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SUMMARY

This study analyzed the anti-erosive effect of a 

self-assembling peptide fibre gel. One hundred 

and twelve bovine enamel samples were ground 

flat and subjected to a three times de- and re-

mineralization cycle: erosion (5 min, HCl, pH 2.6) 

alternated with storage in artificial saliva under 

agitation. Then, samples were covered with dif-

ferent anti-erosive compounds (2 min): Duraphat 

toothpaste (DT), Elmex Erosion Protection Tooth-

paste (EET) or Elmex Gelée (EG) – all mixed with 

saliva (1  : 3) –, Elmex Erosion Protection Mouth-

wash (EEM), Curodont Protect (CP; self-assem-

bling peptide gel) or MI Paste Plus (MIP). Untreat-

ed, water stored samples served as control. In 

experiment 1, half of the samples of each group 

were continuously superfused with HCl (pH 2.6, 

60 μl/min, 8 min). In experiment 2, the second 

half of samples were subjected to eight cycles, 

each consisting of application of the respective 

anti-erosive compound followed by an erosion 

(60 s, HCl, pH 2.6), followed by remineralization  

in artificial saliva (45 min). Enamel loss was profi-

lometrically determined.

In experiment 1, EEM and EET performed signifi-

cantly better compared to all other compounds. 

Substance loss of all other compounds did not 

differ significantly from control. In experiment 2, 

significantly better performance was achieved by 

EEM and EET. EG showed significantly lower pro-

tection than the control. All other applied com-

pounds yielded no significant difference com-

pared to control.

Under the chosen conditions, the self-assembling 

peptide-containing compound showed no anti- 

erosive effect.
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Introduction
Several approaches for prevention of erosive lesions have been 
developed and examined in recent years. In this context several 
regimes and materials have been tested, like the application of 
surface resin sealants, highly concentrated fluoride compounds, 
solutions/toothpastes containing stannous fluoride, other me-
tallic fluoride compounds or stannous chloride and pastes con-
taining casein phosphopeptide amorphous calcium phosphate 

(Lagerweij et al. 2006; Lennon et al. 2006; Wiegand et al. 2008; 
Wiegand et al. 2009; Ganss et al. 2010; Wegehaupt et al. 2012a; 
Wegehaupt et al. 2012b; Ceci et al. 2015). Some of these sub-
stances have been shown to be effective in reducing dental hard 
tissue loss due to erosion. However, their application might be 
time consuming or technique-sensitive (e.g. surface resin seal-
ants), may lead to tooth surface staining (e.g. stannous com-
pounds or metallic fluorides), may need a high frequency of 
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regular use (e.g. highly concentrated fluorides) or are critical in 
terms of pH conditions (e.g. titanium tetrafluorides).

Recently, application of self-assembling peptides, such as 
P11-4, have shown to be able to reduce enamel surface roughen-
ing, when used prior to erosive attacks induced by an acidic 
beverage (Ceci et al. 2016). In this study, a product containing 
fibres made up of P11-4 was applied four times on either previ-
ously eroded or un-eroded enamel surfaces. The multilayer 
three-dimensional peptide scaffold was still visible on a scan-
ning electron microscopic image, performed after a cumulative 
erosive challenge of 8 min (4 × 2 min). Another recent study 
could also show an erosive protection on enamel after applica-
tion of the peptide P11-4, when used in monomeric form (Taka
hashi et al. 2016).

