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Caries Risk Assessment in Young Adults of South Kerala
with Multiple Dental Restorations Using the Cariogram with
Salivary Tests
Muhamood Moothedath

A b s t r ac t
Aim: The aim of this study was to determine the caries risk of young adults by using the Cariogram software and explore the interactions
between the various caries-related factors and their associated caries risk determined by the Cariogram.
Materials and methods: A cross-sectional comparative study was undertaken among 120 young adults (60 undergraduates and 60 postgraduates)
aged 18–25 years. Clinical and radiographic examinations, salivary sampling, and a questionnaire on a diet were used to collect data from the
study sample. The 10 distinct parameters of the Cariogram for each individual were obtained according to a preset scale of 0–2 or 0–3. The
examiner gathered the data for each variable from the clinical examination or from laboratory tests, as well as from the completed questionnaire
and dietary record. The favorable score was 0, while the unfavorable score was 3 or 2 in some circumstances. For each of the students studied,
a caries risk profile was created, with the appropriate score assigned to each of the criteria to be considered by the software. The Cariogram
model was then used to determine the caries risk profile of each individual in the study sample.
Results: The study results depicted that most of the undergraduates (31.67%) and postgraduates (46.67%) had a good plaque index score.
36.67% had a Streptococcus count of 103,4 and 56.67% had a Lactobacillus count of less than 10.3 The salivary secretion rate of 41.67% of
undergraduates and 38.33% of postgraduates was essentially normal at 0.9–1.1 ml/min. It was observed that 58.33% of the postgraduates
had acceptable pH ≥6, and 3.33% of undergraduates had salivary pH between 4.5 and 5.5. Enumeration of salivary Streptococcus mutans and
Lactobacillus, decayed missing filled teeth (DMFT), decayed missing filled surface (DMFS) score, salivary buffer capacity, plaque level, and use
of fluoride supplementation were found to have a significant correlation with the caries risk determination.
Conclusion: The Cariogram model can detect caries-related factors that may contribute to the anticipated caries risk. Streptococcus mutans
count is the most important predictive factor in the model, followed by the DMFS, fluoride program, DMFT, Lactobacillus counts, buffer capacity,
and plaque index. Preventive strategies can also be developed using these profile analyses to reduce or eliminate the risk of caries prevailing
in the community.
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Introduction
Dental caries is a multifactorial bacterial disease that affects the
mineralized tissues of the teeth and is typified by demineralization
of the inorganic component and dissolution of the organic part
of the tooth. The complex etiology of dental caries suggests
a risk assessment model that incorporates the several factors
associated with the development of new carious lesions.1,2 Caries
risk assessment is the process of determining the chance of an
individual, or groups of individuals, developing carious lesions
during a given time period or the likelihood of existing lesions
changing in size or activity. 3 The interaction of multiple factors
determines the individual-specific risk profile, which is a crucial
aspect in decision-making processes to prevent and manage caries.4
Despite the fact that the prevalence of caries has decreased
in various nations, it remains a problem in many developing
countries.5 The presence of numerous restorations may indicate
a high degree of caries activity. In developed countries, the
DMFT of a 12-year-old is estimated to be around 1. 6 On the
other hand, the mean DMFT of 12 and 15-year-old children in
India is reported to be 1.95 and 3.31, respectively.7 In general
terms, young individuals with several dental restorations would
be considered a high-risk group, and their caries status would
need to be checked frequently to reduce future restorations.
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There is no standardized test that can effectively predict the
individual risk of developing caries.8
Douglas Bratthall coined the phrase “Cariogram” to depict
the interaction of diverse etiological factors of caries. Cariogram
is a computer-based application that was developed to provide
practical caries risk evaluations.9 The Cariogram is a pie chart
with five colored sectors that indicate the distinct sets of factors
connected to dental caries: green, dark blue, red, light blue, and
yellow. Diet, the dark blue sector, is influenced by a combination
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of dietary content and its frequency. Bacteria, the red sector, are
determined by factors such as plaque amount and Streptococcus
mutans count. Susceptibility, the light blue sector, is a combination
of fluoride exposure, saliva secretion, and salivary buffer capacity.
Circumstances, the yellow sector, depict a confluence of caries
experience and systemic disorders. The final green sector illustrates
the anticipated chance of avoiding cavities.10
The validity of the Cariogram has been proven by several
studies that reveal an association between the Cariogram findings
and the progression of caries in both children and adults over time.
When employed as an educational tool in clinical settings, the
Cariogram has proven to be effective in describing the caries status
to the patients and guiding them in enhancing their preventive
strategies.11,12
The purpose of this study was to evaluate the caries profile
in a group of young adults with multiple dental restorations by
evaluating the caries-related factors using the Cariogram model
among students of a College of Arts and Science in South Kerala
and to evaluate relationships between caries risk and the variables
of Cariogram.

