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ABSTRACT

Purpose: Evaluation of the effect of simulated brushing with toothpaste standardized by 10 
wt. % nano-hydroxyapatite (n-HAp) for one year on the surface composition and nano-mechanical 
properties (hardness and elastic modulus) of human enamel. 

Study design: 20 sliced human enamel/dentin slabs were divided into: control group (brushed 
with a commercial toothpaste) and test group (brushed with the same toothpaste with 10 wt. % 
n-HAp ~20 nm). Brushing was performed for one hour/day for 24 days. The nano-hardness and 
elastic modulus were measured (GPa) by the nano-indenter. SEM and EDXA were performed to 
study the morphology, thickness and the chemical composition of enamel surface. The Ca/P ratio 
was calculated (at. %). The data were statistically analyzed. 

Results: Insignificant difference (P = 0.070) between the nanohardness values of the 2 groups 
was obtained. However, the elastic modulus of the control group was significantly lower than that 
of the test group (P = 0.019). SEM of the test group revealed the precipitation of n-HAp layer (~5 
µm thick). The Ca/P ratios and the other minerals of the two groups were not significantly different. 

Conclusions: Using dental products containing ≥10 wt. % n-AHp should be restricted to 
patients susceptible to demineralization; to avoid their detrimental effect on the elastic modulus 
that could be negatively reflected clinically on the mechanical behavior of the teeth. 

KEYWORDS: Surface composition; Nano-mechanical; Enamel; Nano-hydroxyapatite; 
Brushing; Toothpaste
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INTRODUCTION 

Hydroxyapatite is the main biomineral component 
present in human hard tissues. It can be synthesized 
artificially with the same chemical composition 
and crystalline structure of the hydroxyapatite 
found in teeth and bones 1. It has attracted much 
of interest due to its excellent biological behavior 
as being biocompatible, bioactive, non-toxic 
and non- inflammatory 2, 3. Nano-hydroxyapatite 
(n-HAp) is a revolutionary material that gained 
wide acceptance in dentistry in recent years. It is 
a good source of free Ca which is the key element 
for remineralization, protection against caries and 
dental erosion4.  Nowadays, several studies revealed 
high remineralization potential of n-HAp containing 
toothpastes5-7. 

Currently, a material that can entirely replace 
human teeth in terms of their biological and 
mechanical properties has not yet been found. 
Human teeth have better mechanical properties and 
superior biocompatibility than all dental restorative 
materials including: synthetic resins, ceramics and 
dental alloys. Understanding the various mechanical 
properties of human teeth is the basis of dental 
restorative materials research. Moreover, it can 
provide a reference for developing and assessing 
the mechanical properties of new dental materials 8.      

The mechanical properties of human teeth are 
determined by their chemical composition and 
structure. The mechanical properties of teeth include 
elasticity, hardness, visco-elasticity and fracture 
behavior 9. Elasticity is a term used to define the 
characteristic in which a material changes under 
external force and recovers after force removal. 
The elastic property indices of natural teeth mainly 
include: the elastic modulus i.e. Young’s modulus 
(ratio of normal stress to normal strain up to the 
proportional limit), shear modulus (ratio of shear 
stress to shear strain up to the proportional limit) 
and Poisson’s ratio (ratio of transverse contraction 
strain to longitudinal extension strain in the direction 

of the stretching force within the elastic range of 
the material). However, the elastic modulus is the 
property that has been studied most extensively 10. 

Hardness is a mechanical property that measures 
the ability of a solid material to resist scratching, 
indentation and penetration.  Measurements of 
the hardness of natural teeth have been shifted 
from macroscopic to microscopic and recently to 
nanoscopic scale. These advanced methods and 
instruments enabled the accurate measurement of 
hardness at different sites of even an enamel rod 10.  

Today, n-HAp containing toothpastes are 
commercially available. Owing to their high 
potential for repairing minor dental enamel defects 
and decreasing dentin hypersensitivity 4,5,7,  the use 
of n-HAp containing toothpaste are increasing. 
However, few data are available for the effect 
of their prolonged use on surface composition 
and the nano-mechanical properties of human 
enamel, which could affect its surface properties 
and its ease of restorability or even its behavior 
under force. Therefore, the purpose of this study 
was to evaluate the effect of simulated brushing 
with toothpaste standardized by 10 wt. % nano-
hydroxyapatite (n-HAp) powder for one year on 
the surface composition and nano-mechanical 
properties (hardness and elastic modulus) of 
human enamel. The null hypothesis was that there 
would be no statistically significant difference 
in the surface composition and nano-mechanical 
properties (hardness and elastic modulus) of human 
enamel after the simulated brushing with toothpaste 
standardized by n-HAp (10 wt. %) for one year. 

