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ABSTRACT

Introduction: Resin infiltration is now used in treatment of white spot lesion, the incorporation of bioactive particles in such
procedure would favour remineralisation of the defect increasing the surface hardness that might be considered a
breakthrough the minimally invasive treatment.
Aim: To evaluate the effect of adding nano bioactive glass as a Re-mineralizing agent to ICON resin infiltrate on enamel
micro hardness and color change without compromising depth of penetration.
Materials and methods: 20 sound human upper anterior teeth extracted due to grade III mobility were decapitated from
their roots, all aspects of the crown were coated with varnish, leaving a 4 mm × 4 mm window and left in demineralizing
solution to create demineralized lesions. Afterwards half of ICON resin infiltrate was mixed with 10% of nano bioactive
glass dissolved in ethanol, teeth were then divided into two group. Group I: Treated with ICON containing 10% Nanobioactive glass. Group II: Treated with ICON only, the two groups were examined before and after treatments for hardness
and color stability after staining.
Results and discussion: There was no significant change in hardness of enamel surface between the two groups and the
bioactive glass was able to penetrate through the enamel surface, color stability as well was not compromised by addition of
bioactive glass.
Conclusion: Addition of nano bioactive glass to resin infiltrate would not compromise hardening effect of resin or
penetration of the lesion or color change.
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INTRODUCTION

White spots of teeth are believed a source of
embarrassment to many people especially while smiling.
In most of the cases to resolve the problem, drilling of
teeth and restoration would be considered, which now in
the era of conservatism is no more accepted. In general,
white spots involves demineralization process that may
eventually create pores, progressive decline in enamel
surface hardness and chalky white appearance. They are
linked to a large form of etiologies including enamel
genetic anomalies, metabolic conditions, exposure to
trauma, drugs, and radiation. Post orthodontic brackets
may also cause these lesions [1-3]. Treatment of white
spot lesions irrespective of their etiology is crucial as
these lesions are continuously exposed to plaque
accumulation and may trigger caries progression. The