M at e r ia l s

and

Methods

Population
A cross-sec tional comparative was under taken among
undergraduate and postgraduate students of an institution at South
Kerala from November 2020 to December 2021. The study sample
consisted of 120 (60 in each group) subjects aged 18–25 years.
The subjects from both urban and rural areas were incorporated
into the study sample. The study protocol was approved by the
Institutional Ethical Committee (IEC), and written informed consent
was obtained for all the study subjects.

Sample Size Estimation
The sample size was determined with a 95% confidence interval
and 80% power of the study using the formula:
n = {Z2 (1-α)/2p(1−p)/d}.2
The inclusion criteria were the presence of at least 20 teeth
and a minimum of 5 teeth with permanent dental restorations
and/or crowns. Subjects who had a prosthesis, fixed orthodontic
appliances, were taking medicine that can influence salivary
parameters, were on antibiotic therapy, had systemic diseases,
or had oral prophylaxis in the previous month were all excluded.

Training of the Examiner
The examination was standardized before the commencement
of the study. The intra-examiner reliability were determined by
applying Kappa statistics which was found to be 88, 86, and 83%
for DMFT, DMFS index, and modified plaque index, respectively.

Questionnaire Completion by the Students
Each of the students completed a questionnaire about their general
health and oral hygiene habits, particularly any type of systemic
conditions that could affect oral health, the use of fluoridated
toothpaste or mouthrinses, and other fluoride supplements.
Table 1 shows the information about Cariogram parameters.

Clinical Examination for Recording Dental Caries
The clinical examination was then performed with a plain mirror
and WHO-CPI probe (Hu Friedy, Chicago, United States of America)
supported by ideal illumination and an air syringe to determine the

DMFT and DMFS indices. Established caries was characterized as a
lesion with cavitation, loss of enamel integrity, enamel opacities,
or/and softness at the base. The probe was passed over all the
surfaces of the teeth, following the pits and fissures, without
imparting any pressure and examining the edges of the restorations.

Radiographic Examination of Dental Caries
Two bitewing radiographs of each student were obtained using
digora digital radiology (Digora software for Windows 10.0 from
Soredex) to detect interproximal caries. Caries were diagnosed
radiologically as a marked radiolucency with fractured enamel or
dentin borders or obvious advancement into the dentin.

Plaque Index
The plaque index of four surfaces of all the six index teeth was also
assessed using Silness and Löe criteria. The plaque was evaluated
before collecting the salivary sample for microbiological assays.

Collection of Salivary Sample
Saliva tests were performed after the clinical and radiographic
investigations. Each student was asked to chew a sterile Paraffin
pellet for 5 minutes. The saliva was thus stimulated and collected
in a test tube graduated in milliliters. The salivary secretion rate was
estimated to be one-fifth of the volume of the saliva collected in
the test tube and expressed in milliliters/minute.
The buffering capacity of the saliva was then determined using
the Ivoclar-Vivadent caries risk test buffer system and categorized
as low, medium, or high buffer capacity based on pH below 4, pH
between 4.5 and 5.5, and pH above 6, respectively.
The enumeration of salivary S. mutans and Lactobacillus were
made with the Ivoclar-Vivadent caries risk test bacteria, which was
done by incubating the vial with the sample carrier at 37°C for
48 hours and comparing the colonies of S. mutans, and Lactobacillus
with the manufacturer’s growth model. Mitis salivarius-bacitracin
agar was used for S. mutans and deMan, Rogosa, and Sharpe agar
was used for Lactobacillus.

