
Abstract The aim of the study was to evaluate the fluo-
ride release of polyacid-modified composite resins (Dyr-
act, Compoglass) submitted to brushing abrasion. Twen-
ty samples were taken from each material and stored in a
buffer solution (pH 4.0) for 12 days. Each day, the sam-
ples were transferred to a fresh solution. Ten samples of
each material were brushed in an automatic tooth-brush-
ing machine (250 strokes, 260-g load) every fourth day.
The remaining samples were not subjected to brushing.
Fluoride content of the solutions was measured with a
fluoride sensitive electrode after the addition of TISAB.
Statistical analysis demonstrated significant differences
between the two materials with regard to cumulative flu-
oride release within the 12 days of the experiment. How-
ever, no difference was observed between the fluoride
release of the brushed samples compared to the un-
brushed specimens. This was true for both, the cumula-
tive fluoride release and its release on the day following
brushing. It is assumed that regular brushing of the test-
ed materials did not influence their release of fluoride
and that brushing of polyacid-modified composite resins
does not lead to maintaining their initially high level of
fluoride release.
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Introduction

It has been documented that fluoride is released from
polyacid-modified composite resins (compomers). The
fluoride release is claimed to hamper demineralization at
the margins of a restoration [10]. However, the maxi-
mum release of fluoride occurs within the first day after
hardening, thereafter falling to a plateau [1,14,27]. It has

been suggested that the low amount of fluoride released
after a few days is insufficient to be cariostatically effec-
tive [20]. Therefore it would be of great interest to coun-
teract the initial high loss of fluoride and to maintain a
continuously increased level of fluoride released from
restorative materials. Conventional glass ionomer ce-
ments are considered to act as a rechargeable fluoride re-
lease device following the application of fluoridation re-
gimes [11,26]. However, there is no commonly held
view in the literature on whether compomer materials
can also be replenished with fluoride [4,22]. In studies
dealing with the fluoride release of restorative materials,
it is common practice to use polished specimens. Usual-
ly, the surfaces of these specimens were additionally not
treated after polishing. However, in the oral cavity the
surfaces of restorations are subjected to various influenc-
es due to mastication, toothbrushing or the impact of low
pH-values after erosive and cariogenic challenges, re-
spectively. Jost-Brinkmann [19] recently showed that
treatment of the surface of a polyacid-modified compos-
ite resin with an air-polishing device resulted in an in-
creased fluoride release. The air-polishing of the speci-
mens counteracted the decrease of fluoride release,
which occurred within the first few days. It is not
known, whether this is also true for tooth-brushing
which affects the surface of restorative materials as well
[13,23]. It would be desirable that tooth-brushing also
leads to a maintenance of a constantly high fluoride re-
lease from fluoride-containing materials. Cariogenic or
erosive challenges are causing a decrease of the pH val-
ue at tooth surfaces. It is generally accepted that the ca-
riostatic activity of fluoride depends mainly on the pres-
ence of fluoride in the liquid phase around and in the
outer surface layer of a tooth at low pH values [24,25].
Hence, it would be of great importance to maintain a
high fluoride release from restorative materials particu-
larly at low pH values.

The aim of the present study was, therefore, to assess
the effect of brushing polyacid-modified composite res-
ins on the maintenance of a high fluoride release in an
acidic environment.
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Materials and methods

In this study, the polyacid-modified composite resins
Dyract (DeTrey Dentsply, Konstanz, Germany) and
Compoglass (Vivadent, Schaan, Liechtenstein) were in-
vestigated (Table 1). 

Preparation of the samples and analysis
of fluoride release

Twenty samples were taken from each material. The ma-
terials were put into cylindrical cavities (height 1.6 mm;
diameter 20.0 mm) of disc-shaped molds of a fluoride-
free acrylate resin (Technovit 4071, Kulzer, Wehrheim,
Germany). The polyacid-modified composite resins were
applied in three to four portions which were lightcured
for 60 s each. After hardening, all specimens were stored
in a humid atmosphere for 24 h at 37° C. The specimens
were ground flat with water-cooled carborundum discs
(500–1000 grit; Water Proof Silicon Carbide Paper, 
Struers). The samples were scrutinized for porosity with
the naked eye. The ones that were porous were discarded
from the study.

