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Comparative evaluation of bond strength of all‑metal crowns 
with different luting agents after undergoing various modes 
of surface treatments: An in‑vitro study
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Dental Sciences and Research, Kolkata, West Bengal, India

INTRODUCTION

The principles of  tooth preparation may be divided into 
three broad categories viz., the biologic considerations which 
affect the health of  the oral tissues, mechanical considerations 
which affect the integrity and durability of  the restoration 
and esthetic considerations which affect the appearance of  
the patient.[1] Successful tooth preparation and subsequent 

Aim: This study includes a comparative evaluation of the various surface treatments of the intaglio surface 
of crowns in combination with various luting agents for maximal retention.
Materials and Methods: Totally, 150 dies of a standard complete crown preparation were fabricated. Wax 
pattern with a loop on the occlusal surface was prepared on each die using standard procedures, and then 
crowns were cast with nickel-chromium alloy. These crowns were randomly divided into five groups as per 
the surface of the intaglio surface of the metal copings. The crowns in each group were again subdivided 
randomly into three groups as per the luting agents used resin-modified glass ionomer cement, glass ionomer 
cement, and zinc phosphate cement. Retention was measured (MPa) by separating the metal crowns from 
the metallic die under tension on a Universal testing machine.
Statistical Analysis Used: The data were recorded and statistically analyzed using one-way analysis of 
variance followed by Tukey’s test.
Results: The retention differed both with surface treatment and type of luting agents. Untreated group 
showed the least bond strengths < sandblasting with 50 μm alumina < sandblasting with 50 μm alumina 
with ultrasonic cleaning < sandblasting with 110 μm alumina < sandblasting with 110 μm alumina along 
with ultrasonic cleaning. For luting agents, glass ionomer cement showed least bond strength because 
there was no chemical bonding present between metal crown and metallic die, followed by zinc phosphate 
cement and maximum bond strength were found for resin-modified glass ionomer cement.
Conclusion: Among all types of surface treatments used in this study, maximum bond strength was yielded 
by sandblasting with 110 μm alumina + ultrasonic cleaning and the best luting agent was resin-modified 
glass ionomer cement.
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restoration depend on simultaneous consideration of  all these 
factors.[2]

The resistance to displacement of  a cast restoration during 
function depends largely on the provision of  adequate 
mechanical form in the preparation. These mechanical forms 
must adhere to certain principles, else the restoration may 
become dislodged or may distort or fracture during service. 
Certain mechanical provisions in the preparation that prevent 
these problems include, providing retention form, providing 
resistance form, and preventing deformation of  the restoration.

Retention form of a crown can be defined as a feature of  a tooth 
preparation that resists dislodgment of  a crown in a vertical 
direction or along the path of  placement.[3] Various factors 
affecting retention include magnitude of  the dislodging forces, 
geometry of  the tooth preparation, roughness of  the fitting 
surface of  the restoration, materials used for cementation, and 
film thickness of  the luting agent.[4]

Of  all the above‑mentioned factors, roughness of  the fitting 
surface of  the restoration and choice of  luting agents have 
received least attention by investigators so far.

Considering the same, this study is aimed to evaluate the 
effectiveness of  different methods of  surface treatment of  the 
crown and also efficacy of  different luting agents to prevent 
bond failure. The bond strength of  full metal crowns with the 
metallic die was compared with variance in regard to different 
methods of  treating the intaglio surface of  the crowns and 
different luting agents.

Aims and objectives
•	 To	study	the	effect	of 	different	pretreatments	on	all‑metal	

crowns on the subsequent bond strength with different 
luting materials

•	 To	 compare	 the	 load	of 	dislodgement	of 	 the	 all‑metal	
crowns luted with different cements after different surface 
treatments

•	 To	compare	 all	 the	 samples	with	 the	untreated	 control	
group.

Null hypothesis
The study was based on the null hypothesis that different luting 
agents and various modes of  surface treatments of  the intaglio 
surface has no quantitative effect on in‑vitro tensile strength 
of  all‑metal crowns.

