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Abstract: The effect of brushing with two abrasive 
levels on the fluoride release of high-viscosity glass 
ionomers (GIs) was investigated. Forty-eight GI 
discs were fabricated and randomly assigned to one 
of the four groups. Treatments, performed for 30 
days, included exposure to a carboxymethylcellulose 
(CMC) solution without fluoride (CMC-F), CMC with 
275 ppm fluoride (CMC+F), CMC with fluoride plus 
brushing with a low abrasive slurry (relative enamel 
abrasivity = 4; L-ab), and CMC with fluoride plus 
brushing with a high abrasive slurry (relative enamel 
abrasivity = 7; H-ab). Fluoride release was measured 
after 1, 2, 3, 4, 5, 10, 15, 20, 25, and 30 days. Surface 
analysis was performed using optical profilometry 
in addition to scanning electron microscopy. Data 
were compared using one-way analysis of variance 
(α = 0.05). Fluoride release was significantly different 
among groups, with group H-ab showing the highest 
rates. Cumulative fluoride release was 10% and 
30% greater in groups L-ab and H-ab than in group 
CMC+F. High surface roughness values were associ-
ated with H-ab as well as greater exposure of silica 
fillers, as observed by scanning electron microscopy. 
Fluoride release from conventional GIs is enhanced 
by brushing with high abrasive slurries.
(J Oral Sci 57, 379-384, 2015)
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Introduction
Fluoride release from restorative materials has been 
proposed as a possible mechanism to reduce the occur-
rence of dental caries (1,2). Glass ionomers (GIs) are 
considered important in this regard due to their excep-
tionally high fluoride release (3,4). Multiple factors, 
including daily exposure to fluoridated dentifrices, affect 
the release of fluoride from GIs (5-7). Exposure to 1,250 
ppm fluoride slurry for 5 min was shown to significantly 
increase fluoride release from compomer specimens (8). 
Furthermore, fluoride re-release from GIs is reportedly 
increased by brushing the specimens instead of merely 
storing them in a dentifrice slurry (9). A lower, but more 
transient and sustained, fluoride release has shown to 
play a significant role in caries prevention (10). To 
the best of our knowledge, the effect of brushing with 
dentifrice slurries containing different abrasive levels on 
fluoride release of high-viscosity GIs has not been previ-
ously reported. Slurries with high abrasive content could 
enhance fluoride release from GIs owing to the faster 
abrasion of such materials and exposing deeper, more 
fluoride-rich layers.

The main objective of this study was to investigate the 
effect of brushing with two levels of abrasives on fluoride 
release from high-viscosity GIs. We hypothesized that 
brushing with slurries containing higher abrasive levels 
would enhance fluoride release from the GI material.

Materials and Methods
Specimen preparation
To minimize the possible effects of pigments and other 
GI ingredients, a single shade (A2) of a high-viscosity GI 
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(Fuji IX GP; GC America, Alsip, IL, USA) was used to 
produce all specimens. In accordance with the manufac-
turer’s instructions, the GI material was manipulated into 
a custom-made stainless steel split mold in one increment 
and covered with a Mylar strip. A glass slide was used 
to press the mold to ensure the material was flush with 
the mold surface before allowing the specimen to cure 
for 3 min. After removal from the mold, one surface of 
the specimen was marked, and all specimens were stored 
in a humidor at 37°C for at least 1 h before placement 
in storage media. A total of 48 GI discs were made, 
measuring 10 mm in diameter and 2.5 mm in thickness.

Baseline fluoride release and group allocation
Each specimen was individually immersed in a plastic 
tube containing 10 mL of deionized water and no fluo-
ride for 24 h. Afterward, 1 mL of the storage media was 
pipetted and mixed with 1 mL of a total ionic strength 
adjustment buffer II solution (R8670000; Ricca Chem-
ical Company, Arlington, TX, USA). Baseline fluoride 
release was calculated by measuring the millivoltage of 
the sample using a fluoride electrode (Orion Research, 
Inc., Boston, MA, USA) connected to an ion-analyzer 
and compared with a standard curve. Based on the 
baseline fluoride release rate, a balanced randomization 
approach was used to allocate specimens into one of the 
four experimental groups (n = 12/group):
-  Group CMC-F: exposed to carboxymethylcellulose 

(CMC; Ashland, Inc., Covington, OH, USA) solution 

with no fluoride and not subjected to brushing.
-  Group CMC+F: exposed to CMC solution containing 

275 ppm fluoride as sodium fluoride (NaF) and not 
brushed.

