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Abstract

Aim: to evaluate the changes of surface hardness and remineralizing effect of nano-carbonate
apatite on demineralized stripped enamel surfaces by SEM and micro-hardness examination. Ma-
terials and Methods: Forty-five extracted premolars received proximal stripping using diamond
coated metal hand-held strip. Each tooth was sectioned by means of a low-speed air and water-
cooled diamond disc along its major axis into mesial and distal halves i.e. obtaining 90 tooth sec-
tions (30 unstripped &60 stripped) and divided into 3 groups: Group A (A1 15 unstripped; A2 15
stripped) served as control. Group B (B1 15 unstripped; B2 15 stripped) specimens were placed in
lactic acid for 1h three times a day with 2h preservation in artificial saliva in between for 7 days.
Group C (C1 15 unstripped; C215 stripped) specimens were received same treatment as group B
then treated with remineralizing agent (APF for C1& n-CAP for C2) immediately after each demin-
eralizing bath. Results: SEM results showed greater demineralization in subgroup B2 compared
to B1, while it revealed greater remineralization in subgroup C2 (n-CAP) compared to C1 (APF).
Surface microhardness examination results using Mann-Whitney test showed significant de-
crease in SMH of group B2 compared with (A). SubgroupC1 (APF) showed increase in SMH com-
pared with subgroup B2 with no significant, and decrease compared with group (A). While there
was no significant in SMH of subgroup C2 when compared with group (A), however there was
highly significant increase in SMH of subgroup (C2) compared with those of subgroup B2 fol-
lowed by subgroup Ci. Conclusion: N-CAP could be considered as a valuable non-fluoride alterna-
tive to fluoride containing formulations used for suppressing demineralization and enhancing
remineralization of enamel. It can be considered as a potential caries preventive agent showing
promise for the recovery of damaged enamel structures.
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between remineralization and deminerali-
zation of the dental hard tissues in the oral

Prevention of dental caries and the remin-  €avity, an increase in organic acids derived
eralization of enamel subsurface lesions  fromdental plaque or an acidic dietary lead
before restorative intervention are amajor  t0 @ change of this equilibrium inducing de-
challenge and goal of modern dentistry», ~ mineralization of the tooth surface® 4. If
the demineralization effect overcomes the

Introduction

Although a physiological equilibrium exists

*Correspondent Author: shymaanegmy72@gmail.com



104 Effect of Nano-Carbonate Apatite on Demineralized Stripped Enamel Surfaces

self-regulated remineralization, excessive
loss of mineral content from the dental
hard tissues may occur jeopardizing the in-
tegrity of the teeth®®. In biogeochemistry,
remineralization refers to the transfor-
mation of organic molecules to inorganic
forms, typically mediated by biological ac-
tivity. Usually remineralisation relates to
organic and inorganic molecules involving
biologically important elements such as
carbon dioxide, nitrate (nitric acid) and
phosphate (phosphoric acid)®. Hydroxy-
apatite [HAP, Ca1o (PO4)6(OH) 2] is an at-
tractive material for bone or dental im-
plants owing to its biocompatible and bio-
active properties 7 8), The application of
HAP to the biomimetic repair of damaged
enamel directly has attracted considerable
great attention in dental research because
of its chemical and structural similarity to
tooth minerals. Moreover, HAP can have
new physical properties if it can be made
similar to the enamel crystal size by nano
technology (9. Nano materials can adhere
easily to a rough surface and have bioac-
tive and biocompatible properties because
the surface area and proportion of atomic-
ity increase with decreasing particle size (»
1), The remineralization effect is increased
if the particle size of HAP can be reduced
to the nanometric range (™ '), Fluoride is
the cornerstone of the noninvasive man-
agement of non-cavitated caries lesions,
but the ability of the ion to promote net re-
mineralization is limited by the availability
of calcium and phosphate ions (34, Many
of researches have demonstrated that 10%
nano-hydroxyapaptite (n-HAP) has a simi-
lar effect on initial caries lesion to fluo-
ride(s'0) and HAP has an excellent ability to
biomimetically repair the enamel sub-
jected to acid attack(®. Nano -carbonate
apatite (n-CAP) carbonate apatite has a
similar structure to the inorganic compo-
nent of teeth and bone so it can bond
chemically to the surface of natural

