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Aim. 

 

This study was designed to ascertain whether
schoolchildren with unfavourable dietary habits
have higher values for laser fluorescence on
clinically sound occlusal tooth surfaces than do
those who have favourable dietary habits.

 

Design. 

 

The study was conducted in two phases. In
the first phase, 462 children aged 13–14 years
answered a questionnaire on dietary habits. The
children were ranked according to a total score
based on the presumed harmfulness of their dietary
habits. One hundred children with the lowest and
highest dietary scores were invited to the second

phase of the study consisting of a visual examination,
laser fluorescence scanning of premolars and molars,
and an oral self-care questionnaire.

 

Results. 

 

Seventy-four and 76 children with favour-
able and unfavourable habits, respectively, were
examined. A total of 1221 sound occlusal surfaces
were scanned. Children with unfavourable dietary
habits had higher median laser fluorescence
values than did those with favourable habits (

 

P

 

 <
0.0246). The effect of dietary habits was strongest
in molars.

 

Conclusion. 

 

High laser fluorescence values on several
clinically sound occlusal surfaces of a child may
indicate unfavourable dietary habits.

 

Introduction

 

Dental caries is still a public health concern in
Finland. The mean DMFT score among 12-
year-old children was 1.2 in 1991 and has
remained at that level

 

1

 

. During the past
15 years, sales of chocolate and candy have
increased markedly

 

1

 

, while the frequency of
toothbrushing and, hence, exposure to fluori-
dated toothpaste have remained among the
lowest in Europe

 

2,3

 

. So far, attempts to identify
in advance those individuals who are likely to
develop dental decay have not been very
successful

 

4

 

. Therefore, we decided to determine
whether laser fluorescence could be used to
detect dietary habits that favour the develop-
ment of enamel demineralization.

A laser fluorescence device DIAGNOdent®
(KaVo, Biberbach, Germany) has been
developed to detect early demineralization of
dental enamel. The device has been found to
be promising in detecting and monitoring
demineralization of occlusal tooth surfaces 

 

in
vitro

 

5–7

 

 and 

 

in vivo

 

8–13

 

. It has also been reported

by Li 

 

et al

 

.

 

14

 

 that mean values for laser fluo-
rescence in the first permanent molars were
significantly higher for caries-active than for
caries-inactive 6- to 7-year-old children. The
DIAGNOdent device has been recommended
for use as an adjunct to visual inspection

 

15

 

.
This study was designed to determine

whether schoolchildren with unfavourable
dietary habits have higher values for laser
fluorescence on clinically sound occlusal
surfaces than do those with favourable dietary
habits. Toothbrushing can be assumed to be a
confounding or modifying factor on the
association of laser fluorescence values with
dietary habits and was therefore included in
the analyses. The hypothesis was that children
with favourable dietary habits have lower laser
fluorescence values on sound occlusal tooth
surfaces than do those with unfavourable habits.

 

Materials and methods

 

Phase 1

 

Children in grade 7 (12–14 years old) at 12
junior high schools in the city of Oulu, Finland,
were invited by letter to join the first phase
of the study. Of the total number of 1173
children in 7th grade, 462 (263 girls and 199
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boys) took part in this phase. The mean age
of the children was 13.8 years (SD 0.4). At
school the children answered a computer-
assisted dietary questionnaire under the super-
vision of a dental hygienist. The instrument
had been piloted in the city of Jyväskylä,
Finland, in 2004

 

16

 

. The questions covered dietary
habits during school and leisure time as well
as the amount of money spent on snacks and
the social context while snacking. The answers
were scored between –2 and 2 according to
the presumed effect of the habit on caries risk
(–2 = harmless; 2 = harmful), and a total score
was calculated for each child (Appendix). At
the conclusion of the first phase the children
were ranked according to this score.