Then each specimen was stored in 3 ml acidic solu-
tion (pH 4.0) mixed as described previously [1] for a pe-
riod of 12 days. Polypropylene flasks (Greiner, Fricken-
hausen, Germany) with a tapered shape were used for
storing the specimens. The tapered shape enabled the
samples to be placed inside the flasks in a way that the
polished surfaces of the specimens were totally covered
with the acidic solution. The samples were transferred
daily to a fresh solution. Before their transferal to the
new solution. ten specimens of each material were
brushed every fourth day with 250 brushing strokes (200
strokes / min) The remaining samples were not brushed.
Brushing abrasion of the specimens was performed with
an automatic toothbrushing machine (VDD Elektronik,
Freiburg, Germany) described in detail previously [2].
Toothbrushes with medium bristle stiffness were used
(Clips Wechselkopf Medoral, Diedenhofen, St. Augustin,
Germany) and renewed after brushing five specimens
from the same experimental group. In order to ensure
brushing of the complete surface of the tested materials,
it was necessary to alter the toothbrushes. Thus, the
heads of the toothbrushes were cut off and fixed in a
way, so that the long axes of the head of the toothbrushes
were perpendicularly aligned to the direction of the
brushing movement. Brushing was carried out at a load
of 260 g in 20 ml of an abrasive slurry. The abrasive

slurry was prepared by mixing 5 ml artificial fluoride-
free saliva [21] with 1 g dentifrice. Nonfluoridated denti-
frice based on the formulation of Elmex (Gaba, Therwil,
Switzerland) with an REA-value of 4.2±0.3 and a RDA-
value of 77± 2 was used for preparing the slurry [5]. The
slurry was renewed for each specimen.

The solutions were buffered with an equal amount of
TISAB II (Orion Research, Cambridge, Mass., USA).
Fluoride in the solutions was analyzed with a specific
fluoride electrode (Orion Research). The amount of fluo-
ride eluted from the materials was converted into micro-
grams of F- released per unit surface area of the speci-
mens (µg/cm2). 

Analysis of variance with repeated measurements was
applied to the data for statistical analysis. Significance
was set at P≤0.05.

Determination of material loss due to brushing

In order to determine the effect of the brushing proce-
dure on the surface of the materials, five specimens of
each material were prepared as described above and also
polished with a diamond spray (3 and 1 µm; DP-Spray
P3, Struers). The surfaces of these samples were covered
with tape (Tesa, Beiersdorf, Hamburg, Germany) leaving
an exposed area of 1.8 mm×10.0 mm in the center of the
restorative materials. Polishing of the samples with dia-
mond spray and covering part of the surfaces was done
to ensure reference surfaces were available when mea-
suring the depth of the abrasion grooves. The samples
were stored in buffer solution for 4 days and subjected to
a single implementation of the brushing procedure as de-
scribed above.

After brushing, the tapes were removed and the abra-
sive wear in the brushing grooves was quantitatively as-
sessed with a laser profilometer (Microfocus; UBM
Messtechnik, Ettlingen, Germany) as previously de-
scribed [3]. Additionally surface texture was evaluated
recording the average (Ra-value) and maximum (Rmax
value) peaks of the surface profile. Comparisons be-
tween the brushed and unbrushed samples were per-
formed by Student’s t-test.

Results

Data of the cumulative fluoride release from the tested
materials during the 12 days of the experiment are pre-
sented in Fig. 1. The following mean values (SD) were

Table 1 Batch-no., fluoride
content and mean size of fluori-
dated particles of the tested ma-
terials

Product Batch-no. Fluoride content Particle size
(wt %)

Compoglass 708547 10.08 in the Ba-Al-fluorosilicate-glass 1.60 µm
2.47 in form of YbF3 0.25 µm

Dyract S9501188Z 8.70 in the Sr-Al-Na-fluorosilicate-glass 2.50 µm
1.50 in form of SrF2 1.50 µm
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Table 2 Mean, daily fluoride
release [µg/cm2] of the tested
materials within the period of
12 days. Standard deviation is
given in parentheses

Fig. 1 Mean cumulative fluoride release and standard deviation
(SD) of brushed and unbrushed samples after 12 days

