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EFFECT OF pH CHALLENGE ON THE MICRO-HARDNESS OF
ARTIFICIALLY INDUCED DE-MINERALIZED ENAMEL TREATED
WITH RESIN INFILTRANT AND FLUORIDE VARNISH

Reham M. Attia”

ABSTRACT

The purpose of this study was to evaluate the micro-hardness of artificially induced de-
mineralized enamel after application of resin infiltrant and fluoride varnish and after exposure to
pH challenges.

Material and methods: In the current study; sound permanent bovine incisors were used. A
total of 40 sound enamel were then embedded in pre-cut metal cylinders. Two layers of acid-
resistant nail varnish were applied to cover most of the enamel surfaces, leaving a window of
4x4 mm for demineralization. Each specimen was immersed in 32 ml of a de-mineralizing
solution which contains 50 mM acetate buffer solution and 1.28 mM Ca(NO3)2_4H20, 0.74 mM
(NaH2PO4)_2H20, and 0.03 ppm F at pH 5.0,10 for 24 hours at 37 C. The samples were then
divided into two groups according to the material used to treat the de-mineralized enamel, each
group consisted of 20 samples. Group 1: The samples of de-mineralized enamel were infiltrated
with resin infiltration. Then the micro-hardness was recorded for all resin infiltrated samples before
pH cycling challenge. The samples were then submitted to a pH cycling model at 37 C over 7 days.
The pH cycling consisted of immersion of the samples in 35.5 ml of de-mineralizing solution: (2.0
mmol/L Ca,2.0 mmol/LP,0.075 mol/ L acetate buffer, 2.22 ml/mm?2 of enamel surface) for 6 hours,
alternated with immersion in 17.75 ml of re-mineralizing solution: (1.5 mmol/ L Ca, 0.9 mmol/ L
P, 0.15 mol/ L KCl, 0.02 mol/ L cacodylate buffer, pH 7.0, 0.25 mL/mm?2) for 18 hours for 5 days.
The specimens were then kept for 2 more days in a fresh re-mineralizing solution, which completed
7 days of treatment. The samples were then washed in de-ionized water for 30 seconds among
de-mineralizing and re-mineralizing cycles. Group 2: Fluoride varnish (NUPRO®WhiteVarnish,
DENTSPLY) was applied as a thin layer by a brush and totally dried, then the micro-hardness was
recorded [32] . The samples were then subjected to a pH cycling as in group 1. Then after challenge

the micro-hardness measurements were performed as formerly described.

Results: The difference was highly significant between resin infiltrant and fluoride varnish
treated enamel. The comparison among micro-hardness values of initial, de-mineralized enamel,

resin-infiltrated enamel and resin infiltrated after pH cycling showed that there was a significant
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difference. The difference between micro-hardness values was highly significant when comparison

was accomplished between initial and de-mineralized enamel .initial and after pH cycling, de-

mineralized enamel and resin infiltrated enamel .de-mineralized enamel and after pH cycling

and finally between resin infiltrated enamel and after pH cycling. The difference between micro-

hardness values was not significant regarding initial and resin infiltrated enamel.

Conclusion: Under the limitations of the present study, it was concluded that the micro-

hardness of resin infiltrated enamel was higher than that of de-mineralized enamel treated with
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fluoride varnish before and after pH cycling.
INTRODUCTION

The primary purpose in current dentistry is the
quickly detection, safety and re-mineralization
of incipient lesions!" 2. Conventional procedures
have been changed to preventive, noninvasive,
and minimal invasive methods. Recent methods of
caries management which depend on early detection
of carious lesions can facilitate to quit it early lesion
which occurs within enamel. In recent times, caries
control modalities have changed markedly .