enamel, producing a persistent coating
and filling scratches and pits (7). In addi-
tion, n-CAP is most effective in occluding
the dentinal tubules than other desensitiz-
ing dentifrices, n-CAP was expected to re-
cover damaged enamel surface avoiding
the most probably health dangerous fluo-
ride effects (%),

Materials and Methods

Forty-five premolar teeth extracted for or-
thodontic reasons from children between
8-12 years of age, selected from the outpa-
tient clinic of Pedodontic, and Orthodontic
Departments, Pediatric Dentistry Clinic,
Faculty of Dentistry, Suez Canal University,
Ismailia city, Egypt Were used in this inves-
tigation. Teeth free from any macroscopic
defects were chosen and randomly classi-
fied into two sets of teeth (sets I and II);
Set I: consisted of 30 teeth, they were prox-
imally stripped on their mesial surfaces
while distal surfaces remained intact to
serve as controls. Set Il: consisted of 15
teeth; they were stripped on both mesial
&distal surfaces. Then each tooth was sec-
tioned buccolingually separating it into me-
sial and distal halves i.e. obtaining 90 teeth
sections (30 unstripped and 60 stripped).
Teeth sections were divided into three
groups A, B and C. Then each group was
subdivided into 2 subgroups; Group A, con-
sisted of 30 tooth sections incubated in ar-
tificial saliva which was exchanged every
day for 7 days and served as controls. (Sub-
group A1: 15 unstripped specimens. Sub-
groupAz2: 15 stripped specimens). Group B,
consisted of 30 tooth sections which sub-
jected to a 0.1M lactic acid adjusted to pH
(4.4) for 1 hour followed by 2 hours preser-
vation in artificial saliva in between three
times a day for 7 days. (Subgroup B1:15 un-
stripped specimens. Subgroup B2: 15
stripped specimens). Group C, consisted of
30 tooth sections which received the same
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treatment as those of group B, then teeth
specimens were treated with a remineral-
izing agent for three applications daily im-
mediately after each time tooth sections
were subjected to lactic acid for 7 days.
(Subgroup C1: 15 stripped specimens
treated with APF*, Subgroup C2: 15
stripped specimens treated with n-CAP).
At the end of the experiment specimens
from each group (A, B and C) were care-
fully dehydrated and gold coated to be ex-
amined by scanning electron microscope.
Five tooth specimens from each group
were serially polished to be used to meas-
ure enamel microhardness. All data were
recorded and statistically analyzed using
Kruskal Wallis test then, Mann-Whitney
test in order to clarify if there is significant
difference or interaction between groups.

*TOPEX®, Topical A.P.F.GEL, Acidulated Phosphate
Fluoride containing 1.23% fluoride ion (pH 3.5), Sultan
Healthcare, USA.

Results

Results of Scanning Electron Microscopic
(SEM) examination: The SE photomicro-
graph of Subgroup A1 (non-treated Sub-
group) showed no specific structural de-
fects. Bands of prism end depressions
most commonly alternate with smooth ar-
eas representing the incremental lines of
Retzius as showed in Fig (1). Scanning elec-
tron microscopic examination of enamel
surfaces of Subgroup A2 showed altera-
tions, manifested as roughened and
grooved enamel surfaces Fig (2). Scanning
electron microscopic examination of
enamel surfaces of Subgroup B1 revealed
marked surface roughness characterized
by a typically etched pattern of enamel
with a lot of irregularities, seen as pores,
pittings, craters of various sizes and depth
Fig (3). The SEM examination of enamel
surfaces of subgroup B2 showed marked
surface alterations with a punchboard or