MATERIALS AND METHODS

Teeth selection and preparation

For sample size calculation, a pilot study has 
been done using 5 specimens in each of the control 
and test groups. According to the obtained results, 
the sample size was calculated. Based upon the 
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measured elastic modulus, the effect size was 1.54. 
Using an alpha (α) level of (5%) and Beta (β) level 
of 0.20 i.e. power = 80%; the predicted minimum 
sample size (n) was 7 specimens in each group. 
However, 10 specimens were used for each group 
to overcome the limitations of the nanoindentation 
test. Sample size calculation was performed using 
G*Power software Version 3.1.9.2

The experimental study was carried out in 
accordance with the ethical guidelines in research 
with human participants and approved by the 
Research Ethics Committee of the Faculty of 
Dentistry, Cairo University (Code 16-9-19). These 
ethical guidelines are in full accordance with the 
World Medical Association Declaration of Helsinki. 

A total of 10 sound human permanent premolar 
teeth were used to prepare 20 enamel/dentin slab 
specimens. All teeth were extracted as required 
for orthodontic treatment from Egyptian children 
(Pedodontics Department, Faculty of Dentistry, 
Cairo University). Before extraction, a written 
informed consent was signed by the parents of all 
participants in order to collect the teeth. The obtained 
written consent was approved by the Research 
Ethics Committee of the Faculty of Dentistry, 
Cairo University. The age of the patients ranged 
from 10-14 years. The freshly extracted teeth were 
thoroughly cleaned of debris and inspected under 
a stereomicroscope (Leica applicator suite, version 
3.1.0, Leica Microsystems, Switzerland) for visibly 
observable cracks, hypoplasia or white spot lesions, 
and then stored in 4 °C physiologic saline solution 
until required. 

The crowns were separated from the roots by a 
diamond-coated band saw under water condition 
(Struers Minitom; Struers, Copenhagen, Denmark). 
Enamel/dentin slabs (3mm x 3mm) were prepared 
from the buccal and lingual surfaces of each 
premolar tooth and embedded in a chemically-
cured polymethyl methacrylate (Acrostone, Egypt) 
blocks. The superficial enamel surface was ground 

flat with water-cooled carborundum discs (1200 
grit; Water Proof Silicon Carbide Paper, Struers, 
Germany) and polished with diamond paste (15μm 
Diamond Paste, Struers) 5 . 

The 20 enamel/dentin slabs obtained from the 10 
teeth (buccal and lingual enamel/dentin slab/tooth) 
were randomly divided in to 2 groups: control and 
test groups. Each tooth slab was allocated in one 
group. The order of specimen’s allocated to groups 
was determined using a computer generated random 
sequence table (randomn.org) which was performed 
by one of the authors other than the one prepared 
the specimens. 

Nano-hydroxy apatite (n-HAp) toothpaste 
preparation and simulated tooth brushing

Nano-hydroxyapatite powder (n-HAp) was 
purchased with size range of 10-20 nm (Fig. 1) 
as obtained from the manufacturer (Nanostreams 
Egypt, batch no NS 0012). The used n-HAp 
powder has similar crystallinity to apatite in bone 
and enamel with Ca/P ratio of 1.67 as stated by the 
manufacturer.  

A commercially available toothpaste (Signal 
Kids, Unilever Mashreq-Personal Care Company, 
Egypt) was used in the current study and served as 
a control group. For the test group, the standardized 
toothpaste was prepared by adding 10 wt. % n-HAp 

Fig. (1) TEM of n-HAp powder (Nanostreams Co. Cairo, Egypt)
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power to the commercial toothpaste 5. In accordance 
with EN ISO 11609 (European standards for 
preparing artificial saliva/toothpaste slurries), each 
toothpaste was diluted in 3 parts (1:3) by volume to 
attain a homogeneous slurry7. The artificial saliva was 
prepared according to the following composition: 
NaCl (0.4g), KCl (0.4g), NaH2PO4•2H2O (0.78 g), 
Na2S•9H2O (00.5 g), urea (1g), CaCl2•2H2O (0.795 
g), distilled water (1000ml) 11. 

