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The aim of this study was to evaluate a caries risk assessment computer program, the Cariogram, by
comparing the risk assessment of the program with the actual caries increment in a group of elderly
individuals over a period of 5 years. The participants were examined and interviewed at baseline about
their general health and dietary habits. Data on oral hygiene and use of fluoride were obtained and saliva
analyses included mutans streptococci, lactobacilli, buffering capacity, and secretion rate. Based on the
baseline recordings, the individuals were divided into 4 risk groups according to the Cariogram. Where the
program predicted 0%-20% (high risk), 21%-40%, 41%-60%, and 61%—-100% (low/rather low risk)
“chance of avoiding caries”, 13, 32, 23, and 48% respectively, had no new DFS over 5 years and 18, 40,
72, and 84%, respectively, had no new lesions at the 5th year. The mean DMFS increment over 5 years
was 12.8 in the high/rather high risk group (0%—40% “chance of avoiding caries”), which included 43% of
the individuals. In the low/rather low risk group (61%—100% “chance of avoiding caries”), the
corresponding value was 5.2%, and 21% of the participants were sorted to this group. The mean DMFS
increment for the whole group of elderly individuals was 9.5. In this particular study the Cariogram was
able to sort the elderly individuals into risk groups that reflected the actual caries outcome. [ Caries risk;
Cariogram; dental caries; elderly; risk assessment
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The retention of natural teeth among the elderly is
increasing, and the number of edentulous individuals
decreasing (see WHO global database). Today’s elderly
carry numerous fillings, crowns, and bridges, all subject to
the risk of secondary caries. Studies of the causal factors of
tooth extraction have shown that caries is an important
reason for the loss of teeth even in the oldest age groups
(1). In addition, secondary caries is the main reason why
crowns and bridges need to be replaced (2, 3).

Aging also implies higher rates of disease and use of
medication with xerostomic side effects (4—7). The social
situation of many of the elderly undergoes change that
perhaps influences their behaviour in a caries-promoting
way (8). Caries risk assessment, i.e. identification of factors
in the case history of the elderly, factors which may
increase the risk of new caries, is therefore important as a
basis for placing a patient on the best caries-preventive
regimen (9).

Caries risk assessment is complex and the results so far
are not very encouraging, not even in young individuals
(10, 11). We believe though that by identifying several risk
factors and weighing them together would increase the
possibilities of creating a valid ‘risk profile’ of an
individual. For that reason, a computer program, the
‘Cariogram’, was developed. When using this program, a
set of data from clinical investigation, interviews, and
saliva tests is needed. The program has already been tested
twice. On the first occasion, its assessment was compared
with the ‘opinion’ of dentists, dental instructors, dental
hygienists, and dental students on a set of clinical cases.
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The results showed that the Cariogram risk assessment was
in line with the opinions of the majority of these groups, in
particular the dentists (12, 13). Secondly, it was tested for
the actual caries increment in a longitudinal, prospective
study on nearly 400 schoolchildren who were between 10
and 11 years old at the start (14). The children were
divided into 5 risk groups and the results showed a
significant correlation to the caries increment over 2 years.

The aim of this study was to evaluate the Cariogram in
a group of elderly individuals by comparing the caries risk
assessment of the program with the actual caries increment
over a 5-year period.

Hypothesis: A caries risk assessment model that evaluates
several factors together, and where the factors are
simultaneously weighted to each other—as in the Cario-
gram—should be able to sort elderly individuals into high,
medium, or low caries risk profiles.

Materials and methods
Study population

The study population consisted of individuals who
participated in a 5-year incidence study on coronal and
root caries performed in Sweden (15, 16). Initially, a
random sample of 55-, 65-, and 75-year-olds—a total of
208 individuals—was examined. At the follow-up exam-
ination in 1992, 5 years later, 148 (71%) participated,
distributed as 69, 51, and 28 individuals in age groups 60-,

DOI 10.1080/00016350310002261 © 2003 Taylor & Francis



ACTA ODONTOL SCAND 61 (2003)

70-, and 80 years, respectively. The mean age was 67.2.
Reasons for not participating in the follow-up study
included severe illness (6.7%), lack of time (6.2%), or
relocation away from the district (4.3%). Eleven percent
had died and 2 persons had lost all their remaining teeth.
Eighty-two percent of the participants had visited their
dentist less than 1 year previously.