honeycombed pattern Fig (4). Scanning
electron microscopic examination of sub-
group C1 revealed improvements of the
enamel ultrastructure with the application
of APF. The specimens manifested a
smoother enamel surface with decreased
number, size and depth of previously
formed pores. Crystal like structures was
found on the enamel surface which may
probably indicate precipitation of minerals
Fig (5). The SEM examination of subgroup
C2 showed that the treatment of deminer-
alized enamel surfaces with n-CAP re-
vealed enamel surface with much lesser
pitting and porosities both in size and
depth compared to APF subgroup Fig (6)
and appeared with a lot of new crystal for-
mation denoting deposition of minerals Fig
(7)-

Microhardness results: Statistical analysis
of microhardness measurements showed
no significant difference between Sub-
groupAtand SubgroupA2. There was signif-
icant decrease in the enamel microhard-
ness of SubgroupB2, while Subgroup B1
showed decrease with no significant.

Discussion

Enamel is the hardest and most mineral-
ized tissue of human body. It is structured
to resist to mechanical injuries, abrasion,
and chemical attack. Differently from all
the other mineralized tissues, it lacks pro-
teins even if they are essential to its for-
mation. Matrix proteins are cleaved by pro-
teinases secreted by the ameloblasts dur-
ing tooth formation; hence, the matrix pro-
teins of enamel are not incorporated into
enamel prisms(9). Degradation and re-
sumption of enamel matrix proteins is the
reason why enamel prisms, once formed,
cannot be remodeled. After enamel prism
formation, only the amount of hydroxyap-
atite within the prisms may decrease in
consequence of chemical changes into the
oral environment(7). SE photomicrograph
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of stripped enamel surfaces of subgroup
A2 showed rougher enamel surfaces with
many grooves and furrows compared with
SE photomicrograph of unstripped enamel
surfaces of subgroup A1, (Fig. 2) and (Fig. 1)
respectively, these findings may be attribu-

These results are in agreement with previ-
ous reports®®?) and are in agreement
with Sheridan JJ, 1989(3), who reported
that under these circumstances, plaque ac-
cumulation could be expected even after
intensive hygiene, including flossing which
cannot dislodge plaque from artificial
grooves. So far, it had been accepted that
the roughness of intraoral surfaces might
favour initial bacterial adhesion and plaque
retention. The SEM observations of un-
stripped enamel surfaces of subgroup B1
and demineralized by 0.1M lactic acid
showed artificially induced caries like le-
sions that characterized by a typically
etched pattern of enamel with a lot of ir-
regularities and porosities (Fig. 3). These
results are in agreement with the findings
of Giulio et al®>¥ who found early pattern of
demineralization with interprismatic tissue
dissolution when unstripped enamel sur-
faces exposed to this acid and examined by
SEM. This may be due to acid attack that is
one of the major causes of enamel hydrox-
yapatite loss. It may occur even in young

ted to effect of orthodontic cases that
were treated by interdental stripping on
enamel morphology. And polishing should
decrease but not eliminate these enamelir-
regularities which are still clearly visible at
SEM observation after stripping.

Figure (1): SE photo micrograph
of normal enamel showing bands
of prism ends (a) alternating
with smooth areas representing
incremental lines of Retzius (b).

(orig.mag.250)

age because of plaque metabolism or
simply due to food and beverage intakes.
These result in agreement with previous
studies®52%), The SEM analysis carried out
after exposure of stripped enamel surfaces
of subgroup B2 to lactic acid and the re-
sults showed that stripped enamel sur-
faces achieved greater demineralization
compared to unstripped subgroup B1. Acid
exposure of unstripped enamel surfaces
subgroup B1 produced an early pattern of
demineralization with evidence of inter-
prismatic tissue loss (Fig.3). revealed
greater enamel dissolution, resembling a
more advanced stage of demineralization
in which the integrity of the enamel prism
cores was severely affected characterized
by appearance like punchboard or honey-
comb (Fig. 4). abraded areas of enamel sur-
faces may favor the adherence of bacterial
plaque and may offer little resistance to
breakdown and appears to be more sus-
ceptible to demineralization. Thus, hygiene
instructions, including interproximal
plaque control and prophylactic measures
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Figure 2: SE photo micrograph of
stripped enamel (Subgroup A2)
showing roughened enamel surface.
(orig. mag. 2000)

