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INTRODUCTION 

Glass-ceramics have been successfully used 
in dentistry for the past 20 years. They can be 
machined with modern CAD/CAM equipment.
(1) Lithium disilicate glass-ceramic IPS e.max 
CAD provides about 3 times the strength of other  

glass-ceramics.(2) This ceramic material meets the 
esthetic requirements and  represents an economic 
alternative to ZrO2-supported single tooth restora-
tions.(3) According to the manufacturer, it can be 
cemented by use of the adhesive, self-adhesive or 
conventional techniques. This later technique can 
be used with glass ionomer cement.
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ABSTRACT
The effect of glass ionomer cement modified by nanoparticles on the bond strength and 

colour of lithium disilicate ceramic was studied. Glass ionomer cement modified by nanosilver or 
nanogold, glass ionomer cement and IPS e.max CAD A2 were used. Thirty e.max CAD discs were 
constructed. The samples were divided into 3 groups, the first group, 10 samples (control group) 
used non modified glass ionomer cement (GIC), the second and third groups, 10 samples each  used 
modified glass ionomer cement : nano silver (NSGIC), nanogold (NGGIC). The samples were then 
subdivided according to the test to which they will be subjected: colour test - shear bond strength 
test (5 samples each).The samples subjected to colour test were cemented to a composite discs with 
a shade A2 while those subjected to shear bond strength test were cemented to dentine, using the 3 
tested types of glass ionomer.  

Results showed that ΔE of all the tested samples recorded values in the range of clinical 
acceptability.  NGGIC group showed less ΔE than NSGIC group compared to the control group. 
Also, the results showed no statistical significant difference in shear bond strength between the 
control group (GIC) and the two experimental groups (NSGIC) and (NGGIC). 

Conclusion: The addition of nanoparticles to glass ionomer cement resulted in ΔE within the 
clinical acceptance. Also, they showed no significant difference as regards to shear bond strength.
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Prognosis of fixed partial dentures depends on 
several factors; cementation procedure is one of 
them.(4) Dental cement must be biocompatible, act 
as a barrier against microleakage, and strong enough 
to resist functional forces over the restoration’s 
lifetime.(5) Various types of dental luting cements 
are available. Glass ionomer cement was originally 
known as ASPA (aluminosilicate polyacrylic acid), 
it possess the properties of releasing fluoride, 
translucency of dental silicate cement as well as the 
chemical bond of the of polycarboxylate cement to 
tooth. (6, 7)  It is also known to inhibit demineralization 
and even may re-mineralize adjacent tooth 
structure. (8, 9) It has some drawbacks such as, early 
susceptibility to moisture contamination, low wear 
resistance, low tensile and compression strength. (10) 
Several techniques were advocated to strengthen the 
glass ionomer such as the addition of a metal alloy 
or polymerizable resins as resin-modified glass 
ionomer cement (RMGI). (11)

Recently, nano-structured materials receive con-
siderable attention due to their unique physical, 
chemical, biological properties and functionally be-
cause of their nano-scale size. Nanotechnology de-
veloped a toxicity-free synthesis of metal nanopar-
ticles. (12) Silver and gold nano metals possess inher-
ent antibacterial effect. Silver nanoparticles showed 
good antibacterial efficacy against bacteria (Gram-
positive and Gram-negative), fungi, viruses and oth-
er eukaryotic microorganisms.(13,14) Gold nano-parti-
cles are chemically stable, inert and biocompatible. 
They possess unique thermal, chemical, biological 
properties as well as electronic effects, enhancing 
nano-particles’ surface reactivity. (15) 

Tooth colour is a function of light reflection from 
the tooth surface whether it is enamel or ceramic, in 
addition to the redirected light from the substructure 
whether it is dentine and luting agent or metal. The 
redirected light is subjected to internal refraction 
and reflection. The redirected light performs 
internal refraction and reflection. (16, 17) Ceramics 

improve esthetics by allowing light transmission 
through the restoration and the underlying tooth  
structure. (18,19,20) Dental literature showed that several 
factors influence the colour of the restorations; 
among them is the type of substructure. (21-26) Also, 
several previous studies (24, 27-32) reported that the 
underlying tooth structure is a major factor that 
affects the ceramic restorations final shade. 