Aggeli and co-workers developed the class of fibril and fibre 
formatting self-assembling peptides (Aggeli et al. 1997) and 
made them useful for clinical applications (Aggeli et al. 1997; 
Maude et al. 2013). The peptide P11-4 (CH3CO-Gln-Gln-Arg-
Phe-Glu-Trp-Glu-Phe-Glu-Gln-Gln-NH2), which shows a 
net 2- charge, has proved to be non-cytotoxic to human and 
murine cells, and did not elicit an immunogenic response in 
mice (Scanlon et al. 2009; Maude et al. 2013). These peptides 
undergo a self-assembling process and adopt a beta-sheet con-
formation depending on pH, ionic strength or other favourable 
conditions (Aggeli et al. 2003b; Carrick et al. 2007; Knapman  
et al. 2008; Maude et al. 2013; Ravichandram et al. 2014). The 
peptide self-assembly depends on the protonation state of the 
charged amino-acid side chains. The transition point, at which 
P11-4 self-assembly occurs in a low ionic strength solution, is  
at pH = 7 (Aggeli et al. 2003b; Aggeli et al. 2003a; Carrick et al. 
2007). Moreover, increasing the ionic strength of the P11-4-con-
taining solution by the addition of 130 mM NaCl, similar to ionic 
strength in saliva, has shown to shift the self-assembly point to 
higher pH values of about pH 12 (Carrick et al. 2007). It might 
be assumed that the impact of ionic strength on fibril formation 
and their stability might be due to less electrostatic repulsion of 
deprotonated glutamine (Glu-) due to the shielding of negative 
charge by salt ions. Due to these considerations it is assumed 
that the fibrils of the peptide gel will not de-assembly and that 
they will be stable under the conditions of the oral cavity, pro-
viding a protective surface coating on teeth.

A fusion protein, with the peptide P11-4 as constituent, has 
shown to be able to bind to hydroxyapatite (Wilshaw et al. 2008; 
Melcher et al. 2016). Thereby, four negatively charged gluta-
mate residues (two of two monomers in the fibril) form a calci-
um-binding site. It might be assumed that the negative charges 
on the peptide fibres might impart buffering properties to the 
peptide and thereby attract calcium ions, inducing nucleation 
processes and precipitation of hydroxyapatite (Melcher et al. 
2016). Self-assembling peptides, applied as monomeric P11-4, 
were reported to hinder mild enamel demineralization (i.e. arti-
ficial caries) induced by lactic acid and to promote enamel re-
mineralization of artificial and natural subsurface carious le-
sions (Kirkham et al. 2007; Brunton et al. 2013; Takahashi et al. 
2016; Schmidlin et al. 2016)

Up to now, the above-mentioned study by Ceci et al. (2016)  
is the only one available, which deals with the impact of self- 
assembling peptide fibres on the protection of dental erosion. 
Moreover, there is still a lack of knowledge, how these peptide 
fibres behave under clinical conditions, such as highly acidic 
attacks due to gastric acid or when applied once before an ero-
sive attack.

Thus, the aim of the present study was to examine the anti- 
erosive effect of the self-assembling peptide fibres made up  
of P11-4 and other anti-erosive compounds, when applied on 
eroded enamel in respect to the progression of erosive loss in-
duced by hydrochloric acid, simulating gastric acid.

The null hypothesis of the study was that the protective po-
tential of the peptide-containing product is not different to the 
other tested compounds.

Materials and methods
Sample preparation
For the study, extracted bovine incisors, which were preserved 
in 0.1% thymol solution, were used for enamel specimens’ 
preparation. A total of 112 cylindrical enamel specimens with a 
diameter of 3 mm were prepared using a diamond trephine mill. 
They were embedded in acrylic resin blocks (6 mm in diameter, 
Paladur, Heraeus Kulzer GmbH, Hanau, Germany).

The enamel surface was ground with abrasive paper (1,200, 
2,500 and 4,000 grit; Gekko-Papier, Struers, Birmensdorf, 
Switzerland). Thereby the outermost 200 μm of enamel was 
 removed, which was controlled with a micrometer (Mitutoyo, 
Tokyo, Japan). Grinding was performed in an automatic grind-
ing machine (Tegramin 30, Struers) with running tap water as 
coolant. Before starting the experimental procedure, all samples 
were subjected to de- and remineralization cycles. Samples 
were eroded three times for five minutes by immersion in hy-
drochloric acid (pH 2.6). After each erosion step, the samples 

Tab. I Anti-erosive compounds used in experiment 1 and 2

Group Brand name 
( company)