Evaluation of Caries Risk Profile Using the Cariogram
The Cariogram for each individual was obtained according to the
preset scale of 0–2 or 0–3. The examiner gathered the data for each
variable from the clinical examination or from laboratory tests, as
well as from the completed questionnaire and dietary record. The
favorable score was 0, while the unfavorable score was 3 or 2 in
some circumstances. For each of the students studied, a caries risk
profile was created, with the appropriate score assigned to each
of the criteria to be considered by the software. The 10 distinct
parameters contained in the Cariogram are listed in (Table 1). Clinical
Judgement was assigned a score of 1 in all scenarios to provide a
reference value. The data collected were analyzed and uploaded
into the Cariogram database. After all the required data had been
retrieved, the pie chart for each student was generated. The
evaluation of the factors for each individual was also accomplished
on the same day. The percentages of ’Caries risk’ were represented
as ’Chance to avoid caries’.

Statistical Analysis
The data were collected and entered in Microsoft Excel 2010 before
being exported to the SPSS version 25.0 data editor page (SPSS
Inc., Chicago, Illinois, USA). The Chi-square test (χ2) was used to
compute descriptive statistics, which included the calculation
of the percentages. The z-test was performed to evaluate the
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Table 1: Caries-related factors and its scores used for the Cariogram model
Sector

Factor

Data collected

Cariogram scores

Circumstances

Caries experience

Past caries experience, including cavities, fillings
and missing teeth due to caries. Non-cavitated
white spot lesions are assessed based on modified
WHO dentition status. Obtained from dental examination and bitewing radiographs
General disease conditions associated with dental
caries; medical history; collected through interview

0: DMFT 0
1: DMFT 1
2: DMFT 2
3: DMFT 3 or more

Related diseases

Diet

Bacteria

Susceptibility

Diet and its contents

Lactobacillus count was used as a measure of cariogenicity of food in particular the sugar content.

Diet frequency

Estimation of mean number of meals and snacks
per day (average of 3 days diet diary)

Plaque amount

Estimation of oral hygiene by using Silness-Loe
plaque index

Streptococcus mutans

Enumeration of salivary S. mutans using microbial
test and expressed as colony forming unit/ml
(CFU/ml) of saliva

Fluoride program

Estimation of extent of fluoride available in the oral
cavity over the period of time through interview

Salivary secretion

Estimation of amount of wax-stimulated salivary
secretion and expressed as ml of saliva/minute

Salivary buffering
capacity

Estimation of buffering capacity to buffer acids

0: No disease, healthy
1: A general disease which can
indirectly influence the caries to a
mild degree
2: A general disease which can
indirectly influence the caries to a
high degree
0: <103 CFU/ml
1: 104 CFU/ml
2: 105 CFU/ml
3: >106 CFU/ml
0: 3 meals/day
1: 4–5 meals/day
2: 6–7 meals/day
3: >7 meals/day
0: 0 (Excellent)
1: 0.1 to 0.9 (Good)
2: 1.0 to 1.9 (Fair)
3: 2.0 to 3.0 (Poor)
0: 0–103
1: 103–104 CFU/ml
2: 104–105 CFU/ml
3: >105 CFU/ml
0: Maximum fluoride program
1: Fluoride supplements
2: Only fluoride toothpaste
3: No fluoride
0: >1.1 ml/min
1: 0.9–1.1 ml/min
2: 0.5–0.9 ml/min
3: <0.5 ml/min
0: pH >6.0
1: pH 4.5–5.5
2: pH <4.0

statistically significant differences between the two groups in
the mean values of the various caries-related parameters of the
Cariogram model. The Pearson’s correlation coefficient explored
the correlation between Cariogram sectors and caries risk. The
linear regression analysis was performed to predict the relationship
between caries risk as a dependent variable and other factors as
independent variables. The confidence interval and p-value were
set to 95% and ≤0.05 , respectively.

