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Abstract

Objectives. To investigate the caries risk profiles in young adults and to compare the risk classification using the Public Dental
Service (PDS) guidelines with a risk assessment program, the Cariogram. Materials and methods. All 19-year-old patients
registered at eight public dental clinics were invited to participate (z = 1699). The study group who completed the baseline
examination consisted of 1295 subjects representing 10% of all 19 year-olds attending dental care at the PDS in Skane,
Sweden. A risk classification of each patient was made by the patient’s regular team according to the PDS guidelines.
A research team collected whole saliva samples and information from a questionnaire and a structured interview in order to
calculate risk according to the Cariogram model. Results. The mean DFS value was 4.9 and 23% of the patients were
registered as caries-free (DFS = 0). The PDS risk classification was predominantly based on past caries and/or present caries
activity. The majority was classified as ‘some risk’, while 16.7% were assessed as being of ‘high’ or ‘very high risk’. The
corresponding value for the two highest risk groups in the Cariogram model was 17.4%. The agreement between the two
models was found acceptable (77.5%) for those assessed as low risk, while discrepancies were disclosed among those classified
with higher risks. Conclusions. Although the proportion of subjects assessed with high or very high risk was similar using the
PDS guidelines and the Cariogram model, the agreement between the models was fair. An acceptable agreement was only
disclosed for the low risk category.
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Introduction

Risk assessment in general dental practice has become
increasingly common and is today considered an
essential component for the prevention and manage-
ment of dental caries [1-3]. Several organizations
have incorporated evidence from the literature into
daily dental practice by constructing caries risk assess-
ment models for different age groups of patients. This
has led to guidelines which aim to act as a framework
for the categorization of risk level, treatment decision-
making and determination of individual recall inter-
vals. In general, multiple risk factors and indicators
based on general health, diet, oral hygiene and past

caries experience have been proposed, varying with
the age group at which they are targeted [4-6]. For
adults, the Public Dental Service (PDS) in the Skane
Region have adopted guidelines based on past and
present caries, periodontal conditions, general risk
and technical risk. The examining dentist or dental
hygienist scores the risk of each individual patient into
one of four risk categories based on this protocol,
paired with their own clinical judgment. However, the
model does not provide a grading scale and does not
disclose the weight and importance of each risk factor.
Cariogram is a software program that takes the inter-
action of 10 different caries risk factors into account
[7]. The risk for new carious lesions within the near
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future is graphically illustrated together with the caries
risk profile of the individual patient. In previous
prospective trials, Cariogram has been satisfactory
validated in schoolchildren [8-10] and adults or
elderly [11,12], while it was found less useful in
younger schoolchildren [13] and in pre-school
children [14]. The caries risk profiles of young
adults have, however, gained limited attention
[15], although Swedish national data indicate
that ~15-20% of the adolescent’s present high caries
risk or high caries activity [16]. It was therefore
thought of interest to further investigate the caries
risk profiles in young adults regularly attending the
public dental service. The aims of this study were to
investigate the caries risk profiles in 19 year-olds living
in southern Sweden and to compare the risk classi-
fication using the Public Dental Service guidelines
with a computerized risk assessment program, the
Cariogram. The null hypothesis was that no signifi-
cant differences would be displayed between the two
models.

Materials and methods
Study group

An invitation to take part in a prospective, longitudi-
nal study over 3 years was sent to all public dental
clinics in the Skine region, located in southern
Sweden. In 2006, there were 65 chief dental officers
serving in the region. They were all willing to partic-
ipate, but 23 had no possibility to house the investi-
gators. From those who responded positively (60%), a
convenient sample was selected due to geographic
regions, city and rural areas, socioeconomic areas and
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small and large clinics. In the event of two or more
clinics in, for example, a city area, the clinic with the
largest number of 19 year-olds was selected. All
19-year-olds registered at the eight dental clinics
were potentially eligible (z = 1699) and invited to
participate in the study. The actual study group who
completed the baseline examination consisted of
1295 subjects, representing 10% of all 19 year-olds
living in the region at the time when the study was
performed. A flow-chart with the main reasons for
exclusion and drop-out is shown in Figure 1. On
average, 76% of all registered 19-year olds at the eight
clinics were enrolled, ranging from 64% in a low or
mixed socioeconomic urban area to 87% in a rural
upper socioeconomic district. All the participants
were residents in areas with low natural fluoride
content in the drinking water supply, but they
reported use of fluoridated dentifrice on a regular
basis. The baseline of the study was performed during
2006—-2007 and the study design was approved by the
Ethical Committee, Lund University, Sweden.