Each enamel/dentin slab specimen was mounted 
with a special attachment to a tooth brushing holder 
device. Tooth brushing was accomplished with an 
electric brush (Oral-B, Cross action Power Max 
with medium bristle stiffness) under a weight of 
200g for 1 hour/day for 24 days12. Freshly prepared 
toothpaste/slurries were prepared every day for 
24 days. After each brushing, the specimens were 
rinsed with distilled water, until all the remnants of 
the toothpaste/artificial saliva slurry were removed7.  
Then the specimens were stored in the distilled 
water until next brushing.

The pH value of the artificial saliva was 7.0 
while the pH value of both freshly prepared slurries 
(commercial toothpaste/artificial saliva and the 
10 wt.% n-HAp standardized toothpaste/artificial 
saliva) was 6.3 as measured by the pH meter (pHep, 
Pocket-sized pH Meter, Hanna instrument, Rhode 
Island, USA). Additionally, the pH was measured 
during the whole brushing hour.

Measurement of the nano-mechanical properties 
of enamel

Nanoindentation testing was accomplished under 
dry conditions, in accordance with previous stud-
ies9,13. Berkovich diamond tip with a nanoindenter 
(XP, MST System Corp., Oak Ridge, NT, USA) 
was used. The indents were done using a force con-
trolled test load of 20 mN at a rate of10 nm/sec-
onds at room temperature. The time of loading was 

15 seconds reaching indentation average depth of 
500nm13,14. Each enamel/dentine slab specimen was 
subjected to 9 indents. The method described by 
Oliver and Pharr 15 was followed to calculate the 
hardness (H) and elastic modulus of enamel (E), 
using the formula H=P max/Ac, where, P max is peak 
load and Ac is the contact area; and the formula 1/
Er= (1-ν2)/E+ (1-νi

2)/ Ei, where E and ν are elastic 
modulus and Poisson’s ratio for the specimen and 
Ei and νi are the same parameters for the indenter. 
The hardness and the elastic modulus values were 
reported in GPa. Poisson’s ratio for enamel was as-
sumed to be 0.33.

Scanning electron microscopy (SEM) imaging

Representative specimens were randomly 
selected to study the morphology and the thickness 
of the newly precipitated layer of n-HAp. The 
specimens were sputter-coated with gold for 1.5 
minutes. Microscopic examination of the specimens 
was performed by the scanning electron microscope 
(SEM), (Model Quanta 250 FEG (Field Emission 
Gun) with accelerating voltage 30 KV. FEI 
Company, Netherlands). Top views were obtained 
and then the specimens were cut vertically and 
sputter coated again for side view examination. 

Energy dispersive x-ray analyses (EDXA)

The chemical composition of enamel surface 
for 3 randomly selected specimen from the control 
group and their corresponding test group (lingual and 
buccal halves of each tooth) was performed with the 
same SEM fitted with the energy dispersive x-ray 
analyses (EDX), using accelerating voltage 30 K.V., 
magnification14x up to 1000000 and resolution for 
Gun.1n). The readings were then converted to Ca/P 
ratio using the atomic percentage (at. %) to estimate 
the alteration in the mineral density of the enamel 
surface. 
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Statistical analysis

Numerical data were explored for normality by 
checking the distribution of data using Kolmogorov-
Smirnov and Shapiro-Wilk normality tests. All the 
results of the tested properties (surface composition, 
nanohardness and enamel elastic modulus) showed 
non-parametric distribution. The Mann-Whitney 
U test was used to compare the atomic percentage 
(at. %) of the different minerals as well as the Ca/P 
ratio, nanohardness and the elastic modulus of 
brushed enamel surface in the 2 groups. All data 
were presented as median and range values. The 
significance level was set at P ≤ 0.05.  Statistical 
analysis was done with IBM (IBM ® Corporation, 
NY, USA) SPSS® (SPSS, Inc., an IBM Company) 
Statistics Version 20 for Windows. 

RESULTS

Nanohardness and elastic modulus of enamel

The results revealed that there was no statistically 
significant difference (P-value = 0.070) between 
the nanohardness values (GPa) of the enamel 
specimen’s brushed with the plain commercially 
available toothpaste (control group) and the 10 
wt. % n-HAp standardized toothpaste (test group) 
as seen in table (1). On the other hand, there was 
a statistically significant difference between the 
values of the enamel elastic modulus (GPa) of the 2 
groups (P-value = 0.019). Where, the control group 
revealed statistically significant lower mean enamel 
elastic modulus value (GPa) than the test group as 
shown in table (2). 

