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ABSTRACT

Objective: The purpose of this study is to evaluate the remineralization potential
of the self-assembling peptideP11-4 (Curodont repair) versus highly concentrated fluo-
ride agent (Enamelast) after single & double applications (Atomic Force Microscopy
study) and to evaluate the clinical efficacy of both agents in patients with early carious
lesions. Materials and methods: Twenty children ranging from 10-16 years of age
were selected with at least 2 white lesions (WSL) detected clinically on the buccal
surface of permanent anterior teeth, one on each side. Patients were randomly assigned
into 2 groups according to the re-mineralizing agent applied. A: 20 WSL re-miner-
alized with Curodont. A,: 20 WSL re-mineralized with Fluoride varnish. Each group
was further subdivided into 2 subgroups according to the number of applications with
(A,B)):10 WSL treated with Curodont single application, (A B,): 10 WSL treated with
Curodont double applications, (A,B,): 10 WSL treated with fluoride single application
and (A,B,): 10 WSL treated with fluoride double applications. Also this study was car-
ried on 40 freshly extracted young upper or lower premolars. Teeth were extracted from
patients ranging from 14 to 20 years, for orthodontic purpose. Forty enamel samples
were prepared from teeth and then examined before and after demineralization and after
remineralization with Atomic Force Microscopy (AFM). Results: Both remineralizing
agents showed decrease in enamel average roughness after remineralization, however
group (A, : Curodont) showed the lowest results. Both groups show gradual decrease in
the International Caries Detection Assessment System scores (ICDAS) from the base
line to reach the lowest level after 6 months. The best results of ICDAS scores were
recorded in subgroup (A1B,: Curodont double application). Both subgroups of cur-
odont repair revealed an extremely significant higher percent increase of radiodensity
percentage in comparison to fluoride subgroups. No significant difference between the
2 remineralizaing agents on the pH of saliva. Conclusion: Self-assembling peptides
(Curodont repair) was successful as a remineralizing agent in young permanent teeth

with white spot lesions.
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INTRODUCTION

Dental caries continues to plague most of the
world’s population. Thus, more effective public
health and preventive measures are needed to ad-
dress this worldwide problem. The past decades
have led to major changes in restorative and pre-
ventive dentistry. Various investigators reported that
early carious lesions can be re-mineralized from sa-
liva. This process was studied in details in labora-
tory experiments and in clinical trials ‘2.

In caries prevention, most protocols are still built
around fluoride, although improving oral hygiene,
sugar substitutes and antimicrobials are also part
of the more comprehensive packages of non-inva-
sive care. Re-mineralization of superficial enamel
lesions is well documented in hundreds of studies
which led to the conclusion that the caries preven-
tive effect of fluoride is beyond any doubt ®.

The fluoride ion has a preventive effect against
caries. It modifies bacterial metabolism in dental
plaque by inhibiting some enzyme processes, inhib-
its the production of acids by acting on the com-
position of the bacterial flora or on the metabolic
activity of micro-organisms, and reduces deminer-
alization and favors the re-mineralization of early
carious lesions. However, fluoride’s mechanism of
action is only topical within a reach of few ym into
enamel respectively into the subsurface of carious
lesion ¥,

Enamel caries is probably the most common of
all skeletal tissue pathologies, presenting as pro-
gressive subsurface demineralization (mineral loss)
and ultimately resulting in mechanical failure and
cavitations. Demineralization of enamel results first
in a sub-clinical lesion and eventually in the produc-
tion of a white spot lesion (WSL) ®. Demineralized
enamel, the precursor to caries formation, can be
attributed to fixed orthodontic appliances and pro-
longed exposure to bacterial plaque. Bacterial
plaque promotes the accumulation of acidic by-
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products and demineralization that leads to suc-
cessive changes in optical properties of subsurface
demineralized enamel®. At this stage, clinicians
frequently elect to monitor lesion appearance, per-
haps after the use of topical fluorides, to determine
whether or not the lesion will progress, in which
case a restoration would then be placed .

