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Introduction

ABSTRACT

Background: Enamel white spot lesions represent the earliest clinically detectable stage
of dental caries and may be reversed through appropriate remineralization therapies. Wh-
ile fluoride-containing toothpastes are widely used for enamel remineralization, limited
evidence is available regarding the effects of nano-silver-containing toothpastes on ena-
mel surface properties. This study aimed to compare the effects of nano-silver and fluori-
de toothpastes on the microhardness and surface roughness of enamel white spot lesions.
Purpose: This study aimed to compare the effects of nano-silver and fluoride on the
microhardness and surface roughness of enamel white lesions.

Materials and Method: An in vitro experimental study was conducted on freshly ex-
tracted, healthy permanent teeth, which were sectioned using metal discs to produce
enamel samples. A total of 24 enamel samples were evaluated for initial microhardness
(the Vickers tester) and surface roughness (the Profilometer). Subsequently, the samples
were exposed to an acidified hydroxyethyl cellulose system for 96 hours to induce
enamel white lesions. The microhardness and surface roughness of the lesions were
assessed again. The samples were then randomly divided into two groups: Group | was
treated with fluoride toothpaste, while Group 11 was treated with nano-silver toothpaste.
Each pair of groups was analyzed by using repeated measures ANOVA.

Results: There were significant differences between the three measurement stages (p V-
alue <0.001) in each group. In the Test of Between-Subjects Effects, the changes across
all stages were similar between the two groups (p= 0.701). In both groups, microhardne-
ss and surface roughness increased after demineralization but decreased post-treatment
in both groups.

Conclusion: Within the limitations of this in vitro study, nano-silver toothpaste demon-
strated a remineralization potential comparable to that of conventional fluoride tooth-
paste. Both interventions improved enamel microhardness and reduced surface rough-
ness following demineralization, suggesting that nano-silver toothpaste may serve as a
potential alternative for the management of enamel white spot lesions.
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ing optimal oral health continues to be a major chal-

Dental caries is a common infectious disease affecting lenge in dentistry. There is growing emphasis on using
the hard tissues of the tooth. Although oral health im- protective and preventive measures before oral health
provement programs are widely implemented, maintain- deteriorates. Similarly, using conservative methods to
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prevent the need for cavity preparation has become in-
creasingly important [1]. The demineralization process
is dynamic and, if identified early, can potentially be
reversed. Caries progression occurs when demineraliza-
tion episodes outweigh remineralization phases. The
loss of minerals due to disease progression leads to ob-
servable changes on the tooth surface, starting from a
subclinical stage (white spot lesions) to the eventual
formation of cavities [2].

Enamel white lesions are the earliest signs of tooth
demineralization. At this stage, shifting the balance to-
ward remineralization can prevent the further spread of
these lesions. Identifying an optimal protocol for remin-
eralizing early enamel lesions is a critical step toward
achieving preventive and minimally invasive dentistry
[3]. In recent years, non-invasive treatments for early
caries have significantly increased, owing to a deeper
understanding of mineral loss mechanisms [2].

Recent studies have suggested that nano-silver may
be effective in preventing the formation of dental bio-
film. Silver nanoparticles, due to their electrostatic attar-
ction, can penetrate bacterial cell walls, induce oxidative
stress, and subsequently interfere with bacterial DNA
transcription and cellular respiration. It has also been
reported that the size of silver particles enhances their
antimicrobial activity due to increased surface contact
with bacterial cells, without causing tooth discoloration
commonly associated with silver diamine fluoride [4].

Toothpaste, while used in conjunction with tooth-
brushing, represents one of the most widely used me-
chanical and chemical approaches for plaque control.
Fluoride is a well-established agent effective in prevent-
ing caries and halting the progression of new carious
lesions, functioning as a remineralizing agent [1]. Nano-
silver poses no significant health risks to human cells.
Streptococcus mutans, identified as the most cariogenic
bacterium in the oral cavity, has shown susceptibility to
the bactericidal effects of silver nanoparticles [5].

Several studies have primarily focused on the anti-
microbial properties of silver-based materials and their
effects on cariogenic bacteria [4-6]. More recently, sil-
ver-containing agents have also been reported to im-
prove enamel surface characteristics, including micro-
hardness and surface integrity [4-6]. However, evidence
regarding the remineralizing effects of nano-silver-
containing toothpaste remains limited, and direct com-

parisons with conventional fluoride toothpaste are
scarce. Therefore, the present study aimed to compare
the effects of nano-silver and fluoride toothpastes on the
microhardness and surface roughness of enamel white
spot lesions under laboratory conditions.

