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Summary

Which factors play a relevant role in the development of caries and how can they be identified for the 
benefit of dental care? The hypotheses on the aetiology and pathogenesis of caries (plaque 
hypotheses) have evolved over the past decades. In parallel, there has been a continuous search for 
correspondingly suitable risk parameters to be able to predict the occurrence of disease in clinical 
practice. Microbial and functional saliva parameters are intensively discussed in this context as a 
component of caries risk diagnostics. The further development of plaque hypotheses has inevitably 
led to changes in the interpretation of the findings obtained by saliva diagnostics. The article 
summarises the developments and interpretations of salivary diagnostics in the last decades and 
gives hints on how to interpret the findings obtained in the concept of the extended ecological plaque 
hypothesis. The presence of plaque alone cannot be the sole diagnosis for the indication and 
implementation of preventive measures. A comprehensive risk diagnosis and inclusion of all 
important parameters should always form the basis for the treatment measures to be planned.

Introduction

Individual prophylaxis is historically distinct from 
group prophylaxis. Since the latter was first 
established in dentistry, many elements of group 
prophylaxis were adopted in dental practice with 
the introduction of individual prophylaxis. One of 
these adopted strategies is the determination of the 
current caries risk on the basis of the existing caries 
prevalence - an inference from the past caries 
experience to the current or future risk. This can be 
done with a relatively high degree of reliability.

This is because the patient who has clinically visible 
carious lesions is also very likely to develop new 
caries.

However, it is precisely the development of a 
new carious lesion that is to be prevented by 
individual prophylaxis. This is about treating the risk 
of disease and not the disease itself16 (Table 1). In this 
respect, the criteria of the Deutsche 
Arbeitsgemeinschaft für Jugendzahnpflege e. V. 
(DAJ) are not helpful. The definitions of the 
American Dental Association (ADA)88 are somewhat 
more detailed (Table 2).

Subscribe to DeepL Pro to translate larger documents.

Visit www.DeepL.com/pro for more information.

https://www.deepl.com/pro?cta=edit-document&pdf=1


QUINTESSENCE DENTAL MEDICINE | Volume 72 - Issue 2 - February 
2021

119

Lutz Laurisch

DMF(S) at approximal/smooth surfaces > 010 to 12 years

dmf(t) > 7, D(T) > 28 to 9 years

dmf(t) > 5, D(T) > 06 to 7 years

dmf(t) > 4until 5 years

dmf(t) > 2until 4 years

dmf(t) > 0until 3 years

dmf(t) resp. DMF(S)Age

Tab. 1 Caries risk classification of the German Working Group for Youth Dental Care (DAJ).

Tab. 2 Caries risk definitions of the "American Dental Association" (ADA).

Low caries risk in adolescents Medium caries risk High caries risk

• No carious lesions in the last year
• Morphologically favourable shape 

of the dimples and fissures
• good oral hygiene
• appropriate fluoride application
• Regular visit to the dentist

• 1 carious lesion in the last year
• Deep dimples and fissures
• mediocre oral hygiene
• inadequate fluoride application
• White spots and/or approximal 

radiolucencies
• irregular visit to the dentist
• orthodontic treatment

• more than 2 carious lesions in the last 
year

• former smooth surface caries
• increased Streptoccocus mutans-

Values
• Deep dimples and fissures
• poor oral hygiene
• No or hardly any fluoride application
• White spots and/or approximal 

radiolucency
• frequent consumption of sweets
• irregular visit to the dentist
• insufficient salivation
• Bottle-feeding or breastfeeding for 

too long (infants)

Tab. 3 Caries risk definitions in very young children according to the current guideline of the Joint Federal Committee 
[G-BA] on early detection examinations for tooth, mouth and jaw diseases (FU-RL).

Age until dmf(t)

3 years dmf(t) > 0

4 years dmf(t) > 2

5 years dmf(t) > 4

6 years dmf(t) > 5

The current guideline of the Joint Federal 
Committee on Early Dental, Oral and Maxillofacial 
Screening (FURL) defines the caries risk in very 
young children as shown in Table 324. At the same 
time, however, the S2k guideline on caries 
prophylaxis for permanent teeth confirms that 
"especially patients with a higher caries risk should 
be recommended to participate in structured 
prophylaxis programmes".

