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Abstract
Objective. To assess the caries risk following 6 weeks’ use of 5000 ppm F toothpaste using ‘Cariogram’ software. Materials
and methods. A total of 34 participants, 17 mothers and their teenage children, were enrolled in a 6-week clinical trial in
which they were given 5000 ppm F toothpaste. They were followed consecutively for 6 weeks with visits that were 2 weeks apart
(four in total). A clinical examination was done at baseline and salivary chair-side tests to record the buffer capacity andmutans
streptococci (MS) and lactobacilli (LB) counts were performed at each visit. Based on these data, seven caries-related variables
were collected and inserted into the Cariogram software to calculate the actual chance of avoiding caries. Results. The use of
5000 ppm F toothpaste resulted in a statistically significant modification of the caries-risk profile, increasing the actual chance
of avoiding caries in the future among the mothers and teenagers at each visit following baseline (p < 0.01). The changes
essentially related to the salivary parameters (buffer capacity, MS and LB counts). A statistically significant linear trend was
observed for MS counts (p < 0.01) and the number of subjects with a salivary concentration of MS < 103 increased at each visit.
The same trend was also observed for LB and buffer capacity scores (p = 0.04 and p = 0.03, respectively). Conclusions. The
short-term use of 5000 ppm F toothpaste is able to reduce the caries risk, which can be clearly demonstrated using ‘Cariogram’
software.
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Introduction

Dental caries remains the single most prevalent
and costly oral disease worldwide [1–3]. The World
Health Organization (WHO) has highlighted the fact
that, although there are huge improvements in the oral
health of populations, large problems still persist [4].
The observed decline in dental caries in most

industrialized countries over the past four decades
has been largely attributed to the daily use of fluori-
dated (F) dentifrices [5–7]. This is mainly due to the
role of fluoride in the de- and remineralization process
[8]. An antimicrobial effect by the F compound is also
known, but research has established that oral fluoride
concentrations resulting from the use of £ 1500 ppm
F toothpastes are insufficient to have a significant

antimicrobial effect on cariogenic bacteria [9].
Attention has therefore focused on developing novel
toothpaste formulae, which may increase the oral
bioavailability of F and in turn enhance its antimi-
crobial action. One adopted strategy has been to
increase the F concentration in toothpaste, which
could enhance its diffusion and deposition in the
biofilm [10,11]. In general, toothpastes of this kind
are recommended for high caries risk individuals
above 10 years of age, such as subjects with dry mouth
or root surface caries [12,13].
The majority of studies evaluating 5000 ppm F

toothpastes have shown their ability to reduce plaque
scores, increase plaque and saliva F concentrations,
reduce biofilm acidogenicity and reduce caries
[12–19]. Despite these positive findings, further
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research is needed to explore the consequences of
using 5000 ppm F toothpaste on caries-related plaque
and salivary parameters and how this in turn may
modulate the individual caries risk.
The ‘Cariogram’ is a free-share software that has

been developed with the aim of (a) identifying those
persons who will most probably develop caries and
(b) providing these individuals with the appropriate
preventive and treatment measures to arrest the
disease [20]. The ‘Cariogram’ uses an algorithm
with a ‘weighted’ analysis of specific caries-related
factors developed to calculate the individual caries-
risk profile [20–22]. The computer-based calculation
is presented graphically in the form of a pie chart,
which has five coloured sectors illustrating the con-
tribution of the different caries-risk factors to the
individual’s caries-risk profile and the actual chance
of avoiding caries in the future. The ‘Cariogram’ has
been used extensively in several countries and has
demonstrated fairly high efficacy and good reliability
[22–24]. One possible way to evaluate the effective-
ness of a high-F regimen would be to determine its
ability to reduce the caries risk.
The hypothesis of this study was therefore that the

short-term use of high-F toothpaste causes a variation
in the individual caries risk. From this perspective, the
aim of the present study was to assess consecutively
the caries risk following 6 weeks’ use of 5000 ppm F
toothpaste using the ‘Cariogram’.

