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Objectives: The purpose of this study was to investigate the effect of milk and fluoridated milk on bacterially induced
caries-like lesions. Sample and methods: Extracted impacted human molars were cut in half and covered with a varnish
leaving a 4x4 mm window. The samples were coated with biofilm of S. sobrinus and were further divided into three ex-
perimental groups of S. sobrinus, S. sobrinus and milk and S. sobrinus and fluoridated milk. As negative controls served
teeth incubated in saline. Of twenty tooth halves serial ground sections were cut through the lesions and investigated
with polarization light microscopy (PLM) and scanning electron microscopy (SEM) and EDX element analysis. The
PLM photographs were used for 3D reconstruction, volumetric assessment and determination of the extension of the
lesion zones. Of eight tooth halves the biofilm on the enamel surface was studied with SEM and EDX element analysis.
Results: Volumetric assessment showed a statistically significant difference in the volume of the body of the lesion and
the translucent zone between the milk group and fluoridated milk group. Quantitative element analysis demonstrated
significant differences between sound enamel and the superficial layer in the fluoridated milk group. The biofilm on
the enamel surface showed an increased Ca content in the milk group and fluoridated milk group. Conclusions: Milk
as a common nutrient seems to play a complex role in in-vitro biofilm - enamel interactions stimulating bacterial

demineralization on one hand, and, as effective fluoride carrier, inhibits caries-like demineralization.

INTRODUCTION

The effect of fluoridated milk on inhibition and rem-
ineralizing treatment of initial caries lesions has been stud-
ied in clinical'-* and experimental in vitro investigations®-®.
In experimental studies so far a chemical demineralization
model has been used*~® which does not take into account
the oral bacterial environment. Therefore, in this study a
bacterial demineralization model was used which mim-
ics more closely the oral conditions to study the effect
of fluoridated milk on enamel demineralization and rem-
ineralization.

Oral bacteria are the main constituents of the dental
biofilm plaque which covers the tooth surface'®!" and,
therefore enamel demineralization is caused by the pro-
duction of organic acids from bacterial metabolism'> 3
Several factors determine caries development; acid pro-
duction, plaque adherence onto the enamel surface and
bacterial metabolism which is influenced by the dietary
regime of the host! Caries activity of dental plaque is
dependent on the degree of calcium saturation within the
plaque which influences demineralization of the enamel
surface.’

The anticariogenic effect of fluoride is well established'®
and widely accepted. However, there is still debate about

the mechanism of fluoride in enamel remineralization.
Enamel remineralization is not only dependent on
bio-availability of fluoride but also on the calcium and
phosphorus content in the oral cavity. Milk contains rela-
tively high concentrations of calcium and phosphorus and
may therefore be an ideal carrier for remineralization of
enamel'® 7 It has been debated whether milk alone and
milk products have a cariostatic effect'®-?! Recent investi-
gations have shown that fluoridated milk is more effective
in caries inhibition than milk alone® % ° Dietary regimes
and fluoride bioavailability are therefore the keystone for
caries inhibition and remineralization.

It was therefore the aim of this study to investigate the
influence of fluoridated milk on enamel demineralization
and remineralization in an experimental bacterial biofilm
model to achieve further knowledge about fluoridated nu-
tritional components on caries prevention.

MATERIAL AND METHODS

Extracted, impacted human third molars were used for
the experiments. The samples were stored in 0.9% NaCl
solution containing 0.1% Thymol until further use. The
crowns were cut from the root and were further divided
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into two halves in mesio-distal direction along the central
fossa. The samples were washed thoroughly and sterilized
by autoclave, after which the samples were coated with
a varnish leaving a 4x4 mm window on the smooth sur-
face. Five control tooth halves were incubated with saline.
The rest of the samples were incubated for 48 hours with
S. sobrinus in the presence of 4% sucrose in order to form
a biofilm on the samples. The samples where divided into
three experimental groups: 1) five tooth samples incubat-
ed with bacterial suspension of S. sobrinus (group BS), 2)
seven tooth samples incubated with bacterial suspension
and whole milk (1% fat; group BSM), 3) seven tooth sam-
ples incubated with bacterial suspension and fluoridated
milk (110 mg NaF/1 =50 ppm F; group BSFM). The incu-
bation media were changed every two days and once every
two weeks a new inoculum of bacteria supplemented with
4% sucrose was added. The total incubation period lasted
for six months, during that course the bacterial purity of
the samples was checked routinely.