Materials and Method
This in vitro experimental study was conducted on
freshly extracted human permanent molars free of car-
ies, restorations, fractures, enamel hypoplasia, erosion,
and severe wear. Following extraction, all specimens
were cleaned to remove soft tissue remnants and surface
debris using a scalpel blade and a low-speed rotary
brush under running water. The teeth were subsequently
disinfected in 0.1% thymol solution for 48 hours. Stand-
ardized enamel specimens measuring approximately
5x5x2.5mm were prepared from the buccal and lingual
surfaces using a water-cooled metal disc. To obtain uni-
form test surfaces, all specimens were polished using
600-grit Sof-Lex discs (3M ESPE, St. Paul, MN, USA)
according to previously described protocols [3].

Baseline surface roughness and microhardness
measurements were obtained for all specimens. Surface
roughness was assessed using a TR200 profilometer [1],
while enamel microhardness was measured using a
Vickers digital microhardness tester (Bareiss, USA) [3].
For each specimen, measurements were recorded at
three different locations and the mean value was consid-
ered the representative value for statistical analysis.
Efforts were made to ensure homogeneity of baseline
microhardness and surface roughness among the speci-
mens. Artificial enamel white spot lesions were induced
by exposing the specimens to an acidified hydroxyethyl-
cellulose demineralizing system (pH 4.5) for 96 hours
[7]. Following demineralization, the specimens were
rinsed with distilled water for one minute and stored in a
buffer solution (pH 7.4) at room temperature [3]. Sur-
face roughness and microhardness measurements were
then repeated to confirm lesion formation.

The demineralized enamel specimens were random-
ly allocated into two groups (n= 12 per group). Group 1
was treated with a fluoride-containing toothpaste (Col-
gate Regular®, Colgate-Palmolive Company, China, m-
anufactured under European license), containing 1450
ppm fluoride as the active remineralizing agent. Group
2 was treated with a nano-silver-containing toothpaste
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(Coral Nano Silver Toothpaste®, Coral LLC, USA),
containing silver nanoparticles as the active ingredient.
Each specimen was brushed three times daily for two
minutes using a standardized pea-sized amount of the
assigned toothpaste. The brushing protocol was contin-
ued for 15 consecutive days. The brushing duration was
selected based on established oral hygiene recommend-
ations indicating that approximately two minutes of bru-
shing is required for adequate plaque removal and fluo-
ride delivery. After each brushing session, the specime-
ns were rinsed with distilled water for 15 seconds. Thro-
ughout the experimental period, all samples was main-
tained in a 100% humid environment using isotonic sal-
ine solution without additional remineralizing agents.

At the end of the intervention period, surface rough-
ness and microhardness measurements were repeated
using the same instruments and procedures employed at
baseline. Microhardness measurements were performed
using a Vickers microhardness tester (Bareiss, USA)
under a load of 100g for 10 seconds [3]. Surface rough-
ness was evaluated using the profilometer [1]. Three
measurements were obtained from each specimen for
both outcomes, and the mean value was used for statis-
tical analyses. Statistical analyses were performed using
SPSS software (Version 18; IBM Corp., Armonk, NY,
USA). Data were expressed as meanzstandard deviation
(SD). Changes in microhardness and surface roughness
across the three assessment stages (baseline, post-demi-
neralization, and post-treatment) were evaluated using
repeated-measures analysis of variance (ANOVA). A p
Value < 0.05 was considered statistically significant.

Results

Microhardness

The microhardness measurements obtained at baseline,
after demineralization, and after remineralization are
presented in Table 1 and Figure 1. In the fluoride tooth-
paste group, the mean microhardness was 401.25+57.65
kg/mm2 at baseline, decreased to 165.66+61.48 kg/mm?
after demineralization, and increased to 328.08+91.94
kg/mm2 following remineralization. Similarly, in the na-