Day Compoglass Dyract

Unbrushed Brushed Unbrushed Brushed

1 8.8 (0.5) 7.9 (0.5) 8.2 (1.1) 8.5 (0.7)
2 6.1 (0.5) 5.9 (0.5) 6.5 (0.5) 6.9 (0.7)
3 5.4 (0.5) 5.5 (0.6) 4.8 (0.2) 5.1 (0.5)
4a 5.5 (0.5) 5.3 (0.3) 4.4 (0.2) 4.6 (0.4)
5 4.6 (0.4) 4.4 (0.2) 3.7 (0.2) 3.7 (0.4)
6 4.7 (0.3) 4.5 (0.3) 3.9 (0.2) 4.0 (0.4)
7 4.5 (0.4) 4.3 (0.4) 3.7 (0.1) 3.9 (0.4)
8a 4.5 (0.4) 4.4 (0.1) 3.8 (0.1) 3.9 (0.4)
9 4.0 (0.3) 4.2 (0.1) 3.5 (0.1) 3.7 (0.4)

10 3.3 (0.2) 3.2 (0.2) 2.9 (0.1) 3.1 (0.3)
11 3.3 (0.2) 3.2 (0.2) 2.8 (0.1 ) 3.0 (0.3)
12a 2.3 (0.1) 3.1 (0.1) 2.7 (0.1) 2.8 (0.3)

a Day following brushing

Table 3 Mean values of the surface roughness parameters Ra and
Rmax, and the depth of the brushing groove [µm] after a single im-
plementation of the brushing procedure. Standard deviation is giv-
en in parentheses

Compoglass Dyract

Ra-value
Unbrushed 0.25 (0.03) 0.24 (0.05)
Brushed 0.35 (0.03) 0.43 (0.12)
P valuea P=0.0008 P=0.0114

Rmax-valu
Unbrushed 2.38 (0.69) 2.37 (0.26)
Brushed 4.98 (1.27) 5.03 (2.28)
P-value P=0.0038 P=0.001

Depth of brushing groove 0.82 (0.47) 2.76 (0.73)

aP-values of the comparison between the brushed and unbrushed
samples.

recorded for the materials: Compoglass [unbrushed: 57.0
(3.2) µg/cm2, brushed: 55.8 (1.9) µg/cm2]; Dyract [un-
brushed 50.7 (1.8) µg/cm2, brushed: 53.1 (4.1) µg/cm2].
Differences between the materials were statistically sig-
nificant (P=0.0001). With both the brushed and un-
brushed samples, Compoglass revealed a higher fluoride
release than Dyract. However, no statistically significant
difference was observed between the cumulative fluoride
release of the brushed compared to the unbrushed sam-
ples for either of the materials (P=0.2617). 

The daily fluoride release of the materials is presented
is Table 2. Statistical analysis revealed a significantly
continuous decline of the fluoride release within the ex-
perimental period for all materials (P=0.0001). This was
true for both, the brushed and unbrushed specimens.
Moreover, for all materials no significant difference was
detectable between the unbrushed and the brushed sam-
ples irrespective of which day it was in the experiment
(P=0.4987). Similar findings were also found for days 4,
8 and 12, which directly followed the brushing proce-
dure.

For all materials under test, no visual differences in
surface texture were observed between the brushed and
the unbrushed areas of the samples. The results of the
surface texture evaluation and the profilometrical analy-
sis of the wear of the brushed samples are presented in
Table 3. Brushing abrasion of the two materials was neg-

ligibly small. Surface roughness-values were statistical-
ly, significantly different between the brushed and un-
brushed samples of both materials.

Discussion

The aim of the present study was to determine the fluo-
ride release of polyacid-modified composite resins after
toothbrushing. The samples were stored in an acidic me-
dium for a period of 12 days. Fluoride release of polyac-
id-modified composite resins and (resin-modified) glass
ionomer cements is increased in acidic solutions com-
pared to a neutral medium [4,1,15]. Moreover, it could
be demonstrated that brushing abrasion of these materi-
als is significantly enhanced under acidic conditions [3].
In the present study, an acidic storage medium was there-
fore chosen in order to enhance both, fluoride release
and brushing abrasion of the tested materials. Moreover,
storage in the acidic buffer solution simulated the oral
conditions during an erosive or a cariogenic challenge.

In the present study, the materials were submitted to
brushing abrasion every fourth day. We could previously



demonstrate that the tested materials revealed a continu-
ously low fluoride release within 28 days after an initial-
ly high fluoride release on the first 2–4 days [1]. It seems
to be probable that this initial high fluoride release with-
in the first four days is generated mainly by diffusion of
fluoride ions from the outermost layer of the materials.
Therefore, brushing abrasion in the present study was
performed after four days in order to attack and remove
the outermost layer exactly after the first few days of
pronounced fluoride release. Brushing abrasion (instead
of grinding of the surfaces) was performed in order to
simulate clinical conditions.

