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The aim of the study was to evaluate the effect of biomimetic self assembling peptides (P11 -4) on
remineralization of acute and chronic incipient enamel lesions by microhardness analysis. Ten extracted
permanent human teeth having incipient white spot lesions and ten extracted teeth with brown spot lesions
on proximal surfaces were included in this study. Half of the extern surface of the lesions was covered with
flowable composite resin (Vertise flow, Kerr Corporation) and served as negative control site. On the other
half Curodont™ Protect gel (Credentis AG, Windisch, Switzerland) was applied 2 times a week, 8 weeks
(study). The teeth were cut mesio-distally using diamond disks under cooling water, perpendicularly to the
extern surface of the lesions, in order that both areas (negative control and study) to be evaluated. The
opposite proximal sound enamel on each section served as positive control. The subsurface microhardness
of the enamel samples was determined using digital microhardness tester (MicroVickers Hardness System
CV- 400DMTM, CV Instruments Namicon). On horizontal tooth sections indentations were made at 25µm
(A1), 75 µm (A2), 125 µm (A3), 175 µm (A4), 225 µm (A5), and 275 µm (A6) bellow the extern surface of the
lesions. For white spot and brown spot caries lesions, in both negative control and study groups, the VHN
values increased from A1 to A6 areas. In study group VHN values were higher than in negative control group
irrespective of the area of examination. The lowest VHN value was registered in negative control A1 area
and the highest in study group A6 area. In all six areas of investigation, VHN values in negative control and
study groups were lower than the values in positive control group. The use of self-assembling peptides on
white spot and brown spot caries lesions increase the hardness of these lesions in the deeper layers of the
lesions.

Keywords: remineralization, self assembling peptides, white spot lesion, brown spot lesion, microhardness

Remineralization can be defined as the process of ion
deposition into crystal voids in demineralized enamel that
produce net mineral gain [1]. Generally, calcium and
phosphate ions are supplied from an extern source to the
tooth surface. In order that remineralization to occur,
partially demineralized crystals must be exposed into direct
contact to oversaturated fluids. Ideally, the remineralization
agent must precipitate onto the partially demineralized
dental structure and must lead to a more stable and less
soluble apatite comparing to the one in the original tissues.

Biomimetic remineralization represents the natural
repair process which is specific for the body of subsurface
non-cavitated caries lesions. Calcium and phosphate ions
with the help of fluoride ions rebuild a new surface of the
demineralized subsurface crystals. These remineralized
crystals are less soluble than the original mineral and are
significantly more resistant to acid attacks [2-5].

The major objective in the treatment of an incipient
caries lesion is a complete remineralization of subsurface
lesion. The remineralizing agent must be able to pass
through enamel surface and to reach the subsurface area.
It was demonstrated that it is very difficult for calcium and
phosphate ions to diffuse in the deepest layers of the carious
enamel. Calcium will be rapidly adsorbed on the superficial
layer and it will precipitate onto the pores, thus blocking
access towards the inside of the carious enamel lesion
[6]. For this reason most of the remineralization process is
limited to the superficial, virtually intact layer of the caries
lesion. It was demonstrated in previous studies that fluoride,
which was considered to be the gold standard in

remineralization for many years, remineralizes the surface
of early carious lesion on a thickness of approximately
40µm [7]. Many studies pointed the importance of fluoride
products in preventing the onset of the early caries lesions
or in influencing the evolution of caries lesions [8, 9]. Some
researches have demonstrated that even the consumption
of some foods which are rich in calcium ions can
significantly increase the resistance of enamel and cement
to acid attack [10]. The remineralization technology based
on the complexes formed by phosphopeptides in casein-
amorphous stabilized calcium phosphate (CPP-ACP)
demonstrated good results when they were used before
and after an acidic attack [11]. Another strategy to
remineralize dental tooth structure is the use of products
which contains calcium phosphate under a form similar to
hydroxyapatite. Studies were concluded that such products
have higher remineralization potential when compared to
fluoride products in both primary and permanent enamel
[12].