Although, therapeutic effect of adding antibacte-
rial nano-particles to glass ionomer cement is prov-
en by many researchers (15, 33-36) yet they may result in 
some physical and mechanical changes.(33, 37) 

Porenczuk et al (2016), (34) compared the shear 
bond strength and failure modes for glass-ionomer 
cement modified by silver and gold nanoparticles 
with dentin.  They found non-significant difference 
in shear bond strength to dentine in all groups. 

El-Wassefy et al (2017),(33) studied the 
mechanical properties of glass ionomer cement 
integrated with silver nanoparticles. They found 
insignificant decrease in mechanical properties and 
increase in colour darkness when increasing nano-
particles concentration. They considered colour 
changes as a potential limitation.

Restoration success depends mainly on proper 
bonding to tooth structure.(38) Cements should be 
selected according to the material and type of res-
toration used.(39)  There is a lot of controversy con-
cerning the cementation of lithium disilicate, zirco-
nia-based and full zirconia ceramic restorations. In 
2014 Christensen(40)  reviewed that both; adhesive 
and luting cements are used with clinical success. 
Adhesive resin cements bond to both tooth structure 
and restoration. But, due to difficulty in removal of 
restorations cemented with adhesive resin cements 
as well as practitioners inevitably remove more 
tooth structure than needed to remove a bonded 
resin-cemented lithium disilicate restoration, (33) 

it appears that luting the lithium disilicate restora-
tions with conventional resin modified glass iono-
mer or conventional glass ionomer cements to be an  
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acceptable choice when there exists a retentive 
tooth preparation.  It allows less traumatic crown 
removal when needed. However the use of resin ce-
ment is necessary in case of unretentive the tooth 
preparation. (41)

This research studies the effect of adding silver 
& gold nanoparticles to glass ionomer cement in 
order to benefit from their antibacterial properties, 
on bond strength and shade colour of ceramic e.max 
CAD samples. The hypothesis is that this addition 
may affect the final shade colour result as well as 
the bond strength to dentine.

MATERIALS AND METHODS

Factorial design:

Thirty samples were constructed composed 
of e.max CAD ceramic cemented to dentine. The 
samples were divided into 3 groups, the first group, 
10 samples (control group), cemented using non 
modified glass ionomer cement (GIC), the second 
and third groups, 10 samples each, cemented using 
modified glass ionomer cement: nano-silver (NS-
GIC), nano-gold (NGGIC). Each group was then 
subdivided into two subgroups according to the test 
to which the samples will be subjected to: colour 
test - shear bond strength test (5 samples each).

Preparation of the experimental glass ionomer 
cement

In this current study, a commercially available 
glass ionomer, Vivaglass® CEM (Ivoclar 
Vivadent AG, Schaan, Liechtenstein) was used as 
recommended by the e.max CAD manufacturer. It 
is a highly translucent self-curing glass ionomer 
cement supplied as powder and liquid. For the 
control group, the manufacturer liquid was used 
as it is. As stated by the manufacturer the liquid 
consists of 85%water &15% tartaric acid.  For the 
experimental groups, the liquids were prepared as 
follows: 1.5gm of tartaric acid (DL-Tartaric acid; 
extra pure tartaric acid) was weighed to a precision 
of 0.001gm using a digital balance (Fischer 

Scientific- Unz & Co. Inc.,N.Y., USA)  and placed 
in measuring tubes of 10ml size. Then nano-gold 
(Mesogold: Colloidal gold nano particles 2-4nm in 
deionized water, concentration 20ppm) and nano-
silver (Mesosilver:Colloidal silver nano particles 
0.65nm in deionized water,  concentration 20ppm) 
colloidal solutions were added to their respective 
tubes. Mixing is done till complete dissolution of all 
particles.(35) Now we have three mixing solutions for 
the three tested groups.

