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This study describes the microflora from actively progressing root surface caries lesions, in which mineral
loss had been determined by quantitative microradiography. The caries lesions were produced experimentally
in root surface specimens from human molars inserted in lower partial dentures carried for 3 months by six
elderly individuals. A total of 780 bacterial isolates were identified from 13 plaque samples, collected with a
punch technique, and six dentin samples. The composition of the microflora showed distinct individual
differences. The microflora from plaque samples associated with the highest mineral loss was dominated by
either Actinomyces viscosus or a combination of mutans streptococci (serotypes c, d, and f) and Lactobacillus
species (L. casei and L. brevis). Plaque from root surfaces with less pronounced mineral loss harbored a more
complex microflora comprising gram-positive rods, mutans streptococci, Streptococcus mitis biovar 1,
Veillonella spp., gram-negative rods, and low numbers of lactobacilli. In the latter samples, individual
variations in the proportions of mutans streptococci (serotypes c, d, and g), Actinomyces species (A. viscosus
and A. naeslundiO), and Veillonella parvula biotypes were observed. These findings suggest that certain species
or combinations of species are more cariogenic than others and that dominance of single acidogenic species in
particular is conducive to high caries activity.

Microbiological studies have failed to come to an agree-
ment on the typical microflora associated with root surface
caries. Early studies focused on Actinomyces species, in
particular A. viscosus (48, 49), because Actinomyces spp.
and other filamentous bacteria had been identified in carious
root dentin by both cultural and histological methods (23,
48). Later studies of the distribution of Actinomyces species
on carious and noncarious root surfaces have not been able
to confirm this association. In fact, there is evidence that
plaque from noncarious root surfaces contains higher pro-
portions of Actinomyces spp. than plaque from root lesion
sites (1, 4, 18). Many recent studies have concluded that
mutans streptococci may play an important role in the
development of root surface caries due to the higher isola-
tion frequency and/or higher proportion of these species on
carious root surfaces (1, 4, 18, 25, 49). However, in some
studies the percentages of various suspected cariogenic
microorganisms have been too low or too variable to incrim-
inate any particular species in the etiology of root surface
caries (11-13, 15). These discrepancies between different
studies may be ascribed to the lack of standardized experi-
mental conditions.

Previous microbiological studies of root surface caries in
vivo have been hampered by the lack of a precise definition
of the demineralization activity of the lesions studied. Fur-
thermore, the plaque samples in question may not have
originated from the same lesion depth because of different
sampling methods. None of the studies have used a sampling
technique that takes into account possible variations in the
composition of the microflora across the individual lesion
(39). Finally, all the studies except one (49) used selective
medium for enumeration of target species. However, such
methods may detect only a small fraction of the total
cultivable microflora (12).
The aim of this study was to characterize the predominant
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microflora from experimentally induced, actively progress-
ing root surface caries lesions developed within a 3-month
period in vivo. The study was planned so that possible inter-
and intraindividual variations in the composition of the
microflora could be compared with observed differences in
the degree of demineralization across the lesions. The plaque
samples were collected by a punch technique in order to
obtain standardized samples from minute, well-defined areas
of the root lesions.

MATERIALS AND METHODS
Participants. Six elderly persons (three males and three

females, 59 to 80 years of age [mean age, 70]), all of whom
had a partial denture in the lower jaw, volunteered for the
study. The root caries index of the participants, i.e., the
proportion of carious and filled root surfaces of the total
number of root surfaces with gingival recession per individ-
ual (23), varied between 5% (subject 6) and 79% (subject 1),
with a mean root caries index of 26%. Two of the partici-
pants (subjects 1 and 5) used drugs daily (glucocorticoid
aerosols or cyclic antidepressants) and exhibited active root
caries lesions (16) on 52 and 13% of the exposed root
surfaces, respectively, when admitted to the study. None of
the remaining participants showed active root caries lesions.
In two participants (subjects 3 and 5), the stimulated salivary
secretion rate was less than 1 ml/min.
Root surface specimens. Specimens were prepared from