The re-mineralization using fluoride varnish
is considered one of the noninvasive treatments.
It is well established that fluoride varnish is an
efficient method to control caries in early stages
BI. By using fluoride varnish there is an increase in
the duration of exposure of fluoride to the enamel
to improve and enhance the outcome of topical
fluoride therapies . Fluoride varnish plays its anti—
caries action via release of fluoride which leads
to re-mineralization of enamel and decreases the
process of demineralization . Fluoride is known to
be safe and effective, so its use has been increased
recently °. The results of fluoride therapies depend
upon patient’s oral hygiene and it is not suitable for
uncooperative patients -8,

In recent years, an alternative management
of early carious lesions was planned based on
infiltration of caries with a hydrophobic resin
material. These “infiltrant” materials occlude the
micro-pore structures found in de-mineralized
enamel and block the passages required by bacteria
and acid to cause further dissolution of the enamel

structure, thus inhibiting progression of the lesion
19101 Infiltration of caries is well thought-out a
noninvasive treatment choice for non-cavitated
enamel lesions that extend to the outer third of
dentin. It is not expected for these lesions to show
re-mineralization or be arrested by other ways of
non-invasive treatments'®.

The resin infiltration is composed mainly of
hydrophilic triethyleneglycol-dimethacrylate
(TEGDMA) ' 121 Resin infiltration differs from
other restorative resin materials, as it is a liquid
unfilled resin consisting of frequently TEGDMA.
In addition, it doesn’t need polishing steps after
curing. TEGDMA is essential for preservation of the
extremely low viscosity of the material that allows
proper diffusion of the resinous material to the de-
mineralized tooth structure ['*'*. On the other hand,
TEGDMA is recognized of having a significant
water sorption rate!"”!.

The infiltrant resin plays an important role in
masking white spot lesions by penetration of de-
mineralized enamel by infiltrant resin material,
as its refractive index is nearly similar to sound
enamel.'®, Also, the treatment of early carious
lesions by resin infiltration leads to prevention of
enamel demineralization and further progression of
carious lesions, because the passage of cariogenic
acids is blocked ', So, the infiltrant resin allows the
management of early carious lesions in a minimally
invasive approach 8],

The resin infiltration technique offers

many advantages such as providing mechanical
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stabilization for the de-mineralized enamel
structure, avoiding loss of structure of the affected
or neighboring teeth, occluding the micro pore
structures in the body of the lesion, arresting or
reducing lesion progression, decreasing secondary
caries, delaying the need for a restoration, avoiding
postoperative sensitivity or pulp inflammation,
reducing risk of gingivitis and periodontitis and
producing good esthetic results in masking white
spot 119:20],

Bovine teeth are widely used in experimental
studies as an alternative to human teeth due to
the similarities between the two types of teeth
regarding the chemical and physical characteristics,
as its chemical structure and surface hardness 'l
In addition, the composition of bovine teeth shows
less variations than human one, so the results
obtained are more accurate and standardized 1.
The chemical structure of bovine enamel is nearly
similar to human enamel, and the relatively large
size of bovine teeth helps to provide sufficient

enamel surfaces .

Hardness can defined as the resistance of
a material or a surface against indentation or
penetration. It is an important mechanical property
of the material as the resistance to friction, abrasion
and erosion increases with increasing hardness.
This can be explained by the fact that high levels
of mineral content in enamel are associated with
low levels of abrasion compared with dentin >,
There are constant chemical and mechanical
challenges that may adversely affect tooth structure
and restorative materials. Cycling models involving
pH changes are used to evaluate treatment methods
for early carious lesions and white spot lesions,
as such models simulate pH changes in the oral
environment® »!. In general, resinous restorative
materials show degradation in the oral environment
to some extent, surface alteration due to different
oral environment challenges affects characteristics
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of resinous materials 2%, Surface micro hardness
of many resin composites decreases following
different challenges as pH changes 2.

Water sorption leads to plasticization of the resin
matrix and hydrolytic breakdown of the resin—filler
interface, so the surface hardness of resin based
material markedly decreases[9]. Micro-hardness of
enamel decreases obviously after demineralization.
One of the primary functions of any material used
in management of early carious lesions is to attain
physical properties of sound enamel.

So, the purpose of this study was to evaluate
the micro-hardness of artificially induced de-
mineralized enamel after application of resin
infiltrant and fluoride varnish and after pH
challenges.