 

Phase 2

 

One hundred children with the lowest and
highest dietary scores (favourable and un-
favourable dietary habits, respectively) were
invited to the second phase of the study, which
consisted of a clinical dental examination and
laser fluorescence scanning of the visually
sound occlusal surfaces of premolars and
molars and an oral self-care questionnaire.
One hundred and fifty children (58 boys and
92 girls) took part in this phase. The mean
interval between the dietary questionnaire of
Phase 1 and the procedures of Phase 2 was
0.5 years (SD 0.2). From the oral self-care
questionnaire, only the information regarding
toothbrushing frequency was used in the
current study.

 

Clinical examination

 

An experienced dentist (V.A.) examined the
occlusal surfaces of the molars and premolars
using the light of the dental unit, a plane
mirror and a probe. The reproducibility of the
clinical examination was validated in a previ-
ous study, the kappa value (sound vs. D

 

3

 

MFS)
being 0.85 for the visual examination

 

12

 

. During
the inspection the surfaces were blow-dried
using a 3-in-1 syringe. A blunt probe was used
to feel gently the texture of the surface without
damaging the fissures. Fibre-Optic Transillu-
mination was used as an adjunct to visual
examination to confirm suspected decay.

Surfaces with inactive or initial active caries,
dentinal caries, fillings, and sealants were
excluded from the analyses. The surface was
considered clinically sound when there were
no visual signs of demineralization in the
enamel structure after air drying

 

17

 

. A dental
nurse registered the findings on a laptop com-
puter. During the clinical examination the dentist
was unaware of the dietary group of each child.

 

DIAGNOdent

 

DIAGNOdent® (Kavo) scanning was done after
visual examination of the teeth. The device
was calibrated individually for each child
according to the manufacturer’s instructions.
The surfaces were blow-dried, but not cleaned
professionally. Occlusal surfaces of visually
sound premolars and molars were scanned.
Conical tip A was run along the fissure turning
and tilting with the aid of the acoustic signal
of the device to find the highest value for each
surface. The peak value on a scale from 0 to
99 was called out by the dentist and recorded
by the dental nurse in the same way as in the
clinical examination. In the previous study the
dentist’s (V.A.) intraclass correlation coefficient
(ICC) for the laser fluorescence measurements
was 0.78

 

12

 

.

 

Statistical analysis

 

Because of the skewness of the data, median
laser fluorescence values were used for com-
parisons. Values were calculated separately for
the upper and lower premolars and molars
among the groups of children with favourable
and unfavourable dietary habits. Boxplots
were used to illustrate the distribution of the
group-specific laser fluorescence values. The
statistical software package 

 

SPSS

 

 14.0.1 was
used for the bivariate analyses. The repeated
measures analysis of variance (

 

PROC

 

 

 

MIXED

 

, SAS
Institute Inc., Cary, NC, USA; software release
9.1.3) was used for multivariate modelling to
adjust for the dependency of the observations.
In the multivariate analysis, a logarithmic
transformation was applied to the laser
fluorescence values to reduce the skewness of
the original data. In addition to dietary and
toothbrushing habits, type of tooth (molar/
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premolar) and jaw (upper/lower) were used as
independent variables. Toothbrushing was
excluded from the final model since it did not
modify the effect of dietary habits on laser
fluorescence values.

 

Ethical aspects

 

The Ethics Committee of the Northern Ostro-
bothnia Hospital District gave their approval
for the study. Written consent was obtained
from all participants and their parents. The
education manager of the city of Oulu granted
permission to conduct the computer-assisted
dietary questionnaire survey in the junior high
schools of the city.

 

Results

 

Figure 1 shows the distribution of subjects
according to dietary scores at the end of Phase
1 of the study. The mean dietary scores for the
two subgroups invited to participate in Phase
2 are also shown (

 

n

 

 = 100 in both groups).
Seventy-four children with favourable and 76
children with unfavourable dietary habits took
part in Phase 2. A total of 1221 sound occlusal
surfaces were scanned.

