
Atteya et al. BMC Oral Health          (2023) 23:577  
https://doi.org/10.1186/s12903-023-03269-4

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Oral Health

Self‑assembling peptide and nano‑silver 
fluoride in remineralizing early enamel carious 
lesions: randomized controlled clinical trial
Sara M. Atteya1*, Hala A. Amer1, Susan M. Saleh1 and Yara Safwat2 

Abstract 

Background  Nanoparticles and regenerative biomineralization are new caries prevention technologies. This study 
assessed the remineralizing effect of self-assembling peptide (P11-4), Nanosilver Fluoride (NSF) and sodium fluoride 
(NaF) on white spot lesions (WSLs) in permanent teeth.

Methods  Sixty six young adults with WSLs on buccal surfaces in permanent teeth and ICDAS code 1 or 2, were ran-
domly assigned to one of three groups; P11-4, NSF or NaF. Assessment of ICDAS scores, lesion activity (Nyvad scores) 
and diagnodent readings of lesions were done at baseline and after 1, 3, 6 and 12 months of agents’ application. 
Comparisons between groups were made using chi squared test and comparison within groups were made using 
McNemar test. Multilevel binary logistic regression was used to assess the effect of agents on change of ICDAS scores 
after 3, 6 and 12 months (reduction versus no reduction).

Results  There were 147 teeth in 66 patients; mean ± SD age = 13.46 ± 4.31 years. There were significant differences 
in the change of ICDAS scores among the three groups after 3 and 6 months (p = 0.005). The reduction in ICDAS score 
increased steadily in all groups across time with the greatest increase in the P11-4 group: 54.5% after 12 months. 
Lesion activity (Nyvad scores) showed significant differences among the three groups with the greatest percentage 
of inactive cases in the P11-4 group. Multilevel binary logistic regression showed non-significant reduction of ICDAS 
in P11-4 and NSF varnishes compared to NaF varnish (AOR = 2.56, 95% CI: 0.58, 8.77 and AOR = 2.12, 95% CI: 0.59, 7.64 
respectively).

Conclusion  P11-4 and NSF varnish reduced the ICDAS scores, caries activity and diagnodent readings of WSLs in per-
manent teeth. However, the change in ICDAS scores was not significantly different from NaF.

Trial registration  This trial was prospectively registered on the clinicaltrials.gov registry with ID: NCT04929509 
on 18/6/2021.

Keywords  Self-assembling peptide, P11-4, Nano silver fluoride, Sodium fluoride, White spot lesions, ICDAS, 
Diagnodent

Introduction
Dental caries is a multifactorial chronic disease and a 
major public health problem [1]. Conventional methods 
for caries prevention, such as topical fluoride applica-
tion, decrease demineralization through fluoride deposi-
tion in the enamel crystal lattice, reducing its solubility 
[2]. The effect of fluoride is limited to the outer -30 μm. 
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Consequently, fluoride does not enter deeper than the 
subsurface demineralized zone; where remineralisation is 
much needed for the affected enamel [3].

Nanotechnology is an emerging trend in dentistry. Sil-
ver nanoparticles (AgNPs) are products with high surface 
area and a micro- size of atoms [4]. Nano-silver fluoride 
(NSF) varnishes have been developed with high reminer-
alization property and antimicrobial effect [5]. Primary 
teeth treated with fluoride varnish with silver nano parti-
cles had better structure than those treated with conven-
tional varnish following remineralization of early WSLs 
[6]. Nano-silver mouthwash has been proved to be more 
effective than NaF mouthwash in reducing WSLs in per-
manent teeth after six months [7].