MATERIAL AND METHODS

In the current study; sound permanent bovine
incisors were used. They were collected from steers
aged 24 to 30 months old. They were stored in 0.1%
thymol solution. Then the teeth were cleaned by
slurry pumice and brush. All surfaces of the samples
were examined using a stereomicroscope (SZ-CTY
Olympus, Japan) to ensure absence of cracks or
defects in the surface .

The tooth roots were removed under water
irrigation. The teeth were sectioned using a water
cooled diamond saw (Imicryl, Konya, Turkey) to
remove their buccal surfaces giving one enamel
specimen per tooth. A total of 40 sound enamel were
then embedded in pre-cut metal cylinders using
cold acrylic resin (Imicryl, Konya, Turkey) 7). 400-
, 600-, 800-, and 1200-grit sandpaper was used to
flatten and polish the enamel surfaces **!. The initial
Vicker’s hardness number (VHN) of each enamel
surface in a sample was measured on four different
points with a micro-indentation hardness tester
(Zwick. roell, system 5153. UK) figure 1 that was
fitted with a 50-g load for 15 seconds ',
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Fig. (1) Indentation hardness tester (Zwick. roell, system 5153.
UK).

Two layers of acid-resistant nail varnish
(nail polish, Amanda, Egypt) were used to cover
the enamel surfaces, and a window of 4x4 mm
for demineralization was left. The specimens
were immersed in 32 ml of a de-mineralizing
solution containing 50 mM acetate buffer solution
128 mM Ca(NO3)2_4H20, 0.74 mM
(NaH2PO4)_2H20, and 0.03 ppm F at pH 5.0,10 for

24 hours at 37 C. Then, the specimens were washed

and

with de-ionized water ?!. Demineralization of the
enamel surface were achieved. Micro-hardness
measurements of de-mineralized enamel surface

were recorded for each sample.

The specimens then were separated into two
groups according to the material used to treat the
de-mineralized enamel, each group consisted of 20

samples.

Group 1:
The samples of de-mineralized enamel were
infiltrated with resin infiltration according to the
manufacturer’s instructions. Hydrochloric acid gel
(15%) (Icon-Etch, DMG, Hamburg, Germany) was
applied to the surface of de-mineralized enamel for
2 minutes, and afterwards it was rinsed with water
and dried in air for 30 seconds previous to ethanol

(Icon-Dry, DMG, Hamburg, Germany) was applied
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for. The sample was then subsequently air dried.
A resin infiltrant (Icon-Infiltrant, DMG, Hamburg,
Germany) was then applied to the surface for 3
minutes and the sample was light-cured for 40
seconds (P11060012A LED P5 Guilin, Guangxi,
Medical instrument CO., China).

The resin infiltrant was reapplied for 1 minute,
then the sample was light-cured *'. Polishing of the
samples was accomplished using medium, fine, and
superfine aluminum oxide Sof-Lex discs (3M-ESPE
Dental Products, USA) in a low-speed hand piece
under air cooling for 20 seconds. The samples were
kept for 7 days at 37 C .Then, the micro-hardness
was recorded for all resin infiltrated samples before
pH cycling challenge.

The samples were then submitted to a pH
cycling model at 37 C over 7 days. The pH cycling
consisted of immersion of the samples in 35.5 ml
of de-mineralizing solution: (2.0 mmol/ L. Ca, 2.0
mmol/ L. P, 0.075 mol/ L acetate buffer, 2.22 mL/
mm?2 of enamel surface) for 6 hours, alternated with
immersion in 17.75 mL of re-mineralizing solution:
(1.5 mmol/ L Ca, 0.9 mmol/ L P, 0.15 mol/ L KCI,
0.02 mol/ L cacodylate buffer, pH 7.0, 0.25 mL/
mm?2) for 18 hours for 5 days. The specimens were
then kept for 2 more days in a fresh re-mineralizing
solution, completing 7 days of treatment. The
samples were washed in de-ionized water for 30
seconds among de-mineralizing and re-mineralizing
cyclesi0-31,

Group 2:Fluoride varnish (NUPRO® White
Varnish ,DENTSPLY,UK.) was applied as a thin
layer using a brush and totally dried, then the micro-
hardness was recorded [32]. The samples were then
subjected to a pH cycling as in group 1. Then the
micro-hardness measurements were performed as
previously described. The data were collected and
statistically analyzed using Statistical Package for
the Social Sciences (SPSS Inc, Chicago, IL, USA)
version 20.
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RESULTS

The measured micro-hardness values were

recorded as baseline (sound enamel), after
demineralization, after treatment of de-mineralized
enamel (infiltrated or fluoride varnish treated)
and after pH cycling challenge for both groups.
Comparison between group 1 and group 2 was

carried out using t test.