Ceramic samples construction

An extra hard type IV stone material “Dentona” 
which is recommended for CAD/CAM models, 
was vacuum mixed with the recommended water/
powder ratio, vibrated and poured inside split 
copper molds with the intended dimensions (10 mm 
diameter, 1.5 mm thickness for the samples of both 
tests: colour and shear bond strength tests), placed 
on a clean, dry glass slab. Another glass slab was 
seated on the upper surface of the mold to get a 
smooth flat surface. After the stone model setting, 
the mold was split; the model was trimmed to be 
ready to be scanned. The disc model was mounted 
on the model holder and scanned. Then, the sample 
was designed and milled from IPS e-max CAD LT 
blocks with colour shade A2. Finally, the samples 
were subjected to crystallization & glaze firing with 
IPS e-max CAD Crystal/ glaze paste. The IPS e.max 
CAD samples now reached their final physical and 
aesthetic properties, such as colour, translucency 
and brightness.

Colour Test

Background preparation for the colour samples

In order to standardize the substructure shade 
colour, 15 composite discs “(Z100 MP, 3M-ESPE-
AG, Seefeld, Germany)” with a shade A2, were 
constructed.(42) The discs were made using the same 
split copper mold used for construction of the IPS 
e.max CAD discs for the colour samples.
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Cementation procedures for the colour test samples:

For the three types of glass ionomer cements 
used in this study (GIC, NSGIC, NGGIC), 
the mixing ratio between powder and liquid 
was 1:1 as recommended by the manufacturer. 
The composite surfaces of the tested samples 
were ultrasonically cleaned in 96% alcohol 
for 2 minutes. Then the mixed cement was 
applied on the ceramic surface and finally 
seated on the composite disc. The excess 
cement was removed with sharp scaler and a 
protective varnish (Cervitec. Ivoclar Vivadent 
AG, Schaan, Liechtenstein) was applied.  After 
storage period for 24 hours in distilled water, all 
the samples were subjected to thermocycling in 
a thermocycling machine ( Proto-tech, Portland, 
Ore., USA) for 5000 cycles in water baths at 5 
and 55 0C with 30 seconds dwell time. (43) 

Colour Measurement Test

CIELAB colour parameters were calculated 
from spectral reflectance measurements on a 
scanning spectrophotometer (VITA Easyshade 
Advance 4.0, Vita Zahnfabrick, Bad Säckingen, 
Germany). Scanning of the samples was performed 
over the visible spectrum 380-780 nm. The CIELAB 
colour order system used in this research quantifies 
the sample colour by expressing it in terms of 3 
coordinate values (L, a, b) which locates the object 
in a 3-dimensional colour space.

The effect of nanoparticles addition to glass 
ionomer was assessed by determining the colour 
difference (ΔE) between CIELAB coordinates 
between the control group (GIC) and the two 
nano particles modified glass ionomer subgroups:  
nano-silver (NSGIC), nano-gold (NGGIC). Colour 
difference between the samples was calculated 
using the following formula:

ΔE(L*, a*, b*) = ([ΔL*]2 +[Δa*]2 +[Δb*]2 )1/2 (44)  

where

ΔL* = L of the control group – L of the nanoparticles 
glass ionomer subgroup

Δa* = a of the control group – a of the nanoparticles 
glass ionomer subgroup

Δb* = b of the control group – b of the nanoparticles 
glass ionomer subgroup

Shear bond strength test

Tooth preparation to receive ceramic samples

Fifteen molars were collected. The teeth were 
freshly extracted and free from caries, restorations 
or fracture. Teeth were ultrasonically cleaned from 
any debris and were stored in 0.1% thymol solution 
for 1 week, and then in saline at room temperature 
till use. (45, 46)  A split cylindrical copper mold having 
14 mm internal diameter and a ring, , was filled with 
self-curing acrylic resin (Meliodent, BayerDental 
Ltd, Newbury, UK). Then roots of each tooth 
were inserted into the center of the metal mold till 
covering the furcation area and below the CEJ by 
2mm.(36)  The excess of the acrylic resin was rapidly 
removed with metallic wax carver.  After, complete 
polymerization of the acrylic resin, the split 
cylindrical copper mold and ring were disassembled 
and the acrylic block with the tooth embedded in it 
was removed. 

