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Abstract Background/purpose: Cariogram is a software program which was recently devel-
oped for the practical application of caries-risk assessment. The purpose of this study was
to evaluate the relationships between caries risk and different variables of Cariogram in
a young adult population.
Materials and methods: This study included 90 volunteers (49 females and 41 males) aged 19e
25 years. Systemic diseases, diet frequency, fluoride programs, and the decayed, missing, and
filled teeth (DMFT), decayed, missing, and filled surfaces (DMFS), and plaque indices were re-
corded by clinic and radiographic examinations. The saliva secretion rate, and Streptococcus
mutans and Lactobacillus counts were determined by saliva sampling.
Results: Statistically significant correlations were found between the caries risk determined
by Cariogram and the past caries experience (DMFT and DMFS indices), fluoride programs,
and S. mutans and Lactobacillus counts in the saliva. The results of a linear regression analysis
showed that the most important factors for caries risk were the past caries experience, diet
frequency, fluoride program, saliva secretion rate, and S. mutans and Lactobacillus counts.
Conclusions: According to the results of this study, the most important factors for caries risk
were the past caries experience, fluoride programs, and S. mutans and Lactobacillus counts
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in saliva. Cariogram is a helpful method for dentists in clinical practice to assess caries risk,
and it can be used as a didactic tool for patient education and motivation.
Copyright ª 2012, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.
Introduction

Dental caries have multifactorial etiologies including
general health, diet, plaque, saliva secretion, amount and
type of microorganisms, host susceptibility, oral-hygiene
habits, fluoride exposure, social and behavioral factors.1,2

Because dental caries are endemic and potentially both
preventable and curable, caries-risk assessment is an
important part of dentistry.3 Caries-risk assessment is
a complex process, and results so far are not encouraging.4

Determining the risk profile for an individual is based on
interactions of various factors. The risk profile is an
important factor in decision-making processes to prevent
and manage caries.5,6

The term “Cariogram” was first used by Douglas Bratthall
in 1996 at the Dental School in Malmö University (Malmö,
Sweden) to show the interaction of various caries etiological
factors by illustrated graphs.7 Cariogram is a computer-
based program which was recently developed to practically
carry out caries-risk assessments.1 Patients are examined;
caries-related factors, including bacteria, diet, suscepti-
bility, saliva, and general health, are scored according to
a standardized protocol; and the scores are entered into the
program.1 Cariogram assesses data and illustrates the results
as a pie chart with five sectors, colored green, dark blue,
red, light blue, and yellow which represent different groups
of factors linked to caries. The dark blue sector, diet, is
based on a combination of contents and diet frequency. The
red sector, bacteria, is based on a combination of the plaque
amount and the Streptococcus mutans (SM) count. The light
blue sector, susceptibility, is based on a combination of
fluoride program, saliva secretion, and saliva buffer
capacity. The yellow sector, circumstances, shows the
combination of caries experience and systemic diseases. The
green sector shows the estimated chance of avoiding caries.
The program also offers some recommendations to prevent
the likelihood of caries in the near future.1

The purpose of this study was to evaluate relationships
between caries risk and the different variables of Cario-
gram in a young adult population.

Material and methods

Study population

The study was approved by the Ethical Committee of Gazi
University, Faculty of Dentistry (Ankara, Turkey) to fulfill
the Helsinki Declaration, and informed consent was
obtained from each participant before the start of the
examination. The survey was carried out as a cross-sectional
study. The study sample consisted of 90 individuals (49
females and 41 males) aged 19e25 years. Participation was
voluntary, and participants were receiving pre- and/or
postgraduate dentistry training at the Faculty of Dentistry,
Gazi University.

Clinical and radiographic examinations

The clinical and radiographic examinations were carried
out by the consensus of two examiners (one dentomax-
illofacial radiologist and one specialist of restorative
dentistry and endodontics) under standardized conditions
to determine the dental-caries experience. The DMFT
(decayed, missing, and filled teeth), DMFS (decayed,
missing, and filled surfaces), and plaque indices were
calculated, and saliva was also sampled.