Median laser fluorescence values according
to children’s dietary and toothbrushing habits,
type of tooth and the jaw are shown in

Table 1. The median laser fluorescence value
of children with favourable dietary habits was
lower than that of the children with un-
favourable habits (

 

P

 

 < 0.0246). Table 2 shows
the results of the repeated measures analysis
of variance with the logarithmic laser fluores-
cence value as the response variable and
dietary habits as well as the type of the tooth
and the jaw as independent variables. All the

Table 1. Laser fluorescence values of teeth according to the type of the tooth, dietary habits and toothbrushing frequency.

n
Mean of logarithmic 

laser fluorescence value
Median of laser 

fluorescence value

Interquartile 
range of laser 

fluorescence value

25% 75%

Dietary habit
Favourable 685 1.69 4 2 8
Unfavourable 536 1.86 5 2 12

Toothbrushing*
Two times a day 857 1.75 4 2 10
Once a day 267 1.71 4 2 10
Less than once a day 91 2.07 6 3 14

Type of tooth
Premolar 910 1.46 3 2 6
Molar 311 2.66 14 5 31

Jaw
Upper 588 1.67 4 2 8
Lower 633 1.86 4 2 12

*Toothbrushing data were missing for one person.

Fig. 1. Distribution of the children in the original study 
group (Phase 1) according to dietary scores. Means and 
standard deviations are given for the children who 
participated in Phase 2 of the study.



 

Diet and laser fluorescence of teeth

 

127

 

© 2007 The Authors 
Journal compilation © 2007 BSPD, IAPD and Blackwell Publishing Ltd

 

effects were statistically significant at least at

 

P

 

 < 0.05 level.
Figure 2 shows laser fluorescence values

according to the type of tooth and dietary
habits. Children with favourable dietary habits
had the smallest median laser fluorescence
values. The effect of dietary habits was stronger
in molars than in premolars.

 

Discussion

 

In this study children with favourable dietary
habits had, on average, lower values for laser

fluorescence than did those with unfavourable
habits. This is in line with our study hypothesis
and with the results of Li 

 

et al

 

.

 

14

 

 concerning
caries active and inactive children.

The effect of jaw on laser fluorescence
values was observed in the multivariate
analysis only. Its size and direction agrees with
that reported by Li 

 

et al

 

.

 

14

 

. The reason for the
tendency of higher laser fluorescence values in
the lower jaw can only be speculated. Possible
explanations might be the earlier eruption of
lower teeth and more difficult cleaning and
self-cleaning of occlusal surfaces in mandibular
molars especially while erupting. The differ-
ences in the anatomy of the occlusal fissures
between lower and upper teeth may encourage
more retention of plaque in lower molars
causing demineralization.

In the present study, where we investigated
the applicability of laser fluorescence to
screening of large numbers of children, occlusal
surfaces were blow-dried but not cleaned
professionally. In a previous study

 

18

 

 we found
no significant differences in the laser fluores-
cence values of sound premolars or molars
before and after professional cleaning. Based
on those results, we suggested that cleaning is
necessary only when operative intervention
is considered. In a recent study where laser
fluorescence was used for epidemiological
purposes, Aleksejuniene 

 

et al

 

. also found that
the presence of plaque did not affect the results
of laser fluorescence values to any substantial
level

 

19

 

.
The time interval between the questionnaire

and examination of the teeth was 0.5 years
(SD 0.2). Consequently, for some subjects the
dietary habits at the time of the examination
might not have been the same as those
recorded in the baseline questionnaire. For
those subjects, even the laser fluorescence of

Estimate SE Significance

Intercept 1.34 0.062 P < 0.0001
Type of tooth

Molar = 1, Premolar = 0 1.34 0.034 P < 0.0001
Jaw

Lower = 1, Upper = 0 0.14 0.034 P < 0.0001
Dietary habits

Unfavourable = 1, Favourable = 0 0.23 0.084 P = 0.0246

Table 2. Summary of the results of the 
repeated measures analysis of variance 
with logarithmic laser fluorescence 
values as the response variable. 