Self-Assembling Peptide (P11-4) restores hydroxyapa-
tite crystals within the subsurface carious lesion by 
Guided Enamel Remineralisation (GER). It has hierarchi-
cal self-assembly property and forms a fibrillar scaffold 
with a 3D matrix in the presence of high ionic strength 
and acidic pH in carious lesions [8–10]. The safety of 
P11-4 was demonstrated in a trial for caries arrest in 
adults [11]. Clinical studies of P11-4 showed mixed 
results. In one study, there was a significant improve-
ment in all outcomes after 6 months of using P11-4 com-
bined with fluoride varnish than fluoride varnish alone 
in early caries on erupting permanent molars [12]. Also, 
P11-4 with fluoride varnish significantly decreased the 
size of early carious lesions in young adults compared to 
fluoride varnish [13]. P11-4, applied either with fluoride 
varnish or alone, was superior in treating early occlusal 
WSLs in children and adults than fluoride varnish 
alone [14]. Two systematic reviews of seven clinical tri-
als showed that P11-4 improved caries arrest, decreased 
lesion size and lowered ICDAS scores [15, 16]. However, 
P11-4 alone had less remineralization effect than highly 
concentrated sodium fluoride agent and Remin Pro forte 
(fluoride, hydroxyapatite and xylitol paste) on WSLs in 
permanent teeth [17]. P11-4 induced less lesion regres-
sion of white spot buccal lesions in permanent than fluo-
ride varnish [18].

P11-4 and NSF are two novel caries preventive and 
remineralization agents for early caries lesions. They have 
limited evidence base to support their relative effects 
with scarce information from clinical trials comparing 
both agents directly. Such trials can provide answers to 
questions about which agent to use in  situations where 
white spot lesions in permanent teeth are present. This 
study compared P11-4, NSF varnish and NaF varnish in 
remineralizing WSLs on the buccal surfaces of perma-
nent teeth in young adults after one, three, six and twelve 
months follow-up. The null hypothesis was that there 
would be no significant differences in lesion arrest among 
the three agents.

Material and methods
Ethical consideration and study design
This study was a parallel randomized, three arm, clini-
cal trial conducted in the Pediatric Dentistry clinic of 
the Faculty of Dentistry, Alexandria University. Ethi-
cal approval was obtained from the Research Ethics 
Committee, Faculty of Dentistry, Alexandria University 
(#0086–11/2019). The trial was prospectively registered 
on the clinicaltrials.gov registry (NCT04929509). Before 
the intervention, the study was explained to the partici-
pants and they were informed about the etiology of WSLs 
and the available options for treatment. They were also 
advised about the importance of oral hygiene and proper 
diet in preventing WSLs lesions.

Participant eligibility
Participants were recruited randomly from the outpa-
tients clinic of Faculty of Dentistry, Alexandria University 
if they were aged 10–24 years [19], with at least one vis-
ible WSL in the buccal surface of permanent teeth, with 
ICDAS II score of 1 or 2, and after signing an informed 
consent to participate in the study, themselves if they 
were > 18 years of age or by their guardians/parents if they 
were younger [18]. The exclusion criteria were patients 
receiving tetracyclines, any other medication known to 
stain teeth [18, 20] or had fluoride application less than 
3  months before the study [12]. Teeth were excluded if 
they had microcavities or dentinal involvement due to 
loss of enamel, had a restoration adjacent to the lesion to 
avoid diagnodent false-positive readings [18], had discol-
ouration, enamel hypoplasia or fluorosis [18].

Sample size calculation
Sample size was estimated based on assuming 95% confi-
dence level and 80% study power. The percentage of inac-
tive lesions expected after 12 months of applying P11-4 
and NaF varnish were estimated to be 68.8% and 25.9% 
respectively [18, 21]. By comparing proportions, sam-
ple size was calculated to be 20 patients per group, with 
each patient having at least one active lesion. This was 
increased to 22 patients to make up for loss to follow up 
with total sample of 66 patients.

Randomization, allocation and blinding
Participants were randomly assigned with equal alloca-
tion to the three arms, Curodont Repair (P11-4), NSF 
varnish and NaF varnish, using a computer-generated list 
of random numbers in blocks of 3 [22]. Participants were 
given serial numbers that was written on identical sheets 
of paper with the group to which the patient was allo-
cated and placed inside an opaque envelop carrying the 
patient’s name. A trial independent person kept the enve-
lopes and unfolded them at the time of the intervention. 
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The examiner administering the intervention (NN) was 
not blinded, since the method of application is differ-
ent for the three agents. However, the participants were 
blinded to the agent they received by removing the labels 
from the bottles. The outcome assessor (SA) was blinded 
to the intervention type.

