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CHAPTER 8

SUMMARY

Dental caries is a major disease in modern society. In the past
dental caries has been considered mainly as a demineralization
process causing firstly loss of mineral through an intact surface
layer and ultimately leading to cavitation.

In the last decade some investicaters showed that demineraliza-
tion could be reversed (remineralization).

Recent studies demonstrated conclusively that dental caries is

actually a situationof unbalance between de- and remineralization.

Aim of the investigation was firstly to study remineralization
in vivo longitudinally over a period of 3 month.

Two different enamel defects have been studied:
1. subsurface enamel lesions.

2. surface softened enamel {(an initial stage of lesion formation).

A second aim was to investigate in detail the enamel properties
after the 3 month remineralization period, and to attempt to cor-

relate remineralization and salivary properties.

Human enamel specimens were placed in the prostheses of 30 pa-
tients for 3 month. The patients were divided in three groups: a
brush (tooth paste 1500 ppm F ), a rinse(50 ppm F ) and a control

group.

In chapter 1, de- and remineralization are introduced and des-
cribed briefly. A schematical presentation is given of the 3 ena-
nel defects most interesting from the view point of remineraliza-
tion: subsurface lesions, surface softened enamel and etched ena-
mel.

In the second chapter a survey of the litterature on reminera-
lization is given; important in vitro data are summarized briefly.

This chapter shows two impvortant aspects:
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1. in vitro and in vivo remineralization are most likely very - 2. Ir
ferent, 3. Af
2. previously published clinical remineralization studies give =:.- of
ther DMFS values (but no information on the remineralization Ly
phenomena) or, in experiments using enamel in prostheses lim:- 4. In
ted information, because only a few patients were used (no s- .- nej
tistical analysis). 5. The
wee
In chapter 3 methods and materials are described. Specimen z: - ly
paration, fixation of the specimens in the prostheses as well =z-
patient selection and patient instructions are presented in detz:. In
The experimental techniques employed are microhardness inder- - descri
tion measurements, microradiography (MR), secondary ion mass su< - that o]
trometry(SIMS) especially for F determination, infra red specz:r - patien;
copy (IR) and scanning electron microscopy (SEM). ted for
Indentation measurements were done on sound and demineralicz: . The
enamel at the beginning of the experiment (t = 0). Reminerali:. . 1. Soft
enamel was measured at t = 2, 4, 16, 30, 33, 58 and 87 days. T.- comp
nally at t = 87 the sound enamel value was determined again. 2. Soft
After 3 month SEM, IR, MR and SIMS measurements were done - plet
the in vivo remineralized specimens. 3. Afte
Furthermore the methods for the determination of pH, buffcr brus,
pacity, total calcium, free calcium and total phosphate cont: 4. Surf:
in the patients saliva are described. to pe
5. The :
Chapter 4 gives the results of lesion remineralization as - rehar
sured by means of microhardness measurements, teror
In the first part examples of lesion remineralization oI : Assur
vidual patients are presented. The remineralization sometim- - may e
fluctuated strongly in one individual during the 3 month =z<c:. | month
Two enamel specimens positioned in one mouth do remineral:i:z. de., A
times quite different. month
In the second part data averaged over 20 enamel specimer: 6. Mater
patients) are given and discussed. shing
group:

The main conclusions from this chapter are:
Subsurface lesions are remineralized in vivo very o

1.
the in vivo rer:

compared to in vitro remineralization,

zation process is orders of magnitude slower.
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2. In the remineralization process saliva plays an important role.

3. After 3 month in vivo remineralization the rehardening effects
of the 3 groups are:
brush group(C) = zontrol group(A) > rinse group(B),

4. In the brush and control group there is a more continuous remi-
neralization than in the rinse group.

5. The remineralization rate is relatively fast in the first two
weeks, For longer periods the remineralization rate is extreme-

ly slow.

In vivo remineralization resultson surface softened enamel are
described in chapter 5. The set-up of chapter 5 is comparable to
that of chapter 4. In addition, material loss values due to enamel-
patient interaction or due to brushing (or rinsing) are investiga-
ted for all 3 groups.

The main conclusions from chapter 5 are:

1. Softened enamel remineralization in vivo is relatively fast as
compared to subsurface lesion repair.

2. Softened enamel is with respect to subsurface lesions more com-
pletely repaired.

3. After 3 month the in vivo rehardening effects are:
brush group(C) >> cosiirol zvour{i, > rinse group(B).

4. Surface softened enamel remineralization differs from patient
to patient and from specimen to specimen.

5. The rehardening rate of the control group is very small. The
rehardening rate of the brush group is fast up to 1 month; la-
teron the rate is = 1 pmindentation length reduction in 8 days.
Assuming linearity to be valid at periods over 3 month, one
may expect complete rehardening (up to the sound level) in = 4
month. For the rinse group a similar extrapolation can be ma-
de, Assuming linearity full repair may be expected in about 7
month.