Active ingredients*

CP Curodont Protect 
(Credentis, 
 Win disch, 
 Switzerland)

 – 900 ppm fluoride  
as sodium monofluorophosphate

 – 0.1% dicalciumphoshate
 – 0.028% calciumglycero
phosphate

 – selfassembling peptide P114

DT Duraphat Toothpaste 
(Colgate–Palmolive, 
Hamburg, Germany)

 – 5,000 ppm fluoride 
as sodium fluoride

EG Elmex Gelée 
(Gaba, Therwil, 
 Switzerland)

 – 12,500 ppm fluoride 
as amine fluoride/sodium fluoride

EEM Elmex Erosion Pro
tection Mouthwash 
(Gaba, Therwil, 
Switzerland)

 – 800 ppm tin 
as stannous chloride

 – 500 ppm fluoride 
as amine fluoride/sodium fluoride

EET Elmex Erosion Pro
tection Toothpaste 
(Gaba, Therwil, 
Switzerland)

 – 3,500 ppm tin 
as stannous chloride

 – 1,§400 ppm fluoride 
as amine fluoride/sodium fluoride

 – 0.5% chitosan

MIP MI Paste Plus 
(GC Corp., Leuven, 
Belgium)

 – 10% casein phosphopep tide
amorphous calcium phosphate

 – 900 ppm fluoride 
as sodium fluoride

* as given by manufacturers
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were stored in artificial saliva for remineralization. The artificial 
saliva for remineralization was prepared following the formula-
tion given formerly (Klimek et al. 1982). In the study, all immer-
sions in HCl and artificial saliva were performed with agitation 
of the solutions (1 Hz). The hydrochloric acid and the saliva 
were applied at room temperature of about 22°C.

The enamel samples were divided into seven groups (six ex-
perimental groups and one untreated control group). The anti- 
erosive compounds used in the study are listed in Table I. Half 
the samples of each group were used for the experiment 1 while 
the second half was used for experiment 2:

Experiment 1 (8 min continuous erosion): single application 
of an anti-erosive compound with a subsequent continuous 
erosion for 8 min (n = 8) and no remineralization time.

Experiment 2 (eight erosive/remineralizing cycles): eight 
 cycles, each consisting of a single application of an anti-erosive 
compound followed by an erosion (60 s), resulting in a total 
erosion time of 8 min (n = 8).

The set-ups of the experiments are depicted in Figures 1 
and 2.

Treatment of the samples
All samples of the experimental groups were treated for 2 min 
with a copious amount (at least 2 mg) of the following products. 
Samples treated with the toothpastes (DT and EET) and with 
the fluoride gel (EG) were covered with a slurry, which was 
prepared from the respective compound and artificial saliva 
(1  : 3). The samples allocated to the treatment with Elmex Ero-

Fig. 1 Setup of experiment 1, with 
8 min continuous erosion

Bovine Specimens (n=56)

Erosive Pre-Treatment (3 × 5 min HCl; 1 h Remineralization)

 Profilometrical Surface Scan

Application of Compounds 1–6 (2 min, n=8 per group) Controls (n=8)

Rinsing with Tap Water (20 s) + Aqua dest. (10 s)

Remineralization (45 min) + Rinsing with Aqua dest. (10 s)

Erosion (8 min)

Profilometrical Surface Scan (Substance Loss)

Fig. 2 Setup of experiment 2, with 
eight erosive/remineralizing cycles

Bovine Specimens (n=56)

Erosive Pre-Treatment (3 × 5 min HCl; 1 h Remineralization)

 Profilometrical Surface Scan

Erosion Cycle (8 times)

Profilometrical Surface Scan (Substance Loss)

Application of Compounds 1–6 (2 min, n=8 per group) Controls (n=8)

Rinsing with Tap Water (20 s) + Aqua dest. (10 s)

Remineralization (45 min) + Rinsing with Aqua dest. (10 s)

Erosion (60 s)
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sion Protection Mouthwash (EEM) were immersed in 2 ml of the 
liquid without agitation. The other compounds were directly 
placed on the enamel samples.