The resin molds were horizontally placed 
on a dental surveyor (Paraskop, Bego, Bremen, 
Germany). It was attached to it by a sticky wax. The 
dental surveyor carbon rod marked on the coronal 
surface of the tooth to achieve horizontal plane on 
cutting the tooth. Three millimeters of the occlusal 
surfaces of the teeth were trimmed off with a dental 
trimmer (Omec muggio, Milano, Italy). Dentine 
surfaces were checked for absence of enamel and 
/ or pulp tissue. Then, for each group, a new stone 
was used to remove the outer enamel, so that the 
outer surface is composed only of dentine.
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Cementation procedures for the shear bond 
strength test samples

For the three types of glass ionomer cements 
used in this study (GIC, NSGIC, NGGIC), the 
mixing ratio between powder and liquid was 1:1 
as recommended by the manufacturer. The dentine 
surfaces of the tested samples were cleaned softly by 
cotton. Then, the dentine surface was conditioned 
with liquid of the glass ionomer for 30 seconds and 
rinsed using air/water spray for 15 seconds. Finally 
it was air dried, leaving the dentine surface visibly 
moist.(47) 

The IPS e.max CAD samples were etched as 
recommended by the manufacturer using 5% hy-
drofluoric acid (e.g. IPS Ceramic Etching Gel)) for 
20 seconds, rinsed with water for 15 seconds. The 
mixed cement was applied on the etched ceramic 
surface and finally seated on the teeth. The excess 
cement was removed with sharp scaler. For stan-
dardizing the cementation procedure, the cemented 
samples were placed in a loading device (Rimac 
Spring Tester, Rimac Tools, N.J., USA) to a total 
axial seating force of 5 kg for 5 minutes.(48)  Then, a 
protective varnish (Cervitec. Ivoclar Vivadent AG, 
Schaan, Liechtenstein) was applied.

After storage period of 24 hours in distilled water, 
all the samples were subjected to thermocycling in a 
thermocycling machine (Proto-tech, Portland, Ore., 
USA) for 5000 cycles in water baths at 5 and 55˚C 
with 30 seconds dwell time. (39) 

Shear bond strength test

A universal testing machine (Lloyd Instruments, 
Segenswath West, Fareham, UK) was used. The 
shear bond strength was determined by compressive 
mode of force applied at the dentin-ceramic interface 
by the aid of a beveled metallic chisel attached to the 
upper movable compartment of the testing machine 
traveling at cross-head speed of 0.5 mm/min.  
 The samples were tightened in a metal holder in the 
lower compartment of the testing machine. The load 

required for de-bonding was recorded in Newton. 
A shear load was applied until failure occurred. 
Using a computer software (Nexygen_MT, (Lloyd 
Instruments, Segenswath West, Fareham, UK), the 
shear bond strength was measured.

All data obtained in this research were calculated, 
tabulated and statistically analyzed.

A one-way ANOVA test followed by a Tukey test 
was performed to determine significant differences 
between the tested groups using a confidence level 
of 0.05 (p < 0.05) 

RESULTS

Colour test

The CIE colour parameters were calculated from 
spectral reflectance measurements on a scanning 
spectrophotometer. Colour difference (ΔE) of the 
tested samples were calculated and represented in 
table (1) and figure (2). The highest delta E (ΔE) 
values were recorded for nano-silver (NSGIC) 
subgroup (2.6) while the least ΔE values were 
recorded for the nano-gold (NGGIC) subgroup (2.3). 
All the recorded ΔE values were not perceptible 
(ΔE< 3.7 units) (30) . 

Fig (1): A sample tightened in a metal holder in a universal 
testing machine.
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TABLE (1) Delta E between the tested nanoparticle 
glass ionomer

Subgroups
Nano silver
( NSGIC)

Nano gold (NGGIC)

ΔΕ Values 2.6a 2.3a

S.D.
(0.6) (0.5)

Same letter denotes no statistical significant difference

Shear bond strength

Means and standard deviations of the shear bond 
strength values for the tested groups are presented 
in table (2). A one way ANOVA Test (table 3) was 
used to determine significant differences between 
the tested groups (p< 0.05). Tukey test for multiple 
comparisons of means at (p< 0.05) was done 
following the one-way analysis of variance. Results 
showed that the control group (GIC) recorded the 
highest values (5.83 MPa) followed by the NGGIC 
subgroup (5.56 MPa) and the least values for the 
NSGIC subgroup (5.51 MPa). Statistical analysis 
showed no statistical significant difference between 
the control group and the 2 tested subgroups.