R e s u lts
The undergraduate group comprised 20 males and 40 females,
while the postgraduate group consisted of 24 males and 36 females.
The mean age of the study sample was 21.89 ± 0.99 years. The
age and gender distribution of the study sample are shown in
Figure 1. Table 2 shows the results of the comparison of study
groups based on the parameters employed in the Cariogram model.
The mean values of DMFT, DMFS, plaque scores, fluoride program,
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Fig. 1: Gender and age distribution of the study sample
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Table 2: Comparison of caries-related factors based on the Cariogram score in the undergraduate and postgraduate students
Factors
Caries experience

Lactobacillus count
(CFU/ml)

Diet frequency

Plaque amount

Streptococcus
mutans (CFU/ml)

Fluoride program

Saliva secretion
(ml/min)

Saliva buffering
capacity (pH)

Cariogram score

Undergraduates
n(%)

Postgraduates
n(%)

Total
n(%)

0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1

0
0
0
60(100)
10(16.67)
35(58.33)
5(8.33)
10(16.67)
40(66.67)
12(20)
4(6.67)
4(6.67)
8(13.33)
19(31.67)
18(30)
15(25)
8(13.33)
10(16.67)
36(60)
6(10)
1(1.66)
8(13.33)
20(33.33)
31(51.67)
12(20)
25(41.67)
20(33.33)
3(5)
20(33.33)
32(53.33)

0
0
0
60(100)
34(56.67)
17(28.33)
7(11.67)
2(3.33)
50(83.33)
8(13.33)
1(1.67)
1(1.67)
15(25)
28(46.67)
12(20)
5(8.33)
5(8.33)
22(36.67)
21(35)
12(20)
3(5)
15(25)
37(61.67)
5(8.33)
16(26.67)
23(38.33)
18(30)
3(5)
35(58.33)
23(38.33)

0
0
0
120(100)
44(36.67)
52(43.33)
12(10)
12(10)
90(75)
20(16.67)
5(4.17)
5(4.17)
23(19.17)
47(39.17)
30(25)
20(16.67)
13(10.83)
32(26.67)
57(47.5)
18(15)
4(3.33)
23(19.17)
57(47.5)
36(30)
28(23.33)
48(40)
38(31.67)
6(5)
55(45.83)
55(45.83)

2

8(13.33)

2(3.33)

10(8.33)

χ2

p-value

–

–

24.99

<0.001**

5.51

<0.001**

10.05

0.02*

11.14

0.01**

26.98

<0.001**

1.92

0.59

9.16

0.01**

*Significant, **Highly significant

rate of salivary secretion and buffering capacity, Lactobacillus,
Streptococcus count, and chance to avoid caries were statistically
highly significant between the study groups (p < 0.001) (Table 3).
The study results depicted that most of the undergraduates
(31.67%) and postgraduates (46.67%) had a good plaque index
score. The undergraduates presented a maximum number of
subjects in the no fluoride group (51.67%), while the majority
of the postgraduates used fluoridated toothpaste on a regular
basis (61.67%).
A large percentage of the postgraduates (36.67%) had a
Streptococcus count of 10, 3,4 and 56.67% had a Lactobacillus
count of less than 10. 3 The salivary secretion rate of 41.67% of
undergraduates and 38.33% of postgraduates was essentially
normal at 0.9–1.1 ml/min. It was observed that the majority of the
postgraduates had acceptable pH ≥6 (58.33%) whereas 53.33% of
undergraduates had salivary pH between 4.5 and 5.5.
Table 4 shows the correlation of factors with overall caries risk.
There were statistically highly significant correlations (p <0.01)
between the total caries risk and all of the factors except for the
salivary rate and diet frequency. The effects of the variables having

the strongest correlation on caries risk were determined using linear
regression analysis (Table 5). The R-value in this model was 0.81,
and the R2 was 0.76, indicating that the model explained 76% of
the variance. As all of the independent variables employed in the
Cariogram were included in the regression model, Streptococcus
count was the strongest predictor of caries risk, followed by DMFS,
fluoride program, DMFT, plaque amount, and buffer capacity in
that order (Table 5).
The undergraduate group had a 52% chance of avoiding
caries, while the postgraduate group had a 77% chance.
Figures 2 and 3 show the average percentages of each Cariogram
sector contributing to caries risk in the two groups. In both
groups, the bacterial sector contributed the most to caries risk,
followed by susceptibility in undergraduates and circumstances
in postgraduates.