The samples of the control group were stored in tap water for 
the same time and not treated with any compound.

Experiment 1 (8 min permanent erosion), erosive 
 procedure
Samples were covered with the compounds (2 min), rinsed 
with tap water (20 s) and distilled water (10 s) to remove loose-
ly attached remnants. Then, the samples were fixed in super-
fusion chambers, described in detail previously (Attin et al. 
2013). Hydrochloric acid (pH 2.6) was pumped with an eight- 
channel peristaltic pump (Ismatec, Glattbrugg, Switzerland) 
into superfusion chambers, each containing one enamel 
 sample. The acid flowed over the whole enamel surface of 
7.07 mm2. The layer height of the acid was 0.3 mm. The pump 
output was 60 µl/min. Samples were exposed to the acid for  
a total of 8 min.

Experiment 2 (eight erosion/remineralization cycles), 
erosive procedure
The enamel samples were fixed at the bottom of special vials  
of 4 ml volume and subjected to eight de- and remineralization 
cycles, as follows: The anti-erosive compounds were applied 
(2 min), followed by rinsing with tap water (20 s) and distilled 
water (10 s). Then, the vials were filled with artificial saliva 
(45 min) for remineralization. The hydrochloric acid (pH 2.6) 
was applied into the vials for 60 s. This cycle was run for eight 
times, summing up for an erosion time of 8 min.

Measurement of substance loss
Measurement of enamel substance loss was conducted as 
 described earlier (Attin et al. 2013). A stylus profilometer (Per-
thometer S2/GD 25, Mahr, Göttingen, Germany) placed on a 
pneumatic stone desk was used. The device is equipped with  
a custom-made jig for repositioning of samples for successive 
measurements. Substance loss was calculated based on the dif-

ferences between pre- and post-treatment profiles with a cus-
tomized software. Pre-treatment profiles were recorded before 
application of the respective anti-erosive compound, while the 
post-treatment profiles were recorded after the erosive proce-
dure. Five profiles were performed on each specimen via scan-
ning from the reference (embedding material) surface to the 
treated surface. An average of these five readings (μm) was ob-
tained and used for data analysis.

The limit for reliable measurements with the here used set-up 
for profilometrical determination of dental hard tissue substance 
loss amounted to 0.1 µm (Attin et al. 2009).

Statistical analysis
Significant differences between the individual compounds 
within each experimental model were assessed by the non- 
parametric Kruskal-Wallis test. Post-hoc pairwise comparisons 
were conducted using the Conover-test with Holm-adjustment 
for multiple testing. In a second step, performance of each com-
pound was compared between the two experimental models 
using the Wilcoxon rank-sum test. All tests were calculated 
with the software R (RCoreTeam 2015) and the significance 
level was set to alpha = 0.05.

Results
For both experiments, statistical analysis led to rejection of the 
null hypothesis, having assumed that all compounds were not 
different in terms of their anti-erosive potential.

Average absolute enamel substance loss ranged from 0.11 to 
1.07 µm in experiment 1 and from 0.03 to 1.75 µm, in experi-
ment 2.

Experiment 1 (8 min permanent erosion)
For experiment 1, Figure 3 shows the substance loss in the indi-
vidual groups. The Kruskal-Wallis test revealed significant 
overall differences between the groups (p < 0.001).

Further analysis showed significantly better anti-erosive per-
formance for Elmex Erosion Protection Mouthwash (EEM) and 
Elmex Erosion Protection Toothpaste (EET), as compared to all 
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Fig. 3 Substance loss [µm] of the 
individual groups in experiment 1, 
given as boxplots, with median, and 
25 and 75percentile, whiskers 
with the highest and the lowest 
 values within 1.5× interquartile 
range, and outliers. 
Groups indicated with same letters 
are statistically not significantly 
 different.
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other groups. All other groups did not show a significant differ-
ence between each other and from the control.

