985 ) and was discussed earl ier in

relation to its potential use in .predicting disease

susceptibility. However, a ratio as clearly established for
A, naeslundii and ,4, vÍscosus has not been reported until
thi s investigatíon.

VI ltlethods of Data Analysis

Àn extensive discussion of the current ûethods enployed in

the analysis of conplex nicrofloras was conpleted in the

literature review and will not be repeated here. However,

during the analysis of the data fron the present

investigation it becane clear that the methods used here

were stil1, in sone ¡rays, inadequate.

Nunerous conparisonsr using one- and two-way analysis of

variance, the chi square test and its variations and the

Student t-tests, were made in order to delineate signifícant

differences which either already existed between groups of

children or becane apparent as dental caries developed at

susceptible sites. The conparisons were nade on the basis of

one species at a t ine. Á,s nentioned in Chapter ll, this was

the prinary reason that the La¡¡bda of Good analysis was

selected. This analysis allows for the conparison of an

entire flora betrgeen tç.,'o investigntor-defined populations

and it will indicate the statistical probability that the



two populations are similar. However, what this analysis

fails to do is indicate where differences exist between

popuÌations.

A nethod which allows the investigator to study the

differences between two or nore groups of subjects or

populations with respect to several variables, i.e.

organisns, sinultaneously would be extremely useful in the

analysis of conplex nicrobial populations. Discrininant

analysis (Klecka, I980) is such a nethod and has been used

by sociaL scientists to study psychological testing of

chi ldren, the effects of nedical treatnent and to predict

voting behaviour, arnong other applications, The basic

prerequisites are that two or nore groups exist which ree

presune to differ on several variables and that those

variables can be neasured at the interval or ratio Ievel.

Discrininant analysis r.rilÌ help us to analyse the

differences between groups and prov i de the investigator wi th

a neans to classify any case into the group which it ¡nost

closely resernbles.

Discrinination betr,)een groups occurs on the basis of sone

set of characteristics (i.e. discrirninating variables- in

this instance genus, species, presence or absence of

orgdnis¡ns, presence or absence of disease, tine),

deternining how well the characteristics discriminate and

indicating which characteristics are the nost powerful

discrininators. In this way, it is possibte to state with
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statistical certainty how or why one population differs fron

other populations. It also Iends itself to prediction in

that, íf it is possible to define the discrininating

variables in a population, it nay be possible to predict the

outcone of a particular combination of variables. Because of

the cornplexity and the volume of data contained in the

present study, an interesting followup would be to re-

analyse this data us ing step-wise discrininant analys is.

VII Significa¡ce of the tr'indings

The present investigation has confirned earlier observatíons

on the nicrobiology of dental caries and de¡nonstrated again

that ,9. nutans and, .LactobacÍllus are potentially significant

pathogens in the caries process. Criticisn regarding the

accuracy of caries diagnosLs and sanpling, which have cast

doubt on the results of other studies, has been avoided in

this investigation because of the nodel emp I oyed. However,

the e¡nphasis ín this study was on the ecology of the disease

rather than the role of specific organísns in the disease,

Frorn this perspective, it was denonstrated that as dental

caries developed, significant population shifts occurred and

the conplexity of the nicroflora decreased. There are

nunerous exanples in the data to indicate that donínance

aLone by an organisrn, in particular 5. nutans, is not of

itself sufficient for disease to develop, Rather, the ef f ect

of the envíronnent on the entire mi crofl ora, and ultinately

the tooth surface, nust be considered, 0n this basis, the

possibility that other orgíìnisns, besides .9, nutans and
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.LactobaciJIus, nay have a role to play in the production of

a car i ous Ies ion shoul d not be overlooked, This supports the

concept that dental caries occurs as a result of an

ecological inbalance in the indigenous oral nicroflora,

Furthernore, it acknowledges the nultifactorial nature of

dentaL caries without precluding a nore proninent role for

so¡ne factors than others. The key as to which conponents of

the flora assune a proDinent role in the disease process is

the env í ronnent.

A longitudinal study to investigate and conpare the

deve 1opnen t of the oral nicroflora between bot t I e-fed and

breast-fed ínfants rnay provide sone insight into the effect

of external ( eg. diet, flora of the pritnary care-giver) and

internal ( inrnune systen) environmental deterninants on this

process. In addition, the effect of envíronnent on the

nicroflora, as ¡.¡ell as the ¡nicrofLora itself, could be

inves t igated over a long period of t ine in chí ]dren who are

at high risk of nursing decay, If the children were followed

beyond the period of high susceptibility to nurs ing decay

into the later childhood years when approxinal lesions are

like1y to occur, an interesting comparison of the flora fron

these two periods of tine in the chi ldrens' I ives could be

aade.