Thirteen tooth samples were used for serial sectioning,
polarization light microscopy and quantitative element
analysis using the SEM EDX system of which 10 were
experimental sites and 3 were controls. Two tooth samples
of each group were used for studying the Ca, P and F
content of the experimental dental biofilm (EDB).

POLARIZATION LIGHT MICROSCOPY

Three samples of the BS group and five samples of the
BSM and BSFM group were embedded in Technovit 9100
(Kulzer) together with four perpendicular oriented metal
positioners as fiducial markers for correct superimposi-
tion of the consecutive serial ground sections of 80um
thickness. A loss of 200 um between each section was
due to the thickness of the sawing blade (Leica 1600).
Between 15 and 20 serial sections were obtained from
one sample of which 5 to 8 sections demonstrated the
experimental caries-like lesion. The serial sections were
then investigated by polarization light microscopy. Digital
microphotographs of each section exhibiting caries-like
lesions were taken.

3D RECONSTRUCTION

From these microphotographs 3D-reconstructions of
the different zones of the lesions were constructed using
Auto-CAD 14 computer program. The outlines of enamel
and of lesion profiles and zones were traced on the com-
puter screen consecutively and digitized. The distance be-
tween every section was 280 um (80 um thickness of the
section and 200 um loss). From the digitized outlines the
total volumes and the extension of the superficial layer,
the body of the lesion and the translucent zone into sound
enamel were calculated and compared using descriptive
statistics.

SCANNING ELECTRON MICROSCOPY

For studying the EDB three samples of each group
were fixed in 2.5% glutaraldehyde after incubation. One
half of the EDB was removed after fixation, then the
samples were critical point dried, covered with carbon
and used for element determination with EDX analysis
of the biofilm, and underneath the biofilm on the enamel
surface.

From serial sections of the other thirteen samples
three sections of each tooth showing the lesion were coat-
ed with carbon and examined with a scanning electron
microscope (Philips XL 30 FEG) at 20 kV using backscat-
tered electron detector. Element content in weight % of
Ca, P,C and F was measured with energy dispersive X-ray
analysis (EDX) by means of S-UTW (EDAX) detector.
The count rate was between 1800 and 2000 counts per
second with a dead time of 30 %. Measuring time was
30 s (live seconds) with a resolution of 135.8 eV and an
amplification time of 50 us. In each of the different zones
3 spot measurements (spot size 2 nm) were carried out
in every section.

STATISTICS

The measured values were statistically evaluated using
the non-parametric Kruskal-Wallis-test and the ANOVA
test for repeated measurements. All calculations were car-
ried out with SPSS 10.0 for Windows computer program.
As three statistical tests were carried out with the same
set of data the Bonferoni correction for a = 0.05 resulted
in a p-value of 0.016.

RESULTS

Polarization light microscopy revealed distinct ho-
mogenous caries-like lesions in all groups. The superficial
layer of the samples incubated in bacterial suspension and
fluoridated milk (group BSFM) was the largest (Fig. 1).
Volumetric assessment of the body of the lesion showed
values between 610 um? and 810 um? for the samples incu-
bated with bacterial suspension (group BS), 290-810 um?
for group BSFM, and 1400-4300 um? for group BSM. The
volume of the body of the lesion in group BSM was about
5 fold larger than in both other groups (Table 1). The vol-
umes of the translucent zone in group BS were in a range
between 260 and 1570 um?, for group BSFM between
360-1130 um?® and for group BSM between 120-340 um?
(Table 1).

Ca, P and C content varied considerably between the
superficial layer and sound enamel. A statistically sig-
nificant difference in the Ca and P content was found
between the superficial layer and sound enamel in group
BSFM and BS (Figs. 2 and 3). The C content in the su-
perficial layer was 37.37 wt% (£ 28.98) in the BS group,
12.84 wt% (+ 6.61) in the BSM group and 41.75 wt%
(£ 34.01) in the BSFM group. All values were significantly
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Table 1. Volumes and extension of the lesion zones in the different groups.

Sample group Volume of the' Body Volume of Extension of tl}e Extension of
of the Lesion Translucent Zone Body of the Lesion Translucent Zone

BS 810 1570 290 330
BS 610 380 310 410
BS 730 260 280 270
BSFM 290 1130 290 270
BSFM 810 430 760 270
BSFM 530 540 430 260
BSFM 610 460 590 290
BSFM 380 360 310 260
BSM 1400 120 300 280
BSM 3700 260 310 290
BSM 4300 210 240 260
BSM 3600 340 290 270
BSM 4100 230 270 310

Volumes are expressed in um?, extensions are expressed in um.