Materials and methods

Mothers and their teenage children (13–17 years of
age) from families that had participated in a previous
study were asked to volunteer. For details regarding
the inclusion criteria and methods, please see
Mannaa et al. [25]. Verbal information about the
study was given to each volunteer and written
informed consent in Arabic was obtained prior to
the start of the study. Ethical approval for the study
was obtained from the Faculty of Dentistry at King
Abdulaziz University, Jeddah, Kingdom of Saudi
Arabia. The study was conducted in accordance
with the Declaration of Helsinki [26].
Seventeen families, with a total of 34 participants,

agreed to be enrolled in this clinical trial; 17 mothers
(38.4 ± 6.4 years, mean ± SD) and their 17 teenage
children (14.5 ± 1.2 years). As previously described in
Mannaa et al. [19], power analysis was performed.
The study was carried out over a period of 6 weeks,

with a total of four visits 2 weeks apart: baseline,
2 weeks, 4 weeks and 6 weeks. The four visits were
scheduled at the same time of the day for each
individual.
Prior to each visit, the participants were asked to

refrain from toothbrushing and all other oral hygiene
measures for the last 24 h, as well as eating or drinking

anything except water for 1 h prior to the scheduled
appointment.
Each volunteer was given one tube (113 g) of

high-fluoridated toothpaste (Clinpro� 5,000, 3M
ESPE, St. Paul, MN) and a toothbrush with a coloured
mark 2 cm from the bristle surface (Trisa�, TRISA
AG, Switzerland). Oral hygiene instructions have been
described in detail in a previous manuscript [19].
Clinical examinations and chair-side tests were

performed under standardized conditions by the
same investigator (AM) in the following order: (1)
clinical assessment and (2) chair-side salivary testing
for assessments of buffer capacity, as well as counts of
cariogenic micro-organisms.

Clinical assessment

Optimal artificial lighting, a tooth-drying device, a
plain mirror and a WHO-CPI probe were used for the
examination. Dental caries experience (DMFT/S)
was recorded. Caries was diagnosed when there
was a cavity at dentinal level [27]. Bite-wing radio-
graphs were used for the diagnosis of proximal caries
at baseline.

Chair-side salivary assessments

The buffer capacity of stimulated saliva was deter-
mined using the CRTBuffer� strip (Ivoclar-Vivadent,
Schaan, Liechtenstein). Stimulated saliva was col-
lected while chewing on a piece of paraffin wax for
5 min. The test area of the buffer strip was wetted
entirely with saliva using a pipette. After 5 min of
reaction, a comparison was made with the coloured
chart provided by the manufacturer and the buffer
capacity was scored as low, medium or high. The
CRT� Caries Risk Test (Ivoclar-Vivadent) was used
to record the salivary counts of mutans streptococci
(MS) and lactobacilli (LB). The agar surfaces were
wetted with stimulated saliva and incubated at 37�C
(99�F) for 48 h. The MS and LB counts were scored
in four classes corresponding to the following CFU/
ml: 0 = 0–< 103, 1 = 103–104, 2 = 105–106, 3 = > 106

CFU/ml for MS and 0 = 0–< 102, 1 = 102–103,
2 = 104–105, 3 = > 105 CFU/ml for LB.

Risk assessment using the ‘Cariogram’

The caries-risk profile was calculated for the study
participants at each of the four visits using
‘Cariogram’ software [20]. For each subject, the
following seven caries-related variables were put
into the ‘Cariogram’ software: (1) caries experience,
(2) related diseases, (3) diet content, (4) MS count,
(5) fluoride programme, (6) salivary buffer capacity
and (7) clinical judgement. Based on the entered
variables, the chance to avoid caries in the future
was calculated. Estimation of the dietary content
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was made using the salivary LB counts (as a mea-
sure of the cariogenic diet) [28]. During the trial,
none of the volunteers was exposed to any fluoride
source except for the 5000 ppm F toothpaste. The
fluoride variable was therefore scored ‘2’ at baseline
and ‘1’ for all other examinations (2, 4 and 6 weeks).
The saliva secretion rate was not included in the
analysis since the secretion rate was only assessed at
baseline. All individuals showed a normal salivary
secretion rate. The same thing applies to the diet
frequency and plaque amount.