Experiment 2 (eight erosion/remineralization cycles)
For experiment 2, Figure 4 gives the relative substance loss for 
the individual groups. As in experiment 1, the Kruskal-Wallis 
test showed significant overall differences between the groups 
(p < 0.001).

Further analysis revealed that Elmex Erosion Protection 
Mouthwash (EEM) and Elmex Erosion Protection Toothpaste 
(EET) revealed a significantly lower substance loss compared to 
all other groups, including control. Elmex Gelée (EG) showed 
significantly lower anti-erosive capacity than all other com-
pounds and behaved even worse than the control. The other 
compounds did not differ from each other and from the control.

Discussion
This study consisted of two experiments. In a first experiment, 
with a single application of the compounds, the long-term ef-
fect of the tested products was evaluated. This procedure has 
been implemented in various former studies (AykutYetkiner et 
al. 2013; AzadiSchossig et al. 2015). It has to be reflected that 
in experiment 1 minor protective effects of the compounds, 
possibly existing during the first few minutes of erosion, might 
be superimposed by severe enamel dissolution taking place 
during the following minutes of erosion. This effect might blur 
possibly existing short-term differences in the anti-erosive 
properties of the compounds. To overcome this conflict, ex-
periment 2 was additionally designed and performed. In exper-
iment 2, the short-term effect of a single application of the 
compounds on a short-term erosion of 60 s was evaluated. For 
achievement of an amount of enamel substance loss, which is 
reliably measurable with the profilometer, application of the 
compounds followed by erosion was repeated eight times for 
a total of 8 min.

An anti-erosive compound should be at least effective in re-
ducing erosive loss during short-term challenges. This was not 
true for some of the compounds tested. Thus, the clinical rele-

vance of the above-mentioned finding is that these compounds 
are presumably useless under clinical conditions with longer or 
multiple erosive challenges during a day.

In line with another study (AykutYetkiner et al. 2014), re-
mineralization with saliva was included in the experimental 
protocol.

All tested products were applied according to the manufac-
turers’ instructions except of the toothpastes and the gel, which 
were not applied simulating toothbrushing.

It should be reflected that application of toothpastes by 
brushing under simulated clinical conditions, might reduce 
their anti-erosive and surface protective potential due to the 
abrasivity of the paste.

Toothpastes and gels are usually used with a toothbrush and 
are therefore usually diluted with saliva in the oral cavity, as 
done in the present study. The other compounds were applied 
undiluted. MI Paste and Curodont Protect are advised to be ap-
plied directly on the teeth, either by a dental professional or  
at home, using a finger tip. Thereafter, they should stay on the 
teeth for 2 min. The peptide is recommended to apply for 2 min 
on a cleaned tooth surface. Also, the rinse was applied without 
a dilution. This was done, since a significant dilution with saliva 
in the oral cavity is not presumable. The application times of all 
compounds were oriented to the recommendation given for the 
peptide gel.

For achieving a flat surface of the bovine samples, needed  
for reliable profilometry readings, the enamel surfaces were 
ground. As a positive aspect, this procedure has also led to a 
 removal of the cementum layer, usually existing on bovine 
enamel surfaces, thus exposing pure bovine prismatic enamel  
to be eroded. It has to be taken into consideration in how far  
the absence of aprismatic surface areas and the use of bovine 
enamel with a different prismatic structure to human enamel, 
exerted an impact on the adherence of the anti-erosive com-
pounds to the enamel, when compared to clinical conditions of 
sound and un-eroded teeth. This should be taking into account 
as the structure-activity relationship of the proposed mecha-
nism of action for the self-assembling peptide fibres strongly 

Fig. 4 Substance loss [µm] of the 
individual groups in experiment 2, 
given as boxplots, with median, and 
25 and 75percentile, whiskers 
with the highest and the lowest 
 values within 1.5× interquartile 
range, and outliers. 
Groups indicated with same letters 
are statistically not significantly  
different.
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depends on the presentation of available binding sites on the 
surface of the enamel.