In the present investigation, the specimens were
brushed with 250 strokes at a load of 260 g which
amounted to 2.6 N. Previous studies had demonstrated
that the individual force applied during brushing
amounted to 1.6 –13.1 N [6,7,12]. It is therefore suggest-
ed that the load chosen in the present study simulates a
low brushing force. Furthermore, it has been document-
ed that patients brush their teeth at a frequency of 4.5
strokes/s [17]. Taking into account that during meticu-
lous toothbrushing each tooth is brushed approximately
for 5–10 s, it may be assumed that during a single period
of toothbrushing about 20–40 brushing strokes are ap-
plied per tooth. This amounts to 40–80 brushing strokes
per day provided that toothbrushing is performed twice a
day. Hence, the number of brushing strokes applied ev-
ery fourth day summarizes and reflects the suggested
number of strokes performed within 4 days.

Fluoride release of the two polyacid-modified com-
posite resins decreased continuously within the experi-
mental period. This finding corresponds with several
previous investigations [1,13,16,27]. Toothbrushing of
the specimens did not influence fluoride release of the
tested, fluoride-containing materials. This was true for
the cumulative fluoride release and for the fluoride re-
lease on the day following brushing. This observation
does not correspond with the findings of the previously
published study by Jost-Brinkmann [19]. In this particu-
lar study, polyacid-modified composite resin specimens
were submitted to air-polishing resulting in an increased
fluoride release compared with samples that were not
air-polished. The outcome of this study suggests that the
removal of the outermost layer of the specimens by air
polishing may lead to exposure of a layer that is not de-
pleted of fluoride. It is described that air-polishing re-
sults in roughening of the surface of polished resin-based
restorative materials. This effect can be observed by
profilometrical analysis, but sometimes even clinically
with the naked eye [8,9,18]. Furthermore it is reported
that air-polishing of glass ionomer cements and compos-
ite resins leads to surface abrasion of up to 575 µm and
120 µm, respectively. In the present study, the profilo-
metric analysis merely detects minimal wear of the mate-
rials due to brushing compared with the values reported
after air polishing. Moreover, the increase in surface
roughness of the surfaces was small, although statistical-
ly significant. Also, changes in surface texture were not
macroscopically discernible. It is therefore suggested

that the applied brushing procedure does not lead to ex-
posure of a fluoride rich layer in the materials, which
had been presumed to occur after air-polishing. 

In a previous study, it was shown that the tested mate-
rials could not be replenished with fluoride by applica-
tion of a fluoride containing dentifrice [4]. As a result of
the present study, it is concluded that toothbrushing is
not able to counteract fluoride loss occurring from the
materials during the first few days of the experiment nor
maintain a constant fluoride release thereafter at a level
as high as within those first few days.

Generally, abrasion of restorative materials is an unde-
sirable effect that had an influence on the longevity of a
restoration. Moreover, it is important to notice that the in-
fluence of fluoride released from restorations on second-
ary caries development is still debatable and needs further
investigation. Thus it is not reasonable to develop filling
materials with lower abrasion resistance, even if this
would lead to an elevated and continuous fluoride release. 

Acknowledgements We thank Professor Dr Jürgen Schulte-Mön-
ting (University of Freiburg, Institute of Medical Biometry and
Medical Informatics (IMBI)) for performing the statistical analysis
of the data.

References

1. Attin T, Kielbassa AM, Plogmann S, Hellwig E (1996) Fluo-
ride release from compomers in the acidic and neutral environ-
ment (in German). Dtsch Zahnarztl Z 51: 675–678

2. Attin T, Koidl U, Buchalla W, Schaller HG, Kielbassa AM,
Hellwig E (1997) Correlation of microhardness and wear of
differently eroded enamel. Arch Oral Biol 42:243–250

3. Attin T, Buchalla W, Trett A, Hellwig E (1998) Tooth brushing
abrasion of polyacid-modified composite resins in neutral and
acidic buffer solutions. J Prosthet Dent 80:148–150

4. Attin T, Buchalla W, Siewert C, Hellwig E (1999) Fluoride re-
lease/uptake of polyacid-modified composite resins (compo-
mers) in neutral and acidic buffer solutions. J Oral Rehabil 26:
388–393

5. Barbakow F, Imfeld T, Lutz F, Stookey G, Schemehorn B
(1989) Dentin abrasion (RDA), enamel abrasion (REA) and
polishing scores of dentifrices sold in Switzerland. Schweiz
Monatsschr Zahnmed 99:408–413

