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SUMMARY

Introduction/Objective “Cariogram” takes into account interactions between caries-related factors and
expresses a graphic assessment of the caries risk.

The aim of this study was to evaluate the relationship between caries risk and different variables of
Cariogram in pregnant women.

Methods This study included 96 pregnant women. At baseline, data on general health, diet, oral hygiene,
and fluoride exposure were obtained. DMFT (decayed, missing, and filled teeth) index was calculated by
clinical examination. Saliva analyses included mutans streptococci and lactobacilli counts, buffer capacity,
and secretion rate. Scores were entered and caries risk was assessed. The women were divided into five
groups according to their Cariogram caries risk.

Results The results of the study showed that 29.17% (28) of the pregnant women had high caries risk,
21.88% (21) - medium, 17.71% (17) - low, 16.67% (16) - very high, and 14.58% (14) — very low caries
risk. In an average caries risk profile of pregnant women, the dominant sector was “Bacteria” (18.85%
of the risk structure profile), followed by “Diet” (17.97%), “Circumstances” (15.68%), and “Susceptibility”
sector (14.65%).

Conclusion Cariogram shows that pregnant women in Banja Luka, Bosnia and Herzegovina, had 46.14%
chance of avoiding caries in the future. The Cariogram model can successfully determine caries risk
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profiles for pregnant women.
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INTRODUCTION

Caries risk is the probability of a person to de-
velop least certain sign of caries, reaching a given
stage of the disease progression for specific pe-
riod of time, on condition that the exposure to
caries risk factors remains unchangeable during
the period. Caries management by risk assess-
ment is granted considerable attention [1-4].

In a view of the multifactorial nature of car-
ies etiology and the fact that the course of the
disease is determined by permutations and
combinations of causal factors [1-4], the chal-
lenge is to develop a really effective model for
predicting caries risk. Cariogram, a computer
program, assesses an individual’s caries risk
profile and illustrates it graphically. Also, Car-
iogram offers recommendations for targeted
preventive measures that should be implement-
ed to avoid the formation of new caries lesions
[5-9]. Cariogram has been used to assess the
caries risk profile of schoolchildren, teenagers,
orthodontic, and elderly patients [7, 10-14].

The aim of this study was to assess caries
risk in pregnant women in Banja Luka, Bosnia
and Herzegovina, and to evaluate the contri-
bution of various risk factors among different
caries risk groups.

METHODS

The study was conducted as a cross sectional
study on a sample of 96 pregnant women from
Banja Luka, Republic of Srpska, Bosnia and
Herzegovina. The study sample was randomly
selected and included only pregnant women
who were a) in the last trimester of pregnancy,
b) without risk in pregnancy, c¢) did not have
any chronic disease, d) had not taken anti-
biotics or other drugs during pregnancy, e)
signed an informed consent to participate in
the research. The average age of the pregnant
women was 27.4 years, ranging between 20 and
42. Ethical approval for the study was obtained
from the Research Committee of the Faculty of
Medicine, University of Banja Luka, Republic of
Srpska, Bosnia and Herzegovina. The research
has been conducted in full accordance with the
1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. This
study included a questionnaire, interview, clini-
cal examination, saliva sampling, and assess of
caries risk using Cariogram. Each of the pa-
tients completed a brief questionnaire on their
general health, oral hygiene, dietary behavior,
frequency of tooth brushing, the use of fluori-
dated toothpaste, and mouthwashes.
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The clinical examination comprised the DMFT (de-
cayed, missing, and filled teeth) index and oral hygiene
status. Clinical examinations were carried out in the morn-
ing, between meals by the same examiner following the
WHO criteria [15]. Clearly visible lesions with cavities on
tooth surfaces were classified as dental caries (i.e. d3-level
cavities), whereas changes in transparency, initial enamel
demineralization with intact surfaces and no cavitations
were noted as intact teeth. The teeth were not profession-
ally cleaned and no radiographs were taken. The patients
did not take any food or drink (except water), did not wash
their teeth, or chew gum at least one hour before the exam
and saliva sampling. The plaque index was also evaluated,
using Silness and Lo€’s scale. Plaque was assessed through
collection from vestibular surfaces.