Training and calibration
The examiner (S.A.) was trained for ICDAS II and 
Lesion activity assessment (LAA) criteria by two senior 
researchers (H.A. and S.S.). Intra examiner reliability was 
excellent for ICDAS II and LAA examinations (Kappa 
statistic = 0.92 and 0.90 respectively).

Intervention
Participants in the first group received P11-4 (Curodont 
Repair™, Biomedical products for tooth preservation) 
only at baseline. First, the tooth was completely isolated 
using rubber dam followed by cleaning of the tooth sur-
face with sodium hypochlorite 2% for 20 s, acid etching 
with phosphoric acid gel 35–37% for 20 s, rinsing and 
drying. The agent was applied by removing the safety clip, 
activating the applicator and squeezing out the sponge 
above the lesion and the solution was left to diffuse for 5 
min [23].

In the second group, each tooth received two drops of 
NSF only at baseline. NSF was prepared at the Faculty of 
Pharmacy, Alexandria University according to Wei et al. 
method [24]. It was applied with a micro brush, equiva-
lent to a dose of 10 mg and the solution was left in con-
tact with the tooth for 2 min [25].

The third group received 5% NaF varnish (Duraflor®) at 
baseline and after 6 months. The teeth were dried and a 
very thin coat of the varnish was applied and allowed to 
dry for 10 s [18].

All participants were instructed to eat only soft foods 
and avoid hot liquids for two hours. Oral health instruc-
tions were given to all participants.

Outcome assessment
Remineralization was assessed using visual tactile assess-
ment of WSLs based on change in ICDAS II scores 
(reduction from score 2 to 1, or from score 1 to 0) and 
LAA (NYVAD) [26] (Table 1). This was the primary out-
come. DIAGNOdent score was the secondary outcome. 
The DIAGNOdent score ranges from 0 to 99 with higher 
score indicating deeper caries. A decrease in value indi-
cates regression of the carious lesion, whereas an increase 
indicates progression [27]. A base line zero value for each 
patient is obtained by choosing a clear non carious patch 
of enamel, usually the middle third of an anterior tooth. 
The pen is pointed in perpendicular direction to this 
area and the set button is touched for 2 s until 0 appears, 
then the button is released, and zero baseline value is, 
thus, set. Probe B of laser fluorescence for smooth sur-
face caries was used for lesions examination. Using cot-
ton roll isolation and after air drying with an air syringe, 
the measurement was performed with the tip making 
contact at a right angle to the white spot lesion. Measure-
ments were made three times and the values were aver-
aged [28]. Outcome assessment was done at baseline and 
1, 3, 6 and 12 months. The flow chart of patients and out-
come assessment at each follow-up period is illustrated 
in Fig. 1.

The World Health Organization questionnaire was 
used to assess participants’ oral health practices includ-
ing dental visits, use of fluoridated toothpaste and fre-
quency sugar consumption, and their socioeconomic 
background (age, sex) as confounders [29].

Statistical analysis
Normality was checked using Kolmogorov–Smirnov 
test. Non-normally distributed variables were presented 
using medians and inter quartile ranges (IQR). Inten-
tion to treat analysis was used. Chi squared test was 
used to compare changes in ICDAS and NYVAD scores 
among groups and McNemar test was used to compare 
changes across time within the same group. For LAA, a 
score of more than 7 was considered active and less than 

Table 1  Lesion activity assessment (LAA) (NYVAD) criteria [27]

Clinical parameter 1 (visual appearance: severity score) ICDAS score 1,2 (brown lesions) 1 point

ICDAS score 1,2 (white lesions) 3 points

ICDAS score 3, 4, 5 or 6 4 points

Clinical parameter 2 (gingival inflammation with plaque 
stagnation)

Gingival inflammation with plaque stagnation 3 points

No gingival inflammation 1 point

Clinical parameter 3 (surface texture) Rough or soft surface on gentle probing 4 points