6. Björn H, Lindhe J (1966) On the mechanics of toothbrushing.
Odontol Revy 17:9–16

7. Danser MM, Timmerman MF, Ijzerman Y, Bulthuis H, van der
Velden U, van der Weijden GA (1998). Evaluation of the inci-
dence of gingival abrasion as a result of toothbrushing. J Clin
Periodontol 25:701–706

8. De Boever, Vande Velde (1985) Pulverstrahlgeräte zur Belag-
sentfernung. Eine klinische und rasterelektronenmikroskopis-
che Studie. Dtsch Zahnärztl Z 40:725–729

9. Eliades GC, Tzoutzas JG, Vougiouklakis (1991) Surface alter-
ations on dental restorative materials subjected to an air-pow-
der abrasive instrument. J Prosthet Dent 65:27–33

10. Forss H, Seppä L (1990) Prevention of enamel demineraliza-
tion adjacent to glass ionomer filling materials. Scand J Dent
Res 98:173–178 

11. Forsten L (1991) Fluoride release and uptake by glass iono-
mers. Scandinavian J Dent Res 99:241–245

12. Fraleigh CM, McElhaney JH, Heiser RA (1967) Toothbrush-
ing force study. J Dent Res 46:209–214

13. Frazier KB, Rueggeberg FA, Mettenburg DJ (1998) Compari-
son of wear-resistance of Class V restorative materials. J Es-
thet Dent 10:309–314

153



21. Klimek J, Hellwig E, Ahrens G (1982) Fluoride taken up by
plaque, by the underlying enamel and by clean enamel from
three fluoride compounds. Caries Res16:156–161

22. Knop B, Schiffner U (1997) The effect of regular fluoride ap-
plication on fluoride release from compomers (in German).
Dtsch Zahnärztl Z 52:816–818

23. Momoi Y, Hirosaki K, Kohno A, McCabe JF (1997) In vitro
toothbrush-dentifrice abrasion of resin-modified glass iono-
mers. Dent Mater 13:82–88

24. Rølla G, Saxegaard E (1990) Critical evaluation of the compo-
sition and use of topical fluorides, with emphasis on the role
of calcium fluoride in caries inhibition. J Dent Res (Spec Iss)
69:780–785

25. Rølla G, Øgaard B, De Almeida Cruz R (1993) Topical appli-
cation of fluorides on teeth – New concepts of mechanisms of
interaction. J Clin Periodontol 20:105–108

26. Seppä L, Forss H, Øgaard B (1993) The effect of fluoride ap-
plication on fluoride release and the antibacterial action of
glass ionomers. J Dent Res 72:1310–1314

27. Stassinakis A, Hugo B, Hiraoka I, Hotz P (1995) Fluoride re-
lease from light cured glass ionomers and composites in com-
parison to conventional glass ionomer cement. J Dent Res
(Spec Iss) 74:435 (abstract #273)

154

14. Friedl KH, Schmalz G, Hiller KA, Shams M (1997) Resin-
modified glass ionomer cements: fluoride release and influ-
ence on streptococcus mutans growth. Eur J Oral Sci
105:81–85

15. Geurtsen W, Bubeck P, Leyhausen G, Garcia-Godoy F (1998)
Effects of extraction media upon fluoride release from a resin-
modified glass-ionomer cement. Clin Oral Invest 2:143–146

16. Glockmann E, Gehroldt C, Triemer K (1997) Fluoride release
from different glass-ionomer cements (in German). Dtsch
Zahnärztl Z 52:668–672

17. Heath JR, Wilson HJ (1974) Forces and rates observed during
in vivo toothbrushing. Biomed Eng 9:61–64

18. Hügelmeier T (1989) Oberflächenveränderung von Zahn-
schmelz, Wurzelzement, Amalgam und Kunststoff nach Be-
handlung mit verschiedenen Reinigungsinstrumenten. Quint-
essenz 40:683–693

19. Jost-Brinkmann PG (1998) Effect of air polishing on the fluo-
ride release of (resin-modified) glas ionomer cements and a
polyacid-modified composite resin. Clin Oral Invest 2:91–95

20. Klimek J, Ganss C, Bünker H (1997) Secondary caries around
different restorative materials in relation to the use of nonfluo-
ridated or fluoridated toothpaste in situ. Caries Res 31:314
(abstract #101)