Study design

The clinical and radiographic examinations were
carried out by the same examiners and, using the same
techniques, both at baseline and 5 years later (15, 16). The
DMFT (decayed-missed-filled-teeth) and DMFS (decayed-
missed-filled-surfaces) were calculated on both occasions.

The participants were interviewed about their general
and oral health. Their intake of medications that could
have xerostomic side effects, the use of antimicrobial
treatments during the previous 2 months and their dietary
habits and food consumption within the previous 24 h
were noted. The number of occasions on which fermen-
table carbohydrates, solid or liquid form, consumed was
recorded, irrespective of the amount. When entering the
scores in the Cariogram, the lactobacillus count was used
as an indicator of the cariogenicity of the diet (17, 18).

Questions were asked about frequency of tooth brushing
and use of fluoride dentifrice, rinsing, and tablets, and the
percentage of surfaces harbouring plaque was calculated
during the examinations. Saliva samples were obtained
from each individual with measurements of saliva secretion
rate of paraffin-stimulated saliva. The buffer capacity of
stimulated saliva was determined. Microbiological exam-
mation included counts of mutans streptococci and
lactobacilli. For details, see Fure (19).

Duagnostic criteria and indices

Coronal caries: Coronal caries was detected according to
the WHO criteria (20), caries is recorded as present when
a lesion in a pit or fissure, or on a smooth tooth surface,
has detectably softened or, undermined enamel or
softened wall. A tooth with a temporary filling should also
be included in this category.

Root surface caries: The criteria described by Banting et
al. (21) for the identification of root caries were used. ‘1) A
discrete, well-defined and discoloured soft area 2) an
explorer enters easily and displays some resistance to
withdrawal; 3) the lesion is located either on to the
cemento-enamel junction or wholly on the root surface.’

X-ray: Any enamel or root decalcification which was
identified radiographically was also examined clinically in
order to verify or reject this diagnosis.

Arrested caries: When a tooth surface, coronal, or root
exhibited a well-defined discolored area and appeared to
be hard and smooth, caries was recorded as arrested.

Secondary caries: Carious lesions adjacent to restorations
were recorded as secondary caries on coronal and root
surfaces, respectively.
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Restored surfaces: Restorations were noted as fillings or
prosthetic crowns, and the type of filling was recorded.

DES:  Decayed-filled-surface. 'The number of decayed
and/or filled tooth surfaces (including the root surfaces)
was calculated. When a surface was both decayed and
filled it was recorded as decayed. Each tooth surface was
recorded just once, irrespective of whether the lesion was
situated on the surface of the crown, on the root, or both.

DES increment: Decayed-filled-surface increment. 'The num-
ber of tooth surfaces that became decayed and/or had
been filled during the 5-year period.

DEFRS:  Decayed-filled-root-surface. The number of de-
cayed and/or filled root surfaces was calculated. When a
surface was both decayed and filled it was recorded as
decayed.

DERS increment: Decayed-filled-root-surface increment. The
number of root surfaces that became decayed and/or had
been filled during the 5-year period.

DES% increment: The number of tooth surfaces (coronal
and root surfaces counted as one surface) that had become
decayed or had been filled during the 5-year period as a
percentage of the number of tooth surfaces at risk.

DFRS% increment: 'The number of root surfaces (RS)
that had become decayed or had been filled during the
5-year period as a percentage of the number of root
surfaces at risk.

Diagnostic criteria and indices have been described in
detail by Fure & Zickert 1997 (16). The third molar was
included in all calculations.