Clinical examination and caries risk
classification

Prior to the study implementation, each selected clinic
was visited by the principal investigator (GHP) and all
dental personnel were provided detailed information
on the aim and performance of the study. All clinical
examinations were performed in connection with the
subject’s ordinary recall visit at the clinic. After written
and verbal information about the outline of the study,
written consent was given by the participants. The
clinical visual-tactile examination, including bitewing

Eligible 19-years-olds, registered at the eight PDC
n=1,699

Excluded, n =295
- studied/lived abroad

A\ 4

A 4

- attended a specialist clinic
- attended private care
- did not consent

Called to
examination
n=1,404

Drop-outs, n=109
- declined exammation |«
- no-show

v

Attended the baseline examination
n=1,295 (676 female, 619 male)

Figure 1. Flow-chart indicating attrition and drop-outs.
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Table II. Percentage distribution of caries risk according to the PDS guidelines and caries prevalence and experience expressed as mean DFT,

DFS and EC + SD in the various risk groups (z = 1295).

Risk group n (%) Caries-free DFT (SD) DFES (SD) EC (SD)
Low risk 497 (38.0) 43.3% 1.55 (1.93) 1.90 (2.63) 1.69 (2.85)
Some risk 583 (45.5) 13.6% 3.77 (2.95) 5.23 (4.84) 4.90 (4.66)
High risk 175 (13.4) 3.4% 6.36 (3.42) 9.93 (6.66) 7.77 (7.23)
Very high risk 40 (3.1) 2.5% 8.48 (4.26) 14.73 (9.65) 9.75 (9.43)
ANOVA p-value p < 0.001 p <0.001 p <0.001

DFT, Decayed Filled Teeth; DFS, Decayed Filled Surfaces; EC, Enamel Caries.

to avoid caries; PDS ‘very high risk® = Cariogram
0-40% chance to avoid caries. Caries prevalence
was analyzed with a one-way ANOVA. Gender dif-
ferences between risk categories were subjected to x>
test. A p-value less than 0.05 was considered statis-
tically significant.

Results

Twenty-three per cent of the study group was regis-
tered as caries-free (DFS = 0) and 62% had no
proximal fillings or lesions (DFS-a = 0). The mean
DFS and DFS-a values (SD) were 4.9 (5.6) and
1.2 (2.4), respectively. Ten per cent had >4 proximal
lesions, while initial lesions were disclosed in 37.5%
of the patients. The distribution of caries risk cate-
gories as assessed by the clinicians is presented
in Table II, together with the actual caries data. In
the vast majority (93.2%), the determination of risk
category was based on the caries situation. Periodon-
tal risk was evident in 4.4% of the subjects, general
riskin 0.1% and technical riskin 2.3% of the patients.
Most patients were placed in the ‘some risk’ category,
while 16.7% were thought being at ‘high’ or ‘very
high’ caries risk. The caries prevalence increased
significantly with increasing caries risk (Table II).
Of all patients, 10.4% were examined by dental
hygienists. In general, dental hygienists scored the
patients in a lower risk category than dentists; 47%
were placed in the lowest risk group by hygienists

compared to 37.5% by dentists. For the highest risk
levels (‘high risk’ and ‘very high risk’), the corre-
sponding values were 8.9% vs 17.6%. Twenty-
eight per cent of the young adults were regular
tobacco users (smoke, snuff), males significantly
more frequent than females (p < 0.001). Tobacco
users were also significantly more common in the
‘very high risk’ group (45%) compared with the low
risk group (21%).