The caries diagnosis was performed visually with a plain
mirror and tactually with a WHO-CPI probe (Hu Friedy,
Chicago, USA) assisted by optimal lighting and an air
syringe. The probe was passed over all tooth surfaces,
following grooves without exerting any pressure and
exploring the edges of fillings. Caries was diagnosed when
there was a cavity, loss of enamel continuity, or softness at
the base, and a tooth with fissure sealant was recorded as
sound in the clinical examination.2 Two posterior bitewing
radiographs of each individual were taken with a CCX
intraoral unit (Trophy, Instrumentarium, Tuusula, Finland)
operating at 70 kVp and 8 mA, with a 16-inch (40.64 cm)
focal spot distance, 0.16-s exposure time, and F-speed
film (Insight, Kodak, Rochester, NY, USA). The radiographs
were developed in an automatic film processor (Velopex,
Extra-X; Medivance Instruments, London, UK) with freshly
prepared solutions, and they were assessed using a masked
light box and a 2� magnification X-viewer (Luminosa, CSN
Industrie, Cinisello Balsamo, Italy) in a quiet room with
subdued ambient lighting. Caries was defined as a marked
radiolucency with a broken enameledentin border or with
obvious progression into the dentin.5 The plaque index of
six teeth (16, 12, 24, 36, 32, and 44) was evaluated using
Silness and Löe’s scale.8

Saliva sampling

Following the clinical and radiographic examinations, saliva
tests were performed. Paraffin-stimulated saliva was
collected for 5 minutes in a test tube graduated in millili-
ters, and the saliva secretion rate was expressed as milli-
liters per minute (ml/min). During collection, the patient
was in an upright position. The fresh saliva sample was then
used to determine SM and Lactobacillus (LB) counts. De Man
RogosaeSharpe (MRS) agar (Merck, Brumath, France) was
used for culturing and isolation of the LB spp., and trypti-
case soy casein bacitracin agar was used for culturing and
isolating SM from the saliva samples. Saliva samples of
patients were taken in sterilized test tubes and immedi-
ately brought to the microbiology laboratory. The test
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tubes were gently vortexed for 1 minute and serially diluted
to 10�1 and 10�4. Then, 100 ml of each diluted suspension
was put on specific agar plates and incubated at 37�C under
microaerophilic (5% CO2) atmospheric conditions for 2e4
days. After incubation, colonies growing on the agar plates
were counted, and the entire number of each bacterial
colony was determined as colony-forming units per milli-
liter (cfu/ml).
Caries-risk profile

The caries-risk profile of each individual was obtained with
the Cariogram program.1 All patients were interviewed
using a standardized structured questionnaire according to
Table 1 The questionnaire used in the study.

Variable Data used Score

Caries experience DMFT, DMFS indices, and new
caries in the past year

0: DMFTZ 0
1: Good oral
2: Normal or
3: New carie

Systemic diseases General disease or conditions
associated with dental caries

0: No system
1: Systemic
2: Serious sy

Diet frequency Number of intakes per day 0: Maximum
1: 4 or 5 inta
2: 6 or 7 inta
3: Over 7 int

Plaque amount SilnesseLöe plaque index 0: PI < 0.4
1: PIZ 0.4e
2: PIZ 1.1e
3: PI > 2.0

Fluoride program Data from interview results 0: Fluoride t
1: Fluoride t
2: Fluoride t
3: Fluoride n

Saliva secretion Stimulated saliva 0: >1.1 ml/m
1: 0.9e1.1 m
2: 0.5e0.9 m
3: <0.5 ml/m

Bacteria related
with caries

SM count 0: 0e103 cfu
1: 103e104 c
2: 105e106 c
3: >106 cfu/

Diet content LB count and sugar content of
diet

0: 0e103 cfu
1: 103e104 c
2: 104e105 c
3: > 105 cfu/

Oral hygiene
habits

As recorded in questionnaire
(not entered into the
program)