Figure 3: SE photo micrograph of
enamel of demineralized specimens
(Subgroup B1) showing dissolution of
enamel prism cores with a lot of mi-
cro pittings, micro pores and marked
surface roughness. (orig.mag. 5000)

Figure 4: SE photo micrograph of
stripped enamel exposed to lactic
acid (SubgroupB2) showing honey-
comb like structure. (orig. mag. 1000)

Figure 5: SE photo micrograph of
stripped enamel of sub-group C1
showing a lot of crystals like struc-
tures on the surface of enamel (orig.
mag. 5000).




108 Effect of Nano-Carbonate Apatite on Demineralized Stripped Enamel Surfaces

must be done to prevent undesirable se-
quelae of the procedure. On the contrary,
morphological characteristics of stripped
samples (subgroup B2) These findings
agree with Giulio et al®4), who found that
the alterations and the These findings
could may explained according to Twesme
et al®?) who hypothesized that enamel ir-

In this study, an in vitro enamel surface re-
mineralization by brushing with paste con-
taining either fluoride or n-CAP microclus-
ters for 10 minute had been carried out.
SEM images after treatment with n-CAP or
fluoride paste. This investigation is in
agreement with Roveri et al®?) who under-
lined by it the possibility to obtain an
enamel remineralization through the for-
mation of a surface apatite coating which
covers the enamel structure avoiding the
most probably health dangerous fluoride
effects, to contrast the mechanical abra-
sion and acid attacks to which tooth
enamel is exposed. Concerning the fluo-
ride treatment, we found that APF im-
proved the enamel ultrastructure (Fig. 5),

regularities caused by the stripping proce-
dure may determine a greater surface area
exposed to the acid solution and, conse-
quently, an increased enamel dissolution
compared to unstripped surfaces. Further-
more, removal of the outer layer of enamel
by stripping leads to the exposure of
enamel less resistant to dissolution.

Figure 6: SE photo micrograph of
enamel from specimen dem. reminer-
alized with n-CAP (sub-group C2)
showing enamel surface with much
lesser pitting and porosities compared
to APF group (orig. mag. 2500)

Figure 7: SE photo micrograph of
enamel from specimen dem.remineral-
ized with n-cap (subgroup C2) showing
more or less normal enamel surface.
(orig. mag. 4000)

these results of SEM agreed with previous
investigations(?83°), who reported that car-
ies lesion progression was inhibited by a
fluoride source, in a pH-cycling model. This
may be due to the reaction product of
highly concentrated fluoride preparations
CaF,, which is responsible for cariostatic ef-
ficacy. However Zahradnik et alG” reported
that no discernible differences exist be-
tween the control and APF treated sam-
ples after 3 days of exposure to the lactate
buffer; however, after 5 days incubation
with S. mutans strain, a significant reduc-
tion in mineral loss was observed with the
APF treated samples. This may be due to
the difference in the study design using
chemical system. In this study treatment of
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stripped demineralized enamel surface
with n-CAP resulted in increased remineral-
ization, where appeared with much lesser
pitting and porosities both in size and
depth compared to APF group and re-
gained its normal ultrastructures with a lot
of new crystal formation denoting deposi-
tion of minerals to the enamel surface
whose morphology was detected by SEM
analysis (Fig. 6, 7). These results may be at-
tributed to size of n-CAP crystal that was
100 nm demonstrated by TEM. These find

ings are in agreement with Linhart et al,
2001632 who reported that if nano-sized
CAP attaches to the enamel surface or pen-
etrates between the enamel rods, n-CAP
will recover damaged enamel or block up
defects. In addition, n-CAP was shown to
be amorphous. Amorphous CAP has higher
solubility and similar to tooth structure
Therefore, amorphous n-CAP was ex-
pected to dissolve in the oral cavity and re-
deposit on the damaged region by provid-
ing calcium or phosphate.