The mean Cariogram value, expressed as ‘per cent
chance to avoid new lesions in the near future’ was
60.9% (SD = 22.9). With the Cariogram model,
17.4% (n = 225) of all participants were categorized
as being of high or very high risk (<40% chance of
avoiding new caries, Table III). The agreement
between the clinical assessment routinely made by
dentists and dental hygienists using the PDS guide-
lines and the Cariogram is illustrated in Figure 2.
The agreement ranged between 77.5% and 57.7%;
the best was obtained for those assessed with low risk
and the poorest agreement was obtained for the high
risk subjects. The scores of the Cariogram variables
in relation to the PDS risks categories are summa-
rized in Table IV. The proportion of unfavorable
scores increased with increasing risk with the excep-
tion of ‘diet frequency’ and salivary ‘lactobacilli
counts’ that were similar in the different risk cate-
gories. The use of additional fluorides on top of
fluoride toothpaste was higher in the two lowest
risk categories.

Table III. Distribution of caries risk according to Cariogram and caries experience expressed as mean DFT, DFS and EC + SD in the various

risk groups (n = 1295).

Chance of avoiding new caries n (%) Caries-free DFT (SD) DFS (SD) EC (SD)
Very low risk 81-100% 302 (23.3) 63.2% 1.28 (2.35) 1.69 (3.50) 2.38 (3.87)
61-80% 424 (32.7) 18.2% 2.83 (2.59) 3.89 (4.21) 3.75 (4.45)
41-60% 344 (26.6) 5.2% 4.85 (3.26) 6.92 (5.82) 5.10 (5.89)
21-40% 116 (9.0) 7.8% 5.27 (3.80) 8.22 (7.49) 6.09 (5.84)
Very high risk 0-20% 109 (8.4) 5.5% 5.07 (3.45) 7.57 (6.78) 6.15 (6.96)
ANOVA p-value » < 0.001 » < 0.001 p < 0.001

DFT, Decayed Filled Teeth; DFS, Decayed Filled Surfaces; EC, Enamel Caries.
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Comparison of risk categories
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Figure 2. Comparison of caries risk categories obtained with the Cariogram model vs assessments by dentists and dental hygienists at eight

selected public dental clinics (PDC).

Table IV. The distribution of Cariogram scores in the various PDS risk categories in young adults (z = 1295).

PDS risk categories

Cariogram component (score) Low risk (n = 497)

Some risk (n = 583)

High risk (n = 175) Very high risk (n = 40)

General health (impaired, score >1) 1.2% 1.4% 1.7% 2.5%
Diet, frequency (>7 times/day, score 3) 13.3% 12.0% 13.1% 12.5%
Oral hygiene (poor, score 3) 0.6% 3.4% 16.6% 37.5%
Secretion rate (<0.5 ml/min, score 3) 5.0% 7.7% 5.7% 15.0%
Buffer capacity (low, score 2) 2.4% 4.5% 7.4% 15.0%
Lactobacilli (high counts, score 3) 0.8% 5.5% 10.9% 5.0%
Mutans streproccoct (high counts, score 3) 5.6% 9.3% 12.6% 12.5%
Fluoride program (additional, score <1) 15.3% 13.8% 13.2% 5.0%
Discussion (mean DFT 3.1 vs 3.4; SoS, 2005). Moreover, the

The skew distribution of caries within the population
today calls for risk assessment and the challenge is to
identify and estimate the probability for a patient of
developing new caries lesions or progression of exist-
ing lesions during a specified period of time [18]. The
present study was performed as the baseline for a
longitudinal validation of two modes of caries risk
assessment in young adults from a community with a
polarized caries distribution. An important issue,
therefore, was whether or not the selected study group
was representative for the general population of that
age group. Since the relative coverage was lowest at
the clinic harboring the most vulnerable patients, the
possibility that the general risk level was somewhat
under-estimated could not totally be ruled out. How-
ever, the caries prevalence in the present study group
corresponded well with the Swedish national data

distribution of risk categories differed less than 1.5%
compared with from the entire age group (~12 000
19-year-olds) attending dental care in the Public
Dental Service (PDS) in Skane, Sweden. Thus, our
findings were considered being of high external
validity.