-  Group L-ab: brushed with CMC slurry containing 
fluoride (275 ppm as NaF) and a low level of abra-
sives (relative enamel abrasivity; REA = 4).

-  Group H-ab: brushed with CMC slurry containing 
fluoride (275 ppm as NaF) and a high level of abra-
sives (REA = 7).

Brushing procedure
After randomization, specimens were treated in accor-
dance with the assigned treatment protocol (Table 1). 
Abrasive slurries were prepared in deionized water 
containing 0.5% (w/w) Blanose, 7 MF CMC, and 10% 
(w/w) glycerol (Sigma-Aldrich Corporation, St. Louis, 
MO, USA). A fixed volume of slurry was used for each 
specimen and fresh slurries were prepared daily.

During each treatment session, specimens were 
exposed to the CMC solution for 5 min while stirring 
(group CMC-F), fluoride solution for 5 min while stirring 
(group CMC+F), or brushed with the respective fluoride 
slurry for 5 min (groups L-ab and H-ab). Specimens from 
groups L-ab and H-ab were brushed using a mechanical 
toothbrushing machine (Pepsodent Co., Chicago, IL, 
USA) at a frequency of 170 strokes per minute for 5 min 
under a 2.3-N vertical load, while ensuring that only one 
surface of each specimen was brushed.

Table 1  Summary of the experimental groups and treatment protocols
Group Fluoride exposure1 Brushing Slurry content RDA2 REA3

CMC-F No No 2.5 g carboxy-methylcellulose4

5 g glycerol
deionized water5

n/a n/a

CMC+F Yes No 2.5 g carboxy-methylcellulose
5 g glycerol
deionized water

n/a n/a

L-ab Yes Yes 2.5 g carboxy-methylcellulose
5 g glycerol
deionized water
Zeodent abrasives6

69 (2.6) 4.01 (0.28)

H-ab Yes Yes 2.5 g carboxy-methylcellulose
5 g glycerol
deionized water
Zeodent abrasives

208 (9.4) 7.14 (0.69)

1 Fluoride content in the prepared slurries (groups CMC+F, L-ab, and H-ab) was equivalent to 275 ppm fluoride.
2 Relative dentin abrasivity, mean (standard deviation).
3 Relative enamel abrasivity, mean (standard deviation).
4 Blanose 7MF (Ashland, Inc., Covington, OH, USA).
5 Slurries (60 g) were prepared with deionized water.
6 Zeodent abrasives were precipitated silica particles (J.M. Huber Corporation, Edison, NJ, USA).
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After completion of the brushing cycles, specimens 
were removed, cleaned with distilled water, transferred 
into new vials containing 10 mL of fresh storage 
medium, and fluoride release was re-measured after 24 
h. Treatments were performed daily for 30 days. After 
each treatment, the specimens were individually placed 
in new plastic vials containing 10 mL of deionized water 
that was replaced daily throughout the study period. The 
average fluoride release was calculated for each group at 
each time point: 1, 2, 3, 4, 5, 10, 15, 20, 25, and 30 days. 
The fluoride electrode was calibrated daily before each 
series of measurements.

Surface roughness
Surface profilometry was used to investigate the surface 
topography of each group. A 4 � 4 mm area of each spec-� 4 mm area of each spec- 4 mm area of each spec-
imen was scanned using an optical profilometer (Proscan 
2000; Scantron Industrial Products, Ltd., Taunton, UK), 
and the roughness parameter (Rq) was calculated using 
dedicated software (Proscan 2000).

Scanning electron microscopy
Two specimens with median Rq values were chosen from 
each group for scanning electron microscopy (SEM). 
Specimens were placed in a desiccator for 2 days, sputter 
coated (Denton Desk II; Denton Vacuum LLC, Moore-
stown, NJ, USA) with a gold target for 75 s at 40 µA, 
mounted on aluminum stubs with carbon tape, and then 
the sides of the specimens were painted with colloidal 
silver paint. The samples were analyzed under conditions 
of high vacuum with an accelerating voltage of 20 kV 
and a working distance of 10 mm. Images were obtained 
using a backscattered electron detector (JEOL 5310 LV; 
JEOL, Ltd., Tokyo, Japan).