But what should such structured prophylaxis 
programmes look like and on what diagnostic basis 
should they be based? Especially if they "aim to 
reduce the number of germs by reducing the 
consumption of sugary foods "24. In principle, it 
should also be questioned whether it makes sense 
for a preventive dental practice to determine the 
caries risk on the basis of caries incidence in the 
past18.
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Fig. 1 Application of a saliva sample with a wooden 
spatula onto an agar (here CRT bacteria, Ivoclar Vivadent, 
Ellwangen).

An exact diagnosis - the 
basis of all dental 
treatments
After Willoughby Dayton Miller presented his 
chemo-parasitic theory of caries development, 
scientific research focused on plaque or biofilm and 
the bacteria found in it60. This led to the 
development of the non-specific plaque theory, 
which postulated that plaque is cariogenic per se. 
The non-specific plaque hypothesis saw the disease 
as an interaction of all plaque microorganisms, 
whereby more biofilm also meant more disease. 
Caries prevention strategies therefore aimed at 
regular plaque removal. This concept is still 
reflected today in the fact that in many places 
patients are encouraged to come to the practice 
regularly for a professional dental cleaning - as the 
sole service.

This non-specific plaque theory was later
by the specific plaque hypothesis. It postulated that 
the bacterial composition of the plaque is decisive 
for the development of caries and not the plaque 
per se55,83,82. Lactobacilli (LB) and Streptococcus 
mutans (SM) were identified as the decisive and 
most important germs. As a result, bacteriological 
tests - commonly referred to as "saliva tests" - were 
developed with the aim of detecting the presence 
and quantity of the germs in a simple way.

Development of the detection of
Streptococcus mutans in saliva
Long after the first description of SM by Clarke13 , Gold 
developed a selective agar for the detection of SM. 
He added bacitracin (MSBAgar) to a Mitis salivarius 
agar and thus exploited the fact that SM is 
insensitive to bacitracin. However, the shelf life of 
such agar is limited, as bacitracin can degrade rapidly25.

In order to transfer the germs from the oral 
cavity to the agar, Köhler and Bratthall developed 
the so-called wooden spatula method, in which by 
means of
"saliva was applied to a culture medium39 (Fig. 1).

In 1984, Alaluusua and Jorden developed a 
dipslide test in which a bacitracin tablet was placed 
on a normal Mitis salivarius agar. Due to the 
insensitivity to bacitracin, only SM grew in the 
bacitracin-containing environment around the 
tablet - the so-called inhibition zone. This 
circumvented the reduced shelf life of the Mitis 
Salivarius bacitracin agar of only a few weeks. By 
means of a chart, the concentration of SM in saliva 
could be eva luated2 (Fig. 2 to 5).

Laurisch adapted the generally known 3-eyelet 
smear for the detection of SM on an agar plate. In 
the so-called 3-eye streak, saliva is streaked out on 
an agar with an eyelet (1 µl) according to a special 
technique. On the basis of the
"Germ carry-over", conclusions could be drawn 
about the SM content of the saliva sample48 (Figs. 6 and 
7).
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Fig. 2 Clearly visible hemhof. Fig. 3 No Hemmhof, high density of colonies on
Streptococcus mutans (SM).

Fig. 4a and b as well as 5a and b evaluation chart.

Fig. 6 Detection of lactobacilli (LB) on 
Rogosa agar (3-eyelet line).

Fig. 7 Evidence of SM on
Mitis salivarius bacitracin (MSB) agar (3-
eyelet dash).

Based on the adherence of SM to glass tubes and 
plastic sticks, as demonstrated by Alaluusua et al, 
Jensen and Bratthall at the University of Malmö 
developed the Dentocult SM Strip Mutans, which 
was subsequently produced by Orion Diagnostica in 
Espoo (Finland). A plastic spatula was spread over 
the tongue and then incubated in a liquid nutrient 
medium. Based on the colonies (blue), it was 
possible to draw conclusions about the amount of 
SM contained in the saliva28 (Figs. 8 to 11).

Production and distribution of this test method was 
discontinued some time ago.