After the clinical examinations, the saliva tests (secre-
tion rate, saliva’s buffer capacity, Lactobacillus and mutans
streptococci counts) were performed. All saliva tests were
obtained from Orion Diagnostica, Espoo, Finland, and
handled according to the instructions of the manufacturer.
The patient chewed a sterile paraffin pellet for five minutes.
The stimulated saliva was collected in a test tube gradu-
ated in milliliters, then the volume of stimulated whole
saliva was read off and the result was expressed in ml/min.
Buffer capacity was categorized as high, medium, or low
using a Dentobuff® Strip (Orion Diagnostica). The salivary

Streptococcus mutans were made with Dentocult® SM-Strip
Mutans (Orion Diagnostica) by placing the vial with the
sample carrier in an incubator at 37°C for 48 hours. For
measuring Lactobacillus count, Dentocult LB® (Orion Di-
agnostica) was used, by placing the vial with the sample
carrier in an incubator at 37°C for 96 hours. The density
of colonies (Streptococcus mutans and Lactobacillus) was
compared with a chart provided by the manufacturer.

The data from the clinical examinations and the ques-
tionnaire were entered into the Cariogram model. To cre-
ate an individual risk profile, nine factors/variables are
required to be entered into the Cariogram (Table 1). The
Cariogram calculated the data and presented the result
expressed as a pie chart, illustrating the “Chance of avoid-
ing cavities” in the future. Sectors of the diagram are as
follows: “Bacteria” (plaque amount and mutans strepto-
cocci level), “Diet” (Lactobacillus level and diet frequency),
“Susceptibility” (fluoride program, saliva secretion, and
saliva buffer capacity), and “Circumstances” (past caries
experience and medical history) [16]. The chance to avoid
caries was finally grouped in five risk categories: very low
risk = 81-100% chance of avoiding caries, low risk = 61-80%
chance of avoiding caries, medium risk = 41-60% chance
of avoiding caries, high risk = 21-40% chance of avoiding
caries, very high risk = 0-20% of avoiding caries.

Table 1. Caries related factors/parameters used at baseline for the Cariogram*

Factor Information and data collected

Cariogram scores

Caries experience L )
P and missing teeth due to caries

Past caries experience at baseline, including cavities, fillings,

0: caries free

1: better than normal condition for ages
2: normal condition for ages

3: worse than normal condition for ages

Related diseases
questionnaire results

General diseases or conditions associated with dental caries;
medical history, medications; data from interviews and

0: no disease, healthy

1: general disease which can indirectly influence
the caries process to a mild degree

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

Diet, contents diet, using Dentocult test

Lactobacillus counts were used as a measure of cariogenic

0: <10® CFU/ml
:10%-10° CFU/ml
:10° CFU/ml
:>10°CFU/ml

Diet, frequency

Estimation of number of meals and snacks per day, mean for
“normal days;” data from questionnaire results

: maximum 3 meals per day
:4-5 meals per day
:6-7 meals per day
:> 7 meals per day

Plaque amount

Estimation of hygiene according to Silness-Loe plaque index

: Pl < 0.4 (very good oral hygiene)
:PI=0.4-1.0 (good oral hygiene)
:PI=1.1-2.0 (poor oral hygiene)
:PI> 2 (very poor oral hygiene)

Mutans streptococci Strip mutans test (Dentocult)

Estimation of levels of Mutans streptococci in saliva, using

:10%-10°/ml
:10° - 10%/ml
:>10%/ml

Fluoride program

Estimation of the extent of fluoride available in the oral cavity

: maximum fluoride program
: fluoride supplements
.only fluoride toothpaste

Saliva secretion

Estimation of flow rate of paraffin-stimulated saliva

:> 0.7 ml/min.
:0.3-0.7 ml/min.
:< 0.3 ml/min.

Saliva buffering capacity Dentobuff test

Estimation of capacity of saliva to buffer acids, using

1
2
3
0.
1
2
3
0.
1
2
3
0: < 10*/ml
1
2
3
0
1
2
0.
1
2
0.

:pH > 5.5 (blue)
1: pH =4.5-5.5 (green)
2: pH < 4.5 (yellow)

Pl - Silness-Loe plaque index
*Taken from Caries Risk Evaluation, Department of Cariology, Malmé University
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Statistics

All data were processed with the SPSS for Windows, Ver-
sion 16.0 (SPSS Inc., Chicago, IL, USA) ¥* test of contin-
gency was used to compare differences between groups.
Parametric ANOVA and Student’s t-test for independent
samples (if the difference variance observed characteris-
tics were not statistically significant) and nonparametric
Mann-Whitney test (if the difference in variance of the ob-
served characteristics is statistically significant) were used
to compare the mean values of the characteristics. P-values
less than 0.05 were considered statistically significant.

RESULTS

The results of the study showed that 16 (16.67%) pregnant
women had very high caries risk, 28 (29.17%) high, 21
(21.88%) medium, 17 (17.71%) low, and 14 (14.58%) had
very low caries risk (Table 2).