Statistical analysis of mean micro-hardness
values of sound (baseline) and demineralised
enamel showed that there was no significant
difference between group 1 and group 2, whereas
the difference was highly significant between
resin infiltrant and fluoride varnish treated enamel
(table 1).

Table 2 shows the changes in micro-hardness

values in the group 1 where the resin infiltration was
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used at different times of micro-hardness measure-
ments.

The comparison among micro-hardness values
of initial, de-mineralized enamel,resin infiltrated
enamel and resin infiltrated after pH cycling using
ANOVA test revealed that the difference was sig-
nificant (p<0.001).

TUKEY’S Test showed that the difference be-
tween micro-hardness values was highly significant
when comparison was made between initial and de-
mineralized enamel ,initial and after pH cycling ,
de-mineralized enamel and resin infiltrated enamel,
de-mineralized enamel and after pH cycling and fi-
nally between resin infiltrated enamel and after pH
cycling where p <0.001. The difference between
micro-hardness values was not significant regarding
initial and resin infiltrated enamel using TUKEY’S
Test where p =0.387.

Table (1) Comparison of micro-hardness between group 1 and group 2 at different experimental steps.

. Groups T-Test
Experimental steps
Group 1 Group 2 t P-value
Range 312.7 358 309 353
Initial -0.465 0.645
i Mean +SD 33281 + | 1202 33478 | + | 13.99
De-mineralization |28 2001 - 1255 2001 - 1253 0223 0.825
“mneralization "y ean +SD 22621 | = | 15.86 22497 | + | 1848 ' :
Range 300 | - | 3505 209 | - |300.5
E 1 treat t 14.952 0.001*
namet treatment " sean =SD 32487 | + | 1393 239.16 | + | 20.75 <
Range 101 | - | 181 89| - |100.3
H ! 6.611 0.001*
pHcycle Mean +SD 124.14 | = | 1865 9524 | + |3.93 <
Table (2) Comparison of micro-hardness among different experimental steps of group 1.
Group 1 ANOVA
Experimental steps
Range Mean + SD F P-value
Initial (a) 312.7 - | 358 332.81 + 12.02 779.104 <0.001*
De-mineralization (b) 200 - | 255 226.21 + 15.86
Resin infiltration(c) 300 -1 350.5 | 324.87 + 13.93
Resin infiltration followed by pH cycle(d) 101 - | 181 124.14 + 18.65
TUKEY’S Test
a&b a&c a&d b&c b&d c&d
<0.001* 0.387 <0.001* <0.001* <0.001* <0.001*
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Mean and standard deviation of micro-hardness
values in group 2 where the fluoride varnish was
used to treat the demineralised enamel at different
times of micro-hardness measurements is shown in
Table 3.

ANOVA test revealed that there was a significant
difference among micro-hardness values of initial,
de-mineralized enamel, resin infiltrated enamel and
resin infiltrated after pH cycling where (p<0.001).

Despite that the values of micro-hardness of
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enamel after fluoride varnish application were high-
er than that of de-mineralized enamel, TUKEY’S
Test revealed that the difference was not significant
(p=0.033). The same test revealed that the differ-
ence between micro-hardness values was highly
significant when comparison was made between
initial and de-mineralized enamel ,initial and after
pH cycling, and de-mineralized enamel and after pH
cycling and finally between fluoride varnish treated

enamel and after pH cycling where p <0.001.

TABLE (3) Comparison of micro-hardness among different experimental steps of group 2.