Â better understanding of the interaction b.t*..n the

environ¡nent, the host and the nicroflora could have

significance in the developnent of new nethods for the

control of chronic diseases like dental caries and



periodontal disease, In addition, the nature of dental

practice itself could chan¡fe such that, practitioners rather

than wai t ing for disease to develop and then repairing the

danaged tissues, could rnonitor patients for changes in the

oral environment in order that trends known to be associated

¡,,¡ith disease could be diagnosed earlier and preventive

therapy instituted before disease developed, Hhile these

kinds of nethods have been explored in the past, nost have

focused on a single agent. Given the nultifactorial nature

of dental caries and periodontal disease, it is not

surprising that these nethods do not correlate well with the

clinical picture and are not used by the majority of

clinicians.
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Longitudinal d¿t¿ lror t¿st ch¡ldren 0n thr percèntå9e contríbution o{ s. ri,lJ¿ri to sarples {ror
sites deïeloping lesions, crries-{ree susceptible sites ånd non-s{lscppiible intra subject r¡ntrol
Eites,
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Lonqitudinal d¡tå {¡o! test children on the pèrcpntågp contributi0n o{ s, rjtior s0lt t0 sà¡plss {Íor
sites developing lesions, ceries-{ree susceptible sites ¿nd non-susceptible intrå:ubject control
sites,
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lonqitüdin¡l d¡te fror t€Èt Ehildr€n on thp perc?nt¡qè contribution 0{ s, rutå¡s I t0 sàrplp6 {ror
siteE dèvel0ping lesionsr ràriEs-{ree rusceptible sites ¡nd non-susceptible intrr Êubject control
si tes,
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Long¡tudine¡ d¡iå fro¡ test childrefl on the perrentà9e contributi0n of s, rutå¡J Iy to sarples {roe
sites developing lèsi0nsr cårieE-{ree susceptible sitEB ànd non-EuEcppiible irtrã subject control
Ei teB.
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Lonqitudinel dàiå froå test children 0n the percentrge coitribution of s, r¡ljyàriüs to srrples fror
sites d€vel0piîg lesi0nsr cùries-free susceptible sites end non-susceFtible intrå subject clntrol
sitÈs.
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Longitudin¡l dåtå fror test Êhild¡en 0n the perEpntå9e contribution 0f s. iår9üir to s¡oples {roa
sites developing lèsions, È¿rips-{rèe susceptible gites end non-susceptiùle intr: subject control
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siieE deyelopinq lpsionsr c¿rieE-frse susceptible sites ¡nd non-suscêFtible intrå subjpct cont¡01
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fonqitudinrl d¿t¡ lror tëst children on ihe percêntåqp contributi0n oI A, odottotyticus to sarples
fro¡ sites developing lesions, caries-{res surceptible sites ¡nd non-susceptibl€ intrð çubjèct
control si t es.
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Lonqitudinål dåtå {ror test children 0n the pprcèntiqp c0ntriùution 0f grt/ìj¡ t0 så¡ples {ror siteB
developing lEEio¡s, r¡¡ips-fr€e süscèptible sit€s ånd n'n-BUEÈEptible intra Eubject control sites.
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Longitudinal deta lror teEt ¡hÍldren on the percantågE r.ntributi0n 0{ ll¿iis.ri¡,4rpr t¡ 5¿¡p¡pE ¡,0*
sites d€veloping lesi0nr, c¿riEE-fr€e susceptible Eites ånd non-sùsrpptible intrå subj€(t contr0l
si teE,
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lonqitudinål d¡tå frot test childrPi on the percentaqe contribution 0f,lèisspri¡ árP- t0 s¡rplps {ror
sites developing lèsi0nst cerieE-free susceptible 5ite5 ånd noi-susceptibl€ intrå subject control
Ei tps.
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Longitudinål d¿t¡ {ro¡ test rhi¡dren on the percentrge contributi0n o{ lsjsse¡i¡ I-p- to saaples {roa
sit€s devèl0ping lesions, caries-{ree susceptible sites ànd non-suscpptibls intrå subjeqt control
si tÉs,

Cf,RITS ACTIl]E SUBJECTS

Susceptible Sites rhich developed ¡ lesion

++-u*.,
Subjpci
181' 0 16,? 0 0 0 0cHr 0 HT lli 0 0 0 0 0.tDSz 0 HI |lI 0.1 0 0Kfl000000

000J6t

Su!gg!t!fC&j{CE_!¡$! !9¡¡i ned Lesion Free
llo. of s¿¡ples ? 3 5 i i s

lclje!-!
tBP
CH?