Table 2 shows the odds ratios for different Cariogram
groups. Pregnant women in the low risk group had a risk 1.2
times higher than that of pregnant women in the very low
risk group. In the groups with a medium, high and very high
risk, the corresponding values were 4.9, 7.0 and 7.7 times
higher, respectively. These results are statistically significant.

In an average caries risk profile of pregnant women,
the dominant sector was “Bacteria” (data about plaque
amount and mutans streptococci level), with 18.85% of
the risk structure profile. It was followed by “Diet” (data
about Lactobacillus level and diet frequency) with 17.97%.

Table 2. Odds ratio values for different Cariogram groups in the logistic
regression model

Doli¢ O. et al.

“Circumstances” sector (data about caries experience and
medical history) was present with 15.68% in the Cario-
gram profile, and “Susceptibility” sector (data about fluo-
ride program, saliva secretion, and buffering capacity) was
present with 14.65%. In the groups of subjects with high
and medium risk, the dominant sector was also “Bacte-
ria” with 24.14% and 18.05%, respectively, followed by
“Diet” (20.93% and 15.71%, respectively), “Circumstanc-
es” (16.79% and 15.19%, respectively) and “Susceptibility”
(16.61% and 13.52%, respectively). In the group of preg-
nant women very high risk, the dominant sector was “Diet”
(31.13%), followed by “Bacteria” (26.88%), “Susceptibility”
(21.63%), and “Circumstances” (20.13%). In the groups of
subjects with low and very low risk, the dominant sector
was “Circumstances” (13.71% and 11.50%, respectively),
than “Diet” (9.18% and 4.14%, respectively), “Susceptibil-
ity“ (9% and 3%, respectively) and “Bacteria® (6.94% and
4.50%, respectively), as shown in Table 3.

The comparative assessment of study participants based
on parameters used in the Cariogram model is shown in
Table 4. The distribution of the patients within each Car-
iogram variable was significantly different (p < 0.01) for all
factors considered. Majority of the participants (56.25%)
in this study had caries experience worse than normal
condition for ages. All participants in the group with the
very high risk of caries had the highest Lactobacillus count
(more than 10° CFU/ml), very high Streptococcus mutans
count (more than 10° CFU/ml) and more than six meals
per day. The maximum number of pregnant women with
very low caries risk had very good and good oral hygiene
(plaque index < 1). Most of the pregnant women in all
groups of risk were exposed to fluoride in the form of
toothpastes only. The results show that most of the preg-
nant women (87.5%) had normal amount of saliva secre-

— tion (> 0.7 ml/min.). All pregnant women in the group of
Caries risk assessed Pregnant . " .
by Cariogram women OR 95%Cl | pvalue*|  Very low risk showed saliva secretion to be less than 0.5
n % ml/min. All of the participants in the group of very high
Very high risk 16 | 1667 | 7.7 |1.16-51.17 risk had saliva pH of less than 4.5.
High risk 28 29.17 7 1.45-33.7
Medium risk 21 2188 | 4.9 |0.99-24.21
Low risk 17 | 17.71| 12 | 0.25-5.84 | 0.020 DISCUSSION
Verfy low nskI 14 | 1458 1
(reference value) Over the past several decades, researchers have been look-
z %6 | 100 ing for factors such as host, diet, microflora, past caries
Table 3. The average Cariograms of pregnant women
. . Very high risk High risk Medium risk Low risk Very low risk
Sectors in Cariogram 3
X SD X SD X SD X SD X SD
. . 9.88 2.36 27.86 5.95 46.43 5.13 71.06 5.84 93.43 6.42
Chance to avoid caries |  46.14
p < 0.05
. 3103 | 171 | 2093 | 513 | 1571 | 368 | 918 | 147 | 414 | 168
Diet 17.97 -
p < 0.05 (except low and very low risk)
, 268 | 34 | 2414 | 301 | 1805 | 357 | 694 | 307 | 45 | 129
Bacteria 18.85 - - -
p < 0.05 (except high and very high; and also low and very low risk)
Suscentibili 1ags | 2163 | 348 | 1661 | 467 | 1352 | 246 | 9o | 206 | 3 [ o8
usceptiotli .
P y p < 0.05 (except high and medium;and also low and very low risk)
Creumstances ises | 2013 | 025 | 1679 | 173 [ 1509 | 252 [ 1371 | 195 | 115 | o058
' p < 0.05 (except high and very high, high and medium, and low and very low risk)

X —mean value
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Table 4. Comparison of caries-related factors between groups of pregnant women