By further modifying the agar, Laurisch 
developed a highly selective agar for SM in 1997 by 
increasing the sugar concentration to 41 %. This 
agar, together with a Rogosa agar for the detection 
of LB, was applied to a foil-sealed agar plate using a 
special procedure.
"Double dip" applied.  The film-sealed
"Double dip" goes back to a patent of the Madaus 
company in Cologne. The film seal extended the
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Fig. 8 The plastic spatula is passed over the tongue. Fig. 9 Through the slightly closed lips, the
plastic spatula inoculated with saliva.

Fig. 10 Little evidence of SM (blue colonies on the 
spatula).

Fig. 11 Much detection of SM on the plastic spatula.

Fig. 12 "Double dip" for the detection of SM and LB, 
Rogosa agar (light side) and SM-modified MSB agar (dark 
side, fig. courtesy of
Ivoclar Vivadent, Ellwangen).

the shelf life of the MSBAgars to over 12 months, as 
the bacitracin could not degrade due to the 
exclusion of air. This detection method was offered 
by Ivoclar Vivadent (Ellwangen) under the name CRT 
bacteria in dentistry. After Ivoclar Vivadent had 
discontinued the production and

Since 2018, this test has been produced by Aurosan 
(Essen) as a caries screen test on the original Madaus 

production machine32-34,51 (Fig. 12). After a saliva 
sample has been obtained, it is applied with a pipette 

to the nutrient media of the test device.
"double dip". After an incubation period of 48 
hours, the germ counts can be read off from a chart 
diagram (Fig. 13 to 15).

In 2009, GC Germany (Bad Homburg) launched 
SalivaCheck Mutans for the detection of SM using 
monoclonal antibodies. The result could be read 
within 15 minutes. However, the detection limit was 
500,000 germs SM/ml saliva. This meant that the 
field of application was very limited. The test could 
not be used for prophylaxis in early childhood or for 
monitoring the progress of patients in recall. The 
distribution of the test procedure has since been 
discontinued (Fig. 16 and 17).

Only the SalivaCheck Buffer (GC) is still offered 
for the determination of functional saliva 
parameters. These include pH value, secretion
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Fig. 13 Evaluation of the saliva sample obtained with the CariesScreenTest (Aurosan, Essen), formerly marketed as 
CRT bacteria (Ivoclar Vivadent, Ellwangen).

Fig. 14 Evaluation chart for LB (from 1,000 to 1,000,000, 
from left).

rate and the buffer capacity of the saliva (Fig. 18). 
Since 2018, the Caries ScreenTest + P (Aurosan) has 
also been available. In addition to determining the 

bacterial saliva parameters SM and LB, this also 
allows the determination of the functional saliva 

parameters. For the first time, a complete diagnostic 
tool for the determination of subclinical risk factors is 

available (Fig. 19
and 20).

Fig. 15 Evaluation chart for SM (from 1,000 to 1,000,000, 
from left).

Significance of functional saliva 
parameters
Secretion rate
Determining the salivary flow rate shows whether 
there is enough saliva. The natural protective 
function of saliva, the rinsing function, the dilution 
effect in the case of sugar intake, the removal and 
the availability of saliva are all important factors.

Determination of bacterial saliva parameters with the CariesScreenTest

Remove the 
"double dip" 
and peel off 

the foil

both agars 
completely with saliva

wet

NaHCO3  on two days
Placethe bottom of the incubation 

tubeat  37° C

Compare with 
evaluation chart

low colony density High colony density

Streptococcus mutans

low colony density

Lactobacilli

high colony density
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Fig. 16 Saliva check Mutans (GC, 
Bad Homburg)

Fig. 17 Evaluation options within 15 
min, threshold value 500,000 
CFU/ml.

Fig. 18 Buffer capacity test Saliva- 
Check Buffer (GC).