Group 2 ANOVA
Experimental steps

Range Mean + SD F P-value
Initial (a) 309 - 353 334.78 + | 13.98 749.307 <0.001*
De-mineralized enamel (b) 200 - 253 224 .96 + 18.48
Fluoride varnish (c) 209 - | 300.5 239.15 + | 20.74
Fluoride varnish followed by pH cycle (d) 89 - | 100.3 95.23 + 393

TUKEY’S Test
a&b a&ec a&d b&ec b&d c&d
<0.001* <0.001* <0.001* 0.033* <0.001* <0.001*
DISCUSSION tact between acids and enamel. In addition, it dis-

Fluoride varnish has been used as a replacement
to traditional topical fluorides ¥ It is an efficiently
adherent useful material which contains high
fluoride concentration in the form of salt or silane
preparation in a rapid drying, alcohol, and resin-
based solution B34,

Fluoride varnish has been used as a caries de-
fensive method for many years. It is considered
as a physical barrier, as it prevents the direct con-

charges fluoride in the oral cavity . The varnish
is distinguished from other fluoride products as
easy to use, safe and effective method. Fluoride
varnish can be applied every three or six months
to increase its efficiency. This is one of its main
drawbacks ¢!, There are three mechanisms of flu-
oride varnish which explain its anti-caries effect.
First mechanism, the fluoride ions pass into den-
tal tissues and lead to formation of fluoro-apatite
by the available calcium and phosphate ions in
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saliva®”. The dissolving salts containing man-
ganese and carbonate are replaced by insoluble
sediments, which were formed and lost dur-
ing de-mineralization by action of bacteria. This
leads to increased resistance of enamel to acidic
challenge. Second mechanism, a similar process
leads to re-mineraliztion of non-cavitated lesions.
Third, fluoride is characterized by its antimicrobial
activity 18,

Resin infiltration is a treatment option that was
developed to prevent the progression of initial
carious lesions. The resin infiltration concept
depends upon penetration of low viscosity resinous
material inside enamel and further occlusion of
pathways of acids and dissolved minerals .
Additionally , strengthening the enamel structure
mechanically can be achieved by resin matrix
which penetrates the enamel structure, and therefore
prevents collapse of the enamel surface .

Hardness is considered an essential mechanical
property of a biomedical material and is defined
as the resistance of a material or surface against
indentation or penetration “. Measurement of
micro-hardness is a suitable method to determine
the strength of a hard tissue as enamel “!. This
method of assessment is fairly simple with accurate
measurement and is non-invasive but needs
special preparation of the samples for accurate
measurements, prismless enamel layer should be
removed and we get this through preparing a flat
polished enamel surface 4 .

High levels of mineral content in enamel are
related to abrasion resistance and this is related
to resistance of enamel to caries. The objectives
of the current study were to determine the micro-
hardness of an intact enamel surface at the baseline,
then after creating the early enamel carious lesions
and finally after treatment of lesions and subjecting
to pH cycling. Therefore, measuring VHN
(Vickers Hardness Number) was calculated in four

steps 1. In both tested groups, there was a significant
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reduction in micro-hardness of de-mineralized
enamel when compared with the sound one due
to the loss of mineral content. After treatment,
the micro-hardness values increased in both tested
groups due to occlusion of micro-pores created by
demineralization. In the current study, the surface
micro-hardness of resin-infiltrated enamel was
higher than that treated with fluoride varnish. This
result coincided with Aziznezhad et al ¥, Increased
surface hardness of enamel after application of
resin infiltration is noticeably not a role of resin
matrix because TEGDMA hardness measured (26
VHN) I, The action of resin infiltration depends
upon the penetration of the resinous material into
the porous enamel lesion which is formed after
application of acid etching and then the resin
material seals the voids and spaces of the de-
mineralized area. So, additional demineralization
and lesion progression is prevented “!. A somewhat
uniform resin-hydroxyapatite complex was formed
and characterized by high surface hardness. Resin-
hydroxyapatite complex was formed as a result of
encapsulation of the hydroxyl-apatite crystals by
resin infiltration material “>471, The obtained results
confirmed the capability of low-viscosity resin in
resin infiltration to occupy and block the voids and
spaces which were created between the residual
crystals of de-mineralized enamel and produced a
barrier, not only confined to the surface, but also
inside the enamel lesion body 8. So, a layer of
enamel infiltrated by resin showed increase in the
strength of the de-mineralized enamel and avoided
advanced wear and cavitations *!. Previous clinical
studies have concluded that resin infiltration of
initial carious lesions was considered an efficient
and safe management to arrest the carious lesions
and conserve the de-mineralized enamel !. The
results of the current study agreed with those
reported by Paris et al *! and Torres et al % in
that the micro-hardness of de-mineralized enamel
was significantly enhanced after application of resin
infiltration.
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In addition, Taher et al “? indicated that enamel
surface micro-hardness significantly increased after
application of resin infiltration when compared with
micro-hardness of de-mineralizd enamel treated
with fluoride varnish.