6. Material loss due to enamel-patient interaction or due to bru-
shing (or rinsing) is negligible and comparable for all 3

groups investigated.
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In chapter 6 the main results of measurements on the enamel af-
ter 3 month in vivo remineralization are given. Microradiography
is most suitable for the interpretation of mineral deposition as
far as lesions are concerned. Mineral deposition of surface softe-

ned enamel is (due to the origin of this type of enamel defect)

much more different to follow with this technique.

Considering the 3 groups of interest we have (after 3 month):

brush > V ceontrol > V rinse
sl sl

14
sl
is the average volume% of mineral in the surface la-

in which VSl
yer covering the lesion,

For the Vl values (Vl is the minimum mineral content in the le-
sion body we have:
VZ brush > VZ control = VZ rinse,

Calculation of the ratio Vsl/vl gives for all groups a constant
value of 1.1 (after 3 month),

The average lesion depth (dl) of the 3 groups are after the in
vivo experiment:
dZ brush = dz rinse = dZ

Microradiography gives also the dSl value (dsl being the thick-
ness of the surface layer).

For all 3 groups the ratio dsl/dl ~ 0.4,

From the fact that VSl/Vl and dsl/dl are constant we have to
conclude that in all 3 groups the remineralization mechanism of

mineral deposition is the same; however in case of brushing remi-
neralization is more efficient.

The fluoride distribution data on the in vivo remineralized
specimens lead to the following conclusions:

For lesion remineralization:
1. For an efficient remineralization, the acquired fluoride should

reach the lesion front.
2, The F_ gradient (more than the absolute value of F ) determi-

nes most likely the remineralization efficiency.
3. The amount of F_ in the agent (50 ppm rinse and 1500 ppm brush
is not crucial for the amount of F acquired near the enamel

surface in a lesion; but is indeed crucial near the lesion fron-.

For surface softened remineralization in wvivo:

1. Very near the outer enamel surface (= 0.1 ym) we have:
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P~ brush > F rinse > F_ control.

2. F  levels in the rinse experiment create a rather high F con-
tent 0.2 - 1.0 pm from the outer surface.

3. F  in the brush group penetrates deep into the softened enamel

up to 30 um.

The most important result of the SEM experiments is the obser-
vation that the surface roughness present in surface softened en-
amel causes a local bactertal penetration in the enamel. This was
especially evident in control and rinse group, less in the brush
group.

Another result from SEM studies was that in lesion reminerali-
zation, the outer surface seems to be relatively porous. Precipita-
tion on the outer enamel surface was not observable,

The IR data show that the IR spectra of sound and reminerali-
zed enamel are nearly identical. However, quantitatively both the

2- 2=

CO3 and HPO contents are roughly 1.5 x larger in reminerali-

zed than in sound enamel.

In chapter 7 various salivary data are presented. In the second
part correlations with remineralization parameters are described.
If one correlates the individual salivary properties with indivi-
dual remineralization parameters we find linear positive correla-
tions between:

1. V. (minimum mineral content in the lesion) and the free Ca2+

cintent in saliva.

2. Vl and the salivary pH.

3. o (the relative microhardness indentation length reduction) and
the .salivary pH (lesion experiment).

4. o and the free Ca2+ content. This correlation was found both in

the lesion experiment and in the surface softening experiment.

In conclusion we can say that:

a) Enamel defects still in the surface softening stage can be re-
mineralized much faster and more complete than subsurface le-
sions.

b) In both experiments (lesions and surface softened enamel) the

use of a fluoridated tooth paste was much more efficient in re-
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c)

e)

£)

oy

mineralization than rinsing with fluoride.

In the surface softened enamel remineralization experiments,
the efficiency of remineralization is always better in the con-
trol than in the 50 ppm F rinse group.

The fluoride gradient and especially the fact that the F  must
reach the lesion front is crucial for remineralization effi-
ciency.,

Remineralization in vitro and in vivo are completely different
as far as efficiency and speed are concerned.

SEM experiments show that after 3 month in vivo remineraliza-
tion, the outer surface of lesions is still porous; there is nc
surface precipitation or bacterial penetration. Surface softe-
ned enamel showed often local bacterial penetration.
Remineralization is strongly patient and enamel specimen depen-
dent.

From the salivary point of view the pH and free calcium content

are most important parameters in the mineral deposition proces-

ses.
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