TABLE (1) Mann-Whitney U test for comparison 
between the enamel nanohardness (GPa) 
in the 2 groups 

Group
Median
(GPa)

Minimum
(GPa)

Maximum
(GPa)

P-value

Control 2.4 1.1 5.5
0.070

Test 4.2 3.0 8.6

*: Significant at P ≤ 0.05

TABLE (2) Mann-Whitney U for comparison 
between the values of the enamel elastic 
modulus (GPa) in the 2 groups

 Group
Median
(GPa)

Minimum
(GPa)

Maximum
(GPa)

P-value

Control 92.6 48.9 118.1
0.019*

Test 117.5 89.5 143.1

*: Significant at P ≤ 0.05

Scanning electron microscopy (SEM) imaging

The top view seen by the scanning electron (SE) 
micrograph of the brushed enamel surface of the 
test group revealed the precipitation of n-HAp layer 
with particle size range of 14. 57- 84.69 nm (Fig. 2). 
On the other hand, the SE micrograph of the brushed 
enamel surface of the control group revealed a 
homogenous surface (Fig. 3). Additionally, the 
side view of the brushed enamel surface of the test 
group exhibited an average thickness (~ 5 µm) of 
the newly precipitated n-HAp layer (Fig. 4), while 
the underlying biological enamel appeared more 
homogenous as compared to the overlying layer. 
At higher magnification of  the side view, the SE 
micrograph of the brushed enamel surface of the 
test group revealed the precipitation of a layer 

Fig. (2) SE micrograph of the brushed enamel surface of the 
test group revealing the precipitation of n-HAp layer 
with particle size ranging from 14. 57- 84.69 nm  
(top view).
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of needle like crystal of n-HAp with an average 
diameter range of 36.43-51.51 nm and length of 
257.5-381.8 nm (Fig. 5). While, the SE micrograph 
of the brushed enamel surface of the control group 
revealed the presence of ill-defined layer of needle 
like crystal of n-HAp (Fig. 6).

Energy dispersive x-ray analyses (EDXA)

The statistical analysis of the results obtained 
from the EDXA for enamel surface composition 
revealed that there was no statistically significant 
difference between the at. % of the different minerals 
and the Ca/P ratio in the 2 groups (Table 3)

Fig. (4) SE micrograph of the brushed enamel surface of the test 
group revealing an average thickness (~ 5 µm) of the 
precipitated n-HAp layer (side view). The underlying 
biological enamel appeared more homogenous as 
compared to the newly precipitated layer.

Fig. (3) SE micrograph of the brushed enamel surface of the 
control group revealing a homogenous surface (top 
view).

Fig. (6) SE micrograph of the brushed enamel surface of the 
control group revealing the presence of ill-defined 
layer of needle like crystal of n-HAp (side view).

Fig. (5) SE micrograph of the brushed enamel surface of the 
test group revealing the precipitation of a layer of 
needle like crystal of n-HAp with an average diameter 
range of 36.43 -51.51 nm and length of 257.5-381.8 
nm (side view).
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DISCUSSION

The prevention of tooth decay and the treatment 
of initial lesions and cavities are ongoing challenges 
in dentistry. Recently, biomimetic approaches have 
been used to develop nanomaterials for inclusion 
in different oral health-care products. Therefore, 
commercially available n-HAp containing 
toothpastes are increasing day after day following the 
ongoing development in the field of nanotechnology 
and its dental applications. However, the presence 
of these products over shelves facilitates their 

wide use even among population not suffering 
from hypersensitive, high caries index or receiving 
an orthodontic treatment. Therefore, the current 
study was conducted to evaluate the effect of 
n-HAp containing toothpaste on the long term (up 
to one year) on the surface composition and nano-
mechanical properties of human enamel.  