It should also be considered that the enamel samples were 
pre-conditioned in erosion/remineralization cycles, but that no 
salivary pellicle was formed on the surfaces. The absence of the 
salivary pellicle might have an impact on the adherence and the 
interaction of the compounds with the enamel surface.

In experiment 1 only the use of stannous-chloride/fluoride- 
containing mouthwash (Elmex Erosion Protection Mouthwash) 
and the application of the toothpaste with stannous-chloride/
fluoride and chitosan (Elmex Erosion Protection Toothpaste) led 
to better surface protection against the hydrochloric acid com-
pared to the controls. This finding corroborated the results of 
previous studies, where these compounds were also efficient as 
anti-erosive substrates (Maia et al. 2014; Pini et al. 2016). For the 
stannous-chloride-containing mouthwash it has been proved 
that its use leads to a protective surface coating on and incorpo-
ration into an eroded enamel surface stabilizing the surface 
(Schlueter et al. 2009b).

In experiment 2, the differences between the different com-
pounds were more pronounced, ranging from a nearly complete 
surface protection (Elmex Erosion Protection Mouthwash and 
Elmex Erosion Protection Toothpaste) up to the other products 
showing no protective properties. The model used in experi-
ment 2 as compared to experiment 1 might explain the greater 
differences between the different compounds in experiment 2. 
In experiment 2, a more frequent application of the compounds 
alternating with the erosive challenge was conducted, thus re-
sulting in better interactions of the compounds with the enamel 
substrate. This feature was shown to be of importance for the 
interaction of the tin of the stannous-chloride-containing com-
pounds (Elmex Erosion Protection Mouthwash and Elmex Ero-
sion Protection Toothpaste) with the enamel surface (Schlueter 
et al. 2009a). In contrast to some previous studies, also per-
formed by our working group, an erosive protection due to the 
highly concentrated fluoride gel could not be found (Attin et al. 
1999; Lagerweij et al. 2006). A rationale explanation for this un-
expected outcome is not obvious. Usually, the effect of the used 
highly concentrated fluoride gel could be attributed to the for-
mation of a protective calcium fluoride-like layer on the enamel 
surface especially formed considering the acidic pH of the gel 
(pH 4.8). For manifesting the results of the present study, the 
experimental procedure with this test group was repeated four 
times in total, always presenting the same outcome, i.e. no anti- 
erosive capacity of the gel.

With regard to the casein phosphopeptide-amorphous calci-
um phosphate/fluoride compound, the results of the present 
study are in line with previous studies, showing no benefit in 
terms of erosion protection (Wang et al. 2011; Wegehaupt et al. 
2012b), although a recent study was able to attribute an anti- 
erosive property to this product in an erosive/abrasive study 
design (Alexandria et al. 2017). Also for the highly concentrated 
fluoride toothpaste (Duraphat Toothpaste), the present studies 
are not totally in line with previous studies, in which anti-ero-
sive properties have been documented in erosion/abrasion set-
ups (Alexandria et al. 2017). It is possible that those different 
outcomes in the studies might be related to the presence or ab-
sence of additional extensive brushing of samples in the experi-
ments.

In the present study, we abstained from additional brushing 
of the samples, in order to get an insight into the pure anti-ero-
sive capacities of the compounds.

The self-assembling peptide was not effective in reducing 
enamel erosive loss in the present set-up. In a recent study, 
enamel showed increase in roughness due to erosion with an 
acidic beverage (Coca Cola) when the self-assembling peptide 
was applied on intact enamel for 3 min before the erosive attack 
(Ceci et al. 2016). However, when applied on previously eroded 
enamel (likewise the present study) and eroded afterwards 
again, then the enamel surfaces did not show a significant dif-
ference in roughness as compared to sound and un-eroded 
controls. This finding was interpreted as the ability of the self- 
assembling peptide to offer a degree of protection against 
enamel erosion (Ceci et al. 2016).