One of the latest strategy for incipient caries lesions
remineralization is the use of self-assembling peptides
(P11-4). In Curolox® Technology P11-4 monomers applied
on an incipient lesion diffuse within the pores and they
assemble under a high ionic pressure in a 3D matrix as a
scaffold that attract calcium phosphate in the saliva. New
hydroxyapatite crystals are formed around this matrix and
this biomimetic mineralization is capable to induce the
regeneration of enamel and dentin. This 3D matrix mimics
the role of matrix proteins of the enamel during the
formation of the tooth. Some studies suggested that a
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single application of P11-4 is beneficial in the treatment of
incipient caries lesions [13].

As a response to certain trigger environmental factors,
P11-4 anionic peptide suffers a well-defined hierarchized
structuring [14, 15] and forms three-dimensional fibrillar
scaffolds leading to the synthesis of a new generation of
well-defined biopolymers [16]. At certain concentrations
of P11-4, the isotropic fluid with low viscosity turns into a
mesomorphic elastomeric gel (pH > 0.7), after which the
anionic groups of the lateral P11-4 chains will attract the
Ca ions, inducing a new precipitation of hydroxyapatite.

P11-4 has the advantage of repairing naturally the
carious lesions by regenerating the mineral itself. P11-4 is
part of the new generation of peptides accelerating the
process of biomimetic remineralization[17].
Curodont™ Protect (Credentis AG, Windisch, Switzerland)
is a product that incorporates the P11- 4 based
Curolox™ technology, together with fluoride, and calcium
phosphate. It was claimed that, when the gel is applied to
the tooth, it enhanced hydroxyapatite crystallization for a
period of three months [18, 19]. In a study in vitro that
evaluated the efficiency of this product in the regeneration
of the demineralized enamel on the flat surfaces, significant
results obtained after 8 and 12 weeks [20].

The aim of the present in vitro study was to evaluate the
effect of biomimetic self assembling peptides (P11 4) on
remineralization of acute and chronic incipient enamel
caries lesions by microhardness analysis.

Experimental part
Sample preparation

Ten extracted permanent human teeth (molars and
premolars) having incipient white spot lesions and ten
extracted teeth with brown spot lesions on proximal
surfaces were included in this study (figure 1a and b). The
conditions for teeth selection included proximal surfaces
without plaque, debris, stains, restorations, sealants, or
cavitated caries lesions, but with early signs of caries
lesions: white or brown discoloration of enamel, mate,
opaque appearance of enamel, rough surface when
probing. The teeth were stored in periodically refreshed
deionized distilled water until the start of the experiment.

Half of the extern surface of the lesions was covered
with self-adhesive flowable composite resin (Vertise flow,
Kerr Corporation) and served as negative control site. On

the other half Curodont™ Repair (Credentis AG, Windisch,
Switzerland -Lot CH180525) was applied 2 times a week,
8 weeks (study). On the surface of the teeth 2% sodium
hypochlorite was applied for 20 seconds. In order to remove
the inorganic deposits 35% phosphoric acid was used for
20 s, then rinse with water and the teeth were dried using
a dental unit air spray. The Curodont™ Repair applicator
was activated by pushing the two cylinders together. After
that the applicator was removed from the protective cover.
The sponge was squeezed out above the lesion and for 5
minutes the solution was allowed to diffuse inside the
caries lesion. Between the applications the teeth were
stored in AFNOR NF S91-141 artificial saliva prepared
according to standard procedure.