Recently, oligomeric [3-sheet—forming peptides
that spontaneously form three dimensional fibrillar
scaffolds in response to specific environmental trig-
gers have been used in skeletal tissue engineering;
including the treatment/prevention of dental caries.
Peptide treatment significantly increased net min-
eral gain due to a combined effect of increased min-
eral gain and inhibition of mineral loss. In addition,
the self-assembling peptide was shown to induce
hydroxyapatite nucleation de-novo &,

The self-assembling peptide (SAP) P11-4 dif-
fuses deeply into the subsurface body of the cari-
ous lesion where it forms a 3-dimensional matrix.
Ca?* and PO4* ions, the components of enamel, are
sufficiently available from the patient’s saliva and
attach to the matrix, inducing de-novo formation of
hydroxyapatite (HA) crystals '?. Accordingly, non-
surgical intervention promoting defect bio-mineral-
ization or regeneration at the white spot lesion stage
would remove the need to “wait and see” and avoid
the ultimate excavation of the tooth to place a res-
toration UV,

Several clinical trials have compared the safe-
ty, clinical applicability, re-mineralization efficacy
and patient satisfaction of using P11-4 (Curodont™
Repair) in non-invasive treatment of early cari-
ous lesions with fluoride ,showing superiority of
Curodont in all aspects versus the gold-standard
fluoride "> ¥,

Therefore, the present study aimed to evalu-
ate the re-mineralization efficacy of commercially
available self-assembling peptide P11-4 in respect
to a fluoride varnish both in vitro and in vivo.



Remineralization of Early Carious Lesions using Biomimetic Self-assembling Peptides Versus

MATERIALS AND METHODS

Invitro study: A total of 40 freshly extracted
young upper or lower premolars were used. Teeth
were extracted from patients ranging from 14 to 20
years, for orthodontic purpose ®, and the patients
were informed about and consented to the use of
their teeth. Teeth were obtained from the orthodon-
tic clinic, Faculty of Dental Medicine for Girls, Al-
Azhar University.

The selected teeth should be free of caries and
defects 19, Any teeth with defects, erosions or mi-
cro-cracks on their enamel surfaces, or visible stains
on the facial surfaces were excluded 17,

The teeth were then manually cleaned of soft tis-
sue debris (hand scaler and polishing brush) and dis-
infected in 5% sodium hypochlorite solution for 1
hour .The teeth were then rinsed and stored in artifi-
cial saliva which used as a storage medium between
the different steps of the study “®. The roots of the
teeth were removed and then the crowns of teeth
were cut longitudinally in mesio-distal direction to
expose the labial portion using diamond disc>19).

Custom made plastic cylindrical molds were
made and self-cured acrylic resin was poured in-
side the molds "¥. Each tooth-half was fixed with
superglue on the custom made acrylic block so that
the buccal side of each was available, and assigned
a serial number from 1 to 40. The labial surfaces
were polished sub-sequentially starting from 600-
grit abrasive paper discs up to 1200 grit under wa-
ter irrigation to produce flat enamel surfaces %9,
Enamel samples were divided equally into two
groups according to the material used (A)), (A,) and
further subdivided into four subgroups according to
the number of applications (A B)), (AB,), (AB))
and (A,B)).

AFM study: The microstructure of enamel was
investigated by AFM for all the specimens before
starting experimentation (native enamel), after de-
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mineralization, and after 1week of re-mineraliza-
tion. The samples of subgroups A B, (Curodont sin-
gle application) and A B, (Fluoride single applica-
tion) were examined by AFM after 1 week from the
application of the agents and the results of the aver-
age roughness were recorded in tables. Samples of
subgroups A B, (Curodont double application) and
A B,(Fluoride double application) were received
the second application of the re-mineralizing agents
and then left in the artificial saliva for another 1
week before examination by AFM and the average
roughness of these subgroups were then recorded.