Table 1. Multiple comparisons between micro-hardness of A subgroups (A1 &
A2) and other tested subgroups

Other Mean 95% Confidence Interval
Subgroup . p-value
subgroups | Difference [ | gwer Upper
Bound Bound
A1 A2 41.56 -78.40 161.51 0.289
B1 128.74 0.50 256.98 0.050
B2 142.81 22.86 262.77 0.034"
(@ 85.91 -22.47 194.30 0.053
(@) 6.86 -101.52 115.24 0.569
A2 A1 -41.56 -161.51 78.40 0.289
B1 87.19 -32.77 207.14 0.157
B2 101.26 -9.80 212.31 0.043"
1 44.36 -54.09 142.80 0.186
& -34.70 -133.14 63.74 0.345

*=Mean difference is statistically significant at p<0.05, using Mann-Whitney test.

So, synthetic carbonate-hydroxyapatite bi-
omimetic nanocrystals (n-CAP) had been
chemical-physical characterized and inves-
tigated regarding the possibility to obtain
an in vitro remineralization of the altered
enamel surfaces, and these findings was
obtained by Roveri et al(”) who reported
that the treatment of demineralized
enamel only for 10 minutes, by n-CAP, in-
duces a consistent enamel remineraliza-
tion through the formation of a surface
carbonate-hydroxyapatite coating. This
coating is due to the chemical bond of the
synthetic n-cap for composition, structure,

size, and morphology on the surface pris-
matic hydroxyapatite enamel. The applica-
tion of n-CAP 100nm sized produces the
formation of a homogeneous coating
which hides interprismatic and prismatic
enamel structures when examined with
SEM. And in this study, the mean enamel
microhardness values of group(A) did not
show significant differences between the
two subgroups(A1, A2).This finding sug-
gests that the tested stripping method,
(enamel stripping with diamond-coated
metal hand-held Strips),although it altered
the surface of the enamel significantly by
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producing furrows and grooves it pre-
served the hardness of intact enamel sur-
faces. Therefore, stripped enamel with dia

mond-coated metal hand-held Strips can
be used safely, from the microhardness
point of view (table1).

Table 2: Multiple comparisons between micro-hardness of B subgroups (B1 & B2) and
other tested subgroups

% Confidence Interval

Subgrou Other 'Mean 9S|_ U -value

group subgroups Difference ower pper P

Bound Bound

B1 A1 -128.74 -256.98 -0.50 0.050

A2 -87.19 -207.14 32.77 0.157

B2 14.07 -105.89 134.03 0.724

@ -42.83 -151.21 65.55 0.210

Q -121.89 -230.27 -13.50 0.017"

B2 A1 -142.81 -262.77 -22.86 0.034"

A2 -101.26 -212.31 9.80 0.043"

B1 -14.07 -134.03 105.89 0.724

@ -56.90 -155.34 41.54 0.059

Q -135.96 -234.40 -37.51 0.008"

Table 3. Multiple comparisons between microhardness of C subgroups (C1 & C2)

and other tested subgroups

Other Mean 95% Confidence Interval
Subgroup subgroups Difference Lower Upper p-value
Bound Bound
1 A1 -85.91 -194.30 22.47 0.053
A2 -44.36 -142.80 54.09 0.186
B1 42.83 -65.55 151.21 0.210
B2 56.90 -41.54 155.34 0.059
Q -79.06 -163.01 4.89 0.009"
(@) A1 -6.86 -115.24 101.52 0.569
A2 34.70 -63.74 133.14 0.345
B1 121.89 13.50 230.27 0.017"
B2 135.96 37.51 234.40 0.008"
C1 79.06 -4.89 163.01 0.009"