the root surface adjoining the cemento-enamel junction of
surgically removed human third molars, as described in
detail elsewhere (40). Briefly, the teeth were rinsed in
running tap water, and residual organic material on the root
surfaces was removed by immersing the teeth in 5% sodium
hypochlorite for 3 h. Subsequently the teeth were rinsed in
distilled water. Mesial or distal surfaces were cut into square
blocks (5 by 5 by 2 mm) and embedded in light-curing
composite resin (Silux; 3M Co., St. Paul, Minn.) with the
exposed root cementum surface in a recessed position about
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1 mm below the surface of the composite. This design
facilitated undisturbed accumulation of bacterial deposits on
the root surfaces after the specimens had been fixed with
sticky wax in recessions in the buccal flanges of the den-
tures. Prior to mounting, the specimens were cleaned by
sonification (MSE-MULLARD ultrasonic disintegrator;
Measuring & Scientific Equipment Ltd., London, Great
Britain) in an ice bath for 15 min at an amplitude of 16 ,um.

Experimental conditions. Each of the six participants car-
ried one root surface specimen in the mouth for 3 months.
During this period the participants were instructed to wear
the dentures day and night and to clean the dentures, except
for the experimental sites, with tap water only. No dietary
instructions were given, but a nonfluoride toothpaste was
provided for cleaning of the natural teeth.

Sampling procedures. Prior to microbiological analysis,
the specimens were removed from the dentures and vigor-
ously flushed with 5 ml of sterile saline from a syringe.
Subsequently, three plaque samples and one dentin sample
were collected from each specimen. The individual plaque
samples were obtained with a blunt, sterile hypodermic
needle (diameter, 0.9 mm; Terumo Europe N.W., Leuven,
Belgium), which was mounted on a 10-ml Luer syringe
(Pharma-Plast; Verl0se, Denmark). The needle was pushed
perpendicularly into the softened root surface until it met
resistance from the underlying sound dentin, and the sample
was removed by a backward stroke of the plunger. The
plaque samples were collected at 1-mm intervals on a
straight line along the middle of the specimens and numbered
consecutively (P1 to P3). This design was adopted because
parallel quantitative microradiographic analyses were to be
performed on the same specimens (40). The dentin samples
(D) were collected with a small sterile spoon excavator
(double-ended excavator no. 153/154; A/S C. G. Brincker,
Hvidovre, Denmark) after surface plaque had been removed
by ultrasonic treatment (MSE-MULLARD ultrasonic disin-
tegrator) in chilled (4°C) sterile brain-heart infusion (BHI)
broth (Difco Laboratories, Detroit, Mich.) for 30 s at an
amplitude of 6 p.m. The dentin samples originated from an
area 1 to 2 mm away from the plaque samples.

Microbiological procedures. All 24 plaque and dentin sam-
ples were immediately transferred to 1 ml of chilled (4°C)
nutrient BHI broth (Difco). As regards the plaque samples,
the broth was initially deposited in the sterile syringe used
for sampling in order to rinse the microbial deposits out of
the needle. The microorganisms were then dispersed by
sonification (MSE-MULLARD ultrasonic disintegrator) in a
crushed-ice bath for 30 s (amplitude, 6 ,um), and 0.1-ml
portions of appropriate 10-fold dilutions were plated in
duplicate on tryptone-yeast extract-blood-agar plates (22).
The plates were incubated for 4 days at 36°C in an anaerobic
glove box (model 1024; Forma Scientific, Marietta, Ohio)
containing 80% N2, 10% H2, and 10% CO2.
The predominant microflora from each sample was exam-

ined by subcultivation of 50 isolates from a representative
section of agar plates yielding 30 to 300 discrete colonies.
Following purification by serial subcultivation, the isolates
were characterized by their cell morphology and Gram stain
and catalase reactions, and further examined accordingly.

Streptococci were divided into species by the criteria
described by Kilian et al. (28) on the basis of the following
tests: fermentation of amygdalin, inulin, mannitol, D-(+)-
melibiose, D-(+)-raffinose, and sorbitol, hydrolysis of D-
arginine and esculin, production of acetoin and extracellular
polysaccharides, and immunoglobulin Al (IgAl) protease
activity. Furthermore, representative isolates, including se-

lected mutans streptococci, from each individual were char-
acterized by serological methods (41).