Table 2. Mean values, standard deviation and statistical comparison of the Ca/P ratio in the superficial layer.

Sound enamel

Bacteria + whole milk

Bacteria + F-milk

Mean 1.98 1.99 1.90
SD 0.13 0.15 0.54
Statistical comparison ? p <0.001 T

There is a statistically significant difference of the Ca/P ratio between sound enamel and the bacteria + F-milk group.

Table 3. Mean values of the element content in wt% of Ca, P and F of the biofilm
and enamel surface underneath the biofilm.

Biofilm Cleaned surface
Sample group
Ca P F Ca P F
BS 0.63 0.42 0.2 38.9 19.3 0.6
BSM 1.2 0.57 0.1 35.7 20.8 0.8
BSFM 1.5 0.7 0.2 35.8 21.8 1.2

An increased amount of Ca and P was found in the biofilm of the milk and fluoridated milk group.
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Fig. 1. Polarization light micrograph of experimental
caries-like lesions. a) = incubation with bacte-
rial suspension (group BS), b) = incubation with
whole milk (group BSM), ¢) = incubation with
fluoridated milk (group BSFM). The lesion with
fluoridated milk showes an increased extension
of the superficial layer.
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Fig. 2. Ca content in the superficial layer. Group BS = in-

cubation with bacterial suspension, group BSFM
= incubation with bacteria and fluoridated milk,
group BSM = incubation with milk. Ca content
on the Bs and BSFM group is significantly lower
than in sound enamel.

larger compared to sound enamel (10.68 wt% + 4.59) with
a relatively large variance between groups BS and BSFM
(Fig. 4). Ca/P ratio in the surface layer was 1.91 (£ 0.27)
in the BS group, 1.99 (£ 0.15) in the BSM group and 1.90
(£ 0.54) in the BSFM group. Compared to sound enamel
(1.98 = 0.13) the Ca/P ratio was statistically significant
different in the BSFM group (Table 2). The Ca content
in the body of the lesion after incubation with bacterial
suspension (group BS) was 35.99 wt% (£ 4.38), in the
BSM group 39.21 wt% (+ 4.23) and in the BSFM group
35.69 wt% (£ 6.98) with a significant difference between
the BSM group and sound enamel. The P content in the
body of the lesion was 18.22 wt% (+ 1.86) in the BS group,
19.63 wt% (£ 1.7) in group BSM and 17.96 wt% (£ 3.17)
in group BSFM. The F content in the superficial layer of
group BS was 0.44 wt% (£ 0.36) in group BSFM 0.39 wt%
(£ 0.22) and that of group BSM was 0.33 wt% (£ 0.2).
F content did not differ statistically in any group or any
lesion zone.

Measurements of the element content for Ca, P and F
showed no differences on the enamel surface underneath
the biofilm (Table 3). The Ca content within the biofilm
was higher in group BSFM and BSM (1.2 and 1.5 wt%)
than in group BS (0.61 wt%). The Fluor content was simi-
lar in all three groups (Table 3).

DISCUSSION

Dental caries is the result of enamel demineralization
caused by acid produced by bacteria in dental biofilms.
It is well established that fluoride reduces the develop-
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Fig. 3. P content in the superficial layer. Group BS = in-

cubation with bacterial suspension, group BSFM
= incubation with bacteria and fluoridated milk,
group BSM = incubation with milk. P content
on the Bs and BSFM group is significantly lower
than in sound enamel.
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Fig. 4. C content in the superficial layer. BS = incubation
with bacterial suspension, group BSFM = incu-
bation with bacteria and fluoridated milk, group
BSM = incubation with milk. P content on the
Bs and BSFM group is significantly lower than in
sound enamel. The largest C content was found
in the BSFM group.
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ment of caries lesions. A considerable amount of re-
search has been conducted on investigating the influence
of various foods on caries development??-** It has also
been discussed, that milk and milk products may have
a cariostatic effect'” 2> 2° The cariostatic effect of milk
and milk products may be due to their high content of
Ca and P ions, the buffer capacity, or to the content of
casein phosphopeptides'” 2% 26, However, there has been a
controversial discussion about the fluoride availability in
milk?. Milk fluoridation has been suggested as an alter-
native to water fluoridation because milk is an important
food for children® 2453,