*. Mean difference is statistically significant at p<0.05, using Mann-Whitney test

This result was supported by the result of
Arman et al®". The results of the present
study revealed that the microhardness of
enamel decreased when unstripped
enamel was demineralized. This result is in
accordance with findings of othersG335).
who reported marked decrease in micro-
hardness of enamel after exposure to de-
mineralizing solution. But this decrease
was not significant (table 2); this result may
be due to remineralization effect of artifi-
cial saliva. This finding is consistent with

the result of several studies showed that
artificial saliva containing potassium chlo-
ride, magnesium chloride, calcium chloride
and dipotassium hydrogen phosphate can
reharden acid-softened enamel3637), The
significant decrease in enamel microhard-
ness when stripped enamel was demineral-
ized resulted in these investigations may
be due to increasing the surface area ex-
posed to the acid solution which increase
enamel dissolution and consequently de-
creased enamel microhardness compared
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with unstripped enamel®4?), There was no
significant improvement in surface micro-
hardness of enamel (SMH) in the speci-
mens treated with acidulated phosphate
fluoride gel (APF) when compared to
stripped demineralized. These results are
in agreement with those of paes Leme et
al3® who found that APF+ Placebo non-
fluoridated dentifrice (PD) treatment was
not more efficient than (PD) in increasing
enamel hardness and an additive effect of
APF + Fluoridated dentifrice (FD), 1,100
ppm F was not observed over PD alone..
On the other hand these results opposed
the results of Lata et al3), Eronat et al(39),
Delbem and Cury®°). This result could be
due to the difference in application time of
APF during periods of acid challenge (pH
cycling) and differences in study design.
And by evidence of high significant differ-
ence of surface hardness between enamel
treated with n-CAP and treated with APF
(table 3). This finding is in accordance with
those of Roveri et al(). Finding may be due
to, with repeated APF treatments, in depth
remineralization is prevented by the reac-
tivity of a surface coating formed during
the experiment. Most likely, processes
such as calcium fluoride precipitation and
phosphate adsorption on calcium fluoride,
particles predominate. Therefore, inward
transport of ions deep into the underlying
enamel does not occur to any great extent.
This in agreement with Bodde et al)
while documented n-CAP coating for-
mation which is less crystalline than
enamel natural apatite represents an
enamel repair process corresponding to an
apatite deposition inside the demineral-
ized area of enamel surface owing to its
nano-sized crystals and may be considered
aninnovative approach to contrast enamel
demineralization, and this may approve
the result of no significant decrease of
enamel microhardness that was less than
control. This finding is in agreement with

others(742) who reported the high effi-
ciency of n-CAP in rehardening the enamel
surface and increasing the hardness of the
caries lesions. Also, these findings explain
the result of highly significant increase in
enamel microhardness of treated stripped
demineralized samples with n-CAP com-
pared to stripped demineralized samples
not treated with it and significant increase
in enamel hardness compared to un-
stripped demineralized surfaces not ex-
posed to it.

Conclusion

Based on the scanning electron micro-
scope and microhardness findings, we con-
clude that: i) Stripping of enamel resulted
in roughened and grooved enamel sur-
faces. However, it didn't affect enamel mi-
crohardness. ii) Removal of surface layer
and surface roughness due to stripping of
enamel ultimately lead to increased demin-
eralization of enamel. iii) Application of
APF on stripped enamel surface minimized
demineralization caused by lactic acid. And
although remineralization was evident
enamel microhardness was still affected.
iv) Topical application of n-CAP showed
higher remineralization compared to APF,
which may be considered to have a highly
protective effect against demineralization
of stripped enamel. v) N-CAP could be con-
sidered as a valuable non-fluoride alterna-
tive to fluoride containing formulations
used for suppressing demineralization and
enhancing remineralization of enamel. It
can be considered as a potential caries pre-
ventive agent showing promise for the re-
covery of damaged enamel structures.
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