Gram-positive rods were separated into two groups on the
basis of their ability to grow on Rogosa SL agar (Difco).
Lactobacilli were subsequently divided into species, as
suggested by Sharpe (46), according to reactions in the
following tests: production of CO2 from glucose, deamina-
tion of D-arginine, hydrolysis of esculin, and fermentation of
amygdalin, D-(+)-cellobiose, mannitol, D-(+)-melezitose, D-
(+)-melibiose, D-(+)-raffinose, rhamnose, and sorbitol. All
the remaining gram-positive rods were identified by using the
API ZYM kit no. 2520 (API System S.A., Montalieu-Ver-
cieu, France) with the addition of tests for the presence of
,-xylosidase (27) and catalase activities, and growth under
aerobic conditions supplemented with 10% CO2 (26). Strains
belonging to Bifidobacterium were distinguished on the basis
of fermentation in D-(+)-cellobiose, D-(+)-raffinose, and
sorbitol (44).
Gram-negative anaerobic cocci were assigned to Veil-

lonella spp. The remaining gram-negative isolates, which
constituted a minor proportion of the cultivable flora, were
not characterized further.

Saliva samples. At the end of the experiment, each partic-
ipant contributed a sample of paraffin-stimulated saliva.
Appropriate dilutions of the saliva samples were plated in
duplicate on TYCSB-agar, which is selective for mutans
streptococci (53). After 4 days of incubation in the anaerobic
glove box (36°C), the concentration of mutans streptococci
in saliva was calculated. This calculation was adjusted after
the identity of 4 to 10 representative isolates from each
participant had been determined by the physiological and
serological methods described above. The detection limit for
mutans streptococci was >10 CFU/ml.

Statistical analysis. Significances between selected bacte-
rial groups in plaque and dentin samples were assessed by
the Mann-Whitney U test (45).

RESULTS

Clinical and microradiographic observations. All the sub-
jects developed soft root surface caries lesions with a
yellowish to light brownish tan color within the 3-month
period. Due to the soft consistency, the surface zone of the
lesions was damaged by the punch sampling procedure. The
quantitative data describing the mineral loss (Table 1) were
therefore obtained from a neighboring serial section. How-
ever, the mineral distribution did not differ between the two
sections, and each individual lesion exhibited a uniform
depth in the central parts of the specimens. The mineral loss
showed a linear relationship with time, indicating that the
lesions were actively progressing (40).

Plaque and dentin samples. A total of 780 isolates from 19
plaque and dentin samples were characterized. After initial
screening of the isolates, it became obvious that in five of the
subjects the relative proportions of the predominant bacte-
rial groups did not differ between parallel plaque samples.
This tendency was further supported by the fact that the
streptococcal population did not differ at the species level
between two plaque samples from the same individual. It
was therefore decided to analyze only two plaque samples
per individual, and only one of these samples was charac-
terized for the entire microflora. However, in one individual
(subject 2) the proportions of gram-positive cocci and rods
varied considerably between samples, and in this case all
three plaque samples were analyzed.

Table 1 shows the distribution of the predominant cultiva-
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ble microflora in the 19 samples, expressed as a percentage
of the total anaerobic flora. The subjects are ranked accord-
ing to decreasing mineral loss in the lesions. It appears from
the table that variations in the composition of the microflora
between different subjects are more pronounced than varia-
tions from one sample to the next within the same subject.
No significant differences (P = 0.05) could be recorded in the
proportions of mutans streptococci, Actinomyces spp., lac-
tobacilli, total streptococci, or total gram-positive rods be-
tween plaque and dentin samples.
The composition of the microflora showed distinct indi-