Fig. 19a to h CariesScreenTest + P (Fa. 
Aurosan) as a complete examination 
tool for determining bacterial and 
functional saliva parameters: "Double 
dips" for detecting SM and LB (a), 
tubes for collecting the saliva obtained 
with simultaneous calibration for 
determining the secretion rate (b), 
indicator solution for determining the 
buffer capacity (c), 1-millilitre pipette 
for collecting the saliva from the saliva 
sample (for mixing with the test 
solution (d), paraffin capsules for saliva 
stimulation (e); pH-value measuring 
strip for determining the saliva pH (f), 
pH-value measuring strip for 
determining the buffer capacity (g), 
sodium bicarbonate tablet for creating 
a microaerophilic environment during 
incubation of the "double dip" (h).

a b c d e

f g h
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Fig. 20 CariesScreenTest + P 
(formerly CRT bacteria).

of minerals for remineralisation and the clearance 
rate depend on the amount of saliva 
available40,41,44,49,50,52. The secretion rate should be 
about 1 ml/min. Values below this reduce the 
clearance rate and the remineralisation potential 
and are thus favourable to caries.

pH value
The resting pH of the saliva can be determined with 
indicator test paper (e.g. in SalivaCheck Buffer, 
CariesScreenTest + P). The resting pH value should 
be higher than or equal to 7, especially for exposed 
root surfaces where demineralisation already starts 
at a pH value of 6.7.

Buffer capacity
Buffer capacity is a key protective mechanism of the 
oral cavity against food and plaque acids and is 
related to saliva flow rate. Thus, reduced salivary 
flow rates show reduced buffer capacities21 in 
conjunction with corresponding caries findings.

A good buffer capacity is able to neutralise food 
and plaque acids in the oral cavity. The buffering 
capacity therefore has an important function for the 
stability of the pH environment in the oral cavity. 
Frequent intake of acidic foods leads to a greater pH 
drop in the oral cavity. The buffering capacity of 
saliva is no longer sufficient to neutralise this 
greater amount of acid56,86.

Very good buffer capacities have a pH value of > 
6, good ones are between 5 and 6 and poor buffer 
capacities have a pH value of < 5.

The sodium bicarbonate content of saliva also 
depends on the secretion rate. High secretion rates 
always require good buffer capacities21.

Change in interpretation

As caries aetiology concepts evolved, the 
interpretation of the data obtained by the test 
procedure also changed. The acceptance of the 
specific plaque hypothesis led to the transfer of 
Koch's postulate to caries genesis. Thus, it was 
believed that the detection of SM alone could 
provide a reliable indication of the patient's caries 
risk. However, this opinion was less represented in 
science than in the concepts for marketing the 
Dentocult SM Strip Mutans Test. With the 
introduction of the term "individual caries risk", 
however, concepts were introduced early on in 
which the bacterial saliva parameters were 
presented as only one aspect of a multi-causal 
process43,44,47.

While the interpretation of the SM numbers 
found in saliva changed depending on the valid 
caries genesis, the interpretation of the LB numbers 
found has remained the same for 80 years27.

Lutz Laurisch
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Fig. 21 Dentocult LB (Orion Diagnostica, Espoo, Finland) 
after incubation.

Fig. 22 Evaluation chart of the Dentocult LB.

Jay found in 1947 that sugar reduction led to a 
reduction in LB numbers, having already pointed 
out the relationship between diet and caries in 194426. 
Kitchin observed the same in a single case study 
over 3 years30. The development of the Rogosa Agar by 
Rogosa in 1951 simplified the detection of LB71. In 
1975, Larmas then developed the matching dipslide 
for further simplified detection. An evaluation chart45 

was again used as a reference (Figs. 21 and 22).

Since 1975, dental practice has thus had a 
suitable, scientifically proven diagnostic method at 
its disposal to determine the patient's consumption 
of fermentable carbohydrates and, above all, to 
check it repeatedly in the context of patient recall 
care. This makes it possible to determine the 
patient's compliance during nutritional 
counselling11,27,30,64.

Since 1997, the detection of LB on a Rogosa 
agar has been part of the "double dip" for the 
detection of SM and LB (Caries Screen Test, 
formerly CRT bacteria).

On the interpretation of the
Streptococcus mutans figures
The currently accepted extended ecological plaque 
hypothesis takes into account the fact that caries 
can also develop without a relevant amount of SM 
being detectable. This ecological concept thus 
contradicts the "infection theory" of the specific 
plaque hypothesis7,14,66,75.

Nevertheless, the initial colonisation of the 
child's oral cavity in the first few years is always of 
interest.
2 years of life. The initial colonisation with SM 
depends on the mother's microbial count or the 
microbiome of the parents8,9 or caregivers. The 
threshold value for SM was defined by Berkowitz as
500,000 CFU/ml saliva determined8.