Fig. 1. The teeth with
white spot (1a) and

with brown spot (1b)
lesions included in the

study

Fig. 2. The aspect of one white spot
lesion covered on one half by self-
adhesive flowable composite resin

Hardness evaluation
The teeth were cut on two mesio-distally cutting lines

using diamond disks under cooling water, perpendicularly
to the extern surface of the lesions, in order that both areas
(negative control and study) to be evaluated. The opposite
proximal sound enamel on each section served as positive
control. The subsurface microhardness of the enamel
samples was determined using digital microhardness
tester (MicroVickers Hardness System CV- 400DMTM, CV
Instruments Namicon). A 50 g load weight was applied
through a Vickers indenter. On horizontal tooth sections
indentations were made in six areas for each sample: first
area was placed 25µm bellow the extern surface (A1), the
second one at 75 µm bellow the extern surface (A2), the
third one at 125 µm (A3), the forth one at 175 µm bellow
the extern surface (A4), the fifth at 225 µm bellow the
extern surface (A5) and the last one extended up to 275
µm (A6) (fig. 3). In each area of the sample three indentation
were made in horizontal line. The microhardness was
determined by measuring the lengths of the diagonals of
the indentation marks and expressed as a Vickers
Hardness Number (VHN). For each area of one sample the
VHN value was reported as the average of three
determinations. The final value of one area was the average
of ten samples determination.

Fig. 3. The lines (1-6)
where indentations

were  made to establish
the enamel hardness on

each lesion

Data statistical analyse
Kolmogorov Smirnov test  was used to establish the

distribution of data in groups (sig. 2-tailed > 0.05).
Significant differences of data in study group when
compared to negative and positive control were determined
by paired sample t test (95% confidence interval of the
differences, p > 0.05).
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Results and discussions
The VHN values at different depth levels in acute (white

spot) lesions are presented in table 1. In both negative
control and study groups the VHN values increased from
A1 to A6 areas. In study group VHN values were higher
than in negative control group irrespective of the area. The
lowest VHN value was registered in negative control A1
area and the highest in study group A6 area. In all six areas
of investigation, VHN values in negative control and study
groups were lower than the values in positive control group.

The VHN values at different depth levels in chronic
(brown spot) lesions are presented in table 2. Increased
VHN values from A1 to A6 were registered in both negative
control and study groups. Increased VHN values were
obtained in study group when compared to negative control
group, irrespective of the area of investigation. The lowest
VHN value was registered in negative control a1 area and
the highest in study group A6 area.

Kolmogorov Smirnov test results showed normal
distribution of data in all groups (p≥0.05) (table 3).

For white spot lesions statistical significant results were
obtained when comparing the results in all study groups
with negative and positive control groups in each area of
caries lesion depth (table 4).

Statistically significant results were obtained when
comparing the data in study groups with negative and
positive control groups in each area of caries lesion depth
for brown spot caries lesions, except the study and positive
control groups in A6 area (table 5).

Kirkham et al [21] were the first which demonstrated
biomimetic enamel remineralization of self-assembling
peptide P11-4 by net mineral gain on artificial white spot
carious lesions in a pH-cycling model. P11-4 is a small
peptide which consists of 11 amino acids capable to self-
assemble into large fibers and to form a 3-D matrix [14].
When this monomeric peptide is applied, it diffuses into
the body of the carious lesion forming a three-dimentional
fiber matrix. The surface of the fibers favour the natural
remineralization mechanisms provided by saliva in the
presence of increased surface area for calcium phosphate
deposition [21]. As a result, a mineralized subsurface area
of the lesion result most likely due to de novo

Table 2
MEAN MICROHARDNESS VALUES (VHN ±STANDARD

DEVIATION) IN BROWN SPOT AREA (NEGATIVE CONTROL), IN
THE AREA OF REMINERALIZATION (STUDY) AND IN SOUND

ENAMEL (POSITIVE CONTROL)

Table 3
KOLMOGOROV SMIRNOV TEST RESULTS IN ALL GROUPS

Table 4
STATISTICAL PAIRED SAMPLES TEST RESULTS OF DATA

COMPARISON BETWEEN STUDY, NEGATIVE CONTROL AND
POSITIVE CONTROL GROUPS FOR WHITE SPOT LESIONS

Table 1
MEAN MICROHARDNESS VALUES (VHN ±STANDARD DEVIATION) IN

WHITE SPOT AREA (NEGATIVE CONTROL), IN THE AREA OF
REMINERALIZATION (STUDY) AND IN SOUND ENAMEL (POSITIVE

CONTROL)