MATERIALS AND METHODS

Sample fabrication
Totally, 150 standard dies of  a standard complete crown 
preparation were prepared from free cutting steel alloy 

(EN 1A alloy), according to the design used by Cameron et al. 
2006, on a copy turning machine.[5] The die [Figure 1] was 
fabricated from a rod having following dimensions:

•	 Base	diameter	‑	11	mm	(A)
•	 Diameter	of 	the	occlusal	surface	‑	9	mm	(B)
•	 Diameter	at	the	cervical	level	‑	10	mm	(C)
•	 Cervico‑occlusal	height	of 	preparation	‑	4	mm	(D)
•	 Width	of 	cervical	finish	line	‑	0.5	mm	(E)
•	 The	occlusal	surface	of 	the	preparation	was	kept	flat.

The chemical composition of  EN 1A alloy is as follows:
•	 Carbon	0.15%	max
•	 Silicon	0.40%	max
•	 Manganese	0.90–1.30%
•	 Sulfur	0.25–0.35%
•	 Phosphorus	0.070%	max.

A uniform thickness (20 μ) of  gray die spacer (Colour Spacer, 
Han	Dae	Chemical	Co.,	 Ltd.,	Korea)	was	 applied	 on	 each	
model [Figure 2] with the help of  an applicator brush in a 
single	layer.	Blue	inlay	wax	(Crown	wax,	Bego,	Germany)	was	
used	 to	 fabricate	 the	wax	pattern	of 	 the	 restoration.	A	wax	
loop	of 	2.0	mm	diameter	(Casting	Wax	Wire,	Dental	Materials	
Factory,	Shanghai	Medical	Instruments	Co.,	Ltd.)	was	attached	
to	 the	 occlusal	 surface	 of 	 the	 wax	 pattern	 [Figure 2] to 
facilitate	testing	of 	the	tensile	bond	strength.	All	wax	patterns	
were sprued, immediately invested using Type V gypsum 
product	(Vestofix,	DFS,	Diamon,	Germany),	and	casted	with	
nickel‑chromium	alloy	(Bellabond	Plus,	Bego,	Germany).

Castings were bench cooled to room temperature and allowed 
to recover from investment. After necessary adjustment and 
finishing, casting fit onto the metallic die was assessed. After 
ensuring their passive fit, the cast crowns and corresponding 
metallic dies were assigned to five groups of  30 each, according 
to the surface treatment of  the intaglio surface of  crowns. After 

Figure 1: Schematic diagram of metallic die



Tomar, et al.: Comparative evaluation of bond strength of metal crowns after undergoing various surface treatments

320  The Journal of Indian Prosthodontic Society | Oct-Dec 2015 | Vol 15 | Issue 4

all the samples were surface treated, samples in each group were 
further divided into three subgroups. Each subgroup consisted 
of  10 samples and they were luted with three different luting 
agents‑GIC	 (Vivaglass,	 Ivoclar	Vivadent),	Resin‑modified	
GIC	 (Multilink	N,	 Ivoclar	Vivadent),	 and	Zinc	 phosphate	
cement	(Elite	Cement100,	GC	Corporation,	Tokyo,	Japan).

Study design
The samples were then divided into five different groups 
according to various modes of  surface treatments. Of these five 
groups, one was left untreated which served as the control group. 
The crowns were then luted with three different luting agents, 
as described earlier, going through various modes of  surface 
treatments [Figure 2]. Each cemented specimen was mounted 
on	 Instron	Universal	 testing	machine	 (model	 no.	 4202,	
Buckinghamshire,	 England)	 [Figure 3] for testing load of  
dislodgement. This device ensured that the removal force 
was	 aligned	 along	 the	 axis	 of 	 the	 preparation	 [Figure 4]. 
A tensile load was applied using a 1000‑N load cell and 
a 0.5 mm/min crosshead speed until separation occurred. 
The load of  dislodgement of  crowns was recorded in unit of  
force (kN) [Figure 5].