no-silver toothpaste group, the mean microhardness was
466.16+65.30kg/mm2 at baseline, decreased to 142.66+
26.86kg/mm? after demineralization, and increased to
269.75+45.72kg/mm? after remineralization (Table 1,
Figure 1). Repeated-measures analysis demonstrated st-
atistically significant differences in microhardness acro-
ss the three assessment stages (p< 0.001). The overall
pattern of microhardness changes did not differ signifi-
cantly between the fluoride and nano-silver toothpaste
groups (GroupxTime interaction, p = 0.689) (Table 1).
Surface Roughness
The surface roughness measurements at baseline, after
demineralization, and after remineralization are present-
ed in Table 2 and Figure 2. In the fluoride toothpaste
group, the mean surface roughness was 0.370£0.223pum
at baseline, increased to 0.536+0.271um after deminer-
alization, and decreased to 0.290+0.072um after remin-
eralization. In the nano-silver toothpaste group, the cor-
responding values were 0.430+0.203um, 0.545+0.128
m and 0.289+0.060um, respectively (Table 2, Figure 2).
Statistically significant differences in surface rough-
ness were observed across the three assessment stages
(p< 0.001). No statistically significant difference was
observed between the fluoride and nano-silver tooth-
paste groups regarding the overall pattern of surface
roughness changes over time (GroupxTime interaction,
p=0.701) (Table 2).

Discussion

The present in vitro study evaluated and compared the
effects of nano-silver and fluoride-containing tooth-
pastes on the microhardness and surface roughness of
artificially demineralized enamel. The findings demon-
strated that both toothpastes significantly improved
enamel microhardness and reduced surface roughness
following demineralization. However, no statistically
significant differences were observed between the two
groups regarding the overall pattern of changes in either
outcome. Enamel microhardness is widely recognized
as an indirect indicator of mineral content and has been
extensively used to evaluate enamel demineralization

Table 1: Enamel microhardness values (kg/mma2) at baseline, after demineralization, and after remineralization in the study groups

MH Baseline After Demineralization After Remineralization b Value
Groups Max Min Mean + SD Max Min MeantSD Max Min Mean+SD

Groupl 460 276 401.25+£57.65 332 116 165.66+61.48 541 192 328.08+91.94

Group2 583 336 466.16+65.3 190 98 142.66+26.86 377 209 269.75+45.72 p< 0.001

p Value p=0.689 p=0.689

p= 0.689
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Figure 1: Changes in enamel microhardness (kg/mm?) across baseline, demineralization, and remineralization stages in the fluoride and

nano-silver toothpaste groups

and remineralization processes [9-10,13]. In the present
study, artificial demineralization resulted in a marked
reduction in enamel microhardness in both groups, indi-
cating successful lesion formation. Following the re-
mineralization period, microhardness values increased
in both the fluoride and nano-silver groups, suggesting
that both interventions contributed to partial recovery of
enamel mineral integrity.

The observed findings are consistent with previous
studies investigating the remineralizing potential of
nano-silver fluoride (NSF)-based materials. Zhi et al.
[11] demonstrated that silver and fluoride ions could
enhance the remineralization of demineralized enamel
and dentin under laboratory conditions. Similarly, El-
Desouky et al. [12] reported that NSF and fluoride var-
nish exhibited comparable anticariogenic effects and
were equally effective in limiting enamel demineraliza-
tion in primary teeth. Furthermore, Vieira Costa e Silva
et al. [14] showed that NSF solution produced reminer-
alization outcomes comparable to those achieved with
sodium fluoride in primary enamel lesions.

The findings of the present study are also in agree-
ment with those reported by Teixeira et al. [5], who
evaluated a nano-silver fluoride-containing dentifrice
and found that its ability to prevent enamel deminerali-

zation was comparable to that of conventional sodium
fluoride toothpaste. Using microhardness testing and
optical coherence tomography, the authors demonstrat-
ed that NSF-containing toothpaste effectively reduced
mineral loss during pH cycling challenges. Since sodi-
um fluoride toothpaste is considered a standard preven-
tive approach against enamel demineralization, these
findings support the potential application of nano-silver-
containing formulations as alternative preventive agents.
In contrast, Akyildiz and Sénmez [4] reported that NSF
varnish produced lower remineralization efficacy than
sodium fluoride varnish when evaluated using enamel
microhardness measurements. Differences between their
findings and those of the present study may be related to
variations in study design, formulation type, fluoride
concentration, application protocol, exposure time, and
characteristics of the enamel substrate. Such methodo-
logical differences should be considered when compar-
ing outcomes across studies.