Invivo study: Twenty children ranging from 10-
16 years of age were selected from the Pedodontic
clinic, faculty of Dental medicine for Girls, Al-
Azhar University. This study was approved by
the research ethics committee of faculty of Dental
Medicine for girls Al-Azhar University (protocol
number Rec16:60). The procedure, possible dis-
comfort & benefits were explained to the parents &
participants. Informed consent was obtained from
the parents prior to the study.

The inclusion criteria:

e Children with at least 2 white lesions (WSL) de-
tected clinically on the buccal surface of perma-
nent anterior teeth, one on each side. WSL select-
ed either due to caries or orthodontic treatment
(just following deboning)® 19,

e Children willing to keep good oral hygiene
throughout the study ©.

* Teeth with scorel, 2, 3 according to ICDAS ¥,

* Absence of preoperative pain, no mobility and
tenderness on percussion .

* Radiographically, the pre-operative inclusion
criteria were: absence of internal or external
resorption, no periapical radiolucencies and no
widening of periodontal ligament space.*”
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The exclusion criteria:
* Teeth with score 4, 5 according to ICDAS 1192,

e Children with any medical or dental conditions
that could impact the study results during its ex-
pected length ©,

* Children who currently received extensive fluo-
ride regiments for treatment of WSL ©,

» Patients who planned to move within 6 months of
enrollment @,

Radiographic assessment

Standardized reproducible periapical radio-
graphs for each treated tooth were obtained using
an indirect digital image plate which is part of Vista
Scan System. Assessment of remineralization was
done using measurements of radiodensity (%). The
measurement was performed by drawing a line par-
allel to the long axis of the selected tooth, dividing it
into two halves starting from cementoenamel junc-
tion (CEJ) (as a reference point) to half the distance
from CEJ to the incisal edge . Three points along
this line (at its start, middle and end) were deter-
mined. The average of readings was taken to repre-
sent the radiodensity at the lesion area. This linear
measurement was recorded in present (%) for each
selected tooth at base line “prior treatment” and 6
months after treatment to determine the degree of
remineralization within the 4 subgroups.

Grouping: After examination, the patients were
randomly assigned into 2 groups according to the
re-mineralizing agent applied. A : (20) white spot
lesions re- mineralized with Curodont. A: (20) white
spot lesions re-mineralized with Fluoride varnish.
A split mouth design was followed so that each
patient will be treated in one side by one application
(B,) and on the other side by double applications
(B,). Each group was further subdivided into 2
subgroups according to the number of applications
with (A B ):10 WSL treated with Curodont single
application, (A B)): 10 WSL treated with Curodont

Noha Ibrahim Metwally, et al.

double applications, (A,B ): 10 WSL treated with
fluoride single application and (A B,): 10 WSL
treated with fluoride double applications

Application of the re-mineralizing agent:
A,- Curodont Repair (SAP P11-4):

The surface of the carious lesion was cleaned
using cotton wetted with 2% sodium hypochlorite
(NaOCl) for 20 seconds. NaOCl used for the
removal of the organic debris and dissolution of
the pellicle !> '?. The surface was then etched with
37% phosphoric acid gel for 20 seconds to open the
pores into the subsurface cavity in order to facilitate
successful treatment with Curodont “ 129, Finally,
thorough rinsing with water (20 seconds) and air
drying of the lesion surface were done.

Technique of application: Curodont
reconstituted with 50 ml of sterile water. The tooth

was

surface was air dried, and a drop of Curodont
applied onto it using special syringe.The drop was
left on the tooth for up to 5 minutes. The remainder
of Curodont solution was rinsed off 2.

A,- Enamelast (Fluoride varnish):

Enamelast® is a flavored, xylitol-sweetened,
5% sodium fluoride in a resin carrier. Its formula
is made with a patented adhesion-promoting agent
for enhanced retention, providing superior fluoride
release and uptake as claimed by the manufacturer.