Statistical analysis
Fluoride release
Comparisons of fluoride release across groups were 
performed using one-way analysis of variance (ANOVA) 
followed by the Tukey’s pair-wise comparisons test (α 
= 0.05). Cumulative fluoride release of each group was 
calculated by adding the amounts of released fluoride at 
each time point.

Surface roughness
Mean Rq values were compared between the experimental 
groups using one-way ANOVA (α = 0.05) followed by 
pair-wise comparisons using the Holm-Sidak method 
after testing for normality and equal variance. All 
statistical analyses were conducted using SigmaStat 
12.0 graphing and statistical analysis software (Systat 
Software, Inc., San Jose, CA, USA).

Results
Fluoride release
The mean fluoride release from each fluoride experi-
mental group is shown in Table 2. A typical initial burst 
of fluoride was detected in all groups followed by a low 
steady release after 10 days. No significant difference in 
fluoride release between groups was found at baseline (P 
= 0.966). The first difference was recorded after 1 day of 
brushing/treatment, at which time, fluoride release was 
significantly greater in group H-ab than in group CMC-F 
(P < 0.001).

At day 2, the group H-ab showed significantly higher 
fluoride release than that in groups CMC-F (P < 0.001), 
CMC+F (P < 0.001), and L-ab (P = 0.047). At day 4, 
there were significant differences in the fluoride release 
among most groups (P < 0.004), with the exception of 

Table 2  Mean and standard deviation of fluoride release among the different groups at 
different time points

Day CMC-F CMC+F L-ab H-ab
 0 (baseline) 128 (25.2) a 129 (25.9) a 130 (26.9) a 133 (27.2) a

 1  35 (8.1) a  39 (8.4) a,b  40 (6.4) a,b  47 (5.8) b

 2  28 (8.4) a  31 (5.8) a,b  36 (5.2) b  43 (5.7) c

 3  21 (5.6) a  26 (4.7) a,b  29 (4.3) b  38 (5.1) c

 4  16 (3.9) a  24 (4.6) b  26 (4.5) b  32 (5.2) c

 5  15 (3.6) a  18 (3.5) b  24 (2.4) c  30 (4.5) d

10   7 (1.8) a  13 (2.4) b  15 (2.3) c  21 (2.5) d

15   5 (1.2) a  10 (1.9) b  13 (2.5) c  18 (2.2) d

20   3 (0.7) a   8 (1.5) b  11 (1.6) c  17 (1.9) d

25   3 (0.8) a   9 (1.4) b  12 (1.1) c  17 (1.2) d

30   2 (0.6) a   8 (1.2) b  11 (1.4) c  15 (1.7) d

Cumulative 262 (48.7) 315 (50.2) 347 (44.4) 411 (46.7)
Same superscript letters indicate non-significant differences (P > 0.05) among groups on a specific day.



382

group L-ab compared with group CMC+F (P = 0.492). 
Beginning on day 5, there were significant differences 
among all groups (P < 0.04). The highest fluoride release 
was recorded for group H-ab, followed by groups L-ab, 
CMC+F, and CMC-F, in descending order. The same 
trend was found on the following consecutive days with 
a continuous decrease in p-values until reaching >0.001 
beginning on day 20.

A clear difference in cumulative fluoride release was 
observed after 2 days (Fig. 1). After 30 days, compared 
with the negative control, there was a 20% increase in 
fluoride release in group CMC+F (Table 3). On comparing 
group CMC-F with the brushed groups, there was a 32% 
and 57% increase in fluoride release in groups L-ab and 
H-ab, respectively. Fluoride release was 10% greater in 
group L-ab than in group CMC+F and the group H-ab 
was associated with a 30% and 18% increase in fluoride 
release compared with the groups CMC+F and L-ab, 
respectively.

Surface roughness
Rq values were significantly higher in group H-ab (Fig. 2) 
than in groups CMC-F (P = 0.007) and L-ab (P = 0.021). 
No other significant differences were recorded.

Scanning electron microscopy
SEM showed that specimen surfaces from both brushed 
groups were considerably more irregular than those from 
the non-brushed groups (Fig. 3). Furthermore, more 
silica fillers were exposed in the H-ab specimens than in 
the L-ab specimens.

Discussion
The results of this study showed that fluoride release was 
significantly greater in the brushed groups than in the 
non-brushed groups on day 5 after starting the protocol, 
which was in accordance with the findings of Donly and 
Nelson (9), who reported greater fluoride release after 
brushing the GI specimens. Furthermore, after 5 days of 
the protocol, a greater amount of fluoride was released 

Table 3  Percentage differences in cumulative fluoride release 
among groups

Group CMC-F CMC+F L-ab H-ab
CMC-F - -16.7% -24.4% -36.2%
CMC+F 20.0% - -9.3% -23.4%
L-ab 32.3%  10.3% - -15.5%
H-ab 56.6%  30.5%  18.4% -
Comparisons are between the group in the row and those in the column.

Fig. 1   Cumulative fluoride release of the experimental groups 
at baseline (BL) and different time points throughout the study 
period.

Fig. 2   Mean Rq values of the experimental groups. Asterisks 
indicate statistically significant differences between labeled 
groups (P < 0.05).

Fig. 3   SEM photomicrographs of a representative specimen 
from each experimental group. (a) CMC-F, carboxymethylcel-
lulose without fluoride. (b) CMC+F, carboxymethylcellulose with 
fluoride. (c) L-ab, brushed with a low abrasive slurry. (d) H-ab, 
brushed with high abrasive slurry.
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in group H-ab compared with that released in the other 
experimental groups, which lasted for the duration of 
the study, thereby supporting our hypothesis that the 
high abrasive content of the slurry could increase abra-
sion of the GI specimens. This finding could be due to 
the abrasion of the GI matrix leading to the exposure 
of more silica particles and subsequent increase in ion 
leaching. SEM revealed greater exposure of the fillers 
in the brushed groups (Fig. 3). Furthermore, even more 
fillers were exposed in group H-ab compared with that 
in the low abrasive slurry group. A similar phenomenon 
was reported by Cranfield et al. (11), who attributed the 
greater fluoride release to the surface erosion of the GIs 
exposed to low pH conditions, which exposed a greater 
surface area of silica filler material.

Although SEM showed marked increases in exposed 
fillers in the brushed groups, surface profilometric 
analysis was less conclusive, showing rougher surfaces 
of the specimens in group H-ab than those in groups 
CMC-F and L-ab (Fig. 3). A possible explanation for this 
finding could be that minute differences between other 
groups fell below the detection threshold of the profilo-
metric technique. SEM also showed that the differences 
in surface topography were more subtle.

The experimental protocol included daily fluoride 
exposure to simulate the clinical conditions of daily use of 
a fluoridated toothpaste. Although, the average brushing 
time reported in the literature ranged from 30 to 90 s 
(12,13), a 5-min brushing protocol was used to simulate 
three brushing sessions by a highly motivated patient, 
which also allowed a shorter duration of the study, while 
maintaining the clinical relevance of the protocol.

 Similar to previous reports (11,14-16), the initial burst 
of fluoride release from GI materials is followed by a 
marked decrease within 1-2 days. Further, this decrease 
was less pronounced in group CMC+F, supporting the 
greater fluoride release from specimens exposed to 
fluoride-containing solutions (6), owing to the well-
documented rechargability of the GI cement (17,18). 
Similarly, clinical trials have reported increased salivary 
fluoride levels after insertion of GI restorations (19,20).

Due to the complexity of the model, each specimen 
was not followed individually, eliminating the possibility 
of statistical testing of cumulative fluoride release. 
However, an overall higher cumulative mean value 
associated with the high abrasive group was observed. In 
this group, the 57% increase in fluoride release cannot be 
overlooked because it could potentially lead to a better 
oral environment for caries prevention, particularly for 
individuals with multiple cavitated lesions who are at a 
greater risk of caries development, as there is evidence of 

a dose-response relationship between fluoride release and 
a lower incidence of caries (21). However, case selection 
remains paramount, particularly when choosing patients 
with multiple white spot lesions, which are particularly 
impacted by the high abrasivity of such pastes.

The results of this study suggest that it may be useful 
to instruct patients with high caries risk to brush with 
toothpastes having moderate to high REA values after 
caries excavation and GI placement. Along with the 
implementation of other caries control modalities (e.g., 
dietary modification and plaque control), this recom-
mendation would increase fluoride release from these 
materials leading to a more favorable oral environment. 
However, these materials need to be replaced sooner 
than other GI formulations due to their lower abrasion 
resistance (22). 

In conclusion, we found that brushing high-viscosity 
GI cements with high abrasive slurries will increase 
fluoride release from these materials, which could be 
particularly beneficial to patients with high caries inci-
dence. Hence, further studies are warranted to confirm 
the clinical application of this approach. 
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