Smooth or hard surface on gentle probing 2 points

Final sum  ≤ 7 Inactive caries

 > 7 Active caries
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7 indicated inactive lesion [21]. Multilevel binary logistic 
regression was used to assess the effect of agents, intro-
duced as fixed effects, on ICDAS score reduction catego-
rized as reduction versus no reduction where reduction 
was recorded if the score changed from score 2 to score 1 
or from score 1 to score 0 and no reduction was recorded 
if the scores remained unchanged or increased. This was 
done with and without controlling the confounders (age, 
sex, brushing with fluoridated toothpaste, dental visits, 
and sugar consumption, and the number of teeth with 
white spot lesions in each group). Significance level was 
set at P = 0.05. All tests were two tailed. Data were ana-
lyzed using IBM SPSS Statistics for Macintosh, Version 
28.0. Armonk, NY: IBM Corp.

Results
The study sample included 147 lesions in 66 patients. The 
mean (± SD) age was 13.46 (± 4.31) with 66.7% females. 
There were no significant differences among the groups 
except in the daily frequency of sugar intake and fre-
quency of dental visits last year (P = 0.031 and 0.004, 
respectively, Table 2).

There were significant differences in change of ICDAS 
scores among the three groups after 3 and 6 months 
(p = 0.005, Table  3). The reduction in ICDAS score 
increased in all groups in all periods with the greatest 
being after 12 months in the P11-4 group (54.5%), fol-
lowed by NSF (47.7%) and the least in the NaF group 
(30.5%). There was no increase in ICDAS scores in 

Fig. 1  Participants flow cart
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the P11-4 and NSF groups and only 3.4% of lesion had 
increase in ICDAS scores in the NaF group after 12 
months (Table 3).

Between group comparisons of lesion activity showed 
significant differences after 1 (p < 0.001), 3, 6 and 12 
months (p = 0.009) (Table  4). All groups showed signifi-
cant reduction in the percentages of active lesions using 
NYVAD LAA scores across time (p < 0.001). The reduc-
tion in lesion activity was observed in all groups till 3 
months then became stable after that, with the greatest 

percentage of inactive lesions in the P11-4 group (100%), 
followed by NSF and NaF (81.4%) (Table 4).

There were significant differences in Diagnodent read-
ings among the three groups in each follow up period 
(p < 0.001) and the reduction in median Diagnodent 
reading in each group across time was also significant 
(p = 0.001) with the lowest Diagnodent median reading 
observed in the P11-4 group after 12 months, Fig. 2.

The unadjusted multilevel binary logistic regres-
sion model showed that P11-4 (UOR = 2.34, 95% CI: 

Table 2  Demographic description and oral health practices of study participants per group

* Statistically significant p value < 0.05

P11-4 (N = 22 
patients, n = 44 
lesions)

NSF (N = 22 
patients, n = 44 
lesions)

NaF (N = 22 
patients, n = 59 
lesions)

P value

Age: Mean (SD) 12.55 (3.54) 11.73 (2.87) 13.77 (4.6) 0.196

Sex n (%) Male 9 (40.9%) 7 (31.8%) 8 (36.4%) 0.822

Female 13 (59.1%) 15 (68.2%) 14 (63.6%)

Frequency of sugar intake: Mean (SD) 1.5 (1.01) 2.45 (1.34) 2.09 (1.19) 0.031*

Last dental visit in the last year n (%) Never 2 (9.1%) 4 (18.2%) 3 (13.6%) 0.004*

Once 7 (31.8%) 8 (36.4%) 8 (36.4%)

Twice 6 (27.3%) 6 (27.3%) 9 (40.9%)

3 times 6 (27.3%) 4 (18.2%) 1 (4.5%)

4 times 1 (4.5%) 0 1 (4.5%)

Frequency of brushing with fluoridated tooth-
paste n (%)

Never 2 (9.1%) 5 (22.7%) 4 (18.2%) 0.196

More than 1 time per month 4 (18.2%) 3 (13.6%) 7 (31.8%)

Once or twice a week 8 (36.4%) 10 (45.5%) 5 (22.7%)

Once per day 6 (27.3%) 2 (9.1%) 3 (13.6%)

Twice per day 2 (9.1%) 2 (9.1%) 3 (13.6%)

Number of teeth with white spot lesions: Mean (SD) 2 (1.35) 2 (1.45) 2.68 (1.36) 0.087