The rationale for adding the n-HAp powder to 
conventional commercially available toothpaste 
rather than the use of commercially available 
n-HAp containing one was first, to certify the 

TABLE (3) Mann-Whitney U test for comparison between atomic percentage (at. %) of the different minerals 
in the 2 groups

 Element Group
Median
(at.%)

Minimum
(at. %)

Maximum
(at. %)

P-value

Ca
Control 28.26 24.17 29.32

0.400
Test 24.71 21.29 25.70

P
Control 18.25 15.16 18.26

0.100
Test 14.26 14.10 15.00

Ca:P ratio
Control 1.59 1.55 1.61

0.700
Test 1.71 1.51 1.73

C
Control 17.36 16.85 19.57

0.100
Test 21.16 20.07 29.04

O
Control 35.17 33.51 39.60

1.000
Test 37.47 30.51 41.65

Na
Control 0.75 0.75 0.82

0.700
Test 0.88 0.39 1.02

Mg
Control 0.26 0.20 0.26

0.200
Test 0.36 0.26 0.79

Si
Control 0.21 0.13 0.22

0.400
Test 0.26 0.19 0.46

Cl
Control 0.29 0.25 0.38

0.100
Test 0.15 0.03 0.22

*: Significant at P ≤ 0.05
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presence of 10 wt. % n-HAp that has been found 
to be the lowest percentage that provides effective 
enamel remineralization 5. Second, to standardize 
the toothpastes used in the current study i.e. to make 
sure that the only difference that would occur will be 
due to the effect of the added n-HAp powder rather 
than any change in the composition offered by using 
control group with conventional toothpaste and a 
test group with a commercial toothpaste containing 
n-HAp powder.

The authors tried to simulate the oral conditions 
as far as was applicable in this in vitro study design. 
The toothpaste/artificial saliva slurry was freshly 
prepared daily and the brushing was done under 
standardized force of 200 g that represent the 
average brushing force 12. Brushing was performed 
for 1 hour/day for 24 days in order to simulate the 
clinical use of the toothpaste for 1 year i.e. brushing 
2 times/day or 4 minutes 12. Furthermore, the 
measurement of the pH value of the freshly prepared 
slurries and during the brushing time was performed 
to screen out if the addition of the n-HAp powder to 
the commercial toothpaste affects the pH value of 
the slurry as this could affect the remineralization 
process. Actually, the pH of the n-HAp containing 
toothpaste/artificial saliva slurry was the same as 
that of the control toothpaste/ artificial saliva slurry. 
This means that under the controlled brushing 
conditions used any difference in the properties of 
the test group would be related to the effect of the 
nano-size of the added HAp powder rather than the 
change in the pH value.

The null hypothesis in this in vitro study was 
partially rejected. As the results of the current 
study revealed that the enamel surface chemical 
composition and nanohardness values were not 
significantly different after simulated brushing 
with 10 wt. % n-HAp standardized toothpaste (test 
group) for one year as compared with the control 
group (Tables 1,3). On the other hand, the enamel 
elastic modulus of the test group was significantly 

higher than that of the control group as seen in table 
2. This could be attributed to the fact that hardness is 
mainly a surface property while the elastic modulus 
is a bulk property related the composition 16. 

It is well known that human enamel is composed 
of 96 % inorganic component and at least 4 wt. % 
of organic tissues and water 17. The apatite crystals 
in human (biologic) enamel that made the main part 
of the inorganic component are highly defective and 
contain at least 2 wt. % carbonate ions 18. These 2 
features cause a decrease in the elastic modulus of 
human enamel 19. The elastic modulus results of 
the current study are in agreement with Habelitz et 
al. in 2001 9.  They reported lower elastic moduli 
values for biologic enamel as compared to those 
for pure single hydroxy- or fluoro-apatite crystals.  
Hence, inclusion of biological contaminants, such 
as protein, influences the properties of enamel 20. 
Additionally, the values of the elastic modulus 
obtained in the present study for the control group 
were in agreements with previous studies 10, 21. 

Moreover, the SEM imaging of the enamel 
surface brushed with 10 wt. % n-HAp standardized 
toothpaste confirmed the presence of newly formed 
n-HAp layer of 4-5 µm thickness (Figs.2, 4). The 
entire enamel surface was covered with finely 
divided particles with a size range of approximately 
14-84 nm that coalesce and form a new surface layer 
of nanostructure (Fig. 2). It appeared that n-HAp 
sediment onto the enamel surfaces and directly 
filled up any surface defects. On the other hand, 
the SEM of the enamel surface in the control group 
appeared homogenous without any identification 
of newly precipitated structures (Fig.3). Side view 
of the vertically sectioned specimens revealed 
the thickness (~5 µm) of the well-defined newly 
precipitated n-HAp layer on the enamel surface 
after the simulated brushing with the 10 wt. % 
n-HAp standardized toothpaste for one year (Fig.4). 
At higher magnifications, a well-defined needle like 
shaped crystals of n-HAp was detected in the test 
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group in contrast to the control group (Figs. 5 and 6 
respectively). 