The surface area of  die was calculated using the formula:[6]

Surface area of  the die = π [S (R1 + r) + R12 + r2] + π 
(R−R1)2

Where,	S	=	Slant	height	=	√h2 + (R1−r) 2

Interpretation	and	calculation	of 	various	dimensions:

h = cervico‑occlusal height = 4 mm,

R1 = diameter of  preparation at cervical level/2 = 5 mm,

r = diameter of  occlusal surface/2 = 4.5 mm,

R = base diameter/2 = 5.5 mm

Calculation of  slant height:

S	=	√42 + (5−4.5)2	=	√16	+	0.25

=	√16.25	=	4.031	mm

Surface area of  the die

 = π [4.031 (5 + 4.5) +52 + 4.52] + π (5.5−5) 2

 = π	[38.2945	+	25	+	20.25]	+	π (0.5) 2

 = π [83.5445] + π (0.25)

 = 263.248 mm2 = 263.248 × 10−6 m2

Figure 2: Metallic die, die with wax pattern, and metal crown luted to 
the metallic die Figure 3: Specimen attached on the Instron machine

Figure 4: Dislodged crown Figure 5: Monitor of Instron machine showing load of dislodgement
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The tensile force values required to break the specimens were 
calculated	in	megapascals	(Mpa)	according	to	the	following	
equation:

2

Load of dislodgement of crowns ( )
Tensile strength =

Surface area of the die (m )
N

1 N/m2	=	1	Pascal	(Pa)	=10−6	MPa

Grouping of samples
The divisions of  groups were based on the type of  surface 
treatment of  the intaglio surface of  crown [Figure 6].

•	 Group	A	‑	Control	group	(untreated)
•	 Group	B	‑	Sandblasting	(Easy	Blast,	Bego,	Germany)	with	

50 μm	alumina	(Perlablast,	Bego,	Germany)
•	 Group	 C	 ‑	 Sandblasting	 with	 110	 μm alumina 

(Aluminox‑110,	Deltalabs,	Chennai,	India)
•	 Group	D	‑	Sandblasting	with	50	μm alumina + ultrasonic 

cleaning
•	 Group	E	‑	Sandblasting	with	110	μm alumina + ultrasonic 

cleaning

•	 Groups	A‑E	were	 further	divided	 into	 three	 subgroups	
according to the type of  the luting agent used for 
cementation.

The subgroups according to luting agents used were:
•	 Subgroup	1:	Luted	with	zinc	phosphate	cement
•	 Subgroup	2:	Luted	with	glass	ionomer	cement
•	 Subgroup	 3:	 Luted	with	 resin‑modified	 glass	 ionomer	

cement.

RESULTS AND ANALYSIS

The data obtained were subjected to statistical analysis using 
one‑way analysis of  variance followed by Tukey’s test. The 
effectivity of  various modes of  surface treatment and luting 
agents on retention was also one of  the objectives to be 
evaluated from the data obtained. The mean average values 
were calculated for each group and the standard deviations 
were computed. The statistical analysis was performed with 
the help of  critical difference or least significant difference at 
5%	and	1%	level	of 	significance	to	compare	the	mean	values. 
P	< 0.05 was taken to be statistically significant.

Figure 6: Flowchart showing grouping of the specimens



Tomar, et al.: Comparative evaluation of bond strength of metal crowns after undergoing various surface treatments

322  The Journal of Indian Prosthodontic Society | Oct-Dec 2015 | Vol 15 | Issue 4

Abbreviations used:
•	 s.d.	–	Standard	deviation
•	 D.F.	–	Degree	of 	freedom
•	 P	–	Probability	value
•	 F –	Value	of 	test	(variance	of 	the	group	means/mean	of 	

the within group variances).

The	results	and	statistical	analysis	of 	all	the	five	groups	(A,	B,	C,	
D,	and	E)	are	tabulated	in	Table	1	and	graphical	representation	
of 	the	same	is	shown	in	Graph	1.