Table 5
STATISTICAL PAIRED

SAMPLES TEST
RESULTS OF DATA

COMPARISON
BETWEEN STUDY,

NEGATIVE CONTROL
AND POSITIVE

CONTROL GROUPS
FOR WHITE SPOT

LESIONS
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hydroxyapatite crystals formation on the surface of P11-4
fibres [22, 23]. Previous studies have shown that P11 4 can
penetrate into the micro pores of enamel white spot lesions
surface due to its low viscosity and that can trigger a
process of self assembly and to generate a bioactive
scaffold that determines in situ deposition of the mineral
[17]. These findings might explain the increased hardness
values after P11-4 peptide application when compared to
untreated areas in the present study. The same increase of
enamel hardness after application of P11-4 peptide in
artificial caries lesions were obtained by Soares et al. [24].

The ability of the peptide to induce biomimetic
mineralisation by nucleating hydroxyapatite crystals and
subsequently to re-harden the enamel was demonstrated
by SEM analysis. On a study conducted by Jablonski-
Momeni A et al. [20], SEM images of the samples where
self-assembling peptide P11-4 were applied showed large
areas of remineralization of the enamel surface in 93% of
the samples.

In the current study we followed the protocol of hardness
evaluation of the caries lesion starting at 25 µm from the
top of the surface, as Schmidlin et al. [25] did in their study.
This was motivated by the fact that the samples are fragile
and the uncovered enamel surface would break when
starting to make the indentation at 10 µm below the
enamel surface. It was demonsrated by Schmidlin et al.
[25] that when applied on artificial caries lesions, self-
assembling peptides can improve the rehardening of these
lesions even in the deeper leyers of the lesion. Despite the
increased values of hardness especially at 175µm, at
225µm and at 275µm from the surface of the lesions in our
study, the hardness values are decreased when compared
to sound enamel.

In a clinical trial, Brunton et al. [17] aimed to evaluate
the efficiency of P11- 4 self assembling peptide when
applied on cervical incipient caries lesions. Significantly
change in lesions colour was observed in the first 8 days
after treatment, but the size and progression of the lesions
improved significantly in the day 30 after treatment. The
study also pointed that the improvement in size and
progression was maintained 6 month after a single
application. Clinical performance of P11 - 4 peptide on non-
cavitated initial proximal caries lesions treatment was
demonstrated by Schlee M. et al. [26]. Twelve months after
the treatment, visual evaluation demonstrated a major shift
toward regression of the initial lesions and the combination
of visual and radiographic and digital subtraction analyses
showed regression in 71% of the caries lesions, 0.14% of
the lesions being unchanged and 0.14% steel progressing.
The first-in-man published trial suggested that mineral
deposition around P11- 4 matrix appears within 3-6 months
[17]. In Schlee study [26] 12-month follow-up results
confirm and complete previous data regarding the medium
term success and stability of incipient caries lesion
treatment using P11-4. In another clinical study was
evaluated the efficiency of P11- 4 when used in occlusal
initial caries lesions on erupting permanent molars by visual
examination and laser fluorescence assessment. At three
month and six month recalls, significantly caries lesions
stage and activity regression was observed [27].

Due to the fact that regeneration mechanism of P11-4
relies on natural remineralization provided by saliva, factors
like saliva quantity (salivary flow rate) and quality (mineral
content, pH) are extremely important in establishing the
individual response to the therapy. In our study artificial
saliva was used, with constant parameters regarding
calcium and phosphate ions concentration and pH. Future
in vivo studies are needed to evaluate the effectiveness of
this peptide in incipient caries lesions treatment.

Conclusions
Using self-assembling peptides as a remineralization

agent on white spot and brown spot caries lesions
significantly improve the hardness of these lesions even in
all layers of the lesions. With the exception of brown spot
lesions in deepest area (275 µm below the surface of the
lesions), the hardness of all white spot and brown spot
lesions were far from reaching the hardness of sound
enamel.
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