vidual differences at both genus and species levels. The
microflora from the two individuals with the highest mineral
loss was dominated either by A. viscosus (subject 1) or by a
combination of mutans streptococci (serotypes c, d, and f)
and lactobacilli (L. casei and L. brevis) (subject 2). The latter
subject was unique in that one sample comprised strepto-
cocci only. Individuals with a smaller mineral loss harbored
a more complex microflora comprising gram-positive rods,
mutans streptococci, Veillonella spp., Streptococcus mitis
biovar 1 (IgAl protease negative), gram-negative rods, and
traces of lactobacilli. Within this group, individual variations
in the proportions of mutans streptococci (serotypes c, d,
and g), Actinomyces spp. (A. viscosus and A. naeslundii) and
Veillonella biotypes were observed. Surfaces from two
individuals (subjects 3 and 6) were colonized by
Bifidobacterium dentium. All the lesions contained Actino-
myces spp., mutans streptococci, and S. mitis biovar 1 in
various proportions irrespective of the caries progression
rate of the individual.

Twenty-six isolates of streptococci from two subjects
could not be identified at the species level on the basis of
previously published identification criteria. In subject 2 the
colonial morphology of these strains was -reminiscent of
mutans streptococci, but the strains did not react with any of
the mutans typing sera. Besides production of extracellular
polysaccharides, these strains fermented mannitol and inulin
but not melibiose, raffinose, or sorbitol. The unidentified
streptococci in subject 5 fermented mannitol, melibiose,
raffinose, and sorbitol and showed a variable reaction in the
esculin hydrolysis test. However, none of these isolates
fermented inulin or produced extracellular polysaccharides,
and they failed to react with antisera against mutans sero-
types and Lancefield groups D, H, K, and 0.

Just under 5% of the total cultivable microflora remained
unclassified because of either loss of viability or contamina-
tion (Table 1).

Saliva samples. All the subjects harbored high concentra-
tions of mutans streptococci in saliva, ranging from 2.5 x 106
to 1.5 x 107 CFU/ml (Table 1). S. mutans (serotype c or f)
was present in all the subjects, whereas only two subjects
carried S. sobrinus (serotype d).

DISCUSSION

This study has for the first time described the composition
of the microflora associated with actively progressing root
surface caries lesions developed within a short standardized
period (3 months) and with a known mineral loss. This
experimental design has distinct advantages because it al-
lows a correlation between the composition of the microflora
and the caries activity. Furthermore, the experimental ap-
proach in this study overcomes a significant diagnostic
problem by applying quantitative microradiography rather
than crude clinical and/or radiographical criteria for estima-
tion of mineral loss.

This study has shown that no particular species or group
of microorganisms is uniquely associated with the initiation
and progression of root surface caries. Among the six
subjects examined, two different patterns of microflora were
observed. One pattern was characterized by dominance by
A. viscosus or a combination of mutans streptococci and
lactobacilli. This pattern, which is in accordance with the
microflora observed in previous studies of enamel (2, 37) and
root caries (12, 18, 49) plaque, was associated with the
highest mineral loss. The other pattern, found in association
with root surfaces showing less pronounced mineral loss,
was characterized by a more complex microflora comprising
lactate-producing as well as lactate-metabolizing species.
Dominance of single acidogenic species, as here observed

in association with the highest caries activity, is likely to
occur when the microbial community is influenced by a
strong selection pressure, for example, as a result of contin-
uous exposure to high concentrations of fermentable carbo-
hydrates (for a review, see reference 6). Thus, an increase in
sucrose consumption has been shown to result in an increase
in the population of mutans streptococci and lactobacilli in
human dental plaque (9, 17, 38, 47). However, A. viscosus
may prefer a glucose-rich substrate, as evidenced by the
propagation of high-glucose-affinity variants of A. viscosus
in mixed chemostat cultures (51). Similarly, glucose rather
than sucrose has been shown to select for A. viscosus in
conventional rats (50).
The high root caries activity of the A. viscosus-dominated