DISCUSSION

Numerous factors can affect the long‑term success of  dental 
cast restorations. Selection of  luting cement and surface 
roughness	of 	intaglio	surface	of 	fixed	prosthesis	are	essential	
factors in achieving suitable retention for complete cast crowns. 
This study is an attempt to substantiate the differences in 
retention that were attributable to choice of  different modes 
of  surface treatment and luting cement.

From the statistical analysis of  the data, it can be summarized 
that various types of  surface treatments and luting agents have 
a	definite	influence	on	the	retention	of 	fixed	prostheses.	This	
can	be	explained	by	the	load	of 	dislodgement	values,	which	
were found to be least for the untreated group and higher for 
all groups undergoing any form of  surface treatment. This is 
in accordance with the previous study done by O’Connor et al. 
in	 1990	who	 concluded	 that	 retention	 of 	 cast	 crowns	 can	
be improved by microblasting the internal surface.[7] These 
findings	 also	 conform	 to	 further	 studies	 done	 by	Al‑Zain	
in 2006 who found that a combination of  airborne‑particle 
abrasion/ultrasonic cleaning, hand cleaning/steam cleaning, 
and hand cleaning/ultrasonic cleaning produced significantly 
higher crown retention values than that of  hand cleaning 
alone.[8] The results of  the current study also showed significant 
differences in retention due to different luting agents used. The 
dislodgement values were found to be least for glass ionomer 
cement and highest for resin‑modified glass ionomer cement. 
The decreased retention for glass ionomer cement was probably 
due to the predominant mechanical bonding between the metal 
crown and the metallic die and the absence of  any chemical 
bonding	in	this	scenario.	Group	A	specimens	(control)	were	
subdivided into three sub groups depending on the type of  
luting	agent	(Group	A1,	A2,	and	A3)	used.

There was a significant difference in bond strength between 
Group	A1,	A2,	and	A3.	The	mean	bond	strength	value	was	
least	for	glass	ionomer	cement	(0.08	±	0.001	MPa)	followed	
by	zinc	phosphate	cement	(1.10	±	0.02	MPa)	and	maximum	
for	resin‑modified	glass	ionomer	cement	(1.70	±	0.002	MPa).	
The lower values of  bond strength for glass ionomer cements 
can be attributed to the fact that most clinical crowns are a 

combination of  a core material and some tooth structure.[9]	In	
such a combination, the glass ionomer cement may produce 
bond strengths quite different from those obtained with a core 
material alone. The mechanism of  bonding of  glass ionomer 
cement	involves	chelation	of 	carboxyl	groups	of 	the	polyacids	
with the calcium in the apatite of  enamel and dentin, but as 
in this study, metal crowns were luted to metallic dies, hence, 
such chemical interaction could not occur. Furthermore, a 
higher retention of  zinc phosphate cement was reported on 
metallic surfaces which were probably due to the formation of  
chemical reaction substances resulting from a corrosive action 
of  phosphoric acid bridging the cement‑steel interface or 
portion of  it.[10] According to him, zinc phosphate has a good 
capability for wetting the surface due to its properties of  lower 
surface tension, low viscosity, and good fluidity.

In	Group	B,	specimens	were	sandblasted	with	50	μm alumina 
and	sub‑grouped	as	(Group	B1,	B2,	and	B3)	based	on	the	luting	
agent used. The mean bond strength values obtained were as 
follows:	Glass	ionomer	cement	(0.08	±	0.0009	MPa)	<	zinc	
phosphate	cement	(1.20	±	0.01	MPa)	<	resin‑modified	glass	
ionomer	cement	(1.79	±	0.02	MPa).	The	results	obtained	for	
glass ionomer and zinc phosphate cements are in accordance 
with	the	previous	studies	conducted	by	Dilts	et al.	in	1986	and	
Glantz	et al.	in	the	year	1981	respectively.[9,10] Compared to the 
control group, mean bond strength value did not change much 
for glass ionomer cement, but there was a significant increase in 
bond strength both for zinc phosphate and resin‑modified glass 
ionomer	cement.	Blixt	et al. in 2000 stated that sandblasting 
produces an enlarged surface for luting of  chemically activated 
groups, increased wettability, and/or differences in surface 
structure, which may lead to the high bond strength of  various 
luting agents.[11]