0: Once a da
1: Twice a d
2: Thrice a d

Caries risk Caries risk groups related
with the percentage chance
of avoiding caries (green
sector) according to
Cariogram

0: Chance of
1: Chance of
2: Chance of
3: Chance of
4: Chance of

DMFSZ decayed, missing, and filled surfaces; DMFTZ decayed, mi
SMZ Streptococcus mutans.
the Cariogram manual.9 The original Cariogram consists of
10 different parameters: (1) caries experience, (2) related
diseases, (3) salivary secretion rate, (4) salivary buffer
capacity, (5) amount of plaque, (6) diet frequency, (7) diet
content (LB count), (8) SM count, (9) fluoride program, and
(10) clinical judgment. Nine parameters of direct relevance
to caries were used in the present study. The salivary buffer
capacity could not be calculated because of a lack of the
proper equipment, and the clinical judgment factor was
given a score of “1”, which means that the risk was eval-
uated according to the other values entered. All data were
scored and entered into the program, and the oral-hygiene
habits of participants were also recorded (Table 1). Finally,
the caries-risk profile for each participant was obtained as
a pie chart with five colored sectors, which showed the
N (%)

9 (10)
health status 39 (43.4)
al health status 22 (24.4)
s in the past year 20 (22.2)
ic disease 88 (97.8)
disease that contributes moderately to caries risk 2 (2.2)
stemic disease with strong influence on caries d

3 intakes/d 36 (40)
kes/d 45 (50)
kes/d 9 (10)
akes/d d

82 (91.1)
1.0 7 (7.8)
2.0 1 (1.1)

d

oothpaste and extra fluorides regularly 7 (7.8)
oothpaste and extra fluorides irregularly 4 (4.4)
oothpaste only 70 (77.8)
ot used in any form 9 (10)
in 72 (80)
l/min 10 (11.1)
l/min 8 (8.9)
in d

/ml 11 (12.2)
fu/ml 21 (23.3)
fu/ml 55 (61.1)
ml 3 (3.3)
/ml 12 (13.3)
fu/ml 37 (41.1)
fu/ml 41 (45.6)
ml d

y 7 (7.8)
ay 67 (74.4)
ay 16 (17.8)
avoiding caries 0e20% (Very high risk) 3 (3.3)
avoiding caries 21e40% (High risk) 6 (6.7)
avoiding caries 41e60% (Medium risk) 31 (34.4)
avoiding caries 61e80% (Low risk) 38 (42.2)
avoiding caries 81e100% (Very low risk) 12 (13.3)

ssing, and filled teeth; LBZ Lactobacillus; PI Z plaque index;



Table 3 Correlation between Cariogram parameters and
overall caries risk calculated by Cariogram.

Variable Overall caries risk

Correlation coefficient P

DMFT index �0.279 0.008*
DMFS index �0.304 0.004*
Systemic disease 0.164 0.123
Diet frequency 0.026 0.811
Plaque amount �0.135 0.204
Fluoride program �0.541 0.000*
Saliva secretion 0.115 0.281
SM count �0.506 0.000*
LB count �0.496 0.000*
Tooth brushing
frequency per day

�0.083 0.438

*Correlation is statistically significant.
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chance of avoiding caries as a percentage. According to
these percentage values, individuals were scored into five
groups from the highest to the lowest predicted risk group.

Data analysis

Obtained data were statistically analyzed with SPSS vers.
15.0 for Windows (SPSS, Chicago, IL, USA) using descriptive
statistics, SpearmaneBrown correlations, and linear
regression analyses. Correlations between caries-related
factors and caries risk were calculated with the Spear-
maneBrown correlations. The linear regression analysis was
used to determine the influence of variables with the
highest correlation to caries risk.