Table 3  Change in ICDAS scores among the groups at different time intervals

* Statistically significant p value < 0.05

P11-4 (N = 22 patients, 
n = 44 lesions)

NSF (N = 22 patients, 
n = 44 lesions)

NaF (N = 22 patients, 
n = 59 lesions)

Chi square (P value)

N (%)

1 Month Reduction 8 (18.2%) 5 (11.4%) 4 (6.8%) 4,603 (0.33)

No change 36 (81.8%) 39 (88.6%) 54 (91.5%)

Increase 0 0 1 (1.7%)

3 Months Reduction 18 (40.9%) 14 (31.8%) 6 (10.2%) 14.703 (0.005)*

No change 26 (59.1%) 30 (68.2%) 52 (88.1%)

Increase 0 0 1 (1.7%)

6 Months Reduction 24 (45.5%) 18 (40.9%) 9 (15.3)% 14.999 (0.005)*

No change 20 (54.5%) 26 (59.1%) 48 (81.4%)

Increase 0 0 2 (3.4%)

12 Months Reduction 20 (54.5%) 21 (47.7%) 18 (30.5%) 8.793 (0.066)

No change 24 (45.5%) 23 (52.3%) 39 (66.1%)

Increase 0 0 2 (3.4%)
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1.05, 5.22) and NSF (UOR = 1.78, 95% CI: 0.80, 3.97) 
had higher odds of inducing reduction in ICDAS scores 
than NaF varnish, although the difference was only sta-
tistically significant among the P11-4 group (P = 0.04). 
The adjusted multilevel binary logistic regression model 

showed that P11-4 (AOR = 2.26, 95% CI: 0.58, 8.77) and 
NSF (AOR = 2.12, 95% CI: 0.59, 7.64) had higher odds of 
inducing reduction in ICDAS scores than NaF varnish, 
although these differences were not statistically signifi-
cant (P = 0.24 and 0.25, Table 5).

Table 4  NYVAD scores between the groups at different time intervals

* Statistically significant p value < 0.05

P11-4 (N = 22 patients, 
n = 44 lesions)

NSF (N = 22 patients, 
n = 44 lesions)

NaF (N = 22 patients, 
n = 59 lesions)

Chi square (P value)

N (%)

Baseline Inactive 21 (47.7%) 19 (43.2%) 22 (37.3%) 1.152 (0.562)

Active 23 (52.3%) 25 (56.8%) 37 (62.7%)

1 Month Inactive 43 (97.7%) 33 (75%) 40 (67.8%) 14.145 (< 0.001)*

Active 1 (%) 11 (25%) 19 (32.2%)

3 Months Inactive 44 (100%) 36 (81.8%) 48 (81.4%) 9.326 (0.009)*

Active 0 (0%) 8 (16.2%) 11 (18.6%)

6 Months Inactive 44 (100%) 36 (81.8%) 48 (81.4%) 9.326 (0.009)*

Active 0 (0%) 8 (16.2%) 11 (18.6%)

12 Months Inactive 44 (100%) 36 (81.8%) 48 (81.4%) 9.326 (0.009)*

Active 0 (0%) 8 (16.2%) 11 (18.6%)

P value  < 0.001*  < 0.001*  < 0.001*

Fig. 2  Diagnodent readings in the three groups at different follow up periods

Table 5  Multilevel binary logistic regression assessing the effect of P11-4 and NSF compared to NaF on reduction versus no reduction 
in ICDAS score after 12 months

Models are adjusted for age, sex, sugar frequency, number of white spot lesions, frequency of toothbrushing with fluoridated toothpaste and last dental visit
* Statistically significant p value < 0.05