The	specimens	in	Group	C	underwent	ultrasonic	cleaning	along	
with sandblasting using 50 μm alumina, which were further 

Graph 1: Comparative bond strength of all-metal crowns luted with 
three different luting agents in Groups A, B, C, D, and E
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divided into three subgroups and luted with three different 
cements	(Group	C1,	C2,	and	C3).	A	combination	of 	these	two	
surface treatments was used in accordance with Quaas et al. in 
2005, who stated that the embedded alumina particles were 
found in base metal alloys after sandblasting and the alumina 
content	 increased	to	a	range	of 	14–37	wt%	as	measured	by	
electronic data systems.[12]	Ultrasonic	cleaning	removed	loose	
alumina or silica particles from the surface, resulting in an only 
slight decrease in alumina or silica contents, thus suggesting firm 
attachment of  the major part of  alumina and silica to the alloy 
surface. They also concluded that clinically ultrasonic cleaning 
of  sandblasted samples improved resin bonding as loose surface 
particles are removed without relevant changes in composition.

In	 subgroup	C1,	 C2,	 and	C3,	 the	 results	 obtained	 were	
statistically significant. The mean bond strengths obtained were 
as	follows:	Glass	ionomer	cement	(0.09	±	0.001	MPa)	<	zinc	
phosphate	cement	(1.27	±	0.02	MPa)	<	resin‑modified	glass	
ionomer	cement	(1.85	±	0.01	MPa).	 In	comparison	to	the	
control group, there was a significant increase in bond strength 
for all the three subgroups.

In	Group	D,	 the	 intaglio	 surface	 of 	 the	metal	 crowns	was	
treated with sandblasting using 110 μm alumina particles 
and	sub‑grouped	as	D1,	D2,	and	D3.	A	significant	difference	
in bond strength values of  the metal crowns obtained was as 
follows	glass	 ionomer	 cement	 (0.10	±	0.002	MPa)	<	zinc	
phosphate	cement	(1.34	±	0.01	MPa)	<	resin‑modified	glass	
ionomer	cement	(1.89	±	0.005	MPa.	Blixt	et al. in 2000, found 
a significant increase in bond strength for all three subgroups 
in comparison to the control group.[11]

According	to	Kern	and	Thompson	in	1994,	the	sandblasting	
procedures	with	 silica	 particles	 containing	 aluminum	oxide	
before application of  a resin, may create a larger active surface 
by forming a silica layer.[13] The silane coupling agent present 
in the resin‑modified glass ionomer cement enhances the bond 
between silica and the organic groups of  the applied luting resin. 
Since the created silica layer is shown to be well attached to the 
intaglio	surface	of 	crown,	this	may	partly	explain	the	high	values	
of  adhesion related to resin‑modified glass ionomer cement 
in	the	study.	It	was	also	seen	that	increasing	the	grit	size	of 	
alumina particles from 50 to 110 μm increased retention of  the 
crowns. This may be probably due to the phenomenon stated 
by	Al	Jabbari	et al. in 2012 according to whom, increasing the 
grit size of  alumina particles from 50 to 250 μm significantly 
increased	the	roughness	of 	surface	by	up	to	6.5%	and	thereby	
creating a larger activated layer for the action of  luting agents.[14]

A significant difference in bond strength of  the metal 
crowns was observed upon comparative evaluation of  
Groups	E1,	 E2,	 and	E3.	Compared	 to	 the	 control	 group,	Ta
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there was a significant increase in bond strength for all 
three subgroups.[8]	Values	 obtained	were	 as	 follows:	Glass	
ionomer	 cement	 (0.11	±	 0.003	MPa)	<	 zinc	 phosphate	
cement	(1.45	±	0.02	MPa)	<	resin‑modified	glass	ionomer	
cement	(2.03	±	0.01	MPa).[9,10,13] The sandblasting procedure 
with 110 μm alumina followed by ultrasonic cleaning apparently 
increased bond strength between crown and die.[15] According 
to him, loose silica particles formed after sandblasting on 
the silica‑coated surface could weaken the interface, whereas 
removal with ultrasonic cleaning could increase bond strengths.