However, the establishment of SM in the child's 
oral cavity is only possible with a sufficient 
nutritional basis in the form of fermentable carbon 
hydrates68. The compliance of the parents is therefore 
primarily required here9,12,68.

In 2006, Thenisch was able to show in a 
systematic review of 981 publications that the 
detection of SM in saliva at the age of 2 years 
means a doubling or detection in plaque (plaque 
smear) means a quadrupling of the caries risk. In 
children with a positive caries result at 30 months, 
SM was always detected early9,67,68,85.

The doubling of the caries risk alone when SM is 
detected in plaque indicates that it makes a 
difference whether SM is only found in saliva
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is present or already in the plaque. In the spit, SM 
has no direct influence on caries activity, but it does 
allow conclusions to be drawn about the SM 
numbers in the plaque. However, there are often 
unexpected deviations here. These deviations can 
also be area-specific on the teeth. This depends on 
the caries activity at the examined site, whereby the 
caries-active and the caries-inactive sites can be 
quite close to each other19,74,76.

Previous studies of the oral microbiota relied 
heavily on culture-based methods to determine the 
microorganisms. Thus, it is also possible that refined 
DNA or RNA examination methods could result in 
greater deviations in the future. In the present case, 
however, this does not change the fact that DNA 
probe methods or methods using the polymerase 
chain reaction (PCR) technique were able to confirm 
the transmission of bacteria from mother to child77.

This early detection of SM in the saliva of the 
child's oral cavity seems to be decisive for the caries 
prevalence in the following 15 years. This is always 
higher than when SM is detected later in the oral 
cavity. Of course, it must also be taken into account 
that the established diets that are causal for this can 
only be changed over time20 and sometimes not at 
all1,3,5,15,20,35,36.

Tenovuo was able to show that the general 
caries prevalence depends on the time of the first 

detection of SM in the plaque of the child's oral 
cavity. The study was carried out by detecting 

serum antibodies against SM84. Due to an extremely 
unfavourable nutritional situation and other 
behaviours that promote colonisation, high 

bacterial counts of SM establish themselves in the 
child's oral cavity at an early stage. This, in turn, is 

always a strong risk indicator for the occurrence of 
"early childhood".

hood caries" (ECC)17,18,63,70 (Figs. 23 to 25).
In cases of high intakes of fermentable carbon 

hydrates, Candida albicans enhances the cariogenic 
potential of SM in plaque29,72.

Since the agar used in the CariesScreenTest to 
detect SM is not fungicidal, it can be

Fig. 23 Plaque smear in children.

Fig. 24 Plaque smear of several teeth after incubation: 
examination for SM (caries screen test).

Fig. 25 Plaque smear of several teeth after incubation: 
examination for LB (CariesScreenTest).

yeast fungi also grow on it. Differentially, these can 
be detected by a positive catalase reaction (Fig. 26).

Since colonisation of the child's oral cavity with 
SM is only possible with a sufficient supply of 
substrate, the importance of advising the pregnant 
woman or the new mother on correct nutritional 
behaviour as well as adequate age-appropriate 
dental care and a fluoridation concept coordinated 
with this becomes apparent. At the same time, 
however, this is also the starting point for the timely

Lutz Laurisch
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Fig. 26 Foaming of the yeast colonies with the addition 
of H2O2.

Fig. 27 Plaque smear from the approximal space 26m.

Fig. 28 A high LB count in the approximal space indicates 
an increased caries risk (caries screen test).

the biome of the mother or parents by a
"saliva test" and thus define the risk of 
transmission. Preventive therapies by parents lead 
to a reduction of caries-relevant germs - in this case 
especially SM - and thus reduce the risk of transmission38.

As a rule, SM can be detected in higher 
proportions in caries patients than in caries-free 
patients. Since high bacterial counts favour further 
caries prevalence, it is clear that, in addition to 
conservative measures, preventive measures must 
be taken.

The use of the "no-go" approach should be an 
indispensable part of treatment37,57,69.

A high proportion of LB in the plaque always 
indicates a possible caries progression. An analysis 
of the plaque situation in an approximal space is 
possible with the help of a smear technique (Figs. 27 
and 28).