Results

The mean age of the study sample was 22.8 years. Mean
values and standard deviations of the variables are shown in
Table 2. Correlation of variables with the overall caries risk
is shown in Table 3. Statistically significant correlations
(P< 0.05) were found between the overall caries risk and
the DMFT and DMFS indices, fluoride program, and SM and
LB counts. There were no statistically significant correla-
tions (P> 0.05) between the overall caries risk and
systemic disease, diet frequency, plaque amount, saliva
secretion, or tooth brushing frequency per day. The stron-
gest correlation was found between the overall caries risk
and the fluoride program according to the Spearmane
Brown correlation.

The linear regression analysis was used to determine the
effects of the variables with the strongest correlation on
caries risk (Table 4). In this model, the R value was 0.84 and
the R2 was 0.70, and the model explained 71% of the vari-
ance. The dependent variables for caries risk were found to
be the DMFT and DMFS indices, diet frequency, fluoride
program, saliva secretion, and SM and LB counts. The most
efficient dependent variable was the fluoride program for
caries risk according to the linear regression model.
Table 2 Mean values and standard deviations of the
variables.

Variable Mean
value

Standard
deviation (�)

DMFT index 1.59 0.95
DMFS index 7.86 7.41
Systemic disease 0.02 0.15
Diet frequency 0.70 0.64
Plaque amount 0.10 0.34
Fluoride program 1.90 0.67
Saliva secretion 0.29 0.62
SM count 1.32 0.70
LB count 1.56 0.75
Tooth brushing frequency per day 2.11 0.53
Chance of avoiding caries 3.56 0.93

DMFSZ decayed, missing, and filled surfaces; DMFTZ decayed,
missing, and filled teeth; LBZ Lactobacillus; SMZ Strepto-
coccus mutans.
Discussion

Early detection of initial caries lesions and the preventive
approach are the main aims for maintaining a good oral
health status.10 Caries-risk assessment is an essential
procedure for dentists in decision-making processes con-
cerning treatment, and recall appointments, and in deter-
mining the need for additional diagnostic procedures.11

Several risk prediction and risk assessment models were
developed, and multifactorial modeling was used to
increase the accuracy of risk assessments.12e15 The ideal
risk assessment model should be easy to use, and the
process should not be time-consuming in clinical practice.
The outcome should be understandable, so it can be used as
a didactic tool for patient education and motivation.5

Cariogram is one of the most reliable caries risk assess-
ment models, because it is a truly comprehensive and
objective method based on quantitative data of an indi-
vidual.2 In addition, the model not only performs a caries
risk assessment but also includes suggestions for preventive
and clinical actions. Actually, Cariogram was originally
developed as an educational model, for discussions within
the profession. Later, the interactive version became
a model in the education of dental staff and for education
and discussions with patients about preventive applica-
tions.1 Because changing patient behaviors has become the
cornerstone of preventive treatment, advice about prob-
lems should be individualized, and patient awareness
should be raised.16 Thus, Cariogram is a helpful tool for
patient education and motivation, and also for dentists in
clinical decision-making processes.

Cariogram was recently used in several studies per-
formed in different individuals of various communi-
ties.2,6,17,18 Caries-risk assessment of communities allows
high-caries-risk groups and treatment needs to be deter-
mined, so preventive applications can be carried out. There
is insufficient data about caries-risk assessments in Turkish
populations. A caries-risk assessment in a young adult
population was performed with Cariogram, and the rela-
tionships among different variables were investigated in
this study.



Table 4 Results of linear regression analysis for Cariogram parameters.

Variable Nonstandard coefficient Standard error Standard coefficient T P

DMFT index �0.397 0.092 �0.406 �4.397 0.000*
DMFS index 0.018 0.012 0.141 1.500 0.138
Systemic disease 0.259 0.418 0.041 0.620 0.537
Diet frequency �0.184 0.092 �0.128 �2.007 0.048*
Plaque amount �0.311 0.170 �0.113 �1.823 0.072
Fluoride program �0.796 0.095 �0.578 �8.376 0.000*
Saliva secretion �0.256 0.103 �0.173 �2.502 0.015
SM count �0.566 0.102 �0.428 �5.547 0.000*
LB count �0.325 0.090 �0.264 �3.635 0.000*
Tooth brushing frequency 0.096 0.124 0.055 0.773 0.442
Constant 7.099 0.815 d 8.714 0.000*