0sl
KÏ2

00
0

0,l 0

ù0
00
0 t.t
00

0

0

0

0

CARIES FRTE SUIJECIS

tto, ot s¿r¡t.r I ¿ -l i-
Sübject
tcr

ts2
AIII

åñ2

DHI

DH?

tdR r

0 0.t 0

000
0,2 ,02 0

000
00
00

0

0

0.1

0

0

0

.0l

1.3

0,6
0

0

0

0

0

II{IRA SUEJECT C{}IITR{IT

l{0. of S¡¡olpç I 89
SubiEct

$3.
cH3

IlsS
(TJ

00000
0 0 0 0,r

1,5 Ji,ó t?,7
0.? u,8 2.1 0 2.1

0

0

0

0

0

0

0

0

J63 0 ?.J z.i
TS30000
41130000
DflJ00
1R300
' Eubject 18, síte I
þ subject LB, siie 2

' suöject 18, sÍte J

297



Lo¡qitudinål drt¡ f¡o¡ test rhildrèn 0n the percèntåqe contribution o{ ÍeilJon¡J,l¡ to sarples {ror
sites developing lesions, ceries-free susceptible Eites ånd non-suscpptible Íntra subject control
si t ps,
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Lonqitudinàl dåtà fror test (hildren 0n the percent¡98 contributi0n o{ ¿¡(t0ù¿(¡,lIüs t0 sålpleE fr¡¡
sítes developing lÊsion', ÈåriÊs-{ree susceptible siies ¡nd non-susceptibre intra subject contror
site¡,
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l-onqitudínål d¿t¿ f¡or test ÈhÍld.pn 0n the perrÊûtåle contribütion of ye¿st io srrples {ror:ites
developing lêsionEr rsri€s-{ree Euscpptible sites ånd non-susceptible intr: subjÈct control site5,
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Longitudinal data on the percentage contribution õf
S. EjJreri to sàmples frõm susceptibte ånd non-Bu5ceptible
Eiteç; in caries free control children.
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Longitudinal data on the percentage EÞntribution of S. r-itiorhard to samples +rom Eustreptible Ãnd non-susceptiblÞ sites intråries free control chi I dren.
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Ltrngitudinål data on the percentage contribution of S. eitiors¿¡ft to Ëåmples from susceptible end non-susceptible sites inträFi es fFee control children.
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Longitudinal data on the Fercentåge contribution ofS.. rufans ¡ to Eàmplês from susceptible ånd non-suscèptiblesités in cåries {ree control children.
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Lonqitudinål data on the percentåge trontribution of5,. rutans fy to sàmplës +rom suscÀptible ànd non_sustreptiblesites in cåries free control children.
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Longitudinel data on the percentage contribution ofS. saJjyarius to samplrs from su=èeptible and non-susceptiblesites in cåries free control children_
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Longitudinàl dåtå on the pelrcentåç¡El contribution of5. sanguis to sernples from susceptíble and non-susceptibLesites in caries freE control children_
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Longitudinal dàtå on the percentåge contribution o+A, naeslundii to såmples {rom susieptible ånd non_Ëusceptiblesites in caries free control children.
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Longitudinal data on the percentage contribution ofA..viscosus to samples from =usceltible and non_suscëptiblêsites in cåries free control children.
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Longitudinal dåtå on the percentage contribution ofA. odontolyticus to samples +rom åusceptibte andnon-susceptible sites in caries free control children.
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Lonqi.tudinal data on the percentage contribution Þf Rotåjåto samples f rorn susceptible and nãn-susceptible sites incåries frÈe rontFol chi ldren.
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Langitudinal data t:n the percentage contribution of llejsser jaA+P* lë sàmp1ês from susceptible ãnd non-susceptible sites incaries free control chiIdren-
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Longitudinål data on the percentage contribution of llejsser jaA+P- ta sämplës from susceptible ånd nan-susceptible sites incåries free contrÕl chi I dren.
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Longitudinäl data on the percentage contribution 6+ HeisserjaA-P- to sàrnples from susceptible ånd non-suscêptible siteç incaries {ree control ch i I dren.
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Longitudinal dåtå on the percentage contribution o{VeilIøneIIa to samples +rom susceptiblr end non-susceptiblesites in EåriÊE free control children.
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