It	was	 found	 that	airborne‑particle	abrasion	of 	 the	 internal	
surface	of 	Type	III	gold	crowns	with	50	μm	aluminum	oxide	
improved the retention of  the cast restoration cemented with 
zinc phosphate cement.[7] This is because debris and chemical 
contaminants are removed and at the same time minute 
roughness needed for mechanical interlocking is provided with 
the greatest resistance to shear stress.

It	was	also	stated	by	Kern	and	Thompson	in	1994	that	airborne	
particle	 abrasion	with	 aluminum	oxide	 alone	 resulted	 in	 an	
increased concentration of  alumina on the metal surface, 
as documented by X‑ray electronic design automation and 
microanalysis.[13] On the other hand, Cobb et al. in 2000 
concluded in their study that ultrasonic cleaning resulted in only 
a slight decrease in alumina contents of  the metal by removing 
only loose alumina particles from its surface.[16] Thus, the major 
part of  alumina is firmly attached to the alloy surface.

When	 a	 combination	 of 	 airborne‑particle	 abrasion	 and	
ultrasonic cleaning was used, the advantages of  both cleaning 
methods were obtained which resulted in the highest crown 
retention that was significantly higher than that of  any single 
cleaning method as seen in an in‑vitro study.[8]

In	the	present	study,	upon	comparing	subgroups	A1,	B1,	C1,	D1,	
and E1 (crowns luted with zinc phosphate cement) it was found 
that	there	existed	a	significant	difference	in	bond	strength	of 	the	
metal crowns after all the surface treatments. A gradual increase in 
values was observed: 50 μm	alumina	(1.20	±	0.01	MPa)	<50	μm 
alumina	with	ultrasonic	cleaning	(1.27	±	0.02	MPa)	<110	μm 
alumina	(1.34	±	0.01	MPa)	<110	μm alumina with ultrasonic 
cleaning	(1.45	±	0.02	MPa)	in	comparison	with	the	untreated	
group	(1.10	±	0.02	MPa)	and	with	respect	to	each	other.

This study supported the findings of  some earlier authors.[17‑19] 
A	possible	explanation	for	the	influence	of 	increased	roughness	
on the retention of  zinc phosphate could be that more cement 
floated into and hardened in undercuts where it required 
compression or shear fracture before the cement failed. Smooth 
surface had lower retentive values, but crowns undergoing only 
one type of  surface treatment gave moderate retention values.

Upon	comparing	the	bond	strength	values	of 	all	metal	crowns	
in	subgroups	A2,	B2,	C2,	D2,	and	E2	(crowns	luted	with	glass	
ionomer cement) no significant was observed. Values obtained 
were:
	 Untreated	group	–	(0.08	±	0.001	MPa)
 Sandblasting with 50 μm	alumina	–	(0.08	±	0.0009	MPa)
 Sandblast ing (50 μm alumina) + ultrasonic 

cleaning	–	(0.09	±	0.001	MPa)
 Sandblasting with 110 μm	alumina	–	(0.10	±	0.002	MPa)
 Sandblasting (110 μm alumina) + ultrasonic 

cleaning	–	(0.19	±	0.003	MPa).