Risk assessment using the Cariogram

The Cariogram computer program presents the caries
risk profile of an individual in accordance with its built-in
algorithm (see Appendix for details). The information
described above was entered into the Cariogram program
to calculate the caries risk for each individual and to
assesses the risk for future caries activity and express the
result as the chance of avoiding caries (14, 22, 23). To create a
Cariogram, 9 factors/parameters of direct relevance to
caries are entered into the program. The various par-
ameters are given a score according to predetermined
scales for each factor (Table 1). Depending on the
weighted formula, the program presents a pie diagram
in which the risks associated with bacteria-, diet-, and
susceptibility-related factors (fluoride programme, saliva
secretion, and saliva buffering capacity, respectively) are
represented by the sector size. In addition, ‘circumstances’
(past caries experience plus general diseases) are presented
as an additional sector. What is left represents the ‘chance
of avoiding caries’ and if this sector is large the caries risk is
low, and vice versa.

Statistical methods

In evaluating the statistical significance of differences in
caries Increment scores across categories of different
prediction groups that were recorded at baseline, a
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Table 1. Caries-related factors/parameters used at baseline for the Cariogram
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Factor

Information and data collected®

Cariogram scores

Caries experience

Past caries experience at baseline, including
cavities, fillings, and missing teeth due
to caries. Data from dental records and

: Caries-free, no fillings
: Better than normal

bitewing radiographs.
Related diseases

questionnaire results.

Diet, contents
used to grow lactobacilli.
Diet, frequency
from interview results.

Plaque amount

Mutans streptococci

streptococci.
Fluoride programme

Saliva secretion
used for children).

Saliva buffering
capacity

Estimation of capacity of saliva

General disease or conditions associated
with dental caries. Medical history,
medications; data from interviews and

In this study, lactobacillus counts were used as a
measure of cariogenic diet; data from
lactobacillus test count. Rogosa SL agar was

Estimation of number of meals and snacks
per day, mean for ‘normal days’; data

Data from the clinical examination
of oral hygiene. Plaque index value (PI1%).

Estimation of levels of Mutans streptococci
(Streptococcus mutans, Streptococcus sobrinus)
in saliva. Mitis-salivarius-bacitracitin (MSB)
agar plates (24) were used to grow mutans

Estimation of the extent of fluoride available

in the oral cavity; data from interview results.

Estimation of flow rate of paraffin-stimulated
saliva (other breakpoints if the Cariogram is

to buffer acids. The buffer capacity of
stimulated saliva was determined

: Worse than normal

: No disease, healthy.

: A general disease, which can
indirectly influence the caries
process to a mild degree.

2: A general disease, which can
indirectly influence the caries
process to a high degree.

: <10° CFU/ml

: 10" CFU/ml

: 10° CFU/ml

: >10° CFU/ml

: Maximum 3 meals per day

4-5 meals per day

: 6-7 meals per day

: >7 meals per day

1 <5% surfaces with plaque

1 5-20% surfaces with plaque

1 >20-50% surfaces with plaque

: >50% surfaces with plaque

1 <20.000 CFU/ml saliva

: 20.000-100.000 CFU/ml saliva

: >100.000—-1 million CFU/ml saliva

: >1 million CFU/ml saliva

0
1
2: Normal for that age group
3
0
1

: Maximum fluoride program
: Fluoride supplements

: Only fluoride toothpaste
: No fluoride

: >1.1 ml/min

:>0.9-1.1 ml/min

: 0.5-0.9 ml/min

: <0.5 ml/min

:pH >6.0

:pH 4.5-5.5

:pH <4.0

N—OWN—OWN — O

according to the Ericsson method (25).

* For each factor, the examiner thus has to gather information by interviewing and examining the patient, including some saliva tests. The
information is then given a score on a scale ranging from 0 to 3 (02 for some factors) according to predetermined criteria. The score ‘0’ is the
most favorable value and the maximum score ‘3’ (or ‘2°) indicates a high, unfavorable risk value.

factorial analysis of variance, ANOVA, using the statistical
package was used (SPSS for Windows, version 10; SPSS
Inc. Chicago, Ill., USA). The level of significance was set at
P<0.05.

Results

Fifty-one percent of the elders developed new coronal
caries lesions and 61% new root caries lesions during the
5-year period. Of the total group, 27% had not developed
coronal or root caries during the period.