Risk
Factor Score Very high High Medium Low Very low
n % n % n % n % n %
0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 9 34.62 9 34.62 8 30.77
Caries experience 2 0 0 3 18.75 3 18.75 4 25 6 375
3 16 29.63 25 46.3 9 16.67 4 741 0 0
p-value <0.001
0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 13 100
Diet, contents 2 0 0 26 41.27 19 30.16 17 26.98 1 1.59
3 16 80 2 10 2 10 0 0 0 0
p-value <0.001
0 0 0 2 10.53 0 0 12 63.16 5 26.32
1 0 0 18 35.29 19 37.25 9.8 9 17.65
Diet, frequency 2 2 16.67 8 66.67 16.67 0
3 14 100 0 0 0 0 0
p-value <0.001
0 0 0 0 0 0 0 7 38.89 1 61.11
1 0 0 2 11.76 4 23.53 8 47.06 3 17.65
Plaque amount 2 10 21.28 21 44.68 14 29.79 2 4.26 0 0
3 6 42.86 5 35.71 21.43 0 0 0 0
p-value <0.001
0 0 0 0 0 0 0 5 100
1 0 0 0 0 5 16.13 17 54.84 9 29.03
Streptococcus mutans 2 2 4.55 26 59.09 16 36.36 0 0 0 0
3 14 87.5 2 125 0 0 0 0 0 0
p-value <0.001
0 0 0 0 0 0 0 0 0 0
1 2 8.00 2 8 8 32 2 8 1 44
Fluoride programme
2 14 20.59 26 38.24 13 19.12 15 22.06 0 0
p-value <0.001
0 12 14.29 25 29.76 19 22.62 14 16.67 14 16.67
. . 1 4 33.33 3 25 2 16.67 25.00 0 0
Saliva secretion
2 0 0 0 0 0 0 0 0
p-value <0.001
0 0 0 n 27.5 6 15 15 375 8 20
Saliva buffering capacity 1 0 39.13 7 3043 1 4.35 26.09
2 16 48.48 24.24 8 24.24 1 3.03 0 0
p-value <0.001

*p < 0.05, statistically significant

history, which would enable them to predict who would
develop a carious lesion. An innovation in caries risk as-
sessment has been the development of a computer pro-
gram called Cariogram, which compared caries experi-
ence, related general diseases, diet content, diet frequency,
amount of plaque, mutans streptococci counts, fluoride
program, saliva secretion rate, saliva buffering capacity.
This program is a prediction and a risk model, as it predicts
who has a chance to develop the disease, identifies the
risk factors, and based on that determines the appropriate
intervention plan [16].

In previous studies, caries risk was assessed with Cario-
gram for different individuals of various communities, and
different results were reported [12, 13, 17, 18, 19]. There is

Srp Arh Celok Lek. 2017 Mar-Apr;145(3-4):178-183

no data about caries risk assessments in pregnant women
using Cariogram. Also, there is insufficient data about caries
risk assessment in the population of Bosnia and Herzegov-
ina. The present study is the first one where Cariogram has
been applied on pregnant women for caries risk assessment.

In the present study, the majority of participants were at
high risk of caries according to Cariogram. The number of
patients in the very high caries risk group was found to be
the highest in the Swedish elderly (55-75 years old) who
had histories of multiple drug use and had no access to
effective fluoride programs before the 1960s [14]. Another
study performed in adults with several dental restorations
in Saudi Arabia reported that the majority of participants
had a high risk of caries [19]. Gokalp et al. [20] reported
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that the prevalence rates of caries in children and adult
populations in Turkey were high.

On the other hand, the number of patients in a low
caries risk group was found to be the highest in Spanish
dental students (18-19 years old) [17]. Celik et al. [21]
reported that the number of Turkish adults (20-21 years
old) had medium (33%) or low (24%) caries risk. Studies
concerning Sardinian (7-9 years old) and Swedish (10-11
years old) schoolchildren also reported the highest number
of patients in a low caries risk group [12, 22].

According to the ‘opinion’ of the Cariogram, the Laotian
children (12-13 years old) demonstrated significantly higher
caries risk than Swedish children. The average “chances of
avoiding caries in the future” in the groups of Swedish and
Laotian children were 69.2% and 37.3%, respectively [23].

The leading sector in pregnant women risk profile in
this study was “Bacteria” (18.85%), followed by “Diet”
(17.97%). A study in Sweden reported similar results [24].
Comparison of these results with those of Petersson et al.
[24] showed that the leading sectors in Swedish children
Cariogram were also “Bacteria” (9%) and “Diet” (8%).
“Susceptibility” and “Diet” factors (23% and 20%, respec-
tively) ranked first in the group of dental students (18-25
years old) from Minsk, Belarus [25]. The “Bacteria” factor
was the most dominant sector for students in Valencia [17].