These scientific findings, gained over decades, 
also partly form the basis for the extended 
ecological plaque hypothesis (Fig. 29).

The homeostatic situation of the healthy 
microbiome is characterised by a balance of 
potentially pathogenic and apathogenic germs - 
with a pronounced diversification. The continued 
consumption of fermentable carbohydrates leads to 
a proliferation of acidogenic and acid-forming 
germs, which increasingly displace the apathogenic 
flora. Clinically visible (highlighted in light grey in 
Fig. 29) is the constant increase in plaque and 
insufficient oral hygiene. Clinically invisible 
(highlighted in yellow in Fig. 29), acid-forming and 
acid-tolerant germs proliferate in the plaque as the 
pH value decreases.

Acid tolerance and subsequent selection of low 
pH NonSM seem to play a crucial role in 
destabilising plaque homeostasis.

According to the pH value reduction, an 
acidogenic phase (pH value < 6.5 and destabilisation 
of homeostasis), an acidic phase, in which a further 
selection of acidophilic germs occurs, and the 
dysbiotic phase (pH value < 5.5)80 are distinguished.

In this acidic environment, SM and other acid-
producing bacteria, especially LB, can promote 
lesion development through excessive growth by 
maintaining an environment characterised by a 
persistently low pH. LB and SM thus displace the 
low-acid producing NonSM that initiated the initial 
pH reduction. The plaque is now dominated by 
strong acid producers as diversification decreases79. 
Therefore, high proportions of SM and LB can be 
seen as biomarkers for sites with particularly rapid 
caries progression.
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Balance of commensal and apathogenic 
germs with pathogenic germs, high 
diversification of the microbiome

homeostatic state

Predominance of highly acidophilic bacteria, 
loss of diversification,

High caries activity

dysbiotic state
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Fig. 29 The extended ecological plaque hypothesis according to Laurisch, modified after Conrads14, Marsh58 and Zijnge89.
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Ultimately, a dysbiotic state develops, which is 
characterised by the fact that the diversification of 
the microbiome has been lost and acidogenic and 
aciduric germs dominate in the plaque.

The extended ecological plaque hypothesis 
repeatedly underlines the well-known fact that a 
proliferation of caries-relevant germs occurs with 
the regular consumption of fermentable 
carbohydrates23,62.

The role of SM is not limited to acid formation 
alone: it is the main producer in the formation of 
extracellular polysaccharides and thus the guarantor 
of an undisturbed "quorum sen sing" in the plaque, 
as the matrix it forms protects the tooth-bearing 
biotope from the natural defence functions of the 
oral cavity - secretion rate and buffer capacity42,83.

This means that SM still holds a key position for 
caries risk and caries activity. It also maintains the 
acidic environment in which LB can overgrow the 
system. In fact, LB are able to produce acid up to a 
pH of 3, while SM stop producing acid at a pH 
between 4 and 5. LB - not actively involved in 
plaque formation themselves - thus use the pH 
environment created by SM to drive caries 
progression. Therefore, they are also present in 
active carious lesions54,59,78,87.

It can be seen that the extended ecological 
plaque hypothesis contains elements of the non-
specific and specific plaque theories, but brings both 
more in line with clinical course and preventive 
understanding. It is important for understanding not 
only to know what germs are present, but also to be 
aware of what these germs do31,79.

However, since the number of SM and LB is not 
the only predictor of caries, it is important in risk 
diagnostics to determine other factors53. Various 
concepts therefore supplemented bacterial saliva 
parameters with clinical parameters at an early 
stage43,50,44. In 1990 Axelsson summarised the state 
of knowledge at that time in a risk concept, which is 
shown in Table 4.

It can be seen that the risk criteria include both 
clinical and subclinical risk parameters. Additional 
factors are in particular the functional saliva 
parameters. Findings between high caries and no 
caries risk differ in the number and severity of the 
individual risk parameters. The intermediate 
findings according to Axels son are shown in Table 
5.

König defined the individual risk areas by 
establishing individual risk ratings for 4 parameters - 
namely tooth status, salivary secretion, nutritional 
situation and microorganisms41 (Figs. 30 to 33).