Technique of application: In the unit dose,
each blister pack includes a prefilled well and an
applicator brush. The brush was simply dipped in the
well. Teeth were lightly dried and painted with the
varnish. In the syringe dose, the flow of the syringe
was verified prior to applying intraorally. Teeth
were lightly dried. The varnish was applied directly
through the tip onto the teeth, before painting it on
the teeth. Cheeks, lips and saliva were allowed to
contact teeth as varnish hardens upon contact with
saliva. Follow up was done at base line and after
6 months.
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Statistical analysis

Values were presented as mean and standard
deviation (SD) values. Data were explored for
normality using Kolmogorov-Smirnov test of
normality. The results of Kolmogorov-Smirnov test
indicated that most of data were normally distributed
(parametric data), so parametric tests were used.The
percent change in radiodenisty was calculated by
the following formula

Value after- value before

X 100
Value before

One way analysis of variance (ANOVA) test was
used to compare between different intervals within
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the same group, followed by Tukey’s post hoc test
when the difference was found to be significant.
Unpaired t test was used for comparison between 2
independent groups.

RESULTS

Results of the in vitro study (average roughness):

The greatest mean roughness of re-mineralized
enamel was recorded in group A B, (fluoride sin-
gle application) and A,B, (fluoride double appli-
cation), followed by group A B, (Curodont single
application), with the least value recorded in A B,
(Curodont double application) (Figure 1). Unpaired
t test revealed no significant difference between sin-
gle or double application within the same treatment.

Fig. (1) 2D AFM Image showing(A): native enamel (B) :after demineralization (C): after Curodont application showing adherent

deposits (tactoid-shaped material)

Results of the In vivo study

1. Changes in the ICDASII scores:

ANOVA test revealed no significant difference be-
tween groups at baseline, and after 8 or 12 weeks of
application of the remineralizing agent. However after
6 months, significantly lower scores were recorded in
group A B, (the least value) and group A B,. ANOVA
test revealed a significant difference betweenCurodont
and fluoride groups after 6 months (p=0.024). Tukey
post hoc test revealed no significant difference be-
tween both fluoride varnish subgroups. Although the
lowest score was recorded in A B, it didn’t signifi-

cantly differ from A B, subgroup

2. Comparison between radiodensity percentage
of teeth before & after 6 months within the
different subgroups:

Both subgroups of Curodont repair revealed an
extremely higher percent increase of radiodensity
percentage in comparison to both subgroups of fluo-
ride varnish. ANOVA test revealed a significant dif-
ference between subgroups (P<0.0001). Unpaired
t test revealed no significant difference between
single and double application of the same reminer-

alizing agent (tablel).
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Table (1) Percent increase of radiodensity percentage before and after application of the remineralizing
agent on WSLs and comparison between both subgroups of the same remineralizing agent (unpaired

t-test) and between all groups (ANOVA test)

Percent increase of radio density percentage Al1B1 Al1B2 A2B1 A2B2
Mean 47.92: 46.56 14 .40° 15.66°
SD 10.72 1641 472 6.81
Min 35.59 16.67 551 645
Max 65.00 89.00 23.00 30.85
t value (unpaired t test) 0.2596 0.5268

P value (between subgroups of the same agent) 0.7972" 0.6036™
Fvalue (ANOVA test) 37.36

P value (between all subgroups) <0.0001*

3- Comparison between both remineralizing agents regarding the change of PH of saliva:

Unpaired t test revealed no significant difference between both groups at baseline,after 3 months and

after 6 months (table 2).

Table (2) Comparison between different groups regarding pH change after application of the remineralizing

agent and significance of the difference using unpaired t test

Baseline After 3months After 6 months

(AD (A2) (A1) (A2) (AD) (A2)
Mean 6.12 6.14 6.68 6.38 7.06 6.96
SD 0.21 0.19 0.25 0.22 0.28 0.25
Min 5.80 5.80 6.20 6.20 6.60 6.60
Max 6.40 6.40 7.00 6.80 7.40 7.40

t value 0.2446 1.1207 0.9229

P value 0.8090 0.105™ 0.3661™

DISCUSSION study was enamel rather than dentin because enam-

This study was conducted to evaluate reminer-
alization potential of the newly introduced self-as-
sembling peptide P11-4 (Curodont) that provides a
non-invasive option for guided enamel regeneration
(GER) versus highly concentrated fluoride agent
(Varnish) after single and double applications both
in vitro (applied to artificially induced initial cari-
ous lesions in enamel) and in vivo (used for man-

agement of early carious lesions in enamel (WSL).