esthetic treatment of white lesions in anterior teeth may
be a frequent challenge for the dentists seeking
conservation of tooth structure, multiple treatment
modalities are validated as an efficient therapy including;
topical fluoride agents, casein phosphopeptide amorphous
phosphate agents and antimicrobial agents. These above
mentioned modalities, aimed to arrest caries through
enhancement of remineralization process, however, it
doesn't manage the esthetic aspect. However, bleaching
was also considered in treatment but multiple side effects
were reported including tooth sensitivity, decrease in
enamel microhardness and particular change within the
shade of both white spot lesion and normal tooth surface
[4].
Micro-abrasion is another alternative technique employed
in treatment of white spot lesions but considered a
comparatively invasive technique. It involves application
of acid and pumice within the paste form (an abrasive and
erosive materials) to the affected and normal enamel
surfaces, which removes about 100 µ of the enamel and
the polished enamel doesn't have the everyday enamel
surface appearance as there is no interprismatic space in
micro abraded enamel [5]. Moreover, resin infiltration is
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another minimal invasive approach. This breakthrough
micro-invasive
technology
fills
and
reinforces
demineralized enamel without drilling or anaesthesia by
forming a barrier through surface tension instead of
lesion masking. ICON resin infiltrate is a light-cured resin
of low viscosity. It is used to fill the lesion pores after acid
etching of the surface. Acid etching is done by 15%
hydrochloric acid gel to expose lesion porosities which
facilitates the penetration of ICON via capillary action;
Low viscosity of resin improves the penetration into the
porous enamel and prevents diffusion of the bacteria.
ICON infiltration is considered a revolutionary treatment
modality for treatment of smooth surface and proximal
carious lesions as it is quick, simple, and painless
procedure. Instead of taking a “wait and see” approach, it
can arrest the progress of incipient enamel lesions up to
the first third of dentin in one simple procedure, without
unnecessary loss of healthy tooth structure [6].
Furthermore, it can restore shade of the white spots as it
works on the principle of the light scattering
phenomenon. The sound enamel has a refractive index of
1.62, while the porosities of a white spot lesion are
usually filled with either a watery or air medium, which
have refractive indices of 1.33 and 1, respectively. The
whitish appearance of the lesion is contributed to the
difference in the refractive indices between the enamel
crystals and the medium causing scattering of the light.
By application of ICON, the refractive index of microporosities becomes 1.46 and the difference between
them become negligible. Although, ICON infiltrates the
lesion and arrests the progression of white spot lesions.
Yet, it lacks the ability to remeneralize this lesion [7].
Incorporation of bioactive glass with its remineralization
ability into several materials in the dental field is widely
spreading and has proven effectiveness in restorative
materials. Bioactive Glass 45S5 (BAG) composed of 45%
SiO2, 24.5% Na2O, 24.5% CaO, and 6% P2O5 has been
extensively studied regarding the remineralization of
white spot lesions [8].
Kim HJ found that when demineralized enamel was
treated with different types of BAG, surface
microhardness of the enamel tissueincreased. This
increase of microhardness was found to be higher in BAG
group when compared to the application of other agents
[9]. Soares R reported that the recovery rate of
microhardness on demineralized enamel surface after
treatment with BAG was 28.8%. Apart from assessing
microhardness, the mean carious lesion depth in
specimens treated with BAG was significantly lower than
those of specimens without BAG treatment [10].
Prabhakar assessed the percentage of lesion depth after
remineralisation and the experimental group with BAG
had the highest percentage of lesion depth in enamel. In
addition, Energy Dispersive X-ray spectroscopy (EDX)
analysis indicated that Ca/P ratio was higher in the
region treated with bioactive glass than in other regions
not covered by BAG particles.
Since ICON resin infiltrate can penetrate through the
white spot lesion and arrest the progression of caries but
still has some concerns regarding its ability to
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demineralize demineralized lesions. To overcome this
limitation this study suggests adding Nano-BAG
demineralizing agent to ICON with 10% weight
concentration aiming to increase the surface microhardness
of
demineralized
enamel,
prohibit
demineralization and promote remineralisation. The null
hypothesis of the study was that the addition of BAG to
the resin infiltrate would affect enamel micro hardness,
induce color change upon staining and compromise
depth of penetration.
MATERIALS AND METHODS
The total sample size in the two groups (ICON, ICON
+10% BAG) was estimated to be 20 and were randomly
allocated in two test groups.
Teeth selection
A total of 20 sound human upper anterior teeth extracted
due to grade III mobility from patients with age above 50
years old were used in this study after their permission.
The extracted teeth were washed by distilled water then
cleaned by an ultrasonic scalar to remove hard and soft
deposits and then examined to be free of any cracks or
caries [11].
Specimens preparation
The crowns were decapitated from their roots under
copious air-water coolant spray using a diamond stone
with low-speed hand piece below the Cement Enamel
Junction (CEJ); afterwards all aspects of the crown were
coated with varnish, leaving a 4 mm × 4 mm window to
allow the demineralizing solution to affect this window
only. The decapitated crowns were then thoroughly
rinsed with air water spray, coated with cotton tissues
soaked in distilled water and placed in an incubator at
37°C.
Creation of demineralized (caries like lesions)
Preparation of demineralizing solution: The
demineralizing solution was prepared by mixing 2.2 mM
calcium chloride, 2.2 mM monopotassium phosphate and
1 M potassium hydroxide. Then adding 0.05 mM acetic
acid to provide acidic medium with pH 4.4. This prepared
acidic solution was used to create carious like lesion in
the specimens [12].
Specimen’s demineralization: Caries like lesions on the
enamel were produced by placing the samples in a
demineralizing solution for 4 days in the incubator at
temperature 37 degrees. The solution was renewed daily
to prevent the accumulation of materials produced by
demineralization and the consequent pH change. After
removal of samples from the demineralizing solution,
samples were washed thoroughly and placed in artificial
saliva that was previously prepared (NaCl (2/9 g), CaCl2
(0/12 g), NaH2PO4 (0/13 g), NaF (5 cc) (100 ppm), NaN3
(5 cc) (2% ww)) till time of testing [13-15].
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Preparation of modified icon infiltrate with bioactive
glass
Half of ICON resin infiltrates “15% Hydrochloric acid
(HCl), pyrogenic silicic acid and surface reactive
substances tube (22.5 mg) was mixed with 2.25 mg of
nano bioactive glass dissolved in ethanol for dilution on
an electromagnetic stirrer. The diluted mix was then
added to ICON resin in a dark container. To ensure that
the particles of nano bioactive glass were properly
distributed, the whole mix was left in ultrasonic
homogenizer for 6 hours [16].
Specimens grouping
In this study the samples were randomly allocated to one
of two groups. Each group contains 10 samples.
Group I: Treated with ICON containing 10% nanobioactive glass.
Group II: Treated with ICON only.
Application of icon infiltrate to the specimens
At first, rinsing and cleaning of the tooth, then ICON-etch
was applied and let sit for two minutes (according to
manufacturer instructions). Then, etch was rinsed off
with water for 30 seconds, drying with oil-and water-free
air, ICON dry was then applied and for 30 seconds.
Finally, ICON infiltrate was applied and dispersed with
air, let set for 3 mins, then light cured for 40 seconds.
Same procedures will be followed in treatment of group
II samples using BAG modified ICON. After application of
ICON, the samples were incubated in artificial saliva for 7
days and the solution was renewed daily [17].