Based on baseline data, the 148 individuals were
divided into 4 risk groups according to the Cariogram:
61-100% (low/rather low risk), 41-60%, 21-40%, and
0-20% (highest risk) ‘chance of avoiding caries’. The
numbers of individuals in each group were 39, 25, 53, and

31, respectively. Previous studies had one further group
(81-100% chance, low caries risk), but in this study there
were only 3 in this group, which led to combining both
groups to 61-100%. The mean Cariogram percentage
(percent ‘chance of avoiding caries’) at baseline (n = 148)
was 41% =+ 20.55 and the median value 44%; 43.3% of
the elderly were predicted as belonging to the ‘high/rather
high’ risk groups.

A frequency distribution of the risk, the number of
participants in each risk group, and the caries increment
(DMFS increment) over 5 years is presented in Table 2.
Mean DMFT at baseline for the whole group (n= 148)
was 23.45 £ 4.19; the corresponding value for DMFS was
89.53 £25.07. The mean DMFS increment was
9.46 £ 11.81.

Mean decayed filled surfaces (DFS) increment over 5
years in relation to baseline Cariogram predictions is
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Table 2. Caries risk (at baseline) expressed as ‘% chance of avoiding caries’, number of individuals, and caries increment (DMFS increment)

over 5 years

Percent chance of avoiding 0-20% 61-100%
caries according to the Cariogram ‘high risk’ 21-40% 41-60% ‘rather low/low risk’
No. of individuals 39 25 33 31

(%) (26.4) (16.9) (35.8) (20.9)
Mean DMFS increment over 5 years 16.21 £ 15.97 7.36 £ 9.34 7.96 £ 9.52 5.23+£6.97

Total group: Mean DMFS increment 9.46 + 11.81.

shown in Fig. 1. The individuals in the highest risk group
showed a mean DFS increment of 9.54, while the lowest
risk group had 1.74. The mean DFS increment for the
total group was 5.93 £ 9.35 (ANOVA P value 0.012).

Figure 2 shows the mean ‘decayed surfaces’ (DS) when
the participants were examined at the 5th year, according
to the risk groups defined by the Cariogram 5 years
earlier. The highest risk group had 5 times higher mean
DS than the lowest risk group. The total group of
individuals showed a mean DS value of 1.32 £2.18,
(ANOVA P value 0.003).

For root surfaces, the mean decayed filled root surfaces
(DFRS) increment over 5 years in relation to baseline
Cariogram predictions is presented in Fig. 3. The highest
risk group showed a mean DFRS increment of 4.59, while
in the lowest risk group the corresponding value was 0.65.
For the total study group, the mean DFRS increment was
2.53 £ 3.98 (ANOVA P value 0.001).

Regarding the mean ‘decayed root surfaces’ (DRS) at
the 5th year, the highest risk group had nearly 8 times
higher mean DRS than the lowest risk group (Fig. 4).
Mean DRS for the total group at the 5th year was
1.04 + 2.09 (ANOVA P value 0.005).

Figures 5 and 6 express the percentage of individuals
with or without ‘new decayed and/or filled surfaces’ (DFS)
over 5 years and the percentage of individuals with or
without ‘decayed surfaces’ (DS) at the 5th year, according

Decayed Filled Surfaces (DFS) increment

12
10 954
g 81—
o 6,25
T
o 1354
c
8 4
S 4l —
1| 1,74
0
0-20 21-40 41-60 61-100

% chance of avoiding caries

Fig. 1. Mean decayed filled surfaces (DFS) increment over 5 years in
relation to baseline Cariogram predictions, ‘% chance of avoiding
caries’. 0-20% indicates high risk for caries, etc.

to the Cariogram groups 5 years earlier. Eighty-four
percent of the individuals in the lowest risk group had no
new caries lesions at the 5th year, while in the highest risk
group 18% had no new caries lesions. When looking at
DFS over 5 years, the corresponding values were 48.4%
and 12.8%.