*Correlation is statistically significant.
DMFSZ decayed, missing, and filled surfaces; DMFTZ decayed, missing, and filled teeth; LBZ Lactobacillus; SMZ Streptococcus
mutans.
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Caries risk was assessed with Cariogram for different
individuals of various communities in previous studies, and
different results were reported.2,17e20 The number of
patients in a low-caries-risk group was found to be the
highest in Sardinian (7e9 years old)17 and Swedish (10e11
years old) schoolchildren.5 Another study performed in
Swedish elders (55e75 years old) reported that the
majority of participants had a very high risk of caries, but
that patients had histories of multiple drug use and had no
access to school fluoride rinsing, tablet programs, or
effective fluoride programs before the 1960s.6 The number
of patients in the high-caries-risk group was found to be the
highest in adults with several dental restorations in Saudi
Arabia.20 The number of patients in the low-caries-risk
group was found to be the highest in Spanish dental
students (18e19 years old).2 Gökalp et al21 reported that
the prevalence rates of caries in children and adult pop-
ulations of Turkey were high, and community-based oral-
disease prevention programs are urgently needed to
promote oral health. Many factors such as age, character-
istics of participants, and fluoride programs should be
considered when comparing results of different caries-risk
studies. In the present study, the majority of participants
were at low risk of caries according to Cariogram, and the
results were very similar to those of a study performed by
Miravet et al.2 However, these results might not reflect
real-life conditions throughout the country due to the study
cohort consisting entirely of dental students.

In the present study, statistically significant correlations
were found between the overall caries risk and the DMFT
and DMFS indices, fluoride program, and SM and LB counts.
These results were in accordance with results in previous
studies.2,17,20 The strongest correlation was found between
the overall caries risk and fluoride programs in this study.
Although Cariogram was satisfactorily validated for
different individuals of various communities,2,6,17,18,20 one
study performed on Swedish preschool children reported
that the model was not particularly useful for identifying
high-caries-risk patients in a low-caries community.19 This
study used a modified Cariogram that included seven
parameters, and the clinical judgment parameter was
distinctive based on the clinical impression at the exami-
nation. In this study, the clinical judgment factor was given
a score of “1”, which means that the risk was evaluated
according to other values entered in accordance with
previous studies.2,6,17,18,20

Petersson et al5 investigated the reduced Cariogram
model by extracting risk factors related to saliva sampling
(SM and LB counts, secretion rate, and buffer capacity) and
reported that the accuracy of caries-risk prediction was
significantly impaired without enumeration of salivary
tests. In this study, salivary tests, including the secretion
rate and SM and LB counts, were carried out, but the sali-
vary buffer capacity could not be calculated because of
a lack of proper equipment.

Different factors related to caries, such as past caries
experience,17,19 sugar consumption (LB counts),22 and SM
counts,2,5,23 were reported to be dominant sectors of risk
profiles in previous studies using Cariogram. This discrep-
ancy may have arisen from differences in age, concomitant
diseases, and oral-hygiene habits of the study samples. In
this study, the fluoride program was found to be the most
important factor for caries risk according to the linear
regression model. This result may be related to the study
participants’ use of fluoride toothpaste and/or extra fluo-
ride which may be more common among dental students
than the general population.

In conclusion, this study was performed with Cariogram
in a young adult population who were Turkish dental
students in an effort to overcome a data insufficiency of
caries risk assessments in Turkish populations. Statistically
significant correlations were found between the overall
caries risk and the DMFT and DMFS indices, fluoride
program, and SM and LB counts. The fluoride program was
the most important factor in caries risk. Being a cross-
sectional research study may be considered a limitation of
this work. Further longitudinal studies in Turkish pop-
ulations are needed to assess caries risk in various age and
risk groups, and participants.
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