The main and novel outcome of this comparative
study was the acceptable agreement between the PDS
and Cariogram models concerning low risk patients,
while discrepancies were disclosed for those assessed
with high risk. Consequently, the null hypothesis was
rejected. This does not necessarily mean that any of the
models are to be preferred before the other, a question
that must be answered in a prospective setting. Another
question that could be discussed is whether or not
the guidelines for risk assessment were followed as
intended? This was at least partly verified through
the retrospective interview but still somewhat uncertain.



However, the implementation of risk grouping is
highlighted after introduction of a ‘capitation model’
in Sweden which requires a more structured form of
risk assessment. Consequently, its importance has been
underlined through a mandatory education of dental
personnel. The risk score of the PDS guidelines,
expressed as low, some, high or very high risk, based
on caries, periodontal, general and technical risk, do
not show the considerations behind the decided score.
A retrospective interview found that the vast majority
(93.2%) of the 19-year olds were categorized primarily
on their caries situation, but for example those based
primarily on periodontal risk are also at risk for caries.
The use of the PDS guidelines is straight-forward,
quick and fairly objective, albeit the ‘impression of
the clinician’ is undefined. The use of the Cariogram
is more complex and time-consuming, although it may
also be used in a simplified version without information
from saliva tests [10]. The acceptable low-risk agree-
ment between the two models was not surprising since
past and present caries activity was the dominating
predictor in the PDS model. It can be speculated
that other, more ‘soft’ risk variables, such as smoking,
self-efficacy or health beliefs evident for the clinicians
may have influenced the high risk classifications to a
larger extent. All patients were informed about their
PDS risk category but not on the outcome of the
Cariogram. The goal of risk grouping is of course to
plan and perform an individual preventive and non-
operative treatment plan. The extent and content of
these means will be addressed in the follow-up reports.

As seen in the tables, the actual caries scores
increased significantly with increasing risk category
for both models except from the two highest risk
groups with Cariogram. It was also comforting to
find that the risk variables collected for the Cariogram
model also was reflected by risk categories as classified
by the clinicians. However, the variables associated
with diet (frequency and salivary lacrobacilli counts)
were totally unrelated to the PDS risk categories
which may indicate that they provide irrelevant infor-
mation for young adults. The observation of a fairly
high proportion of subjects using additional fluoride
in the categories ‘low risk’ and ‘some risk’ and a low
proportion of subjects using additional fluoride in the
‘very high risk’ category is somewhat surprising. One
explanation could be that participants in the lower risk
groups are often more aware of their oral health and
use additional fluorides in spite of the fact that they do
not really need them. This observation may also
indicate that preventive strategies used by the dental
teams are not always based on the result of risk
assessment, but this needs to be further investigated.
An obvious finding was that the dentists and dental
hygienists based their risk assessment on the past
caries situation in the vast majority of the patients.
This was in accordance to previous reports from
Sweden [19] and clearly in agreement with the
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conclusions of a systematic review of literature [1].
The observation that dental hygienists in general
scored lower than dentists was interesting since it is
well known that the specificity of predictors often are
higher than the sensitivity, which means that the
precision in finding low risk subjects is higher than
actually identifying those with high risk. One expla-
nation could be that patients examined by the dental
hygienists were a selected sample of patients. The
large size of the present study group will allow for a
separate analysis concerning the accuracy of the risk
assessment procedure made by the two professional
groups. Patients at low risk may not need additional
preventive interventions and should be offered
extended recall intervals [20]. However, to our knowl-
edge, estimations on the health-economic conse-
quences of adequate risk assessments are not yet
available.

In conclusion, within the limitations of this com-
parative study, the results suggest an acceptable agree-
ment between the two caries risk assessment models
for young adults with ‘low’ or ‘some’ risk, while the
agreement was fair for those with high risk. Both
models will be validated against the true caries incre-
ment during 3-years as a continuation of this project.
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