The Cariogram10,73 supplements the previously 
explained risk parameters with further risk 
parameters and the existing fluoridation concept. It 
is a method that was already introduced by Bratthall 
and others at the end of the 1990s and enables an 
interpretation and weighted analysis of the various 
factors involved in the development of caries10. The 
cariogram offers the ideal prerequisites for a 
systematic approach: It graphically illustrates the 
caries risk or the chance to avoid new caries in the 
future. The Cariogram can be downloaded from the 
internet, but it is only available in the English 64-bit 
version. The mobile version is also available as an 
app.

Figure 34 explains all the risk parameters 
highlighted in the cariogram. After weighting, the 
green area indicates the probability that no new 
caries is to be expected. In the final, digitally 
generated risk assessment, individual risk factors 
are summarised in complexes (Tab. 6).

The dark blue areas clearly show the importance 
of bacterial saliva parameters for risk diagnostics. It 
is therefore obvious that the predictive value of the 
results of the Cariogram software is higher if saliva 
parameters and the number of SM are determined 
and included in the evaluation65.

All the concepts presented determine a static 
situation of the oral environment at the time of the 
examination. The dynamic component of the 
changes in the biotope oral cavity is thereby
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Fig. 30 Importance of microorganisms. Fig. 31 Importance of the nutritional situation.

Fig. 32 Significance of salivary secretion. Fig. 33 Significance of dental status.

Tab. 4 Risk concept according to Axelsson6. The subclinical risk parameters are marked in yellow.

No caries risk high caries risk

SM negative SM values > 500,000 ml/min.

excellent oral hygiene habits Very poor oral hygiene habits

Low LB values LB values > 100,000 ml/min.

Very low DMF or DMFT index Very high DMFT value with buccal/lingual DFS

No active initial caries Very much initial caries

adequate salivary secretion Saliva secretion rate < 0.7 ml/min.

low consumption of sticky, sugary products Heavy consumption of sticky, sugary products

Buffer capacity with a pH value > 5.5 Buffer capacity with a pH value < 4.5
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Buffer capacity with a pH value < 5Buffer capacity with a pH value < 5.5

Heavy consumption of sticky, sugary productslow consumption of sticky, sugary products

Saliva secretion rate 1 ml/min.Salivary secretion rate > 1 ml/min.

much initial carieslittle initial caries

High proximal DMFlow DMF or DMF-T index, respectively

high LB valueslow LB values

poor oral hygiene habitsgood oral hygiene habits

SM positiveSM positive

Caries risklow caries risk

TOOTH HOLDING

Tab. 5 Intermediate findings of the risk concept according to Axelsson6. The subclinical risk parameters are also marked in 
yellow.

Tab. 6 Risk determination based on the individual risk factors nutrition, bacteria, susceptibility and circumstances.

Nutrition Bacteria Receptivity Accompanying 
circumstances

Frequency of food intake and 
composition of food

Plaque quantity and 
qualitative composition of 
plaque (number of SM/LB)

Resistance of the tooth 
substance (fluoridation) and 
quality of the saliva (secretion 
rate, buffer capacity, saliva pH 
value)

Carious tooth damage in the 
past and general state of 
health

The area is shown in dark blue 
in the cariogram.

The area is shown in red in 
the cariogram.

The area is shown in light blue 
in the cariogram.

The area is shown in yellow in 
the cariogram (Figs. 35 to 37).

not recorded. However, a repeated risk analysis in 
the sense of monitoring after the implementation of 
preventive measures enables a more dynamic 
interpretation61,81.

Conclusions

The significance and interpretation of saliva tests 
and the determination of bacterial and functional 
risk parameters have changed over time depending 
on the current caries aetiology. The extended 
ecological plaque hypothesis contains elements of 
the non-specific and specific plaque theory, but 
brings the clinical course and our preventive 
understanding into better harmony. For this 
understanding, it is important not only to know 
what germs are there, but also to be aware of what 
these germs do. Plaque consists of potentially 
pathogenic and apathogenic germs.

germs with a large diversification. For the 
development of a pathogenic plaque, it is primarily 
not the genotype of the bacteria that is decisive, but 
the phenotype. This develops from the individual 
conditions that can turn a potentially cariogenic 
germ into a cariogenic germ. This process is 
important for the preventive concepts of the dental 
practice, because this process is reversible if the 
acidogenic or aciduric conditions in the plaque can 
be changed. Unfortunately, the key to successful 
therapy lies in an area that is often the most difficult 
to change: the nutritional situation20.