Although, the synthetic apatite crystals are 
much harder than enamel, in the current  study 
the enamel nanohardness values after the 
simulated one year of brushing with 10 wt. % 
n-HAp standardized toothpaste (4.2 GPa) were 
not statistically significantly different than the 
control group (2.4 GPa). This may be attributed to 
the fact that nanoindentation test was performed 
superficially (500 nm in depth). This means that 
during indentation of the test group the hardness of 
the newly precipitated n-HAp layer was measured 
as the whole thickness of the precipitated layer is 
about 5 µm (5000 nm). In spite of the defective 
nature of the apatite crystals in biologic enamel as 
mentioned earlier (control group), such superficial 
indentation could be only within the prismless 
enamel which occurs in the outermost 30 µm of 
enamel. This prismless enamel has been observed in 
all deciduous teeth and in 70% of permanent teeth. 
No prism outline is visible and the hydroxyapatite 
crystals are parallel to each other and perpendicular 
to the surface. Such layer is heavily mineralized 
than the bulk of the enamel beneath it 22. This 
has been furtherly supported by the insignificant 
differences in enamel surface chemical composition 
among the control and test groups as seen in table 3.  
However, these findings confirmed that the modulus 
of elasticity is more sensitive to any minor change 
in surface enamel nano-structure and composition 
rather than the hardness.

It worth empathize that higher elastic modulus of 
enamel could be reflected clinically as unfavorable 
mechanical response to forces in the complex 
nature of the oral cavity. Therefore, in spite of the 
statistical significance differences between the 
enamel elastic modulus of the test group (117.5 
GPa) and that of the control group (92.6 GPa), the 
clinical significance is mandatory to be studied 
under simulated oral conditions. Consequently, the 

increased use of oral products containing ≥10 Wt. 
% n-HAp should be limited to patients with high 
susceptibility to demineralization or suffering from 
hypersensitivity until more clinically related studies 
are conducted. 

The nanoindentation test was used in the present 
study as it is a reliable method to study the nano-
mechanical alterations of mineralized tissues 9, 
23-26. The nanoindenter test is essentially a non-
destructive method; since the indentations that are 
made are only visible with a high power optical 
or atomic force microscope (AFM) 27. This depth-
sensing technique permitted the measurement of 
hardness and elastic modulus of hard tissues in 
very small submicrometer areas (<1 µm2) 9,15. The 
nanoindenter is capable of applying loads in the 
range of 0.1 to 5000 mgf while simultaneously 
measuring displacement changes <1 nm, hence 
accounting for both plastic and elastic deformation, 
as well as time dependent effects 9,14,15,24. This was 
considered a major advantage compared to earlier 
studies, which used Knoop or Vickers microhardness 
testing28, 29. However, due to the combined effect of 
the extremely small size of the indenter tip and the 
low magnitude of the applied load, the tip of the 
indenter could hit an enamel sheath rather than an 
enamel rod. This has been reflected on the range 
of the measured nano-mechanical properties in the 
current study. The minimum values obtained for 
the nano-hardness (1.1 GPa) and enamel elastic 
modulus (48.9 Gpa) were in accordance with a 
previous study performed by Ge J. et al. in 2005, 
where these values were recorded for the enamel 
sheath as confirmed by the AFM 30.

Further research work is recommended for 
studying whether the newly precipitated nano-
hydroxyapatite layer on enamel surface would 
have any effect on enamel surface roughness with 
its subsequent color stability and bonding ability to 
various restorative materials. 
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CONCLUSIONS

Within the limitations of the current in vitro study, 
the following conclusions could be withdrawn: first, 
simulated use of toothpaste standardized by 10 wt. 
% n-HAp for one year precipitated n-HAp layer on 
enamel surface. Second, The newly precipitated 
n-HAp layer did not affect the enamel nanohardness 
but increased its elastic modulus, and third, the 
routine use of dental products like toothpastes 
containing ≥ 10 wt.% of n-HAp; should be restricted 
to those patient susceptible to demineralization or 
after orthodontic treatment; to avoid their possible 
negative effect on enamel elastic modulus at the 
nanoscale that could be reflected clinically on the 
longevity of the teeth and their mechanical behavior 
in the oral cavity. 
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