In addition to microhardness, surface roughness rep-
resents an important parameter for evaluating enamel
surface integrity. Increased roughness may facilitate
bacterial adhesion and plaque accumulation, thereby in
creasing susceptibility to caries progression [17]. In the
present study, surface roughness increased following

Table 2: Mean = SD, minimum, and maximum values of enamel surface roughness (Ra, pm) at baseline, after demineralization, and

after remineralization in the fluoride and nano-silver toothpaste groups

Ra Baseline After Demineralization After Remineralization b Value
Groups Max Min Mean +SD Max Min  Mean+SD  Max Min Mean +SD

Groupl 0.83 0.05 0.37040.223 1.11 0.16 0.536+0.271 0.44 0.19 0.290£0.072

Group?2 0.79 0.12 0.430£0.203 0.70 0.30 0.545+0.128 0.42 0.17 0.289+0.060 p<0.001
p Value p=0.701 p=0.701 p=10.701




Heshmat H, et al

J Dent Shiraz Univ Med Sci

08|

07|

08

05|

95% CI

04

03

R1
IR2
IR3

Flouride

Nano Silver

Figure 2: Changes in enamel surface roughness (Ra, um) across baseline, demineralization, and remineralization stages in the fluoride

and nano-silver toothpaste groups (95% confidence intervals)

demineralization and decreased after treatment in both
experimental groups. Moreover, the magnitude of
roughness reduction was comparable between the fluo-
ride and nano-silver toothpaste groups. Evidence re-
garding the effects of nano-silver-containing materials
on enamel surface roughness remains limited [4,17,19].
Nevertheless, available studies suggest that silver nano-
particles may positively influence enamel surface char-
acteristics. Wu et al. [17] evaluated the effect of silver
nanoparticles on artificial enamel caries developed in a
Streptococcus mutans biofilm model and reported a
reduction in enamel surface roughness following treat-
ment. Similarly, fluoride-based remineralization thera-
pies have been shown to improve enamel surface char-
acteristics. Dionysopoulos et al. [16] reported that topi-
cal fluoride application significantly increased enamel
microhardness after bleaching, whereas bleaching pro-
cedures have been associated with reductions in enamel
microhardness and alterations in surface morphology
[16, 18]. In addition, China et al. [18] demonstrated that
fluoride gels improved the surface characteristics of
bleached enamel. Although the exact mechanism by
which nano-silver contributes to enamel remineraliza-
tion has not yet been fully elucidated, previous evidence
suggests that silver nanoparticles may enhance enamel
resistance to demineralization while simultaneously
exerting antimicrobial activity against cariogenic mi-
croorganisms [6,19-20]. Their small particle size and
large surface area may facilitate interactions with de-
mineralized enamel surfaces and contribute to the pres-
ervation of enamel structure [19,21,]. However, further
mechanistic studies are required to better understand the

role of nano-silver in the remineralization process.

From a clinical perspective, the comparable perfor-
mance of nano-silver and fluoride toothpaste observed
in the present study suggests that nano-silver-containing
dentifrices may represent a promising adjunctive ap-
proach for the management of enamel white spot le-
sions. In addition to their potential remineralizing ef-
fects, nano-silver-containing products may provide ad-
ditional antimicrobial benefits that could contribute to
caries prevention [6,22]. Several limitations of this
study should be acknowledged. First, the in vitro design
does not fully replicate the complex biological condi-
tions of the oral environment, including salivary flow,
acquired pellicle formation, dietary influences, oral mi-
crobiota, and fluctuations in pH. Second, only one
commercially available nano-silver toothpaste and one
fluoride toothpaste were evaluated. Third, the sample
size was relatively limited, and the duration of the ex-
perimental period was restricted to 15 days. Finally,
only microhardness and surface roughness were as-
sessed, while other indicators of remineralization, such
as mineral content analysis and microscopic evaluation,
were not investigated. Therefore, further in vivo studies
and randomized clinical trials are warranted to confirm
the long-term effectiveness and clinical applicability of
nano-silver-containing toothpastes in the prevention and
management of enamel white spot lesions.

Conclusion

Within the limitations of this in vitro study, nano-silver
toothpaste demonstrated a remineralization potential co-
mparable to that of conventional fluoride toothpaste in
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the management of enamel white spot lesions. Both int-
erventions significantly increased enamel microhardness
and reduced surface roughness following demineraliza-
tion. These findings suggest that nano-silver-containing
toothpaste may represent a promising alternative to flu-
oride toothpaste for promoting enamel remineralization.
Further in vivo studies and randomized clinical trials are
required to confirm its long-term clinical effectiveness.
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