The mean DFS and DFRS increments for each score of
the caries-related factors evaluated are given in Table 3 as
well as the mean DS and mean DRS at the 5th year. For
example, one of the factors, the lowest score of mutans
streptococci counts, showed a mean DFS increment of
2.22 £ 3.81 and mean DFRS increment of 0.65 + 1.07.
The highest mutans score displayed a mean DFS
increment of 9.31 & 9.80 and mean DFRS increment of
4.84 +5.55.

Ninety-five percent of the elderly reported that they
used fluoride toothpaste. The 5% who did not had a mean
DFRS increment twice as high as the individuals using
fluoride toothpaste.

Data for DF increment as a percentage of the number of
tooth surfaces at risk (DFS% increment) showed that
where the program predicted 0-20% (high risk), 21-40%,
41-60%, and 61-100% (low/rather low risk) “chance of
avoiding caries”, the mean DFS% over 5 years were 8.16,
2.84, 5.03, and 1.05, respectively. The corresponding
values for the number of root surfaces that had become
decayed or had been filled during the 5-year period as a

Decayed Surfaces (DS)

25 2,38
2 4 |
Q15 1,44
g 102
s 11—
05 4 0.42
0 .
0-20 21-40 41-60 61-100

% chance of avoiding caries

Fig. 2. Mean ‘decayed surfaces’ (DS) at the 5th year in the predicted
groups according to the caries risk assessments made by the
Cariogram 5 years earlier.
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Decayed Filled Root Surfaces (DFRS) increment
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Fig. 3. Mean decayed filled root surfaces (DFRS) increment over 5
years in relation to baseline Cariogram predictions.

percentage of the number of root surfaces at risk (DFRS%
increment) were 8.97, 3.67, 3.64, and 0.94.

Discussion

Studies on caries risk assessment in elderly individuals are
clearly more complex than studies of younger individuals.
This is in part due to the presence of earlier dental work
that may fracture or even help to induce new lesions due to
insufficient quality. There are also clear problems in
keeping the study group together for several years, more
difficult as age increases. Elderly Swedes, i.e. those who
were at school before the 1960s, had no access to school
fluoride rinsing, tablet programs or effective fluoride
toothpastes. This resulted in numerous cavities and fillings
and, consequently, high DMFT values. A large ran-

domized epidemiological study in Sweden in 1993
Deacayed Root Surfaces (DRS)
25
2,05
o J N
)
¥ 1,5 1—
[a]
5 0,92 oy
= 0T
05 T 0,26
0 T T T
0-20 21-40 41-60 61-100

% chance of avoiding caries

Fig. 4. Mean ‘decayed root surfaces’ (DRS) at the 5th year in the
predicted groups according to Cariogram risk assessment 5 years
carlier.
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100%

13%

23%
80% +—

32%

0% 48%
A — -

Individuals

40% +—

20% +——

0% T T T

0-20% 21-40% 41-60%
ONew DFS

% chance of avoiding caries
Fig. 5. The percentage of individuals with or without ‘new decayed
and/or filled surfaces’ (DFS) over 5 years in relation to baseline
Cariogram predictions.

61-100%

revealed DMFT values between 21.4 and 24.4 for 50
and 70-year-olds, respectively (26). These values are
similar to the results in the present study. It can readily
be understood that with such already high baseline values,
where most teeth are already filled, decayed, or extracted,
major changes in DMFT cannot be expected. Never-
theless, the number of new lesions (secondary caries and
root surface lesions) can vary to a larger extent.

The present study is the first where the Cariogram has
been applied on an elderly Swedish population for caries
risk assessment. A few important findings are worthwhile
discussing. First, comparing the overall risk profile of the
elderly with a similar assessment made for children (14) the
study clearly illustrated a much higher risk among the
elderly. For example, in a study of 10—11-year-olds, nearly
50% of the children were assigned to the ‘best” Cariogram
group (lowest risk), while among the elderly only 2%
belonged to this group. Among the children, the highest
risk group consisted of 3.6%, but in the elderly 26.4%

100%

18%

80% 1+—
40%
60% +—

2%

Individuals

40% T—
84%

20% +—

0% T T T 1
0-20% 21-40% 41-60% 61-100%

ONo DS at the 5th year 0, I .
% chance of avoiding caries

Fig. 6. The percentage of individuals with or without ‘decayed
surfaces’ (DS) at the 5th year in the predicted groups according to
Cariogram risk assessment 5 years earlier.