Previous studies have shown that milk and fluori-
dated milk reduces the caries progression in enamel®®°
and on root surfaces’. It has been discussed that this ef-
fect may be due either to incorporation of fluoride into
the enamel surface which may result in the formation
of fluor-apatite’ or to an increase in remineralization of
enamel apatite®. The present study using a biofilm model
showed decreased Ca content in the superficial layer of
the bacteria and fluoridated milk group, but not in the
bacteria and milk group. The Ca/P ratio, however, resem-
bled that of the Ca/P ratio of sound enamel reflecting a
normal hydroxyapatite composition. Furthermore the Ca
and P content in the superficial layer of the BSM group
was similar to that of sound enamel. The porous volume
of the superficial layer of the BSFM group is obviously
larger than in the other groups with little remineralization
enabling diffusion of Ca and P ions into deeper parts of
the lesion and re-precipitation of hydroxyapatite in the
presence of fluoride ions. This assumption is supported
by the measurements of the C content as this reflects the
porosity of enamel due to imbibition of embedding resign
and which was similar to that of sound enamel in the
BSM group. As the body of the lesion in the BSM group
is larger than in the BS and BSFM group the higher Ca
content in the surface layer of the BS group may be due to
reprecipitation of Ca and P from dissolved hydoxyapatite
of the body of the lesion.

The results showed the smallest body of the lesion
after incubation with fluoridated milk. The higher poros-
ity of the superficial layer in the BSFM group may have
resulted in a higher remineralization of the body of the
lesion due to better diffusion of Ca and P ions.. The larger
translucent zone in the bacteria + fluoridated milk group
may be explained by the re-precipitation of Ca and P in
the advancing front of the carious lesion. In this case
mainly diffusion of dissolved ions takes place between
the body of the lesion and the translucent zone but there
is less diffusion between the body of the lesion and the
superficial layer.

In laboratory models the development of experimen-
tal plaque and its influence on enamel demineralization
is strongly dependent on nutritional and environmental
conditions'* 3. The small body of the lesion in the BS
group can be explained by the lack of other nutritional
components in the incubation medium reducing bacte-
rial metabolism. Thus in the BSM group the body of the
lesion is relatively large due to accelerated bacterial me-
tabolism supported by the nutritive effect of milk.

It has been shown that the S. mutans enolase is in-
hibited by fluoride and therefore reduces bacterial
metabolism?®. Fluoridated milk therefore, may increase
remineralization and/or inhibit bacterial metabolism
and reduce demineralization. A previous in vitro studiy
showed that milk alone does not reduce demineralization
compared to pure demineralization solution in a chemi-
cal demineralization model because no differences in
the volume and the mineral content were found between
whole milk and demineralization solution®. In this bacte-
rial model whole milk alone may accelerate bacterial me-
tabolism thus contributing to demineralization. Bacteria
alone, without additional alimentary factors, lead to less
demineralization and a smaller body of the lesion similar
to that of fluoridated milk.

In this biofilm model the milk contained 50 ppm fluo-
ride. It has been reported that small amounts of fluoride
inhibit enamel demineralization®” 3°. Higher concentra-
tions of fluoride may also have an inhibitory effect on
bacterial acid production®' hence inhibiting enamel dem-
ineralization. Therefore the caries lesions in the bacterial
model are smaller and less pronounced. It could also be
shown that neither in the biofilm nor in the enamel sur-
face underneath the biofilm there is an increased amount
of F measurable. It is therefore likely that F is not incorpo-
rated into the biofilm of superficial dental enamel.

In this study it could be shown that whole milk with
1% fat added to an experimental biofilm model of S. so-
brinus over a time period of six months contributes to
enamel demineralization resulting in a three to ten fold
larger body of the lesion. Obviously, whole milk accel-
erates bacterial metabolism and biofilm formation and
maturation?®. Fluoridated milk may act two fold either
increasing enamel remineralization or inhibiting bacterial
metabolism within the dental biofilm?.

It is concluded that, within the limits of two experi-
mental in-vitro models of enamel demineralization under
chemical conditions ¢ and due to medium term biofilm
maturation, milk plays a very complex role. Exposure of
enamel to milk results in the inhibition of demineraliza-
tion over a period of six months on one hand, on the
other hand milk itself contributes to biofilm maturation
resulting in a much higher demineralization potential and
greater volume of lesions. According to the results of both
models there is no doubt that milk is an effective fluoride
carrier thus preventing lesion progression, but unable to
prevent the initiation of the demineralizng process.
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