plaque was interesting. Because they have a moderate to low
pH-lowering potential, Actinomyces species are not consid-
ered highly cariogenic (14). However, recent studies have
shown that A. viscosus and A. naeslundii originating from
root caries lesions are able to synthesize significant amounts
of glycogen at low pHs, i.e., between 5 and 6, especially
from glucose (30, 31). The subsequent slow degradation of
these polymers (31) may lead to extended periods of acid
production, which may increase the cariogenic potential of
plaque dominated by these species. This virulence factor
may be particularly important in root caries since the critical
pH for dissolution of root mineral has been estimated to be
significantly higher (pH 6.7) than that of enamel (pH 5.4)
(21).
Plaque samples from root surfaces with lower caries

activity contained a complex microflora comprising various
acidogenic species and a relatively high proportion of Veil-
lonella spp. (10 to 36%). Veillonella spp. have been shown to
reduce the cariogenic potential of dental plaque formed by S.
mutans or S. sanguis in gnotobiotic rats when present
together with these organisms (35, 52). The reduced caries
activity was ascribed to the formation of a food chain in
which Veillonella spp. converted lactic acid into acids with a
lower dissociation constant (34). This food chain has also
been suggested to mitigate the harmful effect of acid produc-
tion in dental plaque of a population of Tanzanian children
who remained caries-free in spite of relatively high numbers
of potentially cariogenic organisms (29). However, longitu-
dinal microbiological studies of enamel caries in North
American populations have generally failed to demonstrate
an inverse correlation between Veillonella levels and caries
activity (3, 5, 36).

In the present study, Veillonella spp. were practically
absent in plaque samples from root surfaces with the highest
mineral loss. The proportion of Veillonella spp. in dental
plaque has been shown to increase after short-term exposure
to sucrose (9, 38). However, according to Rogosa (43),
growth of Veillonella spp. is inhibited at pHs below 5.5 to 6.
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The absence of Veillonella spp. in subjects 1 and 2 in this
study may therefore be the result of an ecological pressure
induced by the low pH in rapidly progressing caries lesions.
This hypothesis, which is consistent with the finding that a

decrease in the proportion of Veillonella spp. may be asso-
ciated with increasing demineralization activity (32, 38), may
explain the lack of a clear-cut relationship between plaque
levels of Veillonella spp. and caries. Because of the low
acidurance of Veillonella spp., the potential caries-modi-
fying effect of these species may be limited to an environ-
ment of low to moderate cariogenicity characterized by
typical pHs above 6.

All the root caries plaque and dentin samples contained
mutans streptococci, irrespective of the caries activity. The
distribution of serotypes was reflected in saliva and con-
firmed that S. mutans (serotypes c, e, and f) may be isolated
more frequently from active caries lesions than S. sobrinus
(serotypes d and g) (19, 33, 42). Two individuals were
colonized by at least three different serotypes on the same
root surface. The relative proportions of the various sero-

types in the caries lesion may be important to the overall
acidogenic potential, since different serotypes exhibit dif-
ferent acidogenic (10), aciduric (8, 20), and biochemical
characteristics (for a review, see reference 7). However, the
few subjects examined did not reveal a relationship between
particular serotypes and the rate of mineral loss.

It was surprising that none of the plaque samples from
actively progressing root caries lesions in the present study
contained S. sanguis. Besides the mutans streptococci, S.
mitis biovar 1 was the only Streptococcus species encoun-
tered in significant proportions. This observation is of inter-
est since the streptococci in this study were identified
according to new taxonomic principles which allow more
precise definition of the various taxa (28). Recent studies
have confirmed that S. mitis biovar 1 is a typical member of
some cariogenic communities on the root surface (G. H. W.
Bowden, Abstr. Annu. Meet. Int. Assoc. Dent. Res. 1989,
S40, p. 863). These findings indicate that S. mitis biovar 1
may possess hitherto unrecognized cariogenic properties.
On the basis of this study, it may be concluded that root

surface caries can develop in the presence of a broad
spectrum of bacterial species. In spite of the reservations
required because of the few subjects examined, it appears
that some species or combinations of species may result in
higher caries activity than others. Of particular interest was
the finding that dominance of single acidogenic species may
reflect a very high caries activity. In contrast, a high com-
plexity of the microflora indicates a low cariogenic potential.
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