Statistical analyses

All the data were analysed using Stata SE� software v.
10.0. Analyses were made for all individuals and for
mothers and children separately. All microbiological
analyses and ‘Cariogram’ calculations were carried
out coded. Descriptive statistics, including the means,
standard deviations and frequencies (percentages),
were calculated. To validate the hypothesis of the

study, only three variables (MS and LB scores and
buffer capacity) were analysed in detail. The Cario-
gram variables included in the statistical analysis were:
(1) the actual chance of avoiding caries, (2) circum-
stances (caries experience and related diseases), (3)
susceptibility (fluoride programme and saliva buffer
capacity), (4) bacteria (mutans streptococci) and (5)
diet (dietary content). The data were analysed for
statistically significant differences using repeated
one-way measures analysis of variance (ANOVA)
with the Cook-Weisberg post-hoc test. Linear trends
in proportion were tested using the x2 test for trends.
A mixed-design analysis of variance model was used
to test for differences between mothers and children.
A p-value of < 0.05 was considered statistically
significant.

Results

Thirteen families (26 subjects) completed the clinical
trial. Of the 17 families (34 subjects) enrolled, three

Table I. Results of the Cariogram analyses (chance of avoiding caries, circumstances, susceptibility, bacteria and diet) at each examination
(baseline, 2 weeks, 4 weeks and 6 weeks). Mean ± SE for 28 subjects at baseline, 2 and 4 weeks and 26 subjects at 6 weeks.

Mean ± SE

Cariogram sector Baseline 2 weeks 4 weeks 6 weeks p-valuea

Chance of avoiding caries
Total sample 29.5 ± 3.6 43.8 ± 3.8 48.7 ± 4.3 54.7 ± 2.6 < 0.01

Mothers 28.0 ± 4.8 39.4 ± 5.3 44.4 ± 5.9 53.7 ± 3.8 < 0.01

Children 31.0 ± 5.5 48.1 ± 5.4 52.9 ± 6.2 55.8 ± 3.6 < 0.01

p-valueb 0.80 < 0.01 0.02 0.09

Circumstances
Total sample 20.9 ± 0.8 13.4 ± 0.8 12.0 ± 0.9 11.2 ± 0.7 < 0.01

Mothers 20.8 ± 1.1 14.6 ± 1.1 12.2 ± 1.4 11.7 ± 1.1 < 0.01

Children 20.8 ± 1.2 12.2 ± 1.1 11.7 ± 1.1 10.7 ± 1.0 < 0.01

p-value 0.16 0.08 0.13 0.27

Susceptibility
Total sample 8.6 ± 0.6 7.5 ± 0.6 7.2 ± 0.6 6.7 ± 0.5 < 0.01

Mothers 9.3 ± 0.7 8.6 ± 0.8 8.1 ± 0.8 7.3 ± 0.6 0.29

Children 7.9 ± 1.0 6.5 ± 0.9 6.4 ± 0.8 6.2 ± 0.8 0.51

p-value 0.39 0.90 0.48 0.62

Bacteria

Total sample 20.9 ± 1.6 18.2 ± 1.5 14.9 ± 1.6 12.6 ± 1.0 < 0.01

Mothers 20.0 ± 2.3 18.7 ± 2.1 16.4 ± 2.2 11.8 ± 1.3 < 0.01

Children 21.8 ± 2.3 17.6 ± 2.2 13.4 ± 2.2 13.3 ± 1.7 < 0.01

p-value 0.69 0.70 0.70 0.70

Diet
Total sample 20.2 ± 1.2 17.1 ± 1.4 17.5 ± 1.6 14.6 ± 0.9 0.03

Mothers 21.7 ± 1.5 18.9 ± 1.9 18.7 ± 2.1 15.3 ± 1.4 0.09

Children 18.8 ± 2.0 15.4 ± 1.9 16.4 ± 2.5 14.0 ± 1.2 0.10

p-value 0.44 0.84 0.30 0. 85

aComparison between visits.
bComparison between mothers and children.
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families attended only the baseline visit and one family
failed to show up for the final visit. As a result, data
from 14 families were included in the statistical anal-
ysis (the 13 families which completed the study and
the family which failed to attend the final visit). The
total number of measurements included in each anal-
ysis was, therefore, 28 at baseline, 2 and 4 weeks and
26 at 6 weeks. Clinical caries data expressed as DMFS
(mean ± SD) were fairly high in the study sample:
19.4 ± 12.7 for the mothers and 8.6 ± 8.7 for the
children.
Statistical analysis revealed that the use of 5000