The results of the present study do not corroborate this inter-
pretation, but made clear that under the chosen conditions the 
self-assembling peptide-containing compound is less effective 
in protection against an erosive challenge as compared to some 
other of the tested anti-erosive compounds. It might be as-
sumed that the self-assembling peptide fibres, as already pres-
ent in the product Curodont Protect, did not attach properly to 
the demineralized enamel surface, thus forming no effective 
physical barrier against the erosive challenge. This might also 
explain the difference to the outcome of a recent study, in which 
the peptide P11-4 was applied in monomeric form, and showing 
an erosion protective effect (Takahashi et al. 2016).

 The manufacturer of the product did not disclose the con-
centrations of fluoride, calcium and phosphate. Thus, any as-
sumption about the interaction of these ingredients with the 
enamel surface remains speculative. However, it should be con-
sidered that the peptide gel was applied on dried enamel sur-
faces and stayed there for 2 min without any salivary contact, 
according to manufacturer instructions. It might be assumed 
that, under these conditions, a release of fluoride or calcium/
phosphate from the gel and interaction with the enamel surface 
is rather unlikely.

In how far the self-assembling peptide might possibly act as 
an anti-erosive compound under other experimental set-ups 
than the one chosen in the present study, has to be further 
evaluated.
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Résumé
Introduction
Les gels contenant des peptides sont utilisés pour la reminérali-
sation des lésions carieuses ainsi que pour la protection des sur-
faces dentaires contre l’attaque des acides érosifs. Actuelle-
ment, les informations à ce sujet ne sont pas suffisantes pour 
pouvoir faire une évaluation correcte. Le but de la présente 
étude est d’analyser l’effet protecteur antiérosif d’un gel con-
tentant un peptide et de le comparer avec des produits simi-
laires qui sont déjà sur le marché.

Matériels et méthodes
112 échantillons d’émail (surfaces buccales) d’origine bovine ont 
été préparés et aplanis. Dans le but d’un conditionnement pri-
maire, les échantillons ont passés trois cycles de dé- et reminé-
ralisation: érosion (5 min, HCl, pH 2,6) en alternance avec un 
stockage dans de la salive artificielle. Pendant le test, les solu-
tions ont été agitées. Par la suite, les échantillons ont été rincés 
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avec de l’eau distillée et recouvert pendant deux minutes avec 
les différents composés antiérosifs: dentifrice Duraphat (DT), 
dentifrice Elmex protection erosion (EET) ou Elmex Gelée (EG) – 
tous mélangés dans les proportions 1  : 3 avec de la salive –, eau 
dentifrice Elmex protection erosion M), Curodont Protect (CP, 
Peptid Gel) ou bien MI Paste Plus (MIP). Des échantillons non 
traités ont servi comme contrôle. Dans l’expérience 1, la moitié 
des échantillons de chaque groupe ont été arrosés continuelle-
ment avec HCl (pH 2,6, 60 μl/min, 8 min) dans une chambre 
d’écoulement. Ils n’ont pas subi de reminéralisation. Dans l’ex-
périence 2, la deuxième moitié des échantillons a passé huit 
 cycles qui commençaient par l’application du composé anti-
érosif respectif et puis suivait une érosion (60 s, HCl, pH 2,6) 
 suivie d’une phase de reminéralisation dans la salive artificielle 
(45 min). Dans les deux expériences, la perte d’émail était me-
suré avec un profilomètre et les mesures ont été exploitées sta-
tistiquement.

Résultats
L’expérience 1 a montré que l’effet protecteur de EEM et EET 
était significativement meilleur que pour les autres produits. La 
perte d’émail dans les autres groupes qui ont été traités avec une 
préparation antiérosive ne différait pas significativement du 
groupe contrôle. Les préparations EEM et EET obtenaient une 
meilleure protection dans l’expérience 2 également. L’effet pro-
tecteur de EG était significativement pire que le contrôle. Tous 
les autres composés antiérosifs n’ont pas montrés de différences 
par rapport au contrôle.