SM is a crucial component of plaque due to its 
distinct ability to form extracellular polysaccharides, 
which also creates the acidic pH environment for LB. 
The detection of these germs in the plaque is 
associated with a high caries activity at this site. A 
detection
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76 %

6 %

9 %

4 %
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19 %
15 %

13 %

29 %
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Fig. 34 Risk parameters determined in the cariogram.

Fig. 35 Labelling of the summarised risk factors with 
corresponding colours.

Fig. 36 Low caries risk: The probability of no caries is 
76 % (green area).

Fig. 37 High caries risk: The probability of no caries is only 
13 % (green area).
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0 = caries-free
1 = better than average
2 = normal for this age group
3 = worse than average

Consumption of fermentable carbohydrates
0 = very little (LB class 1)
1 = little (LB class 2)
2 = moderate (LB class 3)
3 = high (LB class 4)

■ real chance of avoiding new caries
■ Diet
■ Bacteria
■ Receptivity

■ Accompanying circumstances

0 = better than expected
1 = as was to be expected
2 = worse than expected
3 = very bad, much caries to be expected

Buffer capacity (PK) (CariesScreenTest + P) 
pH > 6.0 very good PK
pH > 5.0 good PK
pH < 5.0 unfavourable PK
pH < 4.0 extremely poor PK

Secretion rate (CariesScreenTest + P) 
2 ml/min. very good
1 to 2 ml/min. good
< 1ml/min. unfavourable
< 0.7 ml/min. Hyposalivation

0 = good fluoridation concept
(regular fluorine-containing cream, F-gel, F-rinse)
1 = Fluoridation concept
(regular fluoride cream, less F jelly, rinse).

2 = only cream containing fluoride
3 = no fluoride intake

0 = extremely good oral hygiene
1 = good oral hygiene
2 = moderate oral hygiene
3 = poor oral hygiene

Number of MS in saliva (CariesScreenTest)
0 = SM Kl 0 (< 10,000 CFU/ml)
1 = SM Kl 1 (> 10,000 CFU/ml)
2 = SM Kl 2 (> 100,000 CFU/ml)
3 = SM Kl 3 (> 500,000 CFU/ml))

0 = very low frequency (max. 3 ZI)
1 = low frequency (max. 5 ZI)
2 = moderate frequency (max. 7 ZI)
3 = high frequency (> 7 ZI)

0 = no diseases
1 = minor extent
2 = severe (diabetes, extensive medication)
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of germs in saliva in high numbers does not 
necessarily correlate with caries activity on certain 
tooth surfaces, but gives clear indications that the 
oral cavity biotope is not in a homeostatic state. The 
smear technique, however, gives us more precise 
information about the suspected caries activity on 
the corresponding tooth surface.

Good salivary pH, secretion rate and buffering 
capacity are also important factors in a homeostatic 
situation. Therefore, bacterial and functional 
salivary parameters can be an important part of 
caries risk diagnostics. They are also an integral part 
of all risk concepts cited here. Their importance 
does not only result from their significance in 
diagnostics. In addition, repeated examinations of 
subclinical risk parameters in the recall also give us 
objectifiable indications of changing risk parameters 
and the patient's compliance at an early stage.

Due to the multi-causality of the disease, it is 
indispensable to assess the relevant risk parameters.

determine. But that alone is not enough. The much 
more crucial question is why. Only by answering this 
question can adequate preventive therapies be 
developed that reflect the current state of scientific 
knowledge.

Risk diagnostics including clinical and subclinical 
risk parameters enables diagnosis-based 
prevention. This in turn is not only a medical 
necessity, but also positively influences the success 
of our preventive efforts22,46,90.

The presence of plaque - key evidence of the 
non-specific plaque theory - should not be the sole 
basis of diagnostics on which we base our 
preventive service concepts.

Note

The author is the developer of the CRT bacte- ria, 
which was produced and distributed by Ivoclar 
Vivadent until 2018. In cooperation with Aurosan, 
he has developed the successor product 
KariesScreenTest and KariesScreenTest + P.
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