ppm F toothpaste resulted in a significant modifica-
tion of the caries-risk profile (‘Cariogram’ pie chart),
thereby increasing the actual chance of avoiding caries
in the future at each visit following baseline. Table I
summarizes the weight (expressed in percentage) of
the different sectors of the ‘Cariogram’ (chance of

avoiding new caries, circumstances, susceptibility,
bacteria and diet) among the mothers and their teen-
age children throughout the trial.
The chance of avoiding caries increased signifi-

cantly (p < 0.01) during the trial for all individuals
and for the two groups separately; from 28.0 at base-
line to 53.7 at 6 weeks for the mothers and from
31.0 to 55.8 for the teenage children. At the end of the
trial, a general improvement in the chance of avoiding
caries was observed. A statistically significant differ-
ence between the mothers and their children was
found at 2 and 4 weeks (p < 0.01 and p < 0.05,
respectively).
Changes in salivary MS, LB counts and buffer

capacity levels across the different recall examination
are shown in Figures 1,2,3. A statistical linear trend
was observed for the MS figures (p < 0.01), with an
increasing number of subjects with a salivary count of
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Figure 1. Sample distribution across the different recall examinations (baseline, 2, 4 and 6 weeks) for salivary mutans streptococci for all
individuals and for mothers and children separately. The four scores correspond to the following values: 0 = 0–< 103, 1 = 103–104, 2 = 105–106,
3 = > 106 CFU/ml (n = 28 at baseline, 2 and 4 weeks and 26 subjects at 6 weeks).
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Figure 2. Sample distribution across the different recall examinations (baseline, 2, 4 and 6 weeks) for salivary lactobacilli counts for all
individuals and for mothers and children separately. The four scores correspond to the following values: 0 = 0–< 102, 1 = 102–103, 2 = 104–105,
3 = > 105 CFU/ml (n = 28 at baseline, 2 and 4 weeks and 26 subjects at 6 weeks).
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MS < 103. The same trend was also observed for the
LB scores and buffer capacity scores (p = 0.04 and
p = 0.03, respectively). A statistically significant dif-
ference was also found when comparing the mothers
and their children for MS counts (x 2 = 5.25, p < 0.05)
and LB counts (x 2 = 4.02, p < 0.05). A numerical but
not significant trend was found for the buffer capacity
(p = 0.25). The chance of avoiding caries was not
statistically significantly associated with the type of
participant (mother or child), while all the other
‘Cariogram’ sectors were statistically significantly
associated (p < 0.01) with the chance of avoiding
caries (Table II).

Discussion

This study was designed to validate the hypothesis
that the use of high-F toothpaste (5000 ppm) modifies
the individual caries risk. The main result of the study
confirms this hypothesis. A significant change in the
caries risk as assessed by the ‘Cariogram’ software was

observed after 6 weeks’ use of the high-fluoride
regimen, both for all individuals and when evaluating
mothers and children separately.
Although the ‘Cariogram’ was used to evaluate the

change in caries-risk profile in relation to the use of
high-F toothpaste (5000 ppm), all the standard vari-
ables were not included in the ‘Cariogram’ at the four
different time points. This included the salivary secre-
tion rate. Even though all the subjects displayed a
normal secretion rate at baseline, it was decided to
exclude this information since the secretion rate was
not measured at all time points. As the participants
were allowed to follow their usual dietary habits
throughout the study period and no intake frequency
was evaluated, this variable was not included in the
‘Cariogram’ analysis. The same thing also applies to
the plaque amount variable.
It is interesting to note the gradual significant

increase in the actual chance of avoiding caries, i.e.
reduced caries risk, during the study period after the
short-term use of a high-fluoride regimen from one
third at baseline to more than 50% after 6 weeks for all
individuals. Several reasons could account for this
immediate response. Even though fluoride is known
principally to act on the tooth surface favouring remi-
neralization over demineralization, it also has an anti-
microbial effect [8,29]. This is evident from the
significant reduction in the MS count found in the
present study.
A variation in the ‘Bacteria sector’ of the ‘Cariogram’