obtained using the following equation: HV=1.854 P/d2
Where, HV is Vickers hardness in Kgf/mm2, P is the load
in Kg and d is the length of the diagonals in mm [18].
Color stability measurement: OHIS interpretation. The
data analysis was performed using SPSS software
(version 23). The chi square test and Pearson correlation
was done. The chi square test was used to compare the
data and checked for the distributions at 0.05 level of
significance for effect of statistical significance. The
specimen’s colors were measured using a portable
reflective spectrophotometer. The specimens were then
immersed in hibiscus solution and incubated at 37°C for
14 days. The aperture size was set to 4 mm and the
specimens were exactly aligned with the device. A white
background was selected, and measurements were made
according to the CIE L*a*b* color space relative to the CIE
standard illuminate D65.
Scaning electron microscope: Teeth were sectioned in
buccolingual direction then were coated with a layer of
gold prior to SEM assessment in a Quick Coater vacuum
evaporator to prevent build-up of electrostatic charge.
Evaluation of ICON infiltration was done using Field
Emission-Scanning Electron Microscope at × 2000
magnification.
RESULTS
Data were explored for normality using KolmogorovSmirnov and Shapiro-Wilk tests. Data for the microhardness test showed parametric distribution.
Independent T-test was used to compare between two
groups. The significance level was set at P ≤ 0.05.
Statistical analysis was performed with IBM® SPSS®
Statistics Version 22 for Windows.

Testing of samples

Vickers micro-hardness test
Hardness test: Surface micro hardness of the specimens
No statistically significant difference was found between
was determined using digital display Vickers micro
the control group (ICON) and the modified ICON group
hardness tester with a Vickers diamond indenter and a
where p=0.65. The highest mean value was recorded for
20 objective lens. A load of 100 g was applied to the
modified ICON group (290.81 Kg/mm2). The microsurface of the specimens for 20 seconds. Three
hardness test results are presented by Table 1.
indentations, which were equally placed over a circle and
not closer than 0.5 mm to the adjacent indentations, were
made on the surface of each specimen. The diagonals
length of the indentations was measured by built in
scaled microscope and Vickers values were converted
into micro-hardness values. Micro-hardness was
Table 1: The Mean, standard deviation, maximum and minimum values of Vickers microhardness test in
different groups.
Vickers Microhardness (Kg/mm2)

Variables
Mean

SD

Max

Mini

P-value

Control

288.75

16.06

318.99

269.86

0.65 ns

Modified ICON

290.81

17.11

326.02

269.67

Color stability after staining
Statistical analysis: Data were explored for normality
using Kolmogorov-Smirnov tests. Data for the color
change showed nonparametric distribution. Results were
expressed as median and range and Mann Whitney U-test
was used to compare between two groups. The
significance level was set at P ≤ 0.05. Results are

summarized in Table 2 and Figure 1. As regards ∆L, ICON
group recorded a higher median value (-17.97, range
-23.97 to -6.20), in comparison to (median -14.27, range
-29.10 to -9.67) in ICON+BAG group. The difference
between groups was not statistically significant
(p=0.691). As regards ∆a, ICON+BAG group recorded a
higher median value (2.17, range 0.23 to 7.7), in
comparison to (median 1.07, range -5.7 to 4.47) in ICON
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group. The difference between groups was not
statistically significant (p=0.145). As regards ∆b, ICON
+BAG group recorded a higher median value (-19.13,
range -21.87 to -8.23), in comparison to (median -7.57,
range -15.17 to -0.97) in ICON group. The difference
between groups was statistically significant (p=0.002). As

regards ∆E, ICON+BAG group recorded a higher median
value (25.52, range 14.94 to 35.53), in comparison to
(median 20.71, range 10.05 to 25.31) in ICON group. The
difference between groups was not statistically
significant (p=0.122).

Table 2: Median, range, and results of Mann Whitney U test for comparison between groups regarding change in
color parameters after immersion in staining solution.
ICON

ICON+BAG

P value

Median

Min

Max

Median

Min

Max

∆L

-17.97

-23.97

-6.2

-14.27

-29.1

∆a

1.07

-5.7

4.47

2.17

0.23

-9.67

∆b

-7.57

-15.17

-0.97

-19.13

-21.87

-8.23

0.002

∆E

20.71

10.05

25.31

25.52

14.94

35.53

0.122 ns

7.7

0.691 ns
0.145 ns

Figure 3: SEM indicating infiltration of modified icon
into the enamel surface.
Figure 1: Box plot illustrating median and
interquartile range of change in color parameters
after immersion in staining solution.