The tooth structure that was selected for this

el is the first line of defense against caries progres-
sion. Although enamel is a hard and dense material,
it possesses local differences in porosity and acid
solubility; acids can penetrate deep into enamel and
dissolve tooth minerals locally, rather than dissolv-
ing the enamel layer by layer '”. Therefore, remin-
eralization of early enamel lesions is of great value
to protect other dental tissues.Moreover, it was
found that dentin remineralization is more difficult
than enamel remineralization due to the abundant

presence of organic matrix in dentine ®?.
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Results of AFM of this study showed that all
the samples at the pretreatment phase (native enam-
el), appeared smooth and free from cracks and po-
rosities. The base line Ra of the present study was
with a range of 80-88nm which was similar to many
studies ®*?¥, There was no significant difference in
the average roughness (Ra) between all subgroups.

The demineralized enamel surface appeared
much rougher in the two dimensions images.
Demineralized areas were in the form of wide ero-
sion cavities and narrow porosities. This pattern of
demineralization might be due to the fact that the
enamel surface is a homogenous, structureless and a
prismatic ""1®_ or as a result of collection of narrow
porosities which might lead to the presence of wide
erosion cavities. This agreed with several studies
who found that enamel after demineralization ap-
peared eroded and with a high degree of surface po-
rosity showing a honeycomb-like structure ”. This
morphological aspect was reflected in the values of
Ra which increase significantly from 88nm of intact
enamel to about 178nm of demineralized enamel.
However there was no significant difference in (Ra)
between all samples after demineralization.

After application of the tested remineralizing
agents, the samples appeared with adherent irregu-
larities and globular deposits. This AFM image was
similar to the features of another AFM study ¥ that
described a homogenous layer covering the eroded
areas of enamel. The average roughness (Ra) of all
samples of both groups significantly decreased. Re-
sults of Ra also showed that the lower mean values
of enamel roughness were seen in group A ; Cur-
odont (107.81 nm and 95.32nm) denoting higher
remineralization efficacy than group A ; fluoride
(114.77nm and110.44nm).However, there was no
significant difference between single or double ap-
plications within the same group. This insignificant
difference may be attributed to the short time of
remineralization procedure.

Regarding to the percent of decrease the greatest
mean percent decrease of Ra was seen in subgroup-
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A B, (curodont double applications) (27.71%) fol-
lowed with A B, (Curodont single application) and
A B, (F double application) with similar percent
decrease in roughness (16.98% and 16.62% respec-
tively), and the least percent decrease (12.48%) was
in A B, (Fluoride single application).This might be
due to the low viscosity of Curodont enabling it to
penetrate into the micro pores of surface, triggering
a process of self-assembly and generating a bioac-
tive scaffold that determines the deposition of min-
erals in situ. Curodont repair is a product that incor-
porates the P11-4-based technology, together with
fluoride and calcium phosphate®. Therefore, Cur-
odont produced constant and stable remineraliza-
tion of all demineralized areas, allowing continuous
minerals supply for the tooth, which filled deeply in
the porosities formed after demineralization.

The results of Curodont group, agreed with the
results of another study ®® showed that with Cur-
odont it was possible to achieve visual and micro-
scopic changes in artificially created enamel lesions
stored in a remineralizing medium. Moreover, the
results of the Ra of the present study came in accor-
dance with a study that found significant reduction
in enamel roughness values on comparing eroded
enamel and eroded enamel treated with Curodont®.