169

ariogram

~
"

Evaluation of the C

TA ODONTOL SCAND 61 (2003)

AC

6%
4¢
66

&

xe
GG
¢S

GL

134

Sl

911

143
19
4%
$G

L1
13y
19
i

4

te
6
LL

101°0
067 F S¢'¢
9%°¢c F ¥6'1
G6'CF 6L

100°0
CC6F 08¢
GSLF IY9
8I'CF L¥']
¢¥'e F06°c

100°0>
GCCF 8P
98¢ F¢9°¢
P F 141
LO'TF 990

869°0
LLYF 066
§6°'¢ F 16°C
€06 F68°1
0¢'6 F 056

G6¥%°0
0L°CF 8¢
S8V FC6e
FSeFFEC
19¢F6L'1

9000
96°¢ F €S
AN S
657 F6L°C
66°¢F LG1

961°0
GE'CF6El
GS'TF 190
006 F LLO

660°0
GG FO0C
GS'cF 006
66’1 Fa80
LO'GF 160

100°0
86°CF 9¢'G
81'¢F L6°0
06T F 650
69°0 F 9¢°0

Sel1'0
LECFO0E'1
08’1 +08°0
+8°0 F ¢+'0
06'¢ F6¢°¢

geL’0
80°¢ F L¥'1
98l +68°0
96' T F 111
SI'¢ F 001

¢80°0
SLTF 091
19CF ¥L'1
SFeFCIl
9¢'T F99°0

060°0
1161 F90°8
G6'C FGLS
LS F I8¢

606°0
g6F F 0¢°6
PG F 6901
8I'0LF 149
668 F 61°¢

600°0
086 F 166
9% 11+ 989
99F 616
18°¢ F 366G

YLLO
L8'LF ¥8°¢
SPITF659
YS8F 00F
68°0 F8¢°0

18670
7691 F ¢1°6
GL'LF8GC
Ge8F CL¢
0S¢t F 6¥°¢

+10°0
¢§Y F 009
CEYIF¥6'8
G666 Fcl'8
S0°6 Fcd's

6660
GFeF¥91
P81 +90°1
96'1 +00°1

£00°0
00°0+ 009
e+ 4l'c
GE'TF 001
8I'cF 00’1

100°0>
0S¢ F99'¢
Y66 F 6671
0¢'TF 690
960 F 610

910
PeeF 19°1
ST F¥I1
780 F €<°0
066 F66°C

L9L°0
GO CFILT
LT F Il
06'c F &¥'1
e+ ¥l

LS00
§9°¢F 04°C
0S¢ F90'c
SheF 661
08T +¥6°0

nea 7 VAONV

0%> Hd

¢6-¢p H

0'9< Hd
Aoedes Surogng eareg

anpea 7 VAONY

U/ 670>

urur /T 6°0-6°0

ur /[ 1°[-6°0<

ur/ [ U<
UOTIAIIIS BAI[RG

nea 7 VAONV

[/ QgD uoru 1<

[/ AD ot [-000°001<

[w/N.A0 000°001-000°06

w/NdD 000°06>
1200001doms suBINA

onfea 7 VAONV

onberd ypm sooeyms o, c<

anberd yim sooems o, 0c—0g<

onberd ym sooeyms 0,076

onberd yim sooeyms o>
junowre anbe

oneA 7 VAONV

Kep 1od speowr /<

Aep 1od speawr /—q

Kep 1od speowr ¢

Aep 1od speowr ¢ wmurxey
Kouanbagy 9ar(y

anfeAa 7 VAONV

/0D $01<

/0D 01

/04D ;01

/0D 01>

(JUNOd SNBQOIIL] UO PIse( II3Y) JUIUOD IA(]

dnois jo oSeiuodrdg  ApIOp[e Jo "oN

JUOWIIOUT QY] UBIIA

Te9A IG oY) 1B QY] UL

JUSWIIOUL G (] UBIN

19K NG oY) 1B G(] UBIN

10108 ]