between the mothers and their children was found,
with a tendency towards a faster change for the
teenagers already occurring between baseline and
2 weeks, compared with 4–6 weeks for the mothers.
It can be speculated that the teenage children have a
less mature biofilm, which could benefit more readily
from the high-F regimen. Moreover, there could be
differences in the biofilm microbiology based on the
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Figure 3. Sample distribution across the different recall examinations (baseline, 2, 4 and 6 weeks) for salivary buffer capacity levels assessed as
low, medium or high for all individuals and for mothers and children separately. The three scores correspond to the following values: 0 = low,
1 = medium, 2 = high (n = 28 at baseline, 2 and 4 weeks and 26 subjects at 6 weeks).

Table II. Mixed-design analysis of variance with fixed effect of
sectors of the Cariogram (the actual chance of avoiding caries as
the dependent variable) and the difference between mothers and
children as the random effect.

Coefficient
(SE) p-value 95%CI

Circumstances �1.02 (0.06) < 0.01 �1.14 to �0.90

Susceptibility �1.04 (0.03) < 0.01 �1.13 to �0.95

Bacteria �0.96 (0.02) < 0.01 �1.00 to �0.92

Diet �1.01 (0.04) < 0.01 �1.06 to �0.96

Participant
(mother/teenage child)

0.19 (0.23) 0.40 �0.26 to �0.65

Number of observations = 110, number of groups = 4 (total number
of visits), F = 5997.83, p < 0.01.
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contribution of the mode of bacterial transmission.
Vertical transmission plays a predominant role in
the acquisition of oral microflora in children, but
horizontal transmission becomes important after
the age of 5 years and this might further explain
the differences in the bacterial changes observed
between the mothers and their teenage children
[30,31].
In the ‘Cariogram’, the fluoride program was set at

‘2’ (fluoride toothpaste, no supplements) at baseline
and ‘1’ (additional F measures, infrequently) at 2,
4 and 6 weeks. This change in itself changes the
weight among the different variables and increases
the ‘actual chance of avoiding caries’. One interesting
finding was that the caries risk decreased even when
the fluoride exposure was kept at ‘2’ for all four visits.
This indicates that the variables influenced by the
high-F regimen (MS and LB counts and buffer capac-
ity) accounted for this change in caries risk. This
corresponds well with the reduced plaque acidogeni-
city, registered as changes in plaque pH, found after a
sugar challenge for the same group presented in a
previous study [19]. In addition, an increase in the
retention of fluoride in dental plaque was found in the
same study, which may explain the change in biofilm
properties. Furthermore, the present data correspond
well with previous findings in which an increase in
fluoride in both interproximal saliva and plaque was
found [16]. The effect of 2 years’ daily use of a high-
F toothpaste in comparison to a dentifrice containing
1450 ppm F on caries incidence and caries progres-
sion in adolescents has recently been studied [18].
A lower progression rate was found for those using the
higher F regimen. One important finding was that the
effect was strongest with poor compliance. All the
individuals in the present study admitted that they had
followed the given instructions. However, the possi-
bility that some participants did not fully adhere to the
instructions cannot be excluded.
In comparison with other methods of fluoride

administration, toothpastes are regarded as a fairly
easy vehicle for increasing the fluoride concentration.
In the current study, the toothpaste was used by two
different age groups, but this is thought to be a
suitable method for any individual older than 12 years
of age. Due to its high fluoride content, it is not
recommended in younger children for toxicological
reasons [32].
Although not evaluated in the present study, it can

be anticipated that the plaque amount may have
changed throughout the trial, as previously shown
by the use of a high-fluoride regimen [17]. So, if
this variable had been included in the analysis, an
even greater increase in the ‘actual chance of avoiding
caries’ would have been observed.
Even if statistically significant differences were

obtained, the small number of subjects enrolled in
this study might be seen as a shortcoming. Despite the

significant observations in the present study, further
research is needed to assess the long-term effects of
5000 ppm F toothpaste on different biofilm properties
determining caries initiation and progression.
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