In this study, for all groups of participants, statistically
significant correlations were found between the “frequency
of food intake” and the risk of caries. If the frequency of
food intake was higher, the risk was higher. Even 100% of
pregnant women who consumed more than seven meals
per day were in a group of very high risk. Petersson et al.
[10] also confirmed that the frequency of food intake has
a very important role in the risk assessment of Swedish
children, especially for a high risk group.

In the present study a statistically significant correla-
tion was found between caries risk and concentration of
Streptococcus mutans in saliva. Other studies that used
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Cariogram for risk assessment in the Swedish elderly and
children aged 10-11 years reported similar results. The
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10° CFU /ml in saliva in researches in Finland [28, 29].

CONCLUSION

This study was performed with Cariogram in pregnant
women in an effort to overcome data insufficiency of caries
risk assessments in Bosnian populations. Cariogram shows
that pregnant women in Banja Luka, Bosnia and Herze-
govina, had a high risk of developing new caries lesions,
with a 46.14% chance of avoiding caries in the future. The
main risk Cariogram sectors were “Bacteria” and “Diet”
The Cariogram model can successfully determine caries
risk profiles for pregnant women. Further longitudinal
studies in Bosnian populations are needed to assess car-
ies risk in various age and risk groups.
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MpoueHa pUsMKa og Kapujeca Koa TpyaHuua ynotpebom Kapuorpama

Onusepa [lonnh', Mapuja O6pagosuh’, Xemka Kojuh?, CnaBa Cykapa'
'YHuBep3ureT y barboj Jyun, MeguunHcki daxynet, Katepa 3a aeujy 1 npeBeHTUBHY cTomatonorujy, barba Jlyka, Penybnuka Cpncka, bocHa

1 XepLeroBuHa;

2YHuBep3uTeT y barboj Nlyum, MeanunHckn dakyntet, Kateapa 3a napofgoHTonorjy 1 opanHy MeauuuHy, batba Jlyka, Penybnuka Cprncka,

bocHa 1 XepuerosuHa

CAXETAK

YBopa/Lum Kapriorpam nporpam npoLemyje 1 rpaduukm unny-
CTpyje puU3uK of Kapujeca y3umajyhu y 063up uHTepakumnjy
pa3nnunTiX GakTopa HeroBor HacTaHKa.

Linsb papa je 610 fa ce npoLeHn OfHOC pri3nKa oA Kapujeca
1 pa3HUX NapameTapa Kapriorpam nporpama Kog TpyAHuMLa.
MeTope Y cTyaunjy je ykibyuyeHo 96 TpyaHMLUa. Y3eTu cy no-
[aLu O OMNLTEM 34PaBIby, NCXPaHU, OPaNHOj XUTVjEHU 1 YrO-
Tpebu Gnyopuaa. HakoH KNMHWYKOT Npernefa n3pauyHar je
KETT (kapno3Hu, ecTpaxoBaHu 1 NniaoMbupaHm 3y6u) MHAEKC.
AHanun3om nibyBayke AobujeHn cy nogaLy o KOMMYUHU CTH-
MyncaHe nibyBauke, myGepckom KanauuTeTy nibyBayke, cTe-
neHy KoNoHu3auuje Streptococcus mutans-a u naktobaumna.
Mopauw cy yHeceHU y Kaprorpam nporpam 1 NpoLerEeH je
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pu3uK of Kapujeca. TpygHuLe cy moferbeHe y neT rpyna no
Kapuorpamy.

Pesyntatm Ca BUCOKMM pU3NKOM of Kapujeca je 29,17% (28)
TpyaHMUa, 21,88% (21) - ca cpeprbum, 17,71% (17) — HUCKUM,
16,67% (16) — Bpno Bucokmm, a 14,58% (14) — Bpno HUCKUM
pY3MKOM of Kapujeca. Y NpoceyHOM pu3nKy of Kapujeca AoMu-
HaHTaH ceKkTop je cektop ,bakTepuje” (18,85%), cnege ,Mcxpa-
Ha" (17,97%),,0konHoctn” (15.68%) n,OcetbmBoct” (14,65%).
3akspy4vak Kaprorpam nporpam je nokasao Aa cy TpyaHuue
y bar0j Jlyun umane 46,14% ,lwaHce 3a n3beraBarbe Kapujeca
y 6yayhHocTn”. Kaprorpam mogen Moxe ycrneLHo ofpeamnTi
npodun pusnka of Kapujepa 3a TpyaHuLe.

KmbyuHe peun: Kapuorpam; npoueHa pusmka of Kapujeca;
Streptococcus mutans; TpyaHMLEe
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