Finger	in	1983	stated	that	glass	ionomer	cement	attains	retentive	
strength both through mechanical interlocking (crown cement 
interface) and physiochemical bonding (tooth‑cement 
interface), but this study could not verify the claims of  the 
superiority of  glass ionomer compared with zinc phosphate 
cement with respect to retentive strength.[20]

There is a dearth of  documentation in relation to the effect of  
surface treatment on retention when a metallic die is bonded 
to a metal crown with glass ionomer cement. The adhesion 
properties of  the glass ionomer cement did not improve the 
retention of  the castings in this study probably due to the fact 
that sandblasting produced an enlarged surface for the action of  
luting agents.[11]	According	to	Dilts	et al.	in	1986,	glass	ionomer	
cement produces higher bond strengths in a combination of  a 
core material and a tooth as compared to core material alone, 
since glass ionomer cements did not show any chemical bonding 
between the die and the crown.[10]

While	 comparing	 subgroups	 A3,	 B3,	 C3,	 D3,	 and	 E3	
(crowns luted with resin‑modified glass ionomer cement) a 
significant difference in bond strength values was observed 
among all the surface treatment procedures. The value was 
significantly lower for untreated group.

This observation is in accordance with the studies conducted 
by various authors in the past.[19,21,22] The superiority of  the 
retentive bond strength of  resin‑modified glass ionomer cement 
may be attributed to the capability of  the cement to wet the 
involved surfaces.

Vallittu	 and	Forss	 in	 1997	 stated	 that	 the	 better	 adhesion	
properties of  the resin‑modified cement are responsible for 
improving the retention of  the complete cast crowns.[23] This 
should	be	 attributed	 to	 the	 ability	 of 	2‑HEMA	 to	quickly	
balance	 the	 network	 flexibility	 after	 curing	of 	methacrylate	
groups	bonded	 to	polycarboxylate	 chains.	Thus,	 the	 rapidly	
formed	 polymer	 network	 between	 2‑HEMA	 and	 the	
methacrylate groups of  ionized and unionized fractions of  
polyacrylic acid decreased the rate of  the acid‑base reaction and 
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apparently it is due to steric hindrance phenomena as stated by 
Eliades	and	Palaghias	in	1993.[24]

To summarize the present study, the retention differed both with 
surface	 treatment	 and	 type	of	 luting	 agents.	Untreated	group	
showed the least bond strengths < sandblasting with 50 μm 
alumina < sandblasting with 50 μm alumina with ultrasonic 
cleaning < sandblasting with 110 μm alumina < sandblasting 
with 110 μm alumina along with ultrasonic cleaning. For luting 
agents, glass ionomer cement showed least bond strength because 
there was no chemical bonding present between metal crown and 
metallic	die,	followed	by	zinc	phosphate	cement	and	maximum	
bond strength was found for resin‑modified glass ionomer cement.

SUMMARY AND CONCLUSION

Within	the	limitation	of 	the	study,	the	following	conclusions	
could be drawn:
•	 Among	all	types	of 	surface	treatments	used	in	this	study,	

maximum	bond	strength	was	yielded	by	sandblasting	with	
110 μm alumina + ultrasonic cleaning

•	 Among	all	types	of 	luting	agents	used,	resin‑modified	glass	
ionomer	cement	showed	maximum	bond	strength

•	 In	 the	 comparative	 evaluation	of 	 the	 bond	 strength	of 	
the metal crowns luted with zinc phosphate in different 
groups	of 	surface	treatments,	it	was	seen	that	maximum	
bond strength was seen in case of  sandblasting with 110 
μm alumina + ultrasonic cleaning

•	 The	bond	strength	of 	glass	ionomer	cement	did	not	show	
any significant difference in all the five groups as there was 
no chemical bonding present between metallic die and 
crown

•	 In	 the	 comparative	 evaluation	of 	 the	 bond	 strength	of 	
the metal crowns luted with resin‑modified glass ionomer 
cement in different groups of  surface treatments, it was 
seen	 that	maximum	bond	 strength	was	 seen	 in	 case	 of 	
sandblasting with 110 μm alumina + ultrasonic cleaning.

Limitations of study
Limitations	of 	this	study	include:
•	 Use	of 	metallic	dies	instead	of 	human	extracted	teeth
•	 The	study	was	restricted	to	metal	crown	specimens.	All	

ceramic and metal‑ceramic specimens were not a part of  
the study

•	 Some	other	surface	treatments	such	as	chemical	cleaning,	
steam cleaning, etc., were not included

•	 There	was	no	simulation	of 	the	oral	environment.
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