The three tested groups showed adhesive-
cohesive failure

TABLE (2) Means and standard deviations of the 
shear bond strength of the tested groups 
(MPa)

Type of GIC GIC NSGIC NGGIC
Critical 
value

Shear bond 
strength

5.83a 5.52a 5.56a

0.41
Standard 
deviations

(0.14)  (0.15)  (0.15)

Same letter denotes no statistical significant difference

TABLE (3) Analysis of variance between and within 
different groups due to shear bond strength 
test 

Source of 
Variation

Sum of 
Squares

Degree of 
Freedom

Means 
Squares

F. 
Ratio

Significance 
P

Total 0.722 14 ------- ------- --------

Between 
Groups

0.2963 2 0.1482 4.1746 <.05

Within 
Groups

0.4257 12 0.0355 ------ -------

Fig. (2) Comparison between nanoparticle glass ionomer Fig (3) Comparison between shear bond strength of the tested 
glass ionomer cements
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DISCUSSION

The effect of nanoparticles addition to glass 
ionomer cement on the colour and bond strength 
was studied. Two types of nanoparticles were test-
ed; silver nano-particles and gold nano-particles. 
IPS e.max CAD ceramic blocks were used. Chris-
tensen (2014),(40) reported that when using lithium 
disilicate crowns, in case of adequately retentive 
tooth preparation with nearly parallel long axial 
walls, luting cements like glass ionomer and modi-
fied glass ionomer are indicated. Also, the manufac-
turer recommended the use of glass ionomer cement 
Vivaglass CEM for conventional cementation of the 
high strength lithium disilicate ceramic IPS e.max 
CAD, if adequate retention is present. 

The addition of nanoparticles in glass ionomer 
was investigated by many investigators. (15, 33-36) They 
tested the biological properties (antibacterial effect), 
the physical properties as well as the mechanical 
properties, (49) Dental literature lacks information 
about the effect of addition of nanoparticles on 
the final cement colour. In some investigations 
shear bond strength was tested without the final 
restorations, which is not the case in this current 
investigation to try to simulate clinical conditions. 

Daugela et al (2008), (50) drew the attention 
that the bacteria may still be present on the walls 
of the prepared tooth to receive fixed restorations 
or gain access to the cavity if there is microleakage 
present after cementation. They concluded that 
an antibacterial activity of dental luting cements 
is a very important property when luting fixed 
restorations. Furthermore, Elkassas et al (2014),(51) 

pointed out that the bacteria may survive underneath 
the restorations up till 139 days producing toxins and 
other destructive products of their metabolism. Thus 
the treatment efficacy to have free-microorganism 
environment depends to some extent on the 
antibacterial property of the luting agent used.

Releasing fluoride gives glass ionomers a 
cariostatic property; suppressing caries formation 
as well as an antibacterial potential.(52-54) Silver and 

gold nanoparticles (AgNPs) and (AuNPs) were 
used to modify glass ionomer. The nano-sized 
particles are useful; as the smaller the particles are 
the higher specific surface areas. Thus particle are 
more efficient at a lower concentration. (55)

Silver nanoparticles (AgNPs) are recommended 
to be used as a broad-spectrum antimicrobial 
in medical and dental fields. This effect can be 
achieved at very low concentrations. So it does 
not enhance the development of resistant bacterial 
strains.(56,57)  AgNPs particles disrupt the mito
chondrial respiratory chain and interrupt adenosine 
triphosphate synthesis, which, in turn, results 
in DNA damage.(58) This property may play an 
important role in the suppression of the recurrent 
caries development. In cooperation with fluoride, 
silver nanoparticles induct the fluoroapatite 
synthesis. Some researchers(13,14,56,59-61) reported 
that AgNPs may also enhance the bond strength to 
dentin as well as other physical properties. 