UOR 95% CI P value AOR 95% CI P value

P11-4 vs NaF 2.34 (1.05- 5.22) 0.04* 2.26 (0.58, 8.77) 0.24

NSF vs NaF 1.78 (0.80- 3.97) 0.16 2.12 (0.59, 7.64) 0.25

% Correctly classified 58.5% 82.3%

Model P value 0.10 0.06
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Discussion
This study showed that after one application of P11-4, 
there were no active lesions after 3 months with signifi-
cantly lower Diagnodent readings than NaF at all follow-
up periods. Also, the number of active lesions decreased 
steadily after one application of NSF and stabilized after 3 
months with Diagnodent readings lower than NaF. How-
ever, the adjusted analysis showed that the reduction in 
ICDAS scores in the P11-4 and NSF groups was not sig-
nificantly different from the NaF group. Thus, there is no 
support for rejecting the null hypothesis. Our study fills 
a knowledge gap by providing evidence on whether there 
are differences between P11-4 and NSF compared to NaF 
in remineralizing WSLs in permanent teeth. The find-
ings may support the use of two applications of NaF, one 
application of NSF or P11-4 to control WSLs in perma-
nent teeth depending on availability of agents and patient 
compliance although longer follow up periods may shed 
further light on the sustainability of the effects of the 
three agents.

In the present study, a longer follow up period was used 
than in most previous studies assessing the remineraliza-
tion effect of the studied agents and an adjusted analy-
sis was used that also accounted for clustering of teeth 
within persons. Because of these features, direct com-
parison with previous studies is difficult. For example, 
in the present study, there were no differences between 
the percentage of lesions with reduction of ICDAS scores 
after P11-4 or NSF compared to NaF after 12 months. 
This disagrees with Ali et al. [7] who reported significant 
difference between NSF and NaF in the number of WSLs 
in permanent teeth of young adults after 3 and 6 months. 
It also disagrees with Gözetici et.al [18], who showed 
that NaF induced greater regression of white spot buc-
cal lesions than P11-4 after 6 months and Kamh et  al. 
[17] who reported greater reduction in ICDAS II scores 
of WSLs in adults after 3 months when NaF and xylitol 
paste were used than when P11-4 was used. These differ-
ences highlight the need for studies with adequate dura-
tion and analysis techniques that take into consideration 
the differences that may exist among groups to draw valid 
conclusions about differences in the remineralization 
potential of caries preventive agents.

The present study showed that there were significantly 
fewer active lesions in the P11-4 and NSF groups than the 
NaF. This agrees with Ali et al. [7] who reported that the 
NSF had significant reduction in lesion activity up to 6 
months. Moreover, Alkilzy et al. [12] and Doberdoli et al. 
[14] who showed that P11-4 resulted in greater reduc-
tion in lesion activity of early occlusal lesions in children 
and adolescents than NaF after 6 months. Most recently 
Keeper JH et al. [16] in their systematic review and meta-
analysis has shown single application of P11-4 resulted in 

decreased lesion activity after 24 months. Our study fill a 
knowledge gap by proving evidence of the effectiveness 
of NSF in reducing lesion activity up to 12 months.

In the present study, there were significantly lower 
median Diagnodent readings in the NSF than the NaF 
group. This agrees with the only published clinical trial 
[6] comparing NSF and NaF varnishes in primary teeth 
that showed significant reduction of diagnodent read-
ings in NSF group than NaF varnish after 3 months. The 
differences in the present study in Diagnodent read-
ings between P11-4 and NaF also agree with systematic 
reviews [15, 16] concluding that up to 12 months, P11-4 
showed significantly greater improvement in Diagnodent 
readings than NaF. The observed differences in the pre-
sent study in Diagnodent readings among the groups 
when there were no significant differences in the percent-
age of lesions with reduction in ICDAS scores highlight 
the sensitivity of Diagnodent than ICDAS scoring in 
detecting changes in lesions limited to enamel [30].

Future clinical trials are needed to support the pre-
sent findings. Further trials are also needed to examine 
the effects of the studied agents on occlusal and proxi-
mal surfaces which are common sites for dental caries 
in primary and permanent teeth. Studies with longer 
follow-up periods are also needed.

Conclusion
The findings of this study highlight the remineralizing 
effect of P11-4 and NSF. After one year, there were no 
significant differences in the reduction of ICDAS scores 
among groups in adjusted analysis although P11-4 and 
NSF showed less caries activity and lower Diagnodent 
scores than the NaF group. Further studies are needed 
to guide clinical decision making to select appropriate 
remineralizing agents for WSLs in smooth surfaces.
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