Fluoride varnish in the present study reduced
also the surface roughness of enamel. This was
because F.varnish acted as a mineral reservoir sup-
plying the tooth slowly with fluoride and minerals
which filled in porosities formed after demineral-
ization and enhancing remineralization. The results
of fluoride varnish may be due to Calcium Fluoride
(CaF,) deposited as a result of fluoride topical appli-
cation. CaF, act as a reservoir that releases fluoride
when the pH falls to very low level, proving that
CaF, has a great impact on remineralization %"

Results of the in vivo study showed that: pa-
tients in all subgroups showed gradual decrease of
ICDAS scores from the base line to reach the lowest
level after 6months. Results revealed no significant
difference between groups at baseline, and after
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8 and 12 weeks of application of the remineralizing
agent. However, there was a significant difference
between groups (A, ; Curodont) and (A,; Fluoride)
after 6 months (p=0.024).After 6 months, the sig-
nificantly lower scores were recorded in Curodont
subgroups;A B, (the least value) and A B . Although
the lowest score was recorded in A B,, it didn’t sig-
nificantly differ from A B, subgroup. Therefore, af-
ter 6 months (the time length of the study), the lowest
scores were recorded in subgroup (Curodont double
application) followed by (Curodont single applica-
tion).There was no statistical difference between
single and double application in both Curodont sub-
groups and fluoride varnish subgroups.

Regarding the Curodont, the results of this study
proved that Curodont group was able to achieve
visual improvement of WSLs. These results came
in accordance to an in vivo study® that achieved
promising results with a prototype of Curodont ap-
plied on Class V cavities after just one application
of this peptide.

The visual and clinical results of the Curodont
in the present study was in accordance also to a
study® that showed better visual and microscopic
changes in Curodont group than in control group.

Regarding the fluoride, the visual and clinical re-
sults came in accordance to some scholars ¢? who
found that the use of high local doses of fluoride had
no effect on the size of the arrested lesion and can
allow it to acquire unsightly staining with organic
debris.This may be because highly concentrated
fluoride induced hypermineralization and staining
of teeth.

Regarding to radiodensity percentage, the mea-
surements were recorded at 2 time intervals at the
base line (before application of the remineralizing
agents) and after 6months of application. Both sub-
groups of Curodont repair (A B, A B)) revealed
a significantly higher percent increase (47.92%,
46.56%) in comparison to fluoride subgroups
(14.4%, 15.66%). There was no significant differ-
ence between single and double applications within
the same treatment.
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These results come in accordance with a study
U2 concluded that the biomimetic mineralization of-
fers, for the first time, the possibility to reform lost
enamel crystals underneath the surface. This study
assessed the carious lesions both radio graphically
and visually. Assessment of the caries lesions after
6 months of Curodontwith standardized radiographs
compared to baseline showed: 42.3 % regression,
meaning visible in-depth mineralisation of the le-
sion; 43.6 % unchanged size of the lesion, 23.1 %
of the lesion showing progression.

Salivary pH was a parameter characterizing oral
cavity environment and was assessed in this study
using ** Saliva-Check Buffer kit”’. The change in the
pH of saliva was checked with the pH strips and
pH indicator at 3 intervals at baseline, after 3months
and after 6 months.

According to our results there was a gradual
increase in the pH of saliva in both Curodont and
F group after 3and 6 months. However, there was
no significant difference between the Curodont and
fluoride group, showing that the effect of both rem-
ineralizing agents on the pH of saliva was compa-
rable. This might be due to the fact that the applica-
tion of the remineralizing agent was not an enough
factor to neutralize the pH of saliva but neutraliza-
tion of saliva is a multifactorial process, including
patient oral hygiene, diet control, sugar consump-
tion etc. Therefore, the increase of pH of saliva in
both groups could be related to the effect of pro-
phylaxis performed, motivation and oral hygiene
instructions.

The mean salivary pH values observed in this
study both at baseline (6.12and 6.14) and after 6
months (7.06 and6.96) were lower compared to the
values reported ®®.This may be due to the older age
patients (20-30years) in their study.

CONCLUSION

1. Self-assembling peptides (Curodont repair) was
successful as a remineralizing agent in young
permanent teeth with white spot lesions.
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Both remineralizing agents had similar effect on
enamel roughness.

. There are correlations between clinical and in

vitro study showing the superiority of the new
material Curodont(SAP P11-4) over the gold
standard fluoride.
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