Figure 2: SEM indicating infiltration of icon into the
enamel surface.

DISCUSSION
Resin infiltration is now widely used in treatment of
white spot lesions, where the resin can penetrate spaces
and fill the gaps, modification of the resin might be
considered, to enable not only filling the space, but also
further remineralisation of enamel would be of great
benefit. ICON resin infiltrate is mainly composed of
TEGDMA which is well known for its low viscosity in
comparison to Bis-GMA, this may benefit in better
penetration of the resin into the microstructure of the
enamel which is the main target of resin infiltration
technique for treatment of white spot lesions [19].
Moreover, the use of ICON-dry for 30 seconds (Which
contains 99% ethanol) in the application of the ICON
infiltrate will remove any excess water and improves
penetration ability by decreasing contact angle of enamel
surface. Enamel micro-hardness was proven to increase
by the use of ICON, Gurdogan in a study on bovine
incisors, where values for demineralized enamel had
significantly lower micro-hardness than the values of the
sound enamel and the demineralized enamel treated by
ICON. Moreover, Paris has proven that repeated
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application of ICON resin improved both micro-hardness
and lesion resistance to demineralization [20-22].
Thus, incorporation of resin into the demineralized
enamel strengthens the enamel structure and prevents
further wear and that is something we would never
choose to sacrifice upon ICON application through
addition of nano sized bioactive glass. However, regaining
the surface hardness of resin infiltrated WSLs similar to
sound enamel are doubtful. On the other hand, Despite
the proven benefits of ICON as easy accessibility,
simplicity, and sufficient outcomes, Shaikh ZA discovered
that remineralisation with ICON showed 2.1% decline
when compared to the sound enamel samples. In the
current study, and after incorporation of nano sized
bioactive glass, the hardness test results showed that
there was no statistically significant difference between
ICON group, and ICON modified with bioactive glass in
the two groups (I and II). That means the addition of
bioactive glass did not affect the ability of ICON to
infiltrate and strengthen the enamel structure. These
findings agreed with El Meligy and Nabil AL again.
However, more time is required to prove the formation of
hydroxyapatite crystals [23].
Moreover, images obtained from SEM imaging indicated
that both groups were able to infiltrate into the surface of
enamel and that addition of bioactive glass did not
compromise fluidity of ICON and could be a very
promising materials for remineralisation of enamel. The
two groups in the showed complete blockage and
penetration ability of the surface of enamel as shown in
Figures 2 and 3. Regarding color of demineralized
enamel, this subsurface demineralization represents the
first stage of caries formation. Which is then followed by
bacterial infiltration of the enamel surface producing
organic acids capable of dissolving the calcium and
phosphate ions of the dental structure, thus causing
lesions. Upon application of resin, the resin will reflect
the same color as the surrounding tooth structure, thus
color or shade matching is a resolved issue with ICON.
With the incorporation of nano bioactive glass into the
resin structure, that will eventually dissolve, the color
matching would be questionable [24].
Much research approved maintaining color stability of
the resin over time is mandatory. But it is generally
accepted that all resin based dental materials degrade to
some extent in the oral environment. Knosel proved resin
infiltration improves the esthetic appearance of
demineralized teeth with reported durability over 6
months [25]. Also, in agreement with Paris that evaluated
the ability of resin infiltration to camouflage enamel
white spot lesions immediately and after a staining
period. According to ΔE and refractive index, all tested in
filtrants showed significantly acceptable color match
with sound enamel. Using the advantages of
spectrophotometry and the CIE L*a*b* coordinate
system, its repeatability, sensitivity, equitability and
ability for the detection of small color variation. Color
stability after staining was assessed in the current study
to evaluate the effect of modification of ICON on the
aesthetic
aspect
of
the
restoration.
The

spectrophotometric analysis revealed no significant
differences between ΔE, ΔL and ΔA. Significant difference
was only found in ΔB.
That is to proof that the maintained color was stable in
both groups (I and II) after fourteen days of immersion in
the staining solution and that degradation of bioactive
glass did not affect the color stability of samples despite
the significant difference found in ΔB that meant
yellowish discoloration of samples that may be attributed
to the yellowish color of the nano bioactive glass itself.
CONCLUSION
Addition of nano bioactive glass to resin infiltrate
structure is promising in the remineralization capability
of the resin infiltration technique and would not
compromise hardening effect of resin or penetration of
the lesion or color change by time even upon staining.
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