JBOA UIG 9} 1 § T QY([ SOOBJINS 1001 PIALIIP URIUW YIIM SUO[E § T G(] $IIJINS PaALIOP UedW pue sIedk G I0A0 § F QI
$90LJINS JOOT 10J JUIWAIOUT SILIED UL S [[OM S (WOTMBIAID PIepuels) s FF Q] IUIUWDIOUT SILIED ULIW SNSIIA JUTISE( JB PIIBUINSI SB SI0108] PIIR[AI-SLIed dwos Jo uosiredwon) ¢ o[qe],



170  G. H. Petersson et al.

were allocated to this group. Overall, one could say that
caries risk, as assessed by the Cariogram, was twice as high
for the elderly (median value ‘chance of avoiding caries’
44% for the elderly and 80% for the children).

Second, although very few elderly have a low caries risk,
the individuals could be assigned fairly evenly to 4 risk
groups. The outcome was evaluated using two criteria: (i)
the caries increment over the 5 years and (i1) the caries
situation at the 5th year appointment. Whatever way, the
risk groups reflected the real outcome in terms of new
lesions, filled or not. Individual factors such as mutans
streptococci and diet content (lactobacillus class) also
showed significant correlations.

What are the reasons for the generally higher caries risk
among the elderly? Some factors have been identified, for
example medical problems (8), reduced saliva secretion
rate, which is often the side effect to medication (27, 28).
Steele et al. (29) mention frequent sugar intake, poor
hygiene, and partial dentures as factors associated with
large increases in risk. Ravald (30) points out that the same
main factors as for coronal caries, i.e. cariogenic micro-
organisms, diet, saliva, and fluoride exposure, are
important in root caries development. Salonen et al.
(31), in a large epidemiological survey, demonstrated
higher proportions of subjects with high levels of mutans
streptococci among dentate individuals wearing some kind
of removable dentures.

Considering the overall high risk and the many factors
that make up the risk, is it feasible to identify caries ‘risk
groups’ among elderly people? For several years a
discussion has been going on regarding strategies for
young individuals—should one take the population
strategy or the risk group strategy? Risk intervention
programs of some researchers have been successful
(32, 33), while others have failed (34). If the question is
seen as an ‘either/or” problem, then a population-based
strategy would probably lead to fewer cavities in total.
However, few if any argue for such an either/or approach.
How much additional analyses of individual risk factors
among elderly, followed by targeted actions, can reduce
the risk further needs to be explored.
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Appendix

The Cariogram program calculates the caries risk
according to a complex formula containing numerous ‘if’
conditions. Initially, all factors are given a certain weight in
accordance with the chosen score. For example, in the
basic settings, frequency of food/snack intake has been
given a higher weight than diet content. Regarding the
bacterial sector, the mutans streptococci have a higher
weight than amount of plaque. If two factors in the same
group, such as diet content and frequency of intakes, have
high scores, an additional weight is given; similarly plaque
amount and mutans streptococci. If high scores are
obtained in several groups, a further risk weight is added.
Heavy weight is given to ‘non-use of fluoride’. The
program can take the operator’s ‘clinical judgment’ into
consideration, but that possibility was not used in this
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study. The weights are based on interpretation of data
from numerous clinical studies from the literature, where
various factors have been compared in respect of incidence
of caries. Epidemiological studies have been considered as
well as case reports. All papers presented in the special
supplement entitled ‘Dental Caries: Intervened — Inter-
rupted — Interpreted’ (Eur J Oral Sci Suppl 1996) have
affected the final formula. The program contains about 5
million combinations of factors, and how the outcome in
each combination will be can only be seen in the program.
The full formula is too extensive to be presented here. It is
possible, even likely, that another researcher (than
Professor D. Bratthall) would have interpreted the data
differently.