Gold nanoparticles (AuNPs) were also tested 
in this study. AuNPs has an antibacterial effect 
which takes place in 2 steps. At first, they change 
the membrane potential and reduce the adenosine 
triphosphate synthase activities, leading to reduction 
of metabolism. Secondly, decline the ribosome 
subunit for the RNA binding, causing the biological 
mechanism to collapse. Also, AuNPs size and surface 
area produce some electronic effects enhancing 
the surface reactivity of nanoparticles. The higher 
surface area inyeracting with microorganisms the 
more improved contact with bacteria. (15) 

Achieving optimal colour-matching between the 
ceramic restoration and the adjacent natural teeth is 
an important goal in the success of a fixed restoration. 
Replicating the natural appearance of tooth structure 
by a restoration requires careful control of its colour, 
translucency form and surface texture, as well as the 
shade of the used cement. The final shade may be 
affected by ceramic thickness and shade together 
as well as the luting agent and the colour of the 
underlying dental structure. The ceramic used in 
this current investigation, is an optical mixture of a 
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glass matrix and lithium disilicate crystalline phase. 
It  allows the light to pass through the material 
and reflect the background colour. In this present 
study, composite discs were used instead of dentin 
for the colour test to omit the variation of dentin 
shade colour. The colour of the composite used in 
this study was A2 as used by Koutayas & Charisis 
(2008)(42) who used a control background 2M2, 
they reported that 2M2 colour shade corresponds to 
26% of human teeth and represents an esthetically 
pleasing average colour for prostheses. According 
to Vita conversion chart 2M2 corresponds to A2.  
Al BenAli et al (2014) (62) reported the significant  
effect of the background on lithium disilicate ceramic.  
Chaiyabutr et al (2011) (30) studied the effect of the 
abutment tooth colour, cement colour, and ceramic 
thickness on the optical colour of the CAD/CAM 
lithium disilicate glass ceramic crown.  They found 
a significant effect of the three parameters on the 
ΔE values. Additionally, the influence of these 
parameters was found to significantly differ. When 
the crowns were cemented using opaque cement, 
the ΔE values slightly decreased. Nakamura et 
al (2002)(21) stated that the abutment impacts the 
ceramic colour when the ceramic thickness is less 
than 1.6 mm, while other studies have suggested 
that the ceramic thickness should be at least 2.0 mm 
to moderate the effect of the abutment tooth on the 
overall colour. In this study, a thickness of 1.5 mm 
was used as recommended by the manufacturer in 
case of posterior crowns.

In this study IPS e-max CAD LT block was 
used. The low translucent ceramic was used as it 
was reported by the manufacturer that their low 
translucency was similar to that of natural dentin. 
Also, Al BenAli  et al (2014)(62) drew the attention 
that the lowest ΔE values were observed with 
low translucent lithium disilicate ceramic using 
different background shades. So in this research, 
a standardized composite background of shade 
2M2 was used. This shade as mentioned by many 
investigators (63, 64)   corresponds to the middle third 
of a natural non discoloured tooth.

The selection of Vivaglass Cem in this study was 
used due to its recommendation by the manufacturer  
to be used with lithium disilicate e.max CAD due 
to its high translucency and natural looking  with 
excellent optical properties enhancing the esthetic 
characteristics of all-ceramic restorations. The 
manufacturer also claims that the results in terms 
of esthetics are comparable to those achieved in the 
adhesive cementation of all-ceramic restorations.

Colour measuring devices such as spectropho-
tometers and colourimeters have become popular 
since they offer accuracy, standardization and nu-
merical colour expression. A visible-range spectro-
photometer (Vita Easy shade Advance 4.0) was used 
to measure the colour in the present study.  It uses 
a continuous light source over the full visible and 
near infrared spectrums and a colour temperature 
of 3,350°K. The handpiece of the spectrophotom-
eter contains an outer ring of 19 fiber optics 1mm in 
diameter, used to illuminate the samples and three 
different spectrometers: one spectrometer monitors 
the light source output during the calibration and 
measurement process, and two analyze the inter-
nally scattered light at different depths using special 
receiver elements.

All samples undergone thermal cycling to simu-
late clinical conditions Thermo-cycling is consid-
ered to be a clinically relevant aging parameter. 

Since natural tooth structure transfers external 
biting loads through enamel into dentin as 
compression forces. These forces spread over 
a large internal volume resulting in lower local 
stresses. Whereas a tooth with a restoration or 
filling, reacts to stress much differently than; a 
natural intact tooth. Any force on the restoration 
produces a complex stress distribution; a mixture 
of compressive, tensile, and shear stresses along 
the tooth/ restoration interface. Since the process 
of mastication is basically related to shearing or 
cutting away, the true nature of adhesive strength of 
the materials at the interface is reflected by the shear 
bond strength. (65)   
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Shear bond strength (SBS) test was performed 
to evaluate the effect of modifying glass ionomer 
cement with nanoparticles on the bond strength of 
lithium disilicate ceramics. SBS was investigated in 
a universal testing machine at a crosshead speed of 
1 mm/ min. A shear load was applied until failure 
occurred. 

The dentine surface was conditioned with using 
the liquid of the glass ionomer for 30 sec., then, rinsed 
with water for 15 sec. The IPs e.max CAD ceramic 
was etched as recommended by the manufacturer in 
case of using glass ionomer, this may cause increase 
of surface roughness and surface area.

In regards to colour, the results showed that the 
two tested types of glass ionomer in comparison with 
the commercial glass ionomer cement, gave rise to a 
ΔE values in the range of clinical acceptability. ΔE 
values smaller than 3.7 were considered, clinically 
accepted.   Due to the fact that both the ceramic and 
the composite substructure were constant, any vari-
ation would be from the glass ionomer cement used. 
This may be due to the small percentage and size of 
the nanoparticles used. Although no clinical varia-
tions were recorded, the group (NSGIC) resulted in 
slight darker colour than the other 2 groups. This 
may be due to the silver nano-particles. This comes 
in accordance with El-Wassefy et al (2017). (33) 

The results of the shear bond strength test, 
showed a slight decrease in SBS for the experimen-
tal groups (NSGIC) & (NGGIC) than the control 
group (GIC). Yet, there was no statistical signifi-
cant difference between the different tested groups. 
This indicates that the modification of glass iono-
mer cement with nanoparticles did not affect their 
bond strength. These results were in agreement with 
both Porenczuk et al (2016)(34) as well as Abdel-
Hakeem AMI (2017)(35) who reported no impact of 
nano-particles addition  to glass ionomer cement  
as regard bond strength to dentine. The insignifi-
cant difference in mechanical properties of NGGIC 
and NSGIC may be due to that nano particles may 
act as a filler forming obstacles for crack growth. 
Nanoparticles can occupy the empty spaces between 
the larger glass particles and act as additional bond-

ing sites for the poly-acrylic polymer.(66) Also, El-
Wassefy et al (2017),(33) attributed the insignificant 
effect of nanoparticles on glass ionomer mechanical 
properties to the physical addition of nanoparticles 
to the cement without interfering matrix setting re-
action. Also, their nano-size allows their dispersion 
between and around polymer chains. 

From the obtained results, The hypothesis was 
rejected as both types of nano-particles when 
added to glass ionomer cement , did not had any 
significant impact upon neither the final colour of 
the restoration nor the shear bond strength.

CONCLUSIONS

Within the limitations of this study and based on 
the obtained results, the following can be concluded:

1-	 As regards colour, modified glass ionomer 
cement resulted in a ΔE within the clinical 
acceptance.

2-	 Modified glass ionomer cement with 
nanoparticles did not significantly affect the 
shear bond strength.

3-	 The addition of gold nanoparticles to glass 
ionomer showed less ΔE compared to non-
modified glass ionomer, than does the addi-
tion of silver nanoparticles.

4-	 The two types of nanoparticles used in this 
study showed both near effect on the glass 
ionomer cement concerning both shear bond 
strength and colour.
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