Fig. 2. Box plots describing the distribution of laser 
fluorescence values of the occlusal surfaces of sound 
premolars and molars among children with different dietary 
habits. Interpretation of the box plot: – = median; the box 
extends from the lower to the upper quartile (IQR). Values 
more than 1.5 IQR’s from the end of the box are labelled 
as outliers (�).
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occlusal tooth surfaces might have been
affected.

The ethics board required that we obtain
written consent both from the parents of the
children and from the children themselves.
Consequently, less than half of those who
were invited to the first phase of the study
participated in it. It is very likely that the
participants had more favourable habits than
did those who refused to participate.

Oral health habits are known to be associated
with the onset of caries lesions even though
their caries predictive power is modest

 

4

 

. Since
differences in dietary habits were reflected in
laser fluorescence values, laser fluorescence
scanning can possibly be used for identifying
individuals whose dietary habits favour dem-
ineralization. Longitudinal studies are required
to confirm the caries predictive power of laser
fluorescence measurements.
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Appendix

 

A questionnaire on dietary and comfort-eating habits of schoolchildren
1. How often do you eat the following meals sitting down at a table?

2. How often do you eat the following parts of the meal at school?

3. How often do you eat the following snacks?

4. Do they sell soft drinks, candy, or other snacks at your school?

5. How often do you drink soft drinks or eat candy or other snacks while doing the following
things?

 

If you do, do you eat

Every day or almost every day Occasionally during the week Never or hardly ever
Breakfast

 

−

 

2

 

−

 

1 +2
Meal at school −2 −1 +2
Dinner −2 −1 +2
Supper −1 0 +1

If you do, do you eat

Every day or almost every day Occasionally during the week Never or hardly ever
Warm course −2 −1 +2
Salad/vegetables −2 −1 +2
Bread −2 −1 +2

If you do, do you eat

Every day or almost every day Occasionally during the week Never or hardly ever
Candy/sweets +2 +1 −2
Potato chips +2 +1 −2
Soft drinks +2 +1 −2
Concentrated juice +2 +1 −2
Biscuits +2 +1 −2
Sweet rolls/cakes +2 +1 −2
Chocolate +2 +1 −2
Raisins +2 +1 −2
Xylitol-lozenges −1 0 +1

Yes 0

No 0

If you do, do you drink/eat them

Every day or almost every day Occasionally during the week Never or hardly ever
On the way to school +2 +1 −2
At school +2 +1 −2
On the way home from school +2 +1 −2
Upon coming home +2 +1 −2
Doing homework +2 +1 −2
Playing with a computer or a PlayStation. +2 +1 −2
Watching TV or videos +2 +1 −2
Spending time with your friends +2 +1 −2
Playing sports +2 +1 −2
Doing other activities +2 +1 −2
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6. Compared to you, do other kids of your age drink soft drinks, eat candy/sweets and other snacks

7. How often do you buy the following snacks for yourself?

8. How many euros a week do you spend on soft drinks, candy/sweets and other snacks?

9. What is your most common drink at meals (only one choice in each column)

10. What is your most common drink for thirst (only one choice in each column)

11. How often do you use chewing gum?

12. When you use chewing gum, how many pieces during the day?

13. For statistics we would like to know your age and whether you are a girl or a boy
My age is 

I am

Thanks!

Less than you +2
As much as you 0
More than you −2

If you buy, do you buy

Every day or almost every day Occasionally during the week Never or hardly ever
Candy/sweets +2 +1 −2
Potato chips +2 +1 −2
Soft drinks +2 +1 −2

$

At school At home

Milk −2 −2
Juice +2 +2
Concentrated juice +2 +2
Tap water −2 −2
Soft drinks +2 +2
Diet soft drinks +1 +1
Bottled water −2 −2
Something else

At school At home

Milk −2 −2
Juice +2 +2
Concentrated juice +2 +2
Tap water −2 −2
Soft drinks +2 +2
Diet soft drinks +1 +1
Bottled water −2 −2
Something else

If you do, do you chew

Every day or almost every day Occasionally during the week Never or hardly ever
Xylitol chewing gum −2 −1 +2
Other chewing gum +2 +1 −2

Years

a girl

a boy