It is argued that the micro-hardness of porous
lesion bodies is increased when they are filled
with a resin than when they are simply untreated
or re-mineralized carious lesions. In addition, the
difference between micro-hardness of sound enamel
showed no significant difference when compared
with that of treated enamel in group I.

Although the micro-hardness of enamel treated
with fluoride varnish increased, the difference
in micro-hardness between it and sound enamel
was significant. This result conveys that, the re-
mineralization was incomplete and less than that
achieved by resin infiltration. This may be due to the
decreased time of contact of fluoride varnish with
the enamel surface in present study, as the fluoride
varnish can have chemical reaction with enamel
over 24 hours. On the other hand, more frequent
application of fluoride varnish can improve the
action of anti-caries properties. But, in the current
study, use of fluoride varnish one-time was used
to simulate professional clinical situation. Despite
resin infiltration markedly increased the micro-
hardness of de-mineralized enamel, it was unable
to protect enamel from pH cycling. This result is
compatible with previous studies > % 3%, On the
contrary, it does not agree with other studies. This
may be due to the difference in pH cycle model
where it used long-term (50 days) pH cycling models
under weaker challenge conditions 324 This was
different from the short-term protocol used in the
current study. Another reason can be the polishing
procedure after application of resin infiltrant, as it
was established that resin-based materials were able
to defend enamel against erosion when they were
found over enamel as a physical barrier 5.

The same was found in group 2 where fluoride
varnish did not provide a physical or mechanical
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barrier against pH cycle. The result is compatible
with Bayrak et al., 5! despite the difference in acidic
challenge. Tricalcium phosphate which is added
to flouride varnish is a hybrid material formed
by a milling technique that fuses beta tricalcium
phosphate and sodium lauryl sulfate or fumaric
acid ¥. This blending produces a functionalized
calcium and a free phosphate, which is considered
to increase fluoride retention in enamel and facilitate
re-mineralization /. When tricalcium phosphate
becomes in contact with surface of the tooth and is
moistened by saliva, the protective barrier breaks
down, making calcium, phosphate, and fluoride ions
available to the teeth ¥ . The tricalcium phosphate
with fluoride can promote the protective effect
of enamel against any pH changes. The fluoride
varnish used in the current study does not contain
tricalcium phosphate. This may explain the results of
current study. Magalhaes et al., 2007 stated that the
commercial fluoride varnishes chemically reacted
with enamel decreasing the softening of enamel, but
this was not sufficient to decrease the enamel loss
aggravated by the acidic challenge. Despite the fact
that the NaF varnishes caused a significant reduction
of softening of enamel, it might not be effective in
the clinical situation. This result coincides with our
study 21, On the other hand, many other studies
showed a resistance of commercial varnishes to
acidic challenge in vitro and in situ protocols 33,
This may due to the use of different challenges and
different types of fluoride varnish.

The reduction in micro-hardness after pH cycle
of resin infiltrated enamel was significantly less
than that recorded in group 2. The current results
are compatible with the results of a study carried
out by Aziznezhad et al. 4. This may be attributed
to the difference in chemical composition of the two
tested materials.

Conclusion: Within the limitations of the present
study, it is concluded that the resin infiltrated
enamel micro-hardness was higher than that of de-
mineralized enamel treated with fluoride varnish
before and after pH cycling.
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