Discussion
The present study was conducted to compare and evaluate the caries
profiles of undergraduate and postgraduate students of the College
World Journal of Dentistry, Volume 13 Issue 4 (July–August 2022)
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Table 3: Mean and standard deviation of the variables
Undergraduates
(Mean ± SD)

Postgraduates (Mean ± SD)

Z-score

p-value

DMFT
DMFS
Dietary frequency
Plaque amount
Fluoride program
Salivary secretion rate/min
Streptococcus mutans count
Lactobacillus count
Saliva buffering capacity

8.12 ± 1.9
19.78 ± 1.21
0.61 ± 1.52
2.98 ± 1.31
0.88 ± 0.42
0.97 ± 1.20
3.96 ± 0.96
2.97 ± 1.02
1.69 ± 1.09

6.09 ± 2.1
10.14 ± 0.98
0.49 ± 1.14
0.97 ± 0.92
1.45 ± 0.35
1.01 ± 1.15
1.82 ± 0.9
1.09 ± 1.11
0.85 ± 1.04

−5.55
47.96
0.49
9.73
−8.08
−0.19
12.60
9.66
4.32

<0.001**
<0.001**
0.63
<0.001**
<0.001**
0.85
<0.001**
<0.001**
<0.001**

Chances to avoid caries (%)

52 ± 10.5

77 ± 10.46

−12.92

<0.001**

Variables

**Highly significant
Table 4: Correlation between caries-related factors and overall caries
risk calculated by the Cariogram
Overall caries risk
Factors

Correlation coefficient

p-value

DMFT
DMFS
Dietary frequency
Plaque amount
Fluoride program
Salivary secretion rate/min
Streptococcus mutans
count
Lactobacillus count

−0.65
−0.723
0.04
−0.596
−0.514
0.121
−0.693

<0.001**
<0.001**
0.66
<0.001**
<0.001**
0.20
<0.001**

−0.552

<0.001**

Saliva buffering capacity

−0.639

<0.001**

** Highly significant

of Arts and Science at South Kerala using the Cariogram model.
The selected group provides a one-of-a-kind platform for the
promotion of general and oral health among the employees, their
families, and the community at large. When the two groups were
compared, it emerged that the undergraduates had significantly
less favorable scores for plaque index, saliva secretion rate, buffering
capacity, and bacterial count. The poor oral hygiene scores of
the undergraduates could be attributed to the lack of access or
awareness of dental resources for health promotion and motivation.
Cariogram is one of the most credible caries risk assessment
models, as it is a completely comprehensive method based on
computative data of an individual. Furthermore, the model not
only assesses the risk of caries but also makes recommendations
for preventive and therapeutic treatments.13,14 In clinical settings,
the ideal risk assessment model should be simple to use and easy to
comprehend, and the procedure should not be time-consuming so
that it can be utilized as a scholastic tool for patient education and
motivation. Despite the fact that Cariogram has been successfully
validated for individuals from diverse populations, a study of Swedish
preschool children found that the model was ineffective for detecting
increased caries risk groups in a low-caries population.4,10,15,16
Petersson et al. evaluated the reduced Cariogram model by
retrieving risk factors related to saliva sampling (Streptococcus and
Lactobacillus counts, salivary secretion rate, and buffer capacity) and
found that the reliability of caries risk prediction was significantly
impaired without the assessment of salivary tests.17 The factors
372

World Journal of Dentistry, Volume 13 Issue 4 (July–August 2022)

such as previous caries experience, S. mutans, and use of fluoride
could explain the high caries status of the individuals and/or the
likelihood of developing caries lesions in the future.1 Sonbul et al.
found similar results where factors such as Lactobacilli count
and plaque quantity had been correlated with high caries risk as
determined by the Cariogram.6
The study subjects were young adults with no systemic
disorders or factors that could affect the caries process directly
or indirectly. As a result, the Cariogram gave all participants a
zero score for related disease, and no correlation was established.
These findings are consistent with the findings of Ruiz-Miravet
et al.10 Fluoride exposure is one of the prime protective factors when
assessing carries risk, and it is the cause of a substantial reduction
in caries prevalence in Western countries. Fluoridated toothpaste
was the only source of fluoride for the majority of the students in
the present study, and their use was validated by inquiring about
the brand they used.
The saliva was directly obtained from the oral cavity using a
syringe rather than spitting in the cup to avoid contamination.
Instead of utilizing Dentocult SM, Dentocult LB, or Dentobuff
Strip,18 salivae were directly added to a vial containing thioglycolate
transport medium and processed the same day, as this approach
is more cost-effective and yields more consistent results. Some
studies report that the children with higher counts of S. mutans or
Lactobacilli or weak salivary buffer capacity have elevated DMFT
scores.19 In the current study, the surface-related caries status
was recorded using the WHO basic method criteria, which was
congruent with the prior reports.20
Bellini et al. reported that oral hygiene, on the other hand, had
only a weak correlation with dental caries, which contradicts the
findings of this study.21 In contrast, few studies have found that
salivary S. mutans colonies are 50% as effective as caries predictors
in the general population but less effective in communities with low
caries rates,22 as is the case with salivary buffer capacity.19 Similar
findings were obtained by Ruiz-Miravet et al.,10 and Campus
et al.,23 revealing no significant correlation solely for the related
diseases.
The clinical judgment variable reduces the objectivity that the
Cariogram should display when estimating the caries risk. Hence it
allows a subjective opinion to be used to change the risk outcome.
Consequently, in the present study, this variable was left unchanged
and was set to 1 throughout. As a result, an objective result was attained,
and the examiner seems to have no reason to alter the evaluation of
the program as far as the caries condition is concerned.1,9,12
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Table 5: Caries risk prediction model using linear regression analysis
Variables