Discussion
Dans ces conditions, la composition contenant le peptide ne 
montrait pas d’effet antiérosif. Des résultats similaires ont été 
trouvés pour les préparations Duraphat, Elmex Gelée et MI Paste 
Plus.

Zusammenfassung
Einleitung
Peptidhaltige Gele werden zur Remineralisation kariöser Läsio-
nen sowie zum Oberflächenschutz vor erosiven Säureangriffen 
eingesetzt. Die diesbezügliche Datenlage ist noch nicht aus-
reichend, um eine abschliessende Wertung vornehmen zu 
 können. Diese Studie analysierte daher die anti-erosive Schutz-
wirkung eines peptidhaltigen Gels im Vergleich zu anderen auf 
dem Markt befindlichen Präparaten, die zum Schutz vor Zahn-
erosionen propagiert und eingesetzt werden.

Material und Methoden
Die bukkalen Oberflächen von 112 Rinder-Schmelzproben wur-
den plan angeschliffen. Diese Proben wurden im Sinne einer 
Vorkonditionierung zunächst dreimal einem De- und Reminera-
lisierungszyklus unterworfen: Erosion (5 min, HCl, pH 2,6) im 
Wechsel mit einer Lagerung in künstlichem Speichel. Die Lösun-
gen wurden während der Lagerung der Proben in Bewegung ge-
halten. Im Anschluss an diese Vorkonditionierung wurden die 
Proben aus dem künstlichen Speichel entnommen, mit Aqua 
dest. abgespült und für 2 Minuten mit verschiedenen anti-erosi-
ven Verbindungen bedeckt: Duraphat-Zahnpasta (DT), Elmex- 
Erosionsschutz-Zahnpasta (EET) oder Elmex- Gelée (EG) – alle 
mit Speichel gemischt (1 : 3) –, Elmex-Erosionsschutz-Mund-
wasser (EEM), Curodont Protect (CP, Peptidgel) oder MI Paste 
Plus (MIP). Unbehandelte, wassergelagerte Proben dienten als 
Kontrolle. Im Experiment 1 wurde die Hälfte der Proben jeder 
Gruppe kontinuierlich mit HCl (pH 2,6, 60 μl/min, 8 min) in 
 einer Fliesskammer überspült. Es erfolgte keine Remineralisation 
der Proben. In Experiment 2 wurde die zweite Hälfte der Proben 
acht Zyklen unterworfen, die jeweils aus der Applikation der je-
weiligen anti-erosiven Verbindung, gefolgt von einer Erosion 
(60 s, HCl, pH 2,6), gefolgt von einer Remineralisierungsphase  
in künstlichem Speichel (45 min), bestanden. In beiden Experi-
menten wurde der Schmelzverlust mit einem Profilometer be-
stimmt, und die Daten wurden statistisch ausgewertet.

Resultate
In Experiment 1 zeigten EEM und EET im Vergleich zu allen an-
deren Verbindungen eine signifikant bessere Schutzwirkung 
gegenüber dem erosiven Angriff. Der Schmelzverlust in den üb-
rigen mit einem anti-erosiven Präparat behandelten Gruppen 
unterschied sich nicht signifikant von der Kontrollgruppe. Auch 
in Experiment 2 erzielten die Präparate EEM und EET den signi-
fikant besten Schutz im Vergleich zu allen übrigen Gruppen. EG 
zeigte eine signifikant schlechtere Schutzwirkung als die Kon-
trollen. Alle übrigen auf die Schmelzproben aufgetragenen anti- 
erosiven Verbindungen zeigten keinen signifikanten Unter-
schied im Vergleich zur Kontrolle.

Diskussion
Aus den Ergebnissen lässt sich schlussfolgern, dass die unter-
suchte peptidhaltige Verbindung unter den gewählten Bedin-
gungen keine anti-erosive Wirkung zeigt. Gleiches gilt aber 
auch für die Präparate Duraphat-Zahnpasta, Elmex Gelée sowie 
MI Paste Plus.
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