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The difficulty of achieving moisture control is considered a common 

problem in restorative dentistry, especially if rubber dam isolation is impossible. 

Dental composites have drawn attention to the importance of moisture 

contamination’s control, because of dental composites do not forgive 

contamination nor produce a better seal with time like amalgam restorations do 

(Eiriksson et al. 2004). 

        Dentinal adhesion is complicated, most of difficulty in dentin’s bonding 

resulting  from its structure (morphologically heterogeneous and physiologically 

dynamic) and  the formation of the smear layer that appears on the dentinal surface 

when the dentine is cut .To overcome the difficult in dentin’s bonding use 

simplified adhesive systems (one-step self-etch and two-step etch-and-rinse), 

conventional and resin modified glass ionomer (Jayaprakash et al. 2010). 

Nano-filled resin modified glass ionomer restorative material (Ketac N100, 

3M-ESPE, Germany) has been introduced in market. Nano-filled resin modified 

glass ionomer is based on the acrylic and itaconic acid copolymers necessary for 

the glass-ionomer reaction with fluoroaluminosilicate (FAS) glass and water. They 

have proven to perform with high wear resistance, aesthetic glass ionomer 

restorative faster, easier mixing due to paste/paste delivery. The incorporation of 

nano-technology allows a highly packed filler composition (∼69%), of which 

approximately two-thirds are nano-fillers which improvements in mechanical 

properties and user -friendliness (Coutinho et al., 2009). 

A Zinc modified glass ionomer restorative material (ChemFil Rock, 

Dentsply Caulk) was recently introduced to improve flexural strength, hardness, 

wear resistance and fracture toughness. The addition of zinc oxide particles is the 

essential modification of CFR, which also contains a high-molecular-weight 
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acrylic acid polymer (Al-Angari et al., 2014). The manufacturer claimed that 

inclusion of zinc oxide enhances the setting reaction and increases strength, while 

retaining similar methods of clinical application and working time as compared 

with regular glass ionomer. 

It is not clear how the addition of both nano-fillers and zinc oxide particles 

will influence the bond strength and longevity of the restorations. So, this study 

was conducted to evaluate shear bond strength of Zinc modified glass ionomer 

compared to Nano-filled resin modified glass ionomer which affecting the 

longevity. Glass ionomers are particularly useful in reducing incidence of 

secondary caries, also the remineralization of ‘affected’ (inner carious) dentin. The 

benefits expected from evaluating the bond-strength in vitro are predicting clinical 

adhesiveness, bond strength, retention, longevity of the restorative materials inside 

the patient mouth, so helping the clinician in expecting the clinical performance of 

the materials. Therefore, this study will be conducted to evaluate effect of different 

surface treatment to dentin on shear bond strength of Zinc modified glass ionomer 

compared to Nano-filled resin modified glass ionomer and assessment of tooth 

restoration interface using environmental scanning electron microscope.
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Zinc modified glass ionomer 

Fabián Molina et al. 2013a compared the biaxial flexural strength 

(BFS) within four glass ionomers [ ketac Molar Easymix, Fuji 9 Gold Label 

, ChemFil Rock, and the EQUIA system ] using a high-intensity LED light-

curing unit. They divided the samples into three treatment groups: without 

heating (Group 1), heated with LED lamp of 1400 mW/cm
2 

for 30 s while 

setting (Group 2), and heated with LED lamp of 1400 mW/cm
2 

for 60 s 

while setting (Group 3) then they stored the samples for 48 hours in distilled 

water at 37°C until tested. They found that heating the glass-ionomer 

cements with an LED curing light of 1400 mW/cm
2 

during setting for 30 s 

increased the BFS value of all GICs. They concluded that the mean BFS 

value was statistically significantly higher for the EQUIA system and 

ChemFil Rock than for Fuji 9 Gold Label and Ketac Molar Easymix at all 

exposure times. 

Fabián Molina et al. 2013b evaluated the mechanical performance 

of restorative glass-ionomer cements [EQUIA system, Chemfil Rock, Fuji 9 

Gold Label, the Ketac Molar Easymix].They prepared specimens for testing 

flexural (n = 240) and diametral tensile (n=80) strengths according to 

standardized specifications and measured the compressive strength (n=80) 

by using a tooth-model of a class II ART restoration. They found that 

EQUIA system and Chemfil Rock had significantly higher mean scores for 

all the three strength variables than the Fuji 9 Gold Label and Ketac Molar 

Easymix. The EQUIA system had significant higher mean scores for 

diametral tensile and flexural strength than Chemfil Rock. They concluded 

that the EQUIA system and Chemfil Rock had significantly higher test 
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values for diametral tensile, compressive and flexural strengths than the 

commonly used the Fuji 9 Gold Label and Ketac Molar Easymix.  

Menne-happ and Ilie 2013 examined the long term effect of heat and 

storage time on the mechanical behaviour of five conventional highly 

viscous glass ionomer cements (ChemFil Rock, Riva Self Cure, Fuji IX GP 

Fast, Equia and Ketac Molar Aplicap) using three different preparation 

methods: no heat application, application of heat by means of a LED curing 

unit for 20 and 60 s. Four hundred fifty bar-shaped specimens were prepared 

and maintained in distilled water at 37 °C then tested after 1 week, 1 month 

and 3 months (n=10). Vickers hardness, indentation modulus and creep were 

measured. They found that Fuji IX GP Fast showed the highest Vickers 

hardness, Ketac Molar Aplicap showed the highest indentation modulus, the 

best value of creep was Riva Self Cure and vickers hardness, modulus of 

elasticity and creep resistance increased most for ChemFil Rock and Equia 

up to1-month storage. They concluded that heat application had no effect on 

the mechanical behavior of ChemFil Rock, Fuji IX GP Fast and Equia at all 

ageing time and the impact of storage duration was low. 

Zoergiebel and Ilie 2013a studied the maturation of conventional 

glass ionomer cements and their interface to dentin. Four commercially 

available GICs [Riva Self Cure (SDI), ChemFil Rock (Dentsply), Fuji IX 

Fast and Fuji IX GP Extra/Equia (GC)] were evaluated. Two deep class I 

cavities in each tooth were prepared and filled with the GICs, without and 

with resin coating then storing the samples in artificial saliva at 37°C  at 

different periods of time. They found that indentation modulus and Vickers 

hardness were strongly influenced by the material but less by aging duration 

and resin coating. They concluded that development of the intermediate 
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layer in between dentine and GIC with lower mechanical properties might be 

responsible for the bond quality of GIC to dentine. However, class I GIC 

restorations are  unlikely to feature constant  of mechanical properties 

through the cavity, regardless of conditions such as coating and aging. 

Zoergiebel and Ilie 2013b evaluated  a conventional glass ionomer 

cement with new zinc formulation using Riva Self Cure (SDI), Fuji IX Fast 

(GC) ,Fuji IX GP Extra/Equia (GC) and zinc-containing GIC--ChemFil 

Rock (Dentsply) and determined  mechanical properties at macro [flexural 

strength (FS) and modulus of elasticity (E (flexural))] and micro-scale 

[Vickers hardness (VH) and indentation modulus (E)] after storing coated 

and uncoated specimens in artificial saliva and distilled water for 7 and 30 

days. They found that ChemFil Rock revealed the highest FS, but the lowest 

VH and E. They concluded that the new development (ChemFil Rock) might 

represent a promising approach regarding longevity of GIC fillings in 

posterior regions because of the high flexural strength and the absence of 

visible surface defects like crazing and voids. 

Al-Angari et al. 2014 compared a zinc-reinforced glass ionomer 

restorative material (ChemFil Rock) with three commercially available glass 

ionomer cements [Fuji IX GP Extra, EQUIA Fil and Ketac Molar Quick 

Aplicap] in respect to fracture toughness, micro hardness, roughness, and 

abrasive wear. Fracture toughness, hardness, roughness and abrasive wear 

were analyzed. They found that ChemFil Rock exhibited a greater increase 

in surface roughness, lower microhardness and higher fracture toughness as 

compared with the other GICs while lower fracture toughness as compared 

with EQUIA Fil. They concluded that ChemFil Rock had intermediate 

fracture toughness, the lowest micro hardness, and the greatest change in 
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surface roughness in comparison with the three other commercially available 

GICs. 

Daifalla and Mobarak 2015 evaluated the effect of ultrasound (US) 

application on the surface microhardness (VHN) and diametral tensile 

strength (DTS) of three high viscous glass-ionomer restorative materials 

(Ketac-Molar Aplicap, Fuji IX GP Fast and ChemFil Rock). A total of 180 

specimens of each material (n= 60) were prepared and further subdivided 

into three subgroups (n= 20) according to the setting modality whether 

ultrasound (20 or 40 s) was applied during setting or not (control). 

Specimens within each subgroup (n= 10) were equally divided within each 

subgroup and tested at 24 h or 28 days. They found that.Fuji IX GP Fast 

revealed the highest VHN value, followed by Ketac-Molar Aplicap, 

ChemFil Rock was the least. ChemFil Rock recorded the highest DTS value 

at 24 h and was the only material that showed significant improvement with 

both US application times. However, this improvement did not sustain till 28 

days. They concluded that ultrasound did not enhance the surface 

microhardness, but its positive effect on the diametral tensile strength values 

was material and time dependent. 

Kaup et al. 2015 compared the shear bond strength of Biodentine, 

ProRoot MTA (MTA), glass ionomer cement (GIC) ChemFil rock and 

composite resin (CR) on dentine of extracted human third molars. They used 

a self-etching dentine-adhesive only in the CR group while they did not pre-

treat the dentine in all other groups, stored all specimens 37.5 °C and 100% 

humidity for 2, 7 and 14 days. They found that at all observation periods the 

CR showed the significant highest shear bond strength. After two days CR 

had the highest and MTA gave the lowest values. After 7 and 14 days, the 
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shear bond strengths of MTA and Biodentine increased significantly 

compared to the 2 days investigation period. Moreover, Biodentine showed 

significant higher shear bond strength than MTA, while the difference 

between Biodentine and GIC was not significant. 

Shahzad et al. 2015 investigated the single-edge notched (SEN) bend  

fracture  toughness  (KIC)  testing methodology  as  a  reproducible  and  

discriminatory  mechanical  testing  protocol  for  encapsulated and  hand-

mixed  glass-ionomers  (GI). They prepared SEN  bend  test-pieces for  KIC 

testing  using  three  encapsulated  GI  products  (Chemfil  Rock,  Fuji  

IXGP  Fast  Capsule and  Ionofil  Molar  AC and a  hand-mixed  GI  product 

(Ionofil  Molar). They found that the SEN  bend  test-pieces  from  each  

encapsulated  GI  restorative  and  hand-mixed  GI  powder: liquid  mixing  

ratio group  fractured  in  a  straight  line  with  the  crack  extending  from  

the  apex  of  the  preformed  sharp  notch  to  the  opposite surface  of  the  

test-piece.  They concluded that The  KIC testing  methodology  failed  to  

discriminate  between  different  encapsulated  GI  products  and  hand-

mixed  GI powder: liquid  mixing  ratio  groups  investigated.  

Nano-filled resin modified glass ionomer  

  Coutinho et al. 2009 evaluated the micro-tensile bond strength 

(microTBS) to enamel and dentin of a nano-filled resin-modified GI (nano-

RMGI; Ketac N100, 3M-ESPE) and characterized its interfacial interaction 

with enamel and dentin using transmission electron microscopy (TEM). 

Nano-RMGI both with and without its primer were used, while using 

conventional RMGI restorative material (conv-RMGI; GC, Fuji II LC) as 

controls and packable conventional GI cement and bonded them to freshly 



8 
 

extract human third molars. They found that microTBS to both enamel and 

dentin of nano-RMGI and conv-GI were not statistically different; the micro 

TBS of non-primed nano-RMGI was significantly lower, while that of conv-

RMGI was significantly higher than that of all other groups. They concluded 

that the nano-RMGI bonded as effectively to enamel and dentin as the 

conventional GI and bonded less effectively than the conventional RMGI. Its 

bonding mechanism should be attributed to micro-mechanical interlocking 

that provided by the surface roughness combined with chemical interaction 

through its acrylic/itaconic acid copolymers. 

 Ozel et al. 2009 studied the microleakage of different nano-restorative 

materials in ClassV cavities. Class V cavities of 72 premolars were prepared 

by Er:YAG laser or bur and randomly assigned to six groups as follows: 

Group 1, Er:YAG laser preparation (E) +Ketac N100 (K); Group 2, bur 

preparation (B) +K; Group 3, E+Adper Prompt L-Pop (A) +Filtek Supreme 

XT Flow (FSF); Group 4, B+A+FSF; Group5, E+A+Filtek Supreme XT 

(FS); Group 6, B+A+FS. They found that there were significant differences 

between occlusal and cervical regions for all groups except for Group 1. 

Bur-prepared cavities showed less microleakage in all groups for enamel; 

however, in cementum there were no significant differences between the 

bur- and laser-prepared cavities in nano-glass ionomer and flowable 

composite groups. They concluded that the cavities prepared by Er:YAG 

laser showed higher degree of microleakage than those conventionally. 

Gurgan et al. 2010 evaluated the shear bond strength (SBS) of a 

nano-composite, a flowable nano-composite and a nano glass ionomer to 

dentin in vitro. Sixty human molars were ground flat, exposing the dentin 

surfaces, and they were randomly divided into five groups according to the 
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restorative materials and adhesive systems used (n=12/group): Group 1: a 

nano-composite (NC) (Filtek Supreme XT-3M ESPE)  was  applied  with  a  

two-step  self-etch adhesive (SE) (Adper SE Plus-3M ESPE); Group 2: NC 

was applied with an etch and rinse adhesive (SB) (Adper Single Bond 2-3M 

ESPE); Group 3: a flowable nano-composite (FNC, Filtek Supreme Flow-

3M ESPE) was applied with SE; Group 4:  FNC  was  applied  with  SB  and  

Group  5:  a nanofilled resin-modified glass ionomer (Ketac N100-3M 

ESPE) was applied with Ketac Nano Primer (3M ESPE). The bonded 

specimens were stored in distilled water (37°C, 24 hours) and tested for 

SBS. They found that Group 1 exhibited a significantly higher value than all 

the other groups; whereas, Group 5 had the lowest value. The SE adhesive 

yielded higher bond values than the SB adhesive with NC and FNC 

restorative materials. Failure modes in all the groups were primarily 

adhesive. They concluded that the capacities of the current two-step self-etch 

adhesive to outperform etch and rinse adhesive in conjunction with the two 

nano-restoratives tested. 

Jayaprakash et al. 2010 evaluated the effect of surface moisture on 

dentinal tensile bond strength. Forty freshly extracted caries free, unrestored 

human mandibular molars were selected. The occlusal surfaces of each tooth 

were grounded to prepare flat dentin surfaces at a depth of 1.5 mm then 

applying acid etching with 37% phosphoric acid for 15 sec and grouped 

them randomly, with ten specimens in each: Group I - Over wet, Group II - 

Blot dry, Group III- One second dry, Group IV- Over dry. They treated each 

group with a single bond adhesive system (3M ESPE) as per manufacturer's 

instructions then they built up blocks or cylinders of composite resin using 

Teflon mould and cured them. Tensile bond strengths using instron universal 
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testing machine were measured. They found that the mean tensile bond 

strength values of group II was the highest and was statistically significant, 

with group I, III and IV. Group II showed slightly higher values than group 

III. Group I showed the least value among the groups tested.They concluded 

that after acid etching and rinsing blot drying provided consistently better 

bond strength. 

 Korkmaz et al. 2010 investigated the shear bond strength (SBS) of a 

light-curing Nano-filled resin modified glass ionomer  restorative and 

enamel or dentin after acid etching, after erbium:yttrium–aluminum–garnet 

(Er:YAG) laser etching, or after combined treatment. Two groups were 

assigned and subdivided into four subgroups(n=10).Group 1 [enamel (e)], 

treated with 37% phosphoric acid (A) +Ketac nano-primer (K); group 2 

[dentin (d)], (A) +(K); group 3(e), Er:YAG laser etching (L) +(A) +(K); 

group 4(d), (L) +(A) +(K); group 5(e), (L) +(K); group 6(d), (L) +(K); group 

7(e), (K); group 8(d), (K). They found that no difference between groups 3 

and 5, group 7 exhibited higher SBS values than those of groups 3 and 5,  

group 1 showed higher SBSs than those of groups 3, 5 and 7, no significant 

difference between groups 4 and 6, no difference between groups 2 and 4. 

However, group 2 presented higher SBSs than did group 6 and group 8 

exhibited the highest SBS values when compared with groups 2, 4 and 6 

(p<0.05). They concluded that Er:YAG laser adversely affected the adhesion 

of the light curing Nano-filled resin modified glass ionomer  restorative to 

both enamel and dentin. 

 Maneenut et al. 2010  assessed the repair potential of resin-modified 

glass-ionomer cements (RMGICs) with additional RMGIC and resin 

composite. Specimens of two proprietary RMGICs (Ketac N100 and Fuji II 
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LC) were prepared and stored in water at 37◦C for 4days. They found that 

the bond strength of new Ketac N100 to old Ketac N100 was in the order of 

1.7 MPa irrespective of the surface treatment, and many specimens failed 

before testing. The bond strength of new Fuji II LC to old Fuji II LC was in 

the order of 10 MPa, irrespective of the surface treatment. The bond strength 

of resin composite bonded to both RMGICs approximated 9–16 MPa. The 

mode of failure of the resin composite to RMGIC bond was predominantly 

cohesive in the RMGIC. They concluded that the bond strength of ‘new’ 

Ketac N100 to ‘old’ Ketac N100 may not be adequate for satisfactory 

clinical performance, whereas the bond strength of ‘new’ Fuji II LC to ‘old’ 

Fuji II LC was significantly higher. Resin composite bonded well to both 

RMGICs. 

 Moreau and Xu 2010 investigated the effects of solution pH and 

immersion time on the mechanical properties and F release of three resin-

modified glass ionomers restorative materials (Viremer, Fuji II LC, Ketac 

Nano), one compomer (Dyract Flow), and one composite (Heliomolar). 

Flexural strength and elastic modulus were measured before and after 84 

days of immersion in solutions of pH 4, 5.5, and 7. They found that Vitremer 

had a flexural strength of 99±25 MPa before immersion; it decreased to 

32±9 MPa after 84 days of immersion. In comparison, Heliomolar had a 

smaller strength loss, decreasing from 99±9 MPa to 65±7 MPa (p< 0.05). F 

release at 84 days for Fuji was 609±25g/cm2 at pH 4, much higher than 

258±36g/cm2 at pH 5.5, and 188±9g/cm2at pH 7. They concluded that 

immersion and material type had significant effects on mechanical properties 

while solution pH had little effect on mechanical properties and a significant 

effect on F release.  
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 Uysal et al. 2010 tested nano-composite (Filtek Supreme Plus 

Universal) and a newly introduced Nano-filled resin modified glass ionomer  

(Ketac ™ N100 Light Curing Nano-filled resin modified glass ionomer ) 

restorative to determine their shear bond strength (SBS) and failure site 

locations in comparison with a conventional light-cure orthodontic bonding 

adhesive (Transbond XT). They arbitrarily divided sixty freshly extracted 

human maxillary premolar teeth into three equal groups. They bonded the 

brackets to the teeth in each group with different composites, according to 

the manufacturers’ instructions. They found that group 1 (Transbond XT) 

had a higher SBS than that of group 2 (nano-composite) and group 3 (Nano-

filled resin modified glass ionomer ). They concluded that nano-composites 

and Nano-filled resin modified glass ionomer s may be suitable for bonding 

since they fulfil the previously suggested SBS ranges for clinical 

acceptability, but they are inferior to a conventional orthodontic composite.   

 Anand and Subbarao 2011 compared the amount and pattern of 

fluoride release from a new glass-ionomer-based material (Nano-filled resin 

modified glass ionomer ) (Ketac N 100) with a conventional glass-ionomer 

cement (GC Fuji II), a resin modified glass ionomer cement (GC Fuji II LC), 

a compomer (Dyract F) and a fluoride-releasing resin composite (Tetric N 

Flow). A resin composite (Synergy Flow) served as the control and 

correlated the surface area to volume of nano-sized filler with its capacity to 

release fluoride in the powder, more quickly increasing the fluoride. They 

found that an initial fluoride “burst effect” was seen with all of the materials, 

except for the control and compomer. The conventional glass ionomer 

cement showed the highest fluoride release on the first three days. The 

Nano-filled resin modified glass ionomer  showed the maximum release of 
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fluoride for the remaining days. A low constant level of fluoride release was 

seen from the compomer and fluoride-releasing resin composite throughout 

the study period. They concluded that the cumulative fluoride release at the 

end of the study period in Nano-filled resin modified glass ionomer , glass 

ionomer cement and resin-modified GIC was significantly higher than 

compomer and resin composite (p<0.05). This is possibly due to the 

different nature of the filler in nanoionomer. 

 Aurélio et al. 2011 compared the fluoride (F-) release pattern of a 

nano-filled resin-modified glass ionomer cement (GIC) (Ketac N100 - KN) 

with available GICs used in dental practice (resin-modified GIC - Vitremer - 

V; conventional GIC - Ketac Molar - KM) and a nanofilled resin composite 

(Filtek Supreme - RC). Discs of each material (n=6) were placed into 4 mL 

of deionized water in sealed polyethylene vials and shaken, for 15 days. 

They found that the linear fits between the cumulative F release profiles of 

RC and KM and time were weak. KN and V presented a strong relationship 

between cumulative F release and time. They concluded that the F release 

profile of the nano-filled resin-modified GIC is comparable to the resin-

modified GIC. 

 El-Askary and Nassif 2011a investigated the shear bond strength of 

the nano-filled resin-modified glass ionomer (RMGI) to dentin using 

different self-etch adhesives. Two resin-based restorative materials, a nano-

filled RMGI (Ketac Nano-100, 3M ESPE) and a restorative composite 

(Grandio, VOCO) were bonded to bovine dentin using four self-etch 

adhesives (Futurabond M, VOCO; Adper Easy Bond, 3M ESPE; GBond, 

GC Corp; and One Coat, Colte`ne) and stored the specimens in distilled 

water for 24 hours. They founded that the adhesives, the restorative 
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materials, and their interactions (adhesives and restorative materials) had a 

significant effect on the shear bond strength to bovine dentin. They 

concluded that self-etch adhesives used in this study can adequately bond the 

nano-filled RMGI to dentin.  

 El-Askary and Nassif 2011b evaluated the effect of the pre-

conditioning step using different dentin conditioners on the shear bond 

strength (SBS) of the nano-filled resin-modified glass ionomer (RMGI) to 

dentin. Twenty-four human molars were used and sectioned in the mesio-

distal direction then divided them into six groups with and without the pre-

conditioning step. They restored dentin surfaces with RMGI cylinders and 

stored the specimens in distilled water at 37ºC for 24 hours. They found that 

35% phosphoric acid and EDTA yielded significantly higher SBS, compared 

to all tested groups. In addition, 25% polyacrylic yielded significantly higher 

SBS than the nano-filled RMGI when applied according to manufacturer 

instructions. When nano-filled RMGI was applied without its nano-primer, 

or directly over 25% polyacrylic acid conditioned dentin exhibited 100% 

pre-test failure, and their SBS were expressed as 0.0±0.0 MPa. They 

concluded that the pre-conditioning step effectively improves the SBS of 

nano-filled RMGI to dentin. 

 Paula et al. 2011 evaluated the biomechanical degradation of two 

nanofilled restorative materials (a resin-modified glass ionomer, Ketac N100 

and a composite, FiltekZ350), compared with conventional materials 

(Vitremer and TPH Spectrum). Twenty specimens from each material were 

prepared and divided into two storage groups (n=10): relative humidity 

(control) and Streptococcus mutans biofilm (biodegradation). They found 

that there was statistically significant interaction among factors: material, 



15 
 

storage (humidity/ biofilm), and abrasion (before/after). After 

biodegradation (S mutansbiofilm storage), Ketac N100 presented the highest 

Ra values. Concerning bio plus mechanical challenge, TPH Spectrum, Ketac 

N100, and Vitremer presented the undesirable roughening of their surfaces, 

while the nano composite Filtek Z350 exhibited the best resistance to 

cumulative challenges proposed. They demonstrated that the 

nanotechnology incorporated in restorative materials, as in composite resin 

and resin modified glass ionomer, was important for the superior resistance 

to biomechanical degradation. 

Bonifacio et al. 2012 studied the bond strength (BS) of Glass-

Ionomer Cements (GIC) to dentine with microtensile (μTBS) and 

microshear (μSBS) BS tests by assessing their rankings and failure patterns 

using high viscosity GIC (Ketac™ Molar Aplicap-KM), resin-modified GIC 

(Fuji II-FII), nano-filled resin-modified GIC (Ketac™ N100-N100) and an 

etch-and-rinse adhesive system with a composite resin (Adper™ Single 

Bond 2 and Z100™-Z100). Samples on flat dentine surfaces were prepared 

and submitted to μTBS and μSBS. All tests were performed with a Universal 

Testing Machine (stored in water 24 hours, speed of 1 mm/min). The 

debonded surfaces were examined with a stereomicroscope to identify the 

mode of failure. They found that failures produced by μTBS were mainly 

cohesive for KM and FII. μSBS failures were mainly adhesive or mixed for 

all materials. For the μTBS, the rank was Z100 > FII > KM = N100, whereas 

for the μSBS it was Z100 = FII = KM > N100. They concluded that distinct 

micro-mechanical tests present different patterns of failure and rankings 

depending on the material to be considered. 



16 
 

Imbery et al. 2012 evaluated the effect of six surface treatments: 

smear layer intact (negative control), Ketac Primer, EDTA, Cavity 

Conditioner, Self-Conditioner, and etching with 35% phosphoric acid then 

application of Optibond Solo Plus. Optibond Solo Plus bonded with Filtek 

Z250 composite resin served as a positive control on the shear bond strength 

of three types of resin-modified glass ionomers (RMGIs) [Fuji II LC, Riva 

LC, Ketac Nano] to dentin, They found a significant interaction between 

RMGIs and conditioning agents. They concluded that acid etching followed 

by Optibond Solo Plus provided highest bond strengths for the three types of 

RMGIs, which did not differ statistically from the positive control. 

 Lawson and Beck 2012 studied the effect of the setting mechanism on 

bond strength by measuring the shear bond strength of three RMGIs to 

dentin with and without light activation. Sixty human molars to mid-coronal 

dentin were grounded and randomly divided into six even groups: 1) Ketac 

Nano (KN), 2) KN without light cure (woLC), 3) Fuji Filling LC (FF), 4) FF 

woLC, 5) Fuji II LC (FII), and 6) FII woLC. They filled a 1.54-mm diameter 

plastic tube was filled with RMGI material and affixed to the dentin surface. 

Groups 1, 3, and 5 were light cured for 20 seconds, and groups 2, 4, and 6 

were immediately placed in a damp dark box with no light curing at 378C 

for 24 hours. They found that no significant differences in bond strength 

between the three light-cured RMGIs. KN and FII showed significantly 

lower bond strength without light cure, but no significant difference was 

observed between FF and FF woLC. They concluded that light activation is 

necessary to obtain optimal bond strength between RMGI and dentin. FF 

may contain components that chemically activate resin polymerization. 
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Clinically, KN and FII need to be light cured after placement of these 

RMGIs. 

 Puppin-rontani et al. 2012 evaluated in the laboratory the roughness 

(Ra) and micromorphology surface of the nanofilled resin-modified glass-

ionomer (Ketac N100) subjected to biomechanical degradation, compared to 

Vitremer, Ketac Molar Easymix and Fuji IX. Specimens from the ionomers 

were divided into two storage groups (n=10): relative humidity and S. 

mutansbiofilm (biodegradation). They found that there  was  significant  

interaction  among  the  factors:  material,  storage  and  abrasion  

(before/after).  Vitremer showed similar Ra values between storage groups, 

while the other materials presented higher Ra values after biodegradation 

test. Concerning biomechanical challenge, Ketac N100 presented the lowest 

Ra values.  Ketac  Molar  Easymix  and  Fuji  IX presented  undesirable  

roughening  of  their  surfaces  under  the  detrimental  conditions  tested.  

They concluded that the Nano-filled resin modified glass ionomer  Ketac 

N100 presented a satisfactory resistance to biomechanical degradation, 

superior to the other materials studied, which may be attributed to the 

nanotechnology incorporated in this material with regular, small and 

silanized fillers. 

Babannavar and Shenoy 2013 studied the shear bond strengths of 

Vitrebond (Group I), Ketac N100 (Group II) and Ketac Bond (Group III) 

glass ionomer cements to the composite Filtek P90 using a universal testing 

machine. They found that Group I achieved higher bond strength than 

Groups II and III. They concluded that resin-modified glass ionomer cement 

(Vitrebond) appears to be preferable to Nano-filled resin modified glass 

ionomer  glass ionomer cement (Ketac N100) and conventional glass 
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ionomer cement (Ketac Bond) as a base under low-shrink posterior 

composite (Filtek P90). 

 Dionysopoulos et al. 2013 evaluated the fluoride release of five 

fluoride-releasing restorative materials (Fuji IX GP, Ketac N100, Dyract 

Extra, Beautifil II and Wave) and three dental adhesives (Stae, Fluorobond II 

and Prime and Bond NT) before and after NaF solution treatment. A fluoride 

ion-selective electrode was used to measure fluoride concentrations. They 

found that during the 86-day period before NaF solution treatment, Fuji IX 

GP released the highest amount of fluoride among the restorative materials 

while Prime and Bond NT was the highest among the dental adhesives. After 

NaF solution treatment, Fuji IX GP again ranked the highest in fluoride 

release among the restorative materials while Fluorobond II ranked the 

highest among dental adhesives. They concluded that the compositions and 

setting mechanisms of fluoride-containing dental materials influenced their 

fluoride release and recharge abilities. 

 Aggarwal et al. 2014 evaluated the effect of flowable composite  resin  

liner  and  resin  modified  glass ionomer liner on gingival marginal 

adaptation  of  class  II  cavities  restored  using  three  bonding  agents  

(Single  Bond  3M  ESPE,  One Coat  Self  Etching  Bond  Coltene  

Whaledent;  Adper  Easy  Bond  Self-Etch  Adhesive  3M  ESPE) and  

respective  composite  resins,  under  cyclic  loading. They found that 

placement  of  flowable  composite  liner  significantly improved  the 

continuous margin (CM)  values  of Single  Bond and  One  Coat  Self  

Etching  Bond compared  with  no  liner group,  but  the  values  of  CM  of  

Adper  Easy  Bond  were  not  improved. Placement of glass  ionomer  liner 

significantly  improved  the  values  of  CM  in  all  the  sub-groups for  
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Single Bond, one coat Self  Etching Bond and Adper Easy Bond 

respectively)  compared  with  no  liner  group. They concluded that 

placement  of  liners  improved  the  values  of  ‘continuous  margin’  in  the 

gingival floor  of  the  proximal  cavities  restored  with  composite  resins  

using  different  bonding  agent. 

 Czarnecka et al. 2014 studied  the  interfaces  between  model  

cavities  prepared  in  teeth  and  four  glass ionomer  cements. Deep slot 

preparations were prepared on extracted posterior teeth,  then  restored    

using  the  open  sandwich  technique with a  conventional  glass ionomer  

(Fuji  IX,  Ketac  Molar)  or  resin  modified  glass  ionomer  (Fuji  II  LC  or  

N100),  followed by  completion  with  composite  resin.  They found that 

the  majority  of  materials  failed  to  make  adequate  contact  with  the  

axial  wall,  and there  were  also  flaws  at  the  axial/gingival  line  angle  in  

several  samples. The  most  serious  inadequacy was the presence  of  

perpendicular  cracks  in  30%  of the  Fuji  II  LC  samples  which  extended  

into  the  underlying  dentin. They concluded that the  problems  of  

placement  and  dentin  cracking  experienced  with  these  materials  

demonstrate  that  adhesive  bond  strength  alone  cannot  be  used  as  the  

criterion  of  success for  restorative  materials.   

 Eronat et al. 2014 evaluated  the  microleakage  of  a  nano‑filled  

resin‑modified  glass  ionomer (Ketac N100) and  a  high viscosity glass-

ionomer ( Ketac  Molar) restorations in class V cavities of 16 sound third 

molar teeth. The teeth were randomly assigned into two groups Group A: 

(Ketac Molar) and Group B:(Ketac N100) and restored by one of the glass 

ionomer material then stored in distilled water at 37°C for 24 h, 
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thermocycled at 5‑55°C for 1000 cycles and immersed the specimens in 

aqueous solution of Indian ink dye for 48 h at room temperature. They found 

that high viscosity glass ionomer showed significantly less microleakage 

compared to the nano‑filled resin‑modified glass‑ionomer (RMGIs) at 

occlusal margin. No significant differences were found between the groups 

at gingival margin. They concluded that nano‑filled RMGIs restorations did 

not perform better than high viscosity glass ionomer in class V cavities in 

terms of microleakage assessment.  

 Falsafi et al. 2014  investigated  the  effect  nanotechnology  on  the  

setting  reaction  of  the  nanoionomer ( KN) compared  to  a  control  

RMGI, Vitremer ( VM) determined the  mechanism  of  bonding  of  KN  in  

combination  with  its  primer  (KNP) to  the  tooth. Shear  adhesion  to  

dentin  and  enamel  with  KN  were measured and  compared with several  

RMGIs  and  one  conventional  glass  ionomers  (CGI). They found that KN 

undergoes both acid-base and methacrylate setting reactions of classical 

RMGIs.  Shear  adhesion  and  failure  mode  of  KN  to  enamel and  dentin  

were  similar  to  the  other  RMGIs  and  CGI. They concluded that KN has 

two setting reactions expected in true RMGIs. The  chemical  bonding  is  a  

significant  factor  in  the excellent  long-term  adhesion  of  these  materials.  

 Hamama et al. 2014 investigated the use of phosphoric acid as a 

surface treatment compared to traditional conditioning agents to dentine 

bonded with three resin-modified glass ionomer (RMGIC) adhesives; Fuji 

Bond LC; Riva Bond LC; and Ketac N100. They used forty human molars 

in microtensile bond strength testing and another 16 for evaluation of the 

bonded interface with scanning electron microscopy. They found that two-
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way analysis of variance (ANOVA) revealed adhesion was affected by the 

‘type of RMGIC adhesive’ and ‘method of dentine surface treatment’. The 

microtensile bond strength of Ketac N100 primer groups was lower than Fuji 

Bond LC and Riva Bond LC. They concluded that for RMGIC adhesives a 

brief etch with phosphoric acid does not adversely affect short-term bond 

strengths, but is no better than traditional conditioning with PAA. 

 Shafiei and Akbarian 2014 evaluated the effect of simultaneous 

bonding application on cervical sealing ofNano-filled resin modified glass 

ionomer /silorane- or methacrylate-based composite open sandwich Class II 

restorations in the modified technique compared with that of conventional 

bonding. Two standardized Class II cavities in 60 sound maxillary premolars 

were prepared and randomly divided into six groups of 10 teeth each. In the 

first three groups (groups 1-3), they used Clearfil SE Bond and Clearfil APX 

(Kuraray) for restoration in the total bonding technique (group 1), 

conventional open sandwich technique associated with a Nano-filled resin 

modified glass ionomer  (KetacN100) (group 2), and modified open 

sandwich technique with simultaneous bonding application for both Nano-

filled resin modified glass ionomer  and composite (group 3). In the second 

three groups (groups 4-6), they used Silorane Adhesive and Filtek Silorane 

composite in the same manner as in the first three groups, respectively. They 

found that the simultaneous bonding application in the modified sandwich 

restorations resulted in a significant reduction of the cervical microleakage. 

However, microleakage of the modified technique was similar to that of the 

total bonding, both showing good marginal seal. They concluded that the 

introduced modified sandwich technique revealed no beneficial effect in 

terms of cervical sealing compared with the effects of total bonding. 
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However, this technique exhibited significantly lower microleakage than the 

conventional technique. 

 Cook et al. 2015 investigated the effect of non-rinse conditioners (ie, 

Ketac Nano Primer [KNP] and GC Self Conditioner [SC]) used as substrate 

pretreatment and their respective paste-paste resin-modified glass-ionomer 

cement (RMGIC) (ie, Ketac Nano [KN] and Fuji Filling LC [FF]) on 

microtensile bond strength to dentin and marginal sealing when compared 

with traditional RMGIC (ie, Photac Fil [PF] and Fuji II LC [FII]) used in 

association with polyacrylic acid (ie, Ketac Cavity Conditioner [KC] and GC 

Cavity Conditioner [CC]). Standardized cavity preparations on the buccal 

cemento-enamel junction were prepared, restored according to the group, 

thermocycled, sealed, immersed in methylene blue for 24 hours, and then 

assessed them for microleakage using a stereomicroscope. They found that 

cervical margins showed more microleakage compared with occlusal 

margins. They concluded that the use of non-rinse conditioners in 

association with traditional RMGICs demonstrated superior microtensile 

bond strengths to dentin when compared with the paste-paste RMGICs. 

Meanwhile, the association between polyacrylic acid (CC) and a traditional 

RMGIC (FII) led to the least microleakage for cervical locations when 

compared with all other groups. 

 Mohamed et al. 2015 evaluated the microshear bond strength (μSBS) 

and ultramorphological characterization of glass ionomer (GI) cements; 

conventional GI cement (Fuji IX, CGI), resin modified GI (Fuji II LC, 

RMGI) and Nano-filled resin modified glass ionomer  (Ketac N100, NI) to 

enamel, dentin and cementum substrates. Forty-five lower molars above the 

cemento-enamel junction were sectioned and the occlusal surfaces were 
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ground flat to obtain enamel and dentin substrates. They found that 

materials, substrates and their interaction had a statistically significant effect 

on the mean μSBS values. RMGI showed the highest μSBS values to all 

examined tooth substrates. CGI and RMGI show substrate independent 

bonding efficiency, meanwhile; NI showed higher μSBS values to dentin 

and cementum compared to enamel. They concluded that despite 

technological development of GI materials, mainly the nano-particles use, 

better results have not been achieved for both investigations, when compared 

to RMGI, independent of tooth substrate. 

 Shafiei et al. 2015 compared the effect of different adhesive 

procedures (self-etching and etch-and-rinse approach) on long-term marginal 

microleakage of nano-filled resin-modified glass-ionomer (NI) cervical 

restorations. Class V cavities were prepared on 72 maxillary premolars, then 

divided into six groups: G1: No treatment (NC); G2: Ketac primer (K 

primer); G3: Etchant + Ketac primer (E+K primer); G4: Self-etch adhesive 

(Bond Force); G5: Etchant + Bond Force (E+Bond Force); G6: Etchant + 

Adper Single Bond (Etch and rinse adhesive), and restored all the cavities 

with Ketac N100. They found that all the adhesive pretreatments had a lower 

marginal leakage than that of NC (P≤0.01), except for E+Bond Force at the 

dentin margin and no significant difference between K primer and Bond 

Force, while microleakage differed significantly between K primer 

pretreatment and E+K primer, E+Bond Force and etch-and-rinse adhesive at 

the enamel margin, but it did not differ at the dentin margin. E+ Bond Force 

group showed insignificantly lower leakage at the enamel margin and 

significantly higher leakage at the dentin margin. They concluded that etch-

and-rinse adhesive and selective enamel etching along with self-etch 
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adhesive/Ketac primer might improve marginal sealing of aged Nano-filled 

resin modified glass ionomer  restoration. 

 Shebl et al. 2015 evaluated the shear bond strength of a new 

generation of glass ionomer (Glass Carbomer) to enamel versus a nano-filled 

resin-modified glass ionomer (ketac Nano) and a conventional type (Ionofil 

Molar) after different storage periods. They found that Ketac Nano had the 

highest shear bond strength values followed by Ionofil Molar, while Glass 

Carbomer had the lowest values. There was a highly significant difference in 

shear bond strength values among the three different storage periods in all 

the tested materials. They recorded a positive correlation between the 

adhesive mode of failure and shear bond strength while they recorded a 

negative correlation between the cohesive mode of failure and shear bond 

strength using Spearman's correlation test. They concluded that storage time 

was a factor which significantly influenced both shear bond strength and 

mode of failure especially in Glass Carbomer specimens. 
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Aim of study 

This study was conducted to evaluate effect of different surface 

treatment to dentin on shear bond strength of Zinc modified glass ionomer 

compared to Nano-filled resin modified glass ionomer and assessment of 

tooth restoration interface using environmental scanning electron 

microscope.  

 PICOS  

P: bonding to dentin. 

I: Zinc modified glass ionomer with and without conditioning 

C: Nano-filled resin modified glass ionomer with and without conditioning 

O: bond strength. 

Name of outcome Measuring device Measuring unit 

Shear bond strength Universal testing machine Mpa 

S: in vitro study. 

T:       T1= 24 hours storage in artificial saliva. 

           T2= one month storage in artificial saliva. 

 Research question  

Will the surface treatment of Zinc modified glass ionomer compared to 

Nano-filled resin modified glass ionomer  influence their bond strength to 

dentin over time? 
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1. Materials: 

  The materials used as well as their description, components and 

manufacturers are listed in (Table 1). 

1.1.  Zinc modified glass ionomer: ( Chemfil Rock) 

  ChemFil Rock restorative is available in an easy to use capsule, and 

features an ergonomic applicator gun for direct capsule delivery. Capsule 

single dose of shade A3 was used in the study; Fig 1.  

1.2.  Nano-filled resin modified glass ionomer : ( Ketac™ N100) 

Ketac™ N100 is Nano Light-Curing Glass Ionomer Restorative. Quick 

Mix Capsule single dose of shade A3 was used in the study; Fig 2. 

1.3.  Dentin conditioner: (Ketac N100 primer) 

Ketac N100 primer is a visible light-cure liquid specifically designed for 

use with Ketac N100 restorative. The primer is acidic in nature. Its function 

is to wet the tooth surface adequately to facilitate adhesion of Ketac N100 

restorative to the hard tissue; Fig 3. 

1.4.  Artificial saliva solution.  

The artificial saliva was prepared by specialist in a pharmaceutical lab at 

faculty of pharmacy Cairo University. Composition of artificial saliva (per 

liter): Na3PO4 (3.90 mM), NaCl2 (4.29 mM), MgCl2 (0.08 mM), NaHCO3 

(3.27 mM), KCl (17.98 mM), CaCl2 (1.10 mM), H2SO4 (0.50 mM), 

Distilled water. PH = 7.2 (Lata et al. 2006). 

 

 



27 
 

Table (1): Materials’ specification, composition, manufacturers and lot 

number 

Material Composition Lot # Manufacturer 

ChemFil Rock 

Zinc  modified 

glass ionomer 

Calcium aluminium zinc fluoro-

phosphor silicate glass, Polycarboxylic 

acid, iron oxide pigments, tartaric acid , 

titanium dioxide pigments,  water 

 

1406008005 
DENTSPLY, 

Germany 

Ketac N100 

primer 

Dentin 

conditioner 

Water (40-50%); HEMA (35- 45%) 

acrylic/ itaconic acid copolymer 10-15% 

photo intiators. 

N575555 
3M ESPE,  

USA 

Ketac N 100 

Nano-filled resin 

modified glass 

ionomer   

Paste A 

Silane-treated glass (40-50%); silane-

treated ZrO2 silica (20-30%); silane-

treated silica (5-15%); PEGDMA1(5-

15%);HEMA2(1-10%);Bis-GMA3 

(<5%);TEGDMA4 (<5%) 

Paste B 

Silane–treated ceramic (20-30%); 

silane-treated silica (20-30%); water 

(10-20%); HEMA (1-10%); 

acrylic/itaconic acid polymer (20-30%( 

N600408 

 

 

 

3M ESPE,  

USA 

 

                                                             
1
 PEGDMA: poly ethylene glycol dimethacrylate.                               

2
 HEMA: hydroxyl ethyl methacrylate. 

3
 Bis-GMA: Bisphenol A-Glycidyl methacrylate.                       

4
 TEGDMA: Triethylene glycol dimethacrylate. 
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                    Figure 1: Zinc modified glass ionomer (Chemfil Rock)  

 

Figure 2: light-curing Nano-filled resin modified glass ionomer  (Ketac™ N100) 

 

Figure 3: Dentin conditioner (Ketac N100 Nano-Ionomer primer)  
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2. Methods: 

2.1. Selection of teeth 

A total of 72 sound human premolars were used in this study. The teeth 

were cleaned and polished to remove blood, calculus and any soft tissue 

debris. The teeth were examined by microscope to ensure that they were free 

from caries, cracks, fracture or restorations under 20X magnification
5
.The 

teeth were then stored in saline solution until use for no longer than two 

month.  

2.2. Mounting teeth specimens in acrylic blocks 

Especially designed rectangular wooden logs were used for teeth 

mounting that contain 6 holes (12mm diameter X 11mm length); Fig 4. A 

soft mix of self-cure acrylic resin
6
 was poured in the corresponding molds. 

Each tooth was individually embedded vertically in the resin mix below the 

level of CEJ by 1mm from mesial and distal surface. Each tooth was left 

fixed in its position until the setting of the acrylic. The acrylic blocks were 

removed from the mold by unlocking the holding hooks and were restored in 

saline to prevent dehydration of the teeth till the next step; Fig 5. 

 

 

 

Figure 4: a rectangular wooden log 

                                                             
5
 Leica DM LS2 and DM LB2, Leica Microsystems, Wetzlar GmbH , Germany 

6
 Acrostone, Egypt 



30 
 

            

 

 

Figure 5: a tooth mounted in an acrylic 

block 

2.3. Preparation of teeth 

The mesial surface was reduced using diamond stone on high speed hand 

piece with air water coolant to expose DEJ. With the use of a stable extra-

fine black marker and a ruler, a mark will be done 1 mm below DEJ in the 

grounded surface forming a circle around the tooth in order to standardize 

the superficial dentin depth. Then, the occlusal surface of each tooth was 

grounded flat using cutting machine 
7
with copious air-water spray, until the 

level of marked line so that the obtained superficial dentin surface was 

parallel to the occlusal plane and perpendicular to the long axis of the tooth ( 

Kaup et al., 2015); Fig 6.  

 

                                                             
7
 Bronwill; E. McGrath Inc, 35 Osborne Street Salem MA  01970  v:  978-744-3546  f:  

978-741-4020 



31 
 

 

 

 

 

 

 

 

Figure 6: tooth preparation 

 

 

 

In order to obtain standardized uniform smear layer, a disc shaped 

finisher/polishers system 
8
with low-speed hand piece

9
 were used. The flat 

dentine surface was subjected to respective finishing steps according to 

manufacture instruction as the follows:  

 Step 1 (course grit): The course (blue) disc was applied for 20 s, 

rinsed and dried with air/water syringe for a total of 10s. 

 Step 2 (medium grit): The medium (green) disc was applied for 20s, 

rinsed and dried with air/water syringe for a total of 10s. 

 Step 3 (fine grit): The fine (yellow) disc was applied for 20 s, rinsed 

and dried with air/water syringe for a total of 6s. 

 Step 4 (superfine grit): The superfine white (disc) was applied for 20 

s, rinsed and dried with air/water syringe for a total of 6s; Fig 7. 

                                                             
8
 TOR VM Dental Finishing and Polishing kit Discs and Stripes, China 

9
 NSK Ti-Max Electric Handpiece, Japan 
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Figure 7: Dental 

Finishing and 

Polishing kit Discs 

and Stripes 

2.4.  Grouping of specimen 

All specimens were randomly allocated by the researcher into two main 

groups according to the type of glass ionomer used (A) with 36 specimen 

each. Where A1 represent Nano-filled resin modified glass ionomer and A2 

represent Zinc modified glass ionomer. Each group was then subdivided 

into two subgroups according to dentin surface treatment applied (B) with 18 

specimens each. Where B1 represent application of glass ionomer without 

dentin conditioning and B2 represent application of glass ionomer with 

dentin conditioning. Each subgroup was be further divided into two classes 

according to storage period time (T) with 9 specimens each, where T1 

represent 24 hours storage in artificial saliva and T2 represent one month 

storage in artificial saliva. The specimen of each group was placed in 

sequentially numbered tightly sealed light proof containers (Table 2 and 3). 
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Table (2): Variables of the study: 

Variable Symbol Refer to 

Glass ionomer 

(A) 

A1 Nanofilled resin modified glass ionomer. 

A2 Zinc modified glass ionomer. 

Dentin conditioning 

(B) 

B1 Without dentin conditioning 

B2 With dentin conditioning 

Time of storage period 

(T) 

T1 24 hours 

T2 One month 

 

Table (3): Interaction of variables of study:  

GI 

Time 

A1 A2 

Total 

B1 B2 B1 B2 

T1 A1 B1 T1 A1 B2 T1 A2 B1 T1 A2 B2 T1 36 

T2 A1 B1 T2 A1 B2 T2 A2 B1 T2 A2 B2 T2 36 

Total 18 18 18 18 72 

(N=9) 
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2.5. Preparation of  glass ionomer disc specimens:  

A specially designed split Teflon mold was used to prepare the glass 

ionomer disc specimens. The mold was of 2 mm thick having a circular hole 

in its middle with an internal diameter of 5 mm. The Teflon mold was placed 

on the top of ground dentin surface then the material was packed inside 

central hole in order to obtain glass ionomer disc specimen with 5 mm 

diameter and 2 mm height (Falsafi et al, 2014); Fig 8. 

 

 

           

 

 

Figure 8: a split Teflon mold 

2.6. Material application  

All tested materials were applied according to manufacture instruction  

2.6.1. Application of dentin conditioner: 

Two successive coats of Nano-filled resin modified glass ionomer 

primer were applied on dentin surface by micro-brush; each was rubbed for 

15 seconds to assure that surfaces kept wet with the primer. Then, an air 

syringe was used to dry primer for 10 seconds. After that primer was light 

cured for 10 seconds using 1600 mW/cm
2
light curing unit D-2000 LED

10
. 

 

                                                             
10

 Apoza Enterprise Co., Ltd, New Taipei City, Taiwan  
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2.6.2.  Application of Ketac™ N100 : 

The Nano-filled resin modified glass ionomer  capsule was activated 

by turning the nozzle to 180° until it’s in a straight line with capsule body, 

then the capsule was attached to Aplicap Applier and a pressed to deliver the 

glass ionomer material into the central hole of the split Teflon mold. The 

nano- ionomer was incrementally packed in 2mm increment, the increment 

was light cured for 20seconds, after that the excess was removed using sharp 

blade; Fig 9. 

 

 

 

Figure 9: application 

of Ketac™ N100 

 

 

2.6.3. Application of Chemfil Rock:  

The capsule was activated by pressing and depressing the plunger at 

the bottom of capsule to its limits onto stable surface. Then the capsule was 

mixed in amalgamator 
11

at 4,300 rpm for 15 secs, after that the material was 

applied with the Aplicap Applier into the central hole of the special design 

split Teflon mold and the excess was removed using sharp blade; Fig 

10and11. 

                                                             
11

 Dentomax compact mixer 
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     Figure 10: application of Chemfil Rock  

         

Figure 11: a glass 

ionomer specimen 

 

2.7. Specimen storage  

After setting of glass ionomer disc, the Teflon mold was then split 

exactly through the center so that it was removed from prepared sample 

without applying undue force. The tooth with the attached glass ionomer 

disc was then stored in artificial saliva at 37°C for 24 h and one month 

before bond strength testing. 

2.8. Shear bond strength test  

Shear bond strength test were performed using NEXYGEN from Lloyd 

Instruments. All samples were mounted on a computer controlled materials 

testing machine
12

 with a loadcell of 5 kN and data were recorded using 

computer software
13

. Samples were secured to the lower fixed compartment 

of testing machine by tightening screws. Shearing test was done by 

compressive mode of load applied at tooth-filling interface using a mono-

                                                             
12

 Model LRX-plus; Lloyd Instruments Ltd., Fareham, UK 
13

 Nexygen-MT; Lloyd Instruments 
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bevelled chisel shaped metallic rod attached to the upper movable 

compartment of testing machine traveling at cross-head speed of 0.5 

mm/min. The load required to debonding was recorded in Newton; Fig 12 

and 13.  

 Shear bond strength calculation; 

 The load at failure was divided by bonding area to express the bond 

strength in MPa:  τ = P/ πr
2
 where; τ =shear bond strength (MPa), P =load at 

failure (N), π =3.14 and r =radius of GI disc (mm).  

2.9. Failure mode analysis  

The tested specimens were photographed using Digital microscope 

with a built-in camera
14

 connected with an IBM compatible personal 

computer using a fixed magnification of 35X.The images were recorded 

with a resolution of 1280 × 1024 pixels per image; Fig 14. 

 

                                                             
14

 Scope Capture Digital Microscope, Guangdong, China 
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Figure 12: Lloyd universal testing 

machine. 

Figure 13:  specimen  fixed on the 

universal testing machine 

 
Figure 14:  digital microscope used to asses failure modes 
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2.10. Interfacial analysis 

Two representative samples from each group were embedded in a soft 

mix of self-cure acrylic resin. Each specimen was left fixed in its position 

until the setting of the acrylic. The specimens were then longitudinally 

cleaved into two halves using cutting machine with copious air-water spray. 

Then, the two halves were separated by an additional horizontal cut. 

The evaluated surfaces were wet ground with 600, 800grits and finally 

with 1000 grit SiC papers. The evaluated surfaces were acid etched with 

35% phosphoric acid for 15 seconds, rinsed for 20 seconds and, then, gently 

air dried. The specimens were immersed in 5% sodium hypochlorite for 120 

seconds, and washed under running water for 5 minutes. The specimens 

were dehydrated in ascending concentration of ethanol, 50%, 70%, 90% for 

20 minutes each and, then immersed in 100% for 1 hour. The specimens 

were left to dry on absorbent paper in closed container overnight (El-Askary 

and Nassif 2011); Fig15.   

.  

Figure 15:  prepared sample for SEM 

The specimens were fixed on specimen’s holder using double-faced 

stickers and sputter coated (K550X sputter coater, England) and then they 
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were mounted on a metallic disc before SEM examination. Restoration 

/dentin interface was evaluated at 500X using Scanning Electron Microscope 

SEM Model Quanta 250 FEG (Field Emission Gun)
15

; Fig16 attached with 

EDX Unit (Energy Dispersive X-ray Analyses), with accelerating voltage 30 

K.V and resolution for Gun.1n. 

 

Figure 16: The Scanning Electron Microscope (SEM) Quanta 250 

FEG  

2.11.  Statistical analysis 

Data presented as mean and standard deviation (SD). Data explored for 

normality using Kolmogorov-Smirnov and Shapiro-Wilk tests. Shear bond 

strength (MPa) showed a parametric distribution, so three-way ANOVA 

used to study the effect of different glass ionomer, time and dentin 

                                                             
15

 Quanta 250 FEG, FEI company, Netherlands 
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conditioning followed by Tukay’s post-hoc test for pairwise comparison 

when ANOVA is significant. Independent t-test used to compare between 

glass ionomer, time and dentin conditioning within each other variables. 

One-way ANOVA used to compare interaction between variables. The 

significance level was set at P ≤ 0.05. 

Statistical analysis was performed with IBM® SPSS® (SPSS Inc., 

IBM Corporation, NY, USA) Statistics version 23 for Windows. 
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1-Effect of Dentin conditioning on mean Shear Bond strength (MPa):  

Table (4) and Fig (17) showed that Nano-filled resin modified glass 

ionomer  at 24 hours with dentin conditioning (4.56±0.11 MPa) had higher 

mean shear bond test (SBS) than without dentin conditioning same also at 

one month with dentin conditioning (4.44±0.36 MPa) had higher mean shear 

bond test (SBS) than without dentin conditioning (1.97±0.36 MPa). While 

Zinc modified glass ionomer at 24 hours without dentin conditioning 

(7.39±0.96 MPa) had higher mean shear bond test (SBS) than with dentin 

conditioning (2.05±0.66 MPa) also at one month without dentin conditioning 

(6.90±0.27 MPa) had higher mean shear bond test (SBS) than with dentin 

conditioning (2.53±0.66 MPa) with significant difference p≤0.001. 

Table 4: Mean and standard deviation (SD) of shear bond strength (MPa) 

for different dentin conditioning. 

  Dentin conditioning  

p-value Without With 

Mean SD Mean SD 

Shear Bond 

strength 

(MPa) 

Ketac™ N100 

(Nano-filled 

resin modified 

glass ionomer ) 

24 

hours 

1.97 .36 4.56 .11 ≤0.001* 

One 

Month 

2.44 .67 4.44 .36 ≤0.001* 

ChemFil Rock 

(Zinc-Modi-

Ionomer) 

24 

hours 

7.39 .96 2.05 .66 ≤0.001* 

One 

Month 

6.90 .27 2.53 .66 ≤0.001* 

 

Means with the same letter within each row are not significantly different at 

p=0.05. 

*= Significant, NS=Non-significant 



43 
 

 

Figure 17: Bar chart showing the mean Shear Bond strength (MPa) for 

different dentin conditioning. 

2-Effect of different glass ionomer on mean Shear Bond strength (MPa):  

Table (5) and Fig (18) showed that at 24 hours without dentin 

conditioning Zinc modified glass ionomer (7.39±0.96 MPa) had  higher 

mean shear bond test (SBS) than Nano-filled resin modified glass ionomer  

(1.97±0.36 MPa), however with dentin conditioning Nano-filled resin 

modified glass ionomer  (4.56±0.11 MPa) had higher mean shear bond test 

(SBS) than Zinc modified glass ionomer (2.05±0.66 MPa).Same result 

occurred at one month without dentin conditioning Zinc modified glass 

ionomer (6.90±0.27 MPa) had higher mean shear bond test (SBS) than 

Nano-filled resin modified glass ionomer  (2.44±0.67 MPa) while with 

dentin conditioning Nano-filled resin modified glass ionomer  (4.44±0.36 

MPa) had higher mean shear bond test (SBS) than Zinc modified glass 

ionomer (2.53±0.66 MPa) with significant difference p≤0.001. 
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Table 5: Mean and standard deviation (SD)  than of shear bond 

strength (MPa) for different glass ionomer. 

  Glass ionomer p-value 

Ketac™ 

N100 (Nano-

filled resin 

modified 

glass 

ionomer ) 

ChemFil Rock 

(Zinc-Modi-

Ionomer) 

Mean SD Mean SD 

Shear Bond 

strength 

(MPa) 

24 

hours 

Without 1.97 .36 7.39 .96 ≤0.001* 

With 4.56 .11 2.05 .66 ≤0.001* 

One 

Month 

Without 2.44 .67 6.90 .27 ≤0.001* 

With 4.44 .36 2.53 .66 ≤0.001* 

Means with the same letter within each row are not significantly different at 

p=0.05. 

*= Significant, NS=Non-significant 

 

 
 

Figure 18: Bar chart showing the mean Shear Bond strength (MPa) for 

different glass ionomer. 
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3-Effect of Time on mean Shear Bond strength (MPa): 

Table (6) and Fig (19) showed that for Nano-filled resin modified 

glass ionomer  without dentin conditioning at one month (2.44±0.67 MPa) 

had higher mean shear bond test (SBS) than at 24 hours(1.97±0.36 MPa)  

while with dentin conditioning  at 24 hours (4.56±0.11 MPa) had higher 

mean shear bond test (SBS) than at one month (4.44±0.36 MPa). However 

for Zinc modified glass ionomer without dentin conditioning at 24 hours 

(7.39±0.96 MPa) had higher mean shear bond test (SBS) than at one month 

(6.90±0.27 MPa) while with dentin conditioning at one month (2.53±0.66 

MPa) had higher mean shear bond test (SBS) than at 24 hours (2.05±0.66 

MPa) with non-significant difference p>0.05. 

Table 6: Mean and standard deviation (SD) of shear bond strength (MPa) 

for time. 

  Time p-value 

24 hours One 

Month 

Mean SD Mean SD 

Shear 

Bond 

strength 

(MPa) 

Ketac™ N100 

(Nano-filled 

resin modified 

glass ionomer ) 

Without 1.97 .36 2.44 .67 0.2 NS 

With 4.56 .11 4.44 .36 0.479 NS 

ChemFil Rock 

(Zinc-Modi-

Ionomer) 

Without 7.39 .96 6.90 .27 0.311 NS 

With 2.05 .66 2.53 .66 0.281 NS 

 Means with the same letter within each row are not significantly different at 

p=0.05. 

*= Significant, NS=Non-significant 
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Figure 19: Bar chart showing the mean Shear Bond strength (MPa) for 

time. 

4-Interaction between variables on mean Shear Bond strength (MPa): 

 A three way-ANOVA showed that different glass ionomer type and 

dentin conditioning had a significant difference on mean Shear Bond 

strength (MPa) at P < 0.001. Time showed an insignificant difference on 

mean Shear Bond strength (MPa) at p=0.384 (Table 7).  
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Table 7: three way-ANOVA for the effect of different Glass ionomer, 

Time and Dentin conditioning on mean Shear Bond strength (MPa). 

Source Type III Sum of 

Squares 

df Mean 

Square 

F Sig. 

GI 18.589 1 18.589 57.611 ≤0.001* 

Conditioning 16.352 1 16.352 50.678 ≤0.001* 

Time .074 1 .074 .230 0.634 NS 

GI * Conditioning 127.683 1 127.683 395.708 ≤0.001* 

GI * Time .077 1 .077 .240 0.628 NS 

Conditioning * Time .084 1 .084 .261 0.613 NS 

GI * Conditioning * 

Time 
1.528 1 1.528 4.734 0.037* 

Error 10.325 32 .323     

Total 826.154 40       

Corrected Total 174.713 39       

 df= Times of freedom 

S.S. = Sum of Squares 

M.S. = Mean Square 

Sig. = Significant (Probability level) 

***= Significant at p≤0.001 

 

5- Ranking of different tested group 

Table (8) and Fig (20) showed that Nano-filled resin modified glass 

ionomer  without dentin conditioning at 24 hours (1.97±0.36 MPa) had the 

lowest mean shear bond test (SBS) while Zinc modified glass ionomer 

without dentin conditioning at 24 hours (7.39±0.96 MPa) had the highest 

mean shear bond test (SBS).    
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Table 8: Mean and standard deviation (SD) of shear bond strength (MPa) 

for different tested variables. 

  Shear 

Bond 

strength 

(MPa) 

Rank p-value 

Mean SD 

Interaction Ketac™ N100 (Nano-filled resin 

modified glass ionomer 

)+Without+24 hours 

1.97 .36 

c 

≤0.001* 

ChemFil Rock (Zinc-Modi-

Ionomer)+With+24 hours 
2.05 .66 

c 

Ketac™ N100 (Nano-filled resin 

modified glass ionomer 

)+Without+ One Month 

2.44 .67 

c 

ChemFil Rock (Zinc-Modi-

Ionomer)+With+One Month 
2.53 .66 

c 

 Ketac™ N100 (Nano-filled resin 

modified glass ionomer 

)+With+One Month 

4.44 .36 

b 

 Ketac™ N100 (Nano-filled resin 

modified glass ionomer 

)+With+24 hours 

4.56 .11 

b 

ChemFil Rock (Zinc-Modi-

Ionomer)+Without+ One Month 
6.90 .27 

a 

ChemFil Rock (Zinc-Modi-

Ionomer)+Without+24 hours 
7.39 .96 

a 

 Means with the same letter within each column are not significantly 

different at p=0.05. 

*= Significant, NS=Non-significant 
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Figure 20: Bar chart showing the mean Shear Bond strength (MPa) for 

different tested variables. 
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6- Analysis of Failure Mode: 

The predominant mode of failure was adhesive mode of failure; Fig21.     

                                                                                         

                     

Figure 21: Photomicrographs of mode of failure as seen under digital 

microscope at 35X : A) Adhesive failure, B) Cohesive failure, C) Mixed 

failure. 

7-Interfacial analysis 

SEM evaluation of interface between dentin and Nano-filled resin 

modified glass ionomer revealed no evidence of hybrid layer formation or 

resin tag extensions. A gap was detected between the restoration and 

underlying dentin, and the smear layer was observed over the dentin surface 

with conditioning at 24 hours (Fig 22) same after one month (Fig 23) and 
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without dentin conditioning with increase in the gap at 24 hours (Fig 24) and 

after one month (Fig 25).  

SEM evaluation of interface between dentin and Zinc modified glass 

ionomer revealed a smear layer without gap formation with no dentin 

conditioning at 24 hours (Fig 26) same after one month (Fig 27). While with 

dentin conditioning a gap was found between the primer and Zinc modified 

glass ionomer with the presence of a smear layer at 24 hours (Fig 28) and 

after one month (Fig 29). 

 

Figure 22: Micrograph of interface between dentin and Nano-filled resin 

modified glass ionomer  with dentin conditioning at 24 hours. No evidence 

of hybrid layer or resin tag extensions, with a gap (arrow) between the 

restoration and underlying dentin. Smear layer remnants (S) are noticed 

over the dentin surface. N= Nano -ionomer and D= Dentin. 
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Figure 23: Micrograph of interface between dentin and Nano-filled resin 

modified glass ionomer  with dentin conditioning at 1 month.  No evidence of 

hybrid layer or resin tag extensions, with a gap (arrow) between the restoration 

and underlying dentin. Smear layer remnants (S) are noticed over the dentin 

surface. N=Nano -ionomer and D= Dentin. 

 

Figure 24: Micrograph of interface between dentin and Nano-filled resin 

modified glass ionomer  without dentin conditioning at 24hours. No evidence of 

hybrid layer or resin tag extensions, with a large gap (arrow) between the 

restoration and underlying dentin. Smear layer remnants (S) are noticed over the 

dentin surface. N= Nano -ionomer and D= Dentin. 
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Figure 25: Micrograph of interface between dentin and Nano-filled resin 

modified glass ionomer  without dentin conditioning 1 month. No evidence of 

hybrid layer or resin tag extensions, with a large gap (arrow) between the 

restoration and underlying dentin.Smear layer remnants (S) are noticed over the 

dentin surface.. N= Nano -ionomer and D= Dentin. 

 

Figure 26: Micrograph of interface between dentin and Zinc modified glass 

ionomer without dentin conditioning at 24 hours. Smear layer remnants (S) are 

noticed over the dentin surface. Z= Zinc modified glass ionomer and D= Dentin. 
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Figure 27: Micrograph of interface between dentin and Zinc modified glass 

ionomer without dentin conditioning at one month. Smear layer remnants(S) are 

noticed over the dentin surface. N= Nano -ionomer and D= Dentin. 

 

Figure 28: Micrograph of interface between dentin and Zinc modified glass 

ionomer with dentin conditioning at 24 hours. A gap (arrow) between the 

restoration and the Primer(primer). Smear layer remnants (S) are noticed over 

the dentin surface. Z= Zinc modified glass ionomer  and D= Dentin. 
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Figure 29: Micrograph of interface between dentin and Zinc modified glass 

ionomer with dentin conditioning at one month. A gap (arrow) between the 

restoration and the primer. Z= Zinc modified glass ionomer  and D= Dentin. 
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Dentinal adhesion is complicated, most of difficulty in dentin’s 

bonding resulting from its heterogeneous structure, physiologically dynamic 

and  the formation of the smear layer that appears on the dentinal surface 

when the dentine is cut (Jayaprakash et al., 2010). 

The aim of the current study was to evaluate effect of different surface 

treatment to dentin on shear bond strength of Zinc modified glass ionomer 

compared to Nano-filled resin modified glass ionomer and assessment of 

tooth restoration interface using environmental scanning electron 

microscope. 

The materials used in this study were Zinc modified glass ionomer 

and Nano-filled resin modified glass ionomer. Zinc modified glass ionomer 

is a self-adhesive glass ionomer restorative material. GIC containing high 

amounts of zinc embodied in the glass powder enhanced network 

connectivity. The setting time was also shown to decrease, making the 

resulting GIC more resistant against hydrolysis and, finally, inducing in the 

material a higher strength. which increase the vulnerability of the glasses to 

acid attack, suggest higher mechanical properties in this GIC (Zoergiebel 

and Ilie 2013b). Zinc modified glass ionomer contains zinc in the glass 

powders as well as has a novel acrylic acid copolymer with increased 

molecular weight. Both modifications are expected to enhance the setting 

reaction and to modify the formed Matrix (Daifalla and Mobarak 2015).  

Nano-filled resin modified glass ionomer had an intermediate 

composition between RMGIs and Nano-composites. The incorporation of 

nano-fillers in restorative materials improves the abrasive resistance because 

it promotes higher filler loading with smaller particle size and provides a 

reduction in the inter particle spacing, which effectively protects the softer 
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matrix, reduces the incidence of filler exfoliation, and enhances the overall 

resistance of the material to abrasion (Carvalho et al. 2012). 

Nano-filled resin modified glass ionomer  has a high filler loading 

(approximately 69 percent) than RMGI, which may lead to improved 

mechanical strength and less polymerization shrinkage, The reduced 

shrinkage and thermal expansion may result in improved long-term bonding 

to tooth structures, thereby achieving a well-sealed restoration. This 

hydrophilic material is less sensitive to moisture control during restoration 

placement compared to that of composite resin. Surface pretreatment with an 

ultramild self-etch primer (Nano Primer, 3M ESPE, St. Paul, Minn., USA), 

instead of a mild polyalkenoic acid conditioner that requires a rinsing step, 

can reduce technique sensitivity and clinical application time (Shafiei and 

Memarpour 2015). The application of Ketac N100 is preceded by 

application of a primer.  The  primer  is  acidic  in  nature  and  consists  of 

copolymer,  HEMA,  water,  and  photoinitiators. It enhances the bond 

between the dentine and GIC (Aggarwal et al. 2014). Ketac  primer  

(conditioner  for  Nano-filled resin modified glass ionomer )  is  a mild  

acidic  primer  (pH=3)  that  partially  removes  the smear  layer,  improves  

the  wettability  of  tooth,  and increases  the  monomer  penetration  into  the  

underlying surface.  It  also  contains  unsaturated  carbon-carbon bonds  that  

may  lead  to  direct  covalent  bonding  with the resin of Nano-filled resin 

modified glass ionomer  after polymerization (Doozandeh et al. 2015). 

Unprepared teeth  were  stored  in isotonic saline solution which is 

considered  the  most  effective  storage  medium  in  relation  to  bond  

strength (Sachdeva et al. 2012). Deep dentin substrate was selected in this 

study as it presents more challenge to restorative work. Dentin is a more 
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heterogeneous and physiologically dynamic substrate than enamel. The 

number and diameter of dentinal tubules increase with deepness. Differences 

in composition and morphology in relation to deepness of dentin may 

directly influence the behavior and mechanical properties of dentin against 

chemical and physical agents to which dentin is submitted during the 

operative and restorative procedures (Garcia et al., 2011). The flat dentine 

surface was subjected to respective finishing and polishing steps using disc 

shaped finisher/polishers system with low- speed hand piece to obtain a 

uniform smear layer of dentine (Korkmaz et al. 2010). Storage of the 

prepared specimens in artificial saliva simulates intraoral conditions that 

could influence the material properties (Geramipanah et al. 2013).  The 

presence of calcium and phosphate ions would prevent demineralization that 

could alter the physical properties of the tooth structure during aging 

(Pashely et al. 2004).  

Different mechanical tests have been proposed to assess the bonding 

performance of restorative materials. Testing in shear mode was selected it 

is a relatively simple, reproducible and widely accepted test (Korkmaz et al. 

2010). Shear bond strength test is widely used test to assess the bonding 

performance of restorative materials, particularly regarding the GICs, which 

present low bond strength, other tests may offer great difficulty to be 

applicable (Shebl et al. 2015). 

ANOVA is a parametric test used to find out if there is a significant 

difference between three or more group means. However, the ANOVA 

analysis simply indicates whether there is a difference between two or more 

group means, but it does not tell you between which means there is a 

significant difference. The Tukey post-hoc test is designed to perform a 
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pairwise comparison of the means to see where the significant difference lies 

(Babannavar and Shenoy 2013). 

The results of this study showed that Zinc modified glass ionomer 

without dentin conditioning at 24 hours seemed to have the highest statistical 

mean µ-shear bond strength. These results were in agreement with Kaup et 

al. 2015 who explained that GIC bonds chemically directly to dentine by 

ionic bonding with hydroxyapatite to tooth substrate even in presence of a 

smear layer that was confirmed by SEM (Fig26). The application of acidic 

GIC on dentine resulted in a demineralizing effect on inorganic dentine 

components (Atmeh et al. 2012). Polyalkenoic acids from the GIC are 

absorbed irreversibly onto hydroxyapatite from the dentine surface (Ellis et 

al. 1990). GIC forms an interaction zone by movement of ions from the 

cement into the surface layer of the tooth (Ngo et al. 2006). Hence, an ion 

exchange layer appears interfacial between dentine and GIC that was 

confirmed by SEM (Fig27). 

Nano-filled resin modified glass ionomer  with dentin conditioning at 24 

hours did not yield as high mean shear bond strength to dentin as Zinc 

modified glass ionomer without dentin conditioning at 24 hours. These 

results were in agreement with Coutinho et al. 2009, Gurgan et al. 2010, 

Korkmaz et al. 2010, El-Askary andNassif 2011b, Bonifácio et al. 2012, 

Imbery et al. 2012 and Mohamed et al. 2015. Nano-filled resin modified 

glass ionomer exhibited a superficial dentin interaction. Thus, micro 

mechanical interlocking was found inadequate. The bonding mechanism of 

Ketac Nano relies primarily on the micromechanical infiltration into the 

substrate roughness, combined with the typical chemical bonding provided 

by the polyalkenoic acid copolymer with calcium in hydroxyapatite. 
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Because Ketac Nano contains a monomer and a photo initiator in its primer 

(pH=3), it may form a resin coating on the dentin surface prior to the 

application of the restorative material (Coutinho et al. 2009). Therefore,  the  

primary  bonding  mechanism  of Nano-filled resin modified glass ionomer   

can  be  similar  to  other  mild  self-etched resin  adhesives;  and  the  

chemical  interaction  between the  polyalkenoic  acid  and  calcium  in  

hydroxyapatite  is considered  as  a  secondary  bonding  mechanism 

(Doozandeh et al. 2015). 

 Nano primer is an acidic primer with a pH of 3. This high pH value 

does not allow the nano primer to remove or dissolve completely the smear 

layer (Imbery et al. 2012). These results were in disagreement with Lawson 

and Beck 2012  and Falsafi et al. 2014  who found that the  formation  of  

an  ionic polycarboxylate bond  between  the  methacrylated  polycarboxylic  

acid  of    Ketac N100 and  hydroxyapatite  similar  to  other  resin modified  

glass  ionomer  even  though  the  subject  material contains  significant  

amounts  of  bonded  nanoparticles.  This ion-exchange  chemical  bond  has  

been  shown  to  contribute to  the  excellent  long-term  adhesion,  

microleakage  resistance and  dentin  sealing  ability  of  RMGIs. 

Nano-filled resin modified glass ionomer with dentin conditioning 

show higher result than without conditioning. These results were in 

agreement with Coutinho et al. 2009 and El-Askary and Nassif 2011b. A 

catastrophic effect (100% pre-testing failures on the bond strength) was 

observed by Coutinho et al. 2009  when the Nano-filled resin modified glass 

ionomer  samples were bonded to dentin without a prior priming step, in 

spite of these studies’ differences in bond strength testing methodology. 

When Nano-filled resin modified glass ionomer was directly bonded to 
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dentin, its bond was limited to the roughness that resulted from dentin 

surface preparation. The use of Nano primer is mandatory to bond Nano-

filled resin modified glass ionomer to tooth structures (Coutinho et al. 

2009). 

The purpose of primers such as Ketac Primer is to improve the 

wettability of dentin, allowing improved monomer penetration into the 

hydrophilic dentin substrate. Primers contain unsaturated carbon-carbon 

bonds that may lead to direct covalent bonding with resin constituents of 

Nano-filled resin modified glass ionomer  when polymerized (Imbery et al. 

2012). 

After one month there was no statistical significant difference in the 

shear bond strength of the GIC. These results were in agreement with 

Nicholson and Wilson 2000 and Kaup et al. 2015. No statistically 

significant differences of strengths measured between the storage media, 

among others deionized water and artificial saliva, concerning the time 

period from 24 h to 30 days (Nicholson and Wilson 2000). 

The adhesive type of failure is the predominant failure type in all 

evaluated groups. This result was in agreement with Furuse et al. 2007,  

Coutinho et al. 2009, Gurgan et al. 2010, Bonifácio et al. 2012. Lower 

bond strength values which were significantly correlated with mainly 

adhesive fractures (Furuse et al. 2007). On the other hand Mohamed et al. 

2015 stated that no direct relationship between the shear bond strength and 

the mode of failure observed. These results were in disagreement with  

Maneenut et al. 2010, Falsafi et al. 2014, and Kaup et al. 2015 who have 

cohesive predominant failure and reported that this cohesive failure occurs 
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in GIC is due to the porosity within the cement itself. This porosity will act 

as a stress concentration point where the fracture will initiate. These results 

in disagreement with El-Askary and Nassif 2011a and Shebl et al. 2015 

who reported mixed mode of failure who explained the mixed mode of 

failure of the tested might be due to the low resistance of GIC to early wear 

and the formation of glass ionomer matrix. Therefore, part of the glass 

ionomer remained adhered to the tooth structures, while part was broken at 

the interface GIC tooth. These results in disagreement with Lawson and 

Beck 2012, Hamama et al. 2014 and Cook et al. 2015. Cohesive and mixed 

failures explained by the weak cohesive strength of the GIC materials and 

indication for a stronger bond was formed between restoration and dentin, 

(Hamama et al. 2014). 

The shear bond strength values found in the current study were 

relatively lower than those reported in other bond strength tests. This 

discrepancy could be explained by differences  in  testing  the  conditions,  

the  variable nature  of  dentin  and  operational  factors. 

It is impossible to uniformly compare results across different studies. 

Slight differences in methodologies produce varying results. Some studies 

have used human teeth and others bovine incisors. When larger surface areas 

are used the bonding material will contain larger flaws and voids resulting in 

higher stress concentrations in these areas that lead to lower bond strengths. 

SEM in this study showed the presence of a smear layer over the dentin 

surface and the lack of hybridization formation in Nano-filled resin modified 

glass ionomer  specimens even with use of primer.This could be attributed to the  

inability of nano-primer to decalcify the underlying dentin, which might be due 

to the high pH of the nano-primer. Our result confirmed the finding reported by 
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El-Askary and Nassif 2011 and Coutinho et al. 2009 despite the differences in 

evaluation methodology between the studies. They reported that nano-primer 

could not decalcify the underlying dentin surface, resulting in no evidence of 

hybridization.  

The gap noticed in SEMicrographs of the Nano-filled resin modified glass 

ionomer  specimens (Fig 22, 23, 24 and 25) could be attributed to the lack of 

hybridization and resin tag extensions in the underlying dentin, where contraction 

of dentin could be expected during specimen processing for SEM evaluation, 

which in turn allows for the separation of such material at its weaker point. While 

the gap noticed in SEMicrographs of the Zinc modified glass ionomer  specimens 

with conditioning (Fig 28 and 29) could be attibuted to inability of Zinc 

modified glass ionomer  to bond to the primer. 
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This study was conducted to evaluate effect of different surface 

treatment to dentin on shear bond strength of Zinc modified glass ionomer 

compared to Nano-filled resin modified glass ionomer  and assessment of 

tooth restoration interface using environmental scanning electron 

microscope. A total of 88 sound human premolars were used in this study. 

Each tooth was individually embedded vertically in the resin mix. The 

occlusal surface of each tooth was grounded flat using grinding machine 

with copious air-water spray then stored in saline till the application of 

different glass ionomer. 

All specimens were randomly allocated by the researcher into two 

main groups according to the type of glass ionomer used (A) with 36 

specimen each. Where A1 represent Nano-filled resin modified glass 

ionomer  and A2 represent Zinc modified glass ionomer. Each group was 

then subdivided into two subgroups according to dentin surface treatment 

applied (B) with 18 specimens each. Where B1 represent application of glass 

ionomer without dentin conditioning and B2 represent application of glass 

ionomer with dentin conditioning. Each subgroup was be further divided 

into two classes according to storage period time (T) with 9 specimens each, 

where T1 represent 24 hours storage in artificial saliva and T2 represent one 

month storage in artificial saliva. The two types of glass ionomer were 

applied with and without primer on the prepared specimens then shear bond 

strength test were performed using NEXYGEN from Lloyd Instruments at 

24 hours and one month. The tested specimens were photographed using 

Digital microscope to determine mode of failure. The remaining 16 

specimens were prepared for SEM for interfacial analysis with two 

representative samples from each group. Three-way ANOVA used to study 

the effect of different glass ionomer, time and dentin conditioning followed 
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by Tukay’s post-hoc test for pairwise comparison. One-way ANOVA used 

to compare interaction between variables.  

The results showed that Nano-filled resin modified glass ionomer  

without dentin conditioning at 24 hours (1.97±0.36 MPa) had the lowest 

mean shear bond test (SBS) while Zinc modified glass ionomer without 

dentin conditioning at 24 hours (7.39±0.96 MPa) had the highest mean shear 

bond test The predominant mode of failure in all specimens was adhesive 

mode of failure. SEM evaluation revealed no evidence of hybrid layer 

formation or resin tag extensions with the presence of gap between the 

Nano-filled resin modified glass ionomer  and underlying dentin while no 

gap between Zinc modified glass ionomer and unconditioned dentin but with 

dentin conditioning a gap was found between the primer and Zinc modified 

glass ionomer. 

 Limitations 

The impact of storage agent and duration on the measured properties 

was low. Another limitation of the current study was that no thermal cycling 

was performed to better simulate clinical conditions.  

 Conclusions 

Under the limitations of the current study the following conclusions were 

derived: 

1- The bond strength of glass ionomer materials is greatly affected by the 

materials compositions as well as the surface conditioning. 

2- Cautious use of conditioning is mandatory as it effectively improves 

bonding of Nano-filled resin modified glass ionomer  while decrease 

bonding of Zinc modified glass ionomer.  
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3- The self-adhesiveness of Nano-filled resin modified glass ionomer  

was not proved in this study. However it was proved for Zinc 

modified glass ionomer. 

 Further investigations and recommendation  

Further investigations are necessary to evaluate the durability and the 

clinical performance of Nano-filled resin modified glass ionomer  and 

Zinc modified glass ionomer restorative materials. Recommendation 

using primer only with Nano-filled resin modified glass ionomer  to 

gain the advantage of chemical bond of Zinc modified glass ionomer. 
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أجريت هذه الدراسة لتقييم تأثير التهيئة السطحية المختلفة للعاج على قوه الربط القاصة للزجاج 

 الزجاج المتأين ذو مملئات النانو الرانتيجية مع العاج السني وتقييمب رنةمقاالمتأين المدعم بالزنك 

البيئي. المجهر اإللكتروني ي بين الحشوة و السن باستخدامئالسطح البي  

تم غمس  وقد.فى هذه الدراسة ضاحك من الضواحك البشرية السليمة 88تم استخدام لقد 

حتى استعمال المواد  محلول ملحى تخزينها فيوعرضيا  هاوتقطيعراتنجية الضواحك  فى قوالب 

 الزجاجية المتأينة.

 لموادتم تقسيم  جميع العينات بشكل عشوائي من قبل الباحث إلى مجموعتين رئيسيتين وفقا لنوع ا

 عينة لكل من الزجاج المتأين ذو مملئات النانو الرانتيجية و 36لزجاجية المتأنية  و تخصيص 

ثم تقسيم كل مجموعة إلى مجموعتين فرعيتين وفقا للمعالجة السطحية  الزجاج المتأين المدعم بالزنك.

مجموعة فرعية الى . ثم تقسيم كل عينة لكل منهما 18 تخصيص و للعاج بدون و مع تكييف العاج

عينات لكل  9تخصيص  و ساعة و شهر في اللعاب االصطناعي 24صنفين وفقا لفترة التخزين 

الزجاجية المتأنية مع و بدون تهيئة السطح تم اختبار القص  . طبقت هذين النوعين من الموادمنهما 

ت باستخدام مجهر ساعة و بعد شهر. وقد صورت نتائج تحاليل العينا 24بعد  باستخدام نيكسيجين

 المجهر اإللكترونيب اختيار عينات تمثيلية من كل مجموعة لفحصهاتم  ثمرقمي لتحديد وضع الفشل.

. تم رصد جميع النتائج و تحليلها احصائيا.البيئي  

ن معالجة سطح لزجاج المتأين ذو مملئات النانو الرانتيجية دول أظهرت النتائج أن قوة الربط القاصة

للزجاج المتأين  بينما متوسطاقل قيمة لل ميغا باسكال( 0.36±  1.97ساعة ) 24في  السنى العاج

ميغا باسكال( أعلى  0.96±  7.39ساعة ) 24في  السنى العاجمعالجة سطح  المدعم بالزنك دون

هو انفصال المواد الزجاجية المتأينة من  كان الوضع السائد الفشل و متوسط اختبار السندات.قيمة لل

دليل على تشكيل طبقة هجينة مع  يأالبيئي  المجهر اإللكتروني كشفلم يثبت  فى حين .السنى السطح

 توجد فجوة بين مبينما ل السنيعاج الزجاج المتأين ذو مملئات النانو الرانتيجية والوجود فجوة بين 

معالجة السطح ن بعد فى حي معالجة للسطح ىا من دون السنى والعاج الزجاج المتأين المدعم بالزنك

.و المادة العالجة زجاج المتأين المدعم بالزنكال فجوة بين  السنى فقد عثر على  
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 حدود الدراسة:

باألضافة الى عدم وجود  نية  على خصائص المقاسة  منخفضتأثير عامل التخزين والمدة الزم كان

شبه الوضع االكلينيكي.ي التذبذب الحرارى الذى   

 استمدت االستنتاجات التالية فى حدود الدراسة الحالية:

قوة الربط القاصة للمواد الزجاجية المتأينة تتأثر كثيرا بتركيبة المواد و تهيئة السطح.- 1  

ألنه يحسن الربط بين الزجاج المتأين ذو مملئات النانو  لمعالجة السطح السنىستخدام الحذراأل -2

 الربط بين الزجاج المتأين المدعم بالزنك و العاجيقلل فى حين أنه قد  السنى الرانتيجية و العاج

.السنى  

 فقد اإللتصاق الذاتي للزجاج المتأين ذو مملئات النانو الرانتيجية في هذه الدراسة ومع ذلك لم يثبت -3

مع الزجاج المتأين المدعم بالزنك. اإللتصاق الذاتي ثبت  

 مزيد من الدراسات البحثية و التوصيات:

يمثل ضرورة لتقييم  أداء والفعالية االكلينيكية للزجاج المتأين المدعم  البحثية الدراسات مزيد منال

 بالزنك و الزجاج المتأين ذو مملئات النانو الرانتيجية. 

مع الزجاج المتأين ذو مملئات النانو ى هذه الدراسة البحثية بمعالجة سطح العاج السنى فقط توص

.السنى رابطة الكيميائية بين زجاج المتأين المدعم بالزنك و العاجالرانتيجية للحصول على ميزة ال  