Non-standard coefficient

SE

Standard coefficient

t-stat

p-value

DMFT
DMFS
Plaque amount
Diet frequency
Fluoride program
Streptococcus mutans count
Lactobacillus count
Salivary secretion
Saliva buffering capacity

−4.491
−5.214
−6.275
−3.817
−2.669
−8.616
−6.928
−2.033
−7.287

0.059
0.852
0.163
0.083
0.0862
0.116
0.192
0.832
0.092

−0.412
−0.524
−0.215
−0.233
−0.502
−0.596
−0.406
−0.321
−0.295

6.033
7.33
2.335
1.536
1.983
6.516
2.998
1.335
3.546

<0.001**
<0.001**
0.02*
0.12
0.05*
<0.001**
0.003**
0.18
0.001**

Constant

7.922

0.433

–

8.943

<0.001**

*Significant, **Highly significant

Fig. 2: Cariogram model of undergraduate group

Fig. 3: Cariogram model of postgraduate group

Although all variables influenced caries risk assessment when
applying the Cariogram framework, specific variables, such as
DMFS, S. mutans enumeration, DMFT score, and buffer capacity,
showed a highly significant linear correlation. Linear regression
analysis enables the development of more basic models using the
predictive variables that have a significant correlation to caries
risk. Peker et al. suggested that the fluoride program was the most
effective variable for caries risk based on their linear regression
model.4 A similar study found that the DMFT index, S. mutans
count, plaque index, and buffer capacity were the most important
caries-related factors, accounting for 70% of the risk variability in
their sample, which is consistent with the findings of the current
study.10
Beck et al. suggested that a caries risk model must incorporate
social and other environmental variables to accurately predict caries
risk.24 Education and socioeconomic conditions were not included
in any of the caries risk models studied in the literature; integrating
these characteristics into the Cariogram, or a regression model
may improve their utility. Furthermore, age is a crucial factor in
determining the risk of caries. The Cariogram and regression risk
models do not take age into consideration when developing a caries
risk profile. In a caries risk model for 6–10-year-old children, Disney
et al.25 combined salivary microbial testing, socioeconomic, and

oral hygiene criteria and found that the most powerful explanatory
factors were DMFS, pit and fissure morphology, and the assessment
of caries risk of the clinicians.12
Prospective research investigations rather than cross-sectional
studies could be more insightful in evaluating caries risk in various
age and risk-group categories. Such Cariogram framework studies
should be conducted on substantially large samples to ensure that
the risks predicted by the model reflect the clinical findings.

C o n c lu s i o n
The Cariogram model can detect caries-related factors that may
contribute to the foreseeable caries risk. Streptococcus mutans count
is the most important predictive predictor in the model, followed
by the DMFS, fluoride program, DMFT, Lactobacillus counts, buffer
capacity, and plaque index. According to the results of the study, the
bacterial sector displayed a higher frequency in the study sample,
followed by susceptibility and circumstance in the undergraduate
and postgraduate groups, respectively. The Cariogram model could
be beneficial as a screening and motivational tool for community
purposes as well as patient education. Preventive strategies can also
be developed using these profile analyses to reduce or eliminate
the risk of caries prevailing in the community.
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