
SUMMARY

Purpose: This in vitro study evaluated the effects
of toothpaste fluoridation and toothpaste plus
gel fluoridation and influence of the time period
of fluoride gel application on the microhardness
of bleached enamel.

Methods: Ninety bovine enamel samples were
distributed among nine groups (A-I), each having

10 samples. Half of each surface was bleached
with 10% carbamide peroxide gel (8 hours/daily)
for 14 days, while the remaining surface was not
bleached and served as the control. Groups A-H
were fluoridated with toothpaste twice daily
throughout the experiment (42 days) and
assigned to fluoride gel treatment during the pre-
bleaching period (14 days), during the bleaching
period and/or during the post-bleaching period
(14 days): A: prior, B: during, C: post,
D: prior+during, E: during+post, F: prior+post,
G: prior+during+post, H: no gel. Group I was nei-
ther fluoridated by toothpaste nor gel. The
Knoop microhardness (KHN) of each specimen
was determined at baseline, after pre-bleaching
(day 14), after bleaching (day 28) and after post-
bleaching (day 42). Statistical analysis of the per-
centage of change at baseline KHN was per-
formed by ANOVA and t-test (p<0.05).

Results: Bleaching led to a significant decrease
of KHN in Group I (unfluoridated) compared to
Groups A-H, where microhardness did not fall
below baseline values. Fluoridation treatment in
Groups A-H increased microhardness in bleached
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Clinical Relevance

Fluoridation is effective in preventing microhardness loss due to bleaching, but additional fluo-
ride gel supplementation is not superior to toothpaste fluoridation alone.
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and unbleached samples, but additional supple-
mentation of fluoride gel in Groups A-G was not
superior to toothpaste fluoridation only (H).
After the post-bleaching period, the microhard-
ness of the bleached and unbleached surfaces
was not significantly different in Groups A-H.

Conclusion: Regular toothpaste fluoridation
prevents microhardness loss due to bleaching
treatment in vitro. The additional supplementa-
tion of fluoride gel did not enhance the beneficial
effect of toothpaste fluoridation, and microhard-
ness was not influenced by the time period of gel
fluoridation.

INTRODUCTION

The effectiveness of external bleaching by applying
hydrogen or carbamide peroxide to discolored vital
teeth has been frequently reported in the literature.1-4

The application of carbamide peroxide gels at a concen-
tration of 10%-15% is still one of the most popular at-
home bleaching techniques and is suggested as an effi-
cient, simple procedure for tooth whitening. With
regard to potential adverse effects, carbamide peroxide
bleaching is not associated with macroscopically or clin-
ically visible damage to dental hard tissue; however,
concerns have been expressed regarding surface alter-
ations in enamel topography.

By scanning electronic microscopic analysis, it has
been shown that morphological alterations of the
superficial enamel surface, such as erosion, decalicifi-
cation and porosity, might occur following exposure to
10%-15% carbamide peroxide.5-6 The application of car-
bamide peroxide gels has been reported to affect calci-
um and phosphate content and, as a result, might also
decrease the surface microhardness of the enamel
layer.7-9 Thereby, the loss of surface microhardness is
not limited to the outermost enamel but can also be
detected in the subsurface enamel layer.10

Despite the protective and remineralizing potential of
human saliva, when bleaching is performed for six to
eight hours daily for two to three weeks, microhardness
loss is sometimes evident under in situ conditions.11-13

As demonstrated by Basting and others,9 saliva
increases the microhardness of bleached enamel by pro-
viding calcium and phosphate ions, but rehardening
might not always be complete. Fluoride might also con-
tribute to the repair of the microstructural defects of
bleached enamel. Attin and others14 and Lewinstein
and others7 showed that the loss of microhardness
could be reversed by a post-bleaching period in which
fluoride gels or rinses were administered. Thereby,
fluoridation with a pure amine fluoride gel was shown
to be more effective in increasing the microhardness of
bleached enamel than when bleaching was performed
using a fluoridated carbamide peroxide gel.15 Generally,

the fluoridation of bleached enamel is frequently rec-
ommended for improving microhardness7,14 and, thus,
increasing the abrasion resistance of softened enamel.16-17

However, there is no general agreement on the optimal
time point of fluoridation during the bleaching regime.
On one hand, the application of fluoride gels for sever-
al days prior to the bleaching treatment might be advis-
able, as fluoride increases the demineralization resist-
ance of enamel and, therefore, might prevent micro-
hardness loss during the subsequent bleaching treat-
ment. On the other hand, fluoride uptake in enamel is
known to be higher in demineralized enamel compared
to sound enamel. It is assumed that bleaching might
render enamel porous, which, in turn, might allow for
better diffusion and penetration of the applied fluo-
ride.15 It is therefore of interest to analyze whether a
fluoride gel should be applied several days prior to
bleaching treatment, during bleaching treatment or in
the post-bleaching period for the best hardening or
complete rehardening of bleached enamel.

METHODS AND MATERIALS

Preparation of Enamel Specimens

Ninety freshly extracted bovine intact incisors were
stored in 0.9% NaCl solution at room temperature until
required. The crowns were separated from the roots
using a water-cooled diamond bandsaw (Exakt,
Norderstedt, Germany) and embedded in acrylic resin
(Technovit 4071, Heraeus Kulzer, Wehrheim,
Germany). The exposed labial surfaces were ground
flat and polished with water-cooled carborundum discs
(500, 800, 1000, 1200, 2400 and 4000 grit, Water Proof
Silicon carbide Paper, Stuers, Erkrat). The thickness of
the removed outermost enamel layer amounted to
approximately 200 µm and was controlled with a
micrometer (Digimatic, Micrometer, Mitutoyo, Tokyo,
Japan). The initial surface microhardness of each sam-
ple was determined as a criterion for stratified alloca-
tion of the samples among nine groups (A-I) with 10
samples each. Prior to the experiment, the specimens
were stored in artificial saliva (formulated according to
Klimek & others).18

Experiment

The enamel specimens of Groups A-I were submitted to
a 14-day bleaching treatment in vitro, which was
flanked by an individual fluoride regime during bleach-
ing and in the pre- and post-bleaching period (Table 1).

Bleaching was performed by applying 10% carbamide
peroxide gel (Illuminé home 10%, Dentsply DeTrey,
Konstanz, Germany) according to the manufacturers’
instructions for eight hours per day in a humidified
atmosphere at 37°C. During bleaching, half of each
sample’s surface was covered with adhesive tape and
served as the control (unbleached). After eight hours,
the bleaching agent was washed away under running
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tap water and the tape was removed. During the
remaining daily time (16 hours), the enamel samples of
each group remained in 400 ml artificial saliva at 37°C.
The artificial saliva was changed daily.

The groups were assigned to a specific fluoride treat-
ment prior to bleaching (pre-bleaching period, 14 days),
during bleaching (bleaching period, 14 days) and/or
after bleaching treatment (post-bleaching period, 14
days), respectively (Table 1). Thereby, the fluoride
agents were applied on both the bleached and the con-
trol enamel surface of each sample.

Groups A-H were fluoridated twice daily using fluori-
dated toothpaste (1250 ppm, Elmex, GABA, Lörrach,
Germany) throughout the experiment (42 days) to sim-
ulate regular oral hygiene treatment. For toothpaste
fluoridation, a mixture containing artificial saliva and
fluoridated toothpaste in a ratio of 1:3 was applied for
60 seconds every 12 hours. Additionally, enamel sam-
ples from Groups A-G were fluoridated with a highly
fluoridated acidulated fluoride gel (12,500 ppm, Elmex
Gelée, GABA, Lörrach, pH: 4.8) at different time-peri-
ods of the experiment (Table 1). Gel fluoridation in the
respective periods was performed once daily for 60 sec-
onds subsequent to bleaching treatment. Therefore, the
fluoride gel was diluted by artificial saliva (ratio 1:3).

Specimens of Group H were fluoridated by toothpaste
slurry only. Samples of Group I were not fluoridated
(either by toothpaste or gel).

Microhardness Measurement

The Knoop microhardness (KHN) of each specimen was
determined prior to the experiment and served as base-
line value. Therefore, five indentations were performed
in the center of each specimen using a microhardness

tester (Leica VMHT Auto, Leica Microsystems, Wetzlar,
Germany) and averaged. The Knoop indenter was
applied for 30 seconds with 100gf. KHN of the bleached
and the control surface of each specimen were evaluat-
ed again after the pre-bleaching period (day 14), after
the bleaching period (day 28) and after the post-bleach-
ing period (day 42). Five indentations were made at
each surface area with a 50 µm distance between each
measurement.

In each group, the mean KHN was calculated after
the different experimental periods and presented as the
percentage change of the initial hardness.

Statistical Analysis

Three-way ANOVA was used to analyze possible differ-
ences in KHN of Groups A-I at the end of the respective
experimental periods. Thereby, fluoride gel applications
in the pre-bleaching period, bleaching period and post-
bleaching period were considered to be dependent vari-
ables. Differences in KHN between Groups A-H and
Group I (unfluoridated) at the end of the experiment
were analyzed by t-test. The overall level of statistical
significance was set at 0.05. All analyses were done
using SAS 9.1 (SAS Institute Inc, Cary, NC, USA).

RESULTS

The microhardness of bleached and control enamel sur-
faces in Groups A-I is presented in Figures 1 and 2 as
the percentage change of initial KHN. Baseline micro-
hardness amounted to 350 KHN.

ANOVA revealed significant differences in KHN of
Groups A-I in both bleached and unbleached enamel
surfaces. Groups A-H were found to be significantly dif-
ferent from Group I (unfluoridated) at day 28 (end of

Group Pre-bleaching Period Bleaching Period Post-bleaching Period
(day 1-14) (day 15-28) (day 29-42)

A F-toothpaste F-toothpaste F-toothpaste
F-Gel - -

B F-toothpaste F-toothpaste F-toothpaste
- F-Gel -

C F-toothpaste F-toothpaste F-toothpaste
- - F-Gel

D F-toothpaste F-toothpaste F-toothpaste
F-Gel F-Gel -

E F-toothpaste F-toothpaste F-toothpaste
- F-Gel F-Gel

F F-toothpaste F-toothpaste F-toothpaste
F-Gel - F-Gel

G F-toothpaste F-toothpaste F-toothpaste
F-Gel F-Gel F-Gel

H F-toothpaste F-toothpaste F-toothpaste
- - -

I - - -

Table 1: Fluoridation Regime in Groups A-I During the Pre-bleaching Period, the Bleaching Period and the Post-
bleaching Period
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the bleaching period) and 42 (end of the post-bleaching
period).

Generally, fluoridation treatment prevented micro-
hardness loss during bleaching, but there were no sig-
nificant differences between specimens treated with
fluoridated toothpaste (Group H) and samples treated
with fluoridated toothpaste and fluoride gel (Groups A-
G). Therefore, microhardness at the end of the experi-
ment was not significantly influenced by the time-peri-
od of gel fluoridation in Groups A-H of bleached and
unbleached surfaces. Irrespective of the fluoride regime

used, microhardness did not fall
below baseline values during
bleaching in Groups A-H.

After the bleaching (day 28) and
post-bleaching period (day 42), sta-
tistical analysis revealed no signifi-
cant differences in change of KHN
between bleached and unbleached
surfaces except for Group I (unfluo-
ridated).

DISCUSSION

From the results of this in vitro
study, it is obvious that bleaching
with 10% carbamide peroxide led to
a slight but significant decrease in
enamel microhardness when no flu-
oride agents were applied. This
finding is in accordance with a
number of previous studies that
also showed a decrease in micro-
hardness during bleaching treat-
ment.7,9,13,19-20 However, other studies
reported that 10% carbamide per-
oxide gel did not affect enamel sur-
face hardness.21-23 These contradic-
tory findings among different stud-
ies might be due to differences in
method, such as frequency and
time of bleaching treatment, stor-
age media or the use of human or
bovine teeth.

This study aimed to simulate clin-
ical conditions. Therefore, the incu-
bation time of carbamide peroxide
and temperature during bleaching
were performed in accordance with
conditions of the overnight bleach-
ing of vital human teeth. Also, fre-
quency and duration of toothpaste
and gel fluoridation of the samples
were adjusted to the recommenda-
tions for regular oral hygiene

measures. In contrast to a study by Lewinstein and
others,7 who also analyzed fluoridation effects on the
hardness of bleached enamel, the samples were
immersed in artificial saliva, instead of distilled water.
Artificial saliva was used as the calcium and phos-
phate source for the remineralization of bleached
enamel. However, it might be speculated that the ben-
eficial effects of fluoridation shown in the current in
vitro investigation might be more pronounced in the in
vivo situation, as the presence of natural saliva might
support further rehardening.
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Figure 1: Change of baseline KHN (mean ± standard deviation [%]) of bleached enamel surfaces in
Groups A-I after the pre-bleaching period (day 14), the bleaching period (day 28) and the post-bleach-
ing period (day 42). Groups A-H were fluoridated with toothpaste during the entire experiment and
A-G were additionally supplemented by gel (pre-, during or post-bleaching).

Figure 2: Change of baseline KHN (mean ± standard deviation [%]) of unbleached enamel surfaces
(control surfaces) in Groups A-I after the pre-bleaching period (day 14), the bleaching period (day 28)
and the post-bleaching period (day 42). Groups A-H were fluoridated with toothpaste during the entire
experiment and A-G were additionally supplemented by gel (pre-, during or post-bleaching).
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Fluoridation was shown to be effective in increasing
the microhardness of enamel samples and preventing
microhardness loss during bleaching. At the end of the
bleaching and post-bleaching period, the microhard-
ness of bleached and unbleached surfaces in Groups A-
H was not significantly different. Similar effects were
reported by Attin and others,14 who found a complete
rehardening of bleached enamel after the application of
highly concentrated fluoride. However, treatment with
lower concentrated fluoride (0.05% fluoride solution)
led to a complete rehardening of the bleached enamel.7

Therefore, rehardening is attributed to the incorpora-
tion of fluoride into the tooth surface, thus forming a
calcium-fluoride rich layer.15,24

In the current study, the fluoridation treatment of
bleached surfaces impeded microhardness loss below
baseline values. Thereby, fluoridation by toothpaste
slurry was shown to be as effective as fluoridation by a
combined application of fluoridated toothpaste and flu-
oride gel. Because gel and toothpaste fluoridation had
no additional beneficial effects on microhardness when
compared to toothpaste fluoridation only, it is obvious
that the time-period of gel fluoridation is also of minor
importance. Therefore, it can be assumed that the addi-
tional use of fluoride gel in the pre- or post-bleaching
period or during bleaching treatment with 10% car-
bamide peroxide gel is not necessary if toothpaste fluor-
idation is performed at least twice daily. However, the
additional application of fluoride gel might be beneficial
when toothpaste fluoridation is performed less than
twice daily or at irregular intervals, respectively.
Moreover, fluoride gels might be effective when the
bleaching treatment is performed with highly concen-
trated carbamide peroxide or hydrogen peroxide gels.
This assumption has to be verified in future studies.

CONCLUSIONS

Due to the results of this study, it can be concluded
that the regular application of fluoridated toothpaste
is sufficient to avoid enamel microhardness loss dur-
ing bleaching. The additional supplementation of flu-
oride gel is not superior to toothpaste fluoridation
alone. Moreover, the time-period of fluoride gel appli-
cation seemed to be of minor importance. In conclu-
sion, fluoridation measures are effective in preventing
microhardness loss due to 10% carbamide peroxide
bleaching.

Acknowledgement

The authors thank Dr Carola Werner and Mr Klaus Becker for
performing the statistical analysis of the data.

(Received 7 December 2006)

References

1. Niederman R, Tantraphol MC, Slinin P, Hayes C & Conway
S (2000) Effectiveness of dentist-prescribed, home-applied
tooth whitening. A meta analysis Journal of Contemporary
Dental Practice 15(1) 4-20.

2. Karpinia KA, Magnusson I, Sagel PA, Zhou X & Gerlach RW
(2002) Vital bleaching with two at-home professional systems
American Journal of Dentistry 15(Special Issue A) 13-18.

3. Auschill TM, Hellwig E, Schmidale S, Sculean A & Arweiler
NB (2005) Efficacy, side-effects and patients’ acceptance of
different bleaching techniques (OTC, in-office, at-home)
Operative Dentistry 30(2) 156-163.

4. Wiegand A, Vollmer D, Foitzik M, Attin R & Attin T (2005)
Efficacy of different whitening modalities on bovine enamel
and dentin Clinical Oral Investigations 9(2) 91-97.

5. Bitter NC (1998) A scanning electron microscope study of the
long-term effect of bleaching agents on the enamel surface in
vivo General Dentistry 46(1) 84-88.

6. Josey AL, Meyers IA, Romaniuk K & Symons AL (1996) The
effect of a vital bleaching technique on enamel surface mor-
phology and the bonding of composite resin to enamel
Journal of Oral Rehabilitation 23(4) 244-250.

7. Lewinstein I, Fuhrer N, Churaru N & Cardash H (2004)
Effect of different peroxide bleaching regimes and subse-
quent fluoridation on the hardness of human enamel and
dentin Journal of Prosthetic Dentistry 92(4) 337-342.

8. Attin T, Muller T, Patyk A & Lennon AM (2004) Influence of
different bleaching systems on fracture toughness and hard-
ness of enamel Operative Dentistry 29(2) 188-195.

9. Basting RT, Rodrigues AL Jr & Serra MC (2003) The effects
of seven carbamide peroxide bleaching agents on enamel
microhardness over time Journal of the American Dental
Association 134(10) 1335-1342.

10. Attin T, Vollmer D, Wiegand A, Attin R & Betke H (2005)
Subsurface microhardness of enamel and dentin after differ-
ent external bleaching procedures American Journal of
Dentistry 18(1) 8-12.

11. Justino LM, Tames DR & Demarco FF (2004) In situ and in
vitro effects of bleaching with carbamide peroxide on human
enamel Operative Dentistry 29(2) 219-225.

12. Rodrigues JA, Marchi GM, Ambrosano GMB, Heymann HO
& Pimenta LA (2005) Microhardness evaluation of in situ
vital bleaching on human dental enamel using a novel study
design Dental Materials 21(11) 1059-1067.

13. Basting RT, Rodrigues Junior AL & Serra MC (2001) The
effect of 10% carbamide peroxide bleaching material on
microhardness of sound and demineralized enamel and
dentin in situ Operative Dentistry 26(6) 531-539.

14. Attin T, Kielbassa AM, Schwanenberg M & Hellwig E (1997)
Effect of fluoride treatment on remineralization of bleached
enamel Journal of Oral Rehabilitation 24(4) 282-286.

15. Attin T, Albrecht K, Becker K, Hannig C & Wiegand A (2006)
Influence of carbamide peroxide on enamel fluoride uptake
Journal of Dentistry 34(9) 668-675.

16. Lagerweij MD, Buchalla W, Kohnke S, Becker K, Lennon AM
& Attin T (2006) Prevention of erosion and abrasion by a high
fluoride concentration gel applied at high frequencies Caries
Research 40(2) 148-153.

614 Operative Dentistry

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access



17. Wiegand A & Attin T (2003) Influence of fluoride applications
on dental erosions—a review Oral Health & Preventive
Dentistry 1(4) 245-253.

18. Klimek J, Hellwig E & Ahrens G (1982) Fluoride taken up by
plaque, by the underlying enamel and by clean enamel from
three fluoride compounds in vitro Caries Research 16(2) 156-
161.

19. de Oliveira R, Paes Leme AF & Giannini M (2005) Effect of a
carbamide peroxide bleaching gel containing calcium or fluo-
ride on human enamel surface microhardness Brazilian
Dental Journal 16(2) 103-106.

20. Akal N, Over H, Olmez A & Bodur H (2001) Effects of car-
bamide peroxide containing bleaching agents on the mor-
phology and subsurface hardness of enamel Journal of
Clinical Pediatric Dentistry 25(4) 293-296.

21. Potocnik I, Kosec L & Gaspersic D (2000) Effect of 10% car-
bamide peroxide bleaching gel on enamel microhardness,
microstructure, and mineral content Journal of Endodontics
26(4) 203-206.

22. Lopes GC, Bonissoni L, Baratieri LN, Vieira LC & Monteiro
S Jr (2002) Effect of bleaching agents on the hardness and
morphology of enamel Journal of Esthetic and Restorative
Dentistry 14(1) 24-30.

23. Araujo EM, Baratieri LN, Vieira LC & Ritter AV (2003) In
situ effect of 10% carbamide peroxide on microhardness of
human enamel: Function of time Journal of Esthetic and
Restorative Dentistry 15(3) 166-173.

24. Burgmaier GM, Schulze IM & Attin T (2002) Fluoride uptake
and development of artificial erosions in bleached and fluori-
dated enamel in vitro Journal of Oral Rehabilitation 29(9)
799-804.

615Wiegand, Schreier & Attin